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PREFACK., 

In the preface of the preceding volumes, sufficient explanation has 
| been made of most matters requiring consideration in such connec- 

tion. For reasons explained in the preface of Vol. III, and for 
others that have arisen since, the earlier portions of this volume have 

rested in type, awaiting the completion of the remainder, for a length 

of time much to be regretted. Consideration of this fact is due to 

the authors of Parts I, IJ and III. 

The atlas accompanying this volume includes, besides those relating 
to its subject matter, the general maps that more properly belong 

' with Vol. I, with which no atlas will be issued. They are here in- 

cluded for economy and convenience of distribution. The maps 

accompanying Vols. II, III and IV are intended to be combined to 
form a single atlas. If bound in folio, as planned, it will be reduced _ 
to a convenient size. 

The leading contributors to the volume are the late Moses Strong, 

| whose posthumous manuscript forms Part I; Prof. L. C. Wooster, 

who prepared Part II; Prof. R. P. Whitfield, who contributed the 
paleontology, forming Part III; Prof. F. H. King, who prepared 

. Part VI; Prof. R. D. Irving, the author of Part VII; Dr. J. E. 

Davies, who gratuitously furnished. Part IX, and the writer, who 
prepared Parts IV, V and VIII. 

Besides these leading contributions, acknowledgments are due Prof. 
I. M. Buell, who rendered much valuable assistance in the work pre- 

| liminary to the preparation of Part IV, in the distribution of speci- 

| mens, the preparation of the index, and in other ways; to Mr. A. 

| C. Clark, for field observations that form in part the basis of 

Parts VII and VIII; to Mr. J. Wilson, who prepared the crevice 

| maps of the atlas; to Mr. C. R. Vanhise for microscopical work, else- 

where acknowledged; and to Mr. RK. D. Salisbury for assistance in 
reading proof and preparing index.
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special attention is called to the gratuitous contribution of Dr. 
Davies, which, though brief, represents work of much ultimate im- 
portance to the state. The prosecution of the geodetic survey in our 
state at this time and under its present efficient management, is due 
to the existence of the geological survey, and to the request of its 
first director, the late Dr. Lapham. With the relative cheapness of 
land that has prevailed in the past, our people have been, naturally 
enough, comparatively indifferent with regard to exact surveys; but 
with the growing appreciation of real estate, the precise determina- 
tion of salient points, which may be made the basis of an exact 
system of land surveys, will come to have a value, not now, perhaps, | 
adequately realized. 

| T. GO. 0. 
Betorrt, June 6, 1882 .
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INTRODUCTION. 

The following report comprises the results of the examinations of 

the geological survey which were made by me during the years 

1873-74-75-76, in the western part of the state, north of the Wiscon- 

gin river, the portion to the south having been already reported upon. 

Before entering on the geological portion of the report, I wish to pre- 

sent a brief synopsis of the examinations of the several years, and of 

| the conditions under which they were made.. 

Examinations of 1873. Acting under the instructions of the 

late Dr. I. A. Lapham, then chief geologist, towns 9,10, 11, 12 and 

18, of ranges 2 and 3 east, were examined. They comprise the east-_ 

ern range of Richland county and the western range of Sauk county. 

Only a short time was devoted to this territory, as the greater part of 

the season was consumed by the examination of the country south of 

the Wisconsin river. 

Examinations of 1874. In the summer of 1874, under the same 

instructions, a short time was devoted to range 2 west, extending 

from the Wisconsin river, in town 9, to the north line of town 22; 

including a large portion of the valley of the Kickapoo river, and 

forming a total of fourteen townships. 

Examinations of 1875. The examinations of this year were con- 

ducted under the instructions of Dr. O. W. Wight, chief geologist 

during the year, and comprised the following territory: That part of 

Richland county which is contained in ranges one east and one 

west; the counties of Vernon, Monroe, La Crosse and Trempealeau, 

as far as the north line of town 20. This includes the country which 

is bounded by the Mississippi and Wisconsin rivers, the east line of 

range one east, and the north line of town 19. The area is equal to 

sixty one townships, or two thousand nine hundred and sixteen square 

miles.
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The Batetegtt Richtand county described was first examined and com- 
pleted. The survey then passed into Crawford county and made all 
necessary examinations there. Ranges three and four west in Vernon 
county were then finished, and the survey crossed back to the fourth 
principal meridian. Ranges one east and one west in Vernon and 
Monroe counties were then completed; and the survey next proceed- 
ed to finish Monroe county, by examining ranges three and four 
west. The corps then proceeded to the south part of Vernon county 
not yet examined, and worked northward, completing Vernon county, 
then La Crosse, and finally that part of Trempealeau county previously 
described. 

The field examinations were commenced on the first of May and 
continued during the summer and fall. As the country is in many 
places rather sparsely inhabited, it was found most convenient to 
travel with a camping outfit, examining the country on horseback 
and returning to camp at night, making an average daily ride of 
about twenty-five miles. In thismanner we were enabled to reach all 
parts of the country, many places being inaccessible to any four- 

. wheeled conveyance. The camp usually remained ineach placeabout 
a week, and was then moved in whatever direction the progress of the 
work required. | 

Examinations of 1876. The examinations of this year, under 

the direction of the present chief geologist, consisted of two periods, 

of which the first was devoted to the sedimentary formations in the 
vicinity of the Mississippi river, embracing a tract of about twenty- 

five townships, situated in Buffalo, Pepin and Pierce counties, extend- , 
ing along the river from Trempealeau to Prescott, forming an area 

about 80 miles in length and from 10 to 15 in width. 

The second period was passed in the examination of the country , 

underlaid by the copper series, of which a description is given ina 
preceding volume. , 

The following table includes all the territory in the western part of 

the state described in Part I of this report, and refers only to paleo- 
zoic formations: | 

Range 1 East, Towns 8, 9, 10, 11, 12, 18, 14, 15, 16, 17, 18, 19. 
co 2 % f 8, 9, 10, 11, 12, 18. 

co 8 * ‘¢ 8, 9, 10, 11, 12, 18. 

“1 West, “ 8, 9, 10, 11, 12, 18, 14, 15, 16, 17, 18, 19. 

“ 2 * ‘¢ 8, 9, 10, 11, 12, 18, 14, 15, 16, 17, 18, 19. 
“38 & ‘f 8, 9, 10, 11, 12, 18, 14, 15, 16, 17, 18, 19. 

ae f %, 8, 9, 10, 11, 12, 18, 14, 15, 16, 17, 18, 19. 
c 6 ‘f 7, 8, 9, 10, 11, 12, 18, 14, 15, 16, 17, 18. 
“6 * ** 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18.
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Range 7 West, Town 11, 12, 18, 14, 15, 16, 17, 18, 19,- 20. 

“ 8 * ‘© 16, 17, 18, 19, 20. 

co “«  17, 18, 19, 20. 

a *“ 10 * “* 19, 20, 21, 22. 

“i “ 19, 20, 21, 22, 23. 

. “12 * “© 20, 21, 22, 23, 24. 

“pb “21, 22, 23. 

“ 4 f 6 99, 23, 24, 25. 

“15 «23, 24, 20. 

| “ 16 “ — 28, 24, 25. 

| “Wwf «24, 25, 26. 

“1 «24, 25, 26. 

“1 * «25, 26, 27. 

a9 96, 27, 

The entire area above described comprises about 140 townships, or 

5,040 square miles. 

Character of the examinations. The examinations of the sev- 

eral years were conducted with as much minuteness as could be ex- 

pected with reference to the great extent of territory to be explored, 

of which there is hardly a square mile that has not been examined in 

some locality. The territory explored during the several years is 

| especially favorable to geological examination, on account of the 

almost entire absence of glacial drift. The denudation of the country 

has presented numerous exposures of all the formations, and made 

the study of their stratigraphical relations a comparatively easy task; 

| and by taking advantage of these conditions, the contour lines of the 

several formations have been traced out over the entire district, and 

delineated with much accuracy. 

- Barometrical observations. The elevations obtained frona these 

observations were very unsatisfactory for two reasons: First, the 

points of known elevation were so far apart, that in the time con sumed 

in traveling from one to the other (seldom less than a day, and often 

more), irregular atmospheric changes would take place, so great as to 

render worthless nearly all intermediate observations. Second, the 

weather during the greater part of the seasons has been so variable as 

to make all observations of little value; the fluctuation of the barome- 

ter in a couple of hours frequently corresponding to a difference of a 

hundred feet in elevation. Elevations might have been obtained by 

the cotemporaneous observation of persons situated at different points; 

this, however, would have consumed much time, and occupied the | 

corps to the exclusion of other duties, which the value of the eleva- 

tions did not seem to warrant. The barometer was, therefore, chiefly 

employed to determine the dip and thickness of the strata, and to as- 

sist in making geological sections.
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CHAPTER I. | 

PHYSICAL GEOGRAPHY AND SURFACE GEOLOGY. 

In this chapter it is designed to describe briefly the principal char- 

acteristics of each township, with reference to the general features of 

the country, its watersheds, streams, springs, prairie, forest, soils and 

subsoils, clays, underlying formations, agricultural products and popu- 

lation. It is believed that in this manner a much clearer and more 

correct knowledge can be obtained of the character of the country, 

than from any general remarks on the entire territory. Each range 

will also be considered separately, beginning at the south and pro- 

ceeding north. Area maps H and I, of the geological atlas, should 

also be referred to. 

RANGE ONE EAST. 

Town 9, Orion. The town is very hilly and rough except in the 

northern and eastern part, in the valleys of Ash creek and Pine river; 

well watered, containing numerous fine springs; large white oak 

timber upon the ridges. Soil often clay, quite sandy in the valleys 

and clay upon the ridges, producing good crops of winter wheat. The 

underlying formations are Potsdam sandstone and Lower Magnesian 

limestone. Of these, the Potsdam covers about two-thirds of the 

township. The principal village is Orion. The population is 733." 

Town 10, Richland. The greater part of this township lies in the 

valley of Pine river, and is therefore comparatively level, except in 

the northeast part. It is well watered and timbered. In some parts 

of the valley the soil is sandy, in other parts clay, according as it has 

been derived from the Potsdam, or is the remains of the denudation 

of the more recent formations. The formations are Potsdam sand- 

; 1 Census of 1880.
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, stone and Lower Magnesian limestone; the latter covering an area of 
only about one-sixth of the township. The principal village is Rich- 
land Center. The population is 2,048. | : a | 

- Town 11, Rockbridge. Pine river passes through the center of  . 
| this township, from north to south. It is very well watered by nu- | 

merous small streams, among which are Fancy creek, West Fork of 
| Pine river, Scott’s branch and Buck creek. It is heavily timbered | 

throughout with oak, elm, maple, basswood, and some small pine in 
| the valley. The land is very hilly, and the ridges are very high above | 

the main valley. The soil is chiefly clay, not very sandy. The for- 
mations are the same as in town 10. The Potsdam covers about two- 
thirds of the township. The principal village is Rockbridge. The 
population is 1,200. | | 

Town 12, Henrietta. This township is very well watered by Pine © 
| river, Melancthon, Soule’s and Hawkins creeks, and by great num- 

bers of fine, large springs issuing from the sandstone. It is very 
hilly and heavily timbered. The formations are Potsdam sandstone 

: and Lower Magnesian limestone, of which the former covers rather 
more than half the township. There are no villages. The popula- 
tion numbers 1,005. | | : | 
Town 13, Greenwood. The watershed or dividing ridge between 

_ Pine river and the Baraboo passes through the township in a north- 
westerly direction from sections 36 to 18. This causes considerable 
high, rolling land. The remainder of the town is very hilly and_ 
rough. It is heavily timbered with maple, elm and basswood. The 
soil is a clay loam and produces good crops of winter wheat and other 
cereals. The formations are Potsdam and Lower Magnesian; the 
former occupying two-thirds of the township. A small one of St. 
Peter’s sandstone exists in the north half of section 21. There are 
no villages. Population 1,050. 

— Town 14, Hillsboro. The town is well watered by numerous | 
branches of the Baraboo river, and contains many fine springs. The 
country is rolling, but the hills are not so high or so steep as in the 

| previous towns, and the valleys are quite wide. The country is well 
settled. The timber is chiefly white oak, and confined to the ridges. 
The formations are Potsdam and Lower Magnesian; the latter is 
found only on high ridges, and its area does not exceed one-seventh 
of the whole. The principal village is Hillsboro. Population 1,218. 

The following is a general section, showing the structure of the 
country in this and adjoining towns. It is taken at the tunnel of the 
Chicago and Northwestern Railway, near the corner of towns 14 and 
15, ranges 1 EK. and 1 W: |
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oe Feet. 

Lower Magnesian limestone on the top of the ridge ...........+.++...-. 100 
© * Yellow and white sandstones ...-...-. se ccc cece cece cece cere ceeeerees 60 

. _. Dolomitic and arenaceous shales......- 1... cscs cece cece eee eee ee ences 20 
— Blue sandstone, composed of sand, lime and clay in varying parts; very 

hard when fresh, but softening on exposure........seeceeseecseeeeeee 10 

Green Sand... ese eee eee eee ee eee eee e eet tere eeretecetereces Q 

Hard and compact yellow and white sandstone to the bottom of the valleys 250 

From ridge to valley ......ce.ccccececccccccceaeceeescecscesses 449 

Town 15, Glendale. Watered by the small streams which form ) 

the north and south forks of the Baraboo. The ridges are high and 

rolling, and usually timbered with white oak; soil clay. The val- | 

leys are wide and frequently contain a soft, black, swampy soil, and 

-. are in other parts sandy. The township is sparsely settled. The 

| formation is almost exclusively Potsdam; there is a small area of 

Lower Magnesian in the western part and on the ridge dividing the | 
forks of the Baraboo, amounting to about four square miles. The 

| principal villages are Glendale and Kendall. Population 1,401. 

Town 16, Clifton. There is a high and narrow dividing ridge in 

: this township, extending from section 6 south to section 30, and thence 
east to section 86. The remainder of the country is hilly and _ bro- 

ken, sloping to the stream. The timber consists chiefly of scattering 

groves of oak; and the country greatly resembles the southern part 
| of the state. The soil is clay, somewhat mixed with sand; and the 

township is cultivated only in the valleys. The formations are Pots- 
dam and Lower Magnesian; the latter being confined to a narrow strip 
along the dividing ridge. Population 884. 

Town 17, Byron. The township has considerable high ridge land 
in the southern part, but in the central and northern parts it is low 

and swampy, with occasional isolated hills of sandstone 150 feet high. 
It contains considerable hay meadow. There are but very few inhabi- _ 
tants in the northern part of the town. The soil in the southern part 

is clay, the timber white oak. This township lies entirely in the Pots- 
dam sandstone. ‘The only village is Leroy. Population 415. 

Town 18, La Grange (in part). There are no hills or ridges in 
the township. ‘The country consists of tamarack swamps, cranberry 

marshes, hay meadows, and sandy, barren, pine flats. It is drained 

by the north fork of the Lemonweir, and is devoid of roads and in- 

| habitants. The geological formation is Potsdam. 
Town 19, New Lynne. The description of town 18 will apply 

equally well to this township. It is chiefly valnable for cranberry 

marshes. Some fine timber is also obtained here. Population 140.
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RANGE TWO EAST. 

Town 9, Buena Vista. The greater part of the township is com- 
_ prised in the valleys of Pine river and Bear creek; consequently it is 

situated chiefly in the Potsdam. The Lower Magnesian is only found 
capping the hills and forming the ridges. Population, 1,075. 

Town 10, Ithaca. In this township the Potsdam occupies the 

valleys of the streams, even to their sources, but not covering more 
than one-third of the surface area. The summits of the ridges attain 

an average elevation of 500 feet above Lake Michigan. The township 

is well watered by numerous small streams and springs. Population, 

1,110. | 

Town 11, Willow. This township is in general heavily timbered 
and well watered, containing much good agricultural land. The 

Potsdam is confined to the valley of Willow creek and its small tribu- 

taries, forming about one-fourth of the surface rock of the township. 

The strata do not rise from the Wisconsin river northward as rap-— 

idly as the streams, consequently in town 11 the Lower Magnesian 

limestone becomes the formation of the greater part of the country, 

and it is here that the head waters of most of the streams are found. 

Population, 901. 
Town 12, Westford. The ridge which divides the waters flowing 

into the Baraboo river from those of the Wisconsin passes through 

this township from section 86 to section 18. The country is heavily 

timbered, and well watered except on the ridges. The Potsdam sand- 

stone covers about half of the township, in the northern and eastern 

portions, and the Lower Magnesian the remainder. Population, 1,002. 

Town 13, Woodland. This town is quite hilly and heavily tim- 

bered. It is well watered in the south by the west branch of the Lit- 

tle Baraboo, and in the north by Plum creek. The geological forma- 

tion is Potsdam. Population, 1,368. 

RANGE THREE EAST. 

Town 8, Spring Green (in part). The part of this town lying north 

of the Wisconsin river comprises about 12 sections of flat, sandy land. 

The soil is poor and the formation is Potsdam. | 

Town 9, Bear Creek. All except the southern part is rolling and 

hilly land, well watered with numerous fine springs, and heavily tim- 

bered with hard wood. The settlements are chiefly confined to the 

valleys. The formations are Potsdam and Lower Magnesian in nearly 

equal parts. Population of Bear Creek, 808. 

Town 10, Bear Creek. The ridge dividing Bear creek from 

Loney creek passes through the town from sections 3 to 34. Its gen- |
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eral elevation being about 550 feet above Lake Michigan. The town 
is heavily timbered, and well watered by the tributaries of Bear creek. 

~The soil is generally very good. Formations, Potsdam and Lower 
Magnesian. 
Town 11, Washington. This town consists of very hilly ridge 

land, heavily timbered and well watered. The geological formation is 
Lower Magnesian, except in the valleys of the streams. The soil is 
clay. Population, 1,175. 

Town 12, Ironton. The sonthern and central parts of the town 
consist of high ridge land, much broken by ravines, heavily timbered 
and well watered. In the northern part of the town the land is not 
so high. The northern outcrop of the Lower Magnesian crosses this 
town in a very irregular line. This formation covers about half of 
the town, and the Potsdam the remainder. Population, 1,310. 

Town 18, Lavalle. This town is well watered by the Baraboo 
river and its tributaries, and contains a great deal of valley land. The 
soil is generally good, but sometimes quite sandy. The formation is | 
Potsdam, with the exception of a smail outlier of Lower Magnesian 
in sections 29 and 82. The principal town is Lavalle. Population 
1,864. 

RANGE ONE WEST. 

Town 9, Eagle. The streams in this township are the Wisconsin 
river and Hagle river. The country is quite level in the valleys, but 
rolling and hilly in the western, northern and northwestern parts. — 
The country is well watered, and heavily timbered with elm, maple 
and basswood, both on the ridges and in the valleys. The soil is clay, 
and, in the valleys, nearly all under cultivation. The formations are 
Potsdam and Lower Magnesian; the former covering about two-thirds 
of the surface. There are no villages. Population 1,303. 
Town 10, Dayton, The ridge dividing the Eagle and Pine rivers 

passes through the township from north to south, and about a mile 
east of the center. This gives rise to much high rolling ridge land 
with clay soil, which is nearly all farmed. The township is well tim- 
bered, with large trees, chiefly elm and maple. The geological forma- 
tions are Potsdam, Lower Magnesian and St. Peters. The first occu- 
pies about one-third, the second somewhat less than two-thirds, and 
the St. Peters sandstone the remainder. The St. Peters occupies iso- 
lated areas upon the top of the dividing ridge, often of considerable 
extent; when not in place, fragments of it are often seen scattered 
about on the high points; it often forms quite conspicuous mounds. 
The only village is Boaz. Population of the township, 1,109.
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Town (1, Marshall. This town is similar in its general features, 
soil, timber, hills and streams, to town 10. The dividing ridge be- : 

tween Eagie river and Fancy creek runs in a northwesterly course 

from section 34 to section 6, and is a fine farming country. The val- 

leys of Fancy creek, west branch of Pine river, and, in fact, of all the 

streams in this section of the country, are wide in proportion to the 
size of the strearns. Large and beautiful springs are very numerous. 

The bottoms afford fine farms, and have arich, black clay loam soil, in 

some places slightly sandy, but usually largely composed of vegetable 

mould with a subsoil of sand. The farms on the ridges are more 

stony, but raise better crops of wheat; they are however, lacking in 

water. The formations are Potsdam, Lower Magnesian and St. Peters. 

The latter is found in large isolated areas on the highest parts of the 

dividing ridge. The population is 989. 

Town 12, Bloom. The principal stream is the west branch of 

Pine river and its tributaries. On the west side of the town lies the 

dividing ridge between Pine river and the Kickapoo. The country is 

similar to that of towns 10 and 11. The formations are also the same. 

The St. Peters is confined to two large outliers on the west side of 

the town. The villages are Springvale and Woodstock. Population, 

1,358. 
Town 13, Union. The divide between the Kickapoo and Pine 

river runs irregularly through the town in a southwest direction, from 

section 2 to section 32. It is generally narrow, and much cut up with 

ravines. The soil is clay, with a subsoil of stiff, red clay containing 

many flints, and often eight or ten feet deep. The valleys are wide, 

and settled largely by Bohemians. The soil is sometimes sandy 

and sometimes a black and swampy clay. ‘The township is very heav- 

ily timbered with maple, elm and basswood. Good springs are nu- 

merous; avery large one was seen on the southwest quarter of section 

9. The formations are Potsdam and Lower Magnesian; the area of 

each is about equal. There are no villages. The population is 741. 

Town 14, Forest. The divide between the Kickapoo and Pine 

river runs nearly north and south from section 35 to section 1. It is 

much wider and better adapted for farming than in town 13, and is 

about all under cultivation, producing heavy crops of wheat and oats. 

The principal streams are Warner and Billings creeks. Their valleys 

are often half a mile wide, with a rich, black soil, and are occupied by 

settlers from Bohemia and Ohio. They are heavily timbered, chietly 

with maple. The Potsdam sandstone covers about one-third of the 

country, and the Lower Magnesian the rest. The only village is Mt 

Tabor. Population of the town, 889.
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Town 15, Wellington. The divide before mentioned continues 

from section 36 to section 1. The ridges are very high and narrow. 

The timber now changes to large white oaks, and is not nearly so 
dense as in town 14, and but little elm, maple, etc., is seen. The val- 

leys are narrow and often contain considerable pine timber. The soil , 

is a sandy clay. The Lower Magnesian covers about one-third of the 
township, and the Potsdam the remainder. Numerous very hard and 

ferruginous blocks of sandstone were seen lying loose upon the ridges, 

which were derived from the remains of the St. Peters. Popula- 

tion 1,050. | 

Town 16, Wilton. The divide between the Kickapoo and the 

streams running into the Lemonweir passes in an east and west course 
from section one to section 7. It is a very high rolling ridge, from 

one-half toa mile or more in width; fine clay soil and well cultivated. 

The town is watered by the various branches of the Kickapoo, and 

has many fine springs. The valleys are from one-half to three-quarters 

of a mile wide, and well settled. The soil is a sandy clay, derived 

from the shaly layers of the Potsdam. The timber in this township 

is rather sparse, and consists of oak groves. The Potsdam covers 

about two-thirds of the township and the Lower Magnesian the re- 

mainder. The villages are Wilton and Dorset. Population, 1,099. 

Town 17, Tomah. The general slope of this town is from south 

to north. The timber is mostly confined to the ridges, and consists 

of small groves of white and black oak. Considerable small, yellow 

pine grows in the northwestern part. The Potsdam covers the whole 

of the township, with the exception of a few small spurs of Lower 

Magnesian in the southern part. The principal village is Tomah. 

Population, 2,106. 

| Town 18, Lagrange (in part). About two-thirds of this town- 

ship consists of tamarack swamp, cranberry marsh, and hay meadow. 

In the south and west parts there is some farming land with a clay 

soil and small timber, chiefly oak. The swamps are drained by small, 

sluggish streams which flow into the Lemonweir. Formation, Pots- 

dam. Population, 839. There are no villages. 

Town 19, Lincoln (in part). There are a few sandy ridges in sec- 

| tions 17, 18, 19, 20 and 29, covered with small, scattering oak; the 

rest of the town consists of tamarack swamps. Formation, Potsdam 

sandstone. 
RANGE TWO WEST. 

Town 9, Richwood. This township is very hilly; the ridge di- 

viding Knapp creek and Eagle river runs north and south through 

the center of the town, and slopes off abruptly on the south to the
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alluvial bottoms of the Wisconsin river. The principal streams are 
Bird and Knapp creeks, by which the town is well watered. The 

timber is very dense, consisting chiefly of maple, elm and basswood; 
soil, clay. The formations are Potsdam and Lower Magnesian in about 

equal parts. The principal villages are Port Andrew and Excelsior. 
Population, 1,510. 

Town 10, Akan. The divide between Knapp creek and Eagle 
river runs from section 35 to section 4. It is quite wide and rolling, 

and well cultivated. The soil, timber and water are similar to town 

nine. The formations are Potsdam, Lower Magnesian and St. Peters; 

the first covering one-third, the second nearly two-thirds, and the St. 

Peters is found in two isolated areas comprising about 300 acres. 
There are no villages. Population, 841. 

Town 11, Sylvan. The general features of this town are high, roll- . 

ing ridges which slope in all directions, to the Kickapoo, Knapp creek, 

and Eagle river. The ridges are very wide, heavily timbered, soil, 

clay and well cultivated; raising large crops of winter wheat and other 

cereals. The Lower Magnesian limestone covers about three-fourths 
of the township; the Potsdam is found in the valleys; and there are 

five quite large areas of St. Peters on the highest parts of the ridges. 

Population, 1,085. 
Town 12, Forest. This town is watered by the Kickapoo and 

Camp creek, and contains numerous fine springs. It is very hilly and 
has many precipitous cliffs. In other respects it closely resembles 
town 11. The only village is Viola. Population, 889. 

| Town 13, Stark. Very rough, hilly, and heavily timbered. Wa- 

tered by the Kickapoo, Otter, Bear, Jug and Weister creeks and their 

tributaries. The settlements are mostly confined to the valleys. The 

Potsdam covers about two-thirds, and the Lower Magnesian one-third __ 

of the township. There is one village, Seeleyburg. Population of | 

the township, 954. 
Town 14, Whitestown. The principal stream is the Kickapoo, 

which in this township is but little settled. The best land is on the 

ridges on the western side of the township. The soil is clay, some- 

what sandy in the valleys. The timber is maple, elm and basswood, 

with oceasional white oak groves on the ridges. The formations are 

the same as those of town 13. The villages are Ontario and Rockton. 

Population, 880. 

Town 15, Sheldon. This township is rolling and hilly, but the hills | 

are neither so steep nor so high as in the towns 18 and 14. Itis well 

watered by branches of the Kickapoo. The timber is much smaller 

and more seattering than in town 14, and groves of oak timber are



PHYSICAL GEOGRAPHY AND SURFACE GEOLOGY. 15 

more frequent. The township is sparsely settled. The geological 

formations are the same as in town 13. There are no villages. ‘The 

population numbers 794. 
Town 16, Ridgeville. The dividing ridge between the Kickapoo 

and Lemonweir crosses the northern part of the town, from section 7 

to section 1. It is high, wide, and well timbered with white oak, and 
nearly all under cultivation. It is well watered by the various small 
branches of the Kickapoo. The Potsdam covers about one-third of 

township, and the lower Magnesian the rest. The population 1s 1,286. 

Town 17, Adrian. A high, narrow, and broken dividing ridge be- 

tween the La Crosse and Lemonweir rivers, traverses this township ir- 

regularly from section 35 to section 2. The southern and eastern parts 

of the town are quite hilly; the northern and western level, and often 

swampy, frequently containing large tracts of small burnt pines. The 
soil is very sandy, and the country sparsely settled. The formation 

is Potsdam, with the exception of three small outliers of limestone. 

Population, 715. 

Town 18, Greenfield. The divide mentioned in town 17, crosses 

this town from section 35 to section 2. The rest of the town 1s com- 

paratively level, soil very sandy, timber black oak and small pine. The 

formation is Potsdam, with the exception of one small outlier of Lower 

Magnesian. The only village is Tunnel City. Population, 586. 

Town 19, Lincoln (in part). The divide mentioned in towns 17 and 

18 runs out in this town in a few low, sandy hills which form arange 

in the southern and central parts of the township. ‘The rest of the 

town consists of pine barrens and tamarack swamps. ‘The soil is very 

sandy, the timber small and scattering, and but few inhabitants. 

The formation is Potsdam. Population, 775. 

| RANGE THREE WEST. 

Town 8, Marietta. Very hilly and rough land. The hills are 

high, steep, and covered with heavy timber of maple, elm, oak, and 

basswood. ‘The soil is sandy clay. Formations are Potsdam, Lower 

Magnesian, and St. Peters sandstone. Population, 1,087. 

- Town 9, Scott. The divide between Knapp creek and the Kicka- 

| poo passes irregularly through the town from section 31 to section 5. 

The ridge is in some places quite wide, and contains some good farm- 

ing land. The town is well watered by numerous streams flowing 

from its centre in all directions. The timber is very large and dense. 

The Potsdam covers one-third of the township, including all the val- 

leys, and the Lower Magnesian, the rest, excepting a narrow belt of 

St. Peters along the divide. Population, 1,046.
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Town 10, Clayton. The divide mentioned in town 9 continues 

through town 10 from section 32 to section 3, with numerous lateral | 
spurs and ridges. The town consists chiefly of high, rolling, ridge 
land with numerous ravines running down to the streams. ‘The soil 

is clay, and the timber very dense and large, with but little under- 

| brush; the principal trees are maple and elm. Along the crest of the 

divide in sections 3, 9, 16, 20, are some very conspicuous mounds 

| formed by outliers of St. Peters sandstone. Sink holes are also of 
frequent occurrence. Water is obtained with difficulty on the ridges. 

In places wells are sunk from 100 to 165 feet. The formations are 

the same as in town 9. Population, 1,976. | 
Town 11, Kickapoo (in part). Theeastern and central parts of the 

town consist of high, wide, rolling ridges; and the western part of 
. steep, rocky bluffs. The town is watered by the Kickapoo on the west | 

and north. Fine springs are very numerous. The valley of the 

Kickapoo averages about a mile in width. The soil throughout the 

township is clay, and the timber very heavy. This township is quite 
thickly populated, and is a good agricultural country. The Potsdam 

covers about one-third of the town, the Lower Magnesian one-half, 
and the St. Peters one-sixth. Many loose bowlders of St. Peters are 

found on the ridges where the formation cannot be found in place. 

The principal villages are Readstown and Kickapoo Center. Popula- 

tion 1,238. The general section of the formation in this town, from 
the ridge to the Kickapoo is as follows: 

St. Peters sandstone .......:. ce cece rece eser cece ewes sense teseeeeees “0. 
Lower Magnesian limestone .........cccceccsccccesereccscccsceccsess 150 
Potsclaim sandstone .... cece cece cece ec ee econ ec steeeeeerstcescsessse BUD 

From ridge to valley, total ......cccsccscccecccsccesseeceerseeees 500 | 

Town 12, Liberty. This town is very hilly, being cut up by the 

Kickapoo, west fork of the Kickapoo, and the Harrison and Bishop 
branches. ‘The intervening ridges are very high and steep. Settle- 
ments are chiefly confined to the valleys. The west fork of the Kick- 

apoo forms a dividing line as regards the timber. On the east side 

| of the stream the timber is very dense, consisting of maple, elm and 
basswood; but in the country on the west side the timber is thin and 

small, and consists chiefly of oak groves on the ridges. It is a very 

striking feature of the country. The formations are Potsdam and 
Lower Magnesian, and about equally divided. Population, 548. 

Town 13, Webster. The general features of this town are similar 

to those of town 12. It is well timbered and watered. Clay beds are 

frequently met with in the valleys in the Potsdam, on the surface of
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which the water comes out in springs for long distances. There is a 

great deal of handsome scenery on the west fork of the Kickapoo. 
The formations are the same as in town 12. The principal village is 

Avalanche. The population of the town is 1,060. 
Town 14, Clinton. The ridge dividing the Kickapoo from the 

west fork rnns from section 34 to section 3, making considerable good 
farming land in the center of the township; in other parts, the land 
is very broken, with steep hills and deep ravines. The soil is clay, 
and the timber heavy. The formations are Potsdam and Lower Mag- 

nesian in nearly equal parts. Population, 1,008. 

Town 15, Jefferson. The ridge dividing the Kickapoo from its 
streams which run into the La Crosse river crosses the town from 
section 30 to section 1, in a northeast course. It is wide and rolling, 
and the best part of the township. The soil on the ridge is clay, but 
in the valleys it is often quite sandy. The timber is small and scat- 
tering, and consists chiefly of oak. The Potsdam covers about one- 
third of the town, and the Lower Magnesian the remainder. Popu- | 

lation, 1,087. 

Town 16, Weils. The divide mentioned in town 15 continues on 
the east side of this town, and together with a smaller. ridge running 
from section 24 to section 6, forms the principal highland. These 
ridges have a clay soil, and are wide and well settled. The principal 
stream is in the Leon valley, which is from one-half to a mile and a : 

half wide, with a sandy soil and a large population. The timber con- 
sists of small and scattering oak. The Lower Magnesian covers about 
one-sixth of the town, and the Potsdam sandstone the rest. Numer- 

ous blocks of sandstone are found on the highest parts of the ridges, 
which are probably the remains of the St. Peters. Population, 658. 
Town 17, Angelo. The general features of the town are low sandy 

ridges, small streams and very wide valleys. The principa! streams 
are the La Crosse river and the Leon. The valley of the Leon is one 
and one-half miles wide, sandy soil, timbered with small pines and 

black oak. The valley of the La Crosse is similar to the Leon, but 
rather wider. The soil upon the ridges contains more clay, and sup- 
ports a heavier growth of timber. The township is well settled in the 
valleys. Formation, Potsdam sandstone. Population, 469. 

Town 18, La Fayette. The central and southwestern parts of the 

town consist of low, sandy ridges, forming a divide between the La 
Crosse and Black rivers. The timber on them is small oak. The 
eastern and northwestern parts of the town are low and swampy, con- 
taining pine barrens and tamarack. <A. fine waterfall was seen on the 
southwest + of section 23. The water of a small creek falls over a 

Vou. IV.—2 |



18 : GEOLOGY OF THE MISSISSIPPI REGION. 

slanting ledge of sandstone, about ten feet high; it would make a fine 

water power. Formation, Potsdam. . 
Town 19, La Fayette. The character of this town is similar to 

the preceding one. Sections 1, 2, 3, 4, 5,10, 11, 12, 18, 14, 18, 19, 

21, 25, 26, 29, 80, 85, 36 and some parts of other sections, are flat, 

dry, pine barrens, with a very sandy soil, and no inhabitants. The rest 

of the township consists of low hills and ridges, rising about 200 feet 

above the streams. They support a small growth of black oak, and 
the soil is better that in the valleys. The township is thinly inhab- | 

ited. Formation, Potsdam. Population 402. 

RANGE FOUR WEST. | 

Town 7, Union (in part). The part of this town which lies north 

of the Wisconsin river consists almost exclusively of the alluvial bot- 

toms of that river and the Kickapoo. Itis densely timbered with 

elm, maple, basswood, butternut, etc., with a deep, black, swampy soil. 

| The hills which inclose the rivers are found along the north line of 
the town. ‘The formations are Potsdam and Lower Magnesian. : 

Town 8, Union. There is a high ridge running in a northeasterly 

course through the town, from which the ground slopes to the Kick- 

apoo and Wisconsin rivers. The country is very hilly, the ridges 

narrow and broken by deep ravines. The soil is clay, and the timber 

very large and dense. The town is well watered by the Kickapoo and 

its several branches. There are a great many large springs in the 

| valley of the Kickapoo. The Potsdam covers about one-sixth of the 

town, the Lower Magnesian two-thirds, and the St. Peters sandstone 

and Trenton limestone one-sixth. 

The general section of this town taken from the ridge to the Kick- 

apoo Is: 
Feet. 

Trenton limestone .....ccceccc ccc ececerecsteceersstesessecssesesses SW 

St. Peters sandstone ..ccrecesscccccccrcccccccscetccccvssesscssssceees LOD 

Lower Magnesian limestone ..0....06 ceereececcscecereccreresccorees 180 

Potsdam sandstone 1.1.6... ccc ecceeecr cece nsseeeserscsccvcsvscsceres LA 

Total from ridge to valley ........c cece eee eee eee e eee er ee esceerecs ABY 

Town 9, Haney. A large part of the town is occupied by the 

valley of the Kickapoo, which is from one-half to a mile wide. The 

stream is about 200 feet wide, very crooked and sluggish. On each 

side of the river the country is very hilly and thinly inhabited. The 

valley of the Kickapoo and the country to the east of it has the heavy 

| timber, maple, elm, ete.; but west of the valley the hills are smooth 

| and bare, many of them showing terraces of the Potsdam, and the
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timber is white oak in groves on the tops of the ridges. The forma- 
tions are, Potsdam one-third, Lower Magnesian two-thirds, and some 
ridges and mounds of St. Peters on the eastern side. Population, 636. 

Town 10, Utica (in part). The general features of this town are 
similar to those of town 9. The valley of the Kickapoo is wider, more 
sandy, and less heavily timbered. J ine springs are very numerous. 
Formations: Potsdam and Lower Magnesian in about equal parts. | 

Town 11, Franklin (in part). This town is composed chiefly of 

high, rolling, ridge land, with a clay soil, and mostly under cultiva- 

tion. In the central part of the town the soil is rather sandy, owiny 

to a long belt of St. Peters which crosses the town from section 4 to 

section 384. The timber consists of groves of large white oak. The 

formations are, Potsdam one-sixth, Lower Magnesian two-thirds, and 

St. Peters sandstone one-sixth. | 

Town [2, Franklin (in part). The divide between the Kickapoo 

and the Mississippi passes through the town from section 30 to sec- — 

tion 5. The land is high and rolling, and covered with groves of 

small timber, chiefly black and white oak. It is well watered by | 

numerous small streams, and is fine farming land. The soil is a 
sandy clay, and mostly under cultivation. There are numerous 
mounds of St. Peters on the ridges. Small sink holes are also quite 
frequent. Formations: St. Peters and Lower Magnesian in nearly 
equal parts. Population, 1,319. 

Town 13, Viroqua. The divide continues from section 82 to sec- 
| tion 5. The greater part of the town is a high, rolling prairie, well 

watered by numerous small streams and springs. The soil is clay, 

and produces heavy crops. The timber is rather thin and smail, con- 
sisting chiefly of black oak. The country resembles that of the Lead 

region. The formations are the same as in town 12. The principal 
town is Viroqua. Population of the township, 2,368. 

Town 14, Christiana. ‘The topographical features of this town 
greatly resemble those of town 13. The divide continues from section 

35 to section 1, and is very high, wide and level. The soil is a deep 

clay owing to the absence of any sandstone formation. The timber is 

a small second growth of black oak, and is chiefly confined to the ra- 
vines. It is very difficult to obtain water on the ridge, as it lies from 

fifty to one hundred and fifty feet deep. The formation is chiefly 
Lower Magnesian. The principal towns are Bloomingdale and Coon 
Prairie. The population numbers 1,305. 

Town 15, Portland. The ridge which divides the waters of the 

La Crosse from Raccoon creek runs in a northwest course from sec- 

tion 36 to section 6. There is a great deal of rolirg and hilly ridge
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land, which is settled mostly by Norwegians. The soil is clay, and 

the timber chiefly small, brushy oak, with occasional groves of large 

white oak. The ridge land is destitute of water; but the rest of the 

town is well watered by small streams. The timber in the valleys 1s 

much larger and heavier, and consists of oak,elm and maple. The 

Lower Magnesian covers two-thirds of the town, and the Potsdam the 

remainder. Loose blocks of sandstone of frequent occurrence on the 

ridges. Population, 1,056. 

Town 16, Leon. The valley of the Leon and its branches occupies 

the eastern half of the town. The valleys are about a mile wide, and 

all under cultivation. The soil in the northern half of the town 1s 

very sandy, but less so in the southern and western parts, where there 

is a good mixture of clay. In the southern and western parts there 

are some high limestone ridges, with a scanty growth of burr oak. 

The timber in the northern and eastern parts consists of small black 

and burr oak. ‘The formation is chiefly Potsdam. Population, 748. _ 

Town 17, Sparta. The greater part of the town lies in the valley 

of the La Crosse river, and is very flat and level. The ridge land is 

very hilly and broken, and is contained in sections 3, 4, 5, 8, 9, 10, 

15, 17, and is covered with large white oak. North of the La Crosse 

river, the soil contains considerable clay, and there are many fine 

farms. South of the La Crosse river the soil is very sandy, but under 

cultivation. ‘The sand in these valleys is often as much as thirty feet 

. deep, before coming to the hard sandstone; this is seen in digging 

wells. Formation, Potsdam. The principal town is Sparta. Popu- 

lation of the township, 3,457. 

Town 18, Oakdale. The divide between the La Crosse and Black 

rivers passes through this town from east to west. It consists of very 

high and narrow ridges timbered with oak, and uninhabited. The 

town is well watered in the southern part, and nearly all cultivated. 

The soil is clay, and affords many fine farms. This is also true of the 

eastern tier of sections. The north part of the town consists chiefly 

of sand barrens and swamps, and is very poor land. Formation, 

Potsdam, with the exception of one small outlier of Lower Magnesian 

in section 28, which furnishes the town with lime. Population, 733. 

Town 19, Little Falls, The only good farming land in this 

township is situated in the following sections: 1, 2, 4, 5, 6, 8, 9, 11, 

12, 13, 14, 19, 20, 21, 22, 23, 28, 29, 32, 83, and it is only about half 

of these that are available for agricultural purposes. The soil in 

these parts is a sandy loam, but in the rest of the town it is very 

sandy. The lowlands about the streams are covered with small pines 

and tamarack; the hilly land in the central and western parts of the
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town, with white, black and burr oak. The only village is Cataract. 

Population, 706. 

RANGE FIVE WEST. 

Town 7, Wauzeka. This is a very hilly township. It is watered 

by the Wisconsin river, Grand Gris and Little Kickapoo. The val- 

leys and sides of the ravines are heavily timbered with elm, maple, 

basswood, butternut, etc. There are two very high and wide ridges 

in the northern and northwestern parts of the town, where the soil is 

olay, rather shallow, and the timber smaller and more scattering. The 

township is rather thinly inhabited. All the formations, from the 

Potsdam to the Galena limestone, inclusive, are represented. The 

principal town is Wauzeka. Population 1,055. 

Town 8, Eastman (in part.) The high ridge which divides the 

Kickapoo and Mississippi rivers passes through the west side of the 

town. From it the country slopes to the east in wide, regular ridges, 

and deep, narrow ravines. The soil throughout the town is clay. 

The timber is small, and consists of groves of small black oak. Much 

of the country is prairie, and devoid of timber. The townis inhab- 

ited largely by Norwegians. The geological formations are the same 

as in town 7. The only village is Batavia. Population 1,459. . 

The general section of this town, from section 32 on the ridge, to 

section 36, on the Kickapoo, is as follows: ; 
ree. 

Galena limestone ....ceceececeeccceercctseccrenceeessecsesesessesees 20 

' Blue limestone... .cccecccccccccveccseaswcescscessesenecscccessssees 2h 

Buf Himestone...ccceccececccccccecseccceccesccesccssccssssseeescee AW 

St Peters sandstone ...-seceseccecerecaeccececsescecsscssssceceessce 100 

Lower Magnesian limestone. ....ese reece ee seen ccsecerecneerecreeec ess 180 

Potsdam sandstone ....e-cesecceeeccececeectesecesseseseceesessesscs 10 

From ridge to river, total......-sseereereeseessceeseenceeeeeeers 445 

Town 9, Seneca. The divide continues from the last town, from 

section 31 to section 3. It is very high, wide, and rolling, with nu- 

merous subordinate ridges, and affords many fine, rich farms. The 

town is well watered by numerous small streams, and springs are found 

quite near the summit of the divide, issuing from the numerous clay 

layers in the Trenton limestone. The soil is clay, frequently rather 

sandy. The timber is oak, small but quite abundant. All the form- 

ations, from the Galena limestone to the Potsdam, are present; the 

St. Peters and the Lower Magnesian are the prevailing ones. The 

principal villages are Seneca and Lynxville. Population, 1,446. . 

Town 10, comprising parts of Utica, Freeman and Seneca. 

The divide continues a nearly north and south course from section 34
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to section 8. The general features of the country are very similar to 

those of town 9. Much of the town is prairie. The soil is a deep 

clay, and the timber light. With the exception of the principal ridge, 

the country is very hilly and the valleys very deep and narrow. The 

population is largely foreign. The formations are Potsdam, Lower 
Magnesian and St. Peters; the last two being the principal ones. The 
principal towns are Mt. Sterling and Fairview. Population of Uti- 

ca, 1,496. 

Town 11, comprising parts of Franklin, Sterling, Freeman and 
Utica. This is chiefly a prairie country; the divide is high, wide, 
and rolling, extending from section 385 to section 1. There are no 

large streams in the town, but numerous sinall ravines running east 
and west from the divide. Small springs are quite numerous, and the 
greater part of the town is available for agricultural purposes. The 
population is chiefly Norwegian. The formations are St. Peters and 

Lower Magnesian, in about equal parts. 

Town 12, east half Franklin, west half Sterling. The county 
is very hilly and broken, watered by the branches of the Bad Axe river. 

The valleys average about a quarter of a mile in width, with a rich, 
loamy soil, and are mostly meadow land. The ridges are wide and 
well cultivated; soil, clay; timber, small oak. The population is 

Norwegian. The formations are Potsdam, Lower Magnesian and 
St. Peters; the second being the principal one. 

Town 13, Jefferson. The town is well watered by two branches of 

the Bad Axe river, flowing through the central and northern parts of 
the town. The southern und eastern parts are a fine prairie country; 

the northern, central and western parts are heavily timbered with 
| maple, elm, oak, ete. This timber is confined to the higher parts of 

the ridges, the timber about the streams being comparatively small : 

and sparse. ‘This isa fine farming country, and produces large crops. 
The township is well settled, the population being partially foreign, 

and in part native. ‘The formations are the same as in the previous 
town. The principal village is Springville. Population, 1,284. 

Town 14, Coon. The country in this town is chiefly rolling ridge 
land, but broken by numerous streams and small ravines. It is well 
watered by the several branches of Raccoon creek. The valleys of 

the two principal branches are from one half to one mile wide, with 

| a rich, loamy soil, and sandy subsoil. ‘Toward the head of the streams 
and on the ridges, the soil is clay, and the timber large white oak. 
The formations are Potsdam, Lower Maynesian and St. Peters; the 
second being the principal one. Population, 988. | 

Town 15, Washington. This town consists of high, wide, hilly
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ridges, forming the divide between the La Crosse river and Raccoon 

creek. Fine springs are quite numerous, and the town is well watered; 

: the principal stream is Raccoon creek. The valleys average about a 

quarter of a mile in width; the soil in them isa rich, sandy loam, and 

the timber, elm and maple. On the ridges the timber is usually small 

and sparse, but in the central part of the town there are some large 

eroves of white oak. The soil is clay, and nearly all under cultivation. 

The town is inhabited chiefly by Norwegians. The Potsdam covers 

about one-third of the town and the Lower Magnesian the rest. Pop- 

— wation, 1,008. 

‘Town 16, Bangor. The country in this town is of two kinds: 

very high, steep and narrow ridges in the west, south and east; and 

low, flat, wide valleys in the northern and central parts, on the La 

“Orosse river, Dutch and Wiant creeks. The soil is clay upon the 

ridges, which are seldom wide enough for farming, and are covered 

with small oak timber. In the creek valleys the soil is a rich, sandy 

loam, becoming more sandy in the northern part of the town. The : 

township is well inhabited. The Potsdam covers about two-thirds of 

the town, and the Lower Magnesian the remainder. The principal 

town is Bangor. Population 1,196. 

Town 17, Burns. The only parts of this town which are inhabited 

and available for farming purposes are the valleys of the La Crosse 

river and the Burnham and Adams creeks. These comprise about 

one-half of the township, have a rich, loamy soil, and produce heavy 

crops of the cereals and of hops. The Adams valley is very sandy. 

The valleys are well watered but devoid of timber. The alluvium is 

often very deep on the sides of the valleys, and near their heads where - 

they become narrow. Masses of chert, which have been derived from 

the denudation of the Lower Magnesian on the ridges, are sometimes 

found in the alluvium at a depth of thirty-five feet below the surface. 

The soil on the ridges is shallow and sandy, and they are usually cov- 

ered with white and black oak. The formation is almost entirely 

Potsdam. The population of the town is 1,020. | 

Town 18, Farmington (in part). This 1s a very hilly township. 

| The hills are highest and steepest in the southern part, but become 

less so on proceeding north, and finally become low, sandy ridges, and 

then a sand flat on the northern line of the town. The timber is thin 

and sparse, and is chiefly black oak. The eastern side of the town is 

much more sandy than the western. The best part of the town is the 

Lewis valley, which has considerable good land, and a clay soil. The | 

‘ownship is thinly inhabited Formation, Potsdam.
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RANGE SIX WEST. 

Town 6, Prairie du Chien (in part). That part of the town which 
lies north of the Wisconsin river consists of the rich alluvial bottom 
lands of that stream, with numerous sloughs and swamps. The bluffs 
which inclose the river on the north commence near the north line 
of the town. It is well timbered, soil, clay. Formation, Lower Mag- 
nesian. 

Town 7, Prairie du Chien. The high ridge which divides the 
Kickapoo and the Mississippi begins in this town and runs northeast, 
passing out at section 2. The ridge is wide, level, and heavily tim- 
bered with white, black and burr oak. The soil is clay. The town is 
well watered, and springs are quite numerous. On the west side is 
the valley of the Mississippi, from one to two miles wide, between 
the bluffs and the river. Its soil is sandy, and the inhabitants largely 
French. All the formations are present, from the Galena to the 
Lower Magnesian inclusive. This town includes most of the city of 
Prairie du Chien, with 2,777. inhabitants. Population of the town, 
T24. | 
Town 8, Eastman (in part). The land in this town is very hilly 

and rough, being composed of long, straight ridges, which run east 
and west, and become quite narrow as they approach the Mississippi 
on the west. The best land is found on the east side of the town. 
There are a great many good springs arising near the ridge, which in: 
the course of a half mile sink into the ground, so that the large ra- 
vines, although deep, seldom have any water in them. The soil is 
clay, and, in the western part, quite stony. The timber is small and 
rather sparse. Jormations, Galena limestone to Potsdam Sandstone, 
inclusive. The general section of this town, from section 23 to the 
Mississippi river, is as follows: 

Feet. 
Galena limestone .......ecceceee cece cceeeesccccceecseccscecececsce 5 
Trenton limestone (blue and buff)........c.ccc cece ccccccccecccececcee 40 
St. Peters sandstone ..........0. cece cee ceccceeceecctenceceecteuecs 110 
Lower Magnesian limestone........ ween meee ec ce ec cr cease eee secssce 25) 
Potsdam sandstone ............ ccc ccceccceececceececcccececcscueecce 20 

From ridge to valley, total ...........c ccc se vceccece Leweeecesses 470 | 

Town 9, Seneca (in part). The bend of the Mississippi river 
causes this to be a fractional town, containing only about twelve square 
miles. It is composed of steep and roeky bluffs, forming the ends of 
ridges, often making perpendicular cliffs and escarpments of rock for 
Jong distances along the bank of the river. It is covered with small 
timber, and not much settled. The ridges are very high, narrow and
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steep, and from them beautiful views of the river are obtained. 

The formations are the same as in the preceding town. 

Town 10, Freeman (in part). This is also a fractional township, 

and contains about twenty square miles. It is well watered by the 
Mississippi river, and Sugar, Buck, and Copper creeks. Tine, large 

springs are very numerous. The soil throughout the town is clay, 

and the timber small but abundant. The valleys and ridges are wide 

and afford fine farms. The population is almost exclusively Norwe- 
gian. The formations are Potsdam and Lower Magnesian in about 
equal parts. The population of I’reeman is 1,544. 

Town 11, comprising parts of Freeman, Wheatland and Ster- 

ling. This town consists chiefly of high, rolling, ridge land, having 

an elevation from 400 to 550 feet above the Mississippi. The prin- 

cipal ridge is very wide, and runs east and west through the northern 
part of the town, with numerous smaller ridges running north and 

south. The soil is clay, in some parts rather sandy; the timber small 
but abundant. Water is very scarce on the ridges. The only stream 
is Rush creek, in the southern part of the town: it has a rich and 

fertile valley about half a mile in width, and all under cultivation. 
The population of the town is Norwegian. The formations are Pots- 

dam, Lower Magnesian and St. Peters; the two latter predominating. 

Town 12, comprising parts of Sterling, Genoa and Harmony. 

The principal stream is the Bad Axe river, which, with its numerous 

small tributaries and springs, supplies the town abundantly with 

water. The valley averages about half a mile in width, with a rich 
loamy soil, and sandy subsoil, all under cultivation. The timber in 

the valleys is small and scattering black oak. ‘The ridges are wide and 

rolling, soil, clay, and timber, large white oak. The population is 

Norwegian. The formations are the same asin town 11. Population — 

of Sterling, 1,382. 

Town 138, Harmony. There are two high, rolling ridges in this 

town, each about a mile in width, running in an east and west course; 

one in the northern and one in the southern part of the town. The 

soil on each is clay, and they are nearly all under cultivation. The 

timber on the southern ridge is small and scattering black oak; on 

the northern ridge it consists of groves of large white oak. The 
northeast quarter of the township is especially heavily timbered, and 
furnishes considerable timber to sawmills. Water is very scarce in 

the vicinity of the ridges. There is but one stream, the north fork 
of the Bad Axe, which runs westerly through the center of the town. 
Its valley is about half a mile wide, soil rather sandy, nearly all 

farmed. The formation is Lower Magnesian with the exception of a
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narrow strip of Potsdam in the valley of the Bad Axe. The only 

village is Newton. Population, 1,062. 

Town 14, Hamburg. The general topographical features of this 
town are about the same as in the previous one; consisting of high, 

broken ridges, and one principal stream. The soil on the ridges is 

clay, and produces good crops, the timber is white and black oak. oo 
The valley of Raccoon creek varies from half a mile to a mile in 
width. The soil isa rich loam with sandy subsoil, and is nearly all 
under cultivation. There are numerous small hills and benches of 

alluvium in the valley, the materials of which appear to have been 

derived from the hills above during the progress of denudation, and 

have since been partially cut away by the changes in the stream, so | 
that exposures are frequently seen as much as fifty feet thick, of irregu- 

larly stratified clay and sand. About one-third of the township is 

covered with Potsdam, and the remainder with Lower Magnesian. 
The principal village is Chaseburg. The population of the township 
is 1,156. 

Town 15, Greenfield, This town, like most of those in the vicin- 
| ity of the Mississippi river is very rough and hilly. The ridges run 

east and west, and are very high and narrow. Water is obtained with 

difficulty on them. The soil is clay, and the timber, small oak. The 

farms are chiefly confined to the valleys and ravines, which are well 

watered. The main stream is the Mormon “Coolie.” Its valley is 

inhabited by the Germans. The formations are the same as in town 

| 14. The population numbers 869. 
Town 16, South half Barre, north half Hamilton. The greater 

part of this town is low, flat and level, and lies in the valleys of the 

La Crosse river and Bostwick creek. The only hilly portions are in 
the southern and eastern parts. The soil is chiefly clay, but contains 

- considerable sand mixed with it. The timber is small black oak, and 
is confined to the ridges and sides of the valleys. Low hills of sandstone 
are seen occasionally in the valleys. There issome black, swampy land 

about the La Crosse river, which is used chiefly for hay meadow. 
This township is quite thickly inhabited. The formation is chiefly | 

Potsdam. The population of Barre is 656. | 
Town 17, Hamilton. This town is flat and level in the southern 

part, in the vicinity of the La Crosse river, and becomes more hilly. 

and broken in the northern, until a high dividing ridge is reached, 
running east and west from section 1 to section 6. With the excep- 
tion of this ridge, which is high and narrow, the township is well 

watered. The ridges are chiefly valuable for the oak timber which 
| grows on them, as there is but little land on them which is available
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for farming purposes. ‘The soil in the valley is clay, containing con- 

siderable sand, and is nearly all under cultivation. The formation is 
chiefly Potsdam. The principal village is Salem. The population of 
the town of Hamilton is 1,661. | 

Town 18, Farmington (in part). This town is very hilly and 

rough, but the hills are not as high as in the country south of the 

La Crosse river. The best land is found in the valley of Fleming 

creek, which runs from section 25 to section 18. The valley varies 

from one-half to a mile in width, and is all farmed. The soil in sec- 

tions 23, 24, 25, 26, 1s very sandy, but in sections 18, 19, 20, 21, 22, 

it is a deep clay and contains but little sand. Timber, consisting of 

white and black oak, is very plenty on the ridges throughout the 
town. The northern part of the town slopes to the Black river, and 

in the vicinity of that stream it is very sandy, but about the base of 
the hills, a mile south of the river, there are some very good farms. 

The formation is nearly all Potsdam. The principal village is Min- 
dora. The population of Farmington is 1,686. | 

RANGE SEVEN WEST. 

Town 11, north half Wheatland, south half Freeman. This is 

a town made fractional by the Mississippi river, and containing about 
| sixteen square miles. It is very hilly, and the best land hes on a 

high and narrow ridge in the eastern part of the town, which is par- 

allel to the river, and about 500 feet above it. The river runs close 

to the bluffs, which are high and precipitous. The soil is clay, and 

the timber white oak. The formations are Potsdam, Lower Magne- 

sian and St. Peters, the second being the prevailing one. The princi- 
pal villages are De Soto and Victory. The population of Wheatland 
1s 917. 
Towu 12, Genoa (in part). This is also a fractional town of about 

92 square miles. It is well watered by the Mississippi and Bad Axe 
rivers, and their small tributaries. About the larger streams there is 
a great deal of low, flat, swampy land, chiefly valuable for hay-mead- 

ow. The soil is clay throughout the town, and the timber chiefly 

small oak. The valley of the Bad Axe frequently contains very large 

and thick beds of alluvium. The ridges lie about 500 feet above the 
river, and form a rolling prairie country, with small groves of oak. 
All the formations from the Trenton to the Potsdam, inclusive, are 

present; the Trenton consists of a small outlier in the southeast part 

of the town. The population of Genoa is 919. The general section 

of this town from the ridge to the Mississippi river is as follows:
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| Feet. 

‘St. Peters sandstone ..... cesses cceeeereceres ceceseeeeeeeresetees vee BO 
Lower Magnesian limestone....... cccccc cere cece ceer eect ecescsescese OO 

Potsdam sandstone ......seceeeseccscccsececccascsecesssevesvecssses 150 

Total from ridge to valley... ...c ccc e cee cece cece ec ce cee ese eee eee 460 

Town 13, south half Genoa, north half Bergen. There are about 

twenty-four square miles contained in this town, of which the greater 

part is hilly and broken, and inhabited by Italians; as even the name 
of the town (Genoa) seemstoimply. The ridge dividing Raccoon creek 
and the Bad Axe river passes northeasterly through the town, and 
forms the better part of the farming land. It is much cut up with 

ravines, and has but little timber. The soil is clay, and produces 

good crops of wheat. The formation is chiefly Lower Magnesian. 

The only village is Genoa, formerly known as Bad Axe City. 
Town 14, Bergen. The western half of this town lies in the valley 

of the Mississippi, and is an alluvial bottom, consisting of swamps, 

sloughs, hay-meadows and timbered islands. The eastern half of the 

town comprises the valleys of Raccoon creek and Chipmunk “ Coolie,” 

each about a mile wide, and theintervening ridge. The farms are chiefly 

confined to the valleys. The soil is clay on the ridges, and more 

sandy in the valleys. The timber is small, and confined to the ridges. 

The formations are Potsdam and Lower Magnesian in about equal 

parts. Population, 1,014. 

Town 15, Shelby. In the eastern part of this town are some high 

and narrow ridges, covered with white oak, and terminating in pre- 

cipitous cliffs facing the Mississippi. ‘The rest of the town is the flat 

sandy valley of the river, in the northern part of which is the city of 

La Crosse. The only portions of the valley which are not too sandy 

to cultivate are those which lie within half a mile of the blufis, where 

the soil has derived much lime from the wash and denudation of the 

adjacent bluffs. The Lower Magnesian covers about one-sixth of the 

town, and the Potsdam the remainder. Population of the city of La 

Crosse, 14,505. Population of the town of Shelby, 796. 

Town 16, Campbell. The valley of the Mississippi, La Crosse, and 

Black rivers, occupy the greater part of this township. There are 

some high ridges capped with limestone in the southeast quarter of 

the town, and some low, sandy hills in sections 1, 2,3. The soil in 

the valleys is very sandy except along the foot of the hills and in sec- 

tions 10, 11, 12, 18, 14,15. These sections lie near the La Crosse 

river, and have a clay soil which is mostly under cultivation. The 

timber consists of small black oak. The formation is Potsdam sand- 

stone. The principal towns are North La Crosse and Onalaska. Pop-
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ulation of Onalaska, 826. Population of the town of Campbell, 

| 885. 
Town 17, Onalaska. The greater part of this town is very hilly 

and rough, consisting of deep ravines and high ridges, with oak tim- 

' ber, but too narrow for farming purposes. Sections 7, 18, 19, 20, 29, : 

30, 31, 32, 33, lie in the valley of the Black river, and are very sandy. 

They slope in low hills to the river, and, in the vicinity of the stream, 

become meadow land. They are only cultivated near the foot of the 

bluffs. The best part of the town lies in the valley of Halfway creek, 

which is from one half to one mile wide, with a rich clay soil, and all 

under cultivation. The population is chiefly Norwegian and German. 

Formation, Potsdam. ‘The principal villages are Midway and Half- 

way Creek. The population of the town is 1,916. 

Town 18, comprising parts of Holland, Farmington, Onalaska 

and Gale. There is one ridge in this town, running through sec- 

tions 18, 20, 27, 26, 25. It is high, narrow and uncultivated. The | 

remainder of the town consists chiefly of low, sandy hills, covered with 

small black oak, which become sandy flats on approaching the Black 

river, in the north part of the town. The town is well watered by 

the various branches of Fleming creek, and fine springs are quite 

numerous. The farms are confined to the small valleys and ravines, 

in which large deposits of clay and sand are frequently found. The 

soil is sandy, and the formation is Potsdam. Population of Hol- 

land, 874. 

Town 19, comprising parts of Gale, Ettrick and Farmington. 

This town is quite hilly, but the hills are not very high. It is well 

watered by the Black river, Hardy and Beaver creeks, and by numer- 

ous smaller streams and springs. The soil is generally sandy, and 

supports a growth of small oak timber. The farms are confined to 

the streams, the valleys of which are quite narrow and occupy deep 

ravines; their soil contains more clay and is quite fertile. The form- 

ation is Potsdam. 
Town 20, Ettrick (in part). This township is less hilly than the 

preceding. The timber is rather small and the soil sandy. It is well 

watered by the various branches of Beaver creek. The formation is 

Potsdam. The population of Ettrick is 1,656. 

RANGE EIGHT WEST. 

Town 17, comprising parts of Holland, Onalaska, and Cale- 

donia. The northeast quarter of this town consists of sandy bottom 

land, with a very seanty growth of black oak. The rest of the town 

is a network of sloughs and islands in the Mississippi river. ‘The 

town is very thinly inhabited. Formation Potsdam.
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Town 18, east of Black river, Holland, west part, Caledonia. 

This town lies altogether in the valley of the Black river, which runs — 
southerly through the center of the town. The town contains but 
little timber, except a belt about a mile wide along the river, consist- 
ing of small black oak. The soil in the town is very sandy butabout - 

half of it under cultivation. The formationis Potsdam. Population 
of Caledonia, 446. 

Town 19, Gale (in part). The eastern and western portions of 

this town are hilly and the central part is occupied by the valley of 

Beaver creek, which is from one to two miles wide. The soil is quite 
| sandy on the east side of the creek, but less so on the west side. The , 

entire valley is under cultivation and is quite fertile. The timber is 

white and black oak, rather small and sparse, and confined to the 

sides of the valleys and the ridges. The ridges are high and narrow, 

and unfit for farming purposes. One of the best parts of the town is 

Decora prairie in sections 35 and 36. This is a part of the Black 
river bottom and is fine farming land. The formation is Potsdam, 

with the exception of some small outliers of Lower Magnesian in the 

western part of the town which are utilized for the manufacture of 

lime. The principal town is Galesville. Population of Gale, 1,786. 

Town 20, Ettrick (in part). The land in this township is roll- 

ing. The timber is small, and scattering. The soil is sandy and is 

watered by French creek and its branches. Formation, Potsdam. 

RANGE NINE WEST. 

Town 18, Trempealeau (in part). This town lies altogether in 
the valley of the Mississippi, and is very flat and level, with the ex- 

ception of Trempealeau mountain, in sections 20, 21 and 27. The 
| best part of the town lies in sections 1, 2, 3, 4, 5, 6, where the soil 

contains some clay, and affords fine farms. The rest of the town is 
very sandy, and but little cultivated. Very little timber grows in 

this town; itis known as the Trempealeau prairie. Formation, Pots- 
dam. Population of Trempealeau, 1,567. 
Town 19, Trempealeau (in part). Tamarack creek is the princi- 

pal stream in this town, and runs through it from section 3 to section 

33. Its valley is from one to two miles wide, with a black and swampy 
soil. Where not covered with tamarack, it is a fine hay meadow. 

The farms are confined to the slopes of the hills adjacent to the valley. 
The southern part of the town also contains considerable good land. 
The eastern and western portions are hilly, and but little settled. For- 
mation, Potsdam. | 

Town 20, Arcadia (in part). This town is well watered by several
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small branches of Tamarack creek. The town is more hilly and roll- | 

ing than the preceding, but contains considerable good farming land. 

The soil is rather sandy. The formation is Potsdam. Population of 

Arcadia, 8,167. 
RANGE TEN WEST. 

Town 18. This is a fractional township of fourteen sections, lying 

along the Mississippi, and consisting of sandy bottom land, inter- 

sected with sloughs. 
Town 19, Buffalo. This township is very hilly and rough; the 

ridges are from 300 to 400 feet above the Mississippi, and are well 

| timbered with large white oaks, and much small timber of second | 

growth. The farms are confined to the valleys and crests of the 

ridges. About two-thirds of the town is covered with Potsdam sand- 

stone, and the remainder with Lower Magnesian limestone, which 

has sometimes a thickness of 200 feet. . 

Town 20, Cross (in part). The interior of the township is occu- 

pied by the valley of the Trempealeau river, which is from one to two | 

niles wide, being about one-half meadow land and one-half large elm 

timber. The remainder of the township is very hilly and cut up with | 

deep ravines. The town is well watered by numerous small streams, 

and the soil is rather sandy. The formation is chiefly Potsdam. 

| Town 21, Glencoe. This township is very hilly, the central part 

being occupied by a ridge dividing Muir Creek from the Waumandee 

river. This ridge is about 580 feet above the Mississippi, and is 

capped by about 100 feet of Lower Magnesian limestone. Muir 

creek occupies the eastern part of the township; it has a wide and 

well cultivated valley, with a rich, black soil; in some places rather 

‘swampy. The formations are Potsdam and Lower Magnesian in 

nearly equal proportions. | 

RANGE ELEVEN WEST. 

Town 19. This is a fractional township through which the Mis- 

sissippi runs from section 6 to 36, bordered with high and precipitous 

cliffs. Nearly all of the town consists of high, rolling ridge land ly- 

ing from 500 to 600 feet above the river. It is well timbered with 

large white oak and small timber. In the northeast quarter of sec- 

tion 9, the geological section from the ridge to the bed of the river is 

as follows: 
: feet. 

St Peters sandstOne...ccecereccecccecececeerscescetcccssscesseesess OU 

Lower Magnesian limestone ....-seeesee sees cocctecererceeeereeseres 200 

Potsdam sandstone ...ecvecceeee cececceresctcnceeseeseceeessceseses GOO 

Total from ridge to bed Of TIVErsscescses sevcccereressccsscscecvorecs 600
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The Lower Magnesian is the principal surface rock. 
Town 20, Cross (in part). This town is well watered by Eagle 

creek and its branches in the central part, and by the Waumandee 
river in the western part. The other parts of the town are very hilly, 
and consist of dividing ridges lying about 530 feet above the streams. 
The soil on the ridges is clay, which in some places is suited to the 
manufacture of brick. One brick yard was seen in the southeast quar- 
ter of section 32. The valley of the Waumandee is from a mile to a 
mile and a half wide, and well settled; the soil is largely of quater- 
nary origin, and is very fertile. The formations are, Potsdam one- | 
third, Lower Magnesian two-thirds. 

Town 21, Waumandee (in part). The valleys of the Waumandee 
and its tributaries occupy a large part of the town, and afford much 
good agricultural land. The hills are not so high or so steep as in 
the country further south. The ridges are well timbered. Forma- 
tions, Potsdam two-thirds, Lower Magnesian one-third. Population 
of Waumandee 950. 

RANGE TWELVE WEST. 

Town 20, Milton (in part). This isa fractional town lying along 
the Mississippi, which runs from section 6 to 34. There is a strip of 
flat, sandy land about two miles wide lying between the river and the | 
inclosing bluffs, which is cultivated next to the bluffs, the soil there con- 
taining more clay. About one-fourth of the township has the Lower 
Magnesian for the surface rock, the remainder is Potsdam. The pop- 
ulation of Milton is 441. 
Town 21, Belvidere (in part). This town consists chiefly of high 

ridge land, much intersected witin ravines. The divide between Beef 
river and the Waumandee passes through the town and has a pretty 
uniform elevation of about 600 feet above the Mississippi. The ridges 
are wide and well settled, with clay soil and white oak timber. The 
Lower Magnesian is the principal formation. The population of Bel- 
videre is 723. 

Town 22, Alma (in part). The southern half of the town is simi- 
Jar to town 21. Beef river flows through the town from section 2 to 
19. Its valley is about a mile and a half wide, rather swampy, and 
chiefly devoted to hay meadow. The farms are on the terraces which 
form the foot of the bluffs on either side of the river. The town js 
well watered by numerous small streams. The formations are Pots- 
dam and Magnesian, in nearly equal parts. Population of Alma, 731. 

Town 23, Modena. The greater part of the town is valley land, 
with high ridges in the western and northern part. It is not as
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thickly settled as the country farther south, and the soil is much more 

sandy. The height of the dividing ridges in this town is about 520 ft., 

above the Mississippi, and they are well timbered with white oak. 

The formations are Potsdam, covering two-thirds of the town, and 
Lower Magnesian the rest. Population of Modena, 811. 

} Town 24, Canton. There isa high, narrow dividing ridge of Low- 
er Magnesian in the southern part of the town. Therest of the town 

is covered with a sandy soil, and slopes to Bear creek, which has a | 

very wide and swampy valley, consisting chiefly of meadow land and 
* some tamarack. There is some very good farming land. Population 

of Canton, 738. | 
RANGE THIRTEEN WEST. 

Town 22, Nelson (in part.) The southern and western parts are 

occupied by the wide sandy valleys of Beef river and Beef slough, in 
which the soil is very poor except at the foot of the bluffs. Trout 

ereek, which runs through the northeast part of the town has a long 
and well cultivated valley, from a quarter to a half mile in width. 

There are some high limestone ridges in sections 2, 4, 10, 11, 12, 12, 

15 and 22, which are timbered with white oak; the rest of the town 
has the Potsdam for the surface rock. Population of Nelson, 1,651. 

Town 23, Nelson (in part). This town consists of high limestone 

ridges in the central and southern parts; the northern part is occn- 

pied by Little Bear creek and its tributaries. The soil is very sandy 

in the valleys but clay on the ridges. The formations are Potsdam 

and Lower Magnesian in nearly equal parts. 

RANGE FOURTEEN WEST. 

Town 23, Pepin (in part). The eastern half of the town is occu- 

pied by the valley of the Chippewa river, which is quite swampy near 

the river and heavily timbered with elm. Near the bluffs the soil is 
sandy and gravely, and somewhat cultivated. The valley of Roaring 

river has a fine clay soil, and is well settled. There are numerous 

broken limestone ridges in the northern and central parts, which le 
about 450 feet above the river, are timbered with white oak, and 

have a good soil. The formation over most of the town is Potsdam. 

Population of Pepin, 1,515. 

Town 24, Frankfort. The eastern part of the town contains part 
of the Chippewa valley, and Plum and Porcupine creeks occupy the 

central part. The valley of Plum creek is about a mile wide, with 
very good soil in most parts. The town is heavily timbered in the 

valieys with elm, maple, basswood, ete., and on the ridges with white 

and black oak. The principal formation is Potsdam. Population, 639. 

Vou. IV.—3
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Town 25, Waterville. This township is very rough and hilly, 

the general elevation of the ridges being about 450 feet above the 
Mississippi. The timber is very large and dense, and consists of elm, 

maple, basswood, ash, etc. The soil is rich and black. The forma- 

tion is Potsdam, with the exception of a limestone ridge in the south- 

western part. The population is American and French, and numbers 
1,197. | 

RANGE FIFTEEN WEST. 

| Town 23, Pepin (in part). This town is rendered fractional by 

Lake Pepin in the southern part, which flows from section 18 to 36. 

The valley adjacent to the lake is from a mile to a mile and a half 

wide, very sandy, and cultivated only near the foot of the blufis. The 
northern part of the town consists of wide rolling ridges with clay 
soil, and is fine farming land. It is timbered with white and black 

oak. The Potsdam and Lower Magnesian occupy about equal areas 
in this township. , 

Town 24, Maiden Rock (in part). The town consists of high, roll- 
ing, ridge land, much intersected with ravines. The general eleva- 
tion of the ridge is about 450 feet above Lake Pepin. There is a great 

deal of fine agricultural land in this township. The soil is clay, and 

| the surface rock chiefly Lower Magnesian. Population of Maiden 

Rock, 1,375. 

Town 25, Union. This town is well watered by Plum creek and 

its branches, and heavily timbered with elm, maple, oak, basswood, ete. 
The soil is clay derived from the Lower Magnesian, which covers 

about two-thirds of the town, the Potsdam occupying the remainder. 

The population of Union is 734. 

RANGE SIXTEEN WEST. 

Town 24, Maiden Rock (in part). This is a fractional town of 
about twenty-four sections, lying along Lake Pepin. The most of 
the town consists of high, rolling ridge land, with fine soil. The blufis 

lie very near the lake, and the Lower Magnesian covers nearly all of 

the town. 

Town 25, Salem. This town is well watered by Rush river and its 
tributaries, which occupies the central part of the town. Its valley is | 

about one-third of a mile wide, and has arich soil. It supports a 
heavy growth of maple, elm, basswood, butternut, etc., and con- 

siderable oak on the ridges. The Potsdam is the surface rock in 

| the valleys, and the limestone over the rest of the town. Popula- 
tion, 478.
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| RANGE SEVENTEEN WEST 

Town 24, Isabelle. This isa small fractional town of nine sec- 

tions, lying at the head of Lake Pepin. The western half consists of | 
sandy flats, the eastern half of high limestone bluffs. Population, 250. 

Town 25, Hartland. This town is well watered by the branches 

of the Isabelle river. The eastern and western parts consist of ridges 
about 400 feet higher than Lake Pepin. The southern portion is 

timbered with white oak, the remainder with elm and maple. The 
soil isin most parts very good. The formation is chiefly Lower Mag- 
nesian. Population, 1,250. 

RANGE EIGHTEEN WEST. 

Town 25, Trenton and Diamond Bluff. The town is well watered 

by the Trimbelle river and its branches, and consists chiefly of high, 
rolling ridge land, lying about 400 feet above the Mississippi. The 
town is heavily timbered, and the soil clay. The formation is chiefly 

Lower Magnesian. The population of Trenton is 737; the population 

of Diamond Bluff, 534. 

Town 26, Trimbelle. The town is divided north and south nearly 
in the center by the Trimbelle river. East of the river, the country 

is heavily timbered with hard wood; west of the river, the country is | 

rolling and sparsely timbered with poplar and black oak, and has 

more of a prairie nature. The soil is clay and well suited to farming. 

The formation is chiefly Lower Magnesian, with some St. Peters in 

the northwestern and southeastern parts. Population, 1,148. 

RANGE NINETEEN WEST. 

Town 26, Oak Grove (in part). This township is mostly prairie, 

with occasional groves of white and burr oak. The soil is good and 
the greater part under cultivation. It is not very well watered, the 

streams being infrequent. The principal surface rock is Lower Mag- 
nesian, and some St. Peters inthe northern part. Population of Oak 

Grove, 937. 

Town 27, Clifton. The land is quite hilly and rolling, and rather 

. sparsely timbered. The soil is good, and fine farms are numerous. 
It is well watered by branches of the Kinnikinnick river. The form- 

ations are Lower Magnesian and St. Peters, in nearly equal parts. 
Population, 703. 

RANGE TWENTY WEST. 

Town 2%. This is a fractional town of about ten sections, lying
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in the valley of the St. Croix. The land is slightly rolling and the 

soil well adapted to agriculture. 

GENERALIZATIONS. | 

From the preceding descriptions we recognize three natural sub- 
divisions of the country, which exhibit well marked differences in to- 

pography, timber and soil. The territory lies entirely within the great 
driftless area of the state, with a few slight exceptions hereafter to be 
described, and its surface contour has never been modified by glacial 

action. | 

The first of these natural subdivisions is the most important, and 
consists of high rolling ridge land intersected in all directions with 

deep ravines and valleys, often bordered with precipitous cliffs, the : 

elevation of the ridges above the valleys being from 300 to 500 feet. 
The valleys in their length and breadth are the effect of erosion only, 
but it seems probable that the streams were formerly much larger and 

acted with greater rapidity and force. When we mentally reconstruct 
the country as it must once have been, by filling up the valleys with 

| the formations now found on their sides, and then add the formations 

whose outlines still remain, we appreciate the immense denudation 

which the country has undergone. It should be remembered, how- 
ever, that this portion of the continent has never again been sub- 
merged since its first emergence from the Paleozoic ocean at the close 
of the Lower Silurian age, and that since then all the subsequent ages 

of geological time have elapsed, a length of time commensurate with 

the results. 
Country of the above description is found wherever the Lower 

Magnesian limestone has not yet been entirely denuded, and is char- 

acterized by a clay soil derived from the disintegration of the lime- 
stone. It supports usually a heavy growth of hard wood timber, in 
which maple, elm, basswood, oak and ash predominate. It includes 

the counties of Richland, Crawford, Vernon, the south half of La 

Crosse and Monroe, and such parts of Buffalo, Pepin and Pierce as 

are mentioned in this report. 
The second natural subdivision of the territory includes the coun- 

try in which the Potsdam sandstone is the underlying formation. 
The denudation having proceeded with greater rapidity in the soft 

sandstone, the ridges are not so steep and high, and the intervening 

valleys much wider. The soil is more sandy and not as well adapted 

to agriculture, and it is usually covered with a growth of small black 

oak. This includes the northern parts of Monroe, La Crosse and 

Trempealeau counties.
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The third natural subdivision includes the alluvial bottom lands 

found in the valleys of all the larger streams, as the Mississippi, Trem- 

pealeau, Black, La Crosse, Kickapoo and Wisconsin rivers. In all of 

these streams except the Kickapoo and the upper part of the La 

Crosse, the materials from which the soil is derived are largely gla- 

cial in their origin, and the result is in some cases a barren and sandy 

soil, and in others a rich and fertile one. In the former is found a 

growth of small black oak, and in the latter the elm and maple pre- 

dominate.
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GEOLOGICAL FORMATIONS. 

| The formations of the territory described in this report are confined 
to the Lower Silurian age, with the exception of the Quaternary. 
The following general section, taken from Prof. Dana’s Manual, em- 
braces the present received order of geological periods and epochs in 
North America, and to it is added another column, showing the order 
of the epochs in the territory under consideration: 

nn EERSTE GERRI 

PERIODS. EPOCHS. EKpocus In WESTERN WISCONSIN. | | | 

Recent........... | Recent. 
Quaternary. Champlain ........} Champlain. 

Glacial ............} Glacial. 
Cincinnati. ........{ Wanting. 

2 Trenton. Utica . ............] Wanting. 
<< Trenton............{ Galena, and Blue and Buff limestones. 

pa Chazy .......++....] St. Peters sandstone. 
5 Canadian. Quebec .....++.....| Wanting. 
ND Calciferous .........| Lower Magnesian limestone, 

£4 : 

E Primordial Potsdam ...........} Potsdam sandstone. 
Q or 

Mn Cambrian. Acadian ...........| Wanting. | 

Archean. Archeean.........+-} Not exposed. 

Ii 

From the above table it will be seen that there are but seven epochs 
to be considered, the remainder being either denuded, never deposited, 
or unexposed. They will be considered in the natural order of their 
deposition, beginning with the oldest and lowest, which is the Pots- 
dam sandstone. 

POTSDAM SANDSTONE. 

The territory covered by the Potsdam forms a large part of the dis- 
trict examined, as has been noticed in the previous chapter, or may 
be seen by reference to areas H and I of the geological atlas, accom- 
panying the report. It is found in the valleys of all the streams, and 
in the northern part it becomes the surface rock of the entire country.
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The strata of the Potsdam emerge from the valley of the Missis- 

sippi a short distance above Prairie du Chien, and rise gradually in 

ascending the river until they attain their maximum elevation of 470 

feet above the river, between La Crosse and Trempealeau. From this 

point, continuing to ascend the river, the elevation diminishes irreg- . 

ularly; being 350 fect at Fountain City, 270 feet at Alma, 320 feet 

at Buffalo City, 200 feet at Maiden Rock, 80 feet at Bay City, 120 | 

feet at Diamond Bluff, and sinking below the level of the Mississippi 

a few miles below Prescott. 

Lithological Characteristics. The Potsdam formation in the 

southern and western part of Wisconsin consists almost entirely of 

sandstone. The only exception to this is the stratum of magnesian 

limestone and shales found in the upper part of the formation, which 

will bé more particularly described hereafter. Another peculiar fea- 

ture of the formation is the great uniformity of the various strata. 

Prof. Owen made six principal subdivisions of the Potsdam; and 

wherever exposed they can be traced through the entire region, pre- 

serving with but little variation the same relative order and thickness. 

The strata of the formation are usually composed of fine siliceous 

sand; generally in small, rounded, waterworn grains of almost every 

color, the most frequent being the various shades of yellow and red, 

sometimes green, and often snow white. The strata vary greatly in 

| consistency; and in different localities the same stratum may present 

different degrees of hardness. Some of the layers, and especially the 

white ones, are frequently almost as compact as quartzite, and from 

this all degrees are found, to a loose, friable sand that crumbles in 

the hand. In general, the softer and more crumbling sand contains 

the least admixture of foreign matter: as when lime or iron are pres- 

ent, they frequently cement the sand into a very hard’ and compact 

sandstone, which is sometimes concretionary. An instance of this 

was observed at Decora Peak, a short distance east of Galesville, in 

Trempealeau county. The upper layers contain numerous concre- 

tionary and stalactitic masses of ferruginous matter, some of them 

as much as a foot in diameter; they are usually hollow in the interior. 

Concretions of sand were also seen in the upper strata of the Pots- 

dam in the road cutting in the N. half of sec. 9, T. 19, R.11 W. Their 

color is nearly the same as the adjacent sandstone, and they are sel- 

dom more than three or four inches in diameter. 

The Stratification of the Potsdam is very regular and even, and 

the beds usually lie in a nearly horizontal position over large tracts 

of country. Indeed, so little do they deviate from an apparent level, 

that the dip cannot be distinguised by the eye, but only by a careful
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measurement. The dip is usually to the northwest, and seldom ex- 
ceeds eight or ten feet to the mile, but more frequently it is less. 

* Cross-Stratification ”’ is of very common occurrence in all the 
beds of sandstone, and might sometimes be mistaken for the true 

Fre. 1. stratification if 
| \ eee LSSSS—= SxS its origin was 
SEE EELS ; not known and 
SS Z| understood, 

= ee | The annexed 
LZR SSS | sete (Tig. 1), 
eS € taken from the S55 | faee of a ali 

SSS | on Sand creek, 
LE __FCPENGé<'==z===— | in the south- 

_ SS SS SSS | east quarter of SSS | ceetion 28, T. -CRoss-STRATIFICATION. 10, R. 4 W. , 1- 
lustrates both the true and the cross-stratification. In this sketch, 
the lines AB, CD, EF, G H, show the planes of true stratification, 
which are nearly horizontal; and in each of the beds are numerous 
subordinate layers, in which the lines are horizontal, oblique and 
curved, frequently dipping in different and even opposite directions 
The lines of stratification of the subordinate beds are as fine and reg 
ular on the face of the cliff as in the drawing; from six to twelv« 
being contained in the space of an inch. | 

This structure is due to the irregular deposition of the sand by the 
sea, and the cutting away of partially formed beds by irregular and 
shifting currents and the ebb and flow of tides. In Fig. 1, for instance, 
the bed G, L, K, M, H, is the remaining part of a horizontal bed 
which was first cut down to the line K, M, and the bed, of which I, 
K, M, is a part, was formed. Both of these beds were then cut down 
to the line F, L. In like manner may be explained the oblique lam- 
ination of the constituent parts of all the beds, the waves cutting 
away and pushing before them the loose sand, and heaping it up in 
oblique and divergently laminated layers. 

Ripple Marks. These are not of common occurrence, and were only 
seen in the northern part of La Crosse county, and in the southern 
part of Trempealeau county. The ripple mark is an indication of a 
sea beach, or of shallow water, and it is possible that the depths of 
the water over the greater part of the country precluded their forma- 
tion. Some very good beds of ripple-marked sandstone were seen near 
Halfway creek, and at Stevenstown, in La Crogse county; on the Black
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river and at Galesville, in Trempealeau county. At the latter place 
the specimen was very large and perfect, the rid ges being from two 

, to three inches apart, and covered with small Lingula shells and fu- 
cowds. 

Thickness. The greatest exposed thickness of Potsdam was found 
in the northern part of the territory, in the vicinity of Black river, where 
the lower beds are exposed. Here, however, the upper beds of the 
Potsdam have been greatly denuded, or are not exposed, making it 
difficult to obtain a good general section of the formation at any one 
place. The two following sections have therefore been prepared, of 
which section No. 2 is from the southern part of the territory, where | 
the upper beds are most. frequently exposed, and exhibit great uni- 
formity. Section No. 1 has been obtained from an examination of 
the strata of Trempealeau mountain. By placing the beds numbered 
2, 3, 4, of section No. 2 above bed No. 8 of section No. 1, a very good 
ideal section of the Potsdam formation may be constructed. 

- Section No. 1. Trempealeau Mountain. 
Feet. 

I. Heavy-bedded, unfossiliferous sandstone..... 0.0... eee e eee e eee e cece eeees AQ 
2. Intercalations of magnesian limestone and sandstone ..........e.eeereceeees 20 
3. Sandstone layers, with lines of cross-stratification ..........sceceeeccececeee 19 

_ 4, Layers of yellowish concretionary sandstone .............ccceccccccececceee 8 
o. Heavy-bedded, yellow sandstone. Layers 2 to 6 feet thick.....-......eee06. 45 
6. Thin-bedded, brown, yellow, and white sandstone............ececcuecceseee I] 
7. Thin, yellow, argillaceous shales, with traces of Dicellocephalus............. 10 
8. Soft and friable green sandstone...........ccececccecccccccecesecccececeee VQ 
9. Heavy-bedded, red and yellow sandstones ..........ccccecceececcceseceseee 20 

10. Hard and compact sandstone, containing considerable lime ..............2262 9 
11. Concretionary sandstone, containing greensand..... .....cccececcscccecseee 8 
12. Thin-bedded, yellow sandstone, with frequent green layers...........--.2.4. 33 
13. Band of green clay. .... 66. cc cece cece ccc e cece eset eeceeseucrsceseescsese I 
14. Alternations of green and red sandstone ...........cccccccceccccccccecseee & 
15. Compact green sandstone ....... 0... cece ccc ee cc cece eccececcacecenecceeee OD 
16. Soft and friable greensand ........ 2... cece cece cee tec ecsvecesccccesvecee Q 
17. Sandstone containing scales of mica, and indistinct fossils.................6. 3 

18. Ferruginous sandstone........ cee cece ccc ee cece eee c ec ececeveecesecssscsese A 
19. Thin-bedded, soft, green sandstone, with intercalations of green clay from two 

' to four inches thick ........ cece ccc eee cece cece ce eseeccsessecsccee 30 
20. Heavy-bedded, brown, calcareous sandstone ... 2.0... cece cece eee ceeesseee 10 
21. Soft and friable sandstone, with mica and greensand....... .... secseceeeee 12 

22. Friable sandstone, with indistinct trilobites ........... cece cceccccecceccecs 6 
23. Loose greensand ... 6... cece ccc cece e cece eee c ce cee estes ereecsstesssesese 2 
24. Heavy-bedded, yellow and gray sandstones, containing large quantities of finely 

comminuted, white Lingula shells.............cccccccccwccesscecsescsees 8 | 
25. Slope of hill, sandstone, to water in the Mississippi...........ccseeceeceeees QD 

Total thickness of section. .......ccc cess ccc cer eeccevcescececesecceces 494
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Section No. 2. 

On the farm of Mr. Obright, on Hall’s branch, Section 6, T. 9, R.4 W. 

1. Gentle slope of hill with exposures of hard and eompact, yellow, Lower Magne. 

sian Limestone containing no flints......-+++ sees e reece erence eee ee ee eeeee 30 

2. Steep slope, formed of transition beds of limestone and sandstone, in which the 

sand is cemented by lime. Very hard.......--+++++---- veeeeesseseesees BO 

3. Perpendicular cliff of yellow sandstone, very irregularly bedded, with lines of 

cross-stvatification. .....ecee: cee ee eet e eee e eens ee ee ree ste e ere nereeens 40 

4, Thin layers of arenaceous and dolomitic shales..... see eceeece eee ceeeeeceess 30 

5. Heavy-bedded, yellow and brown sandstone, generally loose and friable, but in- 

durated on the surface......seeee cee sense ete e ern ereceneee aneeeecerons 20 

6. Thin-bedded sandstone, alternating with calcareous and magnesian layers...... 40 

7. Slope of hill covering sandstone, to the water in the creck..........-eseeeeee+ 20 

Total thickness....ceesceececce
ceer ence reer eens ee cess se ae eeen assesses 210 

Art 
STi 
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er Fie. 2. , - 
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3 See a Rg 
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SECTION oF Hitt oF PorspaAm ON HA.u’s BRANCH. 

The following sections are also inserted to show the changes which 

the strata sometimes undergo in different localities: 

Section No. 3. 

Section of a cliff on Sand ereek, in the southeast quarter of Sec. 25, 

T. 10, R. 4 W. 
Feet. Inches. 

t. Heavy-bedded Lower Magnesian limestone, regularly stratified, and con- 

taining but little flint, weathers irregularly on the surface, exposed in 

a, vertical Cliff... eecececeececceceec sees ceeeeeeeeeeseeareceeees 30 

9. Regularly stratified, thin-bedded limestone layers 2.2 e cece eee ee ee eee 3 

3. Transition beds, consisting of loose, angular pieces of magnesian lime- 

stone, containing considerable sand. In this stratum there are nu- 

merous cavities lined with brown spar and pyrites.....eecerereeeee 3 

4, Very hard, white Potsdam sandstone, like quartzite ...-.-+sseeeeeees 1 6 

5. Soft, friable, white sandstone .....--seee ress cee eeeee eter cece eeeces 1 $6 

6. Very hard, close grained, yellow sandstone, containing numerous irreg- 

AY CAVILICS. cece secre cece eee eaten ee ee er eer eee ees seeeeecee 2 . 

7. Hard and compact white sandstone ... --+++eeereerecereeeerseecees 2, a 

8 Hard and compact yellow sandstone... ..--seseereserees ce seereces 1 .. 

9. Soft and friable white sandstone, with fine lines of cross-stratification. . 20) .. 

Total thickness ..++ ceescccscccrerecsves sseeesesrescscreeres 64 00
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Section No. 4. 

Section of a bluff on the west side of the Kickapoo, in the south- 
west quarter of section 18, T. 11, R. 3 W. The elevation of the top of 

the bluff above Lake Michigan is about 480 feet. 
Feet. Inches. 

1. Slope of hill to first outcrop of rock. ...... ccc eee cece teeta 10 ws 

2. Thin-bedded yellow limestone, containing no flints, stratification regu- 

lar, beds 6 to 7 feet thick .......... 0.0. cece cece cece eee e et eeens 10 ws 

3. Hard and compact limestone, beds 2 feet thick.............00...008 15 we 
4, Two beds of light colored limestone, 7 and 8 feet thick, containing no 

flints. Good building stone... ..... cc ccc cece ccc e cece sec nc cece 15 os 
o. Thin-bedded, gray limestone, much broken into irregular rectangular 

blocks; contains numerous small cavities, but no chert or flints.... 10 oe 

6. Thin, yellow, odlitic Limestone, made up of small concretionary parti- 

cles like fish spawn... 1... ss se ee eee eee cece eet e were tence eens 3 ws 

7. Bed of irregularly broken limestone, similar to No. 5.........2..0.. 2 . 

8. White sandstone (Potsdam). ...... cece cceececec eres cseccccccsees oe 6 
9. Layer of irregularly broken limestone, similar to No. 5...........006 1 6 

10. Hard and compact white sandstone€.........cceceeec ee ceec ce ceeceee 1 os 

11. Very thin, and regularly bedded limestone; layers 1 inch thick....... 2 . 
, 12. Hard and compact magnesian limestone.......... 2.06 cece ceccees 3 .. 

13, White sandstone ...... ccc eccccerccvscecsceasscerscesesesecveues ve 3 

14. Hard and compact yellow sandstone... ........ ccc c eee e cece cence 1 oe 
15. Friable white sand .........cccccccacccccsccccucceusscescoucesece ee 6 

16. Layer of limestone containing distinct grains of sand..........ceceee 1 6 
17. Compact white sandstone.......ccce sce c cece cece cece csncesceeeees ee 6 
18. Hard and compact yellow sandstone........ ccc cee s ee eeeccrveecees 9 § 

19. Soft, friable, white sandstone...... 6... e eee cece esse es eeeeec ences 6 . 

20. Yellow sandstone ........ cece cece ee cee cee eee e ree cuseeseees 8 .. 
21. Soft and friable white sandstone........... cece e ere cer ee esececees 5 .. 

22. Soft, straw yellow sandstone... 6... cc cee ee cece cere e cee c ere cesece 6 oe 

23. Soft, white sandstone...... ce cece cece cece cece cc erescreceveeecces 1 - 

24, Hard, yellow sandstone, cropping out at intervals in the steep slope of 
the hill 2... cc eee ccc cee cece eee en ea centeececcececeus 75 _ 

25. Gentle slope of hill, covering sandstone, to water in the Kickapooriver 110 oe 

: Total thickness......... cece ccecec cece crc ccncesceecsucceseece 290 we 

The foregoing section is one of the finest exposures of Potsdam 

sandstone observed, and the remarkable alternations of thin beds of 
sandstone and magnesian limestone, near the top of the Potsdam, 

have not their counterpart in any other section of the country. The 

usual transition beds of calciferous sandstone, and arenaceous lime- 

stone, appear here to be replaced by thin and numerous alternating 
beds of limestone and sand. 

Section No. 5. 

Section of a bluff in the Mississippi valley, S. E.quarter Sec. 25, 
T. 18, R. 8 W.
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Feet, 
1. Lower Magnesian limestone, heavy-bedded, light colored, containing numer- 

ous flints, in layers and irregular masses, exposed in a vertical cliff........ 90 
2. Thick magnesian layers, alternating with sandstone......cesccescceseeseees 5Q 
3. Thin-bedded, yellow shales, alternating with layers of white and yellow sand- 

0 Ef) 
4. Regularly stratified yellow sandstone.....0.....cccsceccccccccccecesecccees DQ 
0. Steep slope of the hill, covering sandstone........-...ce cece eeeeeeseesees 20 
6. Gentle slope of the hill, forming a bench...........cccceecccccacccvcceeses 130 
7. Steep slope of the hill, with small outcrop of sandstone........ seeecccerers AO 
8. Green sandstone and shales .......cecceeceeeeece csccccccscccsvee eveceee 10 
9. Hard and compact yellow sandstone..........cccccccccccececccccceeescces AQ 

10. Heavy-bedded, regularly stratified, hard, white sandstone........seecseee 6. 30 
1. Yellow sandstone .......ccccc cece cece cece ccc ceseeessscscececscreccseee 10 
12. Slope of hill from the last outcrop down to the valley.......ssceeeeesesesees 70 
13. Elevation of the valley above the water in the Mississippi...............626. 30 

Total thickness .......sssseeesessees cesses cece eceeereeesessessseseeees 600 

From the preceding sections, Nos. 1 and 2, it will be seen that the 
total exposed thickness of Potsdam is about 470 feet. Beginning at 
the bottom and proceeding upward, the formation is composed as fol- 
lows: First, 100 feet of heavy-bedded sandstone, containing princi- 
pally Lengula. Second, 200 feet of thin-bedded sandstones, in which 
greensand layers are-very frequent. Third, 75 feet of heavy-bedded 
sandstones, sometimes containing fossiliferous argillaceous layers in 

. the lower parts. Fourth, 100 feet of alternating sandstone and dol- 
omite, with dolomitie shales near the bottom, and transition beds at 
the top. | 

Of the thickness of the unexplored portions of the Potsdam, we 
have derived some knowledge from artesian wells that have penetrated 
the formation to obtain water, of which detailed descriptions are given 
on a subsequent page. 

At Oil City, on the Kickapoo, near the center of the N. W. quarter 
of Sec. 26, T. 15, R. 2 W., an artesian well reaches the bottom of the | 
Potsdam at a depth of 490 feet from the surface of the ground. From 
the surface at the well to the top of the Potsdam, is 354 feet, making 
the total thickness of the formation at this point, 844 feet. 

In the village of Tomah, in Sec. 4, T. 17, R. 1 W., an artesian 
well has penetrated to the bottom of the Potsdam at a depth of 460 
feet. The nearest exposure of the top of the formation is about five 
miles south of Tomah, where it is about 420 feet higher than the 
town. Allowing 380 feet for the northerly rise of the strata, it is not 
too much to assume that the entire thickness of the Potsdam formation 
in this vicinity is about 900 feet. 

In the city of La Crosse, a well has been sunk through 537 feet of |
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Potsdam, reaching the granite. Above this, to the top of the forma- 

tion, is 400 feet, making the thickness of the Potsdam formation near 

La Crosse, 937 feet. 

In the town of Prairie du Chien, a well has been sunk through 960 

feet of the Potsdam without reaching the bottom of the formation. 

In general, the thickness of the Potsdam may be estimated at 800 

to 1,000 feet, in the Mississippi valley, the inequalities in the surface 

| of the underlying Archean rocks being the principal source of its 

variation. 

Loeal Sections. The following local sections illustrate the struc- 

ture of several parts of the formation. The following was taken at 

the road cutting opposite the mill in the village of Boaz in Richland 

county, section 19, town 10, range 1 west. The top of the section is 

probably about 100 feet below the upper surface of the Potsdam for- 

mation. | 
Section No. 6. 

. _. ; Feet. Inches. 

° 1. Thin bedded yellow sandstone, containing Scolithus, layers 9 inches 

thick, separated from each other by a thin, laminated, sandy shale, 

one inch thick. ...-..- sec ce eee r cece cree eee eee nce eeeeearees 6 ee 

‘9. Bed of very soft calcareous and arenceous Clay ...+++++e seereeeeees 1 6 

2 Sandstone with interlaminated shales. ...-..+-seeees sere cere erees 1 6 

4. Hard and compact sandstone consisting largely of ereensand ....+--- 1 9 

| 5, Conglomerate, consisting of small rounded pieces of light colored sand- 

stone, imbedded in greensand; very hard and compact, contains 

irregular cavities lined with drusy crystals... ce cece cece eee ener I 4 

6. Friable white sandstone ....-...e:e sees cere e cere rere er eerreeerees .- 6 

7. Soft yellow limestone...-..+.eeeeeeeee seers essen ener ener ress eeees 2 we 

8. Bed of very loose calcareous matter ..-.+++ssererereeeceeeseeececes 4 os 

| 9, Very friable greensand ... ++. .seer ee teers sees en eer e sees cece rcees . 1 

10. Loose crumbling magnesian limestone... ++seesere reser rsreccrees 2 4 

11. Friable greensand.. 16+ cesses eereeceeeeeee seneeceetee reese ces 4. we 

12. Greensand alternating with calcareous shales 1 inch thick ... .....6- 5 oe 

13. Heavy bed of green sandstone, more compact than the preceding.... 3 oe 

14. Hard and compact yellow sandstone ...++ eres eset reeeereesrer reece oe 6 

15. Greensand to bed of the creek .... ++ eeee sere reece cree ne ee eree cress 1 6 

Total thickness exposed... eee. eee eeecreneceesereececeresereers 34 o 

A fine exposure of the upper beds of the Potsdam was seen in the 

S. W. quarter of Sec. 82, TI. 14, R. 2 W., of which the following sec- 

tion was made: Fee. 

| 1. Heavy-bedded, hard and compact yellow sandstone, weathers irregularly on the 

SUPLACE cece cece eset ee ceeeee essence nrsseseseresessearecceusesscerees 9 

2. White sandstone.....sseecececece ene eesteeee er eeeeeecsae srareeeceeeerees 3 

9 Hard and compact yellow sandstone... sseeseee cereeeersersre ener rece ceres 8 

A. Thin-bedded sandstone layers one inch thick, containing numerous Scolithus.... 1 

5. Two beds of yellow sandstone, containing Lingulee .cscvccccecvecceccseceersee A
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. nee . Feet, 
6. Hard and compact white sandstone (this is the bed which appears so continuously 

throughout the valley)........ cece cece cece cotcee sevsesccvcstesecseese § 
7. Very soft and crumbling sandstone (yellow)......... cece cece eee eereceeeceses € 

Total thickness exposed .....c sce ee cece ee tee cence eee e esc eeeteteseesese BG 

Good exposures of the various beds are seen in the cuts of the 
Chicago and Northwestern Railroad, and especially at the tunnels. 

In See. 24, T. 16, R. 2 W., are two cuts, made through the shale 

beds, in which numerous fucoids were found in a blue clay, together 
with some remains of Zengula in the shales, also one bed of hard 

sandstone, in which were occasional ripple marks. At tunnel No. 2, 
in the 8. E. quarter of Sec. 25, T. 16, R. 2 W., is a fine exposure of 

the various beds of Potsdam contained in the shales, of which the fol- 
lowing section was taken: 

Feet. 

1, Slope of the hill from the top of the Potsdam sandstone to the top of the cut at 
the tunnel (probably covers sandstone)..........eceesecsescesecssececeese 72 

2. Yellow argillaceous shales, containing numerous fucoids and some Lingule, 
probably the same as those at Lone Rock and other points on the Wisconsin 

TIVOD occ cece ccc eee e ete eee e cece eee nee eeeeest tenes esettseccsetesees 1D 

3. Heavy-bedded sandstone... ..... ccc cece cene cece ececccccccesecececcecsceee 12 

4, Arenaceous shales........ cc cece cee ccc cee cece ee cote eeereeeseersssessee 4 
). Bed of magnesian limestone, containing geodes of calcite.........eeeeceesees 2 
G. Arenaceous shales... ...cees cece csc ceccccecceccctetcsescecscesccsssesess 8 

7. Layer of sandstone... .. ccc ccs e ec cece cece erect etcccessterccsseevesee 
8. Very thin-bedded arenaceous shaleg......-...ceeeeecccccccecvcsecccscesess 10 

9. Bed of friable grcensand........ ccc cece ce eee ee cece weer seeresceecescee | 
10. Conglomerate of greensand and irregular pieces of shale.............eee000. 2 

11. Heavy-bedded sandstone containing Scolithus to track ....ccecseeeceeceseee§ 8 

Total thickness... .s.cccsceeceecceeeeeeeeee tosseeesseseeeeesenssess 130 

Proceeding west from tunnel No. 2, the shales were found in all the 

cuts at Cook’s ereek, and east in all the euts to Wilton on the Kicka- 

poo; from this it appears that the thickness of alternating shales and 
sandstone is not less than 200 feet, of which the greater part is shale. : 

Tunnel No. 3 is situated in the N. W. quarter of Sec. 18, T 16, 
almost six miles from and nearly due west of tunnel No. 2. The top 

of the Potsdam was here found to be 20 feet lower than at No. 2. 

The following section was made of the hill and cut at tunnel No. 3: 

Feet. 
1. Bed of ferruginous sandstone, containing pieces of hematite in considerable 

| QUANTILY . 6c cee ce ee cece cence renee tenet nese eee esse seseeeseee OD 

2. Soft yellow sandstone to top of cut at tunnel... 2.0... cee cece eee ce ee eee eee LA 

&. Thin-bedded yellow and white sandstone layers 2 inches thick, crumbles to sand 

on exposure, contains seams Of 1T0N OTE... 2... cece cee cece were ee eeeeeeeee O 

4. Thick-bedded yellow sandstone, layers 2 feet thick... ...cesssceeccccocsvecesee AG
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feet. 
3. Thin arenaceous, calcareous shales, contain fucoids.......ee.e.eececcececccees, . 6 
6. Soft, yellow, friable sandstone, beds 2 feet thick.........ccceccccecceccccccec 8 
¢, Hard, calcareous sandstone, beds 8 feet thick......ecccccseccceeee cescceeceee 9 
8. 'Thin-bedded sandstone, containing some lime...........00 ceceee cecececeee. 2 
9. Hard, concretionary blue sandstone, contains Dicellocephalus Minnesotensis and 

EUCOLUS. 0. eee cece cece eee e reece eer ee tess ceteeeeescceseecseetseessecece 3 

Total thickness...... ccc e cece ese ececeecececececececesceuescececceee. SY 

Water is very abundant at this tunnel, and comes out entirely on top 
3 of bed No. 7. The caleareous sandstone seems to be impervious to 

water, or nearly so. The beds dip to the south, and the flow of water 
appears to be from the north, and being cut off by the tunnel, issues 
chiefly from the north side, but very little flowing from the south 
side. 

Exposures of the Potsdam. From the observations made during 
the field work, the following list has been selected, which contains 
some of the finest exposures of Potsdam sandstone in the state. 

(1) On Melancthon creek, in sections 22 and 27, T. 12, R. 1 E., where it joins Pine 
river, are vertical cliffs about 30 feet high, covered with pines. Continuing down the 
stream, in section 3, T. 11, R. 1 E., is a very fine exposure of vertical cliffs 50 feet high, 
forming an unbroken wall in the valley more than a mile and a half long. The rock is 
white sandstone, with cross-stratification, and large vertical joints at very even distan- 
ces, usually about fifty feet apart. This formation continues to the village of Rockbridge, 
in section 10. At this point the west branch of Pine river joins the main stream. On 
going around the point of the long narrow bluff, which terminates here, it appears that 
the two streams ran side by side for a short distance, until the west branch, at one of 
the large vertical joints above mentioned, cut for itself a low arched channel, directly 
through the bluff, and joined the main stream. 

(2) There is a fine Potsdam exposure in the northwest quarter of section 11, T. 10, R. 
4 W., where a small creek enters the Kickapoo. 

(3) On the Kickapoo, in the 8. W. quarter of Sec. 27, T.9,R.4W. The top of the 
Potsdam is here distinctly marked by a bed of white sandstone fifteen feet thick; above 

Fre. 3 it are the transition beds, and the lower 
IG. a TE] beds of the Lower Magnesian. The Pots- 

s 42 SSS = a t= dam is also exposed for fifty feet below its — |= eS => ) =| =, =) junction with the Lower Magnesian, and 
= = ===. ~== 5 Consists of heavy-bedded white and yellow 
oS = 2 Sre -=\, sandstones. The bluffs in this vicinity pre- 

“ahs — Fae — Es ===! sent this appearance for a distance of about 
ee ES pe a mile. 
S| : Dea = \2 4 (4) The Little Kickapoo, in the north 
Fi E- A a EE part of T. 12, R. 3 W., exhibits many good 
gE. = ES S==) exposures of the Potsdam. 
ZEEE A ou 5 SS (0) There are some remarkable exposures [ZY == BVP near Readstown, which show the effect of \W=Z ZS SO 3 ZZ -Y the weather on exposed cliffs. Fig. 3 rep- 

q LSND Sa wt, Se SE A Si w% resents an outlier of Lower Magnesian, 
| SHOWING WEATHERING OF P Caps. \?®® supported by rounded columns of sandstone 

formed by the action of the elements.
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Fig. 4 represents another of these exposures situated at the fork of the creek near the 

eenter of sec. 7; T. 11; R.3 W. Aisacap of Lower Magnesian limestone, running 

oe | . | | - . | ‘Ke. 4 | a | out to a sharp point, 

. " | and supported by the 

aI = ps Co columns B. B., of 

aR eee " white Potsdam sand- 

sees TR stone. Below them 
=| Ges |=ae| ease the bed c.. of vel 

co] ae SLA [== |S 1e= is the bed C., OF yel- 

| =| | [ees [see | B= | low sandstone. — 

es LEE lal = _(6) There is a very | 

oh ee ee a | -, .. fine exposure of Pots- 

= Za ‘ea a dam at Peavy’s Mill, 
\ “S24 fe a =e | on the west fork of 

Se Ee ee eee the Kickapoo, on the 
=== =a bla S. Ev quarter of See. 

AIC SSF - - It is in a vertical chiff 

SS Nir | -about one . hundred 

——=— =F yy Ae feet high, and ee LZ. eet high, and one 

——<—<— LLG A LEE thousand. feet long, 

Set AE as .  ...  gnd shows the alter- 

. SHOWING WEATHERING OF PoTSDAM UNDER LowER MAGNESIAN CaP. * - 2.0 4. 
nating white and yel- 

low beds very distinctly. | So 

(7) There are fine exposures along the creek in sections 31, 82, 88, 34, of T. 15, R.4W. 

(8) There are good exposures along the creek near Dorset, in the N. W. quarter of 

section 27, T. 16, R. 1 W. , 7 

(9) On the N. W. quarter of section 5, T. 17, R. 1 E., is a high, isolated bluff, which 

is an outlier of Potsdam. 

(10) Castle Rock, on the 8. E. quarter of section 33, T. 18, R. 4 W., is a high outlier 

of Potsdam, and forms a very conspicuous object on the crest of the ridge. : 

(11) A short distance below the mull, on the N. W. quarter of section 26, T. 15, R. 7 

W.., is a fine exposure of sandstone. | | | 

(12) There are good exposures of Potsdam in the S. E. quarter of section 33, T. 17, — 

R,7W. | | 

(1) On the N. W. quarter of Section 19, T. 10, R. 2 W., on Knapp creek, the Pots- 

dam is well exposed Fra. 5. : 

in a prominent cliff a 

about 160 feet high 

near the side of the ee Ee — SS. =~ — ~~ 3h 

road. | Ue Se ES 
(14) T. 12, R. 2 ee NIE Se —— 

W. There are very 2s. Se Sj | 

fine and pictur- — ee ee 

egque exposures of = = => =p = = af =k 

the upper portion = a A F . E = Es ae ae” 

of the formationon === if —<; E- 29 ti. tj} =, 

Camp creek in this SS Se —— —. Ee aa ee eee 

town, and also on eens 

the Kickapoo; one of them, Mt. Nebo, situated a short distance north of Viola, 1s a 

very conspicuous object. — | 

(1h) ‘Towns 13, 14, 15, B.2W. In these townships, in the vicinity of the Kickapoo, 

two sets of clifis may be seen: one situated close to the river, and the other consisting of
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the upper beds of the Potsdam, near the summits of the hills. The latter, when freshly 

quarried, are usually soft and crumbling, but on long exposure to the air, the surface be- 

| <4) “22 ' eomes much indurated, and 

' as pas the stone is used for founda- 

Fie. 6. gf an c tions. The sandstone forming 

~- iy”) yf i RP the lower set of cliffs often 
—~—— 

(; sit \ u e . . . 

—_——— yy rises directly out of the river, 

+ _s , peer and is frequently worn in cu- 

ae , ae hh wa rious and fantastic shapes by 

ee SSSI ve AN the action of the water. Fig. 

— — eres | ii mod Who 7 cae 5 shows one of these cliffs sit- 

-. Se, 2S /| Pe AC wy i uated on the Kickapoo river, 

, ieee | / RC : a a short distance below the vil- 

~My ee / | ES lage of Rockton. 

~— <ZA f | ON CI (16) There is a fine expo- 

—~\ NY Ge L| I ) i) ON | sure of the middle beds of the 

TN ee. ‘ "eo WN : Potsdam in a deep gorge and 

SS Wt: = Wer =a small waterfall on the N. E. 

oa SE a = SS quarter of Sec. 7, T. 28, R. 18 

wr iy jf eee vr W. The water falls over a 

Sp SRT TIF a eS a led f sandstone about 18 
—— a AReERC/HP vege Se Ce eage O© San on O 

, ae Lo AO feet high. Fig. 6 is a sketch 

eS a = of the locality. 

CascADE oN THE N. E. &% Szc. 7%, T. 28, R. 18 WwW. (17) At Stockholm, on Lake 

Pepin, there is a fine exposure of yellow, unfossiliferous sandstone on the shore of the 

lake. 

- ECONOMICAL PRODUCTS. : 

The productions of the Potsdam, which are of importance in an 

economical point of view, are iron, building stone and mineral waters, ~ 

which will be considered in the order given. 

Iron. This mineral is quite abundant in many parts of the terri- 

tory examined, and especially so in the counties cf Richland, Craw- 

- ford and Vernon. It usually occurs as hematite. The following are 

the localities where the indications were most favorable for obtaining 

ore. The material for the analyses was selected with great care, by | 

taking a large number of small pieces from numerous points in the 

outerop or ore bed, in order to find the average value of the deposit. | 

The analyses are by Dr. Gustavus Bode, of Milwaukee, and Prof. W. 

W. Daniells, of Madison. 

N. W. quarter, Sec. 12, T.10, R. 1W. This is one of the most 

promising localities examined during the season. It liesnear the top — 

of the ridge which divides Horse creek from Brush creek. Commenc- 

ing where the road crosses the line between sections 11 and 12, ferru- 

ginous sandstone is found, of no value except as an indication. Pro- 

ceeding westward, the ore is found in outcroppings, in a belt from 150 

to 200 feet wide, running parallel to the top of the ridge for a dis- 

Vou. IV.—4 |
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tance of a thousand feet. Going east from the aforesaid line, the 
same belt of ore can be traced nearly a quarter of a mile; thence pro- 

ceeding south, the same belt and outcroppings are not found for a 
quarter of a mile, when they again appear, conforming to the curva- 

ture of the ridge. At the southern exposure, the bed affords some fine 

crystallized specimens. ‘The ore seems to be derived from a deposit 
| in one of the upper beds of the Potsdam, and the outcroppings, prob- 

ably indicate with considerable accuracy the linear extent of the bed. 
Its thickness and width can only be ascertained by exploration with 

_ trenches and pits. There is a large quantity of ore exposed on the 
surface, in pieces of all sizes, up to thirty pounds in weight, but none | 

were observed in place. The ore isa dark colored and compact hema- 
tite. An analysis selected from the southern exposure gave 45,33, per 

cent of metallic iron. An analysis from the middle exposure gave 
45,5) per cent of metallic iron. These results, although not large, 

seem to indicate considerable uniformity in the quality of the ore. 

The deposit is about three miles northwest of Richland Center. | 

S. W. quarter Sec. 7, T. 10, R. 1 EK. The ore at this place is a 
bright red hematite, found near the point of a ridge, and derived from 

one of the upper beds of the Potsdam sandstone. Considerable pros- _ 
° pecting has been done here by sinking pits through the bed to the 

sandstone below, which indicate that the amount of stripping would 

be from. two to three feet, and the thickness of the bed of ore about Lo 

. the same. The bed appears to be continuous so far as traced. The Oo 

facilities are good for removing the stripping, by dumping it over the - 

side of the bluff. The ore could be carried to the valley below in the 

same manner, orin aslide. I am informed that 10,000 lbs. of this ore 

were sent to a furnace in 1870, and manufactured into a soft malleable 
| iron. The indications are that this is not a very extensive deposit, 

but from its softness and bright red color, it appears to be valuable oo 
: for a mineral paint; indeed some specimens of work were exhibited, 

on which the ore had been used as a pigment, which showed.a very 

handsome and durable color. An analysis of this ore gives metallia 

iron 4278 per cent. | 

A. short distance farther up the ridge above mentioned, several holeis 

have been sunk, the principal one being sixteen feet deep. This passed 
through eight feet of soil and clay, and eight feet of clay and loose 

masses of ore, which appeared to be more compact toward the bottom; | 

but as the shaft did not reach the lowest portion of the bed, its full 

thickness was not ascertained. The ore is of a dark brown or black 

color, and very hard and compact. It is derived from the decomposi- 
a: tion or alteration of iron pyrites, as on breaking open some pieces,
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the pyrites was in an unchanged state in the center, and surrounded 

by ashell of the ore. | : 

_ An analysis of the ore gave 454% per cent. of metallic iron. The 

land is situated about two miles west of Richland Center. It is leased 

by Dr. Burnham of that place, but owned by some parties in the east- 

ern states. 
S. E. quarter Sec. 30, T. 10, R. 1 E. The ore is found here in 

small pieces on the surface, near the upper part of the hill. It can | 

be traced along the side of the hill, near the top of the Potsdam sand- 
stone, for a distance of about 600 feet. No prospecting has been 

| Jone here, consequently there are no means of ascertaining the thick- 

yess or width of the bed. The ore nowhere appears in place. It is 
lark colored, hard and compact, and is the product of the alteration 

vf pyrites. An analysis of the ore gives 44 per cent. of metallic 
- iron. The land is owned by Mr. Pease, of Richland Center. 

N.W. quarter Sec. 31, T. 10, R. 1 E. This ore is an earthy red 
hematite, and is probably more valuable for paint than for iron. It 

is considerably mixed with clay and sand, and does not appear to be 
very abundant. It is found near the top of the Potsdam, on the farm 

of Mr. Lewis. An analysis of the ore gave 427%, per cent of me- 
tallic iron. 

N. E. quarter See. 19, T. 9, R. 1 KE. Outcroppings of iron ore 

: are quite abundant here, and consist of small pieces of ore which 

: may be traced from the road in the valley to the upper beds of the 

Potsdam, from which they are probably derived, near the top of the 
hill on either side. The pieces are found only on a narrow belt, about 

fifty feet wide, running across the valley. It seems probable that 

| these pieces, on account of their weight and hardness, have remained 

from the denudation, and now mark the original course of the bed. 

No ore was seen in place; it is all imbedded in the soil. The ore is 

the usual altered pyrites, hard and dark colored, and gives on analysis 

38 41, per cent. of metallic iron. This land is owned by Mr. A. C. 

Eastland, of Richland Center. 

N. E. quarter Sec. 10, T. 11, R. 3 W. This is the ground oper- 

ated by the Kickapoo Mining Company, of Readstown. This is a 

chartered company, and consists of Messrs. Bliss, president; C. Mor- 

ley, treasurer; Carter, secretary. Other members are Messrs. Purdy, 

Waters, Nichols, Gott, and General Rusk, of Viroqua. 

The first work was done in the winter of 1872; and in the winter 

of 1873 and 1874 a drift was run into the bluff a distance of fifty feet. 

_ The drift was run on a level, according to contract, and, in its course, 

passed obliquely through the ore bed, which dipped toward the hill.
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The ore lies on the surface of the ground, scattered over a consider. 
able area, and near the top of the Potsdam sandstone; some of the 
pieces weigh as much as twenty or thirty pounds. The ore was not 
seen in place, as the drift was caved in, and there is nothing on the 
surface to indicate the dimensions of the deposit. The ore is dark 
colored, hard and compact, much mixed with red clay, and is produced 
by the alteration of pyrites. An analysis of the ore gives 522%, per 

. cent. of metallic iron. | 
N. W. quarter Sec. 8, T. 14, BR. 3 W. Thisisa large surface de. 

posit, consisting of clay, pieces of sandstone, magnesian limestone, 
chert, sand,‘red white and yellow clays, ferruginous clay (paint), red 
hematite, and the dark-colored ore resulting from the decomposition of 
pyrites. All the foregoing materials are mixed together in the bed, 
without much regularity, and are in no way connected with the strat- 
ified rock beneath and beyond them. 

Mr. Philo Taylor, the gentleman who owns the land, has excavated 
an open cut fifty feet long, and sunk a shaft fifteen feet deep, as rep- 
resented in Fig. 7. The shaft has passed through the deposit, which 

<=s- 18 about twenty 

Ege a feet thick, and © 
fon va reached the bed- 

Fra. 7. Lut = rock below, which 
Coe is Potsdam sand- 

Si WN 3 ——2 It — ~=ostone. Considera- 
LES oN ble ore of very 

BEERS 0 good quality has | 
RE SE been taken out, but 

it seems necessary to remove so much waste material, that it would 
not pay to work the deposit as iron ore. In addition to the bright 
red, soft hematite, there is also found here a plastic red clay, which 
is very ferruginous. It seems probable that this clay, in connection 
with the hematite, could be obtained in sufficient quantities to be val- 
uable for the manufacture of mineral paint. An analysis of the red 
clay gives 53;,°, of metallic iron; an analysis of the red hematite 

gives 49,73, per cent. of metallic iron; an analysis of the ore produced 
from pyrites gives 58,24 per cent. of metallic iron. 

N. KE. quarter Sec. 20, T. 14,R. 3 W. This locality is on the 
farm of Mr. C. W. Dyson. In one place a cutting of the road has 
exposed a surface deposit containing considerable red clay and some 
fragments of hematite. In examining a small ravine in the vicinity, 
humerous pieces of ore were found. The ore is of good quality, but | 
does not appear to be very abundant; the clay is quite abundant, but
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contains only a small percentage of iron. An analysis of the ore 

gave 50.82 per cent. of metallic iron; an analysis of the clay gave 9 | 

per cent: of metallic iron. 

S. E. quarter Sec. 17, T. 14, R. 3 W. At this locality, and in 

numerous others in the township, the variety of hematite known as 
red chalk or reddle is found in small pieces, in a ravine which forms 

the bed of a stream during rains, but nowhere in sufficient quantity 

to be of much value. Usually the pieces are too hard to work freely. 

: It is known in this section of the country as “keel.” An analysis of 
the red chalk from this locality gave 50.24 per cent. of metallic iron. 

In the above mentioned ravine, a number of pieces of iron ore were 

found, which had evidently washed down from the adjacent hills not 

far distant, they were nowhere in sufficient quantity to form a worka- 
ble deposit, but serve to show the general character of ore in this 

vicinity. The pieces consisted of the soft red hematite, and the hard, 

compact ore produced from pyrites. An average analysis of the 
whole gave 56.53 per per cent. of metallic iron. 

N. W. quarter Sec. 21, T.13, R. 3 W. Red clay, ferruginous 

sandstone, and other indications of iron were found here near the top 

of the Potsdam sandstone, but no ore bed was found. 

Corner of sections 15, 16, 21, 22, T. 14, R.38 W, On the farm — 

of Mr. Kimar, at this place, considerable ore of good quality is said 

to have been found. | 

S. W. quarter Sec. 3, T. 14, R. 3 W. Some very good speci- 
mens of hematite have been obtained from this locality. 

N. W. quarter Sec. 18, T. 13, R. 2 E. Considerable iron ore of 

fair quality has been found on this land, which is the property of Mr. 

Frederick Frieze. The same kind of ore has also been found on the 

N. E. quarter of section 18 of the same town and range, on land be- 

longing to the River Improvement Company. 

The ore is hard, compact, and dark colored, somewhat similar to the 

ore obtained at Ironton in Sauk county. It is a surface deposit, 

found on the top of the hill, and near the top of the Potsdam sand- | 

stone, but exactly how near, could not be ascertained, as the Lower 

Magnesian has been denuded. The ore appears to be confined to a 

place about a thousand feet square, and is found in pieces of all sizes, up 

to fifty pounds in weight, lying loose in the soil. No shafts have 

been sunk to determine the thickness of the deposit, but in several 

places holes have been sunk two or three feet deep, without going | 

through it. Appearances indicate that considerable stripping and re- 

moval of waste earth would have to be done to obtain the ore. 

An analysis gives 56,j) per cent. of metallic iron.
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Ironton Mine. The most valuable and extensive deposit of iron 
ore observed is at Ironton, situated on the S. W. quarter of See. 10, 
T. 12, Kh. 3 E. 

This deposit, which produces all the ore consumed at Ironton, was 
discovered previously to 1850, but was not worked until that year. 
A furnace was then erected and iron has been made every year since 

with but one or two exceptions to the year 1873, at which time the 

locality was visited. About 25,000 tons of ore had been mined here, 
producing 11,000 tons of iron. The metal produced is of a neutral 

quality, being neither very hard nor very soft. It is mostly con- 
sumed in the interior. It is reduced in a hotair blast furnace with 

charcoal. One seventh of the charge is limestone flux; and 130 bush- 

els of charcoal are required to a gross ton of metal. The charcoal 
costs eight cents per bushel. 

The manner of occurrence of the ore here is shown in Fig. 8. 

Go ee , 45 rime stone. NO D 1a. 8, 
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2 Sandstone. - a 7: : —_ - - - oes — 7 - Pe DE . = Pe 

SECTION OF IRONTON DEPosIt. 

It lies at the base and on the side of the hill. It is found in pock- 

ets, filling the interstices between irregular masses of Potsdam sand- 
stone of all sizes. It shows no signs of stratification, and the deposit 

probably fills in the foot and side of the hill, but how far it ex- 

tends into it Is uncertain. 

N. E. quarter See. 8, T. 12, R. 2 E. Iron’ ore occurs here in 

masses of a botryoidal and stalactitic shape similar to the Ironton 

deposit. The ore is a brown hematite, and does not have mueh ocher 

accompanying it. When visited, in August, 1878, the deposit had 
been worked but a few days. A shaft thirty-six feet deep had been 

sunk, and considerable ore of good quality taken out. The ore ap- 

pears to be deposited over about forty acres of ground. It is situated 
about eight miles from Lavalle, the nearest railroad station. 

N. W. quarter of Sec. 10, T. 13, R. 3 E. This was also a recent 

discovery, and but little ore had been taken out. This seems to bea 

surface deposit similar to the Ironton bed, and the ore is also a hem-
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atite. Jt does not occur in the stalactitic shape, but has a more crys- 

talline structure. Casts of long, hexagonal crystals are found in some 
pieces. No limestone was found in the immediate vicinity, which is 

disadvantageous in view of reduction near the bed. An analysis of 
the ore gave 59.21 per cent. of metallic iron. 

Indications of ore are frequent in outcrops and fragmentary pieces 
which may be found on nearly all the hills in this vicinity, and many 

undiscovered deposits similar to those already described probably 

exist. 
On the 8S. E. quarter of Sec. 15, T. 11, R. 4 E., is also a recent 

discovery. An excavation has been made about 8 feet deep, 6 feet 
wide and 25 feet long, from which considerable ore has been taken. 

Some pieces were observed of good quality, but most of the ore 
seemed to be a féerruginous sandstone. It is probable, from the lay of 
the ground, that no large body of ore exists here. Analysis of this 

ore gave 58.59 per cent. iron. 

Center of Sec. 15, T. 12, R.3 EB. An analysis of the ore gave 24.48 

per cent. of iron. The locality is on the road from Ironton to San- 

dusky. Quite numerous fragments were seen at this place. It is 

probable that the formation of the deposit is similar to that at Ironton. 
N. W. quarter See. 28, T. 11, R.3 HK. A short distance north | 

of the village of Sandusky, quite a number of spherical concretions of 

ferruginous sandstone were found. They are not valuable as iron ore, 
but rather as geological curiosities. An analysis of one of them gave 

iron 23.26 per cent. - 

S. E. quarter See. 22, T, 10, R. 3 KE. Quite a number of frag- 

ments of hematite were observed at this place, which is situated on 

the ridge, and in the Lower Magnesian limestone, which would be 

found convenient as a flux, if it were found profitable to manufacture 

it. The ore appeared to be of good quality; the extent of the deposit 

could not be ascertained. An analysis of the ore gave 59.02 per cent. 

of iron. 
Center of Sec. 23, T.10,R.2 E. This locality is situated on the 

ridge dividing Bear and Willow creeks. There appeared to be a 

well defined bed, from three to six feet thick. It was observed crop- 

ping out in several places, and traced in a southwesterly direction 

along the crest of the ridge for nearly a mile and a half. It is possi- 

ble that so much stripping of superincumbent rock would have to be 

done that it could not be profitably mined. An analysis of the ore 

gave 31.90 per cent of iron. 

Quarter post, Sees. 20 and 29, T. 9,R. 3 E. Considerable ore 

| was seen scattered about the surface of the ground at this place. The
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larger part of it seemed to be near the junction of the Potsdam sand- 
stone and Lower Magnesian. The ore is a hematite, as is the case in 

all these localities. It is situated about four miles northeast of Lone 
ftock. Several varieties of ore were found, of which the following . 
are analyses: 

Per cent. 

Analysis No. 1 gave iron... eee cece eee ee eee ee ee ee eee eceeeeor ces 15,24 

Analysis No. 2 Qave i701 secs eee cece cere eee tence esse cseeeeens OLD 
Analysis No. 5 gave iron 1... 6c cece cece cece cece cece ee eceeseees 42:06 

In general it may be said of the iron ore beds of the Potsdam, that 

they are surface deposits derived from the upper beds of the formation, 

which are often very ferruginous. The ore is often of good quality, 
and tolerably abundant, but usually, in mining, the removal of much 
rock and useless material would be involved. They are in most cases 

so far distant from railroads that they cannot now be mined and 
shipped with profit, especially when so many iron furnaces through- . 

out the United States, favorably situated, and furnished with as good 

or better ore, find it impossible to work except at a pecuniary loss. | 

Copper. Ores of this metal are of very rare occurrence in the Pots- 
dam sandstone, no workable deposits having as yet been discovered. 

A. small horizontal sheet of copper pyrites, somewhat mixed with iron 
pyrites, about an inch thick, was discovered in the bank of the Wis- 

consin river in the S. E. quarter of Sec. 35, T. 9, R.1E. An analysis 

of it gave 13.78 per cent. of metallic copper. : 

Building Stone. A very good article of building stone is obtained 

from the dolomitic layers of the Potsdam, which are usually found 

about one hundred feet below the upper surface of the formation. The 

stone is usually of a uniform light yellow color, quite hard, and free 
from cavities and irregularities; dresses easily, and, when finished, 

7 makes a handsome building, and withstands the action of the weather. 

It usually oceurs in thick beds, from two to four feet, and blocks can 

be obtained of almost any size desired. As these magnesian layers 

are a very persistent feature of the formation, they are found and used 
in almost all parts of the country where building stone is required. 
There are several large quarries of it in the vicinity of La Crosse, on 

Lake Pepin, and at other points on the Mississippi. 

The sandstones of the Postsdam do not usually make a good stone for 

architectural purposes, as they are so soft and friable that they cannot | 
be obtained in large bloeks, and seldom present planes and joints suit- 

able for quarrying. After being exposed to the air, the sandstone loses 
some of its water and becomes harder. The sandstones are seldom 

used for anything but foundations, and in structures where regular 

blocks are not necessary.
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Sand suitable for mortar, plastering, etc., can be obtained readily 

from any part of the Potsdam formation. The only objection to it 

is, that it is sometimes of too fine a grain for some kinds of mortar. 

Much of the sand ir perfectly white and very pure, frequently con- 

taining as little as two per cent. of foreign matter, usually lime and 

alumina, and there seems to be no reason why it should not be used 

successfully in the manufacture of glass. It can be obtained in many 

| places of uniform purity and in inexhaustible quantity. 

ARTESIAN WELLS AND MINERAL WATERS. 

Sparta Mineral Wells. At Sparta there are twelve artesian wells, 
all situated within a distance of two miles of the central part of the 

city. They all derive their water from the same stratum, and as the 

country is very level in the immediate vicinity of Sparta, their depth 
is uniformly about three hundred feet, and their height of flow from 

six to ten feet above the surface. 

It is claimed that these mineral waters will cure a large and varied 

list of diseases; but of this we have no personal knowledge. The 
following is an analysis of the water, made by Prof. J. M. Hirsh, of 

Chicago. 

. . Grains in 

Solids. one gallon 

. Carbonate Of iron... cece e eee cere ets e cece eesecceecesceseees 14,5300 | . 

Carbonate of MAGNESIA... see ec cece cece ee ec cneecesessces 4.05101 

Carbonate of lime......ccccccccsececccseeereccseccsseseses 0.40202 

Carbonate of strontia......cseceee cece ssccceteecessesseeeeee Q.Q1402 
Carbonate of baryta.. coe ceeece cece cece ne ceneeeereee ceee Q.00600 

Carbonate of Manganese ......eeeceeeccccccrevereseceeerses O.N00T2 

Carbonate of Soda ..ccec cece cece ee cee cere cerssececceesesess 0.21030 

| Carbonate of lithia......cceseereceeceesecccsccceesrsescvscs (02400 

Carbonate of AMMONIA...... cece eee cece cece ceereeeeesecees J.00Z10 

Bulphate of soda.....eeseeceeeeeeeerereeecereeeecsesesecess 2.21450 
Sulphate of potassa.....ssceeceeee essere cceereeeresseees 0.64130 

Sulphate of lime...... 0s. ccc cece eect eee see erereretereseccee 0.18020 

. Chloride of calcium.......cce cece eccee ceccesesseccreeereee J.60502 

: Chloride of sodium .......cececcceceseeeeeereeereccrseseees QO.14301 

Jodide of sodium ..... ec. cece eee e cece cree ececccceescececes O.O00L4 
Phosphate of sOda....... ees ee cree cece eee cree eececeeeesees 0.06400 

Phosphate of alumina ........ cee es cece eer eeeneeereserees 0.06080 

QiliCa. ce cc ee ccc cece cence eee er ee ese eer tteeecesscssees ces J. 28000 

Hydric sulphide... ....0.eccseeee ee ce cece e ee eeeeseerercrene 0.00840 a 

| Total. scscsececsessecsenenesesceeseteesssessee ose, 23,21735 

In this analysis the Bicarbonates are reduced to Carbonates. | 

It was found to be impossible to make a descriptive section of the
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strata penetrated in sinking these wells, no such record having been 
aa kept. General information on the sub- 

os ject, obtained from the parties who 
— sunk the wells, leads to the conclusion 
. ve that the strata consisted entirely of sand- 

‘s 8 stone; that the wells passed entirely 
iv, vo through the sandstone, and stopped on 

i a encountering the Archean rocks; and 
«4 finally, that in all the wells the flow of 

| verr water originates at or near the junction 

| say of the Potsdam and Archean. 

| | \. b 5 The origin of the water in these wells, 

: | | 3 _ and the cause of their flow, may per- 

\! | =" 5 haps be explained on the following _ 
os  ) | i I. \ at 4 grounds. North and northeast of Sparta 

g (ll, | < NS 2 there is a vast tract of country, rising 

x 6 | | “42° & to the north and sloping to the south 

| | 8 4 “Ya : and southwest, in which the surface 

i | 1G, ata , = rocks are Archean, and the Potsdam is 

HT B | » >” * notfound. The drainage being as stated, 

| . as * water would flow over the surface of the 

| | s | | \. . Archean, and on reaching the outcrop 
MIE |\s . of the Potsdam, a part of the water 

| ( | ! s, would flow over the surface of the 

| | ! | | ’ , ground, and a part, sinking through the 

| ",s sandstone, (which is porous and easily 
© | | | | | \s admits of such action,) would flow down 

Setcesssmsses|. over the surfaceof the Archsan, below 

< q | | | | | | i\" which it could not go. Ifa well is sunk 
“| | | | ! [ill \ from any point on the surface, as at CO 

(Fig. 9.) to the Archeean rocks, it is 

evident that hydrostatic pressure will cause the water to rise in it to 

a height corresponding in level with the point where the pressure of 

water is first exerted on the surface of the Archsean, which is repre- 

sented in Fig. 9 by the dotted line A B. Such is the theory, but in 

point of fact the water will not rise quite as high, on account of fric- 
tion, resistance of the air, etc. Finally, if the surface of the ground 

where the well is sunk is lower than the line of pressure, the water 
will Zow to a height approximating it; but if the ground is higher, 

the water will rise in the well until the level of pressure is reached, 

and the well will not flow. 

The first of these wells was sunk as an experiment in October, 1867.
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‘Since then eleven have been sunk, in and about Sparta, and one in the 

valley of the Leon, about six miles south of Sparta. They are com- 

paratively inexpensive, the average cost being $250. 

Oil City Well. Near the center of the N. W. quarter of Sec. 26, 

(T. 15), is situated the village of Oil City, otherwise known as Shel- 

don and Graham’s Mill. The locality derives its interest from the 

flowing artesian well there, situated on the east side of the road. © 

The surface of the ground at the well lies only about four feet above 

| the surface of the Kickapoo. The water rises about twelve feet above 

the surface, in an iron pipe, and, being confined at the top, spouts out 

on all sides with considerable violence; it is then conducted away in 

troughs. It is said that it will rise to a height of twenty-five feet 

nbove the surface, if unconfined. Seasons appear to have no influence 

on the flow, although slight variations in the quantity, of a few hours’ 

duration, have been occasionally noticed. The water produces a red 

aolor on the ground, the wooden troughs, and everything with which 

it comes in contact for along time. 

This well is the result of the oil excitement, which broke out in 

this section of the country in 1866, which caused the formation of 

several companies to bore for oil, and the leasing of nearly all the 

land in the vicinity. The company which sunk this well was com- 

posed of seven persons, most of them residents of Sparta. Evidences 

of mineral oil were supposed to have been seen on the surface of the 

water in the vicinity; it was probably only the oily scum that fre- 

quently appears on the surface of stagnant water, which owes its ori- : 

gin to the decay of organic substances. 

The following section of the strata, penetrated in boring this well, 

was obtained from Mr. M. Graham, one of the owners of the land on 

which the well is located. 
Feet. 

1. Sand and clay....sceseceseeescecsceceeeeeseenson ss secseceeses 10 

—D Gyavel cccce cecccccececccccveccsccccceccscecsssscsssecesesesess 12 

3, Quicksand......ceeccececeeeeeecaceeeeeesseserscteeeiecseeacesces AO 

4. Soft sandstone (the well is tubed to this point).....-.seeeceeecseereee 30 

5. Hard and compact sandstone.......ssssceeseccscccccersccecscocess 228 

6. Opening from which the main body of water flowS......+.+esseeeseee 4 

7. Hard and compact sandstone.....ececerseereecseeeescereve cseesee 186 

Q Granite ...-ccccccecccccccteesesceccrceseensesseesssssocseceesses AU 

Total depth of well......ccerseeeeccecsecererereeeraee seerecerens 510 

Several veins of water were penetrated in boring the well. The 

first of any consequence was 90 feet below the surface, at which point 

the well first flowed to a height of five feet above the ground. ‘The 

main body of water was found at a depth of 300 feet, at which point
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the drill dropped four feet, and the water rushed out with great vio- 
lence. | 

The water is very pure and clear, and has no perceptible taste, al- 
though many persons think it is slightly chalybeate; on being bottled 

for a few days, and allowed to stand, it gives off sulphuretted hydro- 

gen gas quite freely, and has a singularly disagreeable taste. A qual- 
itative analysis was made of the water by Dr. Gustavus Bode, of 
Milwaukee, with the following result. He says: 

“The water is strongly impregnated with sulphuretted hydrogen, 
and contains sulphuric acid, chlorine, carbonic acid, soda, lime, mag- 

nesia, silica, iron, and alumina, the latter two in very small quantities. 

The total quantity of salts contained seems not to have been very 

large; most of the salts are probably contained therein as bicarbon- 
ates and sulphates.”’ 

Norwalk Mineral Well. In the village of Norwalk, situated in T. 
16, RK. 2 W., there is a well 19 feet deep, near the store of Mr. George 

Siebott, which has a chalybeate taste, forms a red deposit on every- | 
thing with which it comes in contact, and on being bottled and allowed 
to stand a few days, it gives off sulphuretted hydrogen. 

Tomah Artesian Well. In the village of Tomah, situated on Sec. 

4, T. 17, R. 1 W., is an artesian well, of which the following section 
| was obtained from information furnished by Mr. George Lea and 

others: 
Feet. 

I. Soil and clay... coc cece cece cee cee cee eee e ett e et eeeceneneee BY 

2. White and yellow sandstone .......cecceeee ee esceeree seeeescssees OUD 
O. Gray LOCK... cece cece ce cet cece eee e een eeet accesses eccseceese AT 
A. Red rock 1... cece ccc cece cence treet cece eec eens ceeeeereeseene BD 

d. Soft, green chloritic rock. ...... 000. cece ence c eee eeeccesecevscescese 10 
6. Very hard micaceous rock....... ccc cece e cere cece eeeeeeeecesses 30 

Total depth. ......c ccc cece cece cece en cece eeesee csc cesescsece 492 

Nos. 5 and 6, and perhaps Nos. 3 and 4, of this section are probably | 
in the Archean rock, but no fragments sufticiently large could be | 

obtained to determine the formation. The well failed to flow, the 
elevation of the ground, 390 feet above Lake Michigan, probably be- 
ing too great to admit of subterranean water rising to the surface. 

La Crosse Artesian Well. During the year 1876, an artesian 

well was sunk at La Crosse, of which the following section has been 
obtained.} 

| . Feet. 

1. Loose materials «0.6... cece ccc cee cece eee cee ee ee cesetreessces LTO 
2. Shale ..... cece cece cece cece cree wee ee cece eenscssstseccccsseesess IM 

3. Calcareous sandstone ....secccceceeccseerevecccccsesececsscensses 145 
4, Very coarse white sandstone. ....sccccscccsscessccscecssrecceszess ZL
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Feet, 

5. Red marly vock....-ccecseeec eee ceceeeeceeereecreeerressrsesene 8 

6. Fine sandstone. ..cccscccccccecccsccessceres sescsessceesersscsees OO 

7. White granular gramite.........ce secre eres cer cece cesecesevees oD 

The thickness of Potsdam in the vicinity above the well is about 
400 feet. 

Prairie du Chien Artesian Well. During the winter of1875-76 
an artesian well was sunk at Prairie du Chien, of which the follow- 

ing account has been obtained from information furnished by Mr. : 

Hforace Beach of that place. The strata penetrated in sinking the 
well are as follows: 

Feet. Inches. 

1. Sand and gravel .... cc cece cee eee cece eee eet eteccercecersce LAT... 

2, Fine light blue clay....s.eccececseccsceeseccsucesescuseesees ae Q | 
83. Hard arenaceous limestone. ......c eee eee e eee ee cece ceeeeee 2 a, 

A, Blue Grit... cc ce cece cece cece ere tere ceseweteetsees BL, 
5. Bluish-green, argillaceous shale ..... cc ceee cece cece eee ee LOT a. 

| 6. White friable sandstone, alternating with hard streaks ........ 118... 

7, Blue gribeeccccccecceecceececeesetceeececeaseseseteeeepens BR 
8. Slate rock 2... eee bee e ce cece eee eee e cence ree cesessecesece BO an 

9, Reddish and yellow-ochery sandstone .....seeeeeeseeceveeeeee 6 a, 

10. Shaly rock... .-. cece cee cece cece cece eee cee n eens secercee 24 0 

11. White sandstone... ..c.cc ccc cece cece cence ees eceseccsescvccs 4 oe 

12. Slaty rock. 22... cece cece cece eee cette eee e etre eceeeeres TH ae 

13. Sandstone .. ccc. cece cece ec cree cree cece eee wees cscernes ceee OLN oe 

14. Red sandstone ..cccse cece cceeeceenecesecccesoee weceecee AD oe 
15. Conglomerate of white, waterworn, quartz pebbles......-...... 5 ) 

16. Coarse sandstone......- cecccecseccccccecceseercscecccesees IQ a. 

Total thickness......cessecceeeseeccce eset cree eessesceces JOP 2 

The diameter of the well is 52 inches, and it is tubed with wrought 

iron pipe through the first and second numbers of the above section, 

and 18 inches into bed No. 3. | 

The water rises in the tubing 60 feet above the hill where the well 

is situated, and about 100 feet above the level of the Mississippi 

river at low water, and discharges, by measurement, 869,916 gallons 

in 24 hours. The water is clear and sparkling, a little brackish to . 

the taste, and has a temperature of 56° Fah. at the suriace. 

In bed No. 6 of the above section, at a depth of 268 feet from the 

surface, the water flowed to the top of the tubing, continuing to in- 

crease through the stratum. 

In bed No. 9 the water increased, and in bed No. 11 a vein of brine 

was struck; from bed No. 18 to the bottom of the well the amount 

of water was greatly increased. 
we 

1I am indebted to Prof. Chamberlin for the above section.
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With regard to the source of the water in the well at Prairie du 
Chien, it may be remarked that the strata rise gradually to the north, 
and very rapidly to the east for a few miles; so that it is not impossi- 

ble that the flow of the water is in this case from the east or north- | 

east, althongh it cannot be regarded as certain. 
The surface of the river valley at Prairie du Chien is but a few 

feet below the upper surface of the Potsdam, and from the shallow- 
ness at which flowing water is obtained, we must infer that the water 

is not exclusively derived from the upper surface of the Archasen 
rocks — as is the case with the wells at Sparta— but from several dif- 

ferent layers of the sandstone. 
The elevation of the ground at Sparta, on which the wells are situ- 

ated, is 215 feet above Lake Michigan. At La Crosse the elevation is 

75 feet, and at the Prairie du Chien well, 64 feet. There is therefore 

an antecedent probability that flowing wells could be obtained in the 

valley of the La Crosse river from Sparta to its mouth; in the valley 

of the Mississippi from La Crosse to Dubuque; in the valley of the 
Wisconsin from its mouth to Arena; and perhaps in the lower parts 
of the Grant, Platte and Pecatonica rivers. There are, however, lia- 
ble to be exceptions to this, of which the failure to obtain a flowing 
well at La Crosse is an instance. 

Jordan Mineral Well. A well, said to possess medicinal qualities, 
is situated in the village of Galesville, in Trempealeau county, at the. 
residence of Dr. Wm. M. Young. The well is situated on the upper 
table or flat on which the village is built, and lies in the valley of 

Beaver creek. The well is sixty-five feet deep; it was sunk for house- 

hold purposes, and does not flow. The following analysis of the wa- 
ter was made by Dr. Bode. : 

Grains. 

Chloride of sodium 1. ce cece cc ec esc c cere ceeveeeeeseceesoeseee 0.1792 
Sulphate of soda... ccc cece cece cece cece reece cece ce ceererereecee L974 

Bicarbonate Of soda ...... ccc cece eee e eee cece cesses seseressece O.8904 

Bicarbonate of Lime...... cece ee cece rere reece tee ercescee § §—6.5000 

Bicarbonate of MAGNESIA... ese eee ee cee weer en eee cece ececsceses 8.1632 

Bicarbonate of protoxide of 110n .....6 cece cece eee eeeeeesee eee 2.6632 

Organic matter... ccc cece ccc ee cece ee wee et ec oeecenscerseeees 0.4816 

Total solid salts in one gallon....... ccc cece cece eee e ee eee 21.8282 

Fine springs are very common in the Potsdam formation. They 

usually escape from the surface of some clay layer, or some close- 
grained sandstone. Their water is usually much softer than that of 

the springs in a limestone region. A number of them were tried
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with a thermometer, and their temperature was always between forty- 

six and forty-nine degrees Fahrenheit, or about the average tempera- 

ture of the earth near the surface. 

| PALEONTOLOGY. | 

, It is not the intention in this portion of the report to do anything 

| more than to indicate briefly the species found, and to describe the 

localities where they may be obtained, for the benefit of collectors 

| and others who are interested in this branch of the science. For full 
descriptions and lists of fossils, the reader is referred to the paleon- 

| tological section of the report. | 

| List of Localities. 

Section 6, T. 13, R. 3 W. In this section, and at many other places on the west . 
fork of the Kickapoo, there are beds of greensand and friable sandstone, containing 

numerous fucoids and fucoidal impressions. 

Sections 20 and 29, T. 14, R. 3 W. The sandstone about the creek contains frag 

ments of Dicellocephalus, Lingula and Fucoids. . 

| T. 14, R. 1 E. In the vicinity of Hillsboro in this town, Scolithus are quite numer- 
ous in the Potsdam sandstone ledges about the river. | 

N. W. quarter Sec. 15, T.18, R.6 W. Specimens of Dicellocephalus were ob- 
tained from some thin bedded sandstone, by the side of the road, near the summit of 

the ridge. oo | 

N. W. quarter Sec. 27, T. 18, R.9 W. Trempealeau Mountain. This is an ex- 
eellent locality from which to obtain several species of Lingula, and at the height of 110 
feet above the river is a layer containing numerous good specimens of small trilobites, 
and fragments of large ones. | 

S.E. quarter Sec. 4,T. 18, R. 8 W. On Beaver creek. A small white Lingulais 
quite abundant at this locality. | . 

N. E. quarter Sec. 29, T. 18, R.7 W. Fine specimens of Lingula and small 

trilobites were obtained from an exposure of thin-bedded sandstone, in a small hill by 
the side of the road. 

S. E. quarter Sec. 3, T.18, R. 8 W. At Gales Ferry on Black river. At the ferry 

used in low water, on the north side of the river, some strata of Potsdam crop out near 

the surface of the water, which are full of fragments of Obolella polita and trilobites. 

The sandstone is rather soft and friable, and contains only casts of the fossils, the shell 

m most cases being removed. Fine specimens were obtained here of several varieties 

of Lingula, and some small trilobites. Some of the sandstone higher up in the bluff is 
, full of small white Obolella shells, about one eighth of an inch in diameter. | 

N. W. quarter Sec. 25, T.19, R. 9 W. This is in the valley of the Trempealeau 

river, There are numerous exposures of sandstone containing Obolelia polita, by the 
Se side of the road in this quarter section. 

N. W. quarter Sec. 33, T. 19, R.8 W. At the mill in the village of Galesville, 
and in the bluffs which border the stream to the bridge below. This is an excellent 
locality from which to obtain Obolella polita, fucoids, and small trilobites. The sandstone 

here belongs to the lower members of the Potsdam. 7 

Quarter post Secs. 33 and 34, T. 20, R. 8 W. Finespecimens of large and small 
Lingula shells and casts, and a few ¢rilobites were found here. The sandstone is so soft 
that it is somewhat difficult to procure specimens, but it becomes harder on exposure.



64 GEOLOGY OF THE MISSISSIPPI REGION. | 

S. W. quarter Sec. 23, T. 19, R. 7 W. Obolelia shells are found in nearly all the 
sandstone exposures about Hardy creek, m this vicinity. 

N. W. quarter Sec. 29, T. 20, R. 10 W. Small but good specimens of Obolella 

are found in the red sandstone in this vicinity. 
S. W. quarter Sec. 23, T. 25, R.13 W. By the side of the main road are expos- 

ures of dark colored sandstone containing several species of trilobites in great abund- 

ance. 

The foregoing are some of the best of the localities discovered during 

the field operations. They are all convenient of access, and will repay 

examination. The northern part of La Crosse, and the southern part 

of Trempealeau counties have been much more prolific of organic 
remains than any other part of the territory examined. In Crawford, 

Richland and Vernon counties, the occurrence of fossils in the Pots. 

dam is comparatively rare. This leads to the inference either that 
the conditions under which the strata were deposited were unfavorable 

to organic life; or that after the shells were deposited, their calcare- 

ous matter was removed by water percolating through the sandstone, 
so that no further trace or memorial of the shellremains. ‘The latter 

| of the two suppositions appears to be the more probable, as casts are 

occasionally found in nearly all the members of the formation. . 

| LOWER MAGNESIAN LIMESTONE. 

The country in which the Lower Magnesian is the surface work, 

constitutes the greater part of the ridges and valleys about the heads 
of the small streams and ravines. Its geographical area is about equal 

| to that of the Potsdam. It isan important formation, not only on — 
account of the large territory it covers, but also because by its decom- 
position it produces a rich and fertile soil on the ridges, and being 

washed down into the valleys it fertilizes the otherwise barren sand 
derived from the Potsdam. 

In the valley of the Mississippi there is no formation which pre- : 

sents finer or more frequent exposures. Its hardness, and the frequent 
joints it contains, predispose it to form the lofty cliffs and precipices 

: which form such an impressive feature in the scenery of the river. | 
At Prairie du Chien the upper and middle portions are exposed, 

but the entire thickness is not seen until about six miles above the 
town, when the lower layers are exposed. Proceeding up the river, : 

the formation constantly occupies a higher position in the bluffs until =| 

in the vicinity of Black river it is found only in thin outliers, cover- 

ing the most elevated points. | 

| The northern outcrop of the Lower Magnesian forms an extremely 

irregular line. Beginning with T. 16, R. 1 E., it may be traced west- 
ward nearly to the mouth of the La Crosse river. From here to the
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Trempealeau river is a wide tract of country from which the forma- 

tion has been nearly eroded, and remains only in thin and widely sep- 

arated outliers. | 7 
On entering Buffalo county in its southeastern part, on account of 

the increased height of the country and the gradual slope of the strata 
to the northwest, the Lower Magnesian limestone appears in a thick- 

ness of from 100 to 200 feet, forming high cliffs and escarpments 
along the Mississippi from the Trempeaieau to the Chippewa river. — 

The northern outcrop of the formation in Buffalo county lies par- 
allel to the Mississippi and about 18 miles distant from it. On ap- 

proaching this line a marked change is seen in the topography of the. 
| country. The valleys are much wider, and the hills not so high or so 

steep as near the Mississippi. Probably this appearance results from the 
original thin deposit of the limestone near its line of outcrop; which be- 
ing worn away sooner than in the south part of the county, the sub- 
sequent erosive action took effect on the softer Potsdam; thus in the 
same period of time making wide valleys in the northern part of the 

county and narrow ones near the Mississippi where the thickness of 

the Lower Magnesian limestone was greater. | | 
In Pepin county the blufis are somewhat lower and more retreating, 

and do not afford so many fine exposures of the formation. In Pierce 

county, from Maiden Rock to Diamond Bluff, the exposures are un- 

excelled, both on the Mississippi and its tributary streams, and a few 

miles below Prescott it becomes the surface formation of the greater 
part of the country. | | 

Lithological characteristics, This limestone is always light col- 

ored, embracing all shades of yellow and grav, and is sometimes per- 

fectly white. — | | | | 
In texture the Lower Magnesian is always very hard and compact, 

the separate grains of which it is composed being seldom distinguish- : 
able. It usually presents an indistinct crystalline appearance, but the 
crystals are never large enough to present distinct faces or a cleavage. 
The only exception to this is the occasional occurrence of small cavi- 

ties in the limestone, which are sometimes lined with small crystals 

of calcite or bitter spar, and very rarely contain iron pyrites. 
Exposed surfaces of this formation always weather very irregularly 

by the removal of the lime through the usual atmospheric agencies; 

small irregular cavities and hollows are thus formed in all parts, and 
in cliff exposures small holes and caves are sometimes seen, usually 

| penetrating but a short distance. 

Chert. Another characteristic feature of the Lower Magnesian 
limestone is the occurrence of beds of chert, interstratified with the 

Vou. 1V.—5
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rock, appearing in large isolated masses, and in separate nodules 

disseminated through it. The chert is not confined to any particular 

part of the formation, but is most common in the middle beds, and 

less frequent in the upper and lower beds. Its surface is often cov- 

ered with the points of small but distinct crystals of quartz, and when 

cavities occur in it, they are often lined in the same way. Such cav- 

ities sometimes occur which were formerly occupied by shells, that 

have been removed and replaced by the drusy quartz, and still exhibit 

the general features of the shell. Prof. Dana, in his Manual, thus 
explains the formation of flint nodules or chert (pp. 474, 698): “The 

silica was distributed through the calcareous mud of the sea bottom 

in the form of Diatoms, Polycystines, and the silicious spicules of 

sponges, and therefore was in the soluble state; and the solution of 

this silica took place within the mass of the deposit. The tendency 

of matter of one kind to concrete together led to the forming of flint- 

nodules; and the tendency to aggregation around some foreign body 

as a nucleus, especialiy when such a body is undergoing chemical 

change or decomposition, explains the frequent occurrence of fossils 

within flints.”’ | 
| In the country bordering the Mississippi, above the ‘rempealeau 

river, the Lower Magnesian does not contain nearly so much chert and 

other silicions material as in the southern part of the state. Calcite 

is, however, of more frequent occurrence. In the bluffs near Foun- 

tain City, in Buffalo county, it exists in small irregular layers and . 

masses of a few inches in diameter, quite transparent and cleavable, . 

filling cavities of the rock and sometimes giving it a brecciated ap- 

pearance. — | 

The composition of the Lower Magnesian is somewhat liable to va- | 

riation in different parts of the formation. Usually, however, it is a 

highly magnesian limestone, and its average composition is as follows: 

Carbonate of lime... .. cece e cece ee tee e cece cece tee e ete eetstecesreces OL 

| Carbonate of MAGNESIA... . cece cece cece cece ere eretecsssccccsessecsee Al 

Water, insoluble matter, oxide of iron and alumina...........eeeeeeeee 8 

Total. ..cccceeeceeeccceeceeecseeeeseseetersssssesseetresscses 100 

The formation of magnesian limestone is attributed by Dana* and 

others “to the reaction of the magnesian salts of the ocean’s waters, 

in evaporating basins, on the calcareous material of the bottom. The 

magnesia can have come only very sparingly from corals, shells, or 

other caleareous relics, animal or vegetable, and must therefore, have 

been introduced from outside. As the dolomites are of all ages, in- 

| 1Dana, Manual of Geology, p. 696.
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clude the majority of the earth’s limestones, and have often a wide 

continental extent, no magnesian mineral springs can be adequate for 

their production, excepting the great ocean itself.”’ | 
The lower beds are much more arenaceous than any others of the 

formation, as they contain considerable silicious sand, apparently de- 

rived from the Potsdam. These sandy beds, however, seldom extend 

more than a few feet above the upper surface of the Potsdam. 

The Lower Magnesian always overlies the Potsdam conformably; 
that is, no denudation of the latter appears to have taken place before 

the former was deposited. The line of demarcation between the two 

formations is sometimes very distinctly defined by beds of limestone 

devoid of sand, overlying the white sandstone of the Potsdwm. The 
transition beds are, however, usually present, and the Lower Magne- 

sian sometimes graduates almost insensibly into the Potsdam. 

| The stratification of the Lower Magnesian is very regular and uni- 
form; in some of the exposures, as in the cliffs along the Mississippi 
river, the same beds can be traced continuously for long distances. 

As a general guide to the formation in the country examined, the 

following section is inserted. The section is designed to show only 

the general composition of the formation, and it is not to be interred 
that each individual layer or its equivalent can be found in any part 
of the country. For instance, the flints in layer No. 16 must be re- 

| garded as local, as it is not usual to find them in such large quantities 

so low down in the formation. 

| Section No. 6. 

Section of a bluff in the Mississippi valley, S. E. quarter Sec. 6, T. 

7, R.6 W.: | | 
| . Fcet. 

.. 1. Slope of hill covering Lower Magnesian limestone........+sseeeeees 40 3 

.. 2, Hard, flinty, light-colored limestone.........ccceoeseceseee coeceee LO? 
3. Heavy-bedded limestone, with disseminated flints....... ..........- 10 

.. 4, Beds of yellow limestone from one to two feet thick containing no flint. 8 : 

.. 5. Limestone containing numerous flints............ eee e cece eee eee ee Of 

.. 6. Beds of limestone without flint. Layers from one and a half to two : 
feet thick. Good building stone....... ccececeeccwceee coeescee FT 3 

..  %. Heavy-bedded lmestone with irregularly dissiminated flints. Hard 

| and COMPACh.... 2. cece eee r cece ee ereeeseetesetccerecesscssrees 14 3 

: 8, Limestone containing regular layers of flint.........seeeeeee eee eee 24 3 

.. 9, Alternating beds of limestone and flint.......-.ceecceeveeeeeeevees LD 

.. 10. Fine-grained, light-colored limestone.......seeccecsccesceerseeseee 3 2 

.. 11. Slope of hill covering limestone ....... cece ce ceee cree cscceseeveses 16 3 

.. 12. Quarry‘rock, consisting cf thin beds of limestone, each one foot thick, : 

| containing no flints...... ccc e eee eee b eee ce ee cecreeereessens OO 

13. Heavy beds of limestone, streaked with light-colored bands.. ...... 7 

.. 14. Alternating beds of limestone and flint, the latter being in layers some- : 
times three feet thick... ..e.ce cece wees cc ceeteseeerecccacvvees Q2  :
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Deck, 

15. Hard, light-colored limestone........c.cccceer sce crscesccesseeseee 

16. Beds of flint, from six inches to two feet thick, alternating with thin 

layers of limestone to the bottom of the hill...........eeeceeceeee 10 

Total... .. cc ccc e ccc cee cence er eee: iveaceceesececeeseees 207 

The bottom of this section is not far from the top of the Potsdam, 
although it is not exposed in the immediate vicinty. 

Thickness, The greatest thickness which the Lower Magnesian is 
found to attain anywhere north of the Wisconsin river is in the north- 

ern part of town 12, range 6 west, where it is two hundred and fifty 
feet thick. The least thickness observed was one hundred feet; thig 

occurred in the N. W. quarter of Sec. 5, T. 9, R.5 W. Its average 

thickness may be stated at about one hundred and seventy-five feet 

These measures of thickness refer to localities where the formation is 
overlaid by the St. Peters. 

Unconformability. From the foregoing measurements it will be 
seen that the Lower Magnesian is subject to great variation in its 
thickness, which can only be satisfactorily explained on the theory 

that the St. Peters sandstone is not conformable to the Lower Mag- 
nesian, as has been discovered by Prof. Chamberlin in the eastern 
part of the state. No single outcrop has been seen in the western | 

part of the state which satisfactorily exhibits this unconformability, yet 
the great differences in elevation of the upper surface within short dis- 

tances, combined with the regular and undisturbed stratification, ean 
only be explained by the above supposition. 

Exposures. The following is a list of localities, where the expo- 
sures at the Lower Magnesian limestone offer facilities for the study 

of the formation, or where some local peculiarities exist. 

In Sections 16 and 17 of T. 15, R. 3 W., in the valley of a small stream. The 

Lower Magnesian crops out in a series of ledges from ten to thirty feet high. The en- 

tire thickness in this vicinity is one hundred and fifty feet, and nearly all parts of the 
formation are exposed in the various outcrops. Numerous handsome isolated pillars ex- 
ist in the sides of the valley. 

S. E. quarter Sec. 14, T. 11, R. 3 W. At this locality the junction of the St. 

Peters and Lower Magnesian is clearly marked by a bed of soft, yellowish-white clay, 

about four feet thick. This clay resembles the pipe clay of the Trenton limestone, found 
in the Lead region. | 

At De Soto, on the Mississippi river, the Lower Magnesian limestone affords a fine, 

close-grained and durable building stone. It is of a very light color, and often nearly 

white. | 

N. E. quarter Sec. 26, T. 13, R.5 W. In the village of Springville, and along 
the banks of the stream a short distance below the village, the Lower Magnesian pre- 
sents good outcrops and is extensively quarried. It occurs in beds from one to four feet 

thick, of a ight yellow color, free from flints, and makes a very handsome building stone. 
It is much used for foundations.
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T, 14, RB. 6 W. Along the Raccoon creek are numerous good exposures of the lower 

beds of the formation. | 

Section 6, T. 7, RB. 6 W. There are many fine cliff exposures of Lower Magnesian, 

overlaid with blufts of St. Peters. 

N. W. quarter Sec. 18, T. 8, R. 6 W. Along the Mississippi river there are long, 

continucus cliff exposures of the formation, overlying the upper beds of the Potsdam, 

and affording good opportunities to examine the transition beds. 

At River Falls, in Pierce county, the river flows through a deep and narrow gorge 

in the Lower Magnesian, making several small falls with fne and extensive exposures 

of the formation. 

| The foregoing are a few of the finest of the many exposures with 

which the country abounds; in general they may be found on all 

streams, and particularly along the valley of the Mississippi. There 

is, however, much sameness about these exposures, and they are not 

as interesting as if search in them was awarded with fossil remains. 

ECONOMICAL PRODUCTS. 

No very extensive or valuable deposits of metallic ore are found in 

the Lower Magnesian formation in the southwestern part of the state. 

A. few localities of copper and lead exist, which show that the forma- 

tion is not entirely destitute of metallic contents. Economically con- 

sidered, this formation is most useful in affording good building stone 

and lime, both of which articles are abundant in all parts of the 

country where the Lower Magnesian limestone becomes the surface 

rock. 

Copper. Traces of this valuable metal are found in many places 

in the Lower Magnesian, and it does not seem to be confined to any 

particular stratum of the formation. Small pieces have been picked 

up on the side hills, and in the dry beds of small streams, which on 

analysis have yielded very fair results. Copper is also occasionally 

seen in small seams in some of the cliff exposures of the formation; 

but it is not present in large and inexhaustible quantity. It some- 

times oceurs combined with sulphur, but never in its native state. 

: The principal localities where ores of this metal are found are the 

following: 

Plum Greek Copper Mine. The lands in which copper has been 

found in this vicinity are the N. E. quarter of the S. W. quarter and 

the N. W. quarter of the 8. E. quarter of section 26, T. 8, R. 5 W., in 

the valley of Plum creek, a small tributary of the Kickapoo, and 

about two miles above its junction with that stream. 

The existence of copper ore at this place has been known for the last 

twenty-five years, and small quantities have been from time to time ex- 

tracted; but it was not until the year 1860 that any systematic attempt
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at mining was begun. The following items of ownership and opera- 
tion were obtained from Mr. John Coil, a gentleman residing on the 
land. The land was bought in the year 1858 or 1859, by a company 
of five gentlemen, residents of New York ci ty, who commenced work in 

_ 1860, and abandoned it in 1861, on account of the civil war. The 
time of their operations extended over a period of nearly two years; 
since which time no work has been done. The operations of this 
company seem to have been only preliminary steps, and consisted in 
sinking a great number of prospecting holes, from ten to thirty feet 
deep, in nearly all of which small quantities of ore were obtained. 
The holes are still to be seen at various places on the side of the hill, 
from the top to the bottom. After doing this prospecting, the com- 
pany concentrated their efforts at a point on the side hill about one 
hundred and fifty feet above the upper surface of the Potsdam, and 
excavated a horizontal drift for a distance of two hundred feet into 
the hill, the course of which was nearly southeast. | 

During the progress of this drift considerable ore was obtained, 
some of which was found lying about the entrance, at the time the 
mine was examined. The ore was found in small veins crossing the 

| drift, and in pockets; it is of a dark brown color, and is much mixed 
with iron, containing also considerable malachite or green carbonate 
of copper disseminated through it in small grains and nodules. The 
malachite has frequently a radiate structure and sometimes affords 
good cabinet specimens. In its present condition there is not much to 
be seen at the mine. The drift and shafts have all fallen in and only 
serve as evidence of former work. 

It is not known how much ore has been obtained here; but I am 
informed that two car loads were shipped, and that it was customary 
to burn it before shipping. | 

An analysis of this ore from specimens selected at the mouth of the 
drift gives 10,11, per cent. of metallic copper. This is a very small 
result, and Dr. Owen in his report of 1851, states that analyses made 
by him of copper ore from this locality gave from 17 to 23 per cent. 
of metallic copper. 

Copper Creek Mine, N, E. quarter See. 34, T. 10,R.5 W. The 
diggings of this locality are situated about three-quarters of a mile 
southwest of the village of Mount Sterling, and on the side of a hill 
sloping toward one of the branches of Copper creek. The deposit 
was discovered in 1848, by Mr. William T. Sterling, a resident of the 
village, from whom most of the following information was obtained. 

The deposit was first worked by Mr. Sterling and Mr. George Mes. 
sersiith, paying a tribute of one-sixteenth to the government. Du-
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ring this time a specimen was sent to the patent office weighing three 

hundred pounds. In the course of these operations twenty thousand 

pounds of ore were taken out; the best part of the deposit appeared 

to be exhausted, and work was suspended for two years. Some of the 

ore obtained by them was taken to Mineral Point and reduced in the 

furnaces at that place. 

In 1846 the ground was leased to a German company, who worked 

it about a year, their work being chiefly drifting and prospecting, 

after which time they abandoned it as unprofitable. | 

The property remained idle until 1856, when it was leased to a 

New York company, who worked from May to September, producing 

twenty thousand pounds of ore, at a cost of about four thousand dol- 

lars; since which time the land has never been: worked, and is now 

held under a tax title by the heirs of A. W. Pelton. : 

Such, in brief, is the history of running operations at this place. 

| At present, there is nothing to be seen here except a few dee, shafts 

and numerous prospecting holes. The shafts and underground work- 

ings are caved in and impassable. The mining appears to have been 

| confined to the Lower Magnesian formation, and most of the ore was 

found high up on the hill, lying on the west side of the divide which 

separates the Kickapoo river from the Mississippi. 

Of the manner of occurrence of the ore but little could be learned, 

except that it was found in loose ground, lying between a nearly verti- 

cal wall-rock of limestone, having a north and south course, and the 

western side of the hill. It does not seem to have formed a well de- 

fined vein, but rather an irregular bed conforming to the surface of 

the ground. Considerable ore in detached pieces, or float, was also 

found in the immediate vicinity. 

Satisfactory specimens for analysis could not be obtained from this 

locality; a single specimen was presented, which gave 17.09 per cent. 

of metallic copper. As this cannot be regarded as a fair average, the 

following analysis is inserted from Owen’s Report of 1852: 

Carbon acid ...ceccececee cece cree es een en eeeereas aracerecesereees 5.0 

Insoluble silicates, with a trace of oxide Of 1r0n ...+e+seseeeseeeeress 8.3 

Protoxide of COpper...+secreeeecereecereeeteeeresceeces seseeerees 25.0? 

Protoxide Of GON. ..e. ese eee crete eee cree crew ere ensr ener e ene cecenes 48.7 

: Protoxide of manganese. ..+seesereceseeeeer serecerseceeesereeeece 2 

Alumina... 22. cece tec e cere e ene eeeenncee seceseseresceseercessees 6 

Carbonate of Lime... sess cee e cece cece erences cnteeneeeneeseeenceas 8 

LOSS. cece ce cee eet cence cece teen eee enecerenassesasee sesesseeens 2 

Totaleccescccccccececcececccceceesescsesscsssscsccssssesses 100.9 

i Owen’s Geological Survey of Wisconsin, Iowa and Minnesota, p. 54. 219.87 of metallic copper.
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N. E. quarter Sec. 35, T. 12, R.4 W. On the side of one of 
the hills near the center of this tract there are a great number of 
shallow holes, said to have been sunk about twelve years since in 
search of copper. Whether any was found or not is uncertain. At 
the time they were visited in 1875, nothing could be found except 
some small fragments of iron ore of no value. These diggings were 
in the inferior beds of the Lower Magnesian. On the opposite side 
of the valley, in the 8. E. quarter of sec. 34, T. 12, kh. 4 W., near the 
town line, there are similar vestiges of old diggings; and I am in- 
formed, on good authority, that some copper was found here, but the 
precise amount is not known. 

S. E. quarter See. 17, T.14,R.3 W. A piece of copper ore 
weighing about fifty pounds was found in one of the ravines in this 
vicinity. It was evidently washed down from the adjacent bluffs of 
Lower Magnesian limestone. It consisted of copper pyrites mixed 
with malachite, and yielded on analysis 23.25 per cent. of metallic 
copper. A large deposit of ore of this quality would be very valu- 
able. 

A. specimen of copper ore was presented to the survey from Mr. 
Brown’s farm in the town of Webster (T. 13, R. 3 W), which yielded 
on analysis 15.07 per cent. of metallic copper. 

The foregoing are the only localities, so far as could be ascertained, 
where copper has been found. The ore always presents the same 
characteristics, -being hard, dark-colored, and brittle, mixed with 
oxide of iron, and malachite in small quantities. In general, the 
deposits do not seem to be sufficiently extensive to be of much 
economic value. — 

Lead. The existence of lead in the Lower Magnesian formation 
in this state has long been a subject of much controversy; many de- 
nying its existence altogether, while others are ready to believe in its 
presence in large quantities. 

It is well known that the lead mines of Missouri are situated in 
this formation, and the question very naturally arises: if it exists there 
in large quantities, so as to be profitably mined, may not the same be 
true of our own state? 

Inasmuch as there are only certain portions of the lead region which 

are productive of lead, and as it has been found to be a useless waste 

of time and money to mine in those parts which experience has | 
proven to be unproductive, attention is now directed to the Lower 
Magnesian formation, in the hope that its mineral deposits will prove 
to be such that the lead mines will regain their former flourishing 
condition.
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In view of these important considerations, every fact connected with 

the occurrence of lead in this formation is important, and it is advis- 

able to record everything which can be elicited relative to this ques- 

tion. | 

Small pieces of galenite or sulphuret of lead are occasionally found 

on the sides of the bluffs and in the dry beds of the small ravines. 

Their seams and particles of the same ore are sometimes found in the 

cliff exposures of the Lower Magnesian, but the ore is never very 

abundant. The following list embraces, so far as could be ascertained, 

all the localities where this ore has been found. It will be noticed 

that they are all in the vicinity of the lower part of the Kickapoo val- 

ley, except the localities near Orion. 

Orion Lead Mine is situated on the N. E. quarter of the 8. W. 

quarter of sec. 28, T. 9, R.1E., about three miles northeast of the 

village of Orion, in Richland county, on the summit of the ridge di- 

viding Ash and Indian creeks. 

It is owned and operated by Messrs. Levi Houts and E. B. 

Andrews, of Orion, who were engaged during portions of the years 

1871-72-73, chiefly in the winter season, in developing this mine. 

Their attention was first directed to this place by finding small 

pieces of lead ore, known as float mineral, on the surface of the 

ground in several of the adjoining ravines. Several small shallow 

shafts were then sunk, and considerable prospecting was done with 

varying success. 

They then decided to sink a shaft from the top of the ridge through 

the Lower Magnesian formation, with a view of proving the ground 

with respect to the existence of flat openings. Thisshaft was sunk to 

the depth of 86 feet. The greatest thickness of Lower Magnesian 

limestone on this ridge is 155 feet, consequently there remained from 

the bottom of the shaft to the top of the Potsdam sandstone an unex- 

plored thickness of 69 feet of limestone. 

Atthe time the mine was visited, August, 1878, work had been 

suspended for the summer, the windlass and other mining appliances 

removed, and water was standing in the shaft so that it was impossi- 

ble to go into it. 

| The following very accurate description of the strata penetrated 

in sinking the shaft was furnished by Mr. Houts, who kindly ac- 

companied us, and explained all the interesting features of the 

ground. 

The first lead ore which was discovered was lying on the surface 

of the rock, at a depth of forty feet below the surface. This was in 

all respects similar to the float-mineral of the lead region; it was
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crystallized in small cubes about an inch square, many of the sur- 
faces and edges presenting the appearance of haying been worn _ 
away by the action of some dissolvent. The original faces of many 

| of the crystals were marked by a shell of white carbonate of lead, 
while the interior had been partially dissolved out. All of these 
characteristics are also common to the “ float-mineral” of the lead 
region. 

Passing through six feet of gray limestone, a cave five feet high 
was found, filled with a very fine, bright red clay, and some lead 
ore. The ground here was quite loose and easily worked, and this ap- 
pears to have been the first regular and well defined opening. 
The shaft was then sunk through twenty feet of very hard and 
compact dolomite, in which were found occasional pockets contain- 
ing galenite coated with small crystals of quartz; a mode of occur- 
rence never found in the lead region, yet one which might rea- 
sonably be looked for in the Lower Magnesian, where quartz crystals 
are so frequently found. A second well defined opening was then 
found, about two and a half feet high, from which considerable ore 
was taken. The ore is described as occurring in this opening in small 
pulars, the rest of the opening being filled with loose rock and earthy 
material, known in the mines as sand. It isa noticeable feature of 
this opening that the ore occurred in small eubes resting on the loose 
rock immediately under the cap rock. 

| After passing through eighteen inches of rock, a third opening 
about eight inches thick was found, filled with sand, and containing 
no ore. On examination of the rock, it seemed probable that these 
two beds were constituent parts of what has been termed the second 
opening. 

Below this was found a very hard, close-grained rock, two feet thick, 
of a bluish color, containing small pockets, and irregular masses of 
white flints; corresponding nearly in color, texture, and irregular dis- 
tribution, to the flint beds of the Galena limestone. From here the remainder of the shaft was sunk through a fine-grained dolomite, and 
little or no ore was discovered. 

The total product of this mine has been 6,300 tbs. of lead ore, most- 
ly taken from the shaft, during the process of excavation; and, al- 

1A specimen of this ore gave an analysis: Per cent. Lead sulphide TITS Rete eee eee eee tees eee e ees ceeseeeessesasenaeereeseecce.. 68.93 Lead carbonate ........ eee ee Fo Sesquioxide of iron and alumina. a 
. Insoluble siliceous TOSIAUC....... ccc cece ccwe cece ote e eee e cece ere e cnen sens O75 
| “99,30 

Metallic LOA. ee eee eee eecs sete ceeeteeereeeseesseevesecsseesenssereccss, » 71.46
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though no large body of ore has been discovered, yet suflicient has 

been found to establish beyond a doubt its occurrence in flat openings 
in this formation. A remarkable feature of this shaft is that it was 

not sunk on any crevice, and that the several openings are not con- 

nected by any seam or vein. 

Akan Mine, Some mining has also been done on this ridge, about 

two miles northeast of the preceding locality. The shaft is situated — 

on the N. E. quarter of the N. W. quarter of Sec. 22, T. 9, R. 1 E. 
The ground is the property of Mr. Robert Akan, of Richland Center, 

‘who, with his son, devoted most of the summer and fall of 1873, and 

a part of 1874, to sinking shafts and general prospecting. Considera- 

ble work has been done and a small amount of lead ore, galenite, found 
in the shape of float mineral. 

The thickness of Lower Magnesian on this part of the ridge is 110 

feet. A shaft has been sunk on the summit to a depth of 60 feet. 
The first forty feet was through clay, in which was a large quantity 

of chert, called quartz at the mine. This chert or quartz was an- 

alyzed, and found not to contain anything of any value. 

On reaching the solid rock the flint disappeared, and the shaft was 
sunk the rest of the way through the limestone, without finding any- 
thing of any economic value. | 

Various places on this ridge afford evidences of the existence of lead 
in this formation. Several pieces have also been found at various 

places on the ridge dividing Bear and Willow creeks from Pine river. 

Among such localities may be mentioned the 8. I. quarter’of Sec. 14, 
T. 10, R. 2 E., and the 8. E. quarter of Sec. 4, T. 9, R. 2 E. 

At the first of these two localities some prospecting has been done 

in past years. A vein of lead ore was discovered about half an inch 

in thickness running in a northwest course. It was abandoned because 

nothing very remunerative was found, and on account of the excessive 
amount of water. 

Little Kickapoo Lead Mine, N. W. quarter Sec. 10, T. 7, Kk. 5 

W. The diggings at this place are situated in the upper part of a 

bluff on the north side of the Little Kickapoo, a small tributary of the 
Wisconsin river. Lead ore was first discovered here about the year 

1840, and was worked at intervals until the year 1850. The greater 
part of the ore was found near a ledge of limestone which forms the 

point of the bluff, and not far from the upper surface of the Lower 

Magnesian. The ore occurred usually as float, in pieces from an 
ounce to several pounds weight, sometimes quite near the surface, 

but usually at a depth of about twenty feet; and in one instance as 

deep as eighty feet. Small cubes or dice-mineral, mixed with flint



76 GEOLOGY OF THE MISSISSIPPI REGION. 

was the prevailing form. In some instances it was found in small flat 

openings, the crystallized ore being mixed with ochre and clay. Small 

sheets of iron pyrites were also occasionally found. ‘The ore some- 

times occurs in vertical crevices having a general northeast and south- 

west direction; on one of these crevices a shaft was sunk toa depth 

of eighty feet, but without obtaining much ore. 

There are also several caves and irregular openings in the vicinity, 

which have the same general course as the crevices. One of them is 

now open, and I explored the first chamber, which is about fifty feet 

in length and ten feet high. I am informed that there are several 

branches to the cave, and that it extends into the hill a distance of 

three hundred and fifty feet. It does not present any metalliferous 

indications, and was probably formed at a much later period than the 

deposition of the ore. A short distance from this is a second cave, 

which enters the hill on a steep incline, and is now filled up with clay 

and rubbish washed down from the side of the hill. Its location is 

indicated by a large sinkhole. A shaft was sunk in it seventy feet 

deep. About one hundred prospecting holes have been sunk about | 

this bluff, all within a short distance of each other, and from three to 

five feet deep, from which the greater part of the ore was obtained. 

Mr. Lathrop, a gentleman who lives on the land, informs me that, 

four or five men worked here during the whole of one winter and 

“made wages;” and he estimates that from twenty-five to fifty thou- 

sand pounds of ore have been obtained from the ground, as the pro- 

duct of all mining operations. The Lower Magnesian limestone 1s 

here about two hundred feet thick, very regularly stratified, and in the 

upper and middle portions, very full of flint. The fossil /eeceptacu- 

lites, or lead coral of the Lead region, also occurs here. 

An average analysis from specimens collected on the ground gave 

89.35 per cent. of metallic lead; from which it will be seen that 

the ore is of a very fine quality, and equal to any found in the lead 

region. | 
A small body of ore was also found on the opposite side of the 

valley, on the S. E. quarter of Sec. 9, at a depth varying from five to 

twenty-two feet. 

About a quarter of a mile northeast of the principal locality, and 

also on the N. W. quarter of Sec. 10, another small body of ore was 

found, consisting entirely of float. Ten prospecting holes were sunk 

here, averaging twenty feet in depth. 

Near the quarter post of sections 3 and 10, a third small body of 

ore was discovered, as float near the surface. 

\. half See. 15, T. 7, R. 5 W. About one hundred pounds of ore
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wore obtained from some locality in this half section, but the precise 

spot is not definitely known. 

South part of Secs. 33, 34, 35, T. 8, R. 5 W. There are 

some diggings in the south part of these sections, near the town line, 

on the upper part of the hill sloping to Plum creek. They were 

| found when the country was surveyed by the government, and it is 

| not definitely known by whom they were made. 

| Small quantities of galenite are said to have been found on the N. 

E. quarter of Sec. 35, T. 25, R. 16 W., in Pierce county, in opening 

a quarry in the limestone. | 

While on the subject of lead, we desire to mention a specimen of 

lead, or galenite, which was plowed up on the farm of Mr. L. Thomas, 

near Reedsburg, in Sauk county. IJt was found on the 8. I. quar- 

ter of Sec. 26, T. 12, R. 4 E., and was in the form of a solid mass, 

weighing eleven pounds, and in all respects resembling the ore of the 

Lead region. An analysis of it gave this result: 
Per cent. 

Lead sulphide.....ceecee cece cece cent eres erent ee aen ent e neers eee ees 98.01 ! 

Insoluble silicious matter .....se ee cece eee e tree ress reseeeeeeree® 12 

| The above specimen, occurring isolated as it did, and not “in place,” 

can hardly be supposed to have originated in the vicinity, but was 

probably dropped there in the course of transportation. 

An examination of the above described deposits of lead ore, lead us 

to conclude that it is not extensively or generally distributed through 

the Lower Magnesian limestone in the country north of the Wiscon- 

sin river. If it were present in large bodies, as is the case in the 

Galena limestone of the Lead region, it could not fail to have been 

long since discovered and utilized, as the country is everywhere inter- 

sected with valleys and ravines, which expose all parts of the formation, 

and there is no covering of drift to conceal it. — 

The occurrence of lead ore in this formation so closely resembles that 

of the Galena limestone, that it seems more than probable that the 

pre is the result of agencies which are similar in their action and ef- 

fects, if not identical. Assuming that the agencies are similar, it 

follows that a similar distribution of ore would be the result; which 

+s true to this extent, that the deposits in each are local and comprise 

but a comparatively small part of the entire formation. If we as- 

sume that the agencies were identical, we might fairly expect that the 

deposits of lead in the Lower Magnesian would be most extensive in 

the vicinity of the deposits in the Galena limestone; and the barrenness 

of the Lower Magnesian in the country in which it is so largely ex- 

rene 

1 Equivalent to metallic lead, 84.88 per cent.
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posed would be no argument against its produetiveness in certain local- 
ities, any more than the absence of lead ore in the greater part of the 
Galena limestone, in the lead region, is an argument against its pro- 
ductiveness in certain districts. There are, however, many reasons 
why we cannot fully accept or reject the latter alternative, chief 
among which are the intervention of a non-metalliferous formation — 
the St. Peters—-and the unconformability of the Lower Magnesian 
with it. 

In view of the scarcity of facts bearing on this question, it seems as 

if no satisfactory conclusion can be reached unless it is experiment- 
ally, as by drilling in the vicinity of the mines. 

Building stone. Wherever the Lower Magnesian is exposed, there 
is always an abundance of good building stone. This is more espe- 

cially true of the inferior members, which contain less flint, are more 
uniform in texture, and have a hardness and compactness which en- 
able them to withstand the disintegrating effects of exposure to the | 

elements. The lower beds of the formation are usually found in heavy 
| regular beds, very suitable for quarrying. 

Among the best and most extensive quarries observed are those at 

Prairie du Chien, and at Springville in Vernon county. On Trem- 
pealeau mountain, Hale’s quarry furnishes two varieties of white 
hmestone. ‘The stone is very hard and seems somewhat silicious; it 
is quite crystalline, and takes a handsome finish. 

On the 8. E. quarter Sec. 31, T. 19, R. 10 W., is a fine quarry 
where a white crystalline limestone is obtained. It is conveniently 
loaded on the cars which run to the foot of the hill. | 

Flemming’s quarry, between Pepin and Durand, also furnishes a _ 
handsome stone, somewhat similar to that from Hale’s quarry. 

There are also a great many small quarries throughout the country, 
which it is not necessary to particularize; their location may be seen 
on the map. 

Lime. The Lower Magnesian formation affords lime with as muct. 

facility as building stone. All parts of the formation which are free 

from flint will produce limeon burning. The best limeis that obtained 
from some of the upper beds, and from the inferior strata, It is, how- 
ever, necessary to use care in selecting from the upper beds such parts 
as are free from the cavities which sometimes .contain quartz, and 
in the lower strata to avoid the transition beds which frequently con- 

tain considerable sand. There are numerous lime-kilns in the coun- 
try examined, and in nearly every instance lime is obtained from some 
member of the Lower Magnesian. Owing to the large percentage of 

magnesia contained in the Lower Magnesian, the lime obtained from
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it is somewhat hydraulic and slakes slowly. This quality may be re- 

garded as rather advantageous than otherwise. 

| The best quality of lime is that obtained from the stalagmitic de- 

| posits which are occasionally found. They are recent deposits of car- 

bonate of lime in a nearly pure state, usually of a pure white color, 

and found in irregular beds, having filled up preéxisting caves in the . 

rock, as more particularly described on page 96 of this report. 

The following is a list of the principal localities where lime is 

burned; in addition to these there are perhaps some others so situ- | 

ated that they escaped the observation of the survey. The stone used 

is always some stratum of the Lower Magnesian, and the fuel used is | 

wood, which the country furnishes abundantly. The kilns are of the 

simplest form and construction, and are sometimes nothing more than 

a rude excavation in the side of a steep bank. 

| Crawford County. 

N. W. quarter Sec. 35, T. 9, R. 3 W. The kiln is situated on the west side of 
one of the small branches of Knapp creek, and supplies the surrounding country. 

N. W. quarter Sec. 19, T. 11, R. 4 W. and 8S. W. quarter Sec. 21, T. 11, R. 
4. W. These two kilns are situated on Horse creek, a tributary of the Kickapoo, and 

about a mile from the village of Towerville. They supply the small towns on the Kick- 

apoo and vicinity. 
S. W. quarter Sec. 9, T. 9, R.5 W. This kiln is situated about a mile west of 

the village of Seneca, at the head of a small ravine emptying into Copper creek. 

Richland County. 

N. W. quarter Sec. 19, T. 9, R.1 W. This kiln is situated near the Hagle cave 

hereinafter described. It is owned and operated by Mr. Orrin Henry, and furnishes . 

considerable lime. . 
N. E. quarter Sec. 30, T. 12, R.1 E. This kiln is situated about a mile and a half 

north of Woodstock, and supplies that place, together with Spring Valley and the ad- 

jacent country. 

N. E. quarter Sec. 19, T. 9, R. 1 E. Two kilns have been operated here, and an 

excellent quality of white lime is made from a stalagmitic deposit. It is free from the 

grayish tint usual in lime produced from the Lower Magnesian. The deposit is worked 

by Mr. A. C. Eastland, of Richland Center. 

There are also several kilns in the vicinity of Richland Center, which supply most of 

the lime used in that part of the country. 

Vernon County. 

N. E. quarter Sec. 12, T. 12, R. 7 W. This kiln 1s situated near the forks of the 

Bad Axe river, and supplies the lime used in that valley. 

S. W. quarter Sec. 11, T. 11, R. 7 W. The kiln is about one mile and a half 

north of the village of De Soto; most of the lime is consumed at that place. | 

N. E. quarter Sec. 24, T. 14, R.5 W. This kiln is near the head of asmall branch 

of Raccoon creek. Only a small amount of lime is produced here. 

S. E. quarter Sec. 27, T. 12, R. 5 W. The kiln lies about two and a half miles 

southwest of the village of Liberty Pole. The lime produced here supplies the adjacent 

region. :
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S. W. quarter Sec. 15, T. 13, R. 4 W., and N. E. quarter Sec. 23, T. 13, R. 4 
W. These two kilns are on the heads of small tributaries of the Kickapoo, and are dis- 

tant about three and a half miles northeast of Viroqua. They supply the lime used at 

this place, and in the country for several miles around them. ‘The first one is known as 

Wallace’s kiln. 
Monroe County. 

S. W. quarter Sec. 31, T. 17, R. 1 E. This kiln is situated on the northern line 
of outcrop of the Lower Magnesian, and about seven miles southeast of Tomah. It sup- 

plies a large extent of country. 

S. W. quarter Sec. 22, T.17, R. 2 W. This kiln is situated on an isolated outlier 

of limestone, about six miles southwest of Tomah. 

N. W. quarter Sec. 12, T. 16, R.3 W. There are two kilns at this locality which 

produce considerable lime. 

S. W. quarter Sec. 28, T. 18, R. 4 W. The kiln at this place is situated at the 
foot of a high bluff capped with limestone; it being an isolated outlier. Considerable 

lime is produced here, most of which is consumed in Sparta and the vicinity. 

La Crosse County. 

S. E. quarter Sec. 26, T. 15, R.6 W. This kiln is situated at the head of the 

Morman coolie, and supphes the adjacent country. 

The greater part of the lime used in La Crosse county is imported, either on one of 

the railroads, or brought down the river; but little is manufactured in the county. 

eee eeee Trempealeau County. 

S. E. quarter Sec. 25, T. 19, R. 9 W. This kiln is situated about two miles west 
of the village of Galesville. Lime is produced from small outliers of Lower Magnesian 
capping the bluff. , 

On the south side of Trempealeau Mountain, a short distance above the village, is a 
kiln producing lime from the limestone on the upper part of the hill. 

wceeeeae | Buffalo County. 

N. half Sec. 9, T. 19, R. 11 W. Lime is manufactured here from the Lower Mag- 
nesian, supplying Fountain City and the neighboring country. There are also two kilns 
on the 8. W. quarter of Sec. 5 of the same township. 

W. half See. 35, T. 22, R. 13 W. There are two lime kilns situated about a mile, 
and a mile and a quarter above the village of Alma. They supply this part of the 
country. 

In the counties of Crawford, Richland, Vernon, Monroe and La 
Crosse, there are but few kilns where lime burning is regularly and 

continuously carried on. This is in consequence of the limited de 
mand for lime, caused by the infrequency of stone and. brick build. 
ings. ‘he inhabitants live usually in log houses, and occasionally ia 
frame houses; stone and brick buildings are confined to the railroad 
towns, and the lime is usually brought by rail. It is also a common 
practice among settlers, when about to build, when only asmall quan- 
tity is required, as for a cellar or a foundation, to make a rude kiln 
and burn for themselves the quantity desired. This isthe more easily 
done because limestone and timber are so abundant; and at the same 
time, by lessening the demand, it tends to discourage lime burning 
as a business.
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Paleontology. In the department of paleontology but little has 

been or can be done, owing to the great scarcity of organic remains, 
and the unsatisfactory condition in which they are found. The total 

number of specimens obtained is only eight, and are as follows: 

No. i. A specimen of Receptaculites, found at the lead mines on the Little Kickapoo, 

previously mentioned, page 76. | 
No. 2. A specimen of the same, found on the 8. W. quarter of Sec. 25, T. 19, R. 9 

W., near the top of a high ridge capped with outliers of Lower Magnesian. 

No. 3. Silicified specimens of Euomphalus Strongi of Whitfield, found on the 8. 

E. quarter Sec. 32, T. 9, R. 1 E. . 
No. 4. Silicified specimen of the same as No. 8, from the N. E. quarter Sec. 35, T. 

11, R.3 E. 
No. 5. A silicified specimen of Streptelasma, found on the 8. W. quarter of Sec. 6, 

T. 9, R. 4 W., on Hall’s branch. 

No. 6. A small, fragmentary specimen of an Orthoceras, in which the several cham- 
bers are only one-sixteenth of an inch wide. Itis possible that it is a piece of an Cyrto- 

ceras; the specimen is so broken and imperfect that it is difficult to decide. 
No. 7. A fragment of cast of some variety of Cyrtolites, found at the same locality 

as No. 1. 

No. 8. A cast of the inside of a Holopeaturgida, found on the N. W. quarter Sec. 

18, T. 18, R. 2 E., in the course of explorations for iron ore. 

The fossils, so far as observed, are not confined to any particular 

stratum or part of the formation, but appear to have been best pre- 
served where the carbonate of lime has been replaced by silica. The 

original shell does not appear in any instance to be preserved. 

ST. PETERS SANDSTONE. 

Owing to the elevation attained by the several formations, through 

their gradual rise in a northerly direction, and to the great and gen- 
eral denudation to which the country has been subjected, the St. : 

Peters sandstone, north of the Wisconsin river, is only found in iso- 

lated areas of comparatively small extent, and confined to the highest 
parts of the ridges. | 

It frequently happens that the St. Peters manifests itself in the 
shape of prominent mounds and cliffs of sandstone, sometimes visible 

at a considerable distance, which, owing to some local peculiarity of 
their composition, usually the presence of iron as a consolidating ma- 

terial, have withstood the wear which has disintegrated the remainder 

of the formation, and now remain as monuments projecting from the 
crests of the divides and their adjacent spurs. 

There is another phenomenon noticeable in those portions of the 
country where the St. Peters is found, which may be thus briefly de- 
seribed. It may often be observed in traveling along the crest of one 
of the principal dividing ridges, as, for instance, the one dividing 

Vou. IV.— 6
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Pine and Eagle rivers, that mounds and other surface exposures of the 

St. Peters sandstone occur, and that in other adjacent parts of the 

same ridge which are as high, or even higher, the Lower Magnesian 

is found in place. This apparent irregularity may be easily under- 

stood and explained on the theory of unconformability between the 

two formations previously alluded to in this chapter. 

Figure 10, which is an ideal section, explains the unconformability, 

Fic. 10. | and shows how the | 

ee eine a mata 

Ge. = ee ee ee and at the same ele- 

SS vation. 

SS POTSDAM SANDSTONE === It may be supposed 

SSS SS that the denudation 

of the country has advanced until the upper surface is represented in 

section by the line A B. We may then find points of sandstone as 

at OC, D and E, alternating with exposures of limestone as at F, G 

and H; and if the limestone is sufficiently hard to resist disinte- 

gration, it may even be found relatively higher than the sandstone, 

as is represented at H. 

It also frequently happens that portions of a limestone ridge are 

covered with loose, irregular boulders of sandstone, and that the sand- 

stone cannot be found in place anywhere in the vicinity. Such boul- 

ders are usually quite hard, and appear to be the only remaining relics 

of the St. Peters. 

Lithological Characteristics. The appearance of the St. Peters 

sandstone is very similar in all parts of the country, and does not dif- 

fer materially from the exposures south of the Wisconsin river, ex-. 

: cept that it is not usually found of a pure white color, but generally 

yellow, or some shade of brown, being more or less colored with iron. 

Frequently the ferruginous matter is sufficient to form a very hard 

and-compact sandstone, which may be often seen in the mounds and | 

cliff exposures. Occasionally, the iron forms small, irregular conere- 

tionary masses. 

Stratification. The stratification is usually very irregular, and the 

rock does not readily divide by means of planes and joints. The pe- 

culiarity of cross-stratification of the subordinate layers, already de- 

scribed as oceurring in the Potsdam, is occasionally seen in the St. : 

Peters; it is not, however, such a characteristic feature. No traces 

of organic remains have been discovered. 

| Composition. The formation is composed almost entirely of silt-
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cious sand, with little admixture of foreign material except the small | 

amount of iron already referred to; the individual grains of sand 

which compose the stone are always very fine and small. : 

Thickness. The thickness of the St. Peters is very variable, and de- 

pends upon the amount of irregularity of the upper surface of the Lower 
Magnesian limestone underlying it, and upon the general denudation 

of the country. Its original thickness is seldom found, and only in 

those portions where the Trenton still exists. The greatest thickness 
noted is one hundred and fifty feet; this occurs in the 8S. W. quarter 

Sec. 9, T. 9, R. 5 W., about a mile west of the village of Seneca. 
Economical Products. No minerals or ores of any metals have 

been found in this formation. Building stone of fair quality might 
be obtained from the St. Peters; it is, however, seldom used, on ac- 
count of the difficulty of quarrying it, and because the Lower Magne- 

sian affords a much better stone, and dresses in better shape, with less 

trouble. | 

Exposures of the St. Peters Sandstone. The country in which 

the St. Peters is the surface rock has been somewhat briefly mentioned 

in the description of the several townships given in the first chapter. 

Much has been done to accurately define the limits of the formation, 

and it has resulted in the discovery of a large number of localities 

where the existence of the formation was heretofore unknown and 

unsuspected. | 
Previous to the present survey, all that was definitely known re- 

garding the occurrence of this sandstone north of the Wisconsin river 
was delineated on the excellent map published by the late Dr. I. A. 

Lapham, in 1869. On it, four large areas are shown. : 

The first embraces a large tract of country in towns 7, 8 and 9, 
ranges 5 and 6 west. The second is a large area in towns 10 and 11, 
range 5 west. The third is a small one west of the town of Viroqua. 

The fourth passes diagonally through T. 14, R.4 W. ‘They are all 

situated on the ridge dividing the Mississippi and Kickapoo rivers. 
The St. Peters formation, as it is now known, is as follows: The | 

four areas mentioned above are component parts of one large area, ex- 

tending from T. 6, R. 6 W. to T. 14, R. 4 W., a distance of about fifty 

miles. On the west it approaches to the Mississippi in T. 10, R. 6 

W., and may be traced along the bluffs of that river and all its tribu- 

tary streams, in a belt varying froma mile in width on the north, to 

a quarter of a mile wide opposite Prairie du Chien. Thence along 
the bluffs of the Wisconsin and its tributaries, to the Kickapoo. On 
the eastern side of the divide it is seldom found more than two or 

three miles from the principal ridge, but as the country descends more
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gradually to the Kickapoo than to the Mississippi, it covers relatively 

| a much larger area than on the western slope; and in T. 10, R.5 W., _ 

it is the surface rock over about one-half of the township. 

Exposures. The country just described embraces many fine ex- 

posures, among which may be mentioned the following: 

1. The mounds near Mt. Sterling, which are chiefly composed of sandstone. 

2. A ledge 50 feet high neax the quarter post of Secs. 15 and 22, T. 8, R. o W. 

3. A mound on the 8. W. quarter of Sec. 34, T. 8, R. 5 W. 
4, A ledge 50 feet high, near the quarter post of Secs. 20 and 29, T. 8, R. 5 W. 

The following exposures in Crawford county are situated on the 

ridge between Knapp ereek and the Kickapoo; they are also new dis 

coveries: | 

7.8, R.4°W. The St. Peters is the surface rock in parts of the following sections 
1, 2, 11, 12, 18, 14, 15, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 31, 32, 33, 34. Its tota) 

area isa little more than seven square miles. There is one good exposure, where ib 

forms a mound in the 8. E. quarter of Sec. 2. 

T.8,R. 83 W. A branch of the same range extends into this town, through Secs. 
6, 7, 16, 17, 18, 19, 20, 21, 29, forming an area of about three square miles, with one 

fine ledge exposure near the center of Sec. 7. 

T.9,R. 3 and 4W. The same sandstone ridge continues in a northerly direction 
through Secs. 36, 25, 24, of range 4, and through Secs. 31, 30, 19, 18, 17, 16, 15, 10, 

9,8, 4, 5, 6, of range 3, and runs out in Secs. 31 and 32, of T. 10, R.3 W., comprising 
a surface area of six sections. There is also an isolated area in Secs. 13, 14, 23, 24, T. 

9, R. 3 W., equal to one section. 

T. 10, R. 3 W. In this town there are two large isolated areas: The first is in Secs. 

| 22, 23, 26, 27, 35, 36, having an extent of two square miles: The second is in Secs. 3, 4, 

9, 16, 17, 20, having an extent of one and a half square miles. On it are four large 

and prominent mounds, which afford fine opportunities to study the formation. 

Vernon County. 

In Vernon county, the country in which the St. Peters sandstone 
becomes the surface-rock may be thus briefly described. At the vil- 
lage of Coon Prairie, Sec. 5, T. 10, R. 4 W., on the ridge dividing the 

Kickapoo from the Mississippi, this formation forms the surface-rock. 
A. spur of it also extends in a northwesterly direction as far as Sec. 

92, T. 14, R. 5 W., forming a belt averaging a mile and a half in 
width. Proceeding south from Coon Prairie to Viroqua, the sand- 

stone covers nearly all of the western half of T. 18, k.4 W., and | 
presents the following fine exposures: 

1. A mound in the S. W. quarter of Sec. 5, and one in the N. W. quarter of Sec. 8; 
all near the south line of Sec. 5. 

2. Three mounds in the N. W. quarter of Sec. 21; all near the north line of the sec- 
tion, and about 50 feet high. 

3. A ridge consisting of ledges of sandstone 50 feet high, extending from near the 

eenter of Sec. 17 nearly to the northwest corner of Sec. 18, presentmg good exposures 

through almost the entire distance.
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At Viroqua, a branch of the main ridge extends to the west a distance of twelve 

miles, between the north and south forks of the Bad Axe river. The sandstone on this 

ridge averages a mile and a quarter in width, with several small lateral branches. 

Continuing along the principal divide from Viroqua to the south line of T. 12, R. 4 

W., the St. Peters covers nearly all the western half of that town. 

In T. 11, R. 4 W., a spur of the principal divide, covered with sandstone from half a 

mile to two miles in width, occupies the central part of the town, extending from sec- 

tion 4 to section 3A. 

In T. 11, R. 5 W., the sandstone on the principal divide covers the ereater part of the 

township, with a fine exposure in two mounds near the center of Sec. 5. From the 

northeast corner of this township a high and very irregular ridge, with numerous lateral 

branches, extends west nearly to the Mississippi river, dividing Rush creek from the 

south fork of the Bad Axe river. ‘Lhis ridge is covered with sandstone, the width of the 

belt varying from one to three miles. There are two good exposures formed by mounds; 

one a short distance south of the center of Sec. 16, T. 11, R. 6 W., and the other in the 

southeast quarter of the same section. 

In addition to the foregoing, the following isolated areas were dis- 

covered in Vernon county: 

In T. 12, R. 5 W. in sections 15, 16, 21, 22, an area equal to a section and a half. 

|  InT. 14, R.4 W. Insections 90, 21, 28, 29, is a sandstone area equal to a little more 

than half a square mile. 
. 

West of the quarter post of sections 34 and 8, on the south line of T. 14, R. 4, W. is 

an isolated mound of sandstone forming a good exposure. 

In Sec. 3, T. 18, R. 7 W. an area of sandstone extending into Sec. 34, T. 18, R. 7 

W., comprising about half a section. 

InT. 1, RB. 4 W., is a large area of sandstone lying on the ridge west of the Kicka- 

poo river. Itis situated in sections 1, 2, 11, 12, 13, 14, 15, 28, 24, 25, 28, 33, 35, 36, 

comprises an area of about five sections, and extends southward into Crawford county. 

In T. 12, R. 8 W. On the ndge between the Kickapoo river and its western branch 

is a narrow ridge of sandstone, about four miles long and a half a mile wide, running 

through Secs. 2, 3, 10, 1, 13, 14, and ending in Secs. 34 and 35 of T. 18, R. 3, W. 

 InT. 14, R. 3 W., on the same ridge previously mentioned, is an area of sandstone 

lying in sections 15, 16, 91, 22, 27, 28, and covering a surface equal to one section. 

Richland County. 

The following discoveries of St. Peters sandstone have been made 

in this county. There are seventeen small areas, entirely separated 

| from each other, and all lying on the high ridges which divide the 

Eagle river from the Pine river and its tributaries on the east side, 

and from the Kickapoo on the west: 

1. A small area of about half a section, lying in Secs. 26 and 35, of T. 10, R. 1 W. 

2. A quarter of a mile north of the preceding is an area equal to one square mile, ly- 

ing in Secs. 23, 24, 95 and 26. 

3 In Secs. 15 and 22 of the same town, an area equal to half a section. 

4. An area equal to one and a half square miles lying in Secs. 2, 3, 10, 11, 14, 15, 

| of T. 10, R. 1 W. A good exposure of the formation is seen in a mound near the quar- 

ter post of Secs. 3 and 10. 

5. An area equal to a quarter section, lying chiefly in Sec. 9, T. 10, R. 1 W. 

6. An area equal to a quarter section, lying chiefly in Sec. 3, 'T. 10, R.1 W.
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7. An area of 80 acres, lying in the S. W. quarter of Sec. 27, T. 11, R. 1 W. | 
8. A short distance west of the preceding is an area lying in Secs. 28 and 29, equal 

: to one section. . 
9. A somewhat irregular area of sandstone is found in Secs. 5, 7, 8, 17, 18, of T. 

11, R. 1 W., equal to one and a half square miles. 
10. This area is situated in Secs. 30 and 31 of T. 12, R. 1 W., and in Sec. 6 of 

T. 11, BR. 1 W., and comprises about one and a quarter square miles. 
I1. An area equal to one and three-quarter square miles, situated in Secs. 18, 19 and 

20, of T. 12, R. 1 W. 
12. Traces of the St. Peters are frequently seen in loose blocks of sandstone at many 

_ places on the summit of the ridge; this was noticed first in the N. W. quarter of Sec. 
do, T. 10, R.2 W., on the road. On the line between sections 9, 10, 15 and 16, is an 
area comprising about half a square mile, where the surface rock is St. Peters; it has here 
a thickness of about 30 feet. 

13. Proceeding in a northwesterly direction, along the divide, to section 4, the St. 
Peters is found covering nearly the entire west half of the section; extending south into 
section 9; west, nearly to the center of section 5. Crossing the line into T. 11, R. 2 W., 
it extends as far north as the N. W. corner of section 33, covering a large part of the west 
half of that section, and a small area in the east half of Sec. 32. The entire area of St. 
Peters comprised in this outlier, is somewhat more than one square mile. Numerous 
detached pieces of a concretionary structure were found here ; the thickness of the 
Lower Magnesian appears to be here 200 feet. 

14. A short distance north of the preceding, and separated from it only by a small ra- 
vine, is a third small outlier, situated near the quarter post of Secs. 28 and 29, T. 11, R. 
2 W., comprising about 80 acres, lying chiefly in section 28. 

15. A fourth outlier of St. Peters was found in Secs. 17, 18, 19, 20, 21, of T. 11, R. 2 
W., near Sylvan Corners, comprising about a mile and a quarter in area. 

16. A fifth outlier is situated in the N. W. quarter of Sec. 15, and the E. half of See, 
16, T, 11, R. 2 W., its area being about one-half a square mile. 

17. The last and largest outlier observed, is situated in Secs. 3 and 4,T.11, R. 2 W., 
and in Secs. 32, 33, 34, T. 12, R. 2 W., and comprises an area of a little more than one 
anda half square miles. It is situated on the ridge south of Camp creek, and is the 
most northern point at which the St. Peters was found in Richland county. 

Monroe County. 

-Three small exposures of the St. Peters sandstone have been found 
| in Monroe county, on the high ridge which divides the Kickapoo from | 

: the La Crosse river, and all in the vicinity of the village of Pine 
Valley. 

I. An area situated in the central part of Sec. 29, T. 15, R. 3 W., and comprising a, 
little more than a quarter section. 

2. A very small exposure on the line between sections 29 and 30, and a short distance 
west of Pine Valley. 

3. An area equal to a quarter section, situated in the north half of Sec. 30, T. 15, Re 
3 W., and a short distance west of the preceding. 

Buffalo County. 

There are two small outliers of St. Peters in the southern part of 
the county, on the ridge between Eagle creek and the Trempealean 
liver.
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| 1. This is a large outlying area, comprising parts of Secs. 2, 3, 10,11, in T.19, R. 11 

W., equal to one square mile. It only manifests its presence in making the soil more 

sandy, in occasional bowlders and fragments of sandstone, and ina few outcrops in place. 

9. There is a small area, equal to about half a section, on the same ridge, anda, short 

distance north of area No. 1. The greater part of it lies in Sec. 35, T. 20, Rk. 11 W. 

The above are new discoveries, and serve as connecting links between 

the outcrops south of the La Crosse river and the following in 

Pierce County. 

A considerable part of Pierce county has the St. Peters sandstone 

for the surface rock, especially in the western part. 

It is found occupying the upper portions of the ridges between the Isabelle river and 

Lost ereek, between the Isabelle and Trimbelle rivers, between the Trimbelle and Big 

yiver, and south of the Kinnikinnick river. It occurs in a large connected area, in which 

the entire thickness of the formation is frequently present. 

| In the vicinity of Ellsworth, the county seat, there are numerous exposures of the St. 

Peters, which is generally a reddish or yellowish sandstone which is lithologically simi- 

lar to the same formation in the south, part of the state. On the road from Ellsworth 

to River Falls, there are occasional exposures of the St. Peters, and in the vicinity of 

the latter place itis exposed frequently in sloping hills capped with Buff limestone. 

The sandstone is here usually very white, and has the line of demarkation from the 

overlying Trenton very plainly marked. The thickness of the St. Peters in this part of 

the country is about 100 feet. 

The situation of the above described outliers of the St. Peters indi- | 

cates somewhat of the former extent of the formation. The country 

between the Trempealeau and La Crosse rivers has undergone a much 

greater amount of denudation than the rest of the territory adjacent 

to the Mississippi, probably for the reason that the original deposit of 

Lower Magnesian was thinner, or it may have been exposed to denu- 

dation for a longer period before the formation of the St. Peters; con- 

sequently there are now no outliers of the St. Peters remaining in it. 

From the height at which the outliers of sandstone occur in Buffalo 

| county, and south of the La Crosse river, taken in connection with the 

regularity of the stratification between them, it seems almost certain 

that this portion of the country was submerged during some portion 

of the period of the St. Peters, and must have participated in that 

formation; and it is probably true that there was at one time a con- 

tinuous belt of St. Peters extending from near Hudson, on the Bt. 

Croix, southeastward, and covering all, or nearly all, of La Crosse, 

Vernon, Crawford and Richland counties. How wide this belt may 

have once been, or how far it extended from the Mississippi river, 

northeastward, does not now appear; it is not improbable, however, 

, that it covered all the Lower Magnesian limestone which is now ex- 

posed, and it is possible that its surface extent was much greater.
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TRENTON, OR BUFF AND BLUE LIMESTONE. 

These two formations, which are usually considered collectively, as 
is most convenient, are oceasionally found north of the Wisconsin 
river. They usually attain their average thickness, which is about 
twenty-five feet for each. 

Lithologicai Characteristics. These are the same as in the ex- 
posures of the formation in the Lead region. The Buff limestone 
retains its customary yellowish color, and is, as there, somewhat argil- 
laceous and highly magnesian. 

The Blue limestone is fine grained, hard and compact, and very 
fossiliferous, usually thin-bedded, and, on exposure, bleaches out toa 
bluish-white color. For amore particular description of these two 
formations, with sections, reference is made to Volume II of this 
report. | 

Kconomical Products. There are no useful ores or minerals found 
in this formation, north of the Wisconsin river. The Blue limestone 
would furnish an excellent material for burning to lime; but it is not 
used for that purpose. 

A very singular deposit was found at the village of Seneca, in Oraw- 
ford county, in the lower part of the Buff limestone. It forms a 
small eminence a short distance north of the village. The deposit 
consists of a conglomerate, formed of quartz pebbles of small size, and 
sand in large rounded grains, firmly united with iron as a cementing 
material. The pebbles are seldom more than half an inch in the 
longest dimension, consisting always of white or transparent quartz, 
and always smoothly rounded, evidently having been rolled by the 
action of water. 

The extent of the deposit is small, covering only about an acre, and 
not exceeding five or six feet in depth. Several pits have been sunk 
in it, and numerous large masses of the conglomerate taken out in at- 
tempts to utilize it as iron ore; but on account of the large amount 
of quartz ore material, which constitutes nearly one-half of the entire 
bulk, it is useless as an ore. 

This deposit derives its chief interest from the fact that it is the 
only ore of the kind found anywhere in the formation. The rounded 
appearance of the pebbles appears to point to its origin, and suggests 
this explanation: First, during the deposition of the Buff limestone, 
currents of the ocean transported the pebbles from the Archsean ter- 
ritory, depositing them here, and probably in many other places. 
Secondly, there was afterward a deposit of iron, made possibly by some 
ferruginous spring, or by some cause operating to precipitate iran
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from the water of the sea; and finally, in the process of the solidifi- 

cation of the formation, the iron became the cementing material of 

the conglomerate. | 
It is not safe to conclude that this deposit was an isolated one, al- 

though nothing like it was seen in the large area of the formation 

| exposed in Crawford county. The pebbles were doubtless derived 

: from the north, and it is in that direction that a continuation of the 

deposit would naturally be expected. It should, however, be remem- 

bered that only five or six small outliers of the formation now remain 

north of Seneca; and it is probable that they were not in the course 

of the transporting current, and consequently not so situated as to 
receive the deposit. Doubtless this deposit, whatever its extent and 

direction may have been, has been swept away in the general denuda- 

tion of the formation. 
The present survey has resulted, as in the case of the St. Peters, in 

discovering new and extensive areas of Trenton limestone, and in de- 

lineating with much accuracy the contour lines of the formation. 

The areas of the Trenton, as they were formerly known, are repre- 
sented on Dr. Lapham’s map by an elliptical belt about a mile wide, 

lying in towns 7, 8 and 9, ranges 5 and 6 west; by a small area situ- ~ 
ated in T. 11, R.5 W;. and by six areas in Pierce and St. Croix 

counties. 

These formations as they are now known, form the surface rock in 

: the following tracts of country: 

1. nT. 9,R.5 W. The Trenton is found in sections 3, 10, 11, 15, 16, 17, 18, 19, 

20, 21, 29, 30, 31 and 82. In section 20, the Galena limestone appears, and the Buff 

and Blue form a belt surrounding it. This belt, commencing in section 20, runs south- 

west to the bluffs of the Mississippi; thence south along that stream and all its tribu- 
taries; thence east and north, about the upper parts of the Grand Gres, Little Kickapoo, 

and Plum Creek; thence north to the head of Otter Creek to the point of departure. 
Compared with this large tract, all the other areas are small. 

2. The Blue limestone is found in Secs. 13, 14, 21, 22, 23, 28, T. 8, R. 4 W., lying on the 

crest of the ridge, in along strip about half a mile m width, comprising an area of 

about two sections. 
3. There is also a semi-circular strip in sections I and 2 of the same town, extending 

into Sec. 6 of T. 8, R. 3 W., and forming an area equal to one square mile. | 

A. T.10,R.5 W. In this town the two small mounds near the village of Mt. Ster- 

ling are capped with Buff limestone. 

5. In T. 11, R. 5 W. is an area of about two square miles, surrounding the village of 
Rising Sun, lying in sections 14, 15, 21, 22, 25, 26, 27, 35 and on the divide between 

the Mississippi and Kickapoo rivers. 
6. On the same divide, and in sections 15, 16 and 21 of T. 12, R. 4 W., is an area equal 

to about three quarters of a section, situated about three miles south of Viroqua. This 
is the most northerly point to which the Trenton formation has been traced in this part 
of the state. ; 

7. In T. 11, R. 6 W., in section one, is an area equal to half a section.
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8. In the same town in section 10, is an area equal to a quarter of a section. These 

last two areas are situated, on the high ridge which separates the Bad Axe river from 

Rush creek. } 

9. There is quite a large area of Trenton about the village of Ellsworth in Pierce 

county, T. 26, R. 17 W. It is situated in sections 7, 18, 19, 20, and comprises about 

iwo square miles. ‘The Trenton has here a thickness of at least 50 feet in many places. 

The Buff limestone is used for building stone, and is characterized here as in the south- 

cxn part of the state by having a bluish gray color on fresh fractures, and in time, 

yeathering to a buff color which penetrates several inches from the surface towards 

the interior. The Blue limestone is less compact than in the southern counties and 

more inclined to straw color. It is thin bedded and weathers in white rounded pieces. 

10. There is a large area in the town of Clifton situated in sections 22, 27, 28, 32, 33, 

34, T. 27, R. 19, W., comprising about three square miles. . 

11. In the same town, in sections 24 and 25, is a small area. . 

12. In the same town, in sections 29 and 30, is a small area. 

13. In Secs. 4 and 5, T. 26, R. 19, W., is a small area. | 

That the above mentioned outliers are the remains of a formation 

that was at one time much more extensive, cannot be doubted; but it 

does not now appear how large the area may once have been over 

which it was the surface rock. The outliers in Pierce county are so 

distant from those in Crawford county that we are not warranted in 

asserting that they were once connected, although it is possible that 

they may have been. 

It is, however, probable that the Trenton was deposited over as 

ereat an extent of country as is now occupied by the St. Peters for- 

mation, and in the same loealities. 

Paleontology. The Buff limestone is not as fossiliferous as in the 

country south of the Wisconsin river. The fossils which are charac- 

teristic of the formation are generally present, althongh somewhat 

indistinct and imperfectly preserved. In Pierce county, it is charac- 

terized by a great number of Strophomena remains. 

In the Blue limestone the usual characteristic forms were found, 

and as the stone presents the same lithological appearances of color, 

texture, ete., as in the Lead region, so also it appears to have sup- 

ported the same forms of life. In Pierce county it does not show the 

usual profusion of Brachiopods, but is characterized by large branch- 

ing corals. 

GALENA LIMESTONE. | | 

This subdivision of the Trenton period was not found in any part 

of the territory examined, except in Crawford county, and a small 

outlier at Ellsworth, in Pierce county. In the former county it is 

found in a strip averaging about a mile in width, occupying the bigh- 

est part of the ridge between the Kickapoo and Mississippi, extending
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from Sec. 20, T. 9, R. 5 W., to Sec. 28, T.7, R. 6 W., a distance of 

about fourteen miles. From this ridge the formation extends west, 

towards the Mississippi, in three small, subordinate ridges; and on the 

east it extends for a short distance on the ridges between the Grand 

Gras, Little Kickapoo, Plum and Pine creeks. The formation pre- 

sents its customary lithological appearances. It is usually hard and | 

compact in texture, of a yellow color, and contains numerous flints dis- 

seminated through it. It is almost devoid of organic remains, and 

has not been found to contain any ores or minerals of value.
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CHAPTER ITI. 

QUATERNARY FORMATIONS. 

| I. Tae Gractan PEriop. | 

In the country described in this report, no deposits which are prop- 

erly referable to the Glacial period have been found in the counties 

of Crawford, Richland, Vernon, Monroe, La Crosse and Trempealeau, 

The broad valley of the Trempealeau river seems to have formed a 
boundary, below which the glacial deposits were not formed. 

| The most southerly glacial deposit observed is situated in Buffalo 
county, on the 8S. W. quarter of Sec. 14, T. 19, R. 11 W., at an eleva- 
tion of 880 feet above the Mississippi river. It consists of a small, 

isolated patch — not over 400 feet in its longest dimension — of small 
gravel, containing the usual drift materials, such as granite, quartz, 
trap, ete., but no large bowlders. It lies on the side of a small ravine 
near the summit of the ridge, and is exposed for a short distance by a 
road excavation. 

A. similar deposit was seen on the 8. W. quarter of Sec. 3, T. 19, R. 

11 W., on the ridge sloping towards Eagle creek, at an elevation of 
480 feet above the Mississippi. The materials are fine gravel, con- 
taining no large bowlders. 

Irom these points northwestward, to the Chippewa river, patches 
of drift gravel are found at numerous points, but bowlders are rare. 
Beyond the Chippewa, bowlders and more considerable deposits of 
drift occur, but the glacial deposits nowhere appear in very great 
force within the district under consideration. 

II. Cuampiain Prrtop. 

Valley Drift of the Mississippi and Wisconsin rivers. There 

are numerous places in the valley of the Mississippi, on both sides of 

the river, where heavy deposits are found of materials foreign to the 

adjacent formations. The deposits consist chiefly of silicious sand, 
with some clay and a large percentage of small gravel. The gravel is 
chiefly composed of smooth rounded pebbles of quartz, granite, trap, 

and fragments of other Archean rocks. The pebbles seldom exceed a 
few ounces in weight. The deposits are, for the most part, stratified,
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although this appearance is seldom visible, because, whenever an ex- 

posure is made, as by a stream eutting through the deposit, the sand 

and gravel, having but little compactness or coherency, soon slide 

| down and cover the exposed face with a sloping bank. 

These deposits are not found continuously in the valley, but only 

in certain localities, where circumstances seem to have precluded their 

removal. Such localities are high grounds in the valley, which are 

never reached by floods, and the sides of the hills about the entrances 

of small valleys adjacent to the river. In places where the blutts rise 

directly from the flood grounds of the river, these deposits are not 

found. | 

The following is a list of localities where these sand and gravel beds 

were observed: 

1. At the mouth of Sugar Creek, in section 16, T. 10, R. 6 W., and along the valley 

of the Mississippi for some distance above and below, these beds occur at an elevation 

of twenty feet above the river. 

| 2. In the village of De Soto there is a very large deposit, which is found as high as 

fifty feet avove the river. . 

3. On section 4, T. 11, R. 7 W. About the sides of the valley of a small stream, and 

at an elevation of twenty feet above the Mississipp1. 

4, Between the villages of Genoa and Coon Slough, for a distance of about four miles, 

the deposits are continuous, and as high as fifty feet above the Mississippi. 

5. In section 27, T. 15, R. 7 W., in the valley of Mormon Coolie, and along the bluffs 

east of the city of La Crosse, these deposits exist. From La Crosse as far up the valley of 

the Mississippi as the observations of the survey extended, the deposits were found spread 

over the valley and along the base of the enclosing hills, seldom attaining an elevation 

of more than fifty feet above the river. 

6. Along the Black river, within a few miles of its mouth, there are numerous good 

opportunities of examining the structure of the deposits, where the river has excavated 

its channel through them. A notable instance is on the west bank at McGilvray’s ferry. 

7. Along the line of the Chicago, Dubuque & Minnesota Railroad, these deposits may 

be seen; and especially in the vicinity of Guttenburg and Turkey river. 

8. Mr. Whitney, in the Geological Report of 1862, mentions some deposits near Du- 

buque and in the Catfish valley, consisting of clay, mixed with gravelly materiaks; and 

inthe same report there is a note of a bed of waterworn materials on the Wisconsin 

river, fifteen or twenty feet above the river, and twenty feet thick, in which bowlders as 

large as two or three feet in diameter were observed. | | 

9, At Boydstown, on the Wisconsin river, a short distance above Wauzeka, beds of 

gravel and small bowlders were seen about twenty feet above the river. 

10. A short distance northwest of the bridge at Muscoda, a deposit of sand and gravel 

occurs thirty feet above the river. Several other localities have been observed. 

The circumstances under which the deposits are found lead inevit- 

ably to the following conclusions: 

First. The material of which the deposits are composed was brought 

down by the Mississippi and Wisconsin rivers from the north, and 

was derived from the drift remaining after the melting of the great 

glacier.
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Second. The valleys of those rivers were occupied by immense 
streams of water, extending to the bluffs on either side, filling the 
valleys to a height now indicated by the gravel deposits, which aver- 
age about fifty feet above the present water level. The slack-water 
from these rivers extended up the valleys of the tributary streams, in 
the same manner as is now seen in the seasons of high water, but to 
a much greater distance; inasmuch as the present size of the Missis- 
sippi and Wisconsin, when compared with those rivers during the 
Champlain Period, must be insignificant. 

Third. There was a period of depression, during which time the | 
valley of the Mississippi was depressed from the mouth to its sources; | 
the depression being relatively greater at the sources than at the 
mouth. ‘This depression, by decreasing the slope of the valley, slack- 
ened the flow of the water, and permitted it to spread out over the , 
valley. The same is also true of the Wisconsin river. 

fourth. The period of depression was followed by one of elevation, 
during which the deposits were raised to their present level. The 
absence of terraces in the valleys indicates that the elevation was 
gradual and continuous, rather than interrupted; the evidence, how- 
ever, 1s not conclusive, as such terraces may have been formed and 
aiterwards removed. The elevation took place during the Recent 
Period, or the one following the Champlain. 

It is probable that these deposits, and the corresponding depres. 
sion, took place during the Champlain Period, because this was a pe- 
riod of universal depression of the interior of the continent. Prof. 
Dana remarks in his Manual: “The facts show that there was a vast 
and violent flow of waters down the Mississippi valley, bearing an 
immense amount of coarse detritus; a result commensurate with the 
width of the glacier that lay over the upper part of the great valley 
west of the Appalachians.”’ | . 

In regard to the absence of large bowlders, it may be remarked 
that the deposits which remain are but a small part of what once was 
deposited; that they are situated on what was then the extreme edge 
of the river, where the strength of the current may have been insuf- 
ficient to transport such large masses; that wherever they were 
dropped, their great weight would cause them to assume a position 
near the bottom of the deposit, where they would not readily be visi- | 
ble; and finally, in the second or Alluvian epoch of the Champlain 
Period, to which I am inclined to refer these deposits, the material 
brought down by the rivers consisted chiefly of sand and gravel, which 
was deposited over the earlier or Diluvian beds. 

The absence of Champlain deposits on such streams as the Kicka-
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poo and Pine rivers is easily explained by the fact that their sources 

nowhere enter the drift region; and conversely, it might have been 

| argued that because they have no such deposits, they do not any where 

encounter the drift. In the entire country examined, which includes 

their sources, no evidence of glacial drift has been found. 

Swamps. It will be seen, on an inspection of the maps, that the 

northern portion of Monroe county, especially towns 18 and 19, 

ranges one east and one west, consists, to a large extent, of swamp lands 

drained by the Lemonweir river. These low lands, consisting princi- 

pally of hay meadow and tamarack swamp, extend to the Wisconsin 

river, and indeed there is a large portion of the central part of the 

state in which they form a prominent feature. In 1872, while con. 

nected with the survey of the Wisconsin Central R. R., I observed 
these swamps, extending from town 30, range one east, to the Penokee 

Tron Range. | 

Exposures are not common in the vicinity of the swamps, but a few 
instances were observed near their edges, where fresh water formations 

had been deposited in the form of regularly stratified layers of clay, 
intermixed with gravel. It requires no great stretch of the imagina- 

tion to suppose that the depression of the country known to have taken 

place during the Champlain Period, in connection with the abundance 

of water at that time, may have sufficed to form shallow lakes where 

the marshes and swamps now exist; and that the subsequent elevation 

of the country by increasing their drainage, has left them in the form 

of swamps and marshes. 
It is reported to me as a fact, by farmers who have been for many 

years residents of Monroe county, that the marsh and swamp lands 

are much dryer than they formerly were, and some parts of them are 

under cultivation. This is often due to artificial drainage, but it is 

also frequently true where there has been no such drainage; and it is 

probably true that the swamps are generally becoming dryer, inde- 

: pendently of artificial drainage. 

TI. Recent Prrton. | 

During this period there was a general elevation of the country, 
which resulted in bringing up the Champlain deposits of the river 

valleys to their present elevation, gradually increasing the velocity of 

the rivers, and removing the greater part of the drift filling of the 
valleys, which had accumulated during the Champlain Period. In 
addition to this, fluviatile deposits were in progress on all the streams, 

and a general distribution of soil such as is at present constantly pro- 

pressing.
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| In the valley of Pine river, a short distance above Woodstock, near 
the quarter-post of Secs. 25 and 36, T. 12, R. 1 W., is a good expos- 
ure of Alluvium, which has been cut away to make the road. It 
serves to show the materials of which the lower parts of the hills 
adjacent to the valleys are formed; which materials appear to have . 
been derived chiefly from the higher ground above, and in the imme- 
diate vicinity: 

Feet. In. 
1. Black clay soil and vegetable mould ....ccsecscccecsccasececee. 1 6 
2. Subsoil, light sandy clay.........cceee cecseccccececccceccccce Q .. 
3. Interstratified and alternating layers of sand and small pebbles... 1 6 

9. Loose conglomerate of sand and pieces of chert from 2 to 5 pounds 
weight, derived from the Lower Magnesian limestone ......... 3 .. 

6. Sand .... cece cece ccc eee cence eens enceceecesetececesececces 2 : 
7. Conglomerate of sand and chert, same as No. 5.....cceccecccee. 4A. | 
8. Light colored, stratified sand.........ccsssccceeccccsscecsseses os 3 
9. Conglomerate of small pebbles ....... ..c.scecsececcccseccccce os DB 

10. Sand .......... Peete ee eee eee e eee anaes eer een rs ececesssseees oe 3 

Total thickness exposed............ccceceeececeececceceesess 13 4 

It must be remembered that this section is merely local, and not of 
universal application. It only serves to show the structure of the 
talus of the hill at this particular spot, and the nature of the materials 
which compose it. It is not probable that the order of the section 
would be preserved unchanged even through the distance of a quarter 
of a mile. 

Caleareous Deposits. During the Recent Period, probably, the 
deposits of carbonate of lime were made in the caves, irregular open- 
ings and fissures of the limestone rocks; which we now describe as 
stalactite, stalagmite and travertine. 

One of the finest examples of these cave deposits is that known as 
the Eagle Cave. It is situated on the farm of Mr. Orrin Henry, on 
the N. W. quarter of Sec. 19, T. 9, R. 1 W. It lies on the top of the 
ridge, and in the lower beds of the Lower Magnesian formation ; itis 
nearly horizontal, and counting its various branches and ramifications, 
it is about a quarter of a mile in length. Its greatest height is about | 
thirty feet, which occurs in one of the chambers. The cave contains 
several rooms or chambers, connected together by narrow passages 
somewhat obstructed by large masses of fallen rock. The strata 
composing the roof are quite level and horizontal, the floor is uneven 

: and irregular, and the width very variable. The roof of the cave is 
. covered with long and glistening stalactites, with long stalagmites 

rising to meet them from the floor; and over the entire bottom of the
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cave, encasing the fragments of fallen rock, is a heavy deposit of 
travertine. 

This cave has for many years been a place of resort for visitors, 

whose vandal hands have to some extent marred its natural beauty. 
Its present owner, who cheerfully accompanies all visitors through his 
cave, by preventing the wanton destruction of the stalactites, hopes to 
restore it, in time, to its pristine beauty. Among other features of ~ 

the cave, is a spring of cold, clear water, situated in its farthest ex- 

tremity, and having some undiscovered subterranean outlet. 
Sinks. Near the entrance to this cave there is a fine opportunity 

to observe the surface and subterranean formation of one of the sinks 

which are so numerous in all parts of the country. On the surface, 
a short distance from the entrance, is a sink hole presenting the usual 

appearance of a funnel shaped depression, represented in section, at | 
A, in Fig. 11. | | 

| Fie. U. On entering the 
ST I EO gine, cave, we find a large 

Soil UA COAYS SA LEN conical mound of 

oS = ey \ earth situated di- 
Lunes one | SEE —S ETEr ance » rectly under the sink 

PN CQVE. AES 
. [soi ~ hole on the surface, 

Cave. | (Si extending from the 

— LET ona | 7, Talat Limnctighic= SS floor to the roof of 

Sl SE eT Sie ST SE the cave, and almost 

Cave AND SINK. barring the entrance. 
The most superficial inspection shows undeniably the origin of the 

sink. The preéxistence of the cave and the fissure in the roof at B 

rendered it possible for water percolating the ground to remove a 

portion of the soil and clay, and form the sink at A, depositing a 

corresponding amount of clay in the cave. - 
About seventy such sink holes were noticed, chiefly in Richland, 

Crawford, and Vernon counties; and it is probable that these are only 
a small fraction of the entire existing number. They are seldom 

more than ten or fifteen feet in diameter, and average about five feet 
in depth. They are seldom visible except in their immediate vicinity. 

They occur in the Lower Magnesian limestone, and in the St. Peters 

sandstone, but are more numerous in the limestone. None were ob- 

served in the Potsdam sandstone. 
The sinks are in all respects similar to the one described as occur- 

ring at the Eagle Cave, and are doubtless formed in the same way. 
They are therefore indications of subterranean caves or fissures. 

A study of these caves and sinks, leads to the following conclusions: 

Vou. IV.—7
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First, there must have been a period in which the materials of the 

rocks were largely dissolved and carried away by subterranean waters. 

Springs occurring in limestone districts are invariably “ hard water,” 

which is due to the carbonate of lime which they hold in solution. 

The quantity of lime thus constantly removed must be very great; 

and as the process has been continuous for a long period of time, it 

must have resulted in the formation of cavities within the earth, whose 

size, shape and direction would be influenced and determined by local 

peculiarities of the formation; such as preéxisting crevices or joints, | 

or the varying hardness and solubility of different stata, or of the same 

stratum. 

| In the case of the sandstone, which contains but little soluable 

material, the cavities are probably due more to an erosion of the sides 

of preéxisting crevices, and to a mechanical transportation of the 

eroded particles. 

The origin of the stalactitie and travertine deposits, and the pro- 

cess of their formation is thus described by Prof. Liebig: “Upon the 

surface is a fertile soil in which vegetable matter is constantly decay- 

ing. This mold or humus, being acted on by moisture and air, evolves 

carbonic acid, which is dissolved by rain. The rainwater thus im- 

 pregnated, permeates the porous limestone, dissolves a portion of it, 
and afterwards, when the excess of carbonic acid evaporates in the 

caves, parts with the calcareous matter and forms stalactite; and when 

they are no longer in the line of drainage, a solid floor of hard stalag- 

mite is formed on the bottom.” 
In caves and fissures, found where the sandstone is the surface rock 

such calcareous deposits consequently would not exist. 

Before concluding this report, I desire to express my thanks to all 
those persons who, during the past season, have, in various ways, 

aided and assisted the corps in the prosecution of their labors; and to 

the inhabitants who have always received and entertained us with 

kindness and hospitality.
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PART II. 

GHOLOGY 

LOWER 

ST. CROIX DISTRICT.



T. C. Coamperuin, Chief Geologist: 

Sir: The accompanying report upon the district assigned to me 

for investigation during the years 1876-77, is respectfully submitted. 

Very truly yours, 

L. OC. WOOSTER. 
GREELEY, Colorado, June, 1878.



INTRODUCTION. 

The territory described in this report embraces St. Croix and Dunn 

counties, together with the western range of townships of Chippewa 

and Eau Olaire counties, the northern tier of Pepin, and portions of 

the two northern tiers of Pierce county. : 

The limited time at my disposal, and the large area to be exam- 

ined — over .two thousand square miles— obliged me to pass some- 

what rapidly over the different portions of the district; but it is be- 

lieved that sufficient data were obtained to fix with a reasonable degree 

of certainty all the more important geological features of the above 

territory. 
During the survey of these counties I have had the assistance of 

Mr. E. M. Hill, who has given especial attention to the vegetation of 

the district. 

Plate IV, giving the distribution of the several groups, is based 

mainly upon Mr. Hill’s field map, and the chapter on vegetation is in 

part a compilation of his notes upon this subject. 

In the construction of sections of rock exposures, I have been obliged 

to depend largely upon aneroid observations for the elevations of the 

exposures, so that those given are only approximately correct. 

In addition to work in the above area, the northern portions of 

Buffalo and Trempealeau counties were examined to complete the sur- 

vey of the same by Mr. Moses Strong. 

The data obtained have been sent to Mr. Strong; but one or two 

sections will be presented with this report, on account of their bearing 

upon certain important questions discussed in the same. 
The formations at Chippewa Falls were also examined, together with 

the terraces along the Chippewa river south of that point, to complete 

the survey of the Potsdam sandstone to the Archzean formations, and 
to gather further data concerning the work of the Champlain period 

in the northwest. 
We found a large proportion of the district lying as nature had 

fashioned it, though little of it is owned by the United States govern- 

ment, most of the land being in the hands of private parties, lumber
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companies, and the Fox River Improvement Company. The latter | 
organization has in its possession and offers for sale, some of the 

finest farming lands this part of the state affords, being situated, in part, 

in a region where the soil has been built up by wash from the Lower 
Magnesian limestone, or where the glacial drift still rests upon that 
formation. ‘There is certainly little need of going to other states or 

to the territories for cheap valuable farming lands so long as our 
Northwest supports so sparse a population. It isa mistake to sup- 

pose that all pine land is poor and unproductive. An exclusively 
| pine region may be nearly valueless for farming purposes, but the best 

pine seen in this district grows in the midst of oak, maple, etc., trees 
which indicate the best of soil. | 

In this forest region, in the central and northeastern portions of 
the district, outcrops are very rare and wagon roads few and far be- 
tween, and so it is quite probable that the true northeastern boundary 

line of the Lower Magnesian limestone may vary somewhat from the 
one given in the geological map of the district. | 

Lack of time also forbade an exploration of the northeastern por- 

tion of Dunn county, and it is possible that outcrops of granite, ete., 
exist here in the midst of the area of the Potsdam sandstone shown 

on the map, though lumbermen, questioned in regard to the nature 
| of the rock, knew of no such exposures. 

In submitting this report, I take pleasure in acknowledging the 
aid of the people of the several counties, who have uniformly given 

all the assistance in their power, and furnished all the information 

in their possession to further the objects of this survey.
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LOWER ST. CROIX DISTRICT. 

I. GENERAL GEOLOGY. 

By an inspection of the outline on page 103, it will be seen that 
wnly the older and recent formations are represented in the district 

ander consideration, the interinediate ones being absent. ‘The reason. 

for this is clearly stated in Vol. I, and need not be repeated here. 
But it may be well to re-state a few of the reasons for the absence 

o£ the later formations of the Lower Silurian period in northwestern 

Wisconsin, as in so doing a better idea of the order of succession of 
those that remain may be gained. , 
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{. Archean formation. 2. Potsdam sandstone. 38. Lower Magnesian limestone. 4. St. Peters 
sandstone. 5. Trenton limestone. 6. Galena limestone; and 7%. Cincinnati shale. aa. Present 
surface. bb. Former surface. 

It is quite possible that one or both of the later formations of the 

Lower Silurian period once rested upon those now represented in the 
district at the time when the latter had a greater northward extension. 

The Galena limestone and the Cincinnati shale now rest upon the 
Trenton limestone, a few miles to the southwest in Minnesota. As 

the formations dip southwesterly, and as the later were deposited upon 
the earlier, the only portion of each formation which reaches the sur- 
face is its northeastern border or edge. ‘These borders, being exposed | 

to denuding agencies in the subsequent periods, would retreat to the 

southwest so long as erosion continued. | 
The accompaning ideal cross-section from Chippewa Falls, 8. W.,
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will illustrate this, and show the succession of strata. The dip and | 
relative thickness of the strata are but partially regarded in the 
figure. Oe 

The Trenton and Lower Magnesian limestones are more enduring 
than the underlying sandstones, and hence are found in isolated areas in 

St. Croix and Dunn counties capping, and thus protecting, biufis of 
sandstone. The main body of these limestones les in every instance 
a few miles to the south or west. 

| Tig. 1 also shows why the older layers of each formation are found 

to the northeast and at the same level as the morerecent layers. For 
this reason it would have been more systematic to have commenced 

on the eastern border of the district, and then worked to the west; 
but as we found it necessary to pursue the opposite course, the sec-— 
tions of rock exposures will be given in the order of the investigation 
of the latter. 

1. Names of the Formations Represented. Theterm, Archean, | 

applies to allthe metamorphic rocks in place, examined in this dis- 
trict. 

Several geologists in the west have divided the sandstone, that lies 
between the Archean rocks below, and Lower Magnesian limestone 
above, into two formations; but no abrupt change in the nature of | | 

the sandstone, nor any unconformability in the layers was discovered 
in my district, and hence the name, Potsdam sandstone, is applied to 

the entire formation as in Eastern Wisconsin. oo 

The name, Lower Magnesian limestone covers a series of layers 
more uniformly dolomitic than the same strata at the east, there be- 

ing no layers of any thickness to which the term, sandstone, may be 

applied, with the exception of one horizon. It is possible that the 
upper layers in Northwestern Wisconsin are not represented by lime- | | 
stone at the east, having been laid down after the deposition of the 
St. Peters sandstone commenced in those regions. In this report, 

these layers of limestone will be termed Willow River Beds, and the 
sandstone between these layers and the Lower Magnesian proper, the 

New Richmond Beds, from the localities in which these strata are 
best exposed and most fully developed. 

The formation next above, to which the name, St. Peters sandstone 

has been applied in the Northwest, is more nearly like the sandstone 
at its typical localities in Minnesota than in Eastern Wisconsin, being 
quite uniform in thickness and composition. 

The only layers of Trenton limestone which remain in my district 

are those that belong to the Lower Buff Beds and a few of the lower 

layers of the Lower Blue.
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The loose uncompacted material deposited, distributed, and modi- 
fied duriug the Glacial, Champlain, and Recent periods, rests uncon- 
formably upon the granite, sandstones, and limestones of Archsean 
and Paleozoic times, as in other localities. 

The work of these three periods will be considered in connection 
with the topography, soils, and hydrology of the district. 

%. Distribution. Of these formations, viz.: Archean, Potsdam 
sandstone, Lower Magnesian limestone, St. Peters sandstone, and 

Trenton limestone, the second, third, and fourth cover large areas; 
the fifth is limited to the highlands of southern St. Croix, and Pierce | 

counties; while the first is exposed, so far as known, only at Chip- 
pewa Falls. 

d. Dip and Flexures. The line of dip of the formations is from 
S., 20° W., to 8., 25° W. The angle is very small. An angle of one 
degree gives a dip of over ninety feet to the mile. In the Potsdam - 
and Lower Magnesian formations, the change is twelve and one-half 
feet per mile, or less than one-eighth of a degree. 

But, while the formations as a whole dip S., 20 or 25° W., the local 

dip varies considerably in direction and amount. The cause of this 

will be seen in the undulations represented in part by Plate II. This 

section, viewed in connection with one across the state of Minnesota, . 

shows that the formations of my district lie on the eastern side of a 
broad but very shallow trough or synclinal, trending south-southwest, 

having its lowest line in Eastern Minnesota. The eastern slope of 
the synclinal is not continuous, but is interrupted by several anti- 
clinals and synclinals of limited extent. The flexure at IIudson is 
the most marked. This, however, possesses a dip of less than one 
degree; and, were there no evidence to the contrary, so slight a dip 
could hardly afford sufficient reason for supposing a fault to account — - 
for it, as was presumed by the earlier geologists. 

- The layers of Lower Magnesian limestone on the east side of the 
anticlinal were found to dip as above; but exposures to the west in 
Wisconsin are rare, and the method used in obtaining the dip in this 
direction consisted in comparing the elevation of layers exposed at 
Stillwater and north along the St. Croix, with the elevation of tho 
same layers at ILudson and Somersett. 

If a fault exists, a careful exploration of Apple river from Somer- 
sett to the mouth would reveal it. This, unfortunately, we had not 
the time to make, and so that view will be entertained ag correct 
which is supported by the facts in our possession. 
How far the Lower Magnesian participated with the Potsdam in 

the movement which produced the fold, is not shown by the rock ex-
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posed in western St. Croix county, and so it is impossible to state the 7 

time of the movement. If the folding commenced near the close of 

the Potsdam period, the ridge of sandstone may have been partially 

denuded, and thus the Lower Magnesian limestone would be slightly 

unconformable. This supposition would account for the greater 

thickness of the upper portion of the Potsdam sandstone in eastern 

St. Croix county. | 

The following are the elevations above Lake Michigan of the base of 

the Lower Magnesian in the vicinity and along the anticlinal axis. 

Though the line of junction is not shown at all these points, the 

figures approximate very closely to the true elevation. . 
Feet above Lake Michigan. 

At Stillwater, Minn.....cceecsee coccccencccecerceersscssseseece LH) 

At Hudson. ...cccce ccccccceesssceveceesceseeeses eereeeeecee OO 

At three and one-half miles east of Hudson.....ssseeevecceerereee 140 

At Marine on Lake St. Croix...... cece esee eee eceeeepecceeececces 290 

At Somersett. ...ccececccccccccccccnescrecscessecseseceseacsees ANY 
At New Richmond...ccccccscccceccccccscccesceceesesscresersees Ol 

| At Sec. 24, T. 28, R. 20 W., on Lake St. Croix, five miles south of 
Hudson. .ccccecccccccccccccesccesscscctecsssserestseesseees 20 

At Star Prairie, Sec. 1, T. 31, BR. 18 W..... cece eee e eer eeeneceneee BOG 

From these figures, it is probable that the anticlinal axis passes to 

the west of Star Prairie four or five miles, bears a little to the west 

of Somersett Postoftice, continues south southwest, to the crest of 

Hudson Bluff, and passes out of the state, leaving Catfish Point (five 

miles south of Iludson) one or two miles to the east. 

By an inspection of Plate II, it will be seen that the synclinal in 

these formations, east of the anticlinal, is quite marked. The bearing 

of this upon other questions will be discussed hereafter. | 

The existence of other folds in the Potsdam and Lower Magnesian 

is suspected in the valleys of Rush and Red Cedar rivers, and from 

the direction of dip still further to the east, it is probable that these 

flexures are not peculiar to Northwestern Wisconsin. |
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CHAPTER II. 

DETAILED GEOLOGY. 

J. Tux Arcuaan Formation. 

The granite at Chippewa Falls is the only exposure seen in my dis- 

trict, the formation being hidden by the fragmental rocks at all other 

points. The rock is a coarse granite, composed of quartz, orthoclase 

feldspar, and greenish black mica. 

The surface is much cut by fissures trending north, N. 22° W., N. 

10° W., and N. 67° E. The coarseness of the rock and the broken 

nature of its surface exposes it to air and frost, and a rapid decompo- 

sition is the result. For this reason the neighboring sandstone, it is 

believed, is equally enduring as a building stone. 

As Chippewa Falls is on the boundary line of Archean rocks, other 

exposures probably exist a few miles north and east. 

II. Porspam SANDSTONE. 

This formation possesses a much greater thickness than all the other 

sedimentary rocks of the district combined, and is exposed over a 

larger area. Bordering upon the metamorphic and igneous rocks 

to the north and east, this sandstone stretches south and west, at the 

surface, till it passes from view beneath the Lower Magnesian lime- 

stone. (Tig. 1.) 

The character of the sandstone varies somewhat in the different lo- 

calities, apparently being dependent upon the nature of the metamor- 

phic rocks to the north, and the abundance and kind of life. The 

sandstone seems to vary also with the vertical and horizontal distance 

at which it was deposited from the metamorphic rocks, changing from 

very coarse to fine, and from being quite purely silicious to a rock 

thatis freighted with impurities. At equal distances from the granite 

below, the character of these impurities and the size of the component 

grains seem to be quite constant throughout the district, and thus 

they afford valuable horizons for reference in determining the posi- 

tion in the formation of any outcrop of the sandstone. 

The most important of these horizons are: 1. Eau Clare Grit; 

9. Fau Claire Trilobite Beds; 8. IIudson Trilobite Beds; and 4. 

Line of junction with the Lower M agnesian lumestone.
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The Law Claire Grit, exposed at the mouth of Eau Claire river, is 
a very coarse sandstone, with Scolithus tubes in one or two of the 
layers. The rock is so coarse that it has been termed a conglomerate, 
not without reason. 

The Law Claire Trilobite Beds ave characterized by several species 
of trilobites not found at any other horizon, and also by being the 
lower limit at which brachiopods were found in the sandstone. These 
beds likewise mark the lower limit of caleareous matter in the formation. 

Lhe Lludson Trilobite Beds lie at the best defined horizon in the 
sandstone. These beds lie in close relationship to and between the 
Lower Calcareous Band and the layers which are richest in green - 
sand, and thus cannot well be mistaken. The calcareous lavers, about 
ten feet in thickness, everywhere show a brisk effervescence when . 
treated with acid, and frequently possess the jointed structure and 

weathering of limestone. For a list of the trilobites found in the 
layers below the Caleareous Band, see section I.1. The shaly lay- 
ers below the Trilobite Beds are intensely green from the presence of 
greensand (a variety of glauconite), which, so far as known, is true of 
no other horizon. 

Lhe Line of Junction with the Lower Magnesian limestone may, 
in nearly every instance, be recognized by the heavy breeciated beds 
of limestone just above. But this character may fail in the extreme 
southeastern border of the district where it is possible that beds of 

_ sandstone are interstratified with the lower layers of the Lower Mag. 
nesgian limestone as in Eastern Wisconsin. Thongh no instance of 
the kind has come to our notice, the character of the upper portion 
of the Potsdam sandstone, resembling quite closely, except in thick- 
ness, the same layers in the eastern part of the state, seems to warrant 
this conclusion. | | 

There is one other horizon, in which lies the Opper Calcareous 
Band (Plate IIT) that has been omitted in forming this list, on ac- 

_ count of its variable position and thickness, but which is very inter 
esting, as it possibly marks the horizon of the Mendota limestone of 
Central Wisconsin. In the western portion of the district, about 
sixty feet below the line of junction, are three or four feet of caleare- 
ous sandstone. Forty miles east-southeast, at the same horizon, are 
at least twelve feet of silicious (?) limestone, gray in color, with red- 
dish blotches. Near Madison, Dane county, thirty-five feet below the 
Lower Magnesian, is a limestone which possesses a somewhat similar 
character." On the western line of Sauk county, the distance of this - 
limestone below the line of junction is stated to be sixty feet.
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On Lake St. Croix and at Madison the greensand has its upper 

limit at these caleareous layers. The sandstone above them is quite | 

friable in St. Croix county, but eighty miles to the southeast it caps 

numerous bluffs, standing forth in vertical ledges, as in the eastern 

part of the state. This change in its character is due to the increased 

percentage of calcareous matter present. 

But it may be stated in this connection, that the propriety of 

making the upper calcareous layers, as defined above, the exact equiv- 

alent of the Mendota limestone, is questionable. It is evidently a 

closer approximation to state that the series of layers extending three 

hundred feet below the Madison sandstone in Central Wisconsin is 

equivalent to three hundred feet in St. Croix county, of alternating 

ing calcareous, silicious and argillaceous layers extending downward 

from and including the Upper Calcareous layers. 

The nature of the rocks between the above characteristic horizons 

is indicated subsequently (Topic A.). 

In nearly every layer of the Potsdam sandstone one finds evidences 

oy which he may gain a partial knowledge of the previous history of 

its component grains. 

The pebbles of quartz and feldspar in the coarse sandstones, in the 

vicinity of Chippewa Falls, together with the layers of clay contain-_ 

ing mica scales, show as unmistakable a relationship to the granite, 

as the pebbles and sand upon a modern beach to the cliffs at whose 

base they lie. | 

The scales of mica, the quartzose sand and the clay are found asso- 

elated hundreds of miles to the southwest in this formation, and as 

these minerals are only given to sedimentary rocks through the de- 

composition of granite, quartzite, etc., and as the metamorphic rocks 

do not exist, except as small islands in those regions, the component 

minerals of the sandstone, except those derived from shells of animals 

and tissues of plants, must have been derived from the main body of 

the Archean rock, lying at the northern borders of the area of depo- 

sition. 
A, Composition. The chief components of the Potsdam sandstone 

are silica, carbonate of lime and magnesia, approaching dolomite, 

greensand (Glauconite), and oxide of iron, together with a varying 

quantity of clay. 

The formation is most purely silicious in the lower and upper por- 

tions, viz., from the granite to the Eau Claire trilobite beds and from 

the Upper Calcareous band (see Plate LI) to the Lower Magnesian 

limestone. Many layers in the intermediate portion likewise contain a 

very large percentage of quartzose sand, but most of them are quite
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impure. Most of the calcareous material was distributed between 
one and three hundred feet of the top, many of the layers being more 

properly limestone. Above this, in St. Croix and Dunn counties, are 
but one or two dolomitic bands, but in the extreme southeastern por- 

. tion of the district much of the sandstone effervesces freely, showing 
a considerable proportion of lime. 

The quantity of greensand varies greatly in different localities, but 
it is nearly all comprised in the upper three hundred feet of the for- 

mation, having about the same range as the calcareous matter. Its 
presence in a neighboring sandstone outcrop is nearly always indica- 

ted by the green color of the soil. This is especially true where the 

Iudson trilobite beds are exposed, and thus one is enabled to readily 
find this horizon. 

Iron oxide is found in nearly every layer, but it is most abundant 

and most uniformly distributed in the lower beds, where it performs 
the office of cement, giving these layers much of their value as a build- 
ing stone. It occurs also quite abundantly in some of the upper 

layers in the form of thin lamines, often very much curved and an- 
owated. 7 

Clay oceurs in layers of considerable thickness in the lower half of 
the formation. In the upper half, it is found in the form of thin ~ 
laminee between the layers of sandstone; and is evenly distributed 
through the same, forming, between the Hudson and Eau Claire 

Lribolite beds, a bluish and reddish argillaceous sandstone. 
B. Thickness. At no one point in the district is the entire form- 

ation exposed, and so, to obtain the entire thickness from the Lower 

Magnesian limestone to the granite below, the sum of the thicknesses 
of the subdivisions is taken: 

feet. 

Irom the Lower Magnesian to the Hudson Trilobite bed.........-eee0e2 200 

From the Hudson Trilobite bed to the Eau Claire Trilobite bed.......-.. 200 

From the Eau Claire Trilobite bed to the Hau Claire grit... ........ ... 240 
From the Kau Claire grit to the granite (at Eau Claire), estimated....... 100 

Total... cccc cece cece cece ce cee eer eeeeeccssecsececeeseresescceee 14 

The last division is probably much thicker to the south and west, 
making the thickness of the formation range to eight hundred and 
one thousand feet. 

C. Description of Layers. In order to present the form>tion as 
a whole, sections from Hudson, Menomonie, Eau Claire, and Chip- 

pewa Falls, will be presented first. The remaining sections will be 
given in the same order, and the relationship of ail may be seen by 

an examination of Plate III.
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The exposures at IIndson do not show the upper fifteen or twenty 

feet of the formation, and, that the record may be complete, the miss- 

ing link is supplied from an exposure a few miles distant, where these 

layers are shown beneath the heavy, brecciated beds of the Lower 

| Magnesian limestone. In the section they are marked Z.” 

Section I, Hudson. In descending order, the beds are as follows: 
Feet. In. 

z. The upper layers are composed of coarse, incoherent, red to white 

quartzose sand. The layers below are yellow to buff in color, com- 

posed of nearly pure quartz-sand, and are for the most part quite 
fine in texture. Scolithus tubes are abundant. ....+-+++seeeeeeee 20 oe 

z.. <A buff, calcareous layer above and a few shaly layers of greensand 
DELOW ccc c ce cc cee ewww eee cee eee ee eee eee eee e tere ences eens 3 ee 

z. Somev hat compact, brown, calcareous sandstone. One layer........ 2 os 
y. Brownish white sandstone, with wormbole fillings projecting. Effer- 

vesces briskly.... cs cee s eee s eee c cece eee erect tent eeeeceeereses 2 ee 

x. Where long exposed, an uncompact, white sandstone, contaming a 
small percentage of greensand..... cece reesseeeeeecreceeseene re 8 .. 

W. SAME AS Verse cree cee e cece en cer ee eect eee c sere en eeepesseeteseneee 2 oe . 

V. SAME AS Xie e cece coe e cee ee cece eee e esac eee e eee ee et tencenees 8 os 

u. Partially turfed, but shows a few layers of white to buff sandstone, 

somewhat heavy bedded and quite friable......-.....ee ese e eee 12 6 
| t. Similar to u, but much stained by iron, which forms thick incrustations . 

IN PlaCOS.. ee cece cece cece eet e ence e eee ee scence eee tenncaces 8 i 

s. Heavy bedded, mottled layers. The sandstone is yellowish brown, with 
numerous light colored blotches, irregular in shape.....+---ee. ses 12 6 

r. A butf colored, friable sandstone, giving a slight effervescence. Near 
the bottom is about one foot rich in greensand......-.eeeceeer eee 3 6 

q. Heavy bedded, incoherent sandstone, with much green material dis- 

| tributed through it. A few fragments of trilobites were found.... 10 os 
p. Shaly sandstone, effervescing slightly with acid, and holding much 

green material. At the base the layers become thicker quite 
abruptly ..-. cece cece cece eee tere eee e een eect eeeeeeeeeee 27 we 

o. Compact, heavy bedded, light buff sandstone, with reddish laminee. 
Portions effervesce briskly.... 0... 6. cece cere nce e eee er ee eeees 9 os 

n. Dark brown on fresh exposure. Many fragments of trilobites, but the 
sandstone is so friable that but few could be identified. Among 

these were the Conocephalites (sp. undet.) and Ptychaspis granulosa, 

A fossil plant, Cruziana sp ?, was also found ...-....seeere eee eee D ee 

m. Thin bedded buff colored rock, containing much calcareous material,— 
shown by the limestone weathering, jointed structure, and brisk 

effervescence. In the lower portion a fragment of Paleophycus, sp. 

undet., was obtained. ... 6... c eee cee eee eee tee eee eee n renee BO e> 

l. Shades into m above and k below. In the upper portion were found: 

Conocephalites anatimus, C. diadematus, C. Eryon, two new species 

of Conocephalites (one minute), and Ptychaspis granulosa. n the 

middle portion, Obolelle were found with the trilobites. The lower 

layers are quite dark from greensand and iron stain, and contain 

many fragments of crinoid columns.......-- 0+ essen es teeter ee eee 8 oe 

kk. Turfed over except the lower four or five feet, where the rock is a dark 

green Shale... secs eee e cence eee ence ene cree ee ener een te aines 17 

Vou. IV.—8
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; Feet. In. 
j. Dark buff sandstone with three or four layers containing greensand in- 

terstratified 2... . ccc cece cee cee ce eee eee tenet nee ee teaser ents 10 oc : 

| i. Buff calcareous sandstone varying to brown, with a few thin layers of 

greensand interstratified. Obolella polita is very abundant in the 

| buff layers 0.0... cee cece eee cence ene eee eee eeenees o os 
h. Green shale .... 2... cece ce cece ee cere ences seen ee ese eeteeeeees o oe 

ge. The upper portion is mottled like s. above. The remaining layers are 
shaly, with colors varying from buff to brown, red and green...... 5 a 

f. Persistent sandstones, changing to fragmental above. Colors are light 
brown to white and reddish; the upper four feet are mottled....... 13 ws 

e. Very friable shale. The alternating white and slate-colored laminz vary 
from one-eighth to three-eights of an inch in thickness........... 2 os 

d. White sandstone, with reddish bands. The rock hardens on expos- 
ure. ‘Two thin layers of blue clay are interstratified.............- J0 . 

ec. Alternating green and white sandstone... 21... cc cece ee cece nec eesees 3 . : 

b. Friable, light butf, and yellowish sandstones, shown near the mouth of 
Willow river... ec. cece cece ce eee ee cote e een eee ca eee ences 15 .. 

a. White sandstone, incoherent on long exposure... ...ssseereeececceeeee 10 oe 

245 6 
a, — f. were tested and showed no effervescence. — 

Very little greensand occurs below this horizon, and likewise but 
a small amount of calcareous material. No line of separation, nor 

any marked transition, was found in the entire exposure. 
Where not otherwise noted in the section, the sandstone is medium 

to fine grained. Under the microscope, the grains of quartz are 
white or transparent, and are both angular and rounded. The 
rounded grains are spherical or irregular, mostly the latter. The cal- 
careous material seems to perform the office of a cement; and when 
the rock is pulverized it frequently remains as a coating upon the 
grains of quartz. 

In the lower layers glistening scales of mica are abundant, especi- 

ially in beds 1, m and i. The Upper Calcareous band is not well 
shown at IIudson, but a few miles distant it is clearly defined. 

Between Sections II and III there is believed to be a gap of twenty 

to thirty feet; but upon collating all the data in my possession, it is 
thought that the exposure at Rock Falls (Sec. 22, T. 26, R. 11 W.) fur- 

nishes most of the missing layers. 
This exposure shows about twenty feet of thin to heavy bedded 

buff sandstone. At the top were found numerous specimens of 
Lingulepis pinnaformis and near the base, layers of silicious shale 
are interstratified. 

Section If, Menomonie. Forty miles east of Hudson the follow- | 
ing vertical section is found, the topmost layers of which are believed 
to be equivalent to beds 1 and m of section I, above given:
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_ From above downwards: Feet. Inches. 
n. Thin bedded sandstone, with greensand and mica scales. The but 

layers effervesce briskly. Fossils: Coxocephalites minor, C. diadem- . 

atus, C. Shumardi, and Agnostis paralis, together with Obolella | : 
polita and Lingulepis pinnaforivis ...ccecesceeeeces  veceeereeee 10 ee 

Thin bedded, buff to brown, calcareous sandstone. Some layers are 

more properly called limestone. A few fragments of trilobites were 

10X00 (0 12 o 

1. Greensand layers above, and mottled buff and green calcareous layers, 

and dark green layers from the presence of greensand below. The 
layers are thicker than those at the top ....-.-eseeccseececcececs 1? os 

k. Massive, yellowish to brown sandstone.......cssccceccseeesee seeee 26 os 

j. White sandstone above; then greensand layers; below which succeed 
thin, bluish, argillaceous layers. Non-calcareous......-...e+00e- D oe 

i. Massive light buff to yellowish sandstone. Little or no greensand. The 

lower layers rather coarse. Lingulepis abundant near the base. The 
rock is non-ealcareous, except at the bottom, where the thin layers 
effervesce freely... ccc cece ccc cece etree eet e ete etree eeaas 06 os | 

h. Yellow, loose, non-calcareous sandstone, much stained with iron. The 

lower two feet are white In COOL... .. ec sce e cece ee ee ere ereeences 8 °° 

g. Coarse, red, yellow, and buff sandstone. The layers are thin and con- 

tain much argillaceous material... 0.2.0... cece cece eee ee eeee 4 a 
f. Similar to bed g, but more heavy-bedded and veined with iron....... 4 o 

e. Coarse, heavy layers, dark red to brown from the presence of iron. Con- 
: tain Obolella, CC... cee ccc cece ee er ence en seen ene tenes ere eerees 4. 6 

d. With the exception of the upper, these layers are compact and heavy- 

bedded. Obvolella, etc., abundant. Lighter colors predominate be- 
low, though the layers are somewhat stained with iron. Greensand 

in many layers. No effervescence. ..-...+seseeereeeeeecreeecees 8 . 

c. Brown, bluish-green, and buff shale. Layers rather compact and non- | 

calcareous. Obolella, etc., not so abundant as above........+...6. 6 es . 

b. Similar to @, but with more iron.....-- cece eee cece et ee ence eeeees 15 . 

a. Heavy-bedded brown sandstone, used for building purposes. Fossils: 

Obolella polita, Lingulepis pinnaformis, Conocephalites Lowensis, C. 

minor, and Hyolithes gregarius...+s.sessecesecereeerecreccceecs 15 . 

| 190 6 

The layers described in the above section are exposed along the 

banks of Red Cedar river and Wilson creek, in the western part of 

the village. The layers of greensand, characteristic of this horizon of 

the Potsdam sandstone, are exposed at numerous points north and 

south of Menomonie, coloring the soil a deep green. They are not 

seen to the east, as these layers have been removed through denuda- 

tion, nor to the west, being covered by the more recent layers of the 

sandstone. Twelve miles north of Menomonie, in the town of Sher- 

man (T. 29, R. 18 W., secs. 8, 17 and 18), some of the higher bluffs 

expose the layers of Section I, with ten to twenty feet of Lower Mag- 

nesian limestone at the top. The same is true, for the most part, of
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the regions south and northwest. In many of the bluffs, possessing 
but a slight capping of limestone, numerous attempts have been made 
to burn lime, but as the lowest layers of the Lower Magnesian lime- 
stone are quite impure, these efforts are almost uniformly unsuccess- 
ful. By an inspection of the section made at Wilson of the Lower 
Magnesian limestone, it will be seen how far above the line of june- 
tion it will be necessary to look for stone that may be successiully 
burnt. Excellent lime is produced from this horizon in the southern 
part of the county, but the bluffs in the town of Sherman are the 
only ones visited at the north, which hold the pure dolomite found at 
Wilson, though it is probable that many of the bluffs near the north- 
western border of the county hold this stone in paying quantities. By 
an inspection of the Map of Formations in the atlas accompanying this 
report, it will be seen where the layers of Sections I and II may be ex- 
pected. In one of the bluffs in the town of Sherman a quarry has been 
opened and about two thousand bushels of lime burnt per year. The 
stone is a buff colored, massive, nearly pure dolomite, and burns to a 
strong, dark colored lime. The owner finds a ready market at va- 

, rious points in Dunn and contiguous counties. About forty feet be- 
Jow the quarry, layers of sandstone are exposed on the slope, the | 
structure of which, so far as, observed, is peculiar to the upper layers 
of the Potsdam formation. The rock at a short distance has the ap- 
pearance of a pudding stone, but on closer examination it is seen to 
be made up of balls of light quartz grains, about one-half an inch in 
diameter, imbedded in a matrix of darker quartzose sand. F requently 
scolithus tubes are found in the same connection. 

The sandstone immediately below Section II was not observed, ex- | 
cept near Rock Falls, in the southeastern portion of Dunn county. 
In the bank of the creek near that village is an exposure of about 
twenty feet of sandstone. The rock is thin above to heavy bedded 
below, where several layers of siliceous shale are interstratified. In the 
shaly layers above, valves of Lingulepis pinniformts were seen in great 
abundance. J*rom the character of the rock and its fossil] contents, 
and trom its position in the formation, it is believed that this eXpos- 
ure lies midway between Sections ITI and IIT, not entirely filling the 
gap between, as the distance between the two sections is probably 
more than twenty feet (see Section VIIT, Arcadia). 

. Section III, Eau Claire, sixty miles east of Hudson, is com posed | 
of several subsections. The lower layers were found exposed near 
the mouth of Kau Ciaire river, and at the Dalles, two miles above the 
city. The upper layers were seen at one mile and at four miles above 
the Dalles. At the latter point, the Eau Claire Trilobite beds were |
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discovered in the high bank, nearly two hundred feet above the ter- 

race, on the left side of Chippewa river. [have learned since visiting 

Ean Claire, that fossiliferous beds, possibly the Trilobite beds, are ex- 

posed a short distance below the city. The trilobites are quite small, 

and, with one exception, only the head and tail parts were discovered, 

the body segments having been destroyed. The exposures of sand- 

stone are quite numerous in the vicinity of Hau Claire, and offer to 

the geologist one of the finest fields for the study of the lower layers 

of the Potsdam formation that I have seen in the state. Within a 

radius of fifteen miles, the first three hundred feet of the sandstone 

may be studied in detail, hardly a layer being inaccessible. Untor- 

tunately, lack of time forbade a detailed survey of this region, and as 

a consequence, some of the upper and lower layers were not seen. 

But the undescribed beds are above and below the point where uncon- 

formability would be seen in the layers, if the sandstone below the 

Lower Magnesian limestone 1s composed of two formations, as has 

been suggested by several writers. In descending order: 
feet. 

-o. Buf to brown sandstone. Rather heavy bedded, but becoming thin above and 

below. ‘Trilobites are very abundant in the heavy beds. The following 

species have been determined: Conocephalites calymenoides, n. sp., ©. 

Sp.? Agraulos (Bathyurus?) Woostert ..+ecceserserseccreccerceeces 12 

n. Thin bedded shaly layers ....-.eseeeseeeeseececerer steers errercreccnces 15 

/m. Shaly layers becoming samewhat heavy below. The rock is a fine grained, 

buff to reddish sandstone; some of the layers are much stained with iron. 

Specimens of Lingulepis pinniformis were found in the upper layers .... 7 

1. Similar to m. above. A few fragments of Lingulepis pinniformis were seen. 

The lower layers contain some very peculiar concretions. These are len- 

ticular in shape, with a diameter (greatest) of from one to two feet. The 

concretions are composed of nearly pure quartz sand, and the grains are 

transparent to translucent, and closely compacted. ....-.-+++++-+eeeeeee 13 

k. Light buff sandstone, with layers one to two feet in thickness. Some of the | 

lower layers are traversed vertically by very minute, hair-like tubes, four 

inches and more in length. 

The rock is coarser than any of the layers above, and is not quite so compact. . 15 

j. Not exposed occ. cccseceseceec eens cere eneeenee ene eer er seteeee ei eeaes 95 

i. Loose sandstone, light buff in color... .sceeee sere ere e eee cere eeee nese D 

h. Heavy-bedded, coarse grained sandstone, discolored with iron. The grains 

vary from one-third of an inch to less in diameter, and are quite closely ce- 

mented together. .....ccc cece eee cence eee e eect ee een eee sen ere etes a 

g. Thin bedded, white to reddish, and coarse to fine sandstone. Loose above but 

more compact below... .ceceeccee cree eee ee eee e teens se eneee cress 4 

f. Loose to compact, bluish white, argillaceous sandstOn€..ersee ec receeeecess 5 

e. Buff sandstone stained with iron, similar to f. in texture....---eeereeeerees 3 

d. The layers are buff to reddish and white ia color, and fine to coarse in texture i) 

€. Bluish argillaceous layers.....---+seeeeer seer cece retest nee ease teen re ees 2 

». Coarse tofine grained sandstone. The rock is somewhat friable, but it pre- 

sents a hard crust where long exposed. The surface is brown from the 

. presence of iron, but the rock is buf to reddish within. .......es.+eseeee 18
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; eet. 
a.’ These layers contain a much greater percentage of coarse material than b. 

Many of the component grains, or more properly pebbles, show a diameter 
of one-half an inch. The colors are dark from the presence of iron, and 

mica scales are abundant........ ccc cece cece eee cence ects seen eereeee 20 

a. Coarse grit, shown on the Kau Claire river. Numerous worm-holes in several 

238 

The above layers showed no effervescence when tested with acid. 

Scales of mica glistened in nearly every layer. As a whole the rock 
from a to h is brownish red, and cross lamination is a marked fea- 

ture. From k too lighter colors predominate. Layers containing the 

peculiar hair-like tubes were found exposed at the Dalles and also in 
the vicinity of the Kau Claire Trilobite beds. The layers and fossils 

above these beds are quite similar in the two localities, and hence it 
| is believed that they occupy the same horizon. If this be true, the | 

dip between the two exposures is fourteen feet per mile S. S. W. 
(This is the average dip of the formation.) If the dip continues the 
same to Chippewa Falls, the topmost layers of section IV lie ten to 
twenty feet below the base of section III. 

Section IV, Chippewa Falls. The layers of this section were seen 

in two exposures about one mile apart. From the nearly horizontal 

position of the layers, and from the comparative elevation of the two 
outcrops, they are united into one section as below. 

I’'rom top to base the beds are as follows: 

f. Coarse, dark, ferruginous sandstone. 

e. Shaly layer with many quartz pebbles and scales of mica. 
d. Dark red, ferruginous sandstone. The layer is made up of fine and coarse quartz- 

grains; and is sufficiently indurated to be used for building purposes. 
¢. Sunilar to d, but lighter colored. 

b. Similar to d, butcoarser. Many of the pebbles measure one-half an inch in diam- 
eter. 

The above layers have a total thickness of 8 feet. . 
a. lixhibits the cross lamination of the lower sandstones. The colors vary from red to 

buff. The bedding is rather heavy, and the rock is sufficiently persistent and fine 
grained to be quarried. The exposure measures 20 feet. 

The layers marked a were found exposed on Dunean creek, north 
of the city, and b to f were seen near the depot. . 

Lhe bottom of the former quarry is fifteen feet above the granite 
exposed below on the same creek, while the latter outcrop is about 
fifty feet above the granite at the falls on the Chippewa river. 

With a few exceptions, the layers described in these four sections 

may be regarded as typical of the layers of the Potsdam sandstone 
occupying the same horizons in Northwestern Wisconsin.
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For convenience of reference, the location of each of these sections 

will be repeated here: 

Section I covers the layers exposed at Hudson, seventy miles west : 

‘ southwest of the Archeean areas, and near the western limit of the 

Potsdam sandstone surface area, 
Section II gives the character of the sandstone at Menomonee, on 

the Red Cedar (or Menomonie) river, forty miles east of IIudson. 

Section III was obtained near Eau Claire, on the Chippewa river, 

oe ano news Sias Dower AbLawl yas a- 

AG a rea, and about twen- 
ty miles east south- 

— WEEE SS east of Menomonee. 
LV) The layers of sand- 

Y WWW ee YU DYWYIY) — — in 
————— = Section are ex- 
ae j posed in the banks 

SSS =e river an unean 

: SS ereek, where these 
SS = — 
Snowme Cnoss-LAMis ATION IN THE PorsDaM SANDSTONE ON streams have cut 

Duncan Cruxk, Curppewa Fauis. through the Pots- 

dam sandstone to the granite below. This section is located about ~ 

nine miles north of the exposures covered by Section III. 
It is not to be expected that these sections are true for all the locali- 

ties mentioned below; but it is believed that they give all the more 

important characteristics. 
Nos. III and IV illustrate the layers exposed in Chippewa and 

Eau Claire counties and eastern Dunn; Nos. IT and III, the layers 
exposed in middle Dunn, Pepin, northern Buffalo and northern Trem- 

pealeau counties; and Nos. I and II, the layers in western Dunn, 

central Buffalo and southern Trempealeau counties, and No. I illus- 

trates the layers in St. Croix and Pierce counties, and those portions 

in the other counties contiguous to Lower Magnesian limestone areas. 

’ The position of all the exposures from which sections were made, 

may be seen at a glance by referring to Plate IIT. 

At Somersett (Sec. 3, T. 30, R. 19 W.), ten miles northeast of Hud- 

son, are several exposures which are important from the fact that they 

are situated upon the summit of the Hudson anticlinal, thus fixing its 

trend. 
The exposures, combined to form 

Section V, Somersett, are located near the north line of section 3,
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one mile below, and in a bluff one-half a mile west of the second out- 
crop. In the section, g and h are from the last. 

mid Feet. 
h. Mostly turfed over, but near the top of the bluff are uniform thin bedded lay- 

ers of sandstone somewhat ferruginous; midway a highly ferruginous sand- 

stone is exposed; and near the base an outcrop shows numerous concre- 

tions, one to four inches in diameter, highly charged with iron .. ..-.... 87 

BH. Utter posed seca cnccaihs gaanldialara oe Sabian eiclguematysldgenis Beene ael Ogee 34 

f. Heavy bedded brown sandstone used for building purposes. Some green ma- 

terial in the lower Portions... sis/0 seek s0 i. co Mieeebeage yviae diene sopeics 15 
e. Thin bedded light buff sandstone with limestone weathering. Greensand 

quite abundant above. Near the base are several layers containing trilo- 
bites. Ptychaspis (Sp. undet.); Conocephalites Bryon ......c0cceceveee 25 

d. Buff rock with layers containing greensand interstratified................05 10 
ce. Thin bedded sandstone, dark to light green in color, as the greensand is more 

ov less abundant... soc cee cpa erence seintesaeaick ese tiave scented dacs 10 

b. Partially hidden, but showing in places much green material.............4 15 
a. Dark green layers containing greensand..........cesccecscereeeereeesees 5 

E 151 

The bed a is about two hundred and twenty feet above Lake Mich- 

igan, and by comparing the layers of Section V with those of Section 

I, it will be seen that the base of the Lower Magnesian limestone, if 
present, would have an elevation of nearly four hundred feet. 

Between Wilson and Knapp, thirty miles east of Hudson, along 

the West Wisconsin railway, are several exposures which show the 

lower two-thirds of the Lower Magnesian limestone, and nearly one 

hundred and fifty feet of the upper portion of the Potsdam sandstone, 

illustrating the transition from one formation to the other very finely. 
Owing to the distance between the euts, the absence of marked 

layers, and a heavy down grade in the opposite direction from the 

dip, some difficulty was experienced in uniting the exposures of the 
Potsdam sandstone into one section. : 

Section VI, Wilson. 
From the Lower Magnesian Limestone downward: 

f. Transitional buff layers. Some of the upper are cross laminated, and several eet, 
are quite fragmental, the angular pieces being light and dark buff in col- 
or. Most of the layers show a brisk effervescence........se.eeeseeercee 15 

e. The layers of sandstone are white and buff, with small quantities of green- 
sand, and are frequently veined with iron ...........ccsecccevccevc cee 20 

d, Mostly white sandstone veined with iron as ine. A few layers of chert and 
limestone near thermiddle se.) 5. <4 /sis sist ss Canute eamleaeeenet ae... . 80 

ce. Intensely ferruginous, giving the exposure a deep brown appearance. The 
lamine are much contorted, and concentric.............2ceseeeceesc eee 20 

b. Brown above to white and buff below. The layers, like those above, are quite 
friable. One or two calcareous bands near the top .............6.2 eee 80 

a. Quite uniform layers of white sandstone; somewhat more compact than b.... 30 

° = 
145,
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At Lower Knapp the Lower Magnesian limestone caps the bluffs, 

but with few exceptions the Potsdam sandstone is unexposed. 

A well in the village shows greensand layers with trilobites 

(Ptychaspis granulosa) and brachiopods two hundred and twenty 

feet below the Lower Magnesian, indicating a greater thickness of 

the upper portion of the Potsdam than at Hudson. 

The remaining exposures of the Potsdam sandstone visited sup- 

ply no new features, except, perhaps, the outcrops on Gilbert creek 

and at Arcadia on Trempealean river. 

Along the south fork of Hay river the sandstones of Section I are 

well exposed, and at Roberts’ Store (Sec. 99,T. 31, R. 14 W.) Deeello- 

cephalus sp. and Ptychaspis minuta, sp. n., were found in greensand 

layers of the horizon of the ILudson Trilobite beds. 

Near the headquarters of Gilbert creek (Secs. 31 and 32, T. 28, Kt. 

14 W.), nine miles southwest of Menomonee, the upper calcareous 

layers of the Potsdam show unusual thickness. As there is likewise 

a fine exposure of the Lower Magnesian, the entire section 1s given. 

Section VII, Gilbert Creek. 
Feet. Inches. 

i. Heavy bedded, compact, dark gray, brecciated limestone, containing nu- 

merous cavities lined with quartz crystals. ......seeeeeeeerererees 22 6 

hh. Turfed. 02... eee ce cece eee cece eee ne cee eree nce eereteceresenees 3” 6 

g. Heavy bedded, brecciated limestone, about -....-eeereeceeerreeeeces 18 a 

f. Turfed, except the upper portion, where thin layers of sandstone and 

limestone alternate... ... ccc ee cece eee cr ee er eset rec eeersereses 20) oe 

e. Similar to d below, about ...... cere e were rece e eee eee eee ne eee eenes 20 os 

d. Friable, fine textured, reddish, yellow, buff, and white sandstone...... 16 . 

c. Not exposed, about.... 6. cs eee reece ener rere e reer est ee eee crr erences 20 . 

b. Not exposed, but is struck in wells where it is said to be limestone..... 12 we 

a. Exposed in Gilbert creek one-half a mile below. Has the bedding, jointed 

structure, and weathered appearance of limestone. Effervesces slow- 

ly. The colors are buff and red. Some of the lower layers are light 

buff with numerous red blotches... ..-.sescerecceeeeretreeeonces 8 . 

78 L. M. 
96 P, | 

174 ws 

This gives a thickness of about twelve feet for the calcareous lay- 

ers, and eighty-five feet for the sandstone above (Madison beds). This 

is about the thickness of the latter at Lower Knapp. | 

A bluff near Arcadia (8. E. corner of Glencoe, T. 21, h. 10 W.), 

nearly five hundred feet in height, exposed at intervais on its slope, 

numerous characteristic layers of the upper half of the Potsdam sand- 

stone, covering Sections I, II, and part of III. The elevations are 

the heights of the middle of the several exposures above the depot at 

Arcadia.
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Section VITT, Arcadia. Feet. Inches. 

i. At 493 are two layers of white sandstone, two feet apart. Total.... 5 6 
h. At 442 are shaly, calcareous layers of sandstone..........seeeeeeees 2 ee 
g. At 436 is a ferruginous sandstone. <A layer at the base is a reddish 

brown quartzite ..... cece ccc cece cece cece ce ceececceees 6 oe 
f. Orange-colored sandstone at 420, with a thickness of ............0. 15 oe 
e. At 354 are several layers, which have the weathered appearance of 

limestone: Cream-colored rock, with a slow effervescence, five feet; 

yellow sandstone, one and one-half feet; conglomerate, three and oe 

one-half feet; thin bedded, uniform layers, with a brisk efferves- 

cence, three feet. Total... ... ccc cece cc cee een e cee ecccecs 13 ee 

d. At 324: Thin bedded buff sandstone, two feet; one layer of dark oe 

green material, one-tenth foot; buff sandstone, with greensand in- 

terstratified, two feet; heavy bedded dark buff sandstone, two feet. . 
Total. ce cs cc ecee ceerec eer cece ee sebeeeceusseucecseeeeeas 6 1 

c. Buff sandstone at 145........ 0. ccc cece cece enc ncnce ceeecces 4, : 
b. Exposed at Kttrick (Sec. 30, T. 20, R. 7 W.), thirteen miles southwest wee 

of Arcadia. The same, if exposed at Arcadia, would have an eleva- 

oe tion of ninety feet above the depot. Buff and brown medium bed- 
ded sandstone, with the following trilobites: Conocephalites caly- | we 
menoides, n. Sp., C. Lowensis, C. Minor, C. (Crepicephalus) Wis- 

consinensis, C. n. sp., Crepicephalus onustus. n. sp., Ptychaspis | 

granulosa, and Agraclos (Bathyurus?) Woosteri, n. sp ......00. 10 oe 
a. Heavy dark brown layers of friable sandstone, containing Obolella po- 

lita, and Conocephalites lowensis. Elevation, 22.........ceese0. 4. - 

65 7 

The Lower Magnesian in the vicinity has an elevation of five hun- 
dred and twenty feet above the depot at Arcadia. The upper calea- 

reous layers (=a, Section VII, Gilbert Creek) are partially exposed 
at h, seventy-eight feet below the Lower Magnesian. 

The lower calcareous layers, with the greensand (= Hudson trilobite 

beds), are exposed at d, and e, one hundred and eighty feet (av.) below. 
The upper layers of Section IIT (Hau Claire trilobite beds), and the 

lower of Section IL (Menomonie), are evidently comprehended in b 
and a, indicating a greater gap between II and III than was supposed. 

Had there been a little more time at our disposal, the missing 
members of the series of layers from the Archean to the Lower Mag: 

nesian limestone might all have been supplied; but it may be ques- 
tioned whether new or important data would have been obtained, as 

the sections made in the contiguous districts must cover the unde- 
scribed strata. 

D. Uses. Everywhere there is sufficient quartzose sand for all the 

purposes for which it may be used, but good building stone from the 
Potsdam is not common. | | 

The layers used for that purpose are: those exposed in Section IV; 

in the lower half of Section III; in the lowest subdivision of Section
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II; and in the subdivisions below and above the Hudson Trilobite 

beds in Sections I and V. 

These layers are much used in Chippewa Falls and Menomonee, 

especially in the former, where buildings constructed of sandstone 

have stood several years, the stone being harder than when first put 

into the walls. 

In 1876, the sandstone sold readily for nine and one-half and ten ~ 

dollars per cord, delivered. 

At Menomonie, the stone is more uniform in color and seems equal- 

ly durable, becoming more indurated with age. 

Fortunately, in St. Croix county, the presence of good limestone 

compensates for the absence of the more compact sandstones; though 

several layers of the latter are used for foundation walls, with good 

results. | 

III. Ton Lower Macnyesrtan Limestone. 

Resting upon the Potsdam sandstone and carrying upon its upper 

surface the St. Peters sandstone, this formation marks at least two 

more or less abrupt changes in the level of the northwest. 

The large amount of lime (carbonate of lime and magnesia, and car- 

honate of lime) in some portions of the Potsdam, was a prophecy of 

he nearly pure dolomite that was to follow; but geologists have long 

seen in doubt as to the source of the material and the method of de- 

sosition in this succeeding formation. 

In most cases where a limestone is believed to be composed of fine- 

ly comminuted shells and corals, the fact is indicated by fragments 

| of these; but in this formation none were discovered, except in the 

middle and upper layers. Some have supposed the limestone to be a 

precipitate from the waters of the ocean, but this hypothesis, it seems 

to me, has far less support from the formation itself. The great abun- 

dance of carbon di-oxide, both in air and water, the fact that the 

rock is a carbonate and not another salt, the consequent necessity for 

exposure to the air that the same may remove the excess of carbon 

di-oxide from the water, all present difficulties more serious than the 

- single one of paucity of animal remains. Limestones of unquestioned 

organic origin, just as compact and just as free from organic remains 

are being laid down in modern seas. Evidence of an oscillating bed, 

unequal deposition, and a stormy ocean are very apparent in this 

limestone in St. Croix county. 

The first layer above the Potsdam sandstone is usually massive, 

irregular, and brecciated. In the middle and upper portions of the 

formation numerous “mounds” occur, varying in diameter from two :
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feet toas many rods. (See Fig. 3.) In the upper portion are a few 

layers that are quite conglomeritic. About one hundred feet from 
the base are found, in several localities, a few inches of white quartz- 

oze sand. ‘This layer probably represents in Wisconsin the horizon of | 
the Jordan sandstone of Minnesota. There may have been a slow ele- 

vation during which sand was deposited, and as the land emerged from 
the water, the waves and surface waters may have carried the loose 
sand down the valley and redeposited it in central Minnesota. Then 
the ocean may have advanced till sufficient depth was attained for the 
renewal of the deposition of first a thin layer of standstone (exvept 
in hollows favorably situated, where several feet were laid down and 

retained), then numerous horizontal layers of limestone quite uniform 

in texture and structure. 
Lastly, all the fossils obtained, except those from the upper or New 

Richmond beds, were found imbedded in masses of chert. This would 

Fre. 3. 
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indicate that the fossil shells were protected from destroying agencies 
by the more enduring qualities of chert, given to the fossils and sur- 
rounding rock by silicious waters. | 

The fossil remains of animals now found in the rocks are evidently 
but a small remnant of the life that existed when the layers were be 

ing deposited. Not only were the shells and corals broken and ground 
by the waves, and thus destroyed, but many that then escaped were 
afterwards dissolved by water soaking through the calcareous mud 
before induration, and thus have also left no trace of their existence 
other than the carbonate of lime of which their skeletons were com- 
posed. 

A. Composition. The Lower Magnesian limestone is a dolomite 

with a varying amount of arenaceous and argillaceous material. The 
proportion of greensand is very small. 

In the lower half of the formation the numerous cavities are fre- 

quently lined with crystals of quartz; in the upper, lenticular and
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irregular masses of chert, and a few layers of silicious odlite char- 

acterize the formation in many localities; and about eighty feet from 

the top a varying amount of quartzose sand is interstratitied. 

Clay, when present, is in the form of thin seams, or is distributed 

uniformly through the limestone, rarely giving it a schistose struc- 

ture. 

B. Thickness. Few localities in the district expose the entire 

formation. 

“Atand near Willow River Falls, the thickness is one hundred and 

eighty-five feet. On Lake St. Croix, near the mouth of Kinnickinnick 

river, one hundred and fifty-two feet of the formation is shown. 

This, after allowing for denudation above and non-exposure below, 

would indicate about the same thickness as on Willow river. 

Description of Layers. Few features of this limestone are con- 

stant, and no two sections agree except in the more general characters. 

Above, the formation presents medium, even beds, fossiliferous lay- 

ers often curved or arched, and frequently a rough, “rotten” surface 

on weathering. 

Below, the limestone is usually heavy bedded or massive, and in 

ledges it presents an irregular, cavernous face. But in several expos- 

ures whose horizon is unquestionable, these characters, except the 

last, fail entirely. This was undoubtedly occasioned by local influen- 

ces, for the massive features soon recur. | 

The exposures at Willow River Falls and vicinity may be taken as - 

the type of all. These exposures are six to nine miles northeast of 

Hudson. 

Section IX, Willow River. 
In descending order: , Feet. In. 

j. Brown to yellow and white sandstone. Friable, except where cemented 

by iron. These are the lower layers of St. Peters sandstone.....-- 20 os 

i. Thin layers of ferruginous sandstone and limestone alternate at the top. 

The transitional layers become more heavy bedded below. At the 

base odlitic layers and coarse granular beds containing gasteropods 

are exposed. Locally the rock is quite conglomeritic......-+..++- 10 ee 

h. Buff to fawn colored limestone. Many layers are either oblitic or po- 

yous. The heavy beds above graduate into thin, compact layers 

below ccececececceceeeceeeeee seeeeeeeeeeerereeeecre ereeeeee 20 oe 

x. Buff, granular, crystaline to compact layers containing gasteropods... . 15 oe 

f. Fawn colors predominate. The rock is a very compact, thin bedded 

limestone; in part slightly silicious, and in part a nearly pure dolo- 

Qimilar to f, except that many of the layers are quite heavy bedded, 

are more brecciated and porous, and show numerous layers of chert. 

Along the left bank of Willow river these layers form a succession _ 

| of arches. One measured four rods between lowest points, and had 

| an elevation of five feet. Beneath these arches the rock is imper-
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fectly stratified, and is oftan very irregular and fragmental, with eet. Jn. 

traces of minute gasteropods. The right bank did not show arches 

to correspond, and hence it is believed that those exposed are sec- 
tions Of mOUNCS ....66 cece ee eee were ence were cerns cet eee erence 30) we 

d. Heavy buff beds, showing between several layers numerous cavities, ap- 

parently produced by the removal of brecciated masses two and : 
three feet in diameter... . sec cc ccc e cece sce c cece cece woes ee eeces 20 os 

c. Heavy beds, somewhat regular and uniform ..........60 eee eee ee 30 ws 

b. Similar to d, but more massive, showing few lines of stratification. 

The rock is fine in texture, and gray to light and dark buffin color. 20 ws 

Q. Not exposed. ..ssscccccscsccccccccsccecsesescesecsesensos soveece 1-15 we 

180 to 185 ft. limestone, 25 ft. sandstone. 

The mounds mentioned under e seem to have been produced by un- 

equal deposition, which left the calcareous material in irregular, 

nearly unstratified hillocks. Some of the layers thin out as they ap- 
proach the mounds, while others are lost in reaching them, becoming 

irregular and ill-defined. Above, the layers arch over, retaining their 

normal thickness (Fig. 3). 
The space a covers the estimated distance to the Potsdam below. 

This entire section is derived from a series of exposures from the falls 

_ to Big Mound. 

| At Mt. Hellen, midway, the uppermost layers are shown near the 
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base, the remainder of the slope being occupied by St. Peters sand- 

stone and Trenton limestone. The same, likewise, is true of the Big 

Mound. The transitional layers are best exposed near the north line 
of Sec. 1, T. 29, R. 19 W., on Willow river. ) 

In the bank of Willow river, at New Richmond, the odlitie layers | 

are well shown; and at Jewett’s Mills (Sec. 4, T. 20, R. 17, W.), curv- 

ing lines of stratification, with several conical elevations, are exposed,
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about sixty feet below the line of junction. (See Fig. 4.) This would 

place the arching layers near Mt. Hellen and Jewett’s Mills at about 

the same distance from the sandstone above. Midway, and at the 

same horizon, sandstone was penetrated in sinking three wells in Sec. 

23, T. 80, R. 18 W. 

This information was obtained from Mr. Straight, owner of well 

No. 1: 
(1.) (2.) (3.) 

To rocks.cccce. cee coccececcecececceces Qo ft, (about) 15 ft. 10 ft. 

In limestone.......cccccecceececceecsctees 29 ft, (about) 15 ft. & ft.! 

In sandstone....scceccececcccceecseeseees 7 ft. (about) 15 ft. 12 ft. 

On visiting well No. 1, the material thrown from the well was found 

to consist of white and yellow sandstone and fragments of odlitic lime- 

stone. This sandstone must oceupy a pocket, as other wells in the 

neighborhood do not strike it. The presence of thin layers of sand- 

stone at the same horizon in other portions of the district, and the 

character and thickness of the limestone above and below, indicate 

that in this sandstone we have the eastern equivalent of the Jordan 

sandstone of Minnesota. | 

On Apple river near Star Prairie (Sec. 1, T. 31, R. 18 W.), twenty 

miles north northwest of Hudson, the lower layers are again exposed. 

A section of the same will be given, as the rock shows an unusual 

amount of greensand, and is well exposed. 

Section X, Star Prairie. | eet 

g. Coarse, brecciated, non-uniform limestone. Much green material near the top, 15 

f. Compact, dark gray, angular limestone. Lower portion thin bedded with 

ereensand between the layers and in CAVILICS . ee cee coerce eet w ee eeene 10 

e. Compact, heavy beds below, with green particles uniformly distributed .....- 10 

d. Medium beds composed of wave-like lamin. Dark gray, compact to cherty, oD 

c. Heavy layers with one containing hummock-like elevations five feet from the 

b. Coarse, crystalline limestone, dark buff to gray..-++++eeeeeereee este se cesses 10 

a, Alternating layers of limestone and sandstone. ‘The upper layers of limestone 

are somewhat regular, but the lower ones are very irregular,— hummocky. 

The middle layer of sandstone is argillaceous and friable, while the lower 

one is composed of coarse sand, and is of medium hardness. The colors 

are buff to reddish yellow. ...-.+ese cere cence cee ee ee ceeeees cere ceaces 10 

40 

At Rose lake-(Sec. 18, T. 31, Rh. 17 W.) is an exposure of massive 

or heavy-bedded limestone, at the same horizon as b, section X. Three 

and one-half miles east of Hudson, the wpper layers of the formation 

are shown in a continuous ridge, at an elevation of three hundred 

1'Thin, slaty limestone.
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feet. This ridge trends to the southwest, and reaches Lake St. Croix 
at Catfish point, where the dase of the formation is shown at an eleva- 
tion of two hundred and eighty feet. These layers pass beneath the 
surface of the luke near the mouth of Kinnickinnick river. Along 
the Kinnickinnick, the entire formation is shown, but it presents no 
new features, except a layer of white sand about one hundred feet 
above the Potsdam. 

At Sec. 11, T. 28, R. 18 W., the following fossils were found in the 
horizontal layers near the upper line of junction: Straparollus ? n. 
sp., Lucania ? sp. ? (strongly trilobed), Leperditia, sp. undescribed. 

These layers seem to have been partially removed in central and 
eastern St. Croix county, as water is struck in sinking wells, after 

_ penetrating the limestone fifteen to twenty feet, or after reaching 
the horizon of the New Richmond sandstone. Jurthermore, the 

transition to the sandstone above, instead of being gradual as Willow 
river, is quite abrupt, being uniformly marked by two to three feet 
of angular chert. 

Near Wilson, on the West Wisconsin railroad, the cherty layers 

are well exposed, and the section will be given, as masses of chert are 

a prominent feature of the drift from this point southeastward. 
Section XI, Wilson, | | 

e. These layers are compact; fine grained at the top, and crystalline at the mid- Feet. 

dle and base. Many cavities in the lower portion are lined with quartz 

crystals. Interstratified masses of chert are abundant. The limestone : 

effervesces readily ..... ccc cee cece cc cee cece tere ees ee sce eteeeeseeceese 38 

d. Similar to e, but more heavy bedded. The rock has the appearance of a sili- 
cious limestone, but acids show it to be a nearly pure dolomite......... 30 

c. Heavy beds, quite regular and free from chert. The rock is granular, crystal- 

line in texture, and is an unusually pure dolomite in composition......... 14 

b. Irregular, brecciated limestone. Locally all lines of stratification (lisappear, 

and the rock becomes cavernous. Some of the excavations are two and 

three feet in diameter. At the base the rock becomes more regular, and 

thin beds of sandstone are interstratified........... 0.0. e 8 cece eee eee 8 

a. Transitional buff layers. Some of the upper are cross laminated, and several | 
re brecclated... cece cece cece eee n cece nee e cece cece nese eeee ert eteeees 5 

| 95 

East of Wilson the lower layers of the Lower Magnesian limestone 
cap many of the bluffs and ridges, and south and southwest, expo- 
sures are numerous, but all are quite similar to the limestone at 

Wilson. | 
Uses. At all points, this limestone is well adapted for use in piers, 

walls of buildings, and other masonry; but, few of the layers burn 
successfully to lime. The lower layers seem best adapted to the lat- 
ter purpose.
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At Wilson, four to five thousand barrels of lime per year were burnt 

from the stratum e, Section XI. One cord of wood was used to: 

twenty barrels of lime. Mortar from this lime is dark but durable. 

Other layers are used, but with comparatively unsatisfactory results. 

All the kilns visited were burning stone from the same horizon as @, 

Section XJ, thongh these layers are not equally valuable for cement 

at the different localities. 

| TV. Sr. Perers Sanpsronr. 

This formation rests upon the Lower Magnesian limestone, and in 

the southern part of the district is capped by a few feet of Trenton 

limestone. The lower layers of this sandstone have been described in 

Section IX, but at points further east, the transition from the Lower 

Magnesian does not seem to have been so gradual. In sinking wells 

in central St. Croix county, from two to three feet of brecciated, 

cherty limestone is struck at the line of Junction. At about the same 

horizon in north-central St. Croix, layers of the kaolin are struck in 

wells after penetrating a greenish or chalky-white sandstone. Above 

these lower layers, the sandstone is composed of quartzose grains but 

slightly indurated. 

At five or six points in St. Croix and Pierce counties, where the 

thickness could be measured, the same was found to vary little 

from one hundred and twenty-five feet, indicating a greater uniform- 

ity than in Eastern Wisconsin. : 

The color of the sandstone varies from red, buff, and yellow, to 

: white; the last color being more characteristic of the upper portion. 

Few traces of bedding are discernible, the rock being fissured in 

all directions. 

Just beneath the Trenton limestone, the sandstone frequently 

stands out from the slope of bluffs in vertical walls and columns; but 

usually the stone is too friable to stand above the surface, and can be 

studied to advancage only in railroad cuts and river banks. 

The uniform size of the grains of quartz which compose them, and 

their freedom from impurities, make most of the layers of this sand- 

stone very valuable to the mason for use in mortar, and would make 

them valuable to glass and fire-brick manufacturers were such estab- 

lishments in operation. | 

No fossil remains were discovered. 

| V. Trenron LIMESTONE. 

| Capping the St. Peters sandstone are ustially ten to fifteen feet (sel- 

dom more) of buff colored, thin bedded, fossiliferous limestone, with 

Vou. [V.— 9
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frequently two to three feet of blue shale at the top. The limestone 
holds many species of brachiopods, gasteropods and cephalopods, 
while the shale contains crinoid stems and an abundance of corals 
and brachiopods. 

As the quarries are worked back from the surface, the rock is less 
subdivided into layers, and a stone more suitable for ordinary mason- 
ry may be obtained. Frost and air, however, if allowed free access, 
are liable to subdivide the stone, as in the case of long exposed out- 

: crops; though not enough to seriously impair its value. 
The lower layers of this limestone are not usually burnt for lime, 

though they are thus treated at localities far removed from a purer 
Iimestone. It has been found that this stone burns best at a low tem- 
perature, on account of the impurities present.
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CHAPTER ITI. 

QUATERNARY FORMATIONS. 

Surrace F'ratures. 

D. Topography. The formations of the Glacial, Champlain and 

Recent periods, will be considered in connection with the topography 

and soils of the region, as nearly all the surface features were evolved 

during the progress of these periods, and a discussion of their origin 

involves a history of the agencies at work during the progress of these 

periods. 

| The district inspected, comprising ranges X to XIX W., and town- 

ships 26 to 81, inclusive, is divided into two sub-basins tributary to 

the Mississippi, viz., S¢. Crowe River Basin and Chippewa Lewwer 

Basin. In the south-central portion, however, is a region from which 

the waters empty directly into the Mississippi river; but the princi- 

pal features of this valley are similar to those of the St. Croix River 

Basin, and will be classed with its subdivisions. 

St. Croix River Basin. As Apple, Willow, Kinnickinnick and 

Rush rivers are the principal channels by which the waters of this 

basin are carried to the St. Croix and Mississippi rivers, the valleys 

of these streams will constitute its principal subdivisions. 

| By referring to the map it will be seen that all the valleys except 

that of Rush river, trend southwesterly. This is what would be ex- 

pected from the nature and general dip of the rock formations be- 

» neath. 

Numerous rapids mark the several streams, indicating the rapid 

descent of their valleys to join those of the St. Croix and Mississippi 

rivers. Their high and oftentimes rocky banks offer fine opportunt- 

ties for studying the several formations. Aside from the beds of the 

several streams, the valleys present few features in common. 

After crossing the county line, Apple river takes its way to the St. 

Croix through a rough, bluffy country. 
Willow river, after flowing for a time through an elevated timbered 

region, has fashioned its valley, from New Richmond to Hudson, in 

the prairies and plains through which it takes its course.
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The Kinnickinnick makes for itself a broad valley in south-centra, 

St. Croix county, in the rolling prairie of that region; bunt at River 

Falls it abruptly sinks below the surface and reaches the St. Croix 

river through a gorge, whose perpendicular walls of limestone are 
nearly one hundred feet in height. 

itush river has an uncertain beginning in the central portion of St. 
Croix county, and flows through prairie and lowland till it enters 
Pierce county. From this point it takes its course through a region, 

broken and bluffy by reason of the numerous tributary valleys, eroded 

by the several streams which join the river in this part of its course. 

These, in brief, are the more important surface features of the sub- 

divisions of St. Croix Basin; other characters will be mentioned in 
| discussing the origin of these features. | 

It is evident that the rivers and lakes, as they now exist, could not 
have fashioned the valleys, hills, ravines, ridges and prairies, nor can 

all be accounted for by showing that a far heavier body of water once 
. occupied the river courses and lake beds. Valleys have been eroded 

in the solid rock, afterwards filled by sand, clay and gravel, and these 

in turn have been cut to the depth of one hundred feet and more by 

rivers and creeks, making valleys nearly as deep but much narrower 
than the first. Prairie and woodland alternate throughout the basin. 
Numerous bluffs show at their summits rounded erraties, three and 

| four feet in diameter, evidently from regions far to the north. The 

banks of the larger rivers expose similar bowlders. From IIudson to 

Kau Claire, bowlders and pebbles of granite, diabase and quartzite, 

are very abundant in gravel knolls, and in the above positions. The 

northwestern portion of St. Croix county is covered by a heavy de- 
posit of drift, in which kettle holes are a common feature. 

There is no known agency through which much of the above could 
have been accomplished or rendered possible except that of ice in 
motion. : 

The Geologist in Chief has shown, in Volume II, that there were at 

least two ice movements from the north and northeast during the 

Glacial period, in Eastern Wisconsin. It is probable that Northwest- 

ern Wisconsin was visited by arms of these glaciers, the ice moving 

southward by the way of the western end of Lake Superior. Glacial 
drift, however, compared with that of Eastern Wisconsin, is very light; 

subsequent denuding, burying, and eroding processes having removed 

most of it from the hilltops, except the larger erratics, concealed it in 
the valleys, plains, and prairies, and brought it to view from beneath 

in the banks of rivers. 
A partial exception to this is found in the broken surface, the heavy
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deposit of drift, and the numerous kettle-holes, forty to sixty feet in 

depth, in the northwestern portion of St. Croix county, the leveling 

process not having been completed in that region. 

These probably mark the course of an ancient moraine. A series 

of morainal deposits is said to be continuous with it in the adjacent 

district. No instance of planing and striating of rock surfaces was 

discovered in the entire district. 

Preglacial river valleys must have existed for untold ages previous 

to the Glacial period, and were consequently very broad and deep. | 

- The glacier, in its slow movement southwards, would level the eleva- 

tions and leave much of the material in these valleys when the move- 

ment ceased. Many of the old water-courses being thus filled with 

drift, the streams would be compelled to seek new channels for a por- 

tion of their course at least. 

~ This seems to have been true of River St. Croix. It is difficult to 

believe that preglacial waters with the later ice eroded or even outlined 

the present narrow valley of the river north of Stillwater, but at Hud- 

son the same objection does not exist; the bordering ledges of rock 

being two and three miles apart. To the northward of Hudson a 

broad valley flanked by bluffs extends as far aseye can reach. (This 

valley was observed from the high terrace in the rear of Lakeland, op- 

posite Hudson.) A similar valley was crossed by our party near the | 

north line of the county, which, having about the same course, may 

be continuous with it. 

The nature of the rock formation beneath also gives strength to the 

supposition that this may have been the ancient valley of the St. Croix 

river, this being the course of a narrow belt of sandstone in the midst 

of a limestone area. The question is a very interesting one, and is 

well worthy the attention of the future investigator. 

It is possible that, in the above, we have the reason indicated for 

the abrupt change in the course of some of the other rivers of St. 

Croix county in the region occupied by the ancient moraine. 

During the Champlain and Recent periods, the heaps of pulverized 

| rock and rock fragments, left by the melting ice, were first leveled by 

lakes and broad, sluggish rivers, and then cut into valleys and ter- 

races by the latter, as increasing elevation at the north moved their 

waters more rapidly to the southward. But, like the change from 

spring to summer, no sharp dividing line exists between the work of 

these later periods. Characteristic features alone admit of presenta- 

tion. 

The ridges, bluffs and tablelands, rock-ribbed to the summit, sim- 

ply stand as so many monuments, to tell the geologist of their escape
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from deStructive agencies which, in times past, carved the valleys and 

plains out of the solid strata of rock that then covered the face of the 
eountry. The work of these periods, then, must be studied in the 
valleys and plains. 

- We commenced our field work at Hudson. Ascending the high 

bluff in the rear of the city and facing to the southwest, one is struck 
by the unmistakable evidence of terracing which he beholds upon the 
Minnesota shore of Lake St. Croix. There are at least two principal 
terraces, with as many minor ones. The first principal terrace rises 

about seventy feet above the lake, is quite level, and is covered by a 
scanty growth of vegetation. The soil is a sandy loam with an abund- 

ance of pebbles, rounded and water worn. The agency of water is 

here unmistakable. The minor terraces come next, and serve as steps 

to the second principal terrace, two hundred feet above the St. Croix. 

The slope of this terrace is quite precipitous, and the cause is seen in 
the sandstone which crops out at the summit. The surface is much 
eut and broken by water courses, but is otherwise quite level back to 
the hills which limit it in the distance. The first terrace can hardly 

be said to have a representative on the Wisconsin side of the lake, 
though the narrow strip between the bluff and the lake, oceupied by 
Hudson, may have become land at about the same time. The second 

. terrace, however, is well marked, and of large area. Commencing at 

Catfish Point (T. 28, R. 20 W., Sec. 24), it extends to Willow Falls, if 

not further. It is bounded on the right, for the first four miles, by 
a ridge of Lower Magnesian limestone, and the remainder of the way 

by broken sandhills. On the left, the bounding line leaves the St. 

Croix below Hudson, and, passing around [Hudson bluff, continues 
north to the falls. : 

Along the St. Croix, northward, the surface is much broken, leav- 

ing but few traces of the terrace in this direction. On this terrace, 
so far as was learned, the wells sunk even within a short distance of 
the limestone ridge mentioned above, were all in sand and very deep; 

no sandstone being struck except in the vicinity of the Hudson bluff. 

Southward, rounding the ridge at Catfish Point, we enter another 

level district, with about the same elevation. Here the Lower Mag- 
nesian limestone has passed beneath the surface, and zslands and 
ridges of St. Peters sandstone, capped with Trenton limestone, consti- 
tute the boundaries. Before the St. Croix had excavated its present 

channel, its waters must have covered both the valleys at River Falls 
and vicinity, and the terraces near Hudson. If the farmers east of 
Hudson bluff are right in saying that there is no rock within one 

hundred and sixty feet of the surface of the terrace, there must have
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been first an erosion, then a subsequent filling up of the valley, fol- 

lowed by another period of erosion, which outlined the terraces and 

gave the river its present channel. The Hudson bluff either occupied 
the eroded valley as an island, or, after the same was filled by drift, 

the lake-like river fashioned its principal channel in the sandstone 

along the western side, separating I[udson bluff from the main body 

of sandstone. 
By referring to the Map of Vegetation accompanying this report, 

it will be seen that the central portion of St. Croix county 1s occu- 

pied by an extensive prairie, nearly surrounding the Trenton lime- 

stone shown in the Geological Map of that county. The formations 

underlying this prairie are in part Lower Magnesian limestone, and 
in part St. Peters sandstone. Directly upon these rest beds of loose 
sand and gravel. The prairie terminates towards the east in [tush river 
valley, and towards the north in that of Willow river. In the vicin- 
ity of New Richmond, however, the prairie crosses the latter river 
and stretches northward in detached areas to the county line. The 

soil, the underlying sand and gravel, the absence of forests, the pre- 
cipitous slopes of bluffs and bordering ridges, together with the 
wooded summits, all speak of a time when these regions were under 

water. 

As we follow Rush and Kinnickinnick rivers southward, the conn- 

try is more broken. The level areas may have been built up and the 

bluffs worn away by the present streams, though at a time when they 

possessed a greater volume of water. 
The watershed between St. Croix and Chippewa basins is very 

readily traced through St. Croix county by referring to the map. It 

follows very nearly the middle of range 16 to the north line of town- 

ship 30, when it curves to the northeastward and passes out of the 

county. West of this line the surface is made up of level (or nearly 

so) plains with bounding hills, bluffs and ridges. 
At the east St. Croix county is well timbered, but at the west, be- 

tween Apple river and the St. Croix, the broken surface is scantily 

covered by shrubs and bushes. . 
Summary. Prof. Dana states, after a review of the drift phenomena 

of northern United States, that there must have been an upward oscil- 

lation at the north in the Glacial period, a downward oscillation in 

the Champlain period, and an upward one of moderate extent in the 

Recent period. | 

The first, with its southward ice movement, would plane down and 

refashion, to a large degree, the rocky floor of the St. Croix Basin, 

carrying the fragments to the south ward and leaving upon its surface,
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when the movement ceased, a mixed assortment of clay, sand, gravel, 
and bowlders, from northern latitudes. During the second period, 
numerous lakes must have occupied the depressions, and lake-like 
rivers, the valleys, and thus commenced the work of leveling the huge 
heaps left by the melting ice. The shores of Lake Superior are said 
to have been depressed 330 feet, and the Arctic region 1,000 feet. In 
the St. Croix district the rate of flow to the south in the rivers must 
have been very small in consequence. 

As the northern latitudes slowly increased in elevation, the waters. 
would continne to slowly accumulate in the drift valleys and sand- 
stone excavations, till the Lower Magnesian and Trenton limestone | 
barriers were surmounted and eroded at the south, when the rivers 

would readily mark out their present channels. In the meantime, 

the Potsdam and St. Peters sandstones and the drift hills and ridges 
would rapidly give up their store of sand and clay to the encroaching 
waves to assist the clay and sand from the north, to fill up and occupy 
the lake basins and river valleys. 

Then, as the Recent period progressed, the increasing elevation at 
the north would give increasing velocity to the waters, the several 
streams of the basin would accommodate themselves to narrower and 
narrower channels, and the beds of the rivers would sink lower and 
lower, leaving the old lake beds far above them, giving their present 
relationship. | 

This seems to be the history of St. Croix basin during the three 
periods mentioned above; and, in its essential portions, also, of Chip- 
pewa basin and the neighboring districts. Local histories vary with 
the surrounding rock formations, the nature and quantity of the 
drift, and the position, direction and dip of the valleys and ridges. 
The same grand march of events, but with infinite variations in the 
result. 
Chippewa River Basin. This basin extends from the Mississippi 

river nearly to Lake Superior, and is characterized in its southern 
half by wide areas of sand together with numerous sandstone ridges. 

: But a small portion of this basin is comprehended in my district, viz.: 
The valleys of Little Eau Galle, Red Cedar (or Menomonie) and trib- 
utaries, and that portion of the Chippewa valley between Chippewa 
Falls and Durand. 

The Little Hau Galle valley north of Brookville P. O. (Sec. 18, T. 
28, Kk. 15 W.) is broad and rolling, covered by a dense growth of 
timber; but south of this, while the high lands remain the same, the 
river soon cuts through the Lower Magnesian limestone into the un- 
derlying Potsdam sandstone and flows southward through a constant-



QUATERNARY FORMATIONS. 137 

ly widening valley of its own erosion, till both are merged into the 

Chippewa river and valley. 

The valley of the Red Cedar and tributaries includes nearly the 

whole of Dunn county, and, with the exception of the western portion, 

lies in the Potsdam sandstone. By referring to the Geological Map, 

it will be seen that the minor valleys from the west have their origin 

on the Lower Magnesian limestone, soon breaking down, however, in- 

to the sandstone, leaving high ridges and tablelands on either hand. 

The lower portion of these valleys, lying in a soft sand rock, was 

fashioned and determined, for the most part, by the successive stages 

of the stream which drains them. At least no direct evidence of other 

agencies was obtained. 

In the Chippewa valley, however, additional facts were obtained 

bearing upon the Champlain and Recent periods. It will be noticed 

that the Chippewa has its headwaters near Lake Superior. In many 

instances it derives its waters from the same section of land as the 

streams that flow into Bad river, and that deep indentation of the 

shores of Lake Superior, Chaquamegon Bay. Southward to Chip- 

-pewa Falls, the Chippewa flows for the most part over Archean rocks, 

but at the falls it leaves the granites, and thenceforward takes its 

course in the Potsdam sandstone. The surface features are similar 

to those that are found in all sandstone districts — highlands variously 

cut and denuded by the streams which drain them. 

: The terraces, which are so marked a feature in the southern por- 

tion of the course of the Chippewa river, will be considered first. | 

Fig. 0. 
: 80 

{* 60 

az «Q 

TERRACING NEAR PorTER’s Miuus 5 MILEs s0UTH OF Eat CLAIRE. 

| These terraces lie on one or both sides of the river from Chippewa 

Falls to Durand, to my personal knowledge, and vary greatly in their 

alevation above the bed of the stream. Two, three, and four may be 

counted at various portions of its course. On the west side of the 

river at Durand, the upper terrace lies about one hundred twenty- 

five feet above the river, and exposes at its brink nothing but loose 

sand. At Meridian, about midway between Durand and Kau Claire, 

we measured the terrace on the north side of the river, and found an 

elevation «f one hundred feet with sand at the brink as before. In 

both these cases the level surface stretched back to the timbered hills 

and higlila ads.
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Four or five miles north of Eau Claire, a terrace rises about ono 
hundred and forty feet above the Chippewa, and is limited by a ledge 
of sandstone which rises above it nearly two hundred feet. The ter- 
race is built up of sand and gravel for the last eighty feet, as shown 
by a well, and so is unquestionably a river or lake deposit. Between 
these three points, the terraces are just as marked, and the river or 

| lake action just as evident. The above were selected for the sake of 
brevity, as representatives of all. Then, as in the St. Croix basin, 
there was first a period of erosion, then one of deposition, and, lastly, 
one of erosion. 

The same influences, modified according to situation and elevation, 
gave the lowland and tableland, so marked on the lower Chippewa, 
and between the Chippewa and Black rivers. 

The entire Chippewa basin, in my district, sym pathized very deeply 
with the more immediate valleys of the larger streams, the only dif- 
ference being a less complete erosion and leveling of the sandstone, 
leaving, as a consequence, a more connected and crowded system of | 
blufis and ridges. But these, as well as the fluvial or lacustrine de- 
posits along the rivers, are being worn down slowly and surely to the 
level of the valleys and river beds below. The tributary streams are 
constantly lengthening their channels by entting back into and through 
the bluffs and ridges. The waters roll the sands down their chan- 
nels to the main stream, there to join the sands of the terraces in 
their slow journey toward the Gulf. Thus the topography of Chip- 
pewa basin is constantly changing, | 

The Potsdam sandstone offers little resistence to the elements, and 
the changes must continue so long as the waters continue to flow and 
a hill remains. 

ELEvATIons, 

The elevation above Lake Michigan of stations along the West 
and North Wisconsin railways is that given in the railroad surveys. 
The elevation of other points in the district above the same level wag | 
obtained from a series of aneroid observations. These elevations will 
be of service in determining geological horizons, and in making cal. 
culations for flow in sinking Artesian wells: 

For the elevation above the ocean, add 589 fect. 2 Feet. 
Baldwin, T. 29, R. 16 W. 

R. BR. station, Sec. 30 6... cee eee cece cece cee ececccecscceesees 5G0 
Woodville station, See. 35 0... cece ec ccc cece eceeee oe nececee 573 

1Mr. Jaines T. Gardner gives 589.15 feet as the mean of nine determinations of the height of Lake 
Michigan above mean tide of the ocean, and as this is undoubtedly a closer approximation to abso- 
lute accuracy than the height formerly given (578 feet), and adopted in the earlier work of this 
survey, it is here adopted in iicu of that. . TOC. |
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Cady, T. 28, R. 15 W. Feet. 

Cady B. O., Sec. 16... . cece cece c cece eer ee en ec eneweeees eocnenes 537 

Brookville, Sec. 18.0... cece cee ec cence cone cee eeee as eeerecens 510 

Eau Galle river, near Brookville. ......ccccecccorccceeccevcecse oe 449 

Chippewa Falls, T, 28, R. 8 W. 

BR. BR. station secccecceee  ceeuccvevccceeccccseceseersccsseserse GUL 

Duncan creek, 144 miles north of city. ..... 5. s ee ee eee e cece ee ee esees 276 

Cylon, T. 31, R. 16 W. = 

Eau Claire, T. 27, R. 9 W. 

R. R. station, Sac. 16... cece cece cece cece cere eee ee arses ecesees 266 

Terrace, Sec. 3(SevMOUr)....seeec cess cess cececeerceceeeceesesere Obl 

| Highland, Sec. 3 (Seymour). .... see. seeececcccereersccesecereres 520. 

Ellsworth, T. 26, R. 17 W. 

Soc. 18 (bluff)... .. cece cece cece crew er cc ns cece ee aseeereserseenses 020 

| Isabelle Creek, Sec. 17... 2. ccc cere ccc ce cece rene ese cesescseceeens 490 

Emerald, T. 30, R. 15 W. 

Fleming’s Mills, Sec. 19... .cesecceccccccccccccccsescccccssccvees 621 

Blew’s Mills, Sec. B4.......cccceccccsccccccessccreccsscosssssess 504 

Erin Prairie, T. 30, R. 17 W. 

Jewett’s Milly, Sec. 3...ccceescccveveveccasserereecscseesseerrers 454. 

Erin Center, Sec. 15...-.. ec cs cece rere cece cc cn ee enecncceereesseee 480 

Elk Mound, T. 28, R. 11 W. 

R. RB. station, Sec. 26.....ececeecceeeseceteeeneeeeeetesee ceseeee GOL 

Hudson, T. 29, R. 20 W. 

R. R. station, Sec. 24 .ccceccsccccccee cece ee coceceerenccssscene 123 

Lake St. Croix...cecceccccccceccccccccce secececcrecscessssesecs FQ 

Top of Hudson Bluff, Sec. 25......ceeseereeeerecesecevecercee oes 330 

Hudson, T. 29, R. 19 W. 

N. Wis Junction, Sec. 20......ceccee seorccccceecccccssuccecerens 295 

Hammond, T. 29, R. 17 W. 

| R. RB. station, Sec. 23..0. eee eeceee cee eee etecereeeeseeeeeereee OO 

| | a0, 22 cece cn cecccccceccccssctncecsscceecescsesscessetereseses OOO 

Soe, WG cccecccccee cecescccececscecsees sosssescesesces sosseee OLD 

Winnickinnick, T. 28, R. 18 W. 

Sec. 11 (junction of Lower Magnesian and St. Peters)...+seseeseeee OCU 

Lueas, T. 28, R. 14 W. 

Gilbert Creek, Sec. 82.......sccceeeeecceecc esses seeereccersceees 300 

Menomonee, T. 28, R. 18 W. 

. BR. BR. station... ...ccccccccc ccc cece sees e ecco er eeesasesesceneecens 306 

Sec, 26, KE. half .....cees cece cece ce enccenereceeseccercceresasees 290 | 

Reservoir, Sec. 27... sce cccccceesccceree sesseecencccressesserces ood 

Red Cedar (below dam)....--seessecscccnrccessccsecsseccssensess 200 

Martel, T. 27, R. 17 W. 

Soc, 25, GS. W. COMNEL. css eceeceeecccceeccrerenceeereesseseoeces 460 

Sec, 23, N. W. quarter.......secccscccccccrereceenecccceeesseees 400 

New Haven, T. 31, R. 14 W. a 

Sec, 22, S. W. quarter.....cecsecscccceeerecseesar cscs ecssecerae: 490 

River Falls, T. 27, R. 19 W. 

Sec, 1 (village)... .cscccecescereecececereserscreceescassccccecers 285 | 

Rock Falls, T. 26, R.11 W. | / 

See, 22 ccacacccccccceeecassceeersscssersesseseseeeeesesreessces 
186 -
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Red Cedar, Town 28, R. 12 W. Feet. 

Rusk station, Sec. 15.2... cc cece cccccccccesccccccccecccccsesee 33h 
Rush River, T. 28, R. 17 W. . 

Sec. 35 (rIVEr) «1. cece cece cece cece cece ees e cece sccccceccsssscesee 40Q 
Richmond, T. 30, R. 18 W. 

e Sec. QD cess ccs ec cece cece ccc eecestcceccccssccescccceseresseves BUD 

° SCR 5 SN” 
Star Prairie, T. 31, R. 18 W. 

Sec. 1, Apple river ....... cece cece wc eee e cece renceseecreseseseress GOO 
New Richmond station, Sec. 36.....ccccccccscccscccccccscccsceres AL] 

Somersett, T. 30, R. 19 W. | 
Sec. 3, Apple river .......cccccececccc ce scccerescececcesssceeeses DA 

Stanton, T. 31, R. 17 W. 

Rose Lake, Sec. 18..... ces cccc econ vcccccccceccccceccccesesesess OG 

St. Joseph, T. 29, R. 19 W. | 

Willow river at Mt. Hellen, Sec. 1... sec cece cece ccc cte cence cress 208 

Bonchea, Sec. 2.. secs cccceccccceveccccescecceeesssesecsseces 343 

Willow river, below falls, Sec 8......essceesee-coccsccccccesecs lol 
Sherman, T. 29, R. 138 W. 

Hawthorne’s kiln, Sec. 8......cccccce covccccccccccccccccseccsces ODG 

Springfield, T. 29, R. 15 W. 

Wilson station, Sec. B5..cc.cecccc ccc cccccccccecseeescesesesecess OS 

Hersey station, Sec. 28......cccccccccccccvccccsessceesescsssssces HOS 
Stanton, T. 29, R. 14 W. 

Knapp station, Sec. 35... 2... cece ce ecee cece cceccccccccsssere GAY 

Knapp blutf (top)......2. cece cect cece cece cc er es ccoecsserecseecs OO 

Tiffany, T. 30, R. 14 W. | 
Brown’s store, Sec. 25, S. W. corner.....-0. cecrcccseccses sovsee O94 

Trimbelle, T. 26, R. 18 W. 

Sec. 2, N. half, lowland ........cececccssccceSevencccrecsceseccece OOF 
Sec. 2, N. half, highland....... cccccccsccccsccccee sesscccesees ALD 

Troy, T. 28, R. 20 W. 

Catfish Point, Sec. 24, ridge....cceccecceicesccccncccccccssccssas OAD 
Lake St. Croix, Sec. 24... ..cccceccccccccccsccccccesessscccsceces GO 

Warren, T. 29, R. 18 W. 

Roberts station. ccc. cccss cc ccccerccccccccsercesevcccseeesesessce ABZ 

Twin Lake, Sec. 28......cccecescccsccrccccssrectcecesescscscees SOU 

b
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CHAPTER IV. | 

E. HYDROLOGY. 

Prof. T. GC. Chamberlin estimates, in Vol. II, that 165,512,000,000 

barrels of. water fall annually upon Eastern Wisconsin. Assuming 

that Northwestern Wisconsin possesses a somewhat less annual rain- 

fall, about 20,000,000,000 barrels fall each year upon the district under 

consideration. Of this amount, it is estimated that one-third is car- 

_ ried from the district by its creeks and rivers, and that the remaining 

| two-thirds is either taken up by the atmosphere, through evaporation, 
or is absorbed by the earth, to be carried away by underground water 

courses, if not arrested by vegetation and fountains. 
The entire district is well drained, there being but few areas of 

swamp or marsh land. It may be questioned, indeed, whether the 

system of drainage is not too complete, as large tracts frequently suf- 

fer from drought during the summer season. 

The rivers are quite uniformly rapid and offer to the manufacturer 

fine water privileges, especially in that portion of their course where 

they leave the Lower Magnesian limestone for the Potsdam sandstone, 
or leave the more compact layers of either formation for those less in- 

durated below. At least three dams have been erected upon Apple 

river and its tributary, near the north line of the St. Croix county, and 

there is a fine water power on the river at the falls in Sec. 22, T. 
31, R. 19 W. On Willow river, from Jewett’s Mills to the mouth, 

four mills have been erected, and on the Kinnickinnick there are at 

least three. Rush, Eau Galle, and Red Cedar, each supplies power to 

nearly as many, the water power on the latter at Menomonee being 
one of the best in the country. The Chippewa, at the falls. and the 
Eau Claire river, near its mouth, run large manufacturing estab- 

lishments. Were the supply of water in the above rivers more uni- 

form throughout the year, many more dams might be erected with 

profit upon them and their tributaries. 
Except in the dense forests, evaporation is very rapid from the sur- 

face after showers, owing to the porous nature of the soil and the 

heated condition of the atmosphere over the sandy tracts and treeless 

plains. The. light loam likewise permits the moisture to escape
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readily from the surface to the watercourses beneath. The quantity 

of water thus lost to the farmer and manufacturer must be very great, 
for, let a well be sunk where it may, one or more of these under- 
ground streams is sure to be found soaking through the gravel or be- 
tween the layers of rock below. It were far better if much of this 
water could be made to take the shorter circuit by causing it to re- 
turn to the air at once through osmose and evaporation, than to allow 

it to run to the sea. 

While studying the cause of an evident increase in rainfall over 
limited areas on the plains of Colorado, irrigated for five or six years, 
and planted to trees and small grains, it occurred to me that vegeta- 
tion has contributed to this good work by restoring to the atmosphere 
water that is running below the surface. The roots of many trees 

penetrate the ground to a depth of ten to twenty feet and more, in 
search of water, pushing downward until they find it. 

It is not necessary for the plant to send its roots to the water-bear- 

ing layers for water; for the soil is kept more or less moist through 

capillary attraction, by which the water is made to rise slowly to the 
surface, there to evaporate. The quantity of water thus restored to 

| the atmosphere is said to be quite large, even from tracts barren of 

vegetation. But plants very much hasten this process, as they are | 
able by their roots to approach very near, if not penetrate, the water- 
bearing strata. Met or arrested by the roots, as the case may be, the 
water is drawn by osmose through root, stem, and branch, to the 

leaves, from whence a large proportion is evaporated to the atmos- 
phere. 

Prof. Gray says that a sunflower plant, a little over three feet high, 

with abont forty square feet of surface in foliage, etc., has been found 

to exhale between one and two pints of water per day. A fair sized 

forest tree possesses between one and two hundred thousand square 
feet of area in foliage. Assuming that the evaporation from each 
square foot of its surface is two-thirds as rapid as from the same in 
the sunflower, over one thousand barrels of water would be poured 
into the atmosphere by the tree during each season of growth. 

Since the above was written, the results of a series of experiments 

on transpiration, by J. M. Anders, M. D., Ph. D., have been published : 

in the American Naturalist for March, 1878. In his summary, he 

says that evaporation is more rapid in clear than in cloudy weather, 

about 5 to 3; in day time than at night, 5 to 1; and more rapid when 
the wind is blowing than when it is calm, 6 to 5 (when the current is 
strong). 

Ife further says: “The following table will serve to exhibit the av-
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erage transpiration by day, which took place in the open air, together 

with the leaf-surface, temperature, etc.: 

ee 

DURATION OF AVERAGE EVAPORATING SUR- 

No. NAME OF PLANT. EXERIMENTS. EVAPORATION. FACE. 

1. Calla. ceeceeelee LZhours. ..|.. 2.850 grs. ..| All parts green. 

2. Geranium. .....6+-]-- “ welew 8,500 OTS... [eee cece cree see eeges 

3. Fuchsia, -seeseeefes ‘é w[.. 1,975 prs. ..|eeeeee-. 450 sq. in. 

4, Hydrangea ...... |.- ‘é wales 2,858 ers. ..feeeeeee. T44 

}. Camellia. .......-{.. ‘6 wale T10 ors. .-leoeereee 479 “ 

6. Lantana. ......ee|ee ‘“s fee 717% ors. oe [eee eee BRU 

7. Dracaena. ...- se.|.- ‘6 wale. 2,422 ors, ..|l.eeeeee. SIT 

a 
AVERAGE TEM- AVERAGE DEW 

No WeicHt oF PLANT. PERATURE, Point. ; 

1 | 2 ths. 2 oz. (Troy) sce cceeceee ence elec ee 2 ce tteeeeeeeslesecrsererscessreces 

3 | 1920 grains ..... cee cece eee Pewee leeeees 64.50 ceceee| weeee 49.67 ..eeee 

4 | QUITO grains ....e cece eee eee cree efee es ce TBD eeeeectece oe D6.7 see eee 

6 T2U QBYAINS . cece cece cece ee eeeeeee| seeee TL .ccceeleceees GL.7  «.eeee 

a 

“ After an inspection of this table, the average rate of evaporation — 

for soft, thin-leaved plants, in clear weather, may be put down at 

about 14 ounces (Troy) per day (12 hours) for every square foot of leaf 

surface. The Lantana shows nearly two ounces to the square foot of 

surface. The Camellia, with its dense, smooth leaves, averaged less 

than half an ounce to the square foot of surface, per day. 

“ According to the above rate, the Washington Elm, at Cambridge, 

n tree, it is stated, of no very large size, with its 200,000 square feet 

in leaf surface, would transpire 72 tons of watery vapor in twelve 

hours (day) of clear weather.” 

If, on the average, seven-eighths ofan ounce (Troy) of moisture per 

day is evaporated from each square foot of foliage in the oaks, ma- 

ples, ete., of Northwestern Wisconsin, a grove of one thousand trees, 

each with a leaf surface equal to that of the elm, would pour into the 

atmosphere over 45,000 barrels of water during every clear day of its 

season of growth. 

This is much greater than the previous estimate, based upon the 

evaporation from the sunflower, and, of course, gives increased weight 

to the statement there made: that forests increase the amount and 

value of the aunual rainfall, as they help to supply one of the essen- 

tial conditions of light and frequent precipitation — a moist and cool 

atmosphere— by exhaling from their leaves vast quantities of water
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that would otherwise be lost in the rivers and seas before it could : 
reach the rain-cloud. This constant evaporation from forest vegeta- 
tion, through the power which water possesses of absorbing or releas- 
ing vast quantities of heat as it condenses or vaporizes, serves to mod- 
ify those disastrous extremes in water-supply, floods and droughts, by 
rendering sudden changes of temperature less possible, and by lessen- 
ing the heat of summer and the cold of winter. In Europe, floods 
are known to be more numerous, and in Asia droughts more freqnent 
since vast forests have been removed. 

oo | A recent writer says that the famine in China, which has reached 7 
its crisis the present year, has been caused by the failure of the rice 
crop for three seasons, owing to the terrible drought which followed 
the destruction of the timber in Shan-tsi and Chihli. In much of 
the prairie region of America it is claimed that the annual rain-fall 
is sufficient, three years out of five for all the purposes of agricul- 
ture, and that more would be a damage; but it seems to the writer 
that this is fallacious, for were the heavy rains lighter, and the lighter 
showers more frequent, though the sum total be not increased, the 
vegetation could but be more luxuriant and fruitful. It is the long- 
continued and heavy rains that work damage. 

Northwestern Wisconsin needs an increased and more uniform 
rainfall during the summer season, instead of a diminishing one. 
The air over the extensive, treeless plains, prairies and terraces, be- 
comes intensely heated during the summer, and many rain-clouds 

| are thus dispersed when water is most needed; and consequently 
freshets are not uneommon, and droughts are frequently experienced 
throughout the district. To what degree tree-planting would remedy 
these climatic defects, opinions differ; but as to the fact, theory and 
experiment are agreed. 

Springs, fed by water from the drift, and from the rock formations, 
are of not unfrequent occurrence. At Iludson and Menomonee, 
water appears at the surface midway up the bluffs, from layers not 
far beneath the Hudson Trilobite beds. A spring was reported near 
Somersett post office, probably from the same layers, for the water of 
which, valuable medicinal properties were claimed. South of Star 
Prairie post office, a spring was noticed that is fed by water from the 
upper portion of the Potsdam sandstone. 

In See. 6, T. 31, R. 17 W., Stanton, is'a swampy tract from which 
| issues a brook of considerable size. Among the springs which feed 

this brook, is a cluster, termed by the proprietor “ New Saratoga 
| Springs,” the waters of which are much used by invalids. Prof. 

Gustavus Bode analyzed the water for the proprietor, September 9, 
1875, with the following result:
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. Per Os gallon. 

Chloride of sodium... ce scccecsceerecseceeeceeceeeceeseseeeees  O.1544 
Sulphate of soda......-.. scccccccsccccce sasescevsavcsccesses 0.0784. 

Bicarbonate Of SOda ..... eee cece cece eee reese cece eer oneeeeerees 0.8120 
Bicarbonate of lime ........ cece ee ee cece cece ewe reece ere eeeeeee 3.9984 
Bicarbonate of Magnesia ..... ccc cece eres cece rece reerecee tees 3.0744 
Bicarbonate of 170m .... 20. cece cee cece e eee eee eee eens eenees 0.7392 
Silica. cc cece ccc c cece cece cece nee e crew erect ese eess cer ecceeer sees 1.0360 

9.8728 

From this analysis it will be seen that the water is quite pure and 

possesses a relatively large percentage of iron. The soil is deeply 

colored with iron stains wherever the water has penetrated. 
No springs were noticed in the Lower Magnesian limestone; but 

water is almost universally struck in sinking wells into this formation. 

In East Central St. Croix county, water in abundance is found after 

penetrating the rock fifteen to twenty feet. 

No Artesian wells have been sunk in the district, but the indica- 

tions are in part favorable for a flow, espevially in Middle St. Croix and 

Pierce counties, north and south. Several Artesian fountains in Eastern 

Wisconsin derive their water from the upper portion of the Potsdam 

sandstone, evidently from layers nearly parallel with the shaly layers be- 

low the Hudson trilobite beds. These layers, where they come to the 

surface in Barron and Polk counties, have an altitude about five 

hundred feet greater than they possess at North Wisconsin Junction. 

At the latter point the impervious layers lie about three hundred feet 

below the surface, and do not outcrop to the south and west except 

near the crest of the Ifudson anticlinal. (See Plate I1.) 

The surface at La Crosse is below these impervious layers, and the 

owners were consequently obliged to sink the Artesian well in that 

city to the granite below. At all localities in Middle and Eastern 

Dunn county, the same would probably be necessary. 

The average dip of the Potsdam sandstone is about twelve feet per 

mile 8. S. W.: and by bearing this in mind the probabilities for and 

against a flowing well at any point may be readily obtained, provided 

the necessary conditions of a flow, stated in Vol. II, near the top of 

page 150, are observed in connection with these data. Of these con- | 

ditions the one which states that the water in the water-bearing strata 

must not have a natural outlet ata level lower than the surface at the 

proposed well, is the one that presents the most serious objections to 

sinking a well in central St. Croix county, for the impervious layers 

come to the surface along Lake St. Croix. But they are exposed only 

on the face of the anticlinal ridge, and this, too, out of the line of dip 

of the formation, and thus a flow may not be impossible. In Pierce 

and Dunn counties, this objection does not exist, as the dip in the 

strata is so much greater than the slope of the surface that they are 

not exposed to the south southwest. 
Vou. IV.—10 |
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| CHAPTER V-. 
: F. VEGETATION. 

An entirely satisfactory treatment of this subject is, for several rea- 
sons, nearly impossible. Several large areas in the district could not 
be visited, and consequently but a general knowledge of their vegeta- 
tion was obtained. Large tracts that were once covered with pine 
have been stripped of this timber, and a miscellaneous growth of 

| shrubs has succeeded, which, with the hardwood timber that was left 
standing, make up a forest altogether different from the original one. 
The several groups shade into each other by almost imperceptible de- 
grees, and, as from the nature of a map, this cannot well be shown, 

the lines of separation give a false impression to the eye, and, in many 
instances, may cause the map to seem inaccurate. 

But by making the proper allowances, it is believed that the consid- 
eration of this subject will present much that is valuable to a good 
understanding of the resources and capabilities of the district. In- 
deed, so close is the relationship ‘that exists between the vegetation 
on one hand, and the rainfall, soil and subjacent rock formation on 

the other, that a person with a thorough knowledge of the kind and 
degree of this relationship may gain from an accurate map of vegeta- 
tion most of the information necessary to a good understanding of the 

character of the three associates. Only one or two illustrations of 

this trnth will be given here, as its full consideration is evidently be- : 
yond the scope of this report, and these, with what follow, will be 

sufficient to call to mind many more of kindred nature from which 
each observer may easily erect a system of his own of greater practi- 
eal utility to himself. , 

Sugar maple, white oak and basswood are seldom found in a region , 
where the soil is poor and the rainfall scanty. 

_ The evaporation is so slight from the smooth, needle-like leaves of 
the pine, that it may thrive ina light sandy soil, though it is not 
averse to plenty of moisture and rich earth, if there is a substratum 
of sand, or the rock formation lies near the surface. It is probable 
that its peculiar power of growing in so shallow or porous a soil is due 

to the economy of the pine in the use of water, and to its dense foli- 
age and social habits which prevent the moisture from evaporating as
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rapidly as it otherwise would from the leaves and from the surface of 
the ground underneath. Be thisas it may, areas of pine are most often 
found to represent poor farming lands. 

Then again, different species of the same genus are frequently best 
adapted to widely different habitats. I have never seen the white oak 

growing in other than excellent soil, while the black-jack or barren 

oak seems to be confined to sandy tracts, where it stands a fit repre- 

sentative of the region. | 
In the vegetable, as in the animal kingdom, each individual owes 

its existence to its combative energy, and the “fittest survives.” The. 

weaker must either retreat to a locality where it may be master in 
strength, or it must lead a half-starved existence where the stronger 

has not the power or the inclination to follow. 

So in these illustrations, it should not be understood that those 

plants we find in barren regions flourish best here, and are better 

adapted to these surroundings. When transplanted, the contrary is | 
nearly always found to be true when care has been taken to give the 
plant time to adapt itself to its new habitat. Sudden prosperity 
ruins here as well as elsewhere. 

Frequently nature allows one or more of these weaker plants to 

gaina place in more fertile earth, and a tree of unusual size and beauty 

| is the result; but the number of instances where a forest thus gains 
possession is too few to constitute a valid exception to the general 
rule. 

Of course, if we are to take vegetation as a guide to a knowledge of 

the preéxisting soil and rainfall, and the rock-formation, we must 

eliminate all the changes produced directly or indirectly by man, and 
so in the following paragraphs we shall endeavor, so far as possible, 
to give the vegetation of the district as it existed before the advent of 
the settlers and lumbermen. 

In presenting the result of our investigations, a consideration of 

most of the herbaceous plants will be omitted, not that they are less 

important, but that fewer have studied the nature of their relation- 

. ship to soil, rainfall, and subjacent rock-formation, and furthermore, 

a description of the more striking groups is, perhaps, sufficient. 

Class I. Prairie and Terrace Group. The vegetation growing 

upon the prairies and terraces of the district is so nearly the same in 
kind, that no attempt will be made to separate these areas. In many | 

localities this would be impossible, were it desirable. : 

Much of the soil, being a light loam and not very deep, is quite 
porous, and so the vegetation differs somewhat from the prairie vege- 

tation in Eastern Wisconsin, both in kind and abundance; but in the
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more general features, it is the same, probably owing its existence to 
similar causes. But a light soil is not universal, for here and there 

in the larger areas of prairie and terrace, a deeper svil, a lower and 
more moist district, or a higher level where glacial drift still re- 
mains, supports a rich growth of grass, or may be covered by 
oak and poplar. Many of the deeper hollows are occupied by lakes 

or ponds with a circling border of marsh vegetation, or the water re- 

mains but temporarily, leaving the entire area a hay marsh. Most 

of these, being quite small, are not shown on the map (Plate LV). _ 
In Dunn county, patches of prairie and strips of terrace are found | 

in nearly every township. Most of the larger areas are represented, 
but many of the lesser ones either escaped our notice or were too small 

to be shown. These afford farming lands next in value to the “coolies” 

and river valleys. 
In numerous localities, a light growth of oak now covers many de- 

tached areas and bordering lands that once belonged to this class, so 

it is well nigh impossible to fix the original limits; but as thisand the _ 
succeeding class are closely related in all that pertains to soil and 

moisture —the latter simply indicating a less permeable subsoil or a 
more uniform supply of water — the present boundaries and distri- 

bution of the group will show all that is desirable in the presentation | 

of this outline. | 
The main body of the terraces and prairies rests upon sandstone, as 

may be seen by comparing the Map of Vegetation with the Geological 
Map of the district; and thus unfortunately the drainage is very good, 
and nothing but a more constant rainfall can save these areas from 

frequent droughts. As timber requires a uniform supply of water 
throughout the year, its absence over these regions may be due to the 

porous nature of the subsoil and rock formation. Indeed, both prairie 

and terrace vegetation may owe their presence in part to the nature of 

the sandstone underlying them. | 
Much of this group in St. Croix and Pierce counties is underlain by 

but a few feet of sandstone, and under a portion the Lower Magnesian 

limestone is the subjacent rock. In these cases, a richer, more pro- 
ductive soil is the result, except in the immediate vicinity of the Bt. 

, Peters sandstone bluffs. The fluvial or lacustrine deposits near River 

Falls, and the level areas near Willow and Rush rivers, illustrate this 

very finely. 
All this prairie soil is capable of yielding rich returns to the farmer 

who understands its deficiencies and endeavors to remedy them. 
Much of it needs more lime and magnesia to make the growing of 

small grains continuously successful. Limestone from the Lower
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Magnesian or Trenton formation will yield these elements. As it 

readily parts with soluble manures, its absorptive and retentive pow- 

ers should be increased. In nature, clay and carbonaceous matter 

serve these purposes. This result would, perhaps, be most readily 

attained by giving the soil fertilizers in greater quantities, and adding 

to its absorptive power by frequently plowing under a crop of clover, 

thus furnishing a fresh supply of carbon as well as adding other val- 

uable elements. Wheat, corn, oats with clover, and clover constitute 

an approved succession of crops. On one of the premium farms in 

England, with a dry, porous soil, the following order was used with 

great success: “ First, potatoes, after lea; second, wheat; third, oats 

or barley; fourth, hay; fifth, hay.” The last two years, after the crop 

was secured, the grass land was pastured. 

In any section of country, a uniform and plentiful supply of ram 

is one of the most essential prerequisites to a successful cultivation of 

the soil. The only exception exists in those countries where irriga- 

tion may be practiced. After all that has been written upon the sub- 

ject of rainfall, after the repeated warnings nature has given in the 

form of droughts, and floods, and extremes of heat and cold, it cer- 

. tainly seems strange that farmers should not only persist in the de- 

struction of timber, but should neglect to restore the forests by replant- 

ing, till the state or general government should offer a bounty for so 

doing, when they themselves are the principal sufferers. It cannot 

be a want of care for the welfare of the next generation for the evil 

effects of this course are felt already. If people are not convinced of 

the evil influence of forest denudation upon climate and rainfall, it 

must be, in the opinion of the writer, that they have not fully considered 

the subject. To secure the best results, concerted effort is necessary ; 

but individual work is not without profit when many valuable forest 

trees have so rapid a growth, though unfortunately in a new country 

few think that they can afford to wait for the return. After a careful 

consideration of the subject, the writer believes that a single township 

may have the benefit of a more uniform water supply by tree plant- — 

ing; but to effect a marked change in rainfall and climate the large 

treeless tracts denuded of timber, and the prairies and terraces through- 

out the district and regions to the west in Minnesota must be occupied 

by numerous groves of forest trees, that the intense radiation of heat 

and the rapid evaporation of moisture may be checked. 

Where so many seem indifferent, and where all would be benefited, 

it is the duty of the state to protect its interests, present and future, 

by legislation: first, by granting assistance In money; then, if this is 

not fully successful, by pains and penalties. At least one-fourth of
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every farm should be timber; and every year trees should be planted 
to take the place of those cut down, that this ratio may be maintained. | 

The annual rainfall may not be increased largely, but beyond ques- 
tion the moisture precipitated will be more uniformly distributed 

throughout the year. This is exactly what grain, fruit and forests | 
require, and what the land must have to make its continued tillage 

profitable. The way in which forests accomplish this, with the sev- 

eral reasons therefor, is briefly outlined under Hydrology (pp. 139-142), 
and need not be repeated here. a 

Though the résumé of the subject is presented under Class I, its 

careful consideration is commended to the people of the entire dis- 
trict, both in those regions where the destruction of forests still con- 

tinues, and in all those localities where the timber is light and soil 
porous. | 

Class IT. Oak and Poplar Group. Lying between Groups I and 

III, geographically, this group partakes somewhat of the nature of 
both, and frequently shades into them by almost imperceptible de- 

erees. | 
Unlike the the oak groves in the limestone and heavy-drift regions, 

much of the timber is quite light, being composed largely of shrubs 

and bushes. The species were not observed, but so far as remembered 

they are smaller varieties of Red Oak (Quercus rubra), Black Oak ~ 

(Quercus tinctoria), Aspen (Populus tremutoides), Great-toothed 

Poplar (Populus grandidentata), and, in the vicinity of the pine bar- 
rens, a dwarfish oak with dark foliage, Black Jack Oak (Quercus 

nigra? ). 
In the richer soil in the vicinity of the next group, fair sized indi- 

viduals of White Oak (Quercus alba), and Burr Oak (Quercus ma- 

_crocarpa), are mixed with larger forms of a portion of the preceding. 
In the northwestern portion of St. Croix county, west of Willow 

and Apple rivers, dwarf oaks and poplars, with hazel bushes (Corylus 

Americana), ocexpy the surface except over the Lower Magnesian 
limestone in the eastern and western borders of the region. Though 

the subsoil is composed in part of glacial drift, in this portion of the 

country, this usually rich earth contains so large a proportion of sand 
from the large area of Potsdam sandstone at the north, that the water 
soon leaves the surface and sinks to a great depth below, as shown by 

wells. The greater tenacity of the surface soil is all that saves these 
townships from the treeless condition of the prairies and terraces. By 

supplying the soil with calcareous and carbonaceous matter through 
fertilizers and the rotation of crops, indicated under the preceding 

group, this region could be brought more largely under cultivation.
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- In southern St. Croix and Pierce counties over the Trenton and 

Lower Magnesian limestones, and where these furmations border upon 

the underlying sandstones of the valleys, thus giving the surface a 

continued supply of calcareous material through wash, a heavier growth 

‘of timber and a richer soil prevail. This soil resembles quite closely 

the light marly-clay soil of the oak-openings of the land bordering 

upon Rock prairie of southeastern Wisconsin, and, like it, 1s rich and | 

productive. Tne same is likewise true of the belt north of Si. Croix 

prairie, belonging to this group. With proper care and attention, the 

soil of these two areas should continue to yield abundant returns to 

| the farmer. | 

In central and eastern Dunn county, a somewhat greater diversity 

exists, as may be seen in part by referring to the map (Plate IV). 

In Central Dunn county a few island like bluffs, either capped or re- | 

cently capped (geologically speaking) by Lower Magnesian limestone, _. 

supply the contiguons regions with calcareous loam, and consequently 

a vigorous growth of vegetation is the result. Nearly all the bluits 

and ridges in this part of the county expose one or both of the cal- 

careous bands and the shaly layers of the Potsdain sandstone to the 

denuding action of wind, rain and frost, and thus much of the soil is 

rendered quite productive by wash. — 

At the east the trees are small and scattering, except along the sev- 

eral streams, and the soil, in general, light and porous. Jlere and 

there an old lake bottom or water course, or a detached, irregular area 

of clay soil, possibly a remnant of the drift from the granite to the 

north, supports a heavier growth of timber, and gives to one or more 

farmers quite productive land for cultivation. Such areas are prob- 

ably more prevalent to the north and east, in the more immediate vi- | 

cinity of the Archeean rocks. 

The timber of this group is quite mixed throughout Dunn county. 
The prevailing kinds are Black and Red Oaks, and Poplar, with here 

and there small groves of White Birch (Betula alba, var. populifolra), 

Red Cedar (Juniperus Verginiana), Spruce (Abies sp. ?), Balsam 

Fir (Abies balsamea), and Pine (Pinus sp. ?). The slopes of the 
bluffs and the lower barrens are frequently covered by Blueberries, 

Blackberries (J2ubus villosus and Je. Canadensis ?), and Red and 

Black Raspberries (vubus strigosus and Lt. occidentalis). This 

: would indicate that the culture of small fruit might be made quite 

successful. 
In the northern portion of the county, the timber becomes much 

heavier, and valuable pine lands still exist. Very little land is under 
cultivation, and the resources and capabilities of these townships are
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but little known. We did not have the time to visit them; but from 
what we learned, should judge that much good land may be brought 
under cultivation. 

The portions of Chippewa, Eau Claire and Pepin counties visited 
differ but little from those portions of Dunn county that correspond 
geologically. Here, as in Dunn county, the underlying sandstone 
and the calcareous and clayey layers exposed in the bluffs and ridges, 
together with the patches of glacial drift, determine, to a great de- 
gree, the character of both vegetation and soil. As the subsoil pos- 
sesses but little tenacity, being quite universally porous, an abund- | 
ance of fertilizers and a constant supply of water are essential to con- 
tinued good erops. | 

Class Iff. Hardwood and Conifer Group. This group includes 
a great variety of species of forest trees, owing to the diversity of soil 

and subsoil and conditions of moisture and elevation which the belt oc- 
cupied by the group presents; but with few exceptions, whatever the 

species each finds here the most favorable conditions for growth and 
continued existence the entire district presents, and hence the entire 

belt is usually denominated the “The Heavy Timber.” The uplands 

on the west and north are underlain by Lower Magnesian limestone, 

with here and there low hills of St. Peters sandstone. The numerous 
creeks and rivers which find their source in these uplands soon cut 

their channels into and through the limestone to the Potsdam sand- 
stone below, leaving the limestone in nearly vertical ledges, and thus 

exposed to constant erosion by the elements. As the channels sink 

lower and lower into the Potsdam sandstone, first the calcareous bands 
then the shaly layers are given to the elements, and when these are no 

longer shown in their banks, the streams have passed out of the group. 
Nothing could show more unmistakably that both soil and subsoil 

obtained the greater part of the elements which compose them from 
contiguous rock formations where glacial drift is hght or absent; and 
that they still depend upon the limestones and calcareous sandstone 

for a continued supply of natural fertilizers and other elements to 
preserve the proper strength and tenacity of the soil, that the vegeta. | 
tion may have a constant supply of food for its rapid growth. 

Of the three formations which have contributed to the soil and sub- 

soil, the Lower Magnesian limestone has given most that is essential 

to a good soil, and thus may be said to be the formation which ren- | 
dered so magnificent a growth of timber possible. The varying pro. _ 

portion of material obtained from the three strata has given the great 

variety, making the group a collection of groves, rather than a body 

| of mixed timber having like affinities.
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White Pine (Pinus strobus) finds on the high lands, where sand 

from the St. Peters sandstone remains, and in the river and creek val- 

leys in the Potsdam sandstone, the warm, silicious soil it seems to 

prefer. Large quantities of pine logs have beenrun down the several 

streams since the advent of the lumberman, and a number of mills 

are still in operation, converting the trees that remain on the smaller 

ereeks into lumber, so that few of the large, handsome trees that once 

grew in this group still remain. In the richer, deeper soil over the 

limestone, and where the wash is deep in the valleys below, White, 

Red, and Burr Oaks grow with Sugar and Red Maples (Acer succhart- 

num and A. rubrum), Basswood (Tilia Americana), Slippery and 

American Elms (Ulmus fulva and U. Americana), White Ash 

(Frauinus Americana), Ironwood (Ostirya Virginica), Black Alder 

(Almus incana), Butternut (Juglans cinerea), Bitternut (Carya 

amara), Poplars and Thorn Apple (Crataegus coccmea), American 

Crab (Pyrus coronaria), Wild Red Cherry (Prunus Pennsylvania ), 

Chokeberry (Pyrus arbutifolia), and Wild Plum (Prunus Ameri- 
cana). In many of the damper woods, Black Ash (Praxiunus sam- 

bucifolia), Red Maple and Water Beech (Carpinus Americana), are 

the prevailing species. 
In the northern portion of this belt, Pine is more prevalent, while 

at the south, Oak, Maple, and Elm are more characteristic. 

Except in Pierce county, but a small proportion of this wealth of 

a soil has been brought under cultivation; but whenever the ax clears the 

way for the plow and reaper, the farmer may expect generous returns 

for his labor, if he but uses the land wisely, and restores the food his 

crops remove for their tissues, as the soil is by no means inexhaustible. 

Class LV. PineGroup. Apart from the areas assigned to the two 

preceding groups, little land covered exclusively by pine exists in the 

district. ‘The location of several bodies is shown in Plate IV. More 

| probably exist in those regions, as the conditions are quite favorable 

for its growth, but these are all that came to our notice of sufficient 

size to merit separate mention. 

The bodies of White Pine are frequently skirted by Red Pine, 

“Pinus resinosa), wrongly called Norway Pine with a tree termed 

Black or Jack Pine (Pinus Banksiana) in the drier situations. The 

rock formation, or the body of sand beneath the surface chosen by 

conifers as a habitat, renders the soil of pine lands, for the most part, 

unsuitable for agricultural purposes, but there is no reason why these 

areas may not be replanted to pine, and thus provision made for the 

coming generations, and large tracts rendered rain-inducing instead 

of a dry, barren plain.
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Class VY. Grass and Sedge Group. Bordering nearly every 
stream in the district are more or less extensive bottom lands, flooded 
during portions of the year, that produce the well known marsh veg- 
etation. 

The borders of many lakes in the more elevated regions show 
nearly the same species; so also do the ponds and moist hollows in 
similar situations. The greater proportion of the marshes are used 
for hay and meadow lands, the poorer sedge marshes being very for- | 
tunately in the minority. No cranberries were seen growing with 
this group, but there seems to be no reason why they should not 
flourish in peat marshes, over the Potsdam sandstone, that may be 
flooded and drained at pleasure. 

Class VI. Tamarac Group. These well-known conifers cover a 

few peat marshes in the district, in the midst or apart from the pre- 
| ceding group. They prefer those marshes that are quite moist through- 

out the year. The Tamarac or American Larch (Lariw Americana) 
is very exclusive in its habits, permitting but few other arboreal spe- 
cles in its midst. The Ericacec constitute almost the entire under- 

growth, and the wet, peaty bottom is carpeted with Sphagnoid mosses. 
| In some portions of the state where the Tamarac has been destroyed 

by fire or other agencies, the last species, with its near relatives, con- 
tinues its growth till the fallen Tamaracs are covered by several feet 
of peat. In some portions of the eastern part of the district, the 
Tamarac is replaced by Cedar and Spruce, and by Black Ash. 

Much of the land covered by this group is too wet, or, if drained, 
too sour to be cultivated at once for small grains; though this depends 
so largely upon the mineral-and organic constituents, that it is by no 
means universally true, and if this soil is treated patiently and wisely, 
the best of meadows frequently result. Quick-lime is an excellent 
corrective, and fifty bushels per acre are frequently sown on wet lands, 
making them sweet and productive. 

On account of the extent of the district, and the necessarily limited 
size of the plate, a number of the southern townships could not be 
shown on the map; but this is not so much to be regretted, as the veg- 
etation is quite similar to the contiguous townships on Plate LV, and 
in the treatment of the subject, the entire district has been kept in view. 

The discussion of this topic has been somewhat extended, and | 
much has been given in regard to soil and subsoil, that the way may 
be prepared for a clear and concise exposition of the following im- 
portant topic, so difficult of treatment:
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G SOILS AND SUBSOILS. | 

Outline. 

1. Igneous rocks. ? | 

. a. Mineral — | 2. Metamorphic,— granites, ete. 

By attrition from 3. Semi-crystalline, some limestones, etc, 

4, Fragmental,— sandstones, etc. 

| 0 b. Vegetable — 1. Herbs. 

I, ORIGIN. By decomposition 2. Shrubs. 

| from. 3. Trees. 

c. Animal — (1. Vertebrates. 

By decomposition 2. Articulates. 

from 3. Mollusks. (Post Silurian.) 

| d. Silicious. 1. Origin. 

. e. Calcareous. . ys 
Il. Krnvs.* £. Argillaccous. 2. Characteristics. . 

g. Carbonaceous. 3. Prevalence. 

But a small proportion of the tissue of a plant is made from soil, 

as may be seen by comparing the ashes from a burnt log with the 

matter it contained before burning. 

Its chief food is found in the gases and liquids of which a part, 

mostly the former, are derived directly from the atmosphere, and the 

remaining portion of the gases and liquids from the ground; and thus 

one of the principal offices of the soil is to serve asa reservoir for the 

fluid part of the plant food. | 

Remove the absorptive and retentive powers of a soil and it becomes 

worthless. A like result follows if these powers are given to excess. 

- Then the structure and composition of a soil are the important factors 

that determine its value. : | 

In the treatment of this topic I shall endeavor to make it simple, 

rather than exhaustive. The more important kinds and the chief 

characteristics, alone, will be considered; and thus the facts and sug- 

gestions will, it is believed, be rendered more available. 

ee 
* Named from leading constituent.
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The relationship that exists between the soils and subsoils and the 
accompanying vegetation is so intimate, that much of interest in this 
subject has been more conveniently presented with the latter, and so 
will be found in that connection. 

1. Origin of the Soils and Subsoils of Lower St. Croix. a. Ifin- 
eral by Attrition. Few people have not noticed that from day to day 
and from year to year, the large masses of rock around them are 
slowly crumbling down and wearing away. 

Acid and alkaline waters, frost, storms of wind and rain, and mul- 

titudes of minute cryptogamous plants are constantly at work lower- 
ing the limestone bluffs, the sandstone mounds and the granite ridges. 
Prof. Dana states that the Appalachians have probably lost by denud- 
ation more material than they now contain. The rock foundations of 
Wisconsin were exposed to the elements ages and ages before many 
of the Appalachian peaks were lifted above the surface of the Paleo- 
zoic seas. Is it any wonder, then, that our mountains are so low and 
our soils and subsoils in many places so deep? 

All the materials which compose our soils, excluding those under 

b and c, are found as the constituent elements of these mountains. 

Fragments are found miles away which may almost be taken to the 
parent ledge. Fossils have been found by me in bowlders at many 
points in Southern Wisconsin, which unquestionably have traveled 
hundreds of miles; and the laborer throws from his gravel pit, peb- 
bles which once must have rested snugly in the granite and diorite 
ledges of Northern Wisconsin and Michigan. | 

Lastly, the origin of our soils from solid rocks by attrition (except 
b and c) is indicated by the rounded grains and pebbles which show 
by their very form that they have endured the wearing, grinding ac- 

) tion of transportation by water in one of its forms. 
bande. Vegetableand Animal, by Decomposition. Materials de- 

rived from this source are of the utmost importance to our surface 
soils, giving to them elements and absorptive powers which are essen- 

tial to most plant life and growth. 

Forest upon forest has lived and decayed, burying with its falling 
trunks the countless multitude of animals that have sought its depths 
for food and protection. 

For ages the vegetable world has been engaged in separating car- 

bon from the oxygen of the carbon di-oxide of the air, storing it up 

in its tissues, till they in turn give it up to the soil to aid in the 
growth of the next generation of plants. 

2. Kinds of Soils. d. Sedicious. 1. Origin. The Archeean rocks 

to the northward are rich in silica, and thus would furnish an abund-
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ance of silicious sand when worn down by erosion. The Potsdam 

sandstone lying next on the south, and occupying nearly the whole of 

Dunn county and extensive areas in St. Croix, is capable of furnish- 

ing an unlimited amount of sand; while the St. Peters sandstone of 

St. Croix and Pierce counties is but an immense sandbank. 

9. Characteristics. Sandy soils are hot and dry, because they 

quickly give up their moisture; give free access to atmospheric air, 

and soon lose soluble manures. 

3 Prevalence. Were it not for the fact that grains of sand, ex- 

cept when very minute, are only transported by being rolled along by 

running water, or carried by moving ice, large areas which are now 

cultivated would be utterly barren. As it 1s, the sand is not trans- 

: ported long distances except by streams of considerable size, so that 

the map for the sandstone formations answers very well for a map of 

sandy soils. | 

Exceptions, due to the fact that the sand has been covered by other 

material, will be mentioned under f, 3. | 

e. Calcarcous. 1. Origin. Lime and magnesia are constituents 

of the Archean rocks in Northern Wisconsin; bat we must look to 

limestones, sandstones, and remains of modern animals, for the more 

immediate source of supply of these important components of our sur- 

face soils. The Lower Magnesian and Trenton limestones, and the 

calcareous layers of the Potsdam sandstone, have furnished the larger 

percentage. 

9. Characteristics. A lime soil absorbs large quantities of water 

without becoming sodden; it has greater tenacity than sandy, but 

less than a clay soil, and it shrinks less than the latter on drying up. 

Alone, lime makes a soil that is poor and hot, but, mixed with a little 

clay, the soil is excellent. Both lime and magnesia are essential to 

most plant life and growth. 

3 Prevalence. The areas possessing the above characters are con- 

fined, principally, to St. Croix and Pierce counties, and for the most 

part overlie the Lower Magnesian and Trenton limestones. Sand and 

clay so predominate that the calcareous material is almost entirely 

disguised in the surface soils. The particles of carbonate of lime and 

magnesia have been removed from the surface by vegetation and water 

sinking to lower levels, and are partially restored by wash from lime- 

stone or calcareous sandstone ledges, by subsoil plowing, and by water 

that is slowly raised to the surface by capillary attraction. 

f. Argillaceous. 1. Origin. Fortunately for Wisconsin, the Ar- 

chean rocks at the north are quite rich in clay-making material; 

fortunately for Northwestern Wisconsin, the Potsdam sandstone and |
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Lower Magnesian limestone contain, in many layers, a large percent 

¢ age of clay. | 

2. Cheracteristics. Clay is not food for plants, but unites the looser 
ingredients of the soil. Loam is to be regarded as clay intimately 
mixed with iron rust (hydrate of the peroxide of iron) and large quan- | 

tities of sand, obtaining its brown or red color from the former. This 

form of clay soil is more porous than pure clay, being also milder, 
softer, weaker, warmer, and more permeable. 

3. Prevalence. Fortunately and unfortunately, clay is very readily 
transported by water, as may be seen after any shower. Fortunately, _ 

for otherwise, sandy tracts, as the coolies along the ridges, are thus : 

made very productive; unfortunately, because the clay is carried away | 

by the creeks and rivers, leaving most of the sand behind. : 

Forests are so dependent on a moist soil that the best map of the 
clayey-loam soil will be found in the map of vegetation. 

The areas marked prairie in St. Croix and Dunn counties are 
usually quite productive, but these prairies have so large a body of 

sand underneath that they are often seriously affected by drought. | 
The surface soil is, for the most part, a light loam. This is likewise 
true of the terraces along the St. Croix and the Chippewa rivers. 
Many of the bluffs and ridges in the vicinity and in the midst of the 

areas of Potsdam sandstone furnish a constant supply of calcareous 
— loam, so that the narrow valleys rank among the most productive 

lands of the state. 

g. Carbonaceous. 1. Origin. As has been already stated, plants 
and animals supply our soil with carbonaceous material. 

2. Characteristics. Carbonaceous earth is a powerful absorbent of 

gases, and is a deoxidizer as well. ‘Thus the plants get the gases so 
essential to their existence. | 

3. Prevalence. This constitutes the surface soil of the entire dis- 

| trict, and its varying depth, indicated by its dark color, furnishes one 
of the best proofs of productiveness, aside from actual trial. 

This topic very fittingly closes this report, as most of general inter- 

est in the Geology, Topography, Hydrology and Vegetation of the 
district centers here. 

None of the more important ores —iron, lead, copper, etc.— was 
discovered, though the presence of the first two was claimed by those 
who believed in the stories told by Indians and very secretive white 
men. 

It is possible that lead ore (galenite) exists in the Lower Magnesian 

limestone as in the Lead Region, but from all that we learned we do 
not think that such a desideratum is very probable.
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It is entirely useless to look for coal, and nearly so for iron and cop- 

per in paying quantities. These latter are certainly not to be found 

in any of the limestones and sandstones except as impurities, and the 

rocks that may possibly contain them lie without the district or be- 

: neath the Potsdam sandstone. 

Most of the clay is too impure for brick making. The only locality 

known where clay is used for brick is near Menomonie. Two kilns 

are here in successful operation. We had the opportunity of visiting 

| but one, that owned by Mr. William Drowley. The clay contained 

: sufficient sand to work well; and the molding is done with sand by 

hand. Six to.seven days are required in burning. Wood was worth 

| $1.50 per cord for soft, and $1.75 to $2.00 for hard, when the yard 

was visited in 1875. During the year preceding, 450,000 brownish 

red brick were burned, mostly for consumption within the district. 

Thus it will be seen that the wealth of Lower St. Croix district lies 

chiefly in its farming lands. Several large saw-mills are now in coi- 

stant operation manufacturing Jumber from pine cut for the most 

part without the district; but the amount of wealth from this source 

is small compared with that which is locked up in its soil, and the 

| sooner capital and labor are turned more exclusively to the develop- 

ment of the agricultural resources, the sooner will continued prosper- 

: ity be brought to its people.
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PRELIMINARY REMARKS. 

The species described in the following pages are not offered as a 
complete representation of the fauna of the several geological forma- 
tions of the state, but only as a few of the more prominent known 

| species, together with some of the most characteristic new ones of the 

several localities from which they have been obtained. Many of the 

forms illustrated have been given previously in the geological reports 
of other states; or have been partially illustrated in papers published 

elsewhere, which are either out of print or otherwise inaccessible to 
most of the citizens of the state. It has therefore been thought ad- 
visable to give, in this connection, a few well marked forms from each 
principal geological formation, to enable those living within the region 
occupied by them, to identify the different beds from a report which 

it is hoped may be placed within the reach of all. Of the new forms, 

those which are the most abundant, or those which are most likely to 
attract attention, have usually been selected from the several localities, 

and do not by any means include all of those recognized as undescribed, 
or new to science. In a few instances, uncommon or obscure forms 
have been given; but such as are expected, from their peculiari- 
ties, will most likely be found at other localities, and will serve as 
guides in determining or identifying their equivalent strata at other 
points. For this purpose, partially, the localities where the sev- 
eral species have been found are given at the end of the description, 
so that by reference to the locality where mentioned in the Report | 
previously published (Vol. IT), the relative geological position of the 
strata in which they occur may readily be determined. 

It is a matter of considerable interest that, in different localities of 
the Potsdam formation, the forms of Trilobites found are generally 
specifically distinct; and, notwithstanding the large number of species 
already described from this formation, both in this state and from 
other parts of the country, other new forms, readily detected by those 
familiar with the several details of structure peculiar to these animals, 
are met with at almost every new locality examined. This change in | 

species between different localities is usually accompanied also by
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some slight difference in the material or composition of the rock, 
which not only shows that the species were of short duration in time, 
or that they were restricted to limited geographical areas, but that a 
change in the conditions of life and circumstances under which the 
animals existed, and with which they had to contend, was constantly 
taking place. Low much these circumstances or conditiuns had to do 
with the production of forms, or modification of types among them, 
it would be difficult todetermine; but one thing is certain, that where 
the same character of rock, and apparent conditions of deposition pre- 
vail over a limited geographical area, or are repeated within a slight 
vertical range, we are pretty sure to find the same, or closely allied, 

forms represented, showing that, under like conditions, similar forms 
prevail. 

: Among the new forms described from the Potsdam sandstones, the 
genera Palwacmaea, Lellerophon, and Lllipsocephalus, are here 
noticed for the first time in the formation in Wisconsin. The first of 

’ these has only been noticed in the rocks of this age in New York, 

where the typical species occurs. The Wisconsin form, although dif- 

fering specifically, closely resembles the New York form, and occurs 

in arock of precisely similar character; namely, a hard, light colored, 

siliceous sandstone, compactly cemented by a siliceous cement, and 
resembling a quartzite. The genus Lellerophon is, I believe, here 

noticed for the first time at so low a geological horizon. The species 

is a well marked form, and although represented only by internal 
casts, is clearly seen to belong to the emperforate section of the genus. 

Of the trilobitic genus Lllipsacephalus, no species has hitherto been 

described from the rocks of this country; and in Europe it is credited 

to the lower beds of the Primordial strata. The form herein described 

is very characteristic of the genus, the part preserved having strong 

affinities with the European 4’. offv2, Schlot., and indicates the low 

geological position of the strata. | 

The group of Gasteropods from the Lower Magnesian limestone of 

Kikey’s quarry, near Baraboo, will be found to possess considerable 

interest, not alone from their geological position, but also from the 

fact that all but two of the entire group have reversed spires, or are 

recurved at their apices, while the exceptions are capuloid in form and 
have no twist. 

Of the Trenton and Galena limestone species, a few only of the 

more characteristic forms have been selected, and these from some of 

the typical localities. Among the fossils of the former group at 

| many localities, there usually occur an abundance of Brachiopoda, 

some of which are eminently characteristic of the formation, but most



PRELIMINARY REMARKS. 165 

~ of them have been so oiten described and illustrated, and are so gen- 

erally known, that it has seemed unnecessary to repeat them here, at 

considerable expense; while other forms, as widely spread and equally 

abundant in the formation within the state, would then necessarily be 

left untouched. Throughout the Blue and Buff limestones of the 

formations in southern Wisconsin, the Gasteropods and Cephalopods 

characterize the formation, almost to the exclusion of Brachiopods, 

the few forms of the latter class which are common being principally 

Strophomenoid forms, and are mostly of the three species, Stropho- 

mena alternata and S. camerata Conrad, and 8. incrassata Hall, or 

one usually referred to that species. But by far the greater propor- 

tion of the organic remains of the beds consists of the true mollusca, 

Lamellibranchiata, Gasteropoda and Cephalopoda. In the upper 

blue beds of the group, there are usually large numbers of Orthas of 

two or three species, but they are mostly confined to the few feet con- 

stituting this bed, which occurs immediately below the Galena beds, 

and but few individuals of the species occur below. Among the 

Lamellibranchiates, the genera Cypricurdites and Tellinomya are 

much the most common. A few other genera are represented, but by 

comparatively few species and individuals. The Gasteropods are 

more numerous, but consist principally of the genera d/aclurea, 

Ophileta, Raphistoma, Trochonema, Murchisonia, Pleurotomaria, 

Subulites, Bucania and Bellerophon, some of which are quite abund- 

antly represented in individuals, especially the last mentioned, which 

often forms a thin but almost continuous layer of considerable extent, 

in the lower blue beds. | : 

Among the Cephalopods of this formation, the great development 

of the genera Oncoceras and Cyrtoceras may be mentioned as a pe- 
culiar feature, both as regards the number of species and individuals; 

and among them some aberrant forms occur, such as those flattened 

| on one side, as represented by Cyrtoceras planoconvexum ( Orthoceras 

planoconveaum Hall) and C. planidorsatum Whitt. The Orthoce- 

rata are also represented by several genera other than the typical one. 

In fact, true Orthoceras is rare, except as represented by the annulated 

forms; while Hndoceras, Cameroceras, Ormoceras and Actonoceras 

are the prevailing types. 
The fossils representing the fauna of the Hudson-River (Cincin- 

nati) shales have been found at but few localities, but are so charac- 

teristic where obtained, as to leave no doubt of the identity of the 

beds with those recognized in other parts of the country. The pre- 

vailing forms at most localities are Cheetetes-like bodies and Bryozo- | 

ans; of which there are represented in the collections many species
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entirely new to science. A few of these only have been described 
and illustrated. Certain forms of Brachiopods are also not uncom- 
mon at some of the localities, though not abundant in individuals to | the extent to which they often occur in other parts of the country, 
A few of the new forms which have proved most abundant, and which 
are known to occur at several localities, have been figured on Plate 12, which, together with the other forms illustrated, will greatly aid in determining the formation at new localities. : oO «OF all the geological formations of the state, the Niagara group is — oy far the most abundantly fossiliferous, and the fauna presents many 
peculiarities. Among these, perhaps the most noticeable is the great abundance of corals which occur in some of the beds extending over a large territory within the state. Among them are many very strik- 
ing and beautiful forms, which must have cecured in great abundanee, 
for their remains are found imbedded in the drift and scattered over a 
great extent of country, as well as in the rocks in place. It is to be regretted that a complete illustration of these species could not be given, but it would involve considerable expense and require a large 
volume for these alone. I have endeavored to present a few of the 
most prominent forms, or those which appear to be the most charac- 
teristic. It is possible, however, and even probable, that some. of 
these may ultimately prove to be characteristic of certain beds only, 
and may occur at but few localities, Among the Brachiopods of the 
group, the genus Pentamerus appears to be the most abundant and 
widely spread, both geologically and geographically. There are, how- 
ever, many local varieties of the principal species (LP. oblongus ), that 
are confined to quite limited areas, and in many cases, as shown by 
the collections of the survey, to a limited vertical range in the forma- 
tion: showing a greater amount of local variation than has been no- 
ticed in any other group of shells. The changes which are seen to 
have taken place, among those referred to in this species, are entirely 
too great to be satisfactorily included within the Hinits of a single 
species, or to be ascribed to individual variations only; and the fact 
that any certain form or type prevails over a given area, almost to 
the total exclusion of all other varieties, is, I think, pretty strong ev- 
idence of its specitic value. Certainly if we should find among living 
forms, even at the same locality, the same amount of variation, there 
would be strong inclination on the part of most persons to regard 
them as uf specific value; especially as these variations involve both the external and internal features of the shells. On plate 17 a few 

. of these varieties have been shown. 
| The upper portion of the Niagara group is particularly character.
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| ized, at most of the localities, by the great abundance of crinoidal 

| remains; but as many of them have been illustrated elsewhere, it 

‘seemed undesirable to incur the expense of republication at this time. 

The recognition of the true equivalent of the Guelph limestone of 

Canada at several points within the state, characterized by a number 

of its peculiar fossils, and with an expression of the entire fauna dif- 

fering materially from that of the Niagara limestone below, 1s also an 

interesting fact, and the impossibility of illustrating the entire fauna, 

a matter of considerable regret. The recognition of these beds, and 

the discovery of Lower Helderberg fossils below the cement beds 
around Milwaukee, will probably tend to throw additional light on 
the question of the relative age of some other formations of this and 

the adjoining states. The higher beds around Milwaukee have shown 

by their fossils, a closer affinity with the Hamilton group of New 

York than with the Upper Helderberg group, as heretofore supposed. 

The positive identity of so many species leaves little or no question as 

to the age of the formation, and its occurrence at this point, when 

taken in connection with the trend of formations in Michigan, across 

the lake, shows unmistakably its relation to, and former connection 

with the beds in the northern part of that peninsula. And the fauna 

taken collectively, would perhaps indicate that it represents the entire 

Devonian series, as represented at other points.
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SPECIES FROM THE POTSDAM SANDSTONE. 

PLANTA, 
Genus PALAZOPHYCUS, Hall. 

PALZOPHYCUS PLUMOSUS. 

Plate L Fig. 1. 
Paleophycus plumosum —W hitfield; An. Rept. Geol. Survey Wis. for 1877; p. 50. 

Remains consisting of slender and elongated, slightly flattened or 
cylindrical stems of about a twelfth of an inch in diameter, and some- 

what flexuous; dividing and subdividing at the upper extremity into - 
several branches, forming feather-like tufts, the divisions of which 

almost immediately attain the same dimensions as the parent stem, 

and are from half an inch to an inch and a half in length. Surface 
apparently roughened by indistinct longitudinal corrugations. 

The remains at first sight somewhat resemble those described in 

Vol. I, Pal. Foss. Canada, under the generic name JLzcrophycus, but 
when more closely examined, are seen to have an entirely different 

mode of bifurcation, the divisions being of the size of the parent stem 

and taking place apparently one at a time, although very near each 

other, instead of the parent stem breaking up at once into a great num- 

ber of smaller branches. | 

Formation and locality. In thin, greenish sandstone layers, of the Potsdam period, 

below Mendota, Wis. 

BRACHIOPODA. 

Genus LINGULEPIS, Hall. 

LINGULEPIS PINNAFORMIS. 

Plate I. Figs. 2 and 8. 

Lingula antiqua — (Conrad) Hall; Pal. N. Y., Vol. I, p. 3. PLT, fig. 3 a-c. 

Lingula antiqua — Hall; Foster & Whitney’s Rept. Lake Superior, p. 204. Pl. XXV, 
fig. 2. : : 

Lingula pinnaformis—Owen; Geol. Rept. Wis., Ia. and Minn., p.583. Pl. I B, fig. 468. 

Lingula pinnaformis — Owen; Rept. Wis. Vol. I, p. 21, fig. 8, and p. 485. 

| Lingulepis pinnaformis — (Owen, sp.) Hall; 16th Rept. State Cab., p. 129. PL VI, figs 
14 and 16, and 12, 18 and 15?
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Shell spatulate, prolonged and attenuate in the upper part of the 
ventral valve, rounded on the sides and in front; the cardinal slopes, 

often slightly concave, surface of the valve convex, appearing smooth 

but showing fine concentric laminse of growth under a lens. Dorsal | 
valve short-ovate, with a short, obtuse and slightly incurved beak. 

Surface as in the other valve. | 
This is a very characteristic species of the lower beds, often occur- 

ring in great numbers, and in a beautiful state of preservation. The 

extended beak of the ventral valve is a distinguishing feature. 

Formation and locality. Inthe lower part of the Potsdam formation, at St. Croix 
Falls, and at various other localities in Wisconsin. , 

Genus ORTHIS, Dalman. | 

 QORTHIS PEPINA. | 

Plate I. Figs. 4 and 5. 

Orthis pepina — Hall; 16th Rept. State Cab., N. Y., p. 134. Pl. VI, figs. 23-27. 

Seen only as casts of the interior and impressions of the exterior. 
Shell semielliptical to paraboloid, unequally biconvex in profile. 

Ventral valve the largest, depressed convex, with a broad shallow sinus 
marking the anterior half; beak pointed; cardinal area moderately 

large, flattened and overhanging, with a large triangular fissure. In- 
ternal cast characterized by a strong projecting process on the cardi- 

nal margin which has occupied the rostral cavity and muscular im- : 

print, and which is marked in its lower portion by a pit representing 
the adductor muscular sear. Dorsal valve depressed convex, scarcely 
marked by a mesial fold; hinge-line straight; area obsolete. Interior 
marked in the cast by a pair of pits near the hinge, resulting from 
the removal of the crura, which were widely divergent. Surface of 
the shell marked by rather strong radiating striae, and by numerous 
concentric lines of growth. | 

The species is probably not a true Orthis as that genus is recog- 
| nized and represented in such forms as O. hybrida and O, elegantula, 

but appears to have been one of those representative forms which 
combine the features of several genera or types of a genus in an in- 
cipient degree, which, as they become developed more strongly in 
subsequent species, present features which are recognized as charac- 
teristic of distinct genera. ‘'he ventral valve of this form possesses | 
ull the essential features of that valve of Orrutstna, as illustrated in | 
0. anomala, but the dorsal valve seeins to have been entirely desti-



SPECIES FROM THE POTSDAM SANDSTONE. 44 

tute of the cardinal area, and to have possessed the cardinal process 

and hinge features afterwards shown in the genus Srrerroruyncurs, 

as illustrated in &. fitetexta Hall of the Silurian and S. cremstria of 
of the Lower Carboniferous formation. 

Formation and locality. Yn brownish, friable sandstone of the Potsdam period, at 
Berlin, Wisconsin. Prof. Hall recognized it at Reed's Landing, Lake Pepin; at Min- 

iska and at Osceola. | 

: Genus LEPTZENA, Dalman. a 

Lrrr£NA BARABUENSIS. 

Plate I. Figs. 6 and 7. 

Orthis Barabuensis— Winchell; Am. Jour. Sci. and Arts, Vol. XXXVII, p. 229, 
1864. 

Leptena Barabuensis —W hitfield; An. Rept. Geol. Surv. for 1877, p. 60. 

Shell of medium size or smaller, measuring about half an inch or less 
than half an inch along the hinge-line; form semielliptical, longest 

on the hinge and more than half as wide again as long; extremities 

of the hinge often submucronate; front of the valves rounded or 
slightly emarginate in the middle. Ventral valve the most convex, 

and marked by a strong, angular mesial elevation, nearly one-fourth 

as wide on the front of the valve, as the width of the shell; area 

moderately high and nearly in the plane of the valve; cardinal bor- 

ders very gradually sloping from the center to the extremities of the 
cardinal line. Dorsal valve less convex than the opposite, and marked 

by a subangular mesial depression, corresponding to the fold of the 

opposite valve; area linear. Surface of the shell apparently smooth, 
or at least so far as can be determined from either the internal casts 

or from the matrix. 

I had some doubt regarding the positive identity of this species 
with that described by Prof. Winchell in consequence of the follow- 

ing remarks which oceur in his description: “Surface with sixteen 

or eighteen ribs visible on the casts, the strongest of which limit the 
mesial sinus;” and again, “apparently of the tvpe of Orthis biforata.”’ 
In examining a number of specimens, I had not been able to detect 

any strize or ribs, and felt somewhat inclined to regard it as a distinet 

species from that one. I have, however, through the kindness of 

Prof. W., been able to make a direct comparison with one of his 
original specimens, and should consider them as identical. The 

specimen sent me has the mesial fold (of the ventral valve) remark- 
ably strongly defined by a depressed line on each margin, the center
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appearing tumid, which [ think is in part due to accident. The 

specimen corresponds closely with the ventral valve we have figured, 

except in the strongly defined mesial fold. 
The generic relation of the species is apparently much stronger 

with Leptena than with Orthis, although it is possible it may not be 
/ a true Leptena,; but in the conditions of the specimens it is impos- 

sible to see wherein they differ. It differs from Z. Melita, H. and 

W. Geol. Rept. 40th Parallel, Vol. IV, part 2, p. 208, Pl. I, figs. 18 
and 14, in wanting the striated surface and in being proportionally 

shorter on the hinge-line in comparison with the length from beak 
to base. 

Formation and locality. In the upper layers of the Potsdam sandstone, near the 
north end of Devil’s Lake, near Baraboo, Wisconsin. 

Genus TRIPLESIA, Hall. 

TRIPLESIA PRIMORDIALIS. 

Plate X. Figs. 1 and 2. 

Triplesia primordialis — Whitfield; An. Rep. Geol. Surv. Wis. for 1877, p. 51. 

Shell small, measuring less than half an inch in width; transversely 
oval in outline, and quite ventricose in profile; hinge-line straight 
and about half as long as the width of the shell below; area narrow. 
Ventral valve with a strongly depressed, rather narrow and rounded 
mesial sinus. Dorsal valve with a narrow, sharply elevated fold not 
extending quite to the beak; sides of the valve rounded. Surface 
smooth in the casts, but presenting the appearance of having been 
externally striate. Processes in the interior of the dorsal valve ap- 
parently forming a small spoon-shaped pit at the beak. 

There may be some little doubt as to the right generic reference of 
this species; the apparent spoon-shaped pit beneath the beak of the 
dorsal valve would seem to indicate a relation to the genus Camerella 
Billings, but the external form is much more like that of Triplesia 
extans of the ‘Trenton limestone, and the apparent pit may have been 
misinterpreted in the only specimen observed. 

Formation and locality. In the Potsdam sandstone at Roche 4 Cris Bluff, Adams 
Co., Wisconsin.
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GASTEROPODA. | 

Genus PALAZAACM AA, H. and W. 

Patmacmama Irvine. 

Plate I. Figs. 8 and 9. 

| Paleacmea Irvingi— Whitfizld; An. Rept. Geol. Surv. Wis. for 1877, p. 51. 

Shell rather large, depressed, conical, petaliform, about half as high 
as wide, and the length slightly exceeding the width, giving a broadly 

oval or ovate outline to the margin; apical half of the shell rather 

more abruptly conical than the basal portion, the apex situated slightly 

in advance of the middle of the length and laterally compressed; 

body of the shell marked by strong, concentrie or encircling undu- 

lating wrinkles or folds, and also by lines of growth. 
The species differ from P. typica, H. and W., from the Potsdam 

sandstone of New York in its greater size, more circular form, com- 

pressed apex, and stronger undulations. The species appears to have 

been not uncommon, but as it occurs in a hard quartzitic sandstone, 

it is not readily obtained in good condition, but appears mostly in the 

form of rings or parts of rings on the surface of the rocks, and is 

consequently not easily recognized. 

Formation and locality. In the quartzite layers of the Potsdam group, in Jackson 

Co., Wisconsin. 

OpuILeTA (RapHIstoMA) PRIMORDIALIS. 

Plate I. Figs. 10 and 11. 

Straparollus (Ophileta) primordialis — Winchell; Am. Jour. Sci. and Arts, Vol. 
XXXVII, p. 228, 1864. 

Comp. Ophileta complanata—Vanux. Geol. Rept., 3d dist. N. Y., 1842, p. 36, fig. 2; 
Pal. N. Y. Vol. I, p. 11, fig. 2. 

The following is the description of this shell given by Prof. Win- 

chell, as above cited: 

“A planorboid shell, three-fourths of an inch in diameter, and 

having the apex of the spire depressed below the level of the outer 

whorl. The number of the whorls is probably about five, but only the 
last two are preserved in the best specimens. The tube enlarges very 

gradually, and is marked by a distinct carina just above the peripheral 

line, above and below which is a shallow groove.”
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During the examination of the blocks of sandstone, at the locality 
near Devil’s Lake, I had an opportunity of examining quite a number | 
of specimens of this species, and I obtained several which show the 
entire upper surface of the shell. The greatest diameter is usually 
between three-fourths of an inch and one inch, the form flattened | 
planorbiform or slightly concave on the upper surface, and the num- 
ber of volutions from three and a half to nearly five in the largest 
individual; volutions closely coiled and very slightly increasing in 
diameter with increased age; the height of the volution is about equal 
to the transverse diameter, or a little greater, leaving the umbilical 
depression very broad and shallow. Surface of the volution, so far as 
can be ascertained, flattened or but slightly convex; outer edge acute 
and the under side rapidly receding from the edge to the umbilical 
margin. : : 

The form of the shell, as seen on the upper surface, is that of Stra- 
parollus, but the lower side, as shown both by the matrix in the sand- 

| stone and on a small example figured, is seen to have the form of that 
of Laphistoma as exemplified by 2. lenticularis. The general form 
of the shell is so exactly similar to Ophileta complanata, as figured 
by Vanuxem, doc. et., and as repeated in Vol. I, Pal. N. Y., that 
the figure above cited would answcr perfectly well for one of the Wis- 
consin shells; but as the under surface of the New York species is 
not yet known, it will be impossible to fully determine their positive 
identity without further evidence. Prof. Winchell speaks of a “ dis- 
tinct carina, Just above the peripheral line, above and below which js 
a shallow groove,” features which we have not observed. 

Formation and locality. In sandstone of the Potsdam formation; near Devil’s Lake, 
Wisconsin. 

Genus HOLOPEA, Hall. 

HoLopra SWEETI; n. sp. 

Plate X. Fig. 3. 

Shell of moderate size, the largest specimen observed having a 
length of one inch and an eighth, and a transverse diameter of the 
outer volution, of seven-eighths of an inch. Volutions four in num- 
ber, rapidly increasing in size, very ventricose and rounded, with 
deeply marked sutures; which present the appearance of having been 
channeled in the perfect eondition. Body volution forming nearly 

one-half the length of the shell; aperature large, broadly subovate or 
semilunate, widest below the middle; the columellar lip being straight
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and vertical in the upper part, but rounded into the basal margin be- 

| low. Apical angle sixty-five to seventy degrees. Surface smooth and 

the substance of the shell thin. 

The examples are all internal casts and impressions, preserved in a 

| very friable brown sandstone; but are perfectly free from compres- 

sion, and show the shell to have been very thin, and the axis minute- 

ly perforate. The species differs from that described by Prof. A. 

Winchell as Plewrotomaria? advena (Am. Jour. Sci. and Arts, Vol. 

XXXVII, March 1864, p. 228) in having strongly convex instead of de- | 

pressed convex whorls; in its more rapidly increasing volutions, and 

in not having three of “nearly equal height.” It will also be noticed. 

how nearly it resembles Scevogyra elevata, herein described from the 

Lower Magnesian limestone; but they differ very materially in the 

size and form of the umbilical opening, which in that species has 

been rather large and open; while in this one it is only minutely per- 

forate in the cast, and may possibly in the perfect state have been en- 

tirely solid. 

Formation and locality. Jn the Potsdam sandstone at Osceola Mills, Wis., named 

in honor of Mr. E. T. Sweet. | 

a PTEROPODA. | 

Genus HYOLITHES, Barrande. 

HYoLITHES PRIMORDIALIS. 

Plate I. Fig. 12. 

Theca primordialis — Hall; Ann. Rept. Progress Geol. Surv. of Wis., 1861. p. 80. 

Theca primordialis — Hall; Geol. Rept. Wis., 1862, Vol. I, p. 21. | 

Pugiunculus primordialis — Hall; 16th Rept. State Cab., p, 135. 

Theca primordialis — Hall » 16th Rept. State. Cab., p. 135. Pl. VI, figs. 80 and 31. 

Shell rather small, or of medium size, seldom exceeding one inch 

in length, regularly tapering throughout. Transverse section subtri- 

angular or, in some individuals, nearly planoconvex, the width being 

nearly twice the thickness. Convex side, rounded or slightly angu- 

lar along the middle; opposite side very depressed convex, the outer 

margin semicircular and projecting beyond the aperture equal to one- , 

half its width. Surface marked by fine striz of growth, which is 

directed nearly straight across the convex side, but on the flattened 

surface is parallel to the margin of the projection. 7 

The species is only represented by casts of the interior and impres- 

gions of the exterior surface; no remains of the shell having been de-
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tected, so that the surface markings are not usually very perceptible; 
enough remains, however, on some of the impressions, to show their 
character. 

Formation and locality. In soft friable sandstone of the Potsdam period, at Trem- 
pealeau, Wisconsin. Prof. Hall mentions having obtained it from Trempealeau, the 
mouth of Black river, and on the Chippewa, Wisconsin. 

Grnus BELLEROPHON, Mountfort. 

| BELLEROPHON ANTIQUATUS. 

| Plate I. Figs. 18 and 14, 
Bellerophon antiquatus — Whitfield; Ann. Rept. Geol. Surv. of Wis., for 1877, p. 52. 

Shell small, generally measuring not more than five-sixteenths of 
an inch in its transverse diameter; globose in form, involutely and 
closely coiled, having but a very narrow aperture, the preceding volu- 
tion projecting into and occupying the greater part of its areas auri- 
culations rounded, not projecting beyond the general rotundity of the 
shell; axis probably imperforate in the perfect condition, but in the 
cast, in which state they all appear so far as yet observed, it is seen to 
be minutely perforate, from the removal of the solid axis. Margin 
of the aperture characterized by a broad, shallow sinus, angular at 
the center. No appearance of any reflexion or thickening of the mar. 
gin cau be detected. Surface marking not satisfactorily determined. 
There are, however, on the best preserved individual, faint indications 
of regular transverse lines parallel to the margin of the aperture, but 
owing to the friable nature of the sandstone, they cannot be positively 
determined. 

So far as we know, there has been no species of this type of the ge- 
nus recognized in rocks of this horizon before, and none with which 
it need be confounded. 

| Formation and locality. In soft friable sandstone of the Potsdam group, at Osceola 
Mills, Wisconsin, associated with other species of the same age.
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| VERMES. | 

Genus ARENICOLITES, Salter. 

Arenicolites — Salter; Quart. Jour. Geol. Soc., London, 1856, Vol. 18. 

Scolithus of authors, not of Haldeman. 

Arentcotires Woopr; n. sp. 

: Plate II. Figs. 1-3. 

Certain layers of the sandstone of the Potsdam formation in the 

Devil’s Lake region, and near Baraboo, are abundantly marked by 
numbers of vertical and usually cylindrical perforations, of about a 

line or little more than a line in diameter, and varying in length from 
one to several inches. These perforations, when seen in vertical sec- 
tions of the rock, are straight or variously bent, and although often 

seen interfering with each other in their course, do not bifurcate or 
branch. The walls of the tubes are usually smooth, but occasionally 
one may be seen presenting a corrugated appearance, as if from irreg- 

ular annulations. In examining the layers of sandstone, the perfora- 
tions are commonly seen penetrating a certain layer in great numbers, 

up to a certain elevation, at which point they all become interrupted; | 

and the next layer above apparently destitute of any such feature. 

In selecting examples for cabinet specimens from among those near | 

Devil’s Lake, this feature was particularly noticeable. 
These vertical perforations have been generally referred to Scolithus 

linearis Hall (Pal. N. Y., vol. I, p.2. Pl. I, fig. 1), which is a com- . 
| mon fossil in the Potsdam sandstone in Vermont, Massachusetts and 

Pennsylvania; but these western forms differ from that one in several 
| particulars. The S. denearis is said to be from an eighth of an inch 

to half an inch in thickness, and often occurs of several feet in length, 

and is generally rigidly vertical and parallel; while the surface is 
said to be sometimes striated. ‘These western specimens are seldom 

seen to occur of even an eighth of an inch in diameter, and are gen- . 

erally less than one-tenth; they are, although normally vertical, never. | 
theless commonly deflected at various angles near the surface of the 

| layers, and not unfrequently run quite obliquely for considerable dis- 

. tance through the rock; and along the natural surface of a layer are 

often horizontal for a short distance, or open obliquely on such sur- 

face. 

There has long been much doubt as to the true nature of Scolithus. 
Vou. IV.— 12
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The genus was at first supposed, by its author, to be of vegetable 
origin, and such appears to have been the impression entertained by 
Prof. Hall, when describing them in the Pal. of N. Y., as above cited. 
The specimens used in that description would also naturally lead one to 
such a conclusion, as their resemblance is much greater to plant forms 
than to the borings of annelids, especially if the assertion that they 
are occasionally found of several feet in length is correct, and not a 
misapprehension; while these western forms are as distinctly the 
work of worm-like animals as are those on any of our modern sea 
beaches. Among the specimens from Wisconsin are some from 
Baraboo, collected by Mr. J. W. Wood, of that place, and for whom 
we have named the species, that clearly demonstrate this fact. 

_ The specimens above referred to, preserve on the blocks the natural 
surface of the layer, over which and in which the worms have crawled 
and burrowed; and on one large block the little hillocks, thrown up 
and formed about the opening of their burrows, are as pertectly pre- 
served as if they had been recently made. In many cases the perfora- 
tion is still to be seen, rising through the elevation, with its margins 
excavated into a funnel-shaped depression, as if by the circular or 

| wave-like motions of the animal while extended beyond the opening. 
Other blocks, which have been worn away or split horizontally just 
below the natural surface, show the tubes which have been excavated 
so near to others, previously filled, as to cut outa part of the same 
area, so as to form a series of semilunate perforations, on the removal 
of the fillings by decomposition. 

Taking into account the above considerations, I have preferred to 
use the name Avenicolites for the specimens here described. 
Among the specimens collected and sent by Mr. Wood, is one of 

peculiar form which he had supposed to be due to the decomposition 
of some vegetable substance. It is an impression in the sandstone 
formed by the removal of a root-like body, from four to five inches 
across, and elevated in the middle about one and a half inches; com- 
posed of a central prominence dividing up into numerous rootlets of 
varying thickness, from an eighth to more than one-fourth of an inch, 
and quite tortuous and rugose in character. The form of the object 
would indicate a plant of upright growth and of an order somewhat 
higher or more advanced than either Paleophycus or Lycrophycus. 
The specimen is quite distinct and well marked, but of obscure nature, 
so it has not been thought necessary to incur the expense of figuring.
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CRUSTACEA. 

| Genus CONOCEPHALITES, Zenker. 

CoNOCEPHALITES CALYMENOIDES, 

Plate III. Figs. 2-5. 

Conocephalites calymenoides — Whitfield; An. Rept. Geol. Surv, Wis. for 1877, p. 52. 

Species of less than medium size, the largest head noticed measur- 

ing scarcely three-eighths of an inch in length. The glabella and 

fixed cheeks, the only parts of the carapace positively identified, pre- 

sent much the general appearance of a species of Calymene. Glabella 

proportionally small, not exceeding half the entire length of the head, 

conical in form and obtusely pointed above, the width across the base 

rather more than equalling half the length, separated from the fixed 

cheeks by deep, abrupt dorsal furrows; surface convex, prominent, and 

destitute of glabellar furrows; frontal limb nearly twice as wide be- 

tween the suture lines as the greatest width of the glabella, its surface 

elevated into a highly convex, transversely oval boss or tubercle, which 

is separated from the glabella by a wide, deep furrow; fixed cheeks 

highly and abruptly elevated, and of proportionally large size; palpe- 

bral lobes semilunate or crescentiform, and situated opposite the upper 

end of the glabella; occipital furrow narrow, but deeply depressed ; 

ring narrow, rounded and prominent. Facial suture nearly straight 

in front of the eye lobes, to the middle of the tuberosity of the frontal 

limb, around the front of which it seems to curve; behind the eye it 

is directed outward for nearly half the width of the lateral limb, where 

it changes abruptly, forming an obtuse angle, and is then directed out- 

ward and backward, with a slightly convex curvature to the posterior 

: margin of the head, at a point distant from the dorsal furrow about 

equal to the length of the glabella and occipital ring, forming large, 

triangular postero-lateral limbs. | 

Thorax long and narrow, the length exceeding once and a half the 

greatest width; regularly and gradually narrowing from the occiput 

posteriorly, very highly arched transversely, and strongly trilobed, con- 

sisting of twenty-two or more articulations. Axial lobe forming 

rather more than one-third of the entire width of the thorax, highly 

elevated, the curvature quite equaling a semicircle; lateral lobes nar- 

rower and deeper than the axial, the sides nearly vertical; dorsal fur- 

rows strongly marked; segments very short, the axial portion strongly
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rounded from front to back; pleura less strongly rounded than the 
axial portion, the anterior element forming nearly one-half the width 
at the inner end, but decreasing outward; the furrow separating the 

two portions deep, and extending more than half the length of the 
, pleura; outer portion flattened on the articular surface, and rounded 

on the posterior margin; extremity rounded. Pygidium unknown. 

The tuberosity of the frontal limb, the large, elevated fixed cheeks, 

deep dorsal furrows and small size are prominent features, and will | 
serve to distinguish it from any known species. 

The only individual preserving the thorax consists of an impression 
in soft, friable sandstone, from which a gutta percha cast was taken 

for the purpose of figuring. The cast is seen to be imperfect on the 

anterior portion of the head, and does not preserve the pygidium. 

Twenty-two segments can easily be counted, with possibly one other. | 
The species is remarkable for the narrow, elongated, deeply lobed | 
thorax, and the prominent features of the head. 

Formation and locality. In sandstone of the Potsdam formation (middle), asso-— 
ciated with Agraulos Woosteri, at Eau Claire, Wisconsin. 

CoNOCEPHALITES? QUADRATUS; Nl. Sp. 

| Plate I. Figs. 15 and 16. 

Entire form of body unknown, the species being founded upon de- 
tached portions of the head only. 

Glabella and fixed cheeks when united, minute, quadrangular in 

outline, the glabella forming but a small portion of the whole. The 
form of this latter part is quadrangular or very slightly tapering up- 

ward, and squarely truncate at the summit, the length being about 
once and a half as great as the greatest width, which is across the 
base. The surface is highly convex and destitute of glabella furrows, 

its margin abruptly limited by very deep and narrow dorsal furrows, 

which are continued in equal depth in front. Fixed cheeks, large and 
gently convex, their width being nearly once and a half that of the 
glabella, and their surface even with that of the posterior half of the 
frontal limb immediately in front of the glabella, marked on their 

| margins by semicircular ocular sinuses of medium size. Anterior 
half of the frontal limb depressed, with the outer margin recurving, 

forming a broad, concave channel on the anterior half of this portion 

of the plate. Occipital ring very narrow, prominent and rounded, the 
groove narrow and deep, being a continuation of, and of similar char- 

acter with the dorsal furrows bounding the glabella. The occipital 
furrow is entirely obsolete on the glabella, the posterior portion of
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this member being continued backward in a long curved spine, hav- 

ing a length equal to that of the glabella itself. 

Movable cheeks short, but much extended laterally, the entire lat- 

eral length of each being nearly twice as great at the longitudinal 

diameter of the cheek along the line of the facial-suture. Form of 

the cheek short-faleate, the posterior angle being curved slightly 

backward from a point opposite the eye lobe; anterior margin curved, 

with a constantly increasiug curvature, from the anterior angle to the 

posterior projection. Surface of the cheek gently convex, the outer 

border much thickened on the under side, leaving a wide, deep groove 

on the east, as seen in the rock. 

There are remains of thoracic segments and minute pygidia associ- 

ated in the rock with the parts described, but owing to their minute 

size, and the fact that they are associated with at least three other 

species of trilobites, I have deemed it most prudent to leave them un- 

characterized. . 
The species is of minute size, and is peculiar for the quadrangular 

glabella, deep dorsal furrows, wide fixed cheek, and the quadrangular 

form of the central parts of the head when together. The head shield, 

when provided with the movable cheeks in place, would be several 

times as wide as long, and this feature alone would serve as a guide 

in identification, should it be found in a more entire condition than 

. the specimens under consideration. 

Formation and locality. In yellow sandstone of the Potsdam group, at Hau Claire, 

and at Ettrick, Wisconsin. 

ConocerHatires (Prycuaspis?) EXPLANATUS; 0. Sp. 

Plate I. Figs. 27 and 28. | 

Species known only by the glabella and fixed cheeks, and these in 

a somewhat fragmentary condition. The form of these parts, as seen 

united, is somewhat quadrangular, rather longer than wide, and with 

rather prominent surface features. The glabella is elongate-quadran- 

gular, narrowest across the anterior third of its length, rounded ante- 

riorly and widening posteriorly to the back of the occipital ring; its 

length, when measured from the occipital furrow, is equal to once 

and a half the smallest transverse diameter; surface moderately con- 

vex and marked by three pairs of transverse furrows, the middle 

ene of which is a little anterior to the middle of the length, deeply 
marked near the outer ends, and barely perceptible on the inner 

third of the length, their direction being slightly backwards to-
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ward the center. The posterior pair is very oblique, equally well 
marked, but narrower, and extends entirely across the glabella, but 
only faintly marked in the center. The anterior pair is short, more © 
faintly marked, and situated about one-fourth of the width of the 

glabella from the anterior end. Fixed cheeks and frontal limb pro- 
portionally wide, the anterior half of the latter bent upward, form- 

ing considerable of an angle with the flattened portion around the 
glabella. Palpebral lobes proportionally large and moderately prom- 

inent; ocular ridges very distinctly marked, and very oblique, aris- 
ing from the posterior part of the anterior glabellar lobe, and passing 

to the anterior extremity of the eye lobe. Occipital ring flattened or 
very depressed convex on the surface, narrower than the glabellar 

lobes, and the furrows shallow and only moderately well marked. 
Facial suture passing from the eye with a strong outward curvature 

to the anterior border, which it reaches nearly on a line with the eye; 

its course behind the eye not determined. Surface apparently smooth. 

In the form of the glabella, this species presents features corres- 
ponding to those of the genus Péychaspis Hall, but differs in the 
direction of the facial suture, and in the form and character of the 

| eyes. It also somewhat resembles some specimens of Conocephalites 

diadematus H., but differs in wanting the thickened anterior border 

of the head of that species, and in the great width of the fixed cheeks. 

Except for this latter feature, it would correspond very closely with . 
Lrkellocephalus pepmensis as seen in the central part of Fig. 14, 
Plate X, of the 16th Rept. State Cab. N. Y.; but not with any other 

specimen of that species among a large number in that same collection. 
The one referred to is the only one showing the constriction in * 

the width of the glabella, and we are strongly inclined to think it a 
different species from D. pepinensis Owen. 

Formation and locality. In brown friable sandstone of the Potsdam period, at Hud- 
son, Wisconsin. 

Genus CREPICEPHALUS, Owen. 

CREPICEPHALUS ONUSTUS. | 

Plate I. Figs. 22 and 23. | 

Crepicephalus onustus — Whitfield; Ann. Rept. Geol. Surv. Wis. for 1877, p. 53. 

Glabella of moderate size, highly convex, broadly conical and nar- 
rowly rounded at the summit, the width at the base equaling the 

height, exclusive of the occipital ring, which is short, less prominent
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than the glabella, and somewhat narrower; fixed cheeks, narrow, 

rounded and prominent; palpebral lobes, small and inconspicuous, 

situated opposite the middle of the glabella; frontal limb moderately 

| long and regularly rounded on the margin between the facial-sutures, 

the front margin prominent and rounded; the space between it and 

the glabella deeply and regularly concave, and strongly arcuate later- 

ally; ocular ridges faintly marked; dorsal furrows narrow, very deep 

and sharply marked; facial-suture directed gently outward in its 

course, from the eye-lobes to the anterior margin of the head, but re- 

curving near the edge, and slightly rounding the antero-lateral angles 

of the frontal limb; behind the eye it is directed outward at an angle 

| of about forty-five degrees, with a slight sigmoidal curvature to the 

posterior margin of the head, forming a short triangular lateral limb; 

posterior furrows narrow, and directed slightly forward in their pas- 

sage from the dorsal furrow to the suture. Other parts of the organ- 

ism unknown. Length of the head, half an inch; length of glabella 

from the occipital furrow, nine-sixteenths of an inch. | 

There seems to be an almost endless variety of this group of Trilo- 

bites preserved in the rocks of this period, differing principally in 

the combination of features as shown in the cephalic shield. The 

numerous species are readily recognized, however, by the form of the 

fixed cheeks and glabellas, even where no other part of the animal 

can be determined; and though it may appear incredible, entirely 

new forms are presented among the specimens obtained from each 

individual locality. The above species differs from any of the others 

described, in the short, conical form of the glabella, combined with 

the absence of glabellar furrows, the prominent, narrow cheeks, and 

long, concave frontal limb. In the short, conical form of the gla- 

bella, it is peculiar among the Wisconsin species, and is more nearly 

allied to those from the far west, described in the Geol. Rept. of the 

40th parallel survey. The absence of glabellar furrows is a feature 

not usually seen in those from this region, but is common on those 

from the Canadian provinces, and was probably the reason for refer- 

ring so many of these forms to the genus Bathyurus, by the author 

of that genus. 

Formation and Locality. In rather compact yellow sandstone of the Potsdam period, 

at Ettrick and Eau Claire, Wisconsin.
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CREPICEPHALUS? GIBBSI; n. sp. a 

Plate X. Figs. 12 and 18. | 
Conocephalites Gibbsi — Whitfield ; Wis. Geol. Rept., Vol. II, 1873-1877, p. 67. 

Species recognized only in movable cheeks and pygidia which oc. 
cur in great numbers in a coarse brown sandstone as casts left by the 
removal of the substance of the fossils. 

The movable cheeks are of moderate size, elongate triangular in . 
form, depressed convex on the surface and rather oblique. Margin 
of the plate bordered by a rather wide, rounded, thickened rim, which 
increases in width posteriorly, and terminates in a thickened, shghtly | 

| compressed spine of a length about equal to that of the cheek from the 
anterior margin to the origin of the spine. Inner area of the cheek 
distinctly convex and separated from the margin by a well defined 
sinus, and from the occipital ring by a deeper furrow. Ocular sinus 
rather small and surrounded by a slightly depressed furrow. 

Pygidium proportionally large, transversly elliptical in form with 
subacute lateral extremities; posterior margin almost regularly round- 
ed, and nearly twice as abruptly curved as the anterior border; plate 
strongly trilobed, the axial lobe forming considerably more than one- | 
third of the entire width of the plate, somewhat strongly convex, and 
terminating a little within the posterior margin in a broad, obtusely 
rounded extremity, and marked by four strongly elevated rings ex- 
clusive of the terminal lobe. Lateral lobes marked by only three 
visible ribs, which are faintly developed. 

In the general form of the cheek this species most nearly resem- 
bles C. (Loganellus) centralis Whitf., from the Potsdam sandstone 
of the Black Hills of Dakota (see Prelim. Rept. on the Pal. Black 
Hills, 1877, p. 10, and Pl. I, final Rept., fig. 24); it is, however, very 
much wider from the ocular sinus to the thickened margin, and also 
more oblique. It also resembles that of C. (Loganellus) simulator 
H. and W., Pal. Rept. 46th Parallel Surv., p. 218, PL. II, figs. 16-18; 
but differs in the less curved or arcuate outer border; more distinetly 
rounded and wider marginal rim; smaller ocular sinus, and in the 
well marked groove surrounding the eye. The pygidium differs from 
any known form in the great proportional width of the axial lobe. 

Formation and locality. In coarse brown and friable sandstone of the Potsdam group 
at Berlin, Green Lake county, Wisconsin.
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Genus PTYCHASPIS, Hall. 

_ PrycHAsPis GRANULOSA. 

Plate I. Fig. 24. 

Dikellocephalus granulosus— Owen; U.S. Geol. Surv. Wiscon. Iowa and Minnesota, 

p. 575. PLI. Fig. 7. 
Not Ptychaspis granulosa— Hall; 16th Report State Cab. N. Y., p. 173. Pl. VI, 

figs, 33-40. 

Glabella elongated, cylindrical or very slightly narrowing anterior- 

ly, highly convex and divided transversly by three pairs of furrows, 

the two posterior ones being strongly marked and uniting in the mid- 

dle, and directed forward at the outer extremities; the anterior pair 

being very short and faintly marked. Anterior extremity of the 

glabella rounded; dorsal furrows deep and well marked. Tixed 

cheeks, broad at the eye and widening behind, but in front of the eye 

are narrowed and rounded to the anterior margin of the head. Eye 

lobes small and situated opposite the extremity of the middle glabella 

furrow. In front of the eye-lobes and glabella the fixed-cheeks and 

frontal-limb are strongly curved downward to the anterior margin, 

the frontal-limbs being of medium width, but appearing narrow from 

- fore-shortening, as seen in a vertical view. 

Surface of the fixed cheeks and glabella covered with coarse eleva- 

ted and transversly elongated pustules or granules, of proportionally 

large size, arranged in indistinct rows on the fixed cheeks, while on 

the glabella they are less regular and not so prominent. 

This species is peculiar, among the Wisconsin forms, for its pustu- 

Jose surface. The specimens in hand are all fragrhentary, that fig- 

ured being among the most perfect, but lacking the occipital ring and 

back portion of the fixed cheeks. The movable cheeks associated with 

the glabellas are also quite imperfect, but show the pustulose char- 

acter very distinctly, and corresponding very well with those described 

and figured by Dr. Owen as abovecited; but differing very materially 

from those indentified with that species by Prof. Hall, in having the 

surface strongly pustulose instead of lined or striated. I therefore, 

propose to recognize that species under the name Ptychaspis striata, 

from its striated surface features. 

Locality. Hudson, Wisconsin. |
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PrycHASPIS STRIATA; nN. sp. 

Ptychaspis granulosa — Hall; 16th Rept. State Cab. N. Y.p. 173. Pl. 
VI, figs. 33-40. 

Not Dikellocephalus granulosus — Owen. 

Differs from Péychaspis granulosa Owen sp. in having the sur-. 
face of the head strongly striated or marked ‘with elevated ridges, 
which are more or less parallel to the margin. 

: -  PryCHASPSIS MINUTA. 

Plate I. Figs. 25 and 26. 

Ptychaspsis minuta — Whitfield; An. Rept. Geol. Surv. Wis. for 1877, p. 55. 

A. minute species, known only from detached portions of the head, 
the length of which, as seen on the largest individuals observed, 
scarcely exceeds one-sixth of an inch, and mostly not more than an 
eighth of an inch from the anterior margin to the back of the oc- 
cipital ring. | 

Glabella cylindrical, rounded and projecting in front, divided trans- 
versely by two pairs of deeply marked, oblique glabellar furrows, 
neither of which extend entirely across, and by a very faint third 
pair situated near the anterior end; occipital furrow also deep, the 
ring narrow and elevated. Fixed cheeks convex, more than half the 
width of the glabella and palpebral lobe, widening behind and nar- 
rowed in front. Frontal limb narrow and abruptly curved downward 
in front of the glabella, so as to be scarcely seen in a vertical view; 
dorsal furrow deeply marked. Eye-lobes proportionally long, but 
very narrow and but slightly elevated. | 

Movable cheeks elongate-triangular, convex on the surface, extended 
backwards at the genal angles into short obtuse spines; ocular sinus 
of moderate size. Surface coarsely striated near the margin parallel 
to the border. Thorax and pygidium unknown. 

The small size of the species, with its deeply-lobed glabella and 
abruptly declining frontal limb in connection with its characteristic 
form, will readily distinguish the species. | 

Formation and locality. 1n soft, very friable, greenish-brown sandstone of the Pots- 
dam formation, at Roberts’ Store, St. Croix Co., Wisconsin.
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DikELLOCEPHALUS MINNESOTENSIS. | | 

| Plate. Fig. de . 

Dikeilocephalus Minnesotensis — Owen; Geol. Rept., Wis., Ia. and Minn., p. 574. 

Tab. 1, figs. 1, 2, 10; and Tab. 1, A, figs. 3 and 6. ; 

Dikellocephalus Minnesotensis — (Owen) Hall; 16th Rept., State Cab., p. 188. Pl. IX, 

fies. 5-10, Pl. X; and PL. XI, figs. 1, 8 and 6. 
Dikellocephalus Minnesotensis — of Authors. 

Entire form of body unknown, being represented usually by de- 

tached portions of the head, separated thoracic segments, and by py- 

- gidia. 

The head is broadly semi-elliptical, or semi-circular in form, with 

the posterior extremities of the cheeks projecting backward in the 

form of broad, flattened spines. 

Glabella depressed convex, as long or longer than wide, from the 

oecipital furrow to the anterior extremity; sides parallel, front rounded, 

surface marked by two pairs of glabellar furrows, the posterior of 

which extends entirely across, and is strongly bent backward in the 

middle; the anterior furrows extend only about one-third of the width 

from the dorsal furrow. Occipital furrow narrow, but well defined; 

and the ring broad and depressed convex, or often flattened. Fixed 

cheeks, rather narrow in front and behind the eyes. Frontal limb 

long and spreading, its surface generally flattened. Palpebral lobes 

large, and strongly grooved just within the margin. Postero-lateral 

limbs very long, but narrow, their lateral extent nearly equaling the 

width of the glabella, and the surface deeply grooved. 

Movable cheeks large, but slightly convex, and triangular in out- 

line; marked at their inner angle by a large ocular sinus; outer mar- 

| gin slightly thickened, and the intermediate surface concavo-convex ; 

genal angles produced in the form of flattened spines. 

Facial suture cutting the anterior border of the head nearly on a 

line with the outer portion of the eye, and is directed thence inward- 

ly, with a light convex curvature to the front of the eye, behind 

which it turns abruptly outward, and runs parallel with the posterior 

margin of the head for about half the width of the movable cheek, 

where it is deflected backward. 

Thoracic segments short and much flattened; the axial lobe is nar- 

row, and the lateral lobes greatly extended, with the free extremities 

directed backward. The surface of the pleura is marked by a narrow 

but rather deep furrow extending nearly to the extremity, rising from 

near the front margin at the inner end, it passes rapidly backward for
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a short distance to behind the middle of the width, which position it 
retains for the remainder of its length. 

Pygidium proportionally large and broad; once and a half, or more 
than once and a half as wide as long, with the axis narrow, very prom- 
inent, and extending about two-thirds of the length of the plate, 
marked by four distinct but flattened rings, exclusive of the terminal 
ones. Lateral lobes very broad, rounded on the anterior and posterior 
margins, and characterized by a short, flattened, triangular spine at each 
postero-lateral angle. The surface is marked by four double ribs on each ; 
side, exclusive of the anterior one; one division of each being wide at 
the inner end, and the other narrow, respectively; but becoming of 
nearly equal width in their outer extension. The surface of the shield 
is concavo-convex between the dorsal furrow and the outer margin, 
when preserved in its natural form, but is generally flattened, as seen 
on the surface of the layers of rock, owing to compression. 

The species attains a very large size, some of the pygidia measur: 
ing nearly five inchesin width. It appears to be characteristic of a 
certain horizon near the upper part of the Potsdam group, and con- 
sequently serves as an excellent guide in determining horizons, where 

found. 

| Formation and locality. In the upper part of the Potsdam group (Mendota beds), 
near Madison, at Mazomanie, and elsewhere in Wisconsin. It also occurs in Minneso- 
ta and Iowa at the same horizon. 

, Dixetiocepnanvs Lopensts, n. sp. 

7 Plate X. Fig. 14. | 
Several specimens of a pustulose cheek of a species of Dikelloceph- 

alus have been obtained from the Mendota beds at Lodi, by Mr. H. 
W. Eaton, which entirely differs from any hitherto noticed species; 
and which, from its marked peculiarity, will be readily recognized, 
should it be obtained at other localities. The form is much like those 
associated with, and usually referred to, D. pepinensis Owen, from 
the same horizon, but differs in its narrower border, shorter spine, 
somewhat larger ocular sinus, but most noticeably in the surface 
structure, which is strongly pustulose over the entire area within the 

_ thickened marginal rim, the pustules being largest and most regu- 
larly arranged near the ocular sinus, and decreasing in size toward the 
outer edge of the cheek. The occipital furrow across the cheek has 
been strong and deep. | 

The species resembles in its surface features the cheek of Ptychaspis |
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granulosus, Owen’s sp., but differs in its more erect form, much 

larger ocular sinus, narrower, thickened margin, and more slender 

posterior spine, and may be readily distinguished by these features. 

No other parts of the organism have yet been discovered, but from 

the occurrence of several movable cheeks among the collections ob- 

tained during a.single short visit to the locality, there can be no doubt 

that the species will prove an abundant one in further collections, and 

from its peculiar features, will be readily identified. 

Grnus AGRAULOS, Corda. « 

Agrav.Los (Batuyurus?) WoosTERI. | 

| Plate I. Figs. 19-21. 

Agraulos (Bathyurus ?) Woostert —Whiif. An. Rept. Geol. Surv. Wis. for 1877, p. 46. 

: Head and moveable cheeks, when united, semicircular or short-para- 

~ boloid in form, rather strongly convex, and bordered by a narrow, 

rounded and elevated rim, which is wider in front than on the sides; 

genal angles obtusely rounded and destitute of spines, glabella round- 

conical in outline, prominent and convex, two-thirds as wide at the 

base as the length, including the occipital ring, the surface smooth 

and destitute of transverse furrows. Dorsal furrows faintly marked, 

occipital furrows not strongly matked. Fixed cheeks less than halt 

as wide at the eye as the middle of the glabella, frontal limb, from 

the glabella to the anterior margin of the head, half as long as the 

glabella and occipital ring, and rapidly sloping from the glabella to 

the marginal rim. Eyes prominent, proportionally large, reniform 

and the visual surface strongly convex. Facial suture strongly diverg- 

ing from the eyes to the anterior marginal rim, through which it 

passes with a strong inward curvature to the front; the width of the 

frontal limb being equal to the entire length of the head. Behind 

the eye the suture passes backward and outward to the posterior mar- 

gin at an angle of not more than fifteen to twenty degrees with the 

vertical axis of the head. 
| 

Thoracic segments not fully determined, but those associated on 

the same sandstones with the glabellas, cheeks and pygidise, are nar- 

row, in an antero-posterior direction, and have long, slender and 

pointed pleura. 
| 

Pygidium paraboloid on the outer margin, the anterior margin form- | 

ing from three to four times as flat a curve as the posterior margin. 

Axis highly convex, two-thirds as long as the shield and not more
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than one-fourth as wide at its greatest width, marked by four trans- 
verse rings exclusive of the terminal ones; lateral lobes convex, des- 
titute of any thickened border, marked by three furrows on each side 
exclusive of the anterior one; ribs simple, and nearly reaching to the 
border. Marginal selvage of the under surface wide and much thick- 
ened, 

_ I know of no species sufficiently resembling this one to be readily 
confounded with it. 

Formation and locality. In yellow sandstone of the Potsdam period (middle), at 
Kttrick and Eau Claire, Wisconsin. 

ARIONELLUS CONVEXUS. 

Plate I. Fig. 17. | 

Arionellus (Agraulos) convexus— Whitf. An. Rept. Geol. Surv. Wis., for 1877, p. ov. 

Glabella and fixed cheeks when united, strongly convex, and some- 
what paraboloid in form, length and width nearly equal; anterior 
margin of the head, between the suture lines, regularly and somewhat 
sharply arcuate; palpebral lobes small, not very prominent, situated 
posterior to the middle of the head. Glabella rather less than two- 

| thirds of the entire length of the shield, round-conical in form, and 
somewhat abruptly tapering, scarcely defined at the margins by the 
dorsal furrows, and apparently very indistinctly marked by three 
pairs of oblique furrows; occipital ring narrower than the base of the 
glabella, and more prominent, and also extending beyond the poste- 
rior limits of the fixed cheeks; occipital furrow very shallow and 
faintly marked, the ring short in the middle, and reduced to its mine 
imum width at its junction with the dorsal furrows. Fixed cheeks 
half as wide as the glabella; frontal limb as long in the middle as the | 
width of the fixed cheek, and slightly increasing toward the lateral 
angles. Facial suture passing nearly direct from the eye to the ante- 
rior margin of the head, its course posterior to the eye not determined. 

The largest example of the glabella and fixed cheeks observed 
measures about three-fourths of an inch in length by nearly seven- 

| eighths of an inch in width at the base. No other parts of the organ- 
ism have been observed. 

Formation and locality. In brown sandstone of the Potsdam formation, at Ironton, 
Sauk Co., Wisconsin. |
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Genus ELLIPSOCEPHALUS, Zenker. 

ELLIPSOCEPHALUS CURTUS. 

Plate I. Fig. 18. 

Ellipsocephalus curtus — Whitf.; An. Rept. Geol. Surv. Wis., for 1877. p. 58. 

The species is known only by several detached portions of the 

cephalic shield, which occur in sandstone associated with Orthis pe- 
pina, Ptychaspis miniscaensis, and fragments of other trilobites 

crowded together, rendering it impossible to satisfactorily determine 
portions of other parts of the organism. The fragments observed con- — 

sist of the glabella and fixed cheeks, which, when united, are sub-semi- 
circular in form; the glabella is but slightly elevated, once and a half 
as long as wide, measuring from the back of the occipital ring, and 
somewhat quadrangular in shape; the front being almost regularly 
rounded, the sides parallel and the width slightly less across the mid- 

dle than in front; a very slight angularity exists along the middle, and 

a single furrow crosses it near the base, distinct in the middle but be- 

coming obsolete before reaching the sides.* Frontal limb very short 
in the middle, gradually and rapidly widening laterally. Fixed cheeks 

wide, but little less at the palpebral lobes than the width of the gla- 

bella, but rapidly contracting behind to about two-thirds of that 
width; their general surface flattened or somewhat depressed between 
the eye and the glabella. Occipital ring narrow; posterior cheek fur- 

row very narrow. Dorsal furrow not impressed below the general level 

of the fixed cheek. Jacial suture curved inward in front of the eye 

to the anterior border, and behind directed outward nearly at right 

angles to the axis, to a distance equal to one-third the width of the 
cheek, and then abruptly deflected to the posterior border of the head. . 
Palpebral lobes proportionally large, simple in its structure, elevated 

on the margin and semi-lunate in form, situated very near to the pos- 
terior margin of the head. 

The species closely resembles /#’. Hoff, Schlot., from the Primordial 
rocks of Europe, but differs in having the glabella less angular; in its 
being rounded instead of obtusely angular in front, and in the wider 

fixed cheeks. In its general features, however, it is very similar. 

Formation and locality. In. friable, brown sandstone of the Potsdam period, at 
Hudson, Wisconsin. 

* Tt is possible this may be the occipital furrow, as the ring is imperfect in all the 

specimens, but this. being placed in advance of the furrow of the fixed cheek, has been 
considered as a glabellar furrow.
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Genus AGLASPIS, Hall. | 

AGLASPI8 EATONI; nN. sp. 

Plate X. Fig. 11. 

Body small and longitudinally oval in form, the length being equal 
to once and a half the width, which is at nearly the middle of the | 
length. Surface moderately convex and distinctly longitudinally tri- 
lobed. Cephalic shield semicircular, about half as long as wide, 
rounded on the margin, and possibly slightly emarginate or notched 
in the middle of the anterior border, having the genal angles slightly 
produced, forming obtuse points. Surface of the plate trilobed, the 
central portion (glabella?) narrow, nearly two-thirds as long as the 
plate, conical in form, and obscurely marked by transverse furrows. 
Occipital furrow distinct, both on the central lobe and across the base 
of the cheek or lateral portion, to near the margin, where it passes 
into an obscure submarginal furrow, leaving the central portions of 
the cheek prominently convex. Eyes prominent, elongate elliptical 
in form, situated within the anterior half of the length of the shield, 

| and at adistance equal to about their own length from each other, 
_ their anterior ends directed slightly inward, giving them an oblique 
direction to the axis. 

| Thorax distinctly but not prominently trilobed, but with obscure 
dorsal furrows, and consisting of eight: segments or articulations. 
Axial lobe fully one-third of the entire width, the greatest width 
being at the third segment; the form is slightly narrowed anteriorly, 
and gradually contracting behind to the pygidial plate. Segments 
arching forward on the axial lobe and distinctly backward in their 
course across the lateral lobes, the deflection increasing posteriorly to 
the last one, which is abruptly arched or bent. General surface of 
the segments flattened, with the middle slightly depressed, forming a 
broad furrow, which extends nearly to the extremity and embraces 
almost the entire width of the segment, leaving the anterior margin 

_ sharply raised, and the posterior borderrounded. Extremities of the 
free pleura wider than their inner ends, rounded on the front side, and 
slightly mucronate on the posterior edge, the extremity being directed . 
slightly backward. The rounded posterior margin of the thoracic seg- | 
ments and the occipital margin of the cephalic shield are marked by 
a series of minute pointed nodes, numbering from eight to ten on the 
axial lobe, and about an equal number on each of the lateral portions 

_ of the principal segment.
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Pygidial plate small, apparently triangular, and terminating in a 
slender triangular spine, of a length more than equaling half that of 
the thorax, and is apparently grooved on its under surface. Surface 
of the crust of the body minutely granulose. 

_ This species differs from A. Barrandi Hall, as represented by the 
original specimens, in its minute size; that one attaining a transverse 
diameter of two and three-fourth inches across the base of the head, 
while this one is scarcely more than half an inch. It also differs in 
the greater proportional length of the cephalic shield, and the more 
distinct glabella -like central portion, and more distant eye-tubercles, 
The thoracic segments differ in being distinctly furrowed or chan- 
neled, and in the presence of the lines of nodes along their posterior 
borders and on that of the cephalic shield; which feature would nat- 
urally be one of adult age, rather than of a young stage of growth. 
With the other parts of the body of A. Barrandi, there is yet no 
means of comparing it, other than that furnished by the few frag- 
ments of that species originally figured, loc. cit.; but there is evidence 
in one of them, that at least some of the thoracic segments were con- 
tinued at their extremities into long, recurving points (see 16th Rept. 
State Cab., Pl. IT, fig. 14), which is not the case in this species. It 
might possibly be considered as the young of that species, were it not 
for its perfection of features, and the evidence of adult characters in 
its ornamentation, which, with the difference in structure and the 
proportion of parts, would tend to show its specific difference. This 
species would seem to be somewhat more closely related to the true 
Trilobites than A. Barrandi was at first supposed to be judging from 
remarks made by the author of the genus. The distinctly trilobed 
character of the thorax, and the glabellar-like central lobe of the 
head, with its transverse furrows, are strong trilopitie characters. No 
evidence, however, of facial sutures can be detected on the superior 
surface of the head, nor any lobation of the pygidial plate. ) 

Formation and locality. In the upper part of the Potsdam group (Mendota beds) at 
Lodi, Wisconsin. ‘The species is named in honor of its discoverer, Mr. Harlow W. 
Eaton, late of Lodi, Wis. 

Vou. IV.—13 |
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SPECIES FROM THE LOWER MAGNESIAN LIMESTONES. 

the following group of species (except Huomphalus Strongi) is of 
peculiar interest, as coming from a bed of Lower Magnesian lime- 
stone occurring within the area occupied by the Huronian quartzites 
of the Devil’s Lake region, at a quarry owned by Mr. Eikie, about 
seven miles east of Baraboo. 

The bed in which they occur is underlain by a sandstone of the 
Potsdam period, containing an abundance of Arenicolites borings, ap- 
parently of the same age, and probably of nearly the same horizon, as 
the sandstone a few miles distant, nearer the lake, from which the 
fossils described by Prof. A. Winchell in the Am. Jour. Sci. and 
Arts, March, 1864, were obtained. The outcrop rests within the curve 
of a quartzite hill, near the eastern end of the range, and at a level 
considerably below that of the top of the quartzites; while at a short 
distance to the N. E. there is an outcrop of sandstone, at a considera- 
ble higher level than these magnesian beds. If this outcrop, referred 
to, is of the same age as those near the base of the hill underlying the 
magnesian beds, it would seem to indicate that the elevation of the 
sandstone as well as of the quartzite, had taken place prior to, and 
was perhaps still in progress during the deposition of the magnesian 
beds, and that considerable degradation had taken place over the area 
occupied by these beds before they were deposited. 

The fossils are all new, except the Leptwna, of which there was but 
one specimen obtained, and are of peculiar types. Some of the Tri- 
lobites are similar to those described by Mr. Billings, Pal. Foss. Can. 
Vol. I, p. 409, under the generic name of Bathyurus, but are of differ- | 
ent species, and are, we think, clearly referable to the genus Dikello- 
cephalus, rather than to Bathyurus, as exemplified by the type of the 
genus, 6. extans, Hall’s sp. The occurrence of a species of the genus 
Lllenurus shows the intimate relations which existed between the 

| fauna of this and of the preceding Potsdam period of the neighbor- 
ing counties. The existence of several species of M/ etoptoma of pecn- 
liar character, and also of the new and remarkable genus Scevogyra, 
adds a very marked feature, and gives a peculiar interest to the fauna 
of this very limited deposit. The rather remarkable fact that all the
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spiral shells found at this locality are sinistrally coiled, and that two 

at least of the capuloid forms show a tendency toward a backward 

curving at the apex, is a somewhat remarkable feature, and 

makes it particularly desirable that these beds should be more 

thoroughly explored. Beyond the species here described, a single 

specimen of a rather peculiar species of Stromatopora was found 

loose, near the top of the quarry; but showing marks of abrasion to 

such an extent as to suggest that it might have been derived from | 

some other locality; although the lithological features would indi- 

cate it as belonging here. Still, with this uncertainty, we have not 

considered it safe to refer it to this horizon, although of an unde- 

scribed species. 

BRACHIOPODA. 

Genus LEPTAINA, Dalman. 

Lepr2na BaraBuEnsis. 

| Plate III. Fig. 6. 

For citations and description of the species, see the same under the Potsdam sand- 

stone, p. 171. 

A single specimen of a ventral valve only was obtained. The shell 

is half as wide again as high, with a narrow, linear, nearly straight 

hinge line and area, not quite as long as the shell below, in the speci- 

men; the extremities being rounded, and forming, with the front line, 

. nearly two-thirds of an oval figure. Surface of the valve convex, 

with a distinct median sulcus, somewhat angular in the bottom and 

passing from beak to base. The surface also gives indications of 

having been marked by faint radiating strie. | 

The specimen under consideration differs from those obtained from 

the sandstones below, in being less angular in the sinus, and less ex- 

tended along the hinge line; but these differences are not sufficiently 

marked to be considered of specitic importance, when seen only on a 

single individual valve. ) 

- GASTEROPODA. 
Merrorroma BARABUENSIS. 

Plate III. Figs. 16 and 17. | | 

Metoptoma Barabuensis — Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 60. 

Shell, rather large, ovate in general outline on the margin; apex 

highly elevated, pointed and directed forward, even beyond the limits
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of the anterior margin of the aperture, attenuate in the upper part, a 

and on one specimen, having the appearance of being slightly re- | 

curved at the tip; elevation of the apex equal to or greater than half 

the length of the shell, measured along the base. Anterior slope ver- 

tical, slightly concave or somewhat overhanging; sometimes with a 

slight angularity along the median line from the apex to the margin; 

lateral slope slightly convex; posterior slope most strongly rounded. 

Surface of the shell marked by concentric lines of growth, and on the - 

posterior and lateral slopes, very faint indications of fine radiating 

lines are observable. | 
This species is most nearly related to M. nycteis Bill. (Pal. Foss. 

Canada, Vol. I, p. 37, fig. 39) than to any other described species, but 

differs materially in the more erect form and greater elevation of | 

the apex. | 

MerroproMA RECURVA. 

Plate III. Figs. 14 and 15. 

Metoptoma recurva —Whitf.; Ann. Rep. Geol. Surv. Wis. for 1877, p. 61. 

Shell rather large, ovate in general outline; apex highly elevated, 

with a strongly backward curvature throughout its length; anterior 

slope very abrupt and slightly convex, subangular along the median 

line from beak to base; posterior slope broadly concave, and the lat- 

eral slopes nearly direct. Apical portion of the shell unknown, the 

specimen being imperfect in this part. In the earlier stages of 

erowth, the shell has been very moderately expanding at the margin, 

but increased rapidly in height; and afterwards became more rapidly 

expanding, especially around the posterior margin, giving a long, con- 

cave posterior slope, broadly curved, and almost flattened near the 

posterior margin, while the anterior portion retains its vertical char- 

acter. Surface marked by concentric lines of growth, strongest when 

crossing the angularity of the anterior end; also by faint evidences of 

obscure radiating lines. 

This species differs from all others described, and is peculiar for 

the strong recurving apical portion, the convex anterior slope and 

| broadly concave posterior slope. 

MerTOPTOMA SIMILIS. 

| Plate III. Figs. 12 and 13. 
| Metoptoma similis —Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 61. 

Shell of medium size or smaller, elongate-oval or slightly elliptical
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| in outline: two-thirds as wide as long, depressed-convex on the top, 

the umbo slightly elevated and the beak depressed almost to the level 

ef the anterior basal margin; greatest convexity at the anterior third 

of the length, and not exceeding one-half of the width of the shell. 

Anterior end very short, angular along the median line, and the slope 

concave; apex and anterior half of the dorsal slope angular or subcar- 

| inate in the middle, becoming more regularly rounded posteriorly; 

antero-lateral slopes slightly concave. Surface unknown. 

The form of the shell being symmetrical, it consequently resembles 

in its general features many other species of the genus, still we know 

of none from near this horizon combining the same characters. 

MerorToMA RETRKORSA; 0. Sp. 

Plate III. Fig. 18. 

Shell above a medium size, and highly elevated, the basal margin 

or aperature is very broadly ovate in outline, being longer than wide, 

the relative diameters are as eleven to thirteen, and the greatest trans- 

verse diameter at about one-third of the length from the anterior 

margin. Apex highly elevated and somewhat attenuate above, pro- 

jecting beyond or overhanging the anterior margin of the aperture, 

and the upper part laterally compressed and reflexed or curved back- 

wards, as in the Cretaceous genus Anisomyon Meek. Anterior slope 

of the shell concave below the reflexed portion, lateral slopes slightly 

convex, and the posterior slope more strongly convex, the back in 

the upper half of the length obtusely angular. Surface marked only 

by concentric lines of growth. 

The specimen is mostly an internal cast, and there are some indi- 

eations of muscular impressions on the left side figured, which un- 

fortunately were not observed until the figures were in the hands 

of the lithographer; they are, however, too indistinct for positive de- 

termination. ‘There is one elongated or elliptical area of considerable 

size, apparent about the middle of the length on the left side, and a 

line of small isolated areas extend from this one around and across 

the posterior slope of the shell. Similar indications are also seen in 

front of the apex, on the anterior slope. Along the right side of the 

shell no traces of scars are observable, and it is probable they were 

interrupted at this point, as in many genera of this group of shells. 

It is somewhat remarkable. and also interesting, to find a group of 

shells at this low geological horizon, so closely resembling forms per- 

taining to the Cretaceous rocks, these reflexed forms differing in gen- 

eral appearance and structure, so far as determined, from Anzsomyon
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only in wanting the few radiating grooves characterizing most of the | 
species of that genus. 

| Genus SCABVOGYRA, Whitt. 

Ann. Rept. Geol. Surv., Wis., for 1877, p. 61. 

Thin, univalve shells, sinistrally coiled, with a more or less ele- 
vated spire composed of rounded volutions, and characterized on the 
lower side by a broad, open umbilicus, entirely destitute of callus; 

peristome entire, uniting with the preceding volution on the inner 
side, and more or less spreading or trumpet-shaped externally. Types, 

S. Sweeyeiand S. elevata. 
The marked peculiarity of the shells for which the above genus was 

proposed, consists in their sinistral character and open umbilicus. 
We had at first supposed the former species could be classed under 
the genus Aaclurea; but the rounded, natecord character of the spire 

was an objection, and when, on developing the second species from 
the matrix, the greater elevation of the spire was observed, it was 

seen at once to indicate an entirely distinct genus. The genus differs 

from Maclurea in the elevation of the spire, rounded volutions and 

expanded aperture. The appearance is that of a naticoid shell of 
the type of Gyrodes, Conrad. They also resemble some forms of 
Platyostoma, Conrad, except in the wide umbilicus and sinistral curv- 
ature. We are inclined to think from the character of the shells that | 
they may have been Heteropodous ratuer than Gasteropodous. 

SczVOGYRA SWEZEYI. 

Plate III. Figs. 7-9. 

Sceevogyra Swezeyi — Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 62. 

Shell of moderate size, depressed-convex on the upper side, the 
spire rather low and composed of about three rounded, rapidly en- 

larging, sinistrally eoiled volutions, the last one more rapidly expand- 

ing and becoming distinctly trumpet-shaped at the margin of the 
aperture on the upper side; suture lines distinct in the casts; umbil- | 
icus wide and open, subangular at the margin, and the depression 

abrupt. ‘ Aperture oblique, strongly receding below; section of the 

volution obovate, widest above and angular below, somewhat modified 

at the inner upper portion by the preceding volution; surface marked 
by distinct concentric lines of growth, and in some cases by slight | 
undulations of the shell parallel to the margin of the aperture.
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The shell is peculiar for its distinctly naticoid appearance in all re- 

spects except the sinistral curvature of the spire. 

| ScHEVOGYRA ELEVATA. 

| Plate III. Fig. 11. | 

Scevogyra elevata—Whitf.; Ann. Rept., Geol. Surv. Wis. for 1877, p. 62. 

Shell of medium size, the largest specimen observed measuring a 

little more than an inch in height, spire proportionally elevated, the 

apical angle being about thirty-eight to forty degrees each side of the 

vertical axis. Volutions, sinistral, about three in number, moderately 

increasing in size, and strongly rounded on the surface; suture line 

distinct; umbilicus only moderately wide, less than half the diameter 

of the volution; aperture semilunate in form, straightened on the 

inner side, and slightly modified above by the preceding volution; 

outer lip slightly expanded at the margin on the outer portion; sur- 

face of the shell, so far as can be observed in the matrix, destitute of 

markings. 

The great elevation of the spire of this species, and the small um- 

bilicus, are distinguishing features. 

ScHEVOGYRA OBLIQUA. 

| Plate Ill. Fig. 10. 

Sceevogyra obliqua — W hitf. ; Ann. Rept. Geol. Surv. for 1877, p. 63. 

Shell small, sinistral, very oblique; consisting of about two volu- 

tions, the outer one forming nearly the entire bulk of the shell, 

rapidly descending in its curvature and somewhat compressed on the 

outer surface; section of the volution elongate-ovate, somewhat con- 

stricted on the inner side, and very slightly modified at the upper 

inner angle, by the preceding volution; aperture very much elon- . 

gated, somewhat rounded below; umbilicus small; suture line indis- 

tinet; surface of the shell unknown. | 

The species is readily distinguished from the others by the propor- 

| tionally large body volutions, the upper one being only apical. <A 

single specimen only was obtained, having been discovered and pre- 

sented by Mr. Jos. Miller, of the class of 77, Beloit College, Beloit, 

Wisconsin.
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: Guus EUOMPHALUS, Sowerby. | 

Evomeuatus Srronet. 

Plate IV. Figs. 1, 2. 

Euomphalus Strongi —W hitf. ; Ann. Rep’t Geol. Surv., for 1877, p. 66. 

Shell somewhat larger than medium size, subdiscoidal, and coiled | nearly in the same plane, the depression of the spire being nearly © as great as the depth of the umbilical opening. Volutions, three or 
more, rapidly increasing in size and very slightly overlapping each 
other on the upper surface, strongly convex on the sides, becoming _ obtusely subangular just within the middle of their width, and slop- 
ing rapidly in each direction from this point; dorsum rather more 
decidedly subangular than the sides, giving a somewhat subquadran- 
gular form to the velution when seen ina transverse section. Surface 
of the shell indistinctly marked by broad, faint undulations parallel 
to the margin of the aperture, and having a strong backward curva- 
ture from the ventral to the dorsal angle, indicating a deep, angular 
notch-like feature of the margin, | 

This is a very neat and pretty species, presenting, in its almost 
symmetrically coiled volutions, much the character of a large species 
of Cyriolites, but on close examination itis seen to be spirally coiled, 
although but very slightly off the plain of the volutions. The diam- 
eter of the largest individual ig nearly two and one-fourth inches, with a transverse diameter of the volution at the aperture of about three-fourths of an inch. 

Formation and locality. In cherty layers of the Lower Magnesian limestone, Rich- land county, Wisconsin. Named in honor of the discoverer, Moses Strong, Esq. 

CRUSTACEA, 
GENus DIKELLOCEPHALUS, Owen. 

The two following species of Dikellocephalus are of great interest from the fact that they preserve the true form and convexity of the- carapace, showing them to be quite convex and rotund. Nearly all the species of this group of Trilobites hitherto described have been 
obtained either from soft, compressible sandstone, from sandy shales, 
or from shaly rocks where the objects have been subjected to much 
distortion or change in form by vertical compression, flattening or
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spreading out the crust so as to present broad, flattened objects of but 

slight convexity; but in the present case, the matrix is a hard and 
very unyielding magnesian limestone, which has preserved them in 

their true proportions, although, as in nearly all other cases with spe- 
cies of this genus, they are preserved only as detached fragments or 

parts. 

DiIKELLocEPHALUS BaRaBuENSIS. 

| Plate IV. Figs. 6-9. 
Dikellocephalus Barabuensis —Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 63. 

Entire form of body unknown, the species being recognized by the : 

glabella and fixed cheeks united, by detached movable cheeks and iso- 

. lated pvgidia. The species has attained to a medium size, the heads 

sometimes measuring one inch or more in length from the anterior 
border to the base of the occipital ring. Glabella strongly arcuate, 

longitudinally, and somewhat less so transversely, separated from the 

fixed cheeks by well marked dorsal furrows, which are continued in 

front; sides of the glabella very gradually converging anteriorly; an- 

terior end rounded; surface marked by two pairs of very faint fur- 

rows, the anterior pair often obsolete, and the posterior seldom ex- 

tending to more than one-third of the distance from the dorsal furrow, 

and recurved at the inner end. Occipital furrow broad and distinct, 

but not deep; occipital ring large and strong, widening in the middle, 

posteriorly. Fixed cheeks, very narrow; palpebral lobes small, ob- 

tusely angular in the middle, moderately prominent, and situated 

| opposite the middle of the length of the glabella. Frontal limb wide 

and short, bordered by a distinctly elevated, flattened, narrow, ante- 

rior rim; posterior lateral limbs narrow longitudinally, but as long 

laterally as the width across the middle of the glabella and deeply and 

broadly furrowed. Sutures cutting the anterior border nearly ona 

line with the outside of the eye-lobe, which they reach with a slightly 

outward curvature, and behind are directed strongly outward, at a low 

angle with the line of the base of the head. 

Movable cheeks proportionally large, depressed convex on the sur- 

face, and nearly semi-circular in outline, margined by a moderately 

wide, thickened, slightly elevated rim, which is prolonged in an acute 

spur on the anterior extremity, and incurved at the genal angles; not 

prolonged in the form of spines. 

Pygidium referred to the species, subelliptical in outline, the mar- 

ginal curve forming nearly one-third of a circle, while the anterior | 

border is much less strongly arched, length and breadth as three to
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five, and the lateral angle slightly rounded; axis st rong, forming fully 
one-third of the entire width, strongly elevated and a little less than 
two-thirds of the entire length of the plate, marked by three rings ex- 
clusive of the anterior one. Lateral lobes convex, destitute of a thick- 

_ ened border, and marked by three very obscure ribs on each side, not 
— observable on all the specimens. 

The species somewhat closely resembles Bathyurus capan Bill (Pal. 
Foss. Canada, Vol. I, p. 409, fig. 889), but is more convex, has nar- 
rower fixed cheeks and more distinct glabella furrows, that one being 
described as destitute of them. 

: DixeLiocerHAtus Eatont. 

| Plate IV. Figs. 11-17, and Plate X. Figs. 4 and 5. 

Dikellocephalus Eatoni —Whitf.; Aun. Rept. Geol. Surv. Wis. for 1877, p. 65. 

Entire form unknown. Glabella and fixed cheeks, when united, 
quadrangular in form and very convex, as seen uncompressed in the 
limestone, entire length of the head equalling the breadth across the 
palpebral lobes. Glabella quadrangular, widest at the base, gently 
narrowing to the front, slightly rounded at the antero-lateral angles, 
and squarely truncate on the anterior border, where it is rather more 
than two-thirds as wide as at the occipital furrow, separated from the 
fixed cheeks by shallow dorsal furrows as well as by its greater con- 

| vexity. Surface of the glabella marked by a broad and very shallow, 
but poorly defined posterior furrow, which is strongly directed back- 
ward on the outer portions, but nearly straight in the middle, and on 
a single example, by a very faint pair just in front of the eye lobe. 
Fixed cheeks narrow, not at all prominent. Eye lobes moderately 
Jarge, prominent on the anterior end, and much less so posteriorly. 
Frontal border wide, measuring on the most perfect specimen about 
three-eighths of an inch between the front of the glabella and the an- 
terior margin, strongly striated tran sversely with coarse, distinct strize. 
Suture line, as shown by the outline of the fixed cheeks, directed 
slightly outward in front of the eye and rounding inward in crossing 
the anterior border; posterior to the eye its course has not been de- 
termined. Posterior lateral limb unknown, but from the position of | 
the eye, has evidently been narrow, and from the form of the mov- 
able cheek, quite extended laterally. 

Movable cheeks large, strong, subtriangular in outline, strongly 
convex, with a large ocular sinus and a wide, thickened, and strongly 
striate marginal border, which gradually narrows posteriorly to the
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genal angle. The anterior margin is prolonged in a spine-like projec- | 

tion, corresponding to the rounding of the antero-lateral angle of the 

frontal limb. 

A large, semi-circular or elliptical caudal plate, which may be the 

pygidium of this species, was discovered among the specimens ob- | 

tained at the quarry, after reaching home. The length is less than 

half the width, the surface regularly convex, with a short, and pro- 

portionally small axial lobe, about half as long as the shield, and with 

indications of three faint rings, besides the posterior terminal one. 

The posterior margin is regularly and symmetrically rounded 

throughout, and the curvature considerably shorter than that of the 

anterior margin. It is possible this may be the caudal shield of the 

above species, although from the character of the head, and its great 

resemblance to D. Minnesotensis Owen, we had expected a some- 

what different shaped plate. 

The species bears considerable resemblance to Bathyurus capac 

Billings (Pal. Foss. Canada, Vol. I, p. 409, fig. 389), but the sides of 

the glabella are more nearly parallel and the whole more square, while 

the anterior thickened margin is broad and flattened, instead of nar- 

row and rounded, as in that one. We know of no other described 

species with which it has close relations. 

Genus ILLAANURUS, Hall. | 

ILLANURUS CONVEXUS. 

Plate IV. Figs. 3-0. 

Tllenurus convexus —Whitf.; Axvn. Rept. Geol. Surv. Wis. for 1877, p. 66. 

Glabella and fixed cheeks, as seen united, round-conical in outline, 

half as wide again at the base as in front of the eyes; surface almost 

regularly and equally convex, and destitute of either dorsal, glabella, 

or occipital furrows, except as the former are represented very 

faintly near the posterior margin by slight indentations, and by the 

constriction of the posterior margin of the head. Posterior margin 

of the glabella strongly rounded backward beyond the line of the 

lateral limbs; ocular lobes inconspicuous, and situated near the mid- 

dle of the length of the head; lateral limbs short-triangular; anterior 

| border of the frontal limb rounded between the suture lines, as if the 

movable cheeks had united in front. Facial suture rounding in- 

ward in front of the eye, and behind the eye is directed back-
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ward and slightly outward, with a gently sigmoid curvature, to the | 
occipital border, at a distance from the dorsal furrow equal to one-. 
fourth the width of the glabella. 

Movable cheeks not definitely determined. There is, however, a | 
single example of a cheek, in the collection, which may possibly be- 
long to this species (see fig. 5, plate ITT), although the thickened, rounded 
border would seem to be an objection to this view. The suture line 
of the specimen, as shown on its border, corresponds nearly to that of 
the above described head, when held in a corresponding position.. 
The specimen is rather strongly convex with a thickened, rounded 
margin of moderate width, the anterior prolongation of which has 
been broken, while the posterior angle is prolonged into a short, curv- 
ing spine having a downward direction. : 

Pygidium elliptical, twice as wide as long, strongly convex on the 
surface, pointed at the lateral angles and less arched on the anterior 
than on the posterior margin, with slight constrictions at the place of 
the dorsal furrows. . 

This species appears to have been the most abundant form of life 
at: this locality, the remains being quite common but so inconspicu- 
ous, owing to their small size and absence of marked features, that it 
is readily overlooked. It differs from JZ. guadratus H., of the Pots- 
dam sandstone, in the round-conical form of the glabella, that one 
being quadrangular, or wider on the anterior border than at the eyes. |
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LAMELLIBRANCHIATA. 

| Genus AMBONYCHIA, Hall. | 

| | AMBONYCHIA LAMELLOSAs 

- Plate V. Fig. 5. 

Ambonychia lamellosa — Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 31 (by error, 

, A, cancellosa). 

Ambonychia lamellosa — Geol. Rept. Surv. Wis., 1862, Vol. I, p. 437. 

Shell very oblique, subovate or subquadrangular in outline; valves 

depressed convex, most ventricose below the beaks and near the ante- 

rior margin, and more compressed near the extremity of the hinge 

line; beaks small, pointed, directed forward and not projecting above 

the line of the hinge. Hinge line straight, but shorter than the 

length of the shell below; anterior margin forming an angle of about 

eighty degrees to the hinge, and the anterior slope vertical or slightly 7 

jmpressed in the upper part, not always showing evidence of a byssal 

opening; basal margin sharply rounded from its junction with the 

anterior end, and more broadly rounded posteriorly, the margin of the 

ghell above the middle of the posterior end regularly arching forward 

to the extremity of the cardinal border. Surface of the shell marked 

-by numerous concentric lines of growth, which present the appearance, 

‘even on the casts, of having been the margins of lamellar expansions, 

and in the matrix are decidedly of this character.. No indications of 

‘radiating stris exist either on the cast or in the matrix. 

The form of the shell is somewhat variable in different specimens, 

being, in some examples, much more oblique than in others; they 

also vary in their proportional height and length, as well as in the 

‘convexity of the valves, but generally present evidence of {the lamel- 

ose surface structure. In the example figured, there is evidence of 

a flattened and longitudinally striated cardinal or ligamental area of 

‘considerable width, extending nearly the entire length of the cardinal 

border. None of the specimens examined show traces of the hinge- 

teeth; either cardinal or lateral. : 

Formation and locality. In the buff limestones of the Trenton group, at the various 

localities near Beloit, Wisconsin. 
|
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AMBONYCHIA ATTENUATA,. | 

Plate V. Fig. 6. . 

Ambonychia attenuata — Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 33; Vol. I, 1862, 
p. 437. 

Sheil of medium size, oblique, elongate-ovate in form, widest pos- 

teriorly; the width across the shell, from the buccal border to the 
postero-cardinal border, equal to two-thirds the length, as measured 
from the beaks to the postero-basal margin. Beaks attenuated, 

pointed, directed anteriorly, projecting above the cardinal line, and 

not ineurved; valves regularly round-ventricose, most prominent 

just above the middle of the valve; hinge-line very short, not more 

than half as long as the width of the shell from the bucceal-border to 
the posterior margin, and about one-third as great as the length of 

the shell when measured from the beaks to the postero-basal angle; 
posterior cardinal slopes very abrupt; anterior slope impressed; basal 
line short, very abruptly rounded, and the posteror border long and 

broadly rounded to near the cardinal line, where it is more sharply 

rounded to the hinge extremity. No surface features have been ob- 
served except concentric lamellose lines. 

On a single example the muscular scars are shown very distinctly, 

and are situated somewhat differently from those of most species of 
the genus. They are situated near the anterior border of the valve, 
instead of subcentral as in the typical species, and are distinctly 
two in each valve, the lower one being large and nearly cir- 
cular; the other quite small, much nearer the apex cf the valve, but 
still more than one-third of the entire length of the shell from the 
beak, and is of a narrow triangular form, with a space of an eighth of 
an inch between the two impressions. The direction of the pallial | 
line is not distinctly traceable, but appears to be obliquely across the | 
valve, from above the middle of the larger scar to the anterior side of 
the pointed beak. The species resembles somewhat in form A. bellés- 
triata Mall, from the Trenton limestones of New York, but is more 
sharply rounded and shorter on the basal line; has a much shorter 
hinge-line than that species, as shown on a much more perfect exam- 
ple than any of those figured in Vol. I, Pal. N. Y., the cardinal line 
being distinctly preserved to an extent equal to the greatest length 
of the shell below; while here the posterior margin is strongly rounded 
forward to reach the extremity of the short hinge. 

Formation and locality. The specimens collected and examined were from the upper 
layers of the buff limestones of the Trenton group, at Hanchett’s quarries, near Beloit, 
Wisconsin.
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Genus TELLINOMYA, Hall. 

TELLINOMYA NASUTA. 

Plate V. Fig. 12. | 

Tellinomya nasuta — Hall; Pal. N. Y., Vol. I, p. 34. PL XXXIV, fig. 3. 

“* . ‘10th Rept. State Cab., p. 143, figs. 1-3. 

6s “ ‘Geol. Rept. Wis., Vol. I, 1862, p. 38, figs. 1-2, and p. 438. 

Ctenodonta nasuta — (Hall's sp.) Salter; Can. Org. Rem., Dec. 1, p. 35. Pl. VIE, fig. 12. 

‘¢ ‘6 C. Logani — Salter ; British Assoc. Rept., 1851, Trans. Sect., p. 63. 

“ ‘¢ Isoarca Logani— Woodward ; Manual of Recent and Fossil Shells, 

| p. 269, as cited by Salter. 

Shell occurring of various sizes, from less than one inch in length 

to more than twice that size; form subovate, or narrowly subovate, | 

with ventricose valves. Anterior end broadly rounded, once and a 

half to nearly twice as wide as the posterior extremity, the greatest 

length above the middle, and more narrowly rounded above this point 

than below. Posterior to the beak, the shell is narrowed on the car- 

dinal line, and rapidly contracted on the base; posterior extremity 

sharply curved and somewhat compressed. Beaks small, propor- 

tionally broad, incurved and not conspicuous, situated much nearer 

to the anterior than to the posterior extremity of the valve. Hinge- 

plate narrow, marked by a variable number of small, curved teeth, | 

according to the age of the shell. On a specimen measuring one and 

three-fourths of an inch in length, there are about fourteen on the 

anterior sides of the center, but the number on the opposite side cannot 

be counted. Qn the internal casts, the condition in which the Wis- 

consin specimens occur, the muscular scars are large and distinct; the 

anterior sear being situated close to the hinge-plate and well forward, 

and is large and subquadrate in form, the posterior scar being smaller, 

but more distinct and subtriangular in form. Pallial line entire, and 

frequently composed, on the casts, of a series of pustulose markings. 

Surface of the shell, as shown by the matrix, smooth, or marked only 

by fine concentric lines of growth. 

Formation and locality. The species is quite a common one in the buff limestones of 

the Trenton group, and is quite characteristic. I have collected them from nearly all the 

horizons of the formations near Beloit, and they occur, also, at J anesville and elsewhere | 

in the formation. In New York, the species is known in the Black river limestones, 

not uncommon about two miles above Watertown, associated with several forms of Cy- 

PRICARDITES with Lituites undatus, Ormoceras tenuifilum and other fossils of the same 

horizon; it also occurs in the higher Trenton at several localities.



208 | PALEONTOLOGY. 

Genus CYPRICARDITES, Conrad. 

CYPRICARDITES ROTUNDATUS. 

Plate V. Fig. 11. 
Cypricardites rotundatus — Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 29. 

‘s “ ‘Geol. Rept. Wis., Vol. I, p. 38, fig. 7, and p. 487, 1862. 

Shell small, subcircular in outline and subglobose in form, the 
height and length being subequal, the valves full and ventricose. 
Beaks proportionally large, prominent, scarcely incurved, strongly 
projecting above the cardinal line and directed obliquely forward. 
Cardinal line strongly arcuate, and the hinge-plate marked on the an- 
terior end by three or four small, oblique cardinal teeth, and by one 
or two oblique lateral teeth on the posterior extremity. Muscular 
scars, on the casts, moderately distinct; the anterior one small and 
situated close to the hinge-plate; the posterior larger but less dis- 
tinctly marked. Surface of the shell, as shown in the matrix, marked 
by concentric lines of growth. 

This species is smaller than any of those with which it is associated, 
being recognized in specimens from three-eighths of an inch in diam- 
eter to those of more than an inch, and is much the most common of 

the genus. It is readily recognized by its round form and the prom- 
inent and often pointed beaks, as well as the almost regularly curving 
margin; the anterior, basal and posterior margins being blended into 
each other without perceptible angle. The cardinal line is also almost 
as arcuate as the other parts of the outline. | 

Formation and locality. In the buff and blue limestones of the Trenton group at 
Beloit, Janesville and elsewhere in Wisconsin. 

CYPRICARDITES NIOTA. 

Plate V. Fig. 10. 

: Cypricardites niota — Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 20. 
| és ‘ “Geol. Rep. Wis., 1862, p. 38, Fig. 8, and p. 438. 

Shell of medium size, broadly subovate or subquadrangular in ont. 
line, with a suberect form, very ventricose valves, and large, strong, 
somewhat tumid beaks, which are but slightly incurved, are prominent 
above the hinge, have an anterior inclination, and are situated very 
near the anterior end of the shell; cardinal line nearly straight, rather



SPECIES FROM THE TRENTON LIMESTONE. 209 

shorter than the shell below; anterior margin nearly at right angles 

to the cardinal line in the upper part, but rounding into the base | 
below; posterior extremity round and nearly equal to the anterior; 
basal margin regularly arcuate; valves most ventricose at the anterior 

| third of the shell and a little above the middle of the width; muscular 
scars, on the cast, distinct; the anterior scar small and situated partly 

between the filling of the beaks; posterior scar large, subquadrangular, 

situated near the posterior margin, and close to the edge of the hinge. 
plate; pallial line strongly marked, especially on the anterior part of 7 
its extension; surface of the shell, as seen in the matrix, marked only 
by concentric lines of growth. 

The species is much less common than C. rotundatus or C. megam- | 
bonus, and is readily distinguished from them, as well as from all 

| others associated in the same horizon, by the quadrangular outline 
coupled with the erect form and anterior position of the beaks. The 
anterior margin forms nearly a right angle with the hinge line, a 

feature pertaining to no other species in this association. ‘The valves 

are often quite ventricose, in fact inflated, and on the casts the. ante- 
rior umbonal ridge is angular, and the beaks thin and compressed, 

apparently from the thickening of the shell in the upper portions of 

the valve, but the inflation of the valves is never so extreme as in 

C’. megambonus, nor are the umbonal ridges ever so sharply rounded 
or so oblique as in that species. 

Formation and locality. In the middle and upper parts of the buff limestones of the : 
Trenton group, at Beloit, Wisconsin, at Carpenter’s and Hess’ quarries, 

CyPRICARDITES VENTRICOSUS. | 

Plate V. Fig. 9. | 
Edmondia ventricosa — Hail; Pal. N. Y., Vol. I, p. 155, Pl. XXXV, Fig. 1. 

Palwarca ventricosa — Hall; 12th Rept. State Cab., p. 10, Figs. 1-3, and pp. 68 and 
: 95; also Pal. N. Y., Vol. Ill, p. 271, Fig. 1-3. 

-  Cyvricardites ventricosa — Hall; Geol. Rept. Wis., Vol. I, p. 438, 1862. 

Shell transverse, very obliquely ovate, broadest posterior to the mid- 
. dle; valves ventricose, prominent on the umbo; beaks large, ventri- 

cose, projecting above the cardinal line, and incurved. Hinge-line 

nearly two-thirds the length of the shell, slightly arcuate, marked by 
two or three small cardinal teeth beneath the beaks, and one or two 
long, slightly curved lateral teeth. Anterior end short, sharply 

curved; posterior margin broadly curved from the extremity of the 
Vou. IV.—14
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hinge to the postero-basal angle; basal line, in the anterior portion, 
straight, and forming an angle of about fifty-five degrees to the line 

| of the hinge, umbonal slope subangular. Surface marked only by 
concentric lines of growth. 

Among the specimens of this species recognized in the Buff lime- 
stones of Southern Wisconsin, there is considerable variation in form. | 
The generality of the examples have much the shape of those from 
the Trenton limestone of New York, and few have the narrowed and 
very oblique character of those figured by Prof. Hall in the 10th 
Report State Cab., above cited, from St. J oseph island. There is also 
considerable difference in the ventricosity of the valves, but this may 
result in part from accidental compression. The specimen figured is 
one of the broader forms, the distance across the valve, from the ecar- 
dinal teeth to the antero-basal border, being more than in the major- 
ity of specimens noticed. It is not as common at most localities as 
C. rotundatus, and we do not remember to have seen it in the higher 
beds. | 

Formation and locality. In the lower buff limestones of the Trenton group, near 
Beloit, Janesville, etc., Wisconsin. 

_ COYpRICARDITES MEGAMBONUS. 

Plate V. Figs. 7 and 8. 

Cypricardites megambonus — Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 73. 

Shell of medium size, very oblique, ovate in outline and very ven- 
tricose in profile, with large, tumid, obliquely enrolled beaks, situated 
a little anterior to the center of the hinge, and strongly projecting 
above the cardinal line. Valves very deep, and very ventricose along 
the prominent and obtusely rounded umbonal ridge, with a broad, 
abrupt and slightly concave cardinal slope, and convex, but rapidly 
declining antero-basal surface; anterior end rapidly sloping back- 
wards, uniting imperceptibly with the basal curve; posterior margin 
extending obliquely backwards from the extremity of the short hinge- | 
line to the postero-basal angle. Surface marked by irregular concen- 
tric lines of growth. Hinge-plate marked by two or three short, 

_ oblique, cardinal teeth, and by two long, curved, posterior teeth in the 
right valve, as shown by the internal cast; muscular imprints rather 
faint; ligamental area rather small. | 

This species approaches most nearly to C. niota Hall, with which
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it is associated, but may be readily distinguished by the obliquity of 

the shell to the hinge, that one being nearly erect; and also by the 
ventricose and more prominent umbonal ridge, which, with the great 

obliquity, gives to the shells an entirely different aspect when placed 

side by side. 

Formation and locality. In the Buff limestone of the Trenton group, in the upper 

part of Carpenter’s quarry, and also more abundantly at Hess’ quarry, near Beloit, 
Wisconsin, 

GASTEROPODA. 

| Genus METOPTOMA, Phillips. : 

| MerrtrorToMA PEROVALTIS. | 

Plate V. Figs. 18 and 14. 

Metoptoma perovalis — Whitf.; Ann. Rept. Geol. Surv. Wis., for 187%, p. 74. 

Shell of medium size, oval or elongate-oval in outline, a little 
more than half as wide as long, and about one-third as high as the 

greatest width. General surface, depressed convex; anterior end very 

slightly truncate from below the apex to the anterior margin, giving 

a slightly flattened and concave anterior slope. Apex small, situated 
very near the anterior end, and slightly overhanging the anterior 

slope. Surface of the shell smooth, so far as can be determined from 

the specimens in hand. , 
On the internal cast, the muscular scar is seen as a narrow, searcely 

elevated band, passing just below the apex on the anterior side, and 

extending back to near the middle of the length, where it widens and 

forms-a broader band around the posterior half of the cast, at about 

midway between the apex and the posterior margin. Length of the 

largest specimen, nearly one and one-fourth inches. 

Formation and locality. In the lower bluish limestone of the Trenton group, below 
Carpenter’s quarry, Beloit, Wisconsin. 

Genus CYCLONEMA, Hall. 

CrYcLONEMA PERCARINATUM. 

Plate V. Fig. 15. | 

Murchisonia percarinata — Hall; Pal. N. Y., Vol. 1, p. 177, Pl. XXXVI, Fig. 4. 

Shell of medium size, broadly conical, the apical angle being a, little 

less than ninety degrees. Volutions three, or from three to four;
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strongly convex and rapidly increasing in size, being very broadly 
ovate in transverse section, narrowest at the upper angle and rounded 

below. Surface of the volutions marked by several distinct revolving 

carina, varying in strength and in their distance from each other, the 

spaces between being more or less coneave. The principal carina oc- 

curs Just above the center of the volution, and one or sometimes two 

above it, near the suture line; below the principal one there are two 

others, at nearly equal distances, the position of which give the periph- 

ery of the volution a somewhat vertical form; while below this, 

the surface is rapidly rounded and marked by one or two very faint : 

carinations. There appears to have been a small open umbilicus, as 
in the cast there occurs a small core, which has filled the opening. 

On the surface of the cast are slight indications of nearly vertical 

strise of growth, but too faintly marked to be satisfactorily determined. 

The species is apparently somewhat rare, as only one satisfactory 

specimen was obtained, although several other fragments were detected. 

The type specimen of the species is from the Trenton limestones at 
Watertown, N. Y., and as it is the only oneseen, sofar as we are aware, 
it must have been equally rare at that locality. Although originally de- 

scribed as a Murcmtsonza, the specimen shows no evidence of a slit in the 
aperture, but seems to possess all the essential features of CycLoNEMA, 
unless the presence of a small umbilicus should prove objectionable, 
althongh some of the typical species, C. dclcw, seems to have been open 
when only partially grown. The form of the aperture, however, and 

the existence of so many carinis would at once distinguish it from 

Murcuisonta. . 

Formation and locality. In the Buff limestones of the Trenton group, at Hess’ quarry, 

near Beloit, Wisconsin. | 

Genus TROCHONEMA, Hall. | 

Trocnonema Bevorrenss. 

Plate VI. Figs. 7 and 8. 

Trochonema Beloitensis —Whitf.; Ann. Rept. Geol. Surv. Wis., for 1877, p. 74. 

Shell moderately large, with a rather low spire, the entire height 
: of the specimen being somewhat less than the diameter across the 

base; volutions about three in number, ventricose, about as high as 
wide, the outer one increasing in size more rapidly than the preceding, 

obscurely flattened on the periphery, slightly concave above and 

rounded below and on the inner and basal surfaces; suture line very 

distinct and well marked; base of the shell gradually rounding into,
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and forming a deep umbilical cavity, with a rather small central per- 

foration; aperture subcireular and very oblique, not modified by the 

preceding volution, but apparently having the outer lip slightly ex- 

panded; surface of the cast marked by obscure transverse lines, indi- 

eating stronger lines of growth, parallel to the margin of the aperture. 

The shell resembles Trochonema ambiqua and TL. umbilicata Hall, 

of the Trenton limestone of New York, but is more round and ven- 

tricose even than the former, with an equally elevated spire, but more 

rapidly increasing volutions. 

Formation and locality. In the Buff limestone of the Trenton group, at Hess’ quarry, 

near Deloit, Wisconsin. . 

TrocuonEMA BrEAcuI, n. sp. 

Plate VI. Fig. 6. 

Shell of medium size, broadly conical, with a low, conical spire 

consisting of about three volutions, which increase very rapidly in 

size with subsequent age, and are closely coiled, the entire height of the 

shell being rather less than the transverse diameter. Volutions hav- 

ing a general quadrangular aspect in a transverse section, with trun- | 

cated corners, the top, the dorsal and lower sides representing the 

sides of the quadrangle; periphery vertical, forming a broad, flattened, 

vertical band; top of the volution also flattened, and the space be- 

tween slightly concave; under surface gently rounded, and represent- 

| ing a depth rather less than that of the vertical band; inner volutions 

projecting above the outer ones equal to about two-thirds of their en- 

tire depth, or to the base of the vertical portion. Aperture subquad- 

rangular, the margin somewhat expanded in adult shells, especially 

on the lower side. Umbilicus small and abrupt. Surface, as shown 

by the matrix, marked by transverse striee of growth, which have a 

general backward direction in passing from the upper to the under 

surface of the volution. 

The shell has the general aspect of 7. wmbilicata Hall, but is | 

rather smaller, and is more compactly coiled, with a proportionally 

higher spire, very much more rapidly increasing volutions, which are 

more decidedly quadrangular, less spreading and of greater propor- 

tional height. These features combine to give the shell a very much 

smaller umbilical opening. We were at first inclined to refer this 

species to Hall’s Pleurotomaria ambigua, Pal. N. Y., Vol. I, p. 176, 

Pl. XXXVIII, fig. 3; but on examining the type specimen it proves 

to be quite distinct, as that shell has no flattening on the upper sur-
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face of the volution, but is distinctly convex from the margin of the 

vertical band on the periphery to the base of the preceding volution, 
and is also destitute of an umbilical opening; the columella is straight, 

and slightly prolonged at the base. On the specimen we can detect | 
no evidence whatever of the vertical strize shown in the figure. 

_ Formation and locality. In the Buff beds of the lower part of the Trenton group, 

below Carpenter’s quarry, near Beloit, and at the railroad quarries three miles above 
Beloit; also at Janesville and other places in southern Wisconsin. 

Genus RAPHISTOMA, Hall. 

RAapPHisTOMA LENTICULARIS. 

| Plate VI. Figs. 4 and 5. 

Trochus lenticularis — Sowerly ; Sil. Researches, 1839, Vol. I, p. 642. Pl. XIX, Fig. 11. 

Plewvotomaria lenticularis — Conrad in MS. Em. Geol. Rept. 3d Dist. N. Y., 1842, 

p. 392, fig. 2; p. 393, figs. 2 and 3; andp. 101, fig. 2. 
“ “‘ (Sow.) Hall; Pal. N. Y., Vol. 1, p. 172. Pl. XXXVII, 

fig. 6. 

$ ‘$ “ Owen, 1844, Geol. Iowa, Wis. and Minn., p. 86. 
Pl. XVII, Fig. 6. 

Raphistoma lenticularis — Salter; Can. Org. Rem., Dec. 1, 1859, p. 12. 

‘s ‘e Hall; 12th Rept. State Cab. Catalogue of Vol: 1. Pal. N. Y. 

and Geol. Rept. Wis., 1862, p. 39; fig. 4, and p. 440. ‘ “ (Con. Sp.) M. and W. Geol. IlL., Vol. 3, p. 316. Pl. IIL, 
fie. 7 | 

Form discoidal as seen from above, and lenticular in a side view; 
the portion below the periphery of the outer volution equal to or a 

little more than one-half of the entire height of the shell, and the en- 

tire height equal to about one-half the diameter. Volutions about 

four, angular on the edge and nearly three times as deep below the 
angle as above, very gradually increasing in size with increased growth; 
the upper surface flattened in the direction of the spire, so that the 
outer edge of one volution is even with the inner edge of the next 
succeeding one. Suture between the volutions, in the cast distinct, 
but not conspicuous, and in the matrix scarcely visible. Lower side 
of the volution rounded from the angle to the margin of the broad, 

open umbilicus. Aperture subtriangular, obliquely flattened above, 
rounded below and on the inner side; the lip being thin and sharp, and : 
regularly and rapidly receding from its Junction with the preceding 
whorl to the outer angle on the upper side; and on the lower side is 
again projected forward ina lingulate extension between the periphery 

and the margin of the umbilicus, leaving a deep, narrow cleft in the 
margin at the angle of the volution. Within the umbilicus, the
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lip appears to have been nearly vertical. Surface of the shell marked 

only by fine striee of growth, parallel to the margin of the aperture. 

The depressed lenticular form of the shell, and the angular pe- 

| riphery, are distinguishing features of the species. Although there are 

several other species which are very closely allied in form found in 

the Trenton group at various places, there are none in Wisconsin, so 

far as at present known, which approaches nearer to this than 22. Wa- 

sont Hall, with which itis associated, but which may be readily distin- 

guished from this one by the greater elevation of its spire, the volutions 

of which are scaliform or step-like, while on this one they are smooth 

and even, from the apex to the outer margin of the shell. In 2. Na- 

soné the volutions are also deeper and more ventricose, and the um- 

bilicus is proportionally wider, while the notch in the aperture gives 

rise to a round elevated ridge along the edge of the outer whorl; 

| whereas on this one it produces no feature whatever. 

- The species is a somewhat common one, and as it is not known to 

occur at any other horizon, notwithstanding its almost world-wide 

distribution in the same formation, it is a very safe guide in deter- 

mining the age of strata wherever it occurs. 

Formation and locality. In the Buff limestones of the Trenton group at most of the 

localities where they occur, and in the Trenton limestone in lowa, Minnesota, New York 

and Canada; and also in rocks of the same age in Europe. 

oe | Raruistoma Nasont. ) 

Plate VI. Figs. 2 and 3. 

Pleurotomaria (Raphistoma) Nasoni — Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 34; 

Ibid, Vol. 1, p. 389, Fig. —. 

- Shell rather above a medium size, very depressed, conical, the height 

of the spire being less than two-thirds as great as the greatest width 

across the base of the shell, and consisting of from four to five volu- 

tions, which increase in size very gradually with increased age, and 

are each elevated above the succeeding one, about two-thirds of their 

| depth. Volutions round in the younger stages of growth, but be- 

coming fiattened or sloping on the top, and angular on the periphery, 

+1 the more advanced stages, with a nearly vertical dorsal margin, and 

strongly rounded lower side. Upper surface of the outer volution 

marked by a broad, shallow depression or furrow, just within the mar- 

gin, which gives a slight convexity to the surface between the furrow 

and the suture line, and also has a tendency to elevate the obtusely 

angular periphery. Under surface of the volutions broadly rounded,
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often a little more depressed on the base than on the sides. Umbili- 
cus broad and open, exposing to view each of the inner whorls. Vo- | 
lutions subquadrangular in section, flattened above, round on the 
sides and below, and somewhat impressed on the upper.inner side by 
the preceding volution. Aperture strongly and deeply notched at the 
outer angle, the lower lip extending as far, or even farther forward, 
below the notch on the vertical portion, than on the upper side, but 
sharply receding below and on the inner side of the volution. Surface 
of the shell marked only by concentric striae, parallel to the margin of 
the aperture; and the extreme form of the aperture developed only in | 
adult individuals. 

| 
Formation and locality. The species is a well marked and very characteristic one of | the upper Buff beds of the Trenton group, at Hess’ quarry, near Beloit, Wisconsin; not | occurring, so far as we have observed, in the lower layers at any of the localities. There 

Is a species described by Dr. D. D. Owen in his report on a Geol. Recon. Wis., Iowa and Minnesota, p. —, Pl. XI, Figs. 12 and 13, as Straparollus (Euomphalus ) Minnesotensis, which very closely resembles this one, and which, were it not for his reference of the 
specimen to the Lower Magnesian limestone, we should suppose to be identical with it, / 

Gzuxus PLEUROTOMARIA, Defrance. 

PLEUROTOMARIA SUBCONICA. : 

| Plate VI. Fig. 1. 
Pleurotomaria subconica — Hall; Pal. N. Y., Vol. I, p.174; Pl. XX XVII, Fig. 8, and p. 

304; Pl. LXXXIII, Fig. 3. | 
Shell moderately large, witha short, conical spire, consisting of four 

and a half or five volutions when fully grown; apical angle about sev- 
enty or seventy-five degrees; transverse diameter across the body of 

| the last volution equal to the entire height of the shell, and the height | 
of the last volution equals a little more than half the entire length. 
Volutions obliquely flattened on the upper surface in the direction of 
the slope of the spire; and the last one marked on the periphery by a 
flattened and somewhat elevated band, inarking the place of the slit in 
the margin of the aperture. Under side of the last volution rounded 
or depressed convex; umbilical depression small and deep; axis per- 
forate, bnt not strongly so. Surface of the shell marked by transverse 
striae of growth, parallel to the aperture, which are generally grouped 
in fascicles and form broad undulations on the surface, their direction | being strongly retral in passing from the suture to the periphery, and 
equally forward from below the band to the umbilical cavity. 

In the cast, the condition in which they usually occur within the
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: state, the suture line is strongly marked, owing to the removal of 
the substance of the shell, and the impressions of the surface marking 
are very often preserved even in this condition, so as to be readily 
traceable. | 

Formation and locality. The species is quite abundant in the Buff limestones of the 
Trenton group, at most of the quarries near Beloit, Wisconsin; and also at many other 
places within the state. : 

Genus MURCHISONTA, D’Arch. & Vern. 

| ~ Mourcuisonia GRACILIS? 

Plate V. Fig. 19. | 

Murchisonia gracilis — Hall; Pal. N. Y., Vol. 1, pp. 181 and 303; Pl. XXXIX, Fig. 4, 
and Pl. LXXXITI, Fig. 1. 

M, ‘é Salter; Can. Org. Rem., Dec. 1, Pl. V, Fig 1, p. 22. 

Shell of medium size and slender, spire elevated and composed of 
about ten volutions in a specimen of a little less than an inch in ex- | 

treme length; volutions round or showing but very little tendency 
to angularity on the periphery; suture very distinct and deep; apical 
angle very acute, the diameter of the last volution, on the specimen 
above referred to, being nearly one-fourth of an inch, or about one- 
fourth as great as the length of the shell. Aperture extended below, 
the columella being straight and the axisimperforate. Surface, so far 
as can be ascertained from any of several specimens shown by the 
matrix, destitute of any marking. 

Some of the typical specimens of the species, as figured in Vol. 1, 
| Pal. N. Y., show considerable angularity of the volutions, with fine 

strive crossing them; while others, probably partially or entirely in- 

ternal casts, have them more regularly rounded. The examples under 

consideration show, even in the matrix, no evidence of either band or 

vertical markings, and the evidence of angularity is so slight as to 

leave one in doubt whether it is really a feature pertaining to the 
shell or an illusion. From the absence of the above-mentioned fea- 

tures in these western specimens, we are prepared to see them prove 

a distinct species when better material shall be obtained, and believe 

they may prove to belong to some other genus than A/urchisonia; 
probably to Lolopella McCoy. 

Formation and locality. Although the species 1s common at many places in the state 
in the Trenton group, the specimens used and figured are from the bluish limestones 
near the base of the Trenton, below Carpenter’s quarry, and at the railroad quarries | 
near Beloit, Wisconsin.
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-Morcurtsonta (Eunema?) PAGODA. 

Plate V. Fig. 20. 

Eunema? pagoda— Salter; Can. Org. Rem., Dec. 1, p. 30, Pl. VII, Fig. 5. 

Shell small and slender, with an extremely elongated and attenuated 

spire, composed of very prominent and distinct volutions, sixteen of 

which may be counted on a specimen of a little less than an inch in. 

length, the nine upper ones occupying one-fourth of the space; diam- 

eter of the last volution, three-sixteenths of an inch; volutions angu- 

lar and marked by a proportionaily wide revolving band near the 
middle, which is bordered by an elevated carina on each edge, the 

space between being concave; a third carina occurs on the base of the 

volution, but is seen only on the last one, being covered on the others 

by the succeeding whorls; surface of the volution above the revolving 

band regularly sloping to the deep suture above; faint indications of 
vertical striae are seen crossing the volution, but too indistinct for . 

satisfactory determination, owing to a coating of very minute crystals 

over the surface of the matrix; form of the aperture not determined. | 

Specimens of the species are not common in the rocks of Wisconsin, 

but those seen have so much the appearance of a slender form of 
Murchisonia, and the revolving band is so distinct and so similar, 
that I should have had no hesitation in referring it to that genus, were 

it not for the reference originally made by the author of the species, 
from observations made on what appears to have been better material 
than that I have in hand. The western examples are somewhat more | 

slender than the Canadian, but the general aspect is the same in all 
other respects. , 

Formation and locality. In the bluish-buff layers of the Trenton group, below Car- 
penter’s quarry, near Beloit, Wisconsin. 

Mourcutsonta VENTRICOSA. 

Plate V. Fig. 18. 

Murchisonia ventricosa— Hall; Pal. N. Y., Vol. I, p. 41, Pl. X, Fig. 8. 

Shell of medium size, broadly conical in form above the periphery 
of the last volution; spire consisting of about three to three and a 
half volutions, which increase somewhat rapidly in size with increased 
growth, and present a decidedly scaliform appearance, being flattened 

or only moderately sloping on the upper surface; decidedly angular
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on the periphery; nearly vertical just below, and rounded on the lower 

side; suture very strongly marked; apical angle abuut ninety de- 

grees; umbilicus deep, of rather small size and round on the mar- 

gin; aperture subquadrangular in form, rounded below, flattened 

en the upper side, and strongly modified at the upper inner por- 

tion by the protrnsion of the preceding volution; surface, as shown 

on the internal casts, apparently smooth; still, there is the slightest in- - 

dication of a simple revolving ridge about midway between the edge 

and the suture, on the upper flattened portion of the volution, and of 

| another a short distance below the angulation, which may have marked 

slight ridges on the surface; the surface stris, as indicated by wavy 

lines on the cast, have been receding on the upper surface in passing 

from the suture to the periphery, and directed gently forward below 

the angle to near the base of the velation, then passing nearly direct 

into the umbilical! cavity. 

The species is not a common one, a very few individuals only hav- 

ing been noticed. It seems to be, without doubt, identical with the 

New York species, but I can detect no appearance of the regular strie 

on the top of the volutions, resembling those of a Loxonema, as de- 

 geribed by Prof. Hall on that one; still, the western examples, being 

only internal casts, might not have preserved them, although existing 

on the perfect shell. 

| Formation and locality. Jn the buff limestones, near the middle of the Trenton 

group, at Carpenter's quarry, near Beloit, Wisconsin. The New York specimen from 

which the original description of the species was taken, is from the Birdseye limestone 

in the Mohawk Valley, just below, and where graduating into the Trenton. | also ob- 

tained a much larger individual, apparently of the same species, in the Birdseye at 

Watertown, N. Y. 

MurcuISONIA TRICARINATA. 

Plate V. Fig. 16. 

| Murchisonia tricarinuta — Hall; Pal. N. Y., Vol. 1, p. 178, Pl. XXXVI, Fig. 6. 

Shell of medium or rather large size, with an elevated and turreted 

spire, composed of four or five volutions, which are angular and closely 

coiled in the upper part of the shell, but often become disconnected 

near the aperture in old specimens. The middle of the volutions is 

| marked by a strong, angular. ridge or carina, and a second, less dis- 

tinct one, occurs just below the suture, leaving the space between 

the two distinctly concave. Below the central one, and at a distance 

equal to that between the others, a third ridge exists, but less promi-
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nent than either of the former, while the space between is equally con- 
cave. Below this point the surface is rounded and ventricose. Aper- | 
ture slightly elongated, ovate, rounded below and on the inner side, 
but slightly angular above and in the middle of the outer lip, the 
margin of whieh has been broadly and deeply notched. Axis appar- 
ently minutely perforated. Surface marked by sharp, transverse striae, 
parallel to the margin of the aperture, and as shown in the matrix are : 
strongly bent backward in passing from the suture to the central car- 
ination, and below are again directed forward, the bending of the. 
strize being most abrupt on the sides of the central carina. 

The species is very common in some layers of limestone in Southern 
Wisconsin, associated with the forms known as I. helicteres Salter, 
between which and this one the characters seem to blend by imper- 
ceptible steps, so that the species are only distinguished by the size of 
the shell and the disunited volutions of the larger forms. The origi- 
nal specimens from which the description of this species was drawn, 

| were from the Trenton beds at Mineral Point, Wisconsin, and were 
' Inarather poor state of preservation. The larger specimen of those 

figured, as above cited, shows a tendency, so far as one can determine. 
from the figure, to have the whorls disunited, showing the existence 
of the principal feature upon which the IZ. helicteres was established. 

Many of the individuals of this species, as well as of that one, pre-. 
sent evidence of the existence of a very thin, broad, flange-like expan- 
sion, projecting from the crest of the central carina, and which has . 
been serrated on the edge, the serrations corresponding to the striz of 
the surface of the volution. This feature is one that does not pertain 
to the true Murchisonzas, and when considered in connection with the 
form of the volution and of the aperture, may prove of generic im- — 
portance, but the material now in hand is not sufficient to furnish a 

. complete diagnosis. | 

Formation and locality. In the buff and blue layers of the Trenton Group, at Beloit, 
Janesville and elsewhere in Southern Wisconsin. 

Murcuisonta HELICTERES, 

Plate V. Fig. 17. | 
Murchisonia helicteres — Salter; Can. Org. Rem., Dec. I, p. 21, Pl. IV, Fig. 17. 
Comp. M. tricarinata — Hall; Pal. N. Y., Vol. 1, p. 178, Pl. XXXVIII, Fig. 6. 

Shell moderately large, spire elevated, turreted, and consisting of 
from four to six volutions, which are rather sharply angular and cari- 
nate on the periphery, and also marked by two less distinct caring, -
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one above and the other below, and at about equal distances from the 

central one; the upper one being much nearer to the suture than to 

the central carina. Spaces between the carina concave, and below the 

lower one, convex. Volutions closely coiled in the upper part of the 

spire, but in old or fully grown individuals the last volution is often | 

| widely separated from the preceding one. Apical angle about forty 

| or forty-five degrees. Aperture rounded on the inner side and below, 

and angular on the outer margin at the carina; sometimes the former 

is slightly effuse below. Surface marked by strong, roughened, trans- 

| verse strie, as shown by the matrix, which have a strong backward 

direction in ‘passing from the suture to the central carina, and are 

again directed forward below it. 

: There can be no reasonable doubt of the specific identity of this 

shell with those described from Canada by Mr. Salter, as above cited, 

although they differ in some few particulars. The central band is 

not wide, nor is it flattened on any of the many individuals which we 

have examined, but instead, it is in some instances, as shown by the 

matrix, furnished with a thin, sharp expansion or flange-like keel, 

nearly an eighth of an inch in width, while on others it is very ob- 

tusely rounded. This feature is also quite variable in the Canadian 

specimens, as may be seen quite readily on figure 3 of the plate 

and work above cited. Where the specimens are uncoiled, the addi- 

tional ridge bordering the suture is distinctly shown on the casts, and 

| all other features shown on the Canadian specimens are clearly trace- 

able. 

There is so close aresemblance between the specimens of this species 

_ and specimens of I. tricarinata Hall, that it is practically impossible, 

among the casts, as seen in the limestones of Wisconsin, to distinguish 

between them. So all small, closely coiled specimens are usually re- 

ferred to the latter species, and the older individuals showing the un- | 

coiled condition are separated under Mr. Salter’s designation of M. 

helicteres. It is our belief, however, that they are forms of the one 

species, the difference being only those of age, and the example of J. 

tricarinata, represented by figure 6a of the plate cited, appears to 

have been loosely coiled, showing their similarity. 

Formation and locality. In the buff limestones below Carpenter’s quarry, and at 

that owned by Mr. Hess, near Beloit, Wisconsin.
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Genus CLISOSPIRA, Billings. 

| CLISOSPIRA OCCIDENTALIS, 

Plate V. Fig. 21. 

Clisospira occidentalis ~ Whitf.; Ann. Rept. Geol. Surv. Wis., for 1877, p. 75. | 

Shell small, synestrally coiled, spire conical, the apical angle being 
nearly ninety degrees; volutions from two to two and half, obliquely 
flattened on the back in the direction of the apical angle, or very 
slightly convex between the suture lines, and sharply angular on the 
periphery. Suture distinct on the internal cast, the only condition | 
in which the species has been observed. Base of the shell concave; 
base of the volution, between the edge of the shell and the axis, very 
slightly convex, and the axis in the cast minutely perforate; but prob- | 

| ably solid in the perfect state. Surface of the cast marked with in- 
distinct undulations, representing lines of growth, which pass rapidly 
backward, with a broad, gentle curvature, from the suture to the basal 
angle; traversing about one-third of the volution between the two 
points and indicating a very oblique aperture. 

The shell has the general appearance of a synestral form of Jn- 
| fundibulum. It differs from C.curiosum Billings, Pal. Foss. Can., 

pp- 186 and 420, in being more rapidly expanding, but without the 
spreading dorsal edge to the last volution, and in being destitute of 
surface marking beyond the ordinary lines of growth. | 

| Formation and locality. In the Buff limestone of the Trenton group, at Carpenter’s _ 
quarry, Beloit, Wisconsin. 

Genus MACLUREA, Leseuer. 

Macturza Brassyz. 

Plate VI. Figs. 17 and 18, | 

Shell of moderate size, consisting of about four closely coiled volu- | 
tions; flattened surface showing to be slightly depressed in the center, as 
seen in the matrix, with the surface of each volution slightly convex 
between their outer and inner margins; outer margin obtusely 
Tounded on the periphery. Convex side strongly elevated, the depth 
of the volution equalling its greatest transverse diameter: central | 
depression broad, rather more than one-fourth of the d lameter of the
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shell, the margin abruptly rounded; transverse section of the volu- 

tion subtriangular, with the inner angle on the flat side strongly 

modified by contact with the preceding volution. Surface of the | 

shell, as seen in the matrix, marked on the periphery and convex sur- 

| face by strong revolving strie. 

This species, as seen in internal casts, is somewhat more elevated 

on the convex surface than M. magna of the Chazy limestones of 

New York, and also differs in the possession of revolving surface 

lines; and from J. Logani, of the Canadian rocks, it differs also in 

having a more slender tube. 

Formation and locality. Tn the lower part of the Buff limestones of the Trenton 

group, at Beloit, Janesville, and other localities in southern Wisconsin. 

Genus BELLEROPHON, Montf. 

| BELLEROPHON WISCONSENSIS. 

Plate VI. Figs. 15 and 16. | 

Bellerophon Wisconsensis — Whitf. ; Ann. Rept. Geol. Surv. Wis., for 1877, p. 76. 

| Shell of medium size, rather closely coiled; globular in form when 

young, but becoming strongly bilobed, and the lip laterally expanded 

in the adult form; anterior margin of the aperture broadly and deeply 

sinuate, and more deeply notched in the middle; periphery of the 

outer volution marked by a broad, somewhat elevated, and flattened 

or slightly convex revolving band, extending along the sides of the 

deep notch in the aperture. Umbilicus small, but in the cast showing 

of medium size, from the removal of the substance forming the axis. 

Surface of the shell apparently marked by concentric lines of growth, 

parallel to the border of the aperture. 

The species closely resembles the figures 8 e and f, of Bucania 

bidorsata Wall (Pal. N. Y., Vol. I, Pl. XL); but not the others of 

that species. This shell is, however, a true Bellerophon, as is readily 

seen by the closed or nearly elosed umbilicus; while that of Bucanza 

is broad and open. It may be readily distinguished from B. beloba- 

tus Sow., with which it is associated, by the flattening of the periph- 

ery and the laterally expanding lip. | 

Formation and locality. In the blue beds of the Trenton lime stone, below Carpen- 

ter’s quarry, near Beloit, Wisconsin. |
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Genus BUCANIA, Hall, 1847. | 

Bucanta (Tremanorus!) Busi. | 

Plate VI. Figs. 12-14. 

Bucania Buelli — Whitf.; Ann. Rept. Geol. Surv. Wis., for 1877, p. 76. 

Shell of moderate size, composed of from three to three and a half 
_ closely coiled, appressed volutions, the last one of which is somewhat | 

| more ventricose than the preceding, and broadly expanded or trum- | 
pet-shaped at the aperture. Transverse section of the volutions 
broadly elliptical or reniform, the lateral margins obtuse or subangu- | 
lar, and the ventral surface slightly concave from close contact with 
the inner coils; the lateral diameter varies from once and a half to 
nearly twice the dorso-ventral diameter in different parts of the shell. 
Umbilical openings broad and deep, exposing all the inner coils; suture 
between the volutions sharply marked. Aperture circular or subcir- 
cular, slightly notched in front and moderately elevated along the 
middle on the exterior; the posterior side slightly modified by the 
intrusion of the preceding volution. Dorsal surface of the last volution 
marked by a long, narrow slit or opening, extending along the outer 
half of the whorl, and reaching to within about half an inch, more or 
Jess, of the margin of the aperture, the edges of the slit being slightly 
elevated above the surrounding parts of the volution. 

Surface of the outer volution marked by raised revolving lines, 
which originate in fine strise on the smaller parts of the volution, and 
rapidly increase in strength toward the aperture, where they become 
strongly developed and distinctly alternate in size. There are algo 
finer concentric strize crossing and cancellating the revolving lines. 

This species differs from B. expansa Hall, trom the Trenton lime- 
stone of New York, in the more compressed form of the volution, and 
in wanting the subtriangular form, as seen in a transverse section of 
that species. On some of the examples of this species examined, there 

| are indications of the slit having been closed at intervals, forming a 
series of perforations, supposed to be characteristic of the genus Tre- 
manotus. This feature is also seen in B. expansa, and we have lately 
examined some very fine specimens of Bucania profunda, from the 
Pentamerus limestones of Schoharie, in the cabinet of Mr. W. D. 
Gebhard, which preserve the impression of the expanded aper'ure with 
its strong alternating revolving lines. On one of them may be 
counted eight distinct elongated nodes on the dorsal portion of the
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| outer volution, and indistinct remains of two others, showing that 

this also possessed the features of Zremanotus. From these facts, we 

have been led to believe that all the group were characterized by this 

peculiarity, thongh as yet we hzve not been able to trace it on either 
_ the typical species of Bucania (B. sulcatina Emmons), nor on any of 

the species pertaining to the group typified by B. bidorsata. This 

latter group, however, is not known to have the expanded aperture 

characteristic of 2. expansa, and its congeners, nordo any of the | 

species of B. sulcatina known, show any such feature, so that it is 

possible we shall have to refer all those possessing this feature to the 

genus Tremanotus. Their family affinities will be with Porcelia 
rather than with the Bellerophontide. 

Formation and locality. Tn the upper Buff limestones of the Trenton group, at Hess’ 

quarry, near Beloit, Wisconsin. | | 

| PTEROPODA. 

Genus HYOLITHES, Eichwald. 

| . IIyorrrnes Bacont. 

Plate VI. Figs. 9-11. 

Hyolithes Baconi —Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 77. 

: ‘Shell of moderate size, measuring from one to one and a half inches 

"in length, with a diameter at the aperture equaling from one-fourth 

to one-third of the length; dorsal side of the shell depressed convex, 

more abruptly rounded near the margins and on the edges, the surface 

marked by transverse strise, which arch gently forward and are par- 

allel to the margin of the dorsal extension; dorsal projection regularly 

rounded and one-third as long as the width of the aperture; ventral 

surface about twice as deep as the dorsal, strongly subangular along 

the middle and the surface marked by transverse strive, which are 

directed nearly straight across the shell; transverse section of the tube 

subtriangular or triangularly elliptical. 

Formation and locality. Jn the harder bluish-buff layers of the Trenton group, below 

Carpenter's quarry, near Beloit, Wisconsin. — : , 

Vou. 1V.—15 | |
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| CEPHALOPODA. 

a Genus ORTHOCERAS, Breynius. | 

OrrHoceras (ACTINOCERAS) BELorreNnsE. 

Plate VIII. Fig. 1, and Pl. X. Figs. 9 and 10. 

Orthoceras (Actinoceras) Beloitense—W hitf. ; Ann. Rept. Geol. Surv. Wis. for 1877, p. 97. 

- Shell large and robust, subfusiform, moderately expanding to the 

diameter of about four inches, then more gradually decreasing in size 
to the aperture. Section oval in all the examples noticed, and usually 

a little more flattened on one side than on the other, with the siphun- 
cle submarginal on the flattened side. Septa shallow and not often | 
symmetrically arranged, from seven to eight chambers occupy a length 

| equal to the diameter of the largest of the number measured; toward 

the outer portion of the shell the septa become more crowded, and 

just below the outer chamber are sometimes less than half the usual 

length. Siphuncle large, strongly beaded within the chambers, with 

an inner core, in the casts, having radiating filaments extending to | 

the center of the bead in each chamber. Surface of the shell unknown. 

| This species belongs to the group separated by Brown under the 

name Actinoceras, on account of the radiating character of the inner 

part of the siphuncle; and in some of the examples seen, offers a beau- 

- tiful illustration of that peculiar feature. The true siphunele is very © 

large, and owing to its subcentral position in the shell, causes the 

septa, which are apparently always symmetrically situated on the - 

siphunele, to be strongly eccentric at their junction with the outer 

- ghell or sheath. In its size and general form this species resembles : 

Orthoceras fusiforme Hal., from the Black River limestone of N. Y., | 

| but differs in the more numerous septa, oval section, and beaded char- | 

acter of the siphuncle. 

Formation and locality. In the Trenton limestone (buff beds), at Hess’ quarry, near 

| Beloit, Wisconsin. 

ORTHOCERAS ANELLUM. | 

Plate VII. Fig. 18. 

Orthoceras anellum — Conrad; Proc. Acad. Nat. Sci., Phila., 1843, p. 334. | 
‘ “ (Con.) Hall; Pal. N. Y., Vol. I, p. 202, Pl. XLII. Fig. 6. 

Geol. Rept. Wis., 1862, Vol. I, p. 422. 

Shell of small dimensions, the diameter of the tube seldom seen to
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exceed five-eighths of an inch, and usually not more than half an inch; 
rate of increase very gradual, the expansion in the specimen figured 
being only an eighth of an inch in a length of one and three-fourths 
of an inch, beyond which point it again as rapidly decreases in diame- 
ter. In the rock, the matrix was seen for a length of nearly four 

| inches below the part preserved, showing the diaineter to be nearly 
uniform. Tube cylindrical and strongly annulated by encircling rings, 
which are narrow and rounded on the crest, the spaces between being . . 
somewhat wider and regularly concave. Annulations slightly vary- 
ing in distance in different portions of the tube; on the specimen re- 
ferred to, there may be counted eight in the upper part and nine in 
the lower part in the space of an inch. Septa very moderately con- 
cave, arranged one to éach annulation, uniting with the external shell 
at the bottom of the depressions. Siphuncle small and subcentral. 
Surface of the shell only known by the impression in the matrix, where | | 
it has the appearance of having been smooth. 

This species is somewhat variable in its characters, some individn- 
als noticed being so nearly uniform in their diameters that it is difil- 
cult to determine the increase; while in others the rate of increase is 
much more rapid, though these latter are usually of smaller size than | 
the others, some being noticed of less than an eighth of an inch in 
diameter. The individual figured has the peculiarity of decreasing in : 
size toward the upper extremity, as well as of having the annula- | 
tions proportionally more distant in the upper part, though as this 
portion of the tube is without septa, it might be inferred that it was 
an adult individual, and that these were features of maturity. The 
specimen is also somewhat curved throughout its entire length, but 
as other individuals noticed appear straight, it is to be inferred that 
this is probably an accidental condition. The New York specimens, 
on which the species was founded, have the surface marked by fine, 
even, longitudinal strive, which are separated by flattened spaces of 
four or five times the width of the strie. This feature has not been 
noticed on the Wisconsin specimens, but the state of preservation is 
such that features of this kind might not be preserved. Except for 
the want of this feature, they are so nearly alike that there is no rea- 
sonable question of their specific identity. 

Formation and locality. In the buff limestones of the Trenton group, at Beloit, 
Janesville, and other localities in southern Wisconsin, occurring at nearly all horizons 
in the formation.
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ORTHOCERAS PLANOCONVEXUM. 

Plate VII. Fig. 14. | | 

Orthoceras planoconvecum —Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 47, and Geol. 

Rept. 1862, Vol. I, p. 442. : 

Shell of medium size, somewhat rapidly expanding from the apex 

to the upper end; a fragment measuring about three inches in length 

and having a transverse diameter of half an inch at the smaller end, | 

increases to one and one-fourth inches at the larger end; transverse 
section planoconvex, or nearly so; one side being very depressed con- 

vex and the other having the curvature three or four times as sharp, 
and the short diameter of the tube a little less than half that of the 

other diameter. The most convex surface often presents a slight 
angularity along the middle. Lateral margins rounded. Septa closely 
arranged, six of the chambers just below the outer one, in the example 

figured, measuring half an inch, and showing no perceptible increase 
in distance in different parts of the tube, so far as can be determined 
by the examination of this and several other individuals. The septa : 
appear rather deeply concave, as seen from edge to edge of the tube, | 

but not perceptibly so in a dorso-ventral direction. Siphunele quite 

small, centrally situated on the flattened side, and close to the outer 

shell, but not in contact. Surface of the shell marked only by con- 

centric undulations, indicating strie of growth. | 

This species is not uncommon, but is peculiar in the distinctly 
planoconvex character of the transverse section; in this feature differ- 

ing from all others of the same geological formation. There are other 

Cephalopods occurring in the same formation and locality, having this 

feature to a limited extent, but none so decidedly unequal as this one. 

It is possible the shell should be referred to the genus Cyrtoceras, 

rather than to Orthoceras; but none of the individuals examined 

show the slightest curvature; still the lateral position of the siphuncle 

would indicate its close relationship to the slightly curved forms herein 
described, and shown to be unequal sided. 

_ Formation and locality. In the hard layers of the bluish buff limestones of the Tren- 

ton group, telow Carpenter’s quarry, near Beloit; and also at Janesville, Wisconsin. 

Enpoceras Haiti; Cameroceras AND DirLoceras ConraD. 

| The two genera, H’ndoceras Hall and Cameroceras Conrad, appear 
| to be very closely allied, if not identical forms; Cameroceras being
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founded upon a species (C. Trenéonensis) possessing an inner sheath 
or tube which is permanently attached to the septa in precisely the . 
same manner as that of A’ndoceras, and differing simply in its lateral 
position, beaded form, and more gradual expansion. The permanent 
inner sheath or tube of A’ndoceras is not always central; is perma- 
nently attached or anculosed to the septa through which it passes, and 
if slightly expanded in the chambers, would present the annulated or 

beaded character shown in Cameroceras (see Pal. N. Y.,Vol. I, Pl. —, 

fir. 1, which is not a septate inner tube, but only annulated by ex- 
pansions within the chambers, as the specimen shows). There is a 

difference, however, in the more rapid expansion of the tube in L’'n- 

doceras, and in the occurrence of one or more additional and appar- 
ently free tubes within the first or permanent tube; a feature, so far, 

not observed in any example of Cameroceras. This, then, would ap- 
pear to be the only essential difference, and one only occasionally oc- 
curring, as by far the greater number of individuals of Andoceras 
possess only the first or permanent inner tube. So the difference be- 
tween the two genera would thus be reduced to the lateral position of 
the permanent tube or siphuncle, and an occasional occurrence of ad- 

ditional free tubes (or young) within the permanent one. 
In 1842, Mr. Conrad proposed the genus Diploceras for a shell (D. 

Vanuxemi) obtained from the Trenton limestone, which, according 
| to his outline figure, given on Plate XVI, fig. 2, Vol. 8, Jour. Acad. | 

Nat. Sciences, Phila., 1842, appears to have possessed an inner tube 
of large size, surrounded by septa and an outer tube, the inner 

one being near one side of the outer one. The specimen from 
which this outline figure was made must have possessed all the es- 

sential features of H’ndoceras, and is probably identical with /. 
proterforme. | 

Mr. Conrad’s description, both generic and specific, is very obscure | 
and unsatisfactory, but he undoubtedly had before him a specimen of 

E. proteiforme which had been broken or worn away to below the 
center, exposing its internal structure. Mr. Conrad’s description is 

as follows: | 
| “Straight; siphuncle not central nor adjoining the margin; a longi- 

tudinal arched septum starting from the margin and dividing the 

transverse septa. 

“This genus occurs in the same limestone with the last (Camero- 
ceras Trentonensis), and is very distinct. The following species was 

found by Mr. Vanuxem at Trenton Falls. 
| “ Dretoceras Vanuxemi, Pl. XVI, fig: 2. Siphuncle large; septa 

numerous; exterior smooth.”
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The following species possesses features which allies it to both Z’n- 
doceras and Cameroceras. 

| Enpoceras (CAMEROCERAS) SUBANNULATUM}3 0. Sp. 

| Plate VII. Figs. 15 and 16. | 

Shell of moderate or large size, and moderately expanding from the 

apex to the outer chamber, the rate of increase being about three- 
eighths of an inch in a length of four inches, or less than one- 

eighth of the inerease in length in a slightly compressed specimen. . 

Section oval, the relative diameters being as three to four. Surface 
of the shell marked by closely arranged concentric undulations which 
encircle the tube and are arched upward in crossing the narrower sides 

of the shell. The undulations form low, rounded ridges with concave 
interspaces and count about six in the length of one inch. There are : 

. also indications of finer lines of growth of which four or five occur 

on each annulation. Septa deeply concave, arching upward on the 

sides of the shell, corresponding in this feature, and also in their dis- 
tance from each other to the undulations of the surface. Inner tube 
(or siphuncle) proportionally large, fully equaling one-half the shorter _ 
diameter of the outer tube, situated on one of the flattened sides of : 
the shell and almost in contact with the outer tube; its surface straight 
or destitute of any expansion between the septa, but marked by oblique 
lines or slight ridges where the septa have been broken from around 
it, their obliquity corresponding to the concavity of the septa. 

This species somewhat resembles L’ndoceras annulatum, Hall 
(Pal. N. Y., Vol. I, p.207; Pl. 44, Fig. 1); but differs in the strength 
of the annulations, which are only about half as large, and in a corre- | 
sponding difference in the distance of the septa. The transverse sec- 
tion of that species is round, while this is oval, and this latter feature 
in our species is anatural one, as is very distinctly shown by the arch- 
ing upward of the septa on the sides of the shell, which if the form — 
was due to compression, would not occur. 

Formation and locality. In the upper part of the buff limestone of the Trenton 
group, at Hess’ quarry, near Beloit, Wisconsin.
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Grnus CYRTOCERAS, . Goldfuss. 

| CyRTOCERAS PLANODORSATUM; J. 8D. 

| Plate VII. Figs. 10-12. 

Among the collections made from the lower butf or bluish-buff 

limestones near Beloit, there exist several specimens of a Cyrtoceras, 

presenting features so unlike any previously described species that it | 

_ is readily distinguished, and as it has been noticed as yet only in the 

lower beds, it may prove a characteristic species of that horizon. The 

form is but slightly curving, the degree of arcuation being not more 

than one-sixteenth of the length; or, the curvature being one-sixteenth 

of an inch in a length of one inch. The tube is but slightly expand- 

ing, and is unequal sided; the dorsal side being very depressed con- 

vex to near the edges, then more abruptly curving, while the ventral 

or inner side of the tube is very convex, forming a segment of a broadly 

| oval figure, the transverse section appearing as an oval with one side 

pressed nearly flat, the short diameter being a little more than two- 

thirds as great as the larger. Among the specimens noticed, there are 

, but few septa preserved, the lower portion being represented only by 

the cavity in the rock; where any are preserved, they are closely ar- 

ranged, moderately concave, and very regular in their distance. Si- 

phuncle minute, nearly marginal at the middle of the flattened. side. 

Surface marked only by concentric striee of growth, which indicate a 

broad, shallow sinus in the outer margin, on the flattened side of the 

shell. 

The unequal sided form, nearly straight tube with slightly increas- 

ing diameter, are distinguishing characteristics. 

Formation and locality. In the lower part of the buff limestones of the Trenton 

group, below Carpenter's quarry, and at the railroad quarries, three miles above Beloit, 

Wisconsin. | | 

: CyRTOCERAS CAMURUM. 

Plate VII. Figs. 7 and 8. 

Cyrtoceras camurum — Hall; Pal. N. Y., Vol. I, p. 195, Pl. XLII, fig. 6. 

‘Shell of moderate size, and of only a moderate degree of curvature, 

the outer circumference of the coil, at least of the outer three inches, 

| forming an are of two and a quarter inches radius; or of a circle of 

Sout anda half inches diameter. The increase in size is also very



939 PALEONTOLOGY. 

gradual, being only three-sixteenths of an inch ina length of two 

inches. ‘Transverse section of the tube nearly elliptical, or very 
slightly ovate; the narrowest part of the ovate figure being at the | 
dorsum; the greatest diameter being in a dorso-ventral direction, and 

the two diameters being as a little more than four is to five, in the 
upper part of the shell; but the diameters appear to change somewhat 
“below, the difference being a little greater. Septa very slightly con- | 

. cave, more deeply so in a dorso-ventral than in the opposite direction; 
strongly curving upward for the outer third of their length, being 
more abruptly bent a little outside of a central line; rather compact 
in their arrangement, six of the chambers occupying a space, when 

measured along the dorsum, equal to the greatest diameter of the upper 
one counted. Outer chamber as long or longer than its greatest. 
diameter, and very slightly constricted a little below the outer bor- 
der. Siphunele rather large, situated close against the dorsal surface 
of the shell, generally showing along the back of the internal casts, — 
and slightly expanded within the chambers. a 

Surface of the shell smooth, so far as can be detected, either on the 
cast or in the matrix, no markings except a few lines of growth being - 
apparent. : 

The specimens found at the west closely resemble those of the species 
from New York, both in the moderate degree of expansion and the 
slight curvature, as well as in the smooth surface of the shell. The 
species is readily distinguished from others found associated with it . 
by these characters; differing from them all in the slight curvature; 
nearly equal sized tube, and in the elliptical section. | 

Formation and locality. In the Buff limestone of the Trenton group, at Hess’ quarry, 
near Beloit, Wisconsin, where it is quite abundant, being more frequently met with than 

| any other form of cephalopod, so far as I have observed. | 

Grxus ONCOCERAS, Tall. : | 

ONCOCERAS MUMIAFORME; 2. sp. | 

| Plate VII. Figs. 3-5. , 

Shell of small size, the largest individual observed scarcely exceeding 
half an inch in its greatest diameter, and witha length of probably two | 
inches. Form gradually expanding from the apex to the base of the 
outer chamber, above which it rapidly contracts, until within adistance _ 
of the last septum, much less than its diameter, it is only about two- 
thirds of the greatest diameter, and is then again expauded to the aper-
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ture. Shell slightly curving throughout, appearing more strongly 

arched on the outside near the upper part, or just below the constric- 

tion of the outer chamber, owing to the contraction being more on the 

| outer surface than on the inner side. Transverse section nearly circular, 

the inner side being just perceptibly less convex than the outer surface. 

Septa shallow or but slightly concave, arching upward. on the inner side, 

and broadly sinuate on the back; distantly arranged in the lower part 

of the tube, becoming more crowded in the upper portion, at least for | 

the three or four upper chambers. In the lower part of the tube, four 

. chambers occupy a space equal to the diameter of the upper portion 

of the outer one measured. Siphuncle central, minute. Surface 

smooth, so far as can be determined by the specimens, which are all | 

internal casts or impressions of the exterior. 

The species has somewhat the character of O. constrictum Hall, 

from the Trenton limestones of New York; but is much less rapidly 

expanding, proportionally more slender, and much less strongly 

arcuate. 

Formation and locality. In the Lower Buff limestone of the Trenton group, below 

Carpenter's quarry, near Beloit, Wisconsin. 

ONCOCERAS PANDION. 

: : Plate VII. Fig. 6. 

Oncoceras pandion— Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 45, and Geol. Rept. 

Wis., Vol. I, pp. 41 and 441. 

Comp. O. abruptum— Hail; Rept. Prog. Geol. Surv. Wis., 1861, p. 44. 

“Shell of medium size, of rather robust habit, strongly curved, and 

rather rapidly expanding from below, upwards, to near the base of the 

outer chamber, which is very gradually converging to near the aper- 

ture, when it is suddenly contracted. The rate of increase in the 

diameter, in the specimen figured, is equal to two-thirds of the diam- 

eter of the smaller end of a section measured, in a length of one inch 

along the back of the shell; transverse diameter of the tube broadly 

| ovate, the greatest diameter being in a dorso-ventral direction; dor- 

sum narrowly subangular, and the inner face broadly rounded; the 

greatest transverse diameter is on the inner side of a central line 

drawn along the side of the shell, and the two diameters of the sec. 

| tion are as five and six; septa moderately distant, strongly arching 

forward on the dorsum and moderately concave; from seven to ten 

of the septa may be counted in the space of one inch on the back of 

the shell near the upper part, but they gradually decrease in distance |
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below; this feature varies somewhat in different individuals; siphuncle 

rather large, situated just within, the shell on the back, and slightly 

_ expanded within the chambers. The surface of the cast is marked by 
indistinct longitudinal ridges, arranged at pretty equal distances from 

_ each other, but gradually diverge with the increased diameter of the 

— tube; in the lower part of the specimen figured, there are about four | 

in the space of one-fourth of an inch; these ridges do not appear to 

pertain to the exterior surface features of the shell, but are probably 
the result of the muscular attachment of the animal to the shell; for 

although they mark the filling of all the chambers below, they are not 

apparent on that of the outer chamber, except at its lower margin; a | 
similar marking is often observed surrounding the base of the outer 

chamber of other species of this and allied genera, more especially on 
those of Gomphoceras and Phragmoceras, which can only be the re- 
sult of muscular attachment. LO | 

This species is most readily recognized by its abruptly expanding 

form and curvature, coupled with the form of its transverse section; 
the longitudinal ridges are not always present, as may be seen on the 

example figured by Prof. Hall, Geol. Rept. Wis., Vol. I, p. 44. From 

comparison with the type specimens of O. abruptum of the same au- 
thor, we are inclined to consider them as of the one species, the longi- 

| _ tudinal ridges on that one being the only point of difference between 

them. This feature of ridges, arising from the recession of the scars 
of muscular attachment, is one that would readily vary in different 
individuals, as the scar would be deep only on specimens where the 

shell was thickened by excessive deposit; while others, having thinner 

shells, would not possess them sufiiciently deep to leave the thickened 

ridge on the inside of the shell. , 

Formation and locality. In the buff limestone of the Trenton group; at Carpenter’s 
quarry, Beloit, Wisconsin. 

| ONCOCERAS BREVICURVATUM} ND. sp. 

Plate VII. Fig. 2. 

Shell of rather small size, very sharply curved throughout its 

length, and very abruptly expanding from the apex to the aperture; 
the rate of increase being about as one to four, as compared with the 

| length; the diameter doubling in a length equal to four times the 
diameter of the part measured, the length measured on the outer 
curve. ‘Transverse section nearly circular, the dorso-ventral diameter 
only perceptibly smaller than the lateral diameter, and the ventral .
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surface a little more flattened than the dorsum; the latter being very 

| slightly angular. Septa moderately concave, not arching upward on 

the back; about six chambers occupying a length equal to the diam- 

eter of the outer one of those counted. Siphuncle small, situated Just 

within the dorsal surface. Surface smooth. 

| This species in many respects resembles Oncoceras abruptum Tall, 

Rept. Prog. Geol. Surv. Wis., 1861, p. 44 (=? 0. pandion), but dif- 

fers in the abruptly curved form, and in the nearly circular section of 

_ the shell; the variation of diameters, although very slight, being in 

the opposite direction to what it is in that species. The specimens: 

show no evidence of contraction of the outer chamber near the aper- 

ture, but may possibly be immature. 

Formation and locality. In the upper part of the buff limestones of the Trenton 

group, at Hess’ quarry, near Beloit, Wisconsin. 

, Gunus GYROCERAS, D’Konnick. 

GYROCERAS DUPLICOSTATUM. 

Plate VI. Fig. 1. 

| Gyroceras duplicostatum — Whitf.; Ann. Rep. Geol. Surv. Wis. for 1877, p. 78. 

Shell rather small, seldom exceeding two and a half inches across 

the coil; consisting of one and a half to two or more slender, mod- 

erately increasing, loosely coiled volutions, which are not in con- 

tact, and gradually increase in distance with the increased growth of 

. the shell. Section of the shell circular, and from half an inch to five- : 

eighths of an inch in diameter, at the end of one and a half volutions. 

Surface of the shell marked by closely arranged, sharply elevated, 

rounded, encircling costa, separated by wider interspaces, which are 

mostly occupied on the dorsal half of the shell by smaller additional 

or interéalated costa, which do not extend beyond the middle of the 

side. Costa bending slightly backward in crossing the side of the 

yolution from the inner to the outer surface, and strongly arching 

forward in crossing the dorsum. 

- Formation and locality. Inthe Trenton limestone, at Bristol, Dane county, and in the 

bluish-buff beds below Carpenter’s quarry, near Beloit, Wisconsin.
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: CRUSTACEA, | : | 

Grnus ASAPHUS, Brong. | 

Asapuus Susa. | : 

Plate V. Fig. 3, and Pl. X. Fig. 8, 

Asaphus Suse — 8. Calvin; in MS. 

Body, when entire, more or less oval, the anterior and posterior ex- 
tremities almost alike in form, the anterior border a little more sharply 
rounded than the other, and the sides of the body along the edges of 
the thorax straight. In profile, the body rises gradually from the mid- 
dle of the caudal plate, along the thorax, and to the anterior border of 
the eyes; in front of which it abruptly declines to the front margin | 
of the head. Proportional width and length about as ten and twelve. 
In the specimen figured, the breadth is apparently somewhat greater, 
being as nine is to twelve, owing to the partial overlapping of two of 
the thoracic segments. : 

Cephalic shield crescent-form; the occipital line having a much 
longer curvature than the outer border, and the length, along the 
median line, equal to two-fifths of the transverse diameter, the sides 
of the head extending backward some distance behind the central por- 
tion, and the genal angles rounded. Surface very convex in the mid- 
dle, and nearly level on the top between the eyes, which are very dis- 
tant, large and exceedingly prominent, strongly reniform, situated 
less than their length from the occipital border, and their visual 
surfaces highly convex. Facial sutures rounding outward in front of 
the eye for half the distance, then rounding rapidly inward and unit- 
ing in the middle just above or on the margin, ina very obtuse point. 
Behind the eye they are directed backward and outward, reaching the 
posterior border at a point about one-third the width of the lateral 
lobe from the dorsal furrow; the posterior lateral limbs being about 
twice as long as wide. 

Thorax short, strongly lobed longitudinally, and consisting of eight 
short articulations, which are nearly flat on their exposed surfaces 
from front to back, and their free extremities rounded. Axis convex, 
about once and a half as wide as the lateral lobes, and very slightly | 
narrowed posteriorly. Lateral lobes horizontal for a short distance 
outside of the dorsal furrow, the flattening scarcely visible on the an- 
terior segment, but gradually increasing in length to the sixth seg-
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ment, when it again diminishes posteriorly. Beyond the horizontal 

part, the segments are abruptly bent downward, and the articulating 

- face of the free pleura extends almost the entire width of the rib. 

Pygidium depressed convex, transversely subelliptical, the lengtha 

| little more than half the width, posterior margin almost regularly 

arcuate, and more strongly curved than the anterior border; so that a 

line drawn across the plate from the two outer angles would cross at 

about the anterior third of the length. Lobation very indistinct, the 

dorsal furrows being scarcely perceptible except near the anterior 

margin, and the articulation only faintly traceable. A perceptibly 

depressed furrow extends along the sides just within the margin. 

- Formation and locality. In the limestones of the Trenton group. The example fig- 

| ured was obtained at Apple River, just across the Illinois line. , 

ASAPHUS HOMALONOTOIDES. 

Plate V. Fig. 4. | 

: Asaphus homalonotoides — Walcott; 81st Rep. State Cab. N. Y., p. TI. 

Species known only by the pygidium, which is almost equilaterally 

triangular in outline, the breadth across the anterior margin exceed- 

ing, by a very little, the length of the side from the antero-lateral 

angle to the posterior extremity; anterior margin arcuate; posterior 

extremity obtusely pointed, and the lateral margins nearly straight or 

a little rounded in the upper part; surface of the plate moderately 

| convex, the lateral lobes rather flattened on the inner half, outside of 

which they slope rapidly and are again recurved near the outer border, 

leaving a concavity just within the margin; axial lobe very depressed 

convex, two-thirds the length of the plate, and comparatively narrow; 

wide on the anterior margin, but rapidly contracting to the middle of 

its length, and less rapidly behind; the extremity obtusely rounded ; 

anterior extremity marked by a scarcely perceptible ring, beyond 

which it is smooth; lateral lobes marked only by a single broad, dis- 

tinct and deep furrow near the front margin, on the inner part; but 

which becomes obsolete before reaching the margin; articular slopes 

of the antero-lateral angles wide and very oblique, truncating the 

outer angles. | 

The species is peculiar for its triangular caudal shield; differing in 

‘this respect from any heretofore described species. | 

Formation and locality. In the blue limestone of the Trenton group, in the bed of 

the creek on Sec. 5, T. 5, R. 5 W., Grant county, Wisconsin.
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| Genus ILLAANUS, Dalman. 

ILLZNUS oVATUS. 

Plate V. Figs. 1 and 2, | 
Thalliops ovatus — Conrad; Acad. Nat. Sci., Phil., Vol. I, p. 382, 1843. | 
Lhalliops (Ilenus) ovatus —~ (Conrad) Hall; Pal. N. Y., Vol. I, p. 259. Pl. 67, fig. 6. 

Body small, broadly obovate, widest across the base of the cephalic 
shield, distinctly but not strongly trilobed. Cephalic shield semi- 

_ ovate or somewhat paraboloid in form, very highly convex, rounded 
in front, and half as long as wide, exclusive of the very small movable 
cheeks, the genal angles of which are produced laterally into short, 
blunt, or obtuse spines, extending beyond the limits of the throax to 

. a distance equal to about one-third of the width of the axial lobe. 
Eyes sub-pedunculated. Dorsal furrows distinct on the posterior 
third of the head, but obsolete forward of that joint. Glabella be- 
tween the dorsal furrows convex, equaling more than one-third, but 

) Jess than one-half of the width of the head. Occipital furrow and 
ring very faintly marked even on the larger specimens, the ring | 
rounding backward beyond the posterior line of the head. : 

, Throax wider than long, composed of ten short, smooth; slightly 
convex articulations; axial lobe depressed convex, regularly tapering 
posteriorly, narrower than the lateral lobes, and the segments strongly | 
arching forward in the middle; lateral lobes flat for more than half 

| their width from the axis, and then rather sharply bent downward, at 
an angle of more than fifty degrees, and the segments also strongly 
curved backward. 

Pygidium short and broad, twice as wide as long; axis convex, Oe 
very little more than half the length of the shield, obtusely rounded 

, and prominent at the extremity; rings usually very obscure ; Margins 
of the plate smooth and abruptly declining. 

Surface of the head covered on nearly all parts except near the front 
margin, by small, deep punctures; that of the throax and pygidium 
being entirely smooth. 

The specimens of the species noticed from Wisconsin are of the 
usually small size, the largest head observed measuring about one | 
inch between the extremities of the eyes, the peduncles of which pro- 
ject laterally and horizontally, and are about one-sixteenth of an inch. : 
in length. | 

. Formation and locality. The detached heads and caudal plates are not uncommon 
in the buff and blue limestones of the Trenton group, at most of the quarries near Be- 
loit, Wisconsin; and a single entire individual was obtained at the quarry of Mr. Hess, 
near that place.
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| | GALENA LIMESTONE, | 

. | ; | 

Genus RECEPTACULITES, De France. 

ReEcepracurites OweEnl. 

Plate X. Fig. 7. 

Receptaculites Oweni — Hall; Rept. Prog. Geol. Surv. Wis., 1851, p. 18; Geol. Rept. 

Wis., 1862, p. 46, Fig. 2, and p. 429. 

Coscinopora sulcata— Owen (not of Goldfuss); Rept. Geol. Expl. of Iowa, Wis. and . 

| IL, 1844, p. 40, Pl. VIL, Fig. 5. : 
Receptaculites Oweni ~— (Hall); M. and W. Geol. Nept. ill., Vol. II, p. 502, Pl. II, Fig. 3. 

Comp. Receptaculites occidentalis — Salter; Can. Org. Rem. Dee. I. 

_ Body, as preserved fossil throughout the Lead Region, consisting 

of broad expanding discs, varying in size from those of a few inches 

| in diameter to others of twenty or more inches. Discs thin in sub- 

stance, increasing in thickness from an eighth of an inch near the 
center, to almost an inch near the margin of large individuals; circu- 

lar in form, flattened or more or less undulating, but usually marked 
in the center or at the initial point by a small, somewhat deeply fun- 

nel-formed depression, which appears to have originated in a point of 
attachment during the earlier stages of growth; after which the body 

| became more expanding and undulating, as well as thicker in sub- 

stance. The substance of the fossil is filled with circular cell-like 

perforations, placed perpendicular to the plane of the disc, and ar- 

ranged in curved or concentric lines or rows, which radiate or diverge 

from the central point, and the cells gradually increase in dimensions ° 

as they approach the margin of the disc; but with frequent inter- 

ealated rows. The cells are so arranged as to form circular and often 
direct radiating lines, as well as the concentrically curved lines above 

| mentioned. Cell apertures on the lower side, nearly as large as the 

body of the cell within, with the inargins excavated or flaring, forming 

, sharply angular surfaces on the partition walls; but on the upper sur- 
face they are contracted to about half the diameter of the tube within, 

and the aperture is rhombic or quadrangular, with walls, which are 

variously ornamented according to the condition of preservation and
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| the compactness of the arrangement. The walls on the outer portion 
of large individuals, where they are much thickened and well pre- 
served, show peculiar markings resembling radii, but which are prob- 
ably the impressions of the stolon-like branches or ramifications, 

| described by Mr. Billings in his excellent observations on the genus, 
published in the Paleozie Foss. of Canada, Vol. I, p. 282, as arising 
from the contracted portion of the cell and passing along the inner . 
surface of exterior crust or wall of the disc; and not true rays, like | 
those of a coral. It should be remembered, in examining these bodies 
as they occur in the dolomitic limestones of the west, that they are 
only internal casts of the organism, and not the substance itself; that 
the substance now occupying the spaces between the cylindrical cav- 
ities is only the filling of spaces that existed between the true cells, 
which were themselves, in all probability, hollow cylinders opening 
on the exterior surface of the body. Taking this view of them the 
corrugations or constrictions oecurring within the present tubes would 
not represent transverse septa, as surmised by Messrs. Meek & Wor- | 
then, loc. cit., dividing them into chambers like those of Favosttes, 
but merely currugations or wrinkles, on the exterior of a tube, formed 
by the excess of deposit or irregularity of growth, and the apparent 
rays, referred to by Prof. Hall, surrounding or marking the rhombie 
apertures are only the impression of ridges on the inner surface of 
the exterior crust of the body. 

The exterior surface of the shell of the organism has probably been 
smooth, or nearly so, as indicated by the surface of fragments of rock 
adhering to some of the specimens examined. This feature, however, 
might be readily determined by an examination of the matrix of some 
of the larger individuals where well preserved. 

Mr. Billings has suggested, in his remarks, that the true form of 
all these bodies was more or less globular, with an internal cavity in 
all, into which the waters of the surrounding seas were admitted 
through a central aperture; and that these discoid remains, so com- 
monly found, were only the basal portions of the organism from which 
the upper part had been broken. This could hardly have been the 

_ case in these forms, since if it were, some of them would probably 
have been found preserving some portion of the upper walls. Besides, 
some of the globular forms have been seen, in which the cell cavities 
reached nearly if not quite to the center of the mass; thereby indi- 
cating that the central cavity was very small, if it was not entirely 
obsolete. 

Formation and locality. In the limestone of the uppermost Trenton (Galena lime- 
stone), throughout almost the entire extent of its distribution; not only in the lead-
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bearing portions, but at the same horizon further north, near Green Bay, where they 

occur of very large size, in thin bedded, shaly white limestones. 

RADIATA. | 

| | Genus HALYSITES, Fischer, | 

HLALyYsITES CATENULATUS. : 

Plate X. Fig. 6. 

Tubipora catenulata — Linne; Catenipora escharoides — Lam. and others. 
Halysites catenulatus — Fischer and later authors. 

Corallum forming irregularly hemispherical or explanate masses of 
various sizes, composed of an aggregation of slender tubular corallites, 

united by their sides so as to form laterally extended rows or ranges 

of cells in a single series; but the rows so united to each other as to 
form, by their intersection, open intercellular spaces or meshes of va- 

rious sizes. Corallites slightly oval in the direction of the ranges, 

| and divided internally by transverse partitions at varying distances. 
Outer surface of the ranges marked by a strong, roughened epitheca, 
marked horizontally by strong lines, indicating the growth of the 
cells. Openings of the cells on the surface, when the substance of 
the coral is preserved, presenting an appearance resembling the links | 

of a chain along the ranges. Longitudinal rays obsolete. 
Fragments of two individuals of this specics have been found in 

the limestones marking the Upper Buff horizon of the Trenton group 

at Rockton, Dlinois. The specimens differ from the crdinary form 

of the species, as it occurs in the Niagara group, in its lax and 

irregular mode of growth. The expansions formed by the united 

corallites do not appear to have formed the regularly arranged inter- 

cellular meshes, but to have been formed of two, three or many coral- | 
lites, which have sometimes been connected with those adjoining; or 
to have grown free, and to have formed folds, or grown winding, flex- 

uose and contorted, as if for the want of support. I have noticed a 
similar mode of growth existing on Niagara group specimens some- 
times, near the margins of a corallum, where some deposit of earthy 
matter or other accident has interfered with the regular growth, caus- 

ing a small portion to become separated from the surrounding parts, ° 

growing ap without their support, and resulting in this irregular and 

distorted form. In the specimens found in the Galena limestone, the 

substance of the coral has been removed, leaving only the impression 
Vou. IV.— 16
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of the fronds; but aside from the irregular growth, they present the 

features usually seen in similarly preserved specimens from the Niag- 

. ara group. 

| BRACHIOPODA. | 

Genus LINGULELLA, Salter. a 

LineuLtetita Jowensis. 

| Plate IX. Fig. 1. | 

Lingula Iowensis — Owen; Geol. Rept. Iowa, Wis. and Ill, 1844, Pl. XV, Fig. 1. 
Lingula quadrata ?— Owen; Geol. Rept. Iowa, Wis. and Minn., Pl. II B, Fig. 8. 

Lingula quadrata —(Hich.) Hall; Geol. Rept. Wis., Vol. I, p. 46, Fig. 1, and p. 485. 
‘“ “ (Hich.) M. and W. Geol. Rept. Ill., Vol. III, p. 305, Pl. II, Fig. 4, 

Comp. Lingula quadrata — Eichwald, and other authors. | 

Shell large, broadly ovate, elliptical or subquadrate in outline, gen- | 

erally a little narrower above the middle of the length than below; 

upper end very obtusely angular, the cardinal slopes formingan angle 

with each other of abont one hundred and twenty degrees; sides of 

the shell gently rounded, and the basal line more sharply rounded but — 
never truncate. Valves convex, the ventral valve most strongly so, and 
generally subangular along the middle. Ventral beak projecting a 

short distance beyond the dorsal, and more pointed. The cardinal 

margins of the ventral valve are infolded, along their border, forming 

an imperfect cardinal area of a very perceptible width on well pre- 
served specimens. | | | 

Surface of the shell marked by strong, irregular lines of growth at 

irregular distances, the outer margins of which are slightly raised and 

free, presenting a strongly lamellose appearance under a magnifier; 

the spaces between being smooth and often polished. On exfoliated 

specimens, and more distinetly on internal casts, the surface is very 

strongly radiated by fine, flattened, but irregular strive for from one- 
. third to one-half the length of the shell, and on nearly the entire width 

along the basal line; but a little higher on the sides they lose their 

regularity and become broken and wrinkled as well as more strongly 

divergent. The strise are apparently confined entirely to the internal 

. surface of the shell, and are not at all visible on the shell itself. On 

the internal casts of the more thickened shells, there is a deep groove 

of considerable width, extending from a little below the beak for one- 
third, or more th n one third, the length of tho shell, representing an
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elevated, thickened, median rib on the inside of the shell; indicating 

relations to the genus Dignomia Hall. | 
This species has usually been referred to Lingula quadrata of Kich- 

wald, a Rucsian species, and it is possible that it may be identical; 

but in the absence of true specimens of that species for comparison, 

and the possession of some peculiar hinge features existing on this | 

one, we should prefer to retain Dr. Owen’s original naine of ZL. 
Towensis, with a change to the genus Lingulella. 

Formation and locality. The species appears to be confined entirely to the lead bear- 

ing or Galena limestones, at the top of the Trenton, and is quite abundant at that 

horizon throughout the greater part of the lead bearing portions of the formation. 

Genus HEMIPRONITES, Pander. . 

Hemipronires AMERICANUS. 

Plate X. Figs. 15-17. 

Hemipronites Americanus — Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 72. | 

Shell of medium size, subparaboloid or subquarangular in outline, 

hinge-line straight, and as long as the width of the shell below, the 

sides of the shell somewhat straightened, and the front rounded or 

~ round-truneate. When viewed in profile, the form is plano-pyra- 

midal, the dorsal side flat or even depressed along the middle, with 

a narrow or linear area. Ventral valve pyramidal, half as high as 

long, and having a small, pointed and slightly incurved beak. Area 

high, with a large, closed deltidium. Surface of the shell marked 

by fine, radiating strise, which are crossed by strong, concentric lines 

of growth at irregular intervals. 4 

This species resembles, to some extent, the forms referred by Mr. 

| Billings to Orthisina Verneuili Crip., but wants the large area on the 

dorsal valve of the typical forms of that genus. It however corre- 

sponds closely to the form known as Orthas hemipronites, which pos- 

sesses only a small horizontal area on the dorsal valve, and which pos- 

sesses iriternal septa in the ventral valve entirely different from those 

of Orthis anomala. 

| - Formation and locality. Tn the upper portion of the Trenton group (Galena horizon), 

at Oshkosh, Wisconsin.
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GASTEROPODA. | a 

: Genus MURCHISONIA, D’Arch. & Vern. | 

MourcHisonIa MAJOR. : 

ee Plate IX. Fig. 4. 

Murchisonia major — Hall; Foster & Whitney’s Lake Sup., p. 209, Pl. XXVI, Fig. 1. . 

Comp. M. bellicincta — Hall; Pal. N. Y., Vol. I, p. 179, Pl. XXXIX, Fig. 1. 

Shell large, strong and robust, gradually and rapidly tapering | 
_ throughout; spire elevated, consisting of six or eight strong, very 7 

ventricose and compactly coiled volutions; which are separated by 
deep, well marked suture lines. Apical angle about thirty degrees in 

the more slender specimens, but often much greater. Aperture round- 

ovate, inner lip straight for a short distance, slightly prolonged be- | 

low; its exact form notascertained. Axis imperforate. Surface of the 

shell unknown, but no markings are preserved on the casts. Length | 
sometimes as great as four and a half inches, by a diameter across the 

body volution of nearly two and a quarter inches. | 

The species is a very variable one in some of its characters, espe- 
cially in the proportional length and width of the shell, as well as in 

the number of its volutions within agiven length. Specimens referred | 
to the species often occur, of not more than two inches in length, pos- 

sessing as many volutions as others of nearly four inches in length, 

and this variation not arising from the preservation of the smaller 

volutions in one case and not in the other, as may readily be seen by 

the difference in the rate of increase between the two individuals ex- — 

amined. ‘The same variations occur among the New York specimens — 

referred to MZ. bellicincta, and it is possible there is more than one 

species represented in each locality; although, from the fact of the 

same varieties occurring at both places, I have been inclined to con- 

sider them as all pertaining to the one, and to class them under the 

specific name, bellicineta. Iam also of the opinion that none of these 
forms are true J/urchisonias, as, so far as I have observed, none of 
them show any evidence of having been marked by a revolving band; _ 

but as no specimens showing the surface of the shell in a very satis- 
factory manner have been observed, I am unable to fully determine 
their generic relations. 

Formation and locality. In the upper part of the Trenton group (Galena limestone), | | 

at Whitewater, Fond du Lac, Penscukee, Oshkosh, Neenah and at most of the localities 

, where this bed has been detected. It is somewhat peculiar that it has not been detected
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Se in the lower or true Trenton, at any point within the state, although many other spe- 

| eies with which it is associated in New York occur abundantly. | 

| Gznus FUSISPIRA, Hall. 

| FusiseIRA VENTRICOSA. 

| Plate IX. Fig. 2. 

Fusispira ventricosa — Hall; 24th Rept. State Cab., p. 229. Pl. VIN, Fig. 6. 

Shell elongate-ovate or elliptical in general form, the point of great- 

est diameter being nearly in the middle of the length, and the last 

volution forming fully two-thirds of the entire length. Volutions 

ventricose, and rapidly increasing in size, from four to five in num- 

ber, with a strong, distinctly marked suture line. Body volution ex- 

tended below, forming a moderately long, slightly twisted or rimate 

columella or beak, which is truncate at the lower extremity. Aper- 

ture obovate in form, broadest below the middle, and acutely pointed 

at the upper end. Outer lip thin and sharp. | 

Surface of the shell marked only by fine lines of growth, parallel 

to the margin of the aperture. — 

This species is distinguished from all others of the genus yet de- 

scribed, by the short ventricose form and nearly equal lengths above 

and below the middle of the body volution. 

Formation and locality. In the upper part of the Trenton group (Galena limestone), 

at Waupun, Wisconsin. 

FUSISPIRA ELONGATA. 

Plate IX. Fig. 3. 
Fusispira elongata — Hall; 24th Rept. State Cab., p. 229. Pl. VITI, Fig. 5. 

Shell elongate-fusiform, spire slender and much elevated, consisting 

af six or more volutions which are long and only moderately convex 

on the surface, and gradually decreasing from the body whorl upward. 

, Apical angle about twenty, or between twenty and twenty-five de- 

grees. Suture strongly marked, appearing almost as if it had been 

channeled. Body volution rounded below more sharply than on the 

’ surface, and the columella prolonged to form a somewhat twisted, 

| beak-like extension in front, imperfect in the specimen. Aperture 

| obliquely elongate-ovate, pointed at the upper end and broad below; 

- the length, exclusive of the anterior canal-like extension, being more
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than once and a half as long as the greatest width. Surface of the 

shell apparently smooth, or marked only by fine lines of growth, par- | 

allel to the margin of the aperture. _ 
This species differs from J’. ventricosa, in its greater length in pro- 

portion to the diameter. The beak, at the anterior extremity, is im- 

perfect, as is also the upper end of the spire, but the type specimen 

figured by Prof. Hall, loc. cit., shows it to be nearly as long as the ex- 
panded part of the volution, and very slightly twisted. 

Formation and locality. In the upper part of the Trenton (Galena limestone), at 

Whitewater, Wisconsin. 

Genus MACLUREA, Lesueur. 

MactiurEA CUNEATA. 

Plate XX. Figs. 5 and 6. 

Maclurea cuneata —Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 75. 

Shell of medium size, attaining a diameter of three inches, and con- 
sisting of two or more volutions which increase very rapidly in size; 

lower (?) side of the shell flat, or very slightly concave between the su- 
ture lines; the opposite side being depressed-conical between the outer 
margin and the central depression, with a very slight convexity. of 
the intermediate surface; outer margin of the volution slightly cune- 

ate; central depression very small in the casts, leaving but little more 
space than would be occupied by the thickness of the shell. Trans- 

verse section of the volution triangular. 

The species very closely resembles Jf, acwmenata Billings, from the 
Quebec group (Pal. Foss. Can., Vol. I, p. 240, fig. 225), but is not so 
sharply angular on the periphery, with a less number of volutions and 

is also a much larger shell. | 

Formation and locality. Inthe upper portion of the Trenton group (Galena lime- 

stone), at Whitewater, Wisconsin. I have also seen a similar specimen from the same 

horizon, at Dubuque, Iowa. | | 

MacLurEA SUBROTUNDA. | | 

Plate IX. Figs. 7 and 8. 

Maclurea subrotunda — Whitf.; Ann. Rept. Geol. Sur. Wis. for 1877, p. 75. 

Shell rather below the medium size, attaining a diameter of only
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about one anda half inches, and composed of two very rapidly in- 

| creasing volutions which are almost twice as high as wide; the outer 

| one being nearly vertical on the periphery, as it approaches the aper- 

ture, and then rapidly rounding on the base and to the very small 

central depression. Lower (#) surface of the volutions flattened, the 

two volutions being on the same plane. Surface of the shell not de- 

termined. : 

This species very closely resembles M. rotundata Billings, of the 

Quebec group, of Newfoundland (Pal. Foss. Can., Vol. I, p. 249, fig. 

931), but differs in the smaller umbilical opening, and in not having 

the inner volution projecting above the outer one on the flattened sur- 

face. : 

Formation and locality. In the upper portion of the Trenton group (Galena lime- | 

stone), at Whitewater, Wisconsin.
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GROUP. | 

RADIATA. 

Gunus CH TETES, Fischer. 

CHATETES FUSIFORMIS. 

Plate XI. Figs. and 14. _ _ 
Cheetetes fusiformis —Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 70. 

Corallum forming small, solid, irregularly fusiform or subcylindri- _ 
cal bodies, which are generally slightly curved, and vary from one- _ 
fourth of an inch to one inch in length, and attain a diameter of 
nearly an eighth of an inch at the thickest part in the larger individ- 
uals; extremities usually pointed, generally acute, when perfect; sur- 
face covered by very minute, round or slightly oval cell pores, whigh 

| are separated by intercellular spaces of from less than one-third to 
nearly or quite two-thirds of their own diameter; intercellular spaces, 
marked by a few scattered intercellular pits, or a depressed groove, or 
oftentimes by an elevated line along the middle, which becomes ridge- 
like, leaving the cell apertures spreading or excavated at the top. 

The species is peculiar only in its mode of growth; the cells being 
similar in form to those of many other finely-marked species of the 
genus, and are quite variable in character, even on the same speci- 
men. The cells are directed slightly upward in their course from the 
axis, the stems appearing to be quite solid, although probably origi- | | 
nally commencing their growth on some foreign substance. They 
show no cicatrix or point of attachment at the extremities, or evidence 
of having been rooted, and, except in a solitary instance, present no 
appearance of bifurcation. 

Formation and locality. In shales of the Hudson river formation of New York, at 
Iron Ridge, Wisconsin. |
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Genus MONTICULIPORA, D’Orb. 

| MonvicuLipoRA RECTANGULARIS. 

Plate XI. Figs. 11 and 12. 

Monticulipora rectangularis—Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 70. 

Corallum compound and ramose, the stems cylindrical and solid, 

with distant bifureations, and often attaining a diameter of three- 

eighths of an inch. Surface thickly covered with closely set, moder- 

ately elevated, rounded tubercles; cell-tubes of moderate size, from 

ten to fourteen occupying the space of an eighth of an inch; generally 

quadrangular in form, though commonly polygonal; usually arranged 

| in concentrically curved rows, diverging from the center of a tubercle 

or forming segments of circles around them, on the upper side; cell 

| walls very thin and sharp, not elevated to form spines at the angles. 

The species closely resembles Mf, mulietubercutlata, herein described, 

but differs in the quadrangular form of the cells, and in their mode of 

arrangement, and also in the absence of spines at the angles of the 

cells. In the form of the cells and in their arrangement, it is similar 

to UW. (Chetetes) guadrangularis Nicholson, but differs conspicu- 

ously in the tuberculose surface, that species being said to be smooth. 

| From UM. (Chetetes) quadrata Rominger, it differs in the great 

strength and elevation of the tubercles, that one being smooth or hav- | 

ing the tubercles only slightly developed. These differences in the 

strength of the surface tubercles, may be thought by some to be of 

but little specific value, still when coupled with other variations, and 

existing on large numbers of individuals at the same locality, they 

present a very marked and distinctive feature. 

Formation and locatity. In shales of the Hudson river group o£ New York, at Dela- 

field, Wisconsin. | 

| MonticuLIpoRA PUNCTATA., | 

Plate XI. Figs. 3 and 4. . 

Monticulipora punctata —Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 71. 

Corallum forming comparatively strong, solid, bifurcating branches, 

varying from an eighth of an inch to more than half an inch in diam- 

eter, and attached by the base to foreign substances by a spreading, 

root-like expansion. The branches are densely covered by medium 

: sized, moderately elevated, not confluent tubercles, which usually 

measure about a line, ora little more than a line, from center to cen- 

| ter; or if measured in a direct series, numbering from ten to twelve
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in the space of an inch. The entire surface of the branch, except the 
top of the tubercles, is marked by fine rounded pits or pores of a nearly 
uniform size, divided by thickened walls, often slightly flattened on — 

the edge; the pores number from six to twelve between the tubercles. 
_ Lhe area on the top of the tubercles not occupied by pores, is irregular 
* jn form, about one-fourth or one-third of a line across, and is marked 

by fine, closely arranged puncta, which forms the distinctive character 
of the species. 

The species somewhat resembles Chatetes sub-pulchellus, Nich. 

(Pal. Ohio, Vol. IT, p. 196, Pl. XXI, fig. 6), but on comparison, will be 
found to differ in being composed of solid branches, with elevated 

tubercles, the centers of which are solid, the puncta not forming cells 

or tubuli, as said to be the case in that species. These macule are 

also uniformly much smaller in this one, never exceeding, so far as 

observed, more than a third of a line instead of a line in diameter. 

There is some faint indication of transverse partitions in some of the 

specimens, as seen in transverse sections, but altogether too obscure 
to render their existence certain. 

Formation and locality. In soft shale of the Hudson River formation, at Delafield, 
and also at Iron Ridge, Wisconsin. 

MontTICULIPORA MULTITUBERCULATA. | 

Plate XI. Figs. 9 and 10. 

Monticulipora multituberculata —W hitf.; Aun. Rept. Geol. Surv. for 1877, p. 71. 

Corallum growing in strong, solid, more or less flattened stems or 
branches, with frequent and irregular bifurcations. Surface of the 
stems covered with rather strong and prominent, rounded tubercles, 
with concave interspaces. Cells of medium size, polygonal in form, 
and numbering from ten to fourteen in the space of an eighth of an 

, inch, those situated on the tubercles not differing materially from 
a those on the interspaces. Cell-walls thin and sharp, without any ap- 

pearance of intercellular pits or pores, and elevated at the angles of 
the cells to form low points. Cell tube divided by transverse parti- 
tions, which in the outer part are placed at distances about equal to 
the diameter of the tube. 

This species resembles Chatetes tuberculatus Ed. & Haime, from 
Cincinnati, Ohio, but differs in the flattening of the stems; more dis- 

tant and heavier tubercles, and in the character of the cells, which are | 

much larger, with thinner walls, and always destitute of intercellular 

pits or pores. In general form, it very closely resembles Zremato- |
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pora tuberculata Hall, from the Niagara shales of New York, both 
in the mode of growth, flattening of the branches and form of tuber- 

eles, but differs in the character of the cells. 

Formation and locality. In shales of the Hudson River formation of New York, at 

Delafield, Wisconsin. ~ | , | 

7 Monticutipora (?) ORTONI. 

Plate XI. Figs. 7 and 8. 

Cheetetes Ortoni— Nicholson; Pal. Ohio, Vol. II, p. 211, Pl. XXII, Fig. 3.» 

Corallum parasitic on shell or other foreign bodies, forming thin 

incrustations over their surfaces, but from repeated growths, some- 

times becoming moderately thickened. Surface of the corallum covered 

with fine polygonal pores, or cells, and also by rather distant, sharply 

| elevated, transversely elongated, and often solid tubercles of varying | 

size and form, on which the pores often become obsolete. ‘The cells 

or pores measure about ten or twelve in the space of an eighth of an 

inch, and are separated by thin, sharp partition walls, which are ele- 

vated at the angles of the cells into short, obtuse, angular spines or 

projections, as seen in an oblique view. | 

We have no hesitation in referring the Wisconsin specimens to the 

above cited species, although we have not been able to detect the 

“ miliary tubercles” which are said to crowd the walls of that one; 

but unless there are more than one species among the Cincinnati 

specimens, differing only in the presence or absence of these peculiar 

granulations, we feel certain that it is not a constant feature. 

| Formation and locality. In the soft shales of the Hudson River formation, at Dela- 

field, Wisconsin. 

- Genus ALVEOLITES, Lamarck. 

| ALVEOLITES IRREGULARIS. | 

Plate XI. Figs. 1 and 2. | 

| Alveolites irregularis — Whitf.; Ann. Rep. Geol. Surv. Wis. for 1877, p- 72. 

Corallum forming solid, flattened branches of irregular form, or 

incrusting other substances and partaking of the form of such bodies. 

Cells minute, from twelve to fifteen in the space of a tenth of an inch, 

more or less rhombic in form, moderately recumbent, and diverging
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from imaginary centers; the posterior lip slightly elevated and acutely 

angular. Surface often marked at irregular distances, usually of a 
tenth of an inch or more, with indistinct macule, composed of a few 
cells having thicker walls, and somewhat more elevated than the in- 

termediate ones. 
The species is very irregular in its mode of growth, and is generally 

found in detached fragments, having the appearance of flattened 

branches of a ramose frond. The cells are usually longest in dn an- 

tero-posterior direction, but are extremely variable, often presenting 
, examples that are much wider than long. They are not uncommonly 

arranged in oblique rows of from ten to fifteen or more cells, arranged 

in alternating series, so as to bring their walls in a direct line with 

each other. We have not been able to detect the transverse partitions 
in the tubes, owing to the crystalline character of the interior of the 

fragments. | ) | | 

Formation and locality. In greenish shales of the Hudson River group of New York, 

at Iron Ridge, Wisconsin. | | | 

BRYOZOA. 

Genus FENESTELLA, Lonsdale. 

| FENESTELLA GRANULOSA. ' 

: , Plate XII. Figs. 1 and 2. : 

Fenestella granulosa—W hitf.; Ann. Rep. Geol. Surv. Wis. for 1877, p. 68. . 

Bryozoum growing in small, fan-shaped or funnel-formed fronds, 
which rise from a root-like base by which they have been attached to 

foreign substances. Longitudinal rays slender, rather closely arranged | 

and frequently bifurcated, giving to the lower part of the frond a 
somewhat irregular mode of growth, but becoming more regular 
above. From three to four of the rays may be counted in the space 

of one millimeter, in the upper part, but seldom more than three in : 
the lower. Fenestrules subquadrangular, longer than wide, but ex- 
tremely variable in size and form, and about as wide as the diameter 

of the rays. Pores small, slightly oval, scarcely excert, generally 
four to each fenestrule, one of which is situated at the junction of the 

transverse dissepiments; rays carinate between the pores, dissepiments 

narrower than the rays. Nonporiferous surface of the rays convex, 
distinctly but very minutely granulose, the granules closely and irreg-
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ularly arranged, sometimes numbering as many as six in the width of 

the ray opposite the fenestrule. | 

This is a very distinct and well marked species, although small as 

far as observed, and will be readily recognized by the finely granulose 

character of the back of the frond. The genus is not very abundant. — 

in this formation, so there are but few species with which to compare 

++ Tt differs from J. nervata Nicholson, from near Cincinnati, 

_ Ohio, in the absence of. the thickened dorsal ray characteristic of that 

species. 

Formation and locality. In shales of the Hudson river group of New York, at Dela- 

| field, Wisconsin. 7 . 

| Guxus STICTOPORA, Hall. | 

| STICTOPORA FRAGILIS. | | 

Plate XI. Fig. 24. | 

Ptilodictya fragilis — Billings; Cat. Sil. Foss. Anticosti, p. 9. 

Bryozoum consisting of thin, slender, bifurcating stipes, with sharp 

edges and slightly convex surfaces, cellulose on both sides. Pores 

round-oval, longest in the direction of the stipe, and arranged in lon- 

gitudinal rows, separated by thin, longitudinal, slightly elevated ribs. — 

From two to four of the central rows are parallel to, and traverse the 

middle of the stipe; the others or marginal rows are oblique, and 

pass upward and outward to the margin. 

The species has been recognized in many fragments, all of small 

size, but occurring at several localities. It differs from other de- 

scribed forms in the obliquity of the marginal ranges of pores, a : 

feature which readily distinguishes it. : | 

Formation and locality. In the soft shales of the Hudson River group, at Roberts’ 

quarry, near Pewaukee Lake (Delafield ?), and at Hartford and Iron Ridge, Wisconsin. 

Genus TREMATOPORA, Hall. 

oc TREMATOPORA GRANULATA. 

| Plate XI. Figs. 22 and 23. | 

Trematopora granulata —W hitf. ; Ann. Rept. Geol. Surv. Wis. for 1877, p. 68. 

Bryozoum growing in strong, solid, bifureating branches, which are 

marked with low, rounded, and distant nodes, and the entire surface
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densely covered with small, rounded, elliptical or quadrangular cells, 
the apertures of which are slightly excavated and divided by propor- 
tionally thick partition walls; surface of the partition walls: thickly 
set, with small, rounded granules, sometimes arranged in a single and 

"sometimes in a double series; from nine to twelve granules may be 
counted around a single cell, where they form only a single series, 
but where a double series exists they often alternate, so that the indi- 
vidual nodes are more distant; cells, where counted in a direct series, 
numbering from twelve to fourteen in the space of an eighth of an | 
inch, 

The growth of the cells is generally from the center outward, form- 
ing solid branches, with the cells opening at right angles to the axis; 
instances occur, however, where the upper end of a branch is hollow, 

| the cells forming only a thin crust or tube; this, however, is not the 
: usual mode of growth, but apparently the result of accident. In some 

of the cells thin, distant diaphragms can be seen. Intercellular sub- 
stance apparently solid. | 

There is no species described from rocks of this age which suffi- 
ciently resembles this one to require comparison. __ | ee 

Formation and locality. In shales of the age of the Hudson river formation of New | 
York, at Delafield, Wisconsin. 

TREMATOPORA ANNULIFERA. 

Plate XI. Figs. 15-17. 

Trematopora annulifera —Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 67, 

Bryozoum forming slender, solid branches, with a diameter, in the 

larger specimens, of nearly a line, and marked by distant bifurcations. 
_ Branches characterized by numerous encircling annulations, which 

are arranged at about a sixteenth of an inch from each other, and are 
angular on the crest, with concave interspaces; cell pores very minute, 
elongate-polygonal in form, two-thirds as wide as long, and separated 

| by intercellular spaces, somewhat narrower than the cells, aud deeply 
grooved along the middle, leaving an elevated margin bordering the 
cell aperture, which is elevated at the base to form a short triangular 
node or spine. 

The species is peculiar in its regular encircling annulations, placed 
at about the same distance from each other on specimens of all diam- | 
eters. The cell pores vary considerably in size and form in different 
individuals, sometimes occurring nearly circular. The spine at the
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base of the cell aperture is not always developed, although generally 

present. The fragments seen vary from one-fourth to nearly one 

inch in length, and are seldom seen to bifurcate, although several 

have been noticed, showing this feature. 

. Formation and locality. In shales of the Hudson river formation of New York, at 

Delafield, Wisconsin. © : 

: Genus FISTULIPORA, McCoy = Callopora, Hall. 

| | F'istuLIeoRA SOLIDISSIMA. | 

| Plate XI. Figs. 18 and 19. 

Fistulipora solidissima —W hitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 69. 

Bryozoum forming strong, cylindrical, ramifying branches, which 

often attain a diameter of nearly one-fourth of an inch; general sur- 

face destitute of tubercles or tuberculiform elevations, but densely 

covered with minute, elongate-oval, or sometimes rounded cell pores, 

| which are separated by intercellular spaces as wide or wider than the 

| transverse diameter of the pores; intercellular spaces marked, usually, 

by a single series of very minute, slightly elongated, polygonal pits, | 

which vary in size according to their positions, being largest in the 

angles formed by three adjacent cells, and smallest on the sides be- 

tween two nearly opposite cells; occasionally there are two irregular 

lines of pits on the intercellular spaces, but this feature is not a com- 

mon one; twelve to sixteen cell-pores may be counted in the space of 

an eighth of an inch, measured along the branch, and from three to 

five of the intercellular pits occur in the length of a cell. — 

The species is remarkable for the great density of its substance, and _ 

for the small size of the cell-pores, the surface appearing to the unas- 

sisted eye only as minutely granulose. | 

Formation and locality. In shales of the Hudson river formation of New York, at 

Roberts’ quarry, Delafield, Wisconsin. | 

FistuLipoRA RUGOSA, 0. sp. 

| Plate XI. Figy. 20 and 21. . 

Bryozoum forming solid, cylindrical, bifurcating branches; the 

‘bifurcations widely divergent, and the stems often slightly flattened 

et these points; general surface of the stems marked by distant, but |
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rather indistinct pustules, which in some cases are grouped together, 

so as to form annulating ridges surrounding the stems; the stems 
are densely covered by minute rounded pores, with comparatively 
narrow interspaces; and these latter spaces are occupied by variously 
formed pits of small size, generally not exceeding one between any 

two cells, except at the angles between three adjoining cells, where 
they are frequently grouped into three or more-to each group. 

The principal point of difference between this and other forms of 
the genus is, in the general surface features of the stems or branches 
being pustulose or annulated. 

Formation and locality. In the shales of the Hudson river group, at Delafield, Wis- 
consin. | 

| FiIstuLIPORA LENS. 

Plate XI. Figs. 5 and 6. 

Fistulipora lens —Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 69. 

Corrallum growing in small, discoid or plano-convex, button-shaped 
bodies, which appear to have commenced their growth on a fragment 
of shell or other substance, and afterward become free; discs varying 

| in size from one-fourth or less, to nearly three-fourths of an inch in 
diameter; under surface more or less concave, not usually possessing 
an epitheca, but presenting a fine, radiately striate surface, from the 
exposure of the cell tubes; cells radiating from an imaginary center, 
and forming on the upper surface of the disc extremely minute, 
rounded or polygonal apertures, with often a thin, sharp partition 
wall; but more frequently the wall has a thickness of nearly half the 
diameter of the cell, with one large intercellular pit occupying the 
space between the adjacent cells, and other smaller ones between the 
cells wherever the walls are thick enough to permit them; the walls 
near the angles between the cells bear small elevated points or nodes 

| in many or most cases, as seen when looked at obliquely under a 
strong lens; four of the cells occupy the space of one millimeter. 

The specimens have the appearance of the young individuals of 
Chetetes tycoperdon, but on examination, will be found to present the 
features of /istulipora. | 

Formation and locality. In the shales of the Hudson river group of New York, at 
Roberts’ quarry, Delafield, Wisconsin.
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| Genus CONSTELLARIA, Dana, 1846. 

CoNSTELLARIA POLYSTOMELLA. 

Plate XII. Figs. 3 and 4. 

Constellaria polystomella — Nicholson; Pal. Ohio, Vol. II, p. 215, Pl. XXII, Fig. 7. 

Constellaria antheloidea — Ed. et Haime; Pal. Foss. Terr. Pal., Pl. XX, Fig. 7. 
Constellaria antheloidea — Nicholson; Pal. Ohio, Vol. II, p. 214. 

Not Stellopora antheloidea — Hall; Pal. N. Y., Vol. I, Pl. XXVI, Fig. 10. 

| Corallum composed of flattened ramifying branches or palmate 
fronds, which become branched by continued growth; surface of the 
fronds and branches poriferous and similar on all sides, and marked 

with somewhat crowded, elevated, star-like centers, which are composed 
of from six to fourteen or more elongate-elliptical tubercles or ridges, 
arranged in a radiating manner around the sides of a slightly convex 

elevation, leaving an open or plane space of variable size in the mid- 
dle within their inner ends; stars circular to elliptical in form, and 

averaging about a tenth of an inch in diameter, separated from 

each other by narrow, depressed interspaces, which in older specimens 

sometimes become elevated along the center of the interspace, giving 

to the star an appearance as if occupying an hexagonal depression in 
the general surface; cell pores small, circular, and arranged princi- 

pally along the sides of the elevated rays, but scattered more or less, 

| also, over the interspaces, but never, so far as ascertained, occurring 
on the central areas of the stars; from three to seven of the cells occur 

on each side of the ray; the entire surface of the frond is covered with 
| a minutely cellular structure, which appears as granular under an 

ordinary magnifier, but when more highly magnified, is seen to be 
composed of minute depressions, forming a cystose interstellar sub- 
stance. | 

This species has usually been referred to C. (Stellopora) anthel- 

otdea Vall, from the Trenton limestone of New York, but, I think, 

wrongly, as that species is always parasitic, forming their incrusta- 

tions on other substances, and I have sought in vain for true solid 

branches that were not parasitic; even specimens which present the 
appearance of very slender cylindrical stems reveal, when broken and 
carefully examined, a central axis of some other substance. This 

| marked difference in the habit and mode of growth is, it appears to 
me, of sufficient importance to be considered as specific; but there are 

also differences in the character of the stellar elevations. Iam not 

prepared, however, to recognize two species among those found at the 
Vou. 1V.—17
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west as founded on the characters described by the author of the 

name here adopted, as all the variations in the number of rays can be 
commonly found on the same fragment of a frond, and the feature of 
circumscribed stars by hexagonal borders is only one of age or condi- 
tion, the same example frequently exhibiting both features in a very 

marked degree. Believing these western examples, however, to be 
entirely distinct from the New York fcrms, I have adopted the 
specific name, “polystomella,” of Prof. Nicholson, for them. 

Formation and locality. In soft shales of the Hudson river formation, at Delafield, 

Wisconsin. 

BRACHIOPODA. 

Genus ORTHIS, Dalman. | 

ORTHIS TESTUDINARIA. 

Plate XII. Figs. 5-7. 

Orthis testudinaria — Dalman; Kong]. velensk. Acad. Handl., 1827, and of subsequent | 

authors. 

Shell small, plano-convex, or nearly so, hinge line shorter thanthe  — 

entire width of the shell below, giving a transversely oval form to the 

outline. Ventral valve much the deepest, and somewhat carinate 
along the medium line, becoming compressed and thin near the lateral 
margins; beak small, slightly incurved, and extending slightly above 

that of the opposite valve; area small, and divided in the middle bya 

small, triangular fissure. Dorsal vaive flattened, or but slightly con- 
vex, and marked along the median line by a shallow, subangular de- 

pression, corresponding to the carination of the ventral valve. Sur- 

face marked by moderately fine radiating strive, which are distinctly 
recurved along the upper portion of the shell, so that many of them 
pass off on the hinge line; also by numerous concentric stris, at irreg- 
wlar distances, marking stages of growth. 

The shells of this species usually characterize the Trenton and Hud- 

son river beds at nearly all their outcrops, being one of the most per- 

. sistent, as well as most characteristic fossils of these layers. Still 

there are so many varieties of it that it is often difficult to refer it, 

without some hesitation, to its original place. Very many of these . 
varieties have been described as distinct species, and others as varie- 

ties under varietal names, until collectors have almost lost sight of 

the original species. Some of these varieties seem to mark given 

horizons over limited areas, and others apparently characterize special 

localities; still I do not believe they are sufficiently distinet or per- |
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sistent enough to rank as species, or to be worthy a varietal name, 

beyond the purpose of the locality where found, or for local preserva- 

tion. The form under consideration, and figured, seems to be one of 
these local or restricted varieties, apparently characterizing the hori- 

zon over a very limited area, but is given for the purpose of repre- 

senting a species so universally distributed. This particular variety 

closely resembles that figured and described by Mr. F. B. Meek, Pal. 
Ohio, Vol. I, p. 112, Pl. VIII, Figs. 3 wand }, as O. emacerata Hall; 

var. multisecta James; and has been by Mr. U. P. James consid- 
ered asa species quite distinct from 0. testudinaria Dalman. In 
the first place, it bears almost no resemblance to O. emacerata Hall, 

| nor do any of the figures given on Pl. VIII, loc. cit. as of that spe- 

cies, except fig. 1 a, which is of a type given by Mr. James as 0. tes- 

tudinaria var. jugosa, the dorsal valve of which is flat, or slightly 

- concave, with a sharp and somewhat angular depression along the 

median line, while the hinge line is quite long, more so, in fact, than 

that of any other variety of the species yet described. Considering 

the great variations undergone by the species at different horizons and 

localities, I can see no good reason for referring the present form to 

any other than the original name given by Dalman. 

Formation and locality. Tn the soft shales of the Hudson river formation, at Deta- 

field, and several other localities near that place, in Wisconsin. 

| OrTHIS PECTINELLA. | 

: Plate XII. Fig. 8. 

Orthis callactis and O. flabellum — Conrad; Aun. Rept. Geol. Surv. N. Y., 1840, p. 201; 

| and 1841, p. 27. 

0. pectinella. Conrad in MS.—Emmons; Geol. Rept. 3d Dist. N. Y., 1843, p. 

394; Illustrations 105, Fig. 2. 

0. pectinella (Conrad) — Hall; Pal. N. Y., Vol. I, p. 123, Pl. XXXII, Fig. 10. 

Shell of medium size, semiovate in form, the hinge line straight and 

| shorter than the width of the shell below; the form of the shell being 

that of the large end of an ovate figure cut across, above the middle 

of its length. Ventral valve convex at the beak and on the ambo, | 

but compressed at the sides and near the front; area moderately high, 

slightly overhanging and divided by a wide fissure. Dorsal valve flat 

or very little convex, slightly impressed along the median line; area 

linear. Surface marked by strong radiating striee, which increase in 

size toward the margins of the valves, and are increased by implanta- 

tion principally, although sometimes observed to bifurcate. There
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are also very fine concentric strie crossing the radii, giving a rough- 

ened surface to the ridges, but miscroscopie in size; and also a few — 

stronger ridges of growth. . 
This species, although not uncommon in the Trenton limestones of | 

New York, at some localities, does not appear to be common in any 
of the western localities. It closely resembles Orthis flabellulum 

Sow., as it occurs in the Niagara group of New York, at Lockport 
and elsewhere, but may be distinguished by its increasing number of 
pheations as the shell advances in size, and by the more convex ven- 

tral valve. 

Formation and locality. In the soft shales of the Hudson river formation, at Dela- 

field, and in the Trenton and altered Galena, at Neenah and Menasha, Wisconsin. 

ORTHIS OCCIDENTALIS. 

: Plate XIV. Fig. 17 and 18. 

Orthis occidentalis — Hall; Pal. N. Y., Vol. 1, p. 127; Pl. XXXII, Fig. 2, and Pl. 

XXXII B, Fig. 1. | 
“ ‘ (Hall), Meek; Pal. Ohio, Vol. I, p. 96; Pl. IX, Fig. 3. 
**  sinuata — Hall; Pal. N. Y., Vol. 1, p. 128; Pl. XXXII B, Fig. 2. 

** subjugata— Hall; Pal. N. Y., Vol. 1, p. 129; Pl. XXXII C, Fig. 1. 

Shell large, resupinate, the dorsal valve being much deeper and lar- 
ger than the ventral; strongly convex over the surface, with a large, 

tumid, enrolled beak, and a narrow horizontal area, with an open fis- 

sure. The surface of the valve being somewhat elevated along the 

median line, forms an almost imperceptible mesial elevation, more 

especially marked near the front margin. Ventral valve flattened or 

| depressed convex, with a broad and moderately elevated beak; mesial 
line, on the front half of the shell, depressed, often deeply and angu- 

larly so near the margin on full grown individuals; cardinal area | 
large, nearly vertical to the plane of the valve, and divided bya broad, 
open fissure. 

Surface of the shell marked by strong, rounded, bifurcating, radi- 

ating striae; which are crossed by very fine, corrugating lines, and 
stronger varices, marking stages of growth. 

Nearly all the specimens of this species yet observed in the collec- 
tions of the survey have been single valves, and most of them of 
large size. The example figured is a fair representative of the species | | 

and of a well marked form. The interior of the shell is quite char- , 
acteristic, and will readily serve to distinguish the species, even where 
the exterior form cannot be clearly identified. 

Formation and locality. In the shales of the Hudson River formation, at Roberts’ | | 
quarry, near Delafield, and also at Iron Ridge, Wisconsin.
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| Genus STREPTORHYNCHUS, King. 

STREPTORHYNCHUS CARDINALE, 1. 8p. : 

Plate XII. Figs. 9 and 10. 

Shell small, transversely subelliptical in outline, and plano-convex 

) in profile; the length from beak to base, measured on the ventral 

valve, about two-thirds, or a little more than two-thirds, the width. 

Ventral valve flattened or very depressed convex, with a broad ear- 

dinal area, which, on a specimen measuring about seven-eighths of an 

inch in width, is fully one-sixth of an inch high in the middle, and 

is marked in the center by a broadly-triangular, covered deltidium, 

having a distinct round perforation or foramen at the apex of the 

valve; area striated longitudinally, and the cardinal borders sloping 

to the extremities of the hinge line. Dorsal valve very convex, often 

quite gibbous in the middle; hinge line straight, and the area obso- 

lete. Surface of the valves marked by fine, sharp, radiating strie, 

which are crossed by numerous strongly marked varices of growth, 

giving a roughened character to the shell. The radiating strise are 

also crossed by very fine, closely-arranged, concentric rugee, present- 

ing, when seen under a glass, a sharp, file-like surface. 

The species is somewhat of the type of S. (Leptena) plano-con- 

vexa Hall, of the Cincinnati beds of Ohio, but differs in the greater 

rotundity of the dorsal valve and the largely developed cardinal area 

of the ventral valve. : 

Formation and localiiy. In the soft shales of the Hudson River group, at Delafield, 

Wis. , . 

Genus STROPHOMENA, Rafinesque. 

Srropuomena Kiar. 

| Plate XII. Figs. 15 and 16. 

- Strophomena Kingi—Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 72. 

Shell larger than medium size, measuring two inches along the 

hinge in full grown specimens. Valves strongly concavo-convex, ap- 

proaching sub-hemispherical on the ventral side, with a full, rounded 

umbo, length and breadth sub-equal, or often wider than long; hinge 

line as long or longer than the shell below, and generally somewhat | 

pointed at the extremities. Area narrow on each valve, that of the
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convex valve the largest, and marked in the middle by a broadly tri- 

angular foramen. Valves rather strongly recurved or deflected near | 
the hinge extremities, so as to give a strongly sinuous hinge-line, as 
seen in a cardinal view. Dorsal valve deeply concave, closely follow- 
ing the curvature of the ventral. Surface of both valves marked by 
very fine, even, thread-like or wiry striae, without any indication of 

alternation. These are crossed by finer concentric rugose markings, 
invisible to the unassisted eye, and also by fine, indistinct and inter- 
rupted, concentric undulations on each valve. 

The species rather closely resembles S. profunda Conrad, of the 

Clinton group, of New York, and still more closely the Niagara speci- 
mens of that species as it occurs in Wisconsin; it is, however, more 
convex than most specimens of that species, with a fuller and more 
prominent umbo on the ventral side. | 

Formation and locality. In shales of the Hudson river formation of New York, at 
Delafield, Wisconsin. 

STROPHOMENA UNICOSTATA, 

Plate XII. Fig. 14. 

Strophomena unicostata —M. & W.; Pal. Rept. ILL, Vol. 1IT, p. 335, Pl. IV, Fig. 11. 

Shell below a medium size, transversely semi-elliptical in outline, 
being sometimes about twice as wide along the hinge line, as the length 

from beak to base; hinge line straight on the dorsal, or concave valve, 
and very slightly arcuate on the ventral; extremities often mucronate. 

Ventral valve flat on the visceral area, and abruptly geniculate near 

the margin, the deflected portion seldom exceeding an eighth of an 

inch in width; beak minute; area narrow, usually less than a twelfth 

of an inch in its greatest width, and gradually decreasing toward the 
extremities; marked in the center by a very small covered deltidium. 

Dorsal valve concave, nearly following the curvature of the ventral ; 
area linear or obsolete. Surface of the valves marked by extremely 

ine radiating strise, which are rounded and somewhat flexuose in their | 
direction; a single stronger rib marks the median line on the ventral 

valve, but so far as we have seen, does not characterize the dorsal side 

No coneentrie undulations mark the surface of either valves. 

The species has the general form of S. rhomboidalis Wilck, and 

particularly resembles the variety of that form known as S. tenaistre- 

ata Hall, from this same horizon; but it differs very materially from 

that one, in being destitute of concentric wrinkles on the flattened
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portions of the valve, and also in the larger single rib on the median 

line of the ventral valve. 

Formation and locality. In the shales of the Hudson river formation, at Delafield 

and Iron Ridge, Wisconsin. 

| SrropHoMens WISCONSENSIS, Nn. 8p. 

| Plate XII. Figs. 11-18. : 

Shell of the type of, and much resembling S. planumbona Hall (Pal. 

N.Y., p. 112, Pl. XXXIB, Fig. 4), being halfas wide again along the 

hinge, as the length from the hinge to the front of the shell; hinge- 

line straight, with submucronate extremities. Dorsal valve highly 

arcuate and gibbous in the middle, with an impressed umbonal region, 

and becoming strongly recurved at the hinge extremities. Ventral 

| valve rather deeply concave, with a slightly rounded umbo and minute 

beak; cardinal extremities of the valve deflected. Area of the ventral 

valve moderately high in the center, gradually declining toward the | 

extremities, and divided in the middle by a covered triangular del- 

tidium; area of the dorsal valve linear. Surface of the shell marked 

by fine radiating strie, and by a few strong concentric lines of growth. 

The shell was at first considered as identical with S. planumbona 

Hall, but on critical examination, differs so extremely in the strongly 

gibbous character of the valves, and the much greater height of the 

ventral area, as well as in the more transverse outline, that it seems 

to be doing violence to strict classification to place it under the same 

name. Ihave therefore thought best to consider it as a distinct . 

species. | : 

Formation and locality. In the shales of the Hudson river group, at Delafield, Wis- 

consin. 

Genus RHYNCHONELLA, Fischer. 

RuyNCHONELLA CAPAX. | | 

Plate XII. Figs. 26 and 27. 

Atrypa eapax— Conrad; Jour. Acad. Nat. Sci., Vol. VII, p. 264, Pl. XIV, Fig. 21. | 

Atrypa increbescens — Hall; Pal. N. Y., Vol. J, p. 146, Pl. XXXII, Fig. 13, W., X. 

and Y. 

Rhynchonella increbescens — Hall; 12th Rept. State Cab., N. Y., p. 66, and 13th Rept., 

p. 66; Geol. Rept. Wis., Vol. I, pp. 99 and 436. 

‘6 capax — Billings; Pal. Foss., Vol. J, p. 142. 

“6 “ (Conrad); M. & W., Pal. Ohio, Vol. I, p. 123. 

: Shell attaining a large size, sometimes measuring considerably more
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than an inch in diameter, lenticular and appressed when young, and 
of a triangular form, but when fully grown it becomes extremely 
ventricose and gibbous, the depth of the united valves considerably 
exceeding the length or transverse diameter; ventral valve moderately 
deep, with a closely incurved beak, and a broad, deeply impressed mesial 
sinus, which is abruptly bent upward and prolonged in front; dorsal 
valve extremely ventricose, nearly twice the depth of the ventral; the 
beak large and closely enrolled beneath that of the other, and the 
middle elevated to form a strong mesial fold, which is excavated in 
front to correspond to the proiongation of the ventral valve; sides of 
the valves or cardinal slopes sunken and destitute of plications; sur- 
face of the shell marked by from sixteen to eighteen strong subangular 
plications, four of which are elevated to form the fold of the dorsal 
valve, and a corresponding number depressed in the sinus of the ven- 
tral. The entire surface is further marked by closely arranged, zig- : 
zaging, lamellose lines of growth, which are strongly arched backward 
in crossing the plications, and become very closely crowded on the 
front of the shell. : 

The species is readily distinguished, in the mature specimens, by its 
extreme ventricose form, and by the highly elevated, subquadrangular 
outline when viewed in front or from behind, and also by the great 
proportional depth of the dorsal valve. It is rather closely allied in 
character to L?. perlamellosa, herein described, when seen in its younger 
stages of growth, but may be recognized in this condition by the nar- 
rower and more angular plications; deeper dorsal valve; more distinct 
mesial fold and sinus, and by the finer lamellose markings. Iam not 
at all satisfied that the species has yet been found in the Trenton group 
in New York, nor that the forms referred to from the New York 
localities as L¢. eneredescens, in Vol. I, Pal. N. Y., are identical with 
the western shell. There is a certainty, so far as Iam aware, that 
none of the ventricose varieties so extremely abundant in Ohio and 
Kentucky, and less common in Wisconsin, have ever been observed 
in that state, and I think it quite advisable that the name, /?. ancre- 
bescens Tall, should be retained for the New York, Trenton and 
Hudson River group specimens; while that of 2. capax Conrad, be 
restricted to the more highly ventricose western shells. | 

Formation and locality. In the shales of the Hudson river group, at Stockbridge and 
fron Ridge, Wisconsin.
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| | JtuyNcHONELLA PERLAMELLOSA. 

- Plate XII. Figs. 23-25. 

Rhynchonella perlamellosa — Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 73. 

Shell of medium size, triangularly-orbicular or very broadly ovate in 
outline, and lenticular to ventricose in profile; beak small, flattened, and 
closely incurved; cardinal slopes convex and full, never depressed or 
excavated. Dorsal valve with a moderately elevated mesial fold, ex- , 
tending nearly to the beak, and the ventral with a corresponding sinus. 

Surface marked by strong, simple, subangular plications, four of 
which are eievated to form the fold and three depressed in the sinus, 
while from six to eight occur on each side of the shell; plications 
crossed by rather coarse, distant, strongly lamellose lines of growth, 

strongly arching backwards in crossing the plications and continuing 

across the cardinal slopes to the margin of the shell with but slight 
diminution in strength. | 

The species somewhat closely resembles the smaller lenticular speci- 
mens of /2. capax Conrad, but may be readily distinguished by the 
stronger and less numerous plications, stronger and more distant, 

although more prominent, lamellose lines of growth, and also by the 

full cardinal slopes instead of depressed or concave slopes, as in that 

species; and also by the continuation of the plications over this part, 

which is not the case in that one, and the valves are also more nearly 

of equal depth. | 

Formation and locality. In soft shales of the age of the Hudson River group of New - 
York, at Delafield, and also at Iron Ridge, Wisconsin. 

Riaynononetta NeEenaug, n. sp. 

Plate XII. Figs. 19-22. 

Shell small, not exceeding five-eighths of an inch in its greatest 
diameter, and seldom more than half an inch; form varying from sub- 
triangular to subquadrangular in a top view, subtriangular in profile 

+» and more or less irregularly quadrangular in a front view. Sides of 

the valves compressed and nearly vertical, and the depth of the shell, 
from the dorsal to the ventral surface, usually equalling or exceeding 

| the length or width. Apex of the ventral valve small, narrowed or 

cuneate, projecting beyond that of the dorsal, and slightly curved 
upward, perforated at the extremity, and the fissure covered by del- 

tidial plates of proportionally large size. Dorsal valve very deep |
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rapidly rising from the peak to near the front margin along the mid- 

dle of the valve, where the height is generally double that of the ven- 

tral valve; sides of the valve much less elevated and almost regularly 
arcuate from beak to base. Ventral valve straight along the base, 

- with a deeply sunken triangular mesial depression and rapidly sloping 
sides; the front of the valve strongly and abruptly elevated, cor- 

responding to the notch of the dorsal fold. 
Surface of the shell marked by about ten angular plications on each 

valve in the larger individuals, two of which are abruptly elevated to 
form the mesial fold, and two depressed in the sinus. On some of 

| the specimens there is an incipient plication on each side of the fold 

in the upper half of the shell, which becomes obsolete before reach- 

ing the front margin. The plications are marked by strongly lamellose 

concentric lines, which arch backward in crossing them. 
The species resembles fv. Anticostensis and 2. Janea Billings, but 

differs in the great lateral compression, and in having only two plica- 
tions forming the mesial fold. It also resembles the form generally | 
known as £2. dentata Hall, as it occurs abundantly at Frankfort, 

Kentucky, and elsewhere in the west, but differs very materially from | 

the New York specimens of that species. rom the Frankfort, Ken- 
tucky, specimens it differs in the laterally compact and compressed 
form, nearly vertical sides, narrower and more angular plications, nar- 
rower and stronger fold and sinus, and stronger lamellose markings, 

| as well as in the deeper and more unequal valves, and more projecting 

beak. | | . | 

Formation and locality. It occurs in the Trenton at Neenah, Menasha, Center, Ripon, 

Waterloo, Janesville and Beloit, and in the altered Galena beds near Oshkosh, Neenah, 

Menasha and Flintville, and in the shales of the Hudson river formation, at Delafield 
and Iron Ridge, Wisconsin.



SPECIES FROM THE LIMESTONES OF THE NIAGARA - 
| GROUP. 

PROTOZOA. — 

Genus CERIONITES, M. & W. | 

| CERIONITES DACTYLOIDES. 

oe Plate XIII. Figs. 1-3. | 

Lunulites? dactyloides — Owen; Rept. Geol. Expl. Towa, Wis. and Ill, 1844, p. 69, 
Pl. XIII, Fig. 4. 

Pasceolus? dactyloides—(Owen); M. & W. Geol. Rept. IIL, Vol. III, p. 345, Pl. V, 

| Fig. 2. 

Genus Cerionites; M. & W. loc. cit., . 346. 

Body plano-convex, circular or slightly oval in outline; lower sur- 

face flat, and the upper irregularly convex, or depressed convex; the 

| periphery subangular, and thin in some parts, thickened and nearly 

vertical in others. Convex surface covered by numerous rows of 

| hexagonal pits or depressions, which appear to center at a point near 
the middle of the disc, and pass outward to the margin in concentric 

circles; increasing in size toward the edge. The depressions are 
deeply concave and round at the bottom, but are crowded so as to 

present hexagonal borders, and are each marked at the bottom by a 

minute pore, which extends to considerable depth in the substance of 
the fossil. Near the periphery of the disc, where the edge is 
thickened, the cells have the appearance of being vertically com- 
pressed, and have a transversely rhombic outline, the longest axis 

| horizontally placed. They are each marked at the lower middle angle 

by an elevated point, which is covered with minute crystals, probably 

coating a spine-like process at this point. The flattened basal surface 
is marked by obscure radiating lines, corresponding to the centers of 

the marginal cells. _ 

' The center or initial ‘point of both surfaces is coated with hard, | 

rocky material, which cannot be removed without ‘material injury to 

the specimen, so that there is doubt whether there may be openings 

: at these points or not.
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The species has heen variously referred by different authors with- 
out any apparently very satisfactory results, until finally Messrs. 
Meek & Worthen proposed the new genus Cxrronrres for its reception 
(Geol. Rept. I, Vol. ILL, p. 346), expressing, at the same time, 
much doubt as to the correctness of the step taken. Up to that time, | 
and even now, it is generally referred to the genus Pasceolus of 
Billings, but there appear to be many points of distinction between 

: these bodies and those for which the latter name was proposed, and 
also many similarities. One principal difference consists in the ar- 

| rangement of the pits in concentric circles, a point radically distinet 
from Pasceolus. The pits gradually increase in size, which is not 
the case with the plates of that genus; and as these fossils are the 
internal casts of the body, and present rounded depressions, they 
differ from that one, which is said to have the plates concave on the 
inside, and to give an internal cast marked with rounded tubercles. 

In proposing the genus Cerionites, Mr. Meck appears to have been 
in doubt if the body he was describing was an internal cast or an ex- 
ternal impression. That the specimen here figured is an internal cast | 
there is positive proof, as the upper surface is obscured near the cen- 
tral point by crystalline matter filling the depressions in such a way 
as to show that it replaces the original integument of the body; and 
that on the upper or outer surface the plates have been nodose; or, 
in other words, that the present fossil has been covered with an integ- 
ument of small plates filling the depressions which now remain, and 
which were on their outer surfaces strongly convex. Moreover, each 
of these plates, as they now exist, has the center filled with a small 
core of material similar to that of the fossil itself and the surround- 
ing rock, showing that the plates were minutely perforated, which 
does not appear to be a feature of Pasceolus. This leads directly to 
another explanation. On probing the minute pores at the bottom of 
the rounded pits, I found them penetrating so far into the substance 
of the fossil that I concluded to break it; on doing which, I found them 
extending to a depth of a quarter of an inch near the periphery, and 
those of the sides and upper surface nearly to the basal floor, and also 
to be somewhat tapering inward. From a study of these minute cavities 
I infer that they were originally occupied by minute tubular foramina, 
connected with the plates of the integument, and penetrating the in- 
terior of the body cavity, as in the interior they appear not to have 

_ any definite destination or arrangement. ‘The substance of the fossil, 
therefore, as we have it, seems to be the filling, either by infiltration | or by silting, through the opening at the center, if such existed, of 
the interior cavity of a sac-like and probably more or less flexible sub-
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discoid body, formed of an integument of small, hexagonal plates, ar- 
ranged in concentric curves, originating at a central or initial point, 
and terminating at the periphery in plates of a different form, com- 
posing a floor-like integument of attachment, the plates of the upper 

surface being biconvex, and penetrated by a minute pore, the walls of 

which were prolonged on the inside in the form of minute tubular 
| spine of undetermined length. 

The bodies, of which this is a representative, have been closely re- 
lated to Leceptaculites, as is shown by the concentric arrangements 

| of the plates, and more particularly so by the form of the cells on the 

thickened vertical edge of the disc, where the pits assume the rhom- 
_ bie form possessed by those cells similarly situated on several of the 

elevated or globular forms of that genus, such as 2. globulare and ZL. 
hemaspherrca Hall. Among the collections of Niagara group fossils 
from the western states, I have seen specimens which appeared to be 

the impression of the exterior surface of convex bodies, composed of 

smooth, tuberculose or highly convex, hexagonal plates, arranged. in 

similar concentric curves, and have no doubt they were the impres- 

sions of the exterior of specimens of this same species. 

Formation and locality. In the Niagara group, at Waukesha, Wis. 

Genus RECEPTACULITES, De France. 

JtncePpracuLiTEs HEMISPHERICUM. 

| Plate XIII. Fig. 4. | 

Receptaculites hemisphericum — Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 16; Geol. 
| : Rept. Wis., 1862, p. 429. | 

Body small, hemispherical or rather more than hemispherical in | 
form, sometimes approaching a globular shape with a more or less 

truncated base. Surface convex, the cells originating from a sub- | 

central point and spreading outward in curved radiating lines. Cells 

minute near the point of origin, but rapidly increasing in size over | 

the upper surface, and again decreasing as they descend the sides of 

the body, so that where the form exceeds that of a hemisphere, they 

are again quite minute and crowded in the lower part. J*rom a point 
corresponding to a horizontal center of the sphere and below, the cells 

are so arranged as to present horizontal lines as well as the curved 

radiating lines above mentioned. 

: The specimens are often less than hemispherical in form, as seen in 

collections, and sometimes, as in the example figured, form more than
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a half globe. The base when perfect is flattened, and appears as if 
the body had grown attached to a flattened foreign substance, and in 
the examples examined, presents no appearance of radiating lines. 
Formation and locality. The specimen figured is from the Niagara limestone, at 

Waukesha, Wisconsin, probably from the Racine limestone at that place. It also oc- 
curs at Racine, Wis. 

RADIATA. 

Genus ASTROCERIUM, Hall. 

ASTROCERIUM VENUSTUM. | 

Pl. XU. Figs, 8-10, - 

Astrocerium venustum — Hall; Pal. N. ¥., Vol. 2, p. 120, Pl. XXXIV, Fig. 1. 
‘6 venustum and Favosites of many authors. 

| Among the many Favosite corals which characterize the N lagara 
group of Wisconsin, and the neighboring states, this species (A. ve- 
nustum) holds a prominent position; and among the silicified speci- 
mens found in the drift of the same region it is also quite common. 
The specimens are generally easily recognized by the comparatively 

| small size of the cell tubes, and when silicified and weathered, often 
show the peculiar feature of the species, and on which the genus was 
founded, in the most beautiful manner. 

The cell tubes, in characteristic specimens, vary from a twentieth 
of an inch in diameter to those of about one-fourteenth of an inch; 
and in many individuals the larger cells are quite abundant, being 
distributed through the mass at nearly equal distances, They are 
usually more nearly round than the smaller tubes, and have from 
eight to nine, or even ten smaller ones bordering them, and are, ap-. 
parently, those from which the new cells take their origin. All the 
tubes are divided transversely by their horizontal plates at irregular 
distances, usually at distances equal to the. diameter of the tube, or 
less. The plates quite commonly extend only partially across the 
tube, and are usually, when perfect, bent downward at the angles. 
Between the plates there are numerous slender, spine-like processes, 
extending into the tubes from the walls, generally placed one above 
each mural pore, and when viewed on the surface of the corallum, 
give a stellate feature to the cell, which at once distinguishes it from 

| any other coral of the group in the Niagara rocks. 
The walls of the cells are perforated at somewhat regular distances
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| by ranges of minute mural pores, generally a single range to each 

| face of the tube; but occasionally, on wide faces, there will occur two 

ranges. : 

Formation and locality. In the Niagara group, quite generally distributed. It has 

been noticed in the lower coral beds at Cato; in the upper coral beds at Cato and Stur- 

geon Bay; in the Waukesna beds at Pewaukee; in the Racine beds at Waukesha, Wau- 

watosa and Milwaukee, and doubtfully in the Guelph beds at Saukville and Sheboygan, 

Wisconsin. 

Genus HALYSITES, Fisher. 

HaALysires CATENULATUS, Linn. 

Plate XIII. Figs. 5-7. 

Among the corals of the Niagara group of Wisconsin, specimens of 

the genus Halysites are quite numerous, and among them we find 

three grades of form, differing from each other in the size of the 

meshes or intercellular spaces, and also to a corresponding degree in 

the size of the individual polyp-cells or corallites. It is also noticed 7 

that the specimens of the three varieties do not usually occur at the 

same locality; or if so, that some one of the varieties will greatly pre- 

dominate, either at the locality or in a certain horizon, while the 

others are present only in limited numbers. 

In making lists of the ‘species constituting the fauna of the several 

localities or supposed horizons, it became necessary to distinguish 

these different forms, and for this purpose I used the varietal names 

macropora and micropora as indicating the two extremes, the medium 

between these two most closely resembling the form usually known 

as H. catenulatus Linn. As it is frequently necessary still to desig- 

nate these forms separately, I propose to retain the varietal name 

micropora to designate the minute form, and to adopt the name 

labyrinthicus for the large meshed variety; that being the name pro- 

posed for it by Goldfuss, when separating it as a distinct species from 

the H. catenulatus. 
The characters of these varieties will be recognized from the follow- 

- jing descriptions of the two extremes, and they will be found conven- 

ient for referenc, although they may not be considered as of strictly 

specific importance. Still I am much inclined to the opinion, that in 

life, there were differences sufficiently great marking them, which 

would have made them more distinct from each other than many of 

the living corals now recognized as good species.
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Hatysirus CATENULATUS Var. LABYRINTHICUS. 

Plate XIII. Fig. 7. 

Catenipora labyrinthica — Goldfuss; Petr. Germ., Vol. I, p. 71, Pl. XXV, Fig. 5. 

Corallum having the general characteristics of the species catenula- 
| _ tus, but with cell tubes of large size, measuring about an eighth of an 

inch, or, when measured in a direct line, averaging from six to eight | 
_ In the space of an inch. Intercellular opening very large, often an ° | 

inch and a half in length by from one-fourth to one-half an inch in 
width, and of very irregular form. Epitheca strong and rugose. | 

Tarysires CATENULATUS var. MICROPORUS, new var. ) 

Plate XIII. Fig. 6. | | 
| Corallum similar to the ordinary form except in the size of the cells, 

which are very small or minute, equal to from one-eighteenth to one- 
twentieth of an inch; there being that number of cells within the 
space of an inch, as counted in a line across the face of the corallum. 
Intercellular spaces small, varying from one-twelfth to nearly one- 
fourth of an inch in their longest diameter, and usually nearly equal 
in length and breadth, presenting a nearly quadrilateral form. 
Epitheca thinner and less rugose than on those of the ordinary size 
and form, and still more so than on the Z. labyrinthicus. | 

Grnus SYRINGOPORA, Goldf, 

SYRINGOPORA VERTICILLATA. | 

Plate XIV. Fig. 6. 

Syringopora verticillata — Goldf.; Petr. Germ., Vol. I, p. 71, Pl. XXV, Fig. 6. 
‘6 “ ‘* Bill. Rept. Geol. Can., 1867, p, 00; Extract, p. 8. 

Corallum forming hemispherical masses of slender, slightly diverg- | 
ing tubes, varying from a line to oneand a half lines in diameter, and 
connected at irregular distances by numerous small, transverse fila- 
ments; which are arranged around the tubes in circles, “like the 
spokes of a wheel,”’ several of them being situated at the same level, 
often forming by the coalescence of their bases, an encircling plate 
around the corallite. Interior of the tubes divided by numerous . 
transverse plates or diaphragms, closely arranged, and deeply funnel-
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formed; apparently perforated in the center, so as to form a continu- 

ous tube along the middle of the corallite. 
The individuals of this species, as I have observed them in Wiscon- 

sin, are extremely variable in the size of the corallites and in the close- 

ness of the connecting filaments. The tubes are often of not more 

than one line in diameter, and seldom exceed a line and a half; the 

| connecting filaments are usually very closely arranged and often 

erowded, with the epitheca of the corallite rough and marked with 

oe rings of growth. In other cases the filaments are distant and not so 

distinctly verticillating as in the smaller tubed varieties. The indi- 

vidual figured by Goldfuss, loc. cit., has very large and distant coral- 

lites, with widely separated connecting filaments; and Mr. Billings 

describes specimens from Lake Temiscaming, Canada, having coral- 

lites “ about two lines in diameter.”’ It is possible that all these ex- 

treme varieties may be of the same species, but I strongly suspect that 

if studied together, with ample collections from the several localities, 
they would prove to embrace more than a single species. 

Formation and locality. In the coral beds of the Niagara group, near Rockville, 

Manitowoc county, and in the Racine beds at Wauwatosa and Kewaunee, Wisconsin. 

It has also been obtained from the drift near Beloit, in a beautiful state of preservation. 
- The specimens described by Goldfuss were from Drummond’s Island, m Lake Huron. 

| Genus CYSTOSTYLUS, new genus. 

Corallum compound, composed of parallel, cylindrical tubes or cor- 

allites, either wholly or in part in contact, and united to each other by 

| transverse filaments. Increase by bifurcation. Internal structure 

composed of small cystose chambers or cavities, formed by more or less | 

imperfect transverse plates, arranged in circular funnel-formed order 

as in cystiphyllum. Radiating septa and transverse plates, obsolete. 

The corals for which the above genus is proposed are in all respects 

compound Cystiphyllia, having all the internal features of specimens 

) strictly referred to that genus. They differ, however, in being com- | 

pound bodies, composed of a large number of corallites united by 

transverse branches, as in Syringopora, Lridophyllum, and others of 

that character, and are increased by a form of budding resulting in a : 

bifurcation of a corallite. The cystose plates are arranged exactly as 

in Cystiphyllum, and form by their union, a deeply funnel-formed cup 

at the upper end of the stem. The species at present known are both 

from the Niagara group, and are very distinct in their specific fea- 

tures, and characterize two different portions of the group. In the 

Vot. IV.— 18
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second species referred to this genus, itresembles Syringopora Goldf. 
to some extent, but differs in that the plates or tabulee do not extend 
entirely across the tube, but are only partial, in some cases requiring 
three or four of the partial plates to complete the diameter of the 
tube. | : 

| OysTosTYLUs TYPICUS, Nn. Sp. . 

| Plate XIV. Fig. 8-9. | 

Corallum growing in large compound masses, composed of numer- 
ous subparallel or slightly diverging tubes or corallites, which vary 
from one-fourth to one-half of an inch in diameter; attaina length of 
several inches, and are placed at distances from each other equal to 
from one-fourth to more than one-half their diameter. Connecting 
filaments distant. Interior composed of small cysts, or blister-like 
chambers, arranged in from three to six indistinct circles, as shown in 
a transverse section of the tubes. | 

The specimens of the species vary greatly in the size, and in the 
distance between the corallites. Those examined consist mostly of ° 
fragments of larger masses, and are themselves several inches in di- 
ameter. ‘hey are preserved in limestone, which fills the spaces be- 
tween the corallites, and on the fractured surfaces they reveal the 
systose character of the tubes very beautifully, although the plates 
themselves are usually coated with minute crystals. Some of the 
specimens preserve only the perforations in the rock where the coral- 
lites have been removed by solution, in which case they show only the 
size and form of the exterior surface of the corallite without retaining 
any of the internal features of the coral. In this case it is quite dif. 
ficult to distinguish them from species of Lridophyllum or Diphi- 
phytlum. 

Formation and locality. In the Lower Coral beds of the Niagara, at Cato, Monito- 
woc County, and in the Upper Coral beds, at Sturgeon Bay, Wis. 

CystTosTYLUS INFUNDIBULUS. 

Plate XIV. Fig. 7. 

Syringopora infundibula —Whitf.; Aun. Rept. Geol. Surv. Wis., 1877, p. 79. 

Corallites growing in large or medium-sized masses of variable form,
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but generally irregularly subhemispherical; individual polyps slender, 

subflexuose, and measuring from one to nearly two lines in diameter, 

arranged at distances of from one to three times their own diameter ; 

transverse diaphragms represented only by deeply funnel-formed, im- 

perfect plates or cysts, appearing on the broken surface as a series of 

deep inverted cones or funnels, placed one within the other so closely 

| as to produce by their united tubes an almost or quite continuous 

columella along the center of the corallite; the cystose plates are never 

continuous around the whole circumference, but are usually from one- 

third to two-thirds entire, and are so closely arranged that from two 

to four may be counted in a length equal to the diameter of the tube; 

external surface of the corallites not observed; increase by budding 

from the side of a perfect corallite, the separation being at first small 

. and nearly horizontal, but suddenly turning upward parallel to the 

parent stem. 

_ The species differs from C. typicus in the smaller size and more flex- 

nose corallites. It was at first supposed to belong to the genus Syr- 

ingopord, and so classed in the annual report, but on reexamination, 

it proves to possess all the requisites of the genus Cystostylus and to 

differ in the form of the plates very materially from Syringopora. | 

As it is so far found in the solid limestone only, with the fractured 

surface showing the deeply funnel-formed plates only partially ex- 

tending across the tubes, readily determine its true relations. 

Formation and locality. In the upper part of the Niagara group (Racine limestone) 

at several points in the vicinity of Wauwatosa and Milwaukee, Wisconsin. 

| Genus STROMBODES, Schweigg. 

. SrROMBODES PENTAGONUS. 

Plate XV. Fig. 5. 

Strombodes pentagonus — Goldf.; Petr. Germ., Vol. I, p. 58, Pl. XX, Fig. 2. 

‘6 ‘6 Rominger; Geol. Rept. Mich., Vol. III, Pt. II, p. 131, Pl. 

XLVIII, Figs. 1 and 2. | | 

Strombodes pentagonus — Of authors. 

‘f striatus — D’ Orb. 

- Coral forming large depressed-convex, or low-hemispherical masses 

of considerable size, the surface of which is covered by polygonal de- 

pressions, formed by the calyces of the closely aggregated polyps, the : 

depressions varying from less than a fourth of an inch to three-fourths | 

or more in diameter, and having a depth of from an eighth to about
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| three-eighths of an inch below the top of the partition walls; divis- 

ions between the calyces carinate, often sharply crested; central part 

of the calyces more abruptly depressed than the intermediate space, 

and the center rising up in form of a slight columella, not always 

apparent; surface of the calyeces marked by extremely fine, hair-like 

rays, varying in number according to the size of the cell. When seen 
in a vertical section, the mass appears to be made up of a number of 

| vertical columns, each of which is composed of a series .of funnel- 
formed plates, superimposed one upon the other in an irregular man- 

ner, leaving open spaces of different sizes and great irregularity of | 

form between them. | 
The examples of this species present in the collection are thoroughly . 

silicified, and to such an extent as to nearly obliterate the more minute 
generic and specific characters of the coral. Individuals from other 

localities show the vertical rays to be very numerous, the cells to be 

abruptly deepened in the center, with a slight columella, and the trans- 
verse diaphragms to be numerous and cystose in structure. 

The species varies much in the size of the corallites in different : 
individuals, and the general appearance of the specimens, when seen 

under different states of preservation, varies so greatly that they are 
not readily recognized as of the same species. When the upper coating 
or surface of a specimen of this genus is removed by breaking or by 
weathering, as is often the case with the silicified examples, the 

exposed layer below is seen to be composed of calyces covered or 
formed by numerous blister-like elevations, resembling those forming 

the internal structure of the genus Cystiphyllwm, and the surfaces of 

the blisters are marked by the remains of the radii. In this condi- 

tion they correspond to the genus Vesicularta Rominger, Geol. Rept. 
Mich., Vol. III, part 2, Pl. XLIX; and if the view is upon the under 
surface of such weathered specimens, the cells appear as if raised and 
the center depressed as in Astrea mamillaris Owen (=S&. mamillatus 
Rominger), and Vesiewlaria varilosa Rominger. This feature is 
also often produced in silicified and weathered specimens of Cyatho- 

— phyllum rugosum Hall, from the upper Helderberg group at the falls 
of the Ohio, which are often thought to represent a species of a dif- 
ferent genus from those of the perfect coral. ) 

Formation and locality. In {the coral beds of the Niagara group at Red River, 
Kewaunee county, and in T. 24, R. 24, Sec. 28; also at Forrestville and Bailey’s Har- 
bor, and in the Racine limestone at Wauwatosa. It has also been recognized in the | 
Guelph limestone. It occurs also in the drift near Beloit, Wisconsin, and in Michigan, 
and in the Niagara limestone on Drummond’s Island, and in Ohio.
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Genus ZAPHRENTIS, Rafinesque. : 

ZAPHRENTIS, RAcINENSIS, nN. Sp. 

Plate XIV. Figs. 1 and 2. 

Corallum forming a short, rapidly-expanding, cup-shaped or tur- 

: binate body, nearly as wide as high, and strongly curved; calyx occu- 

pying nearly the entire depth of the body; the floor, in a specimen 

measuring one and one-quarter inches in diameter, not exceeding 

three-eighths of an inch in width; longitudinal or vertical lamella 

| moderately well developed, but very thin and distinctly alternating in 

size, increasing in number only along the primaries dividing the dorsal 

and lateral sections; those of the two sections on the inner side of the 

curvature are more numerous than the others, counting ten in each 

division, while those of the outer divisions are only eight on each 

side, making, to the entire cup, thirty-six primary lamelle on the 

specimen figured; fosset deep, situated on the outer side of the curva- 

ture, very narrow, and having only one primary lamella depressed 

within the cavity. | 

The examples of the species observed are all internal casts of the 

cup, but are well marked and quite numerous. They present evidence 

of the outer surface having been transversely wrinkled, which, owing 

to the thinness of the substance, have shown in the cup, and been pre- 

served on the cast of the interior. The substance of the coral itself 

having been entirely removed from the rock by solution, it is impos- 

sible to ascertain the characters below the cup, but as the species is 

~ eommon, and seems to characterize the Racine beds, it has been 

thought best that it should be noticed. 

: Formation and locality. In the Racine beds of the Niagara group, at Racine, and 

at Schoonmacker’s quarry, near Wauwatosa, Wisconsin. 

Genus CYATHAXONITA, Milne Edwards. 

CyaTHaxontA WISCONSENSIS. 

Plate XIV. Figs. 3-0. 

Cyathaxonia Wisconsinensis — Whitf.; Geol. Rept. Wis. for 1877, p. 79. 

Among the many eyathophylloid corals of the upper Niagara for- 

mation, represented only by casts of the interior of the cup, is one
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having a deep elliptical cavity near the center, which has been formed 
by the removal of a thin, transversely elliptical and highly elevated, : 
solid and subcentral axis, as in the genera Cyathawonia and Lopho- 

| phyllum, presenting a feature entirely new, so far as we are aware, 
among the corals of the middle silurian rocks of this country. The 
coral must have attained a length of three inches or more, by a trans- 
verse diameter of one and one-fourth inches, judging from the size 
of the casts of the cup observed. The vertical lamellae have been 
strong and arranged in pairs, the secondary rays being quite subor- 
dinate to the primaries; a large, deep fosset marks the bottom of the 
cup on the convex side, and the upper transverse plate, forming the 
bottom of the cup, has been smooth and nearly half as wide as the 
coral opposite the base of the cup. 

The external features of the coral are not known, but as casts of the 
interior of the cup are not uncommon at many localities, and seem 
to mark a certain horizon, it has been thought worthy of notice and 
aname. ‘The features given will serve to distinguish it from any of 
the associated forms, and should it be detected at other localities 
where the substance of the coral itself is preserved, the elevated col- 
umella will then be a distinguishing feature. | . 
Formation and locality. Tn the upper part of the Niagara group (Racine limestone), 

at Racine and elsewhere in Wisconsin. 

Genus AMPLEXUS, Sowerby. 

| AMPLEXUS FENESTRATUS. 

Plate XV. Figs. 1-8. 

Amplexus fenestratus — Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 80. 

Corallum forming strong, simple, irregularly turbinate columns, 
often attaining a diameter of two and a half to three inches, and ap- 
parently twelve or more inches in length, with distant, strongly pro- 
jecting, periodic, lip-like varices, above each of which the coral is 
again. contracted; cup deep; margin thick, except near the periodic 
varices, where it becomes much thinner than at other points; longi- 
tudinal rays well developed, very closely arranged, and apparently 
subequal; transverse plates large and strong, closely arranged, and 
extending to about one-half the diameter of the body; interlamellar 
cystose divisions well developed and very numerous; exterior of the | 
coral covered, when perfect, by a thin epitheca, marked longitudinally 
by the rays, and, transversely by small elevations at the junction
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of the walls of the interlamellar cysts with the epitheca, which is 

generally worn through, or originally left imperfect, the spaces ap- 

pearing as minute transverse or elliptical perforations in the epitheca, 

giving a peculiarly roughened exterior surface, which will readily be | 

distinguished. 

Formation and locality. In the lower coral beds of the Niagara group, at Cato, at 

Cato’s Falls, and at the rapids below Clark’s Mills and vicinity, Wisconsin. 

Gryus OMPHYMA, Rafinesque. 

Ompnyma StToxeEst!. 

Plate XIV. Fig. 10. Plate XV. Fig. 4 

Coral — Stokes; Geol. 'Trans. 2d series, t. 1, p. 129, fig. 1. | 

Pachyphyllum Stokesi — Edwards & Haime; Polyp. Foss. Paleoz., p. 407. 

Omphyma Stokesi (Ed. 8. H.) —Rominger; Geol. Mich., p. 119, Pl. 44, Figs. 1-4. 

Remains of a large species of coral, apparently of the genus Om- 

phyma, is quite abundant among the Niagara fossils from the Sheboy- 

gan river and elsewhere in the state. They consist only of the casts of 

the interior of the calyx, which has often attained a diameter of two and 

a half inches at the top; the primary rays, as shown on these casts, 

appear to have been forty or more in number, and to have been pretty 

strongly developed, excepting near the top of the cup; while the sec- 

ondary rays are but very faintly developed, scarcely showing in the 

lower part of the calyx, and only slightly indicated above.” The floor 

of the calyx has been very broad, usually forming more than one-half, 

and often more than three-fourths, of the entire diameter of the coral; 

it has been strongly marked on its surface by the rays, which extend 

to the center, and in some cases form an elevation in the middle; the | 

fosset has not been strongly developed, not showing distinctly in any 

| of the examples studied. : 

The generie reference of this species is by no means certain, and 

the specific features to be btained from the casts are so few that it 

has been deemed advisable to leave it without specific name until 

better material shall be obtained. The specimens are of rather un- 

usually large size for a cyathophylloid coral of the Niagara group in 

this country, and as they are quite abundant, and apparently confined 

to this horizon, it was thought well that attention should be directed to 

them. There is some resemblance between the casts of this species and 

the cup of O. verrucosa Ed. & Haime, as identified and figured by Dr. 

©. Rominger, Geol. Surv. Mich. Vol. III, p. 118, Pl. XLIV, Fig. 2. 

Formation and locality. In the Waukesha beds of the Niagara group, at Mr. Pel- 

ton’s quarry, near Pewaukee, and in the Racine beds at Racine, Wauwatosa and Mil- 

waukee, and in the town of Bhine, on the Sheboygan river, Wisconsin.
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CRINOIDEA. 

Gunus CARYOCRINUS, Say. 

CARYOCRINUS ORNATUS. 

Plate XVI. Figs. 1 and 2. 

Caryocrinus ornatus — Say; Jour. Acad. Nat. Sci. Phil., Vol. IV, p. 289. 
‘$ loricatus — Say; Ibid. 
“é ornatus — (Say) Hall, Blainville, Castelnau, Von Buch and others. 
“ meconideus, C. hexagonus, C. granulatus, C. insculptus and C. globosus — 

Troost; Cat. Foss. of Tennessee. 

The specimens of this species, like most of the fossils of the Niagara 
rocks in southeastern Wisconsin, are only internal casts, and show 
but little of the true character of the object itself. Where the matrix 
has been preserved, there can, by taking an impression of it in wax, | 
gutta-percha or some other substance, be obtained a representation of 
the external features; but as these portions of the remains are seldom 
preserved, owing to their bulk and the difficulty of obtaining more 
than a fragment of an individual, the internal cast only has been 
figured. 

The internal casts are usually of an ovoid form, more or less trun- 
cated at the upper end, and occur from half an inch to fully two inches 
in length, the diameter varying greatly in different individuals. The 
surface markings on the casts differ very materially from those of the 
real object when perfectly preserved, and consist of a series, or several 
series of rhombic figures, with lines of minute tubercles bordering 
them. The lower series consists of six rhombs, arranged vertically, or 
with their points directed upward; the next series of six is arranged 
transversely; above this there is another series of more elongated 
rhombs, arranged, some vertical and others obliquely; the longitudinal 
axis of the rhombs depressed, and their surfaces striated in the same 
direction; above these last mentioned rhombic areas there is a series | 
of irregular triangular areas bordering the filling of the arm openings; | the dome is capped by smaller irregular plates, which are generally 
so arranged as to form a triangular pattern on the summit. 

The markings above mentioned are the imprints of the interior 
surface of the plates forming the body, and do not represent, to any 
degree, the arrangement of the plates, except to one familiar with the structure of the perfect erinoid; they do, however, represent the exte- rior surface marking, which is entirely composed of rhombic and
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trapesoidal figures below the arm openings, six of which are arranged 
around the base of the body, with their longest diameters vertically 

placed; the next range is horizontal, and the third obliquely vertical, 
just as in the cast; the plates of the body are only four in the basal 

series, two quadrangular and two pentangular; the next or central 

range consists of six plates, two of which are pentagonal, two hex- 

agonal, and two heptagonal; the third range consists of eight plates, 

six of which, if we consider the upper side, which is often truncated 

by several plates, as one face only, would be pentagonal, and the other 
two smaller ones would be quadrangular; upon the upper surfaces of 
these last plates rest those giving origin to the arms and to the oral 
aperture; they are small, irregular, and apparently increase in num- 

ber with the increased size of the individual. The dome has usually 

a central, seven sided plate, with seven unequal plates surrounding it, 

completing the dome. The oral pyramid is a small elevation, situated 
laterally at the edge of the dome, and is composed of five small, 

| pointed plates. 

| The species is a very beautiful one, but is subject to considerable vari- 

ation in form, and the strength of the surface marking, which fact | 

has given rise to the deseription and founding of several species. One 
of the specimens figured on Plate XVI, Fig. 2 represents a very marked 
variety; having a broad flattened dome, entirely different from the 

normal form, and may possibly have had a greater number of principal 

plates in its composition; but this portion of nearly all crinoideans is 
subject"to much change at different stages of growth, and should not be 
considered as bearing upon the specific relations of individuals, unless 

where there is a decided and marked difference in structure. 

Formation and locality. In the Niagara group generally, but in Wisconsin it has 

been detected only in the Waukesha and Racine beds. In the Waukesha beds, it has 
been noticed at Pewaukee and at Mr. Johnson’s quarry, in the town of Genesee, and in 

the Racine beds, at Racine, Greenfield, Waukesha, and Sturgeon Bay, Wisconsin. 

Genus GLYPTASTER, Hall. 

GLYPTASTER OCCIDENTALIS. 

Plate XVI. Figs. 3 and 4. 

Glyptaster occidentalis — Hall; Trans. Albany Inst. Vol. V, 1863. 
‘6 “ ‘‘ 20th Rept. State Cab. p. 326, Pl. X, fig. 3, 

The original specimens of this species were from the soft clayey 

rocks of the Niagara group, at Waldron, Indiana, and preserved the
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substance of the organism, and also retained all the markings of the 
exterior surface of the plates of the body. The species as recognized 
in Wisconsin is in the condition of internal casts of the cup, and re. . 
tains only slight indications of the ornamentations of the surface, con- | 
sequently the identification is not positive; as we have not yet been 
favored with an impression of the exterior of the body; a part which 
it would be well for collectors to remember is of the utmost import-_ 
ance in making correct identifications of species, and to: the perfect 
understanding of the true character of most of the fossils of these 

dolomitic limestones throughout the state. | 

The form of the body of the crinoid, as shown by these internal 

casts, 1s broadly obconical, more rapidly spreading below than above, 

and having an obscurely pentangular form, when viewed from below, 

owing to the flattening of the interradial and anal areas, between the 

more prominent angular radial series of plates. The lower part of 
the cup is also marked, when viewed in this manner, by a more or less 

distinct, five-pointed star; the apices of the rays of which are continued 
in a slender rounded ridge, often obsolete, traversing the crest of the 

- angles of the cup, which forms the center of the radial series. The 
ridges forming the star-shaped pattern of the base rise from the 
center of the subradial plates, at the reentering angles of the star, and 

their points terminate at the center of the first radials. Above this - 

there is a second and third radial, often plainly traceable on the cast, 

upon the last of which the ray divides and is continued upward to the 

margin of the cup in adouble series of supraradials, so far as can be. 
determined, making ten arms to the body at the top of the calyx, 

The true basal plates appear to have been small and concealed by the 
column. The interradial series have had one first interradial sup- 

porting two in the second and third ranges, at least in some of the 

areas, if not in all, above which they are not traceable on the specimen 
used. The first anal plate had been larger than the first interradial, 

and seems to have supported three others in the second range, above 

which they are too indistinct for determination. There have been 

intersupraradial plates, but above the first single one their characters 
cannot be ascertained. 

The surface of the plates has been marked by radiating ridges, 
diverging from the centers and uniting with those of the adjacent 
plates in the ordinary manner, those of the principal rays forming 

. ridges traversing the ray and its division from the first radial to the 

margin of the cup; while those from the centers of the subradials to 

the first radials form the star-shaped pattern of the base, as seen on 
the cast.
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The species is a well marked form among the crinoidians of the 

Wisconsin Niagara rocks, and is readily distinguished by its broad, 
pentangular body, and the stellate base. It is very closely allied to, 

if not identical with G. brachiatws Hall, from the Niagara shales of 
New York. | | | 

_ Formation and locality. In the Niagara group (Racine limestone), at Racine, Wis- 

consin. 

| Genus GLYPTOCRINUS, Hall. OS 

GLYPTOCRINUS NOBILIS. 

Plate XVI. Figs. 9 and 10. 

Glyptocrinus nobilis — Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 21; and, 20th 
Rept. State Cab. N. Y., p. 328, Pl. X, Figs. 9 and 10; 

Geol. Rept. Wis., 1862, p. 481. 

Body large and robust, somewhat rapidly expanding from the base 

to the origin of the free arms, above which it is highly dome-shaped 

and surmounted by a strong proboscis, rising from an inflation which 
characterizes one side of the body. Arm bases deeply lobed, the 

strongest constrictions being above the interradial series of plates, 
and the secondary lobation marking the divisions between the arms 

of the same ray. 
As the specimens preserved in collections consist mostly of internal 

casts of the body, the external features of the plates are seldom seen, 
and the division of the calyx into series of plates, not observed. 

When these features are sufficiently preserved to be traced, the cup is 

seen to be composed of five series of radial plates, each consisting of 

three ranges, the upper one of which is surmounted by two other 

series of two ranges, and these again by two other series, at least in 

most of the rays, thus giving four arms to each ray, while yet form- 

ing the body of the cup. Above this the structure of the arms has 

not been determined. The interradial series consists of a first large 

| plate, which rests upon the upper lateral faces of the first radials, and | 

in turn supports two smaller plates in the second, with two or three 

in the next range, and smaller ones, the number not determined, sit- 

-  wated higher up between the arm bases. | 

The surface of the plates, the markings of which are not unfre. 

quently shown to a greater or less degree on the casts, is characterized 

by raised radiating lines passing from the center of one plate and 

uniting with those of the adjoining plates, so as to form a series of 

stellate markings, while along the course of the ray these lines are
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stronger, and form a set of elevated ridges, which traverse the ray 

- and all its ramifications. The dome is composed of a series of large 

plates, with smaller intermediate ones, all having this same system of 

radiating lines, giving the stellate character to the surface so distinct 

on the calyx. | | 

On many of the internal casts there are apparent the remains of a 

system of alimentary or vascular channels, which originate, one from 

each division of the ray at the arm opening, and as they pass upward 

over the surface of the dome, in the cast, unite with each other in 

pairs, and finally all join together at the base of the proboscis, 

usually in a tubercle or node, which has possibly marked the position 

of an anal opening. 

The species is quite common in some of the upper layers of the 

Niagara group, and often attains a very large size. It may be readily 

distinguished from @. armosus McChesney, with which it is almost 

invariably associated, by the greater inflation at the base of the pro- 

boscis, and by noticing that the termination of this organ is directed | 

| upward from the highest point of the dome; while that of that 

species is directed across the top and down the opposite side. It is 

even more readily distinguished from Zampterocrinus inflatus, also 

associated in the same rocks, and which resembles it closely in the 

inflation of one side of the dome, by observing the double sets of arm 

bases in this one; whereas, they are single in that, and also by the 

proportional shortness of the calyx. 

Formation and locality. In the upper part of the Niagara group (Racine limestone), 

at Racine, Greenfield and Waukesha, Wisconsin. 

GLYPTOCRINUS ARMOSUS. 

| Plate XVI. Fig. 11. 

Eucalyptocrinus armosus — McChesney; Desc. New Pal. Foss., Chicago, 1859, p. 95. 
= Glyptocrinus armosus (McC.), Meek in 

reprint, Trans. Acad. Sciences, Chicago, 

Vol. I, Pl. VI, Fig. 6a and b. 
Glyptocrinus siphonatus — Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 22; 20th Rept. : 

State Cab. N. Y., p. 328. | 
Glyptocrinus armosus (McC.)— Hall; 20th Rept. State Cab. Explan. of Pl. X, 

Fig. 11. ’ 

This species somewhat closely resembles G’. nobilis in its general 
form, and in the structure of the body, it also attains an equal size; 

but the proportional depth or height of the calyx is much greater in 

comparison with the part above the arm openings; and the location |
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of the arm bases is usually more decided at the interradial areas, and 

often less distinct between the different members of the same ray. _ 

This feature gives a more distinctly pentalobate character to the 

casts, when viewed from below. The principal point of distinction, _ 

however, between the two species, consists in the direction of the 

proboscis; that one rising upward from the summit of the dome, 

while in this it is folded over or across the summit, and terminates 

in a small point between two of the lobes of the body; forming as it 

were a siphon across the dome of the body. This feature results in an 

entirely different structure of summit in the perfect form, as in the 

former case it produces an upright proboscis of considerable length; | 

while in this one the result is a rounded summit, and an anal open- 

ing low down on the side, between the postero-lateral rays; thus 

showing very conclusively that the inflation of the dome in both 

_ species characterizes the anterior side of the crinoid. | 

Formation and locality. In the upper part of the Niagara group (Racine limestone), 

at Racine, Greenfield and Waukesha, Wisconsin. . . 

Genus EUCALYPTOCRINUS, Goldfuss. 

EVUCALYPTOCRINUS CORNUTUS. 

| Plate XVI. Figs. 5-8. 

Eucalyptocrinus cornutus — Hall; 20th Rept. State Cab., p. 322. Pl. XI, figs. 6-10. 

The specimens of this species in the collections under examination 

are not as well preserved as those from which the original description 

was made, consequently I have reproduced Prof. Hall’s published 

description of the species, and add some features, not previously 

known, from one of those under examination. 

“Body (without the arms) somewhat turbinate, distinctly angular, 

with the base broadly truncate and more or less concave. Basal plates 

comparatively large, extending from the center nearly one-half the 

distance to the edge of the truncation. First radial plates large, form- 

ing the circumference of the base, and abruptly bending upwards, they 

extend nearly one-third the height of the calyx; second radial plates 

small; third radials much larger than the second, supporting the first 

supraradials, which are of moderate size. The first interradial plate 

is comparatively large, commencing just above the basal truncation, 

and supporting two smaller plates above. 

«Each of the first radial plates on the part just above the basal
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truncation, bears a strong central spine, with a prominent rounded 

ridge on each side, extending to the upper lateral margin and joining 

a similar ridge on the interradial plate, and another ridge extends 
from the upper side of the central spine, and joins a similar ridge on 
the succeeding plate; this is continued to the third radial, where it 

divides and extends on the supraradials. | 
“The interradial plates of the first series are marked by similar 7 

strong ridges, which culminate in a strong node or short spine in the 

center. 

“The finer surface markings are not known. Arms unknown.” 

| A single individual in the collection preserves a part of the matrix 

with impressions of some of the interbrachial plates, a feature not be- 

fore noticed in this species. The form of these appendages differs 

very materially from the corresponding parts of any hitherto known 

American form, and resembles somewhat those of £.. rosaceus Goldf. 
from the European strata of similar age. Those between the divisions 

of the rays are small and rather short, extending only to about half, or 

a little more than half the height of the dome; their upper ends are 

thin, and projecting somewhat beyond the line of the outer surface. 

Those resting upon the upper interradial plates and dividing the two 
adjacent rays are larger, and extend to a much greater height, their 

upper ends extending outward and upward to a considerable distance, | 

in the form of thin, flattened or laterally compressed spines, the top 

_ of which have apparently reached as high as the summit of the dome. 
This latter part, as shown in a gutta-percha cast made in the matrix, 

was of only moderate height, and nearly hemispherical to near the 
middle. The central range of plates forming the summit of the dome 

appears to have been removed previous to imbedding, so that the 
form of the center cannot be positively determined. 

The internal cast of the specimen is of the deeply excavated form 

to which Prof. Hall gave the varietal name excavata, and it may be 
that the two forms possessed differently formed domes and inter- 

_ brachial plates, as well as being more deeply excavated at the base; 

but this latter feature alone would scarcely be sufficient to warrant a 

specific separation, as is shown by specimens of 2’. crassus Hall, and 

some others. The surface markings of the calyx, as shown on a small 
portion preserved in the aforementioned matrix, is essentially the 
same as that of the 2. cornutus figured by Hall. a 

Formation and locality. In the Racine beds of the Niagara group, at Racine, Green- 
field, Waukesha and Wauwatosa. Wisconsin.
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BRACHIOPODA. | 

Genus SPIRIFERA, Sowerby. 

; | SPIRIFERA RADIATA. . 

Plate XVII. Figs.1 and 2. - 

Svirifera plicatellus, var. radiatus — Sow.; Minn. Conch., Vol. V, p. 493, Figs. land2. _ 

| — “  radiatus J. D’C. Sowerby.; Murch. Sil. Syst., Pl. XT, Fig. 6. 

— radiatus (Sow.) — Hall; Pal. N. Y., Vol. H, p. 66, Pl. XXU, Keg. 2; pars. 8, 

| p. 265, Pl. LIV, Fig. 6. 

Spirifera plicatella, var. radiata (Sow.) —Hall; 20th Rept. State Cab., p. 371, Pl. XU, 

Figs. 9-11. 

Shell subglobose or transversely oval and extremely gibbous, with 

a strong ventral beak, rounded cardinal angles, and short, not well de- 

fined cardinal area. Ventral valve much larger than the dorsal, most 

ventricose just above the middle, and marked by a very distinet sub- 

angular mesial depression. Dorsal valve almost regularly arcuate, . 

both longitudinally and transversely, with a very distinct rounded fold 

along the middle. Surface of the shell, as shown in the matrix, cov- 

ered with moderately strong radiating strie, and sometimes showing 

concentric varices of growth. 

The specimens of the species observed from Wisconsin are all inter- _ 

nal casts, and in this condition show peculiar features of the internal 

structure, as has been noticed by Prof. Hall in the 20th Rept. State 

 Cab., Joc. cit. These features consist principally of slits extending 

from the beak along the valve to near the middle and sometimes 

beyond the middle of its length, the slits being caused by the removal 

of prolongations of the dental lamella of the ventral valve, and of 

septa in the dorsal, these latter originating at the base of the crural 

| supports. The specimen here figured possesses these septa to but a 

very slight degree, and in this respect, corresponds almost exactly with 

forms in the Niagara group at Waldron, Indiana, as well as in the . 

more rounded outline of the body of the shell. It is avery widely 

distributed species, and an excellent guide in determining the age of 

strata, having been found in many parts of Europe, as well as being 

generally distributed in the rocks of this age throughout this country. - 

Formation and locality. In the upper part of the Niagara group (Racine limestone), 

at Racine, Burlington, Greenfield, Waukesha, Wauwatosa, Milwaukee, and at Stur- 

geon Bay, and in the Guelph limestone at Saukville, Wisconsin.



288 PALHONTOLOGY. 

Genus PENTAMERUS, Sowerby. . 

PENTAMERUS OBLONGUS. 

Plate XVII. Figs. 4-9. 
Pentamerus oblongus — Sow; in Murch. Sil. System, p. 641, Pl. XIX, fig. 10. 

‘e ‘e (Mureh) — Hall; Pal. N. Y., Vol. Il, p. 79, Pls. XXV and 
XXVI. 

a a ‘“ (Sow.) H. & W.; Pal. Ohio, Vol. II, p. 187, Pl. VII, fig. 9. 
7 ‘¢ Of Authors. 

Not Pentamerus bisinuatus —~ McChesney; New Pal. Foss, 1859, p. 85, nor Trans. Acad. 
| Nat. Sci., Chicago, Vol. I, p. — Pl. IX, fig. 1. 

Shell usually ovate, more or less elongate, widest below the middle, 
and narrowing toward the beak; valves depressed convex to extremely 
gibbous, the ventral valve the largest, and usually much the most 
ventricose. Surface of the valves marked on the dorsal side by a 
broad, undefined mesial elevation, and on the ventral, by a correspond- 
ing depression, or oftentimes by an elevation of similar character to 
that of the dorsal, in which case the front of the shell is extended in 
length to compensate for the additional depth of the valves. 

This species is a very common one, not only within the limits of 
Wisconsin, but occurs in equal abundance in many other parts of the 
country where the Niagara formation exists, and also in Kurope, at 
the same horizon. In character, it is extremely variable, often pre- 
senting, at a certain locality, local variations of form that prove very 
persistent over limited geographical areas, but within a few miles dis- 
tance, perhaps, another form of quite a different character will pre- 
vail. These changes of form are also noticed as characterizing differ- 
ent geological horizons within limited geographical areas, and still 
prove so persistent throughout all the individual specimens occurring 
at that horizon, that they have often, and with much reason, been 
cousidered as distinct species. Within the limits of the N lagara 
group in Wisconsin, there are several of these local varieties, which 
differ from each other, either in size, in general form, or in surface 
markings. As the specimens are all in the condition of internal casts, 
the peculiarities of the internal divisions of the shell also add con- 
siderable to the peculiarities of form; so that there are almost as 
many varieties as there are localities and geological horizons repre- 
sented in the collection. 

From Elmore, Wisconsin, we have a form which is elongate-ovate 
in outline (figs. 4-6), widest near the lower end, and narowin g towards | 
the shoulders or extremities of the cardinal line ; the lateral margins
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gradually diverge from this point to that of greatest width. In pro- 
file, the valves are only moderately convex, the dorsal being quite de- 
pressed convex, and the valve very shallow; the ventral valve is about 
twice as deep as the dorsal, and correspondingly convex, with the 
beak extending considerably above that of the dorsal valve and 
strongly incurved. The valves in most specimens are each charac- | 
terized by a broad, indistinct elevation or fold accompanied by an ex- 

| tension of the front margin within the limits of the elevated part, and 
the surface of the shell is marked by a number of irregular, radiating 
plications, which are but faintly marked; and also by numerous dis- 
tinct, concentric lines or varices of growth. The interior markings 

| or cavities left by the removal of the internal septa, which form deep 
incisions in the upper part of each valve, are only moderately strong, 
and show the form of these parts in a very clear and distinct manner, 
as may be seen by inspection of the figure of the specimen from this 
locality. This variety appears to have approached more nearly to the 
normal form of the species, as it is represented in the Clinton group 
at, Rochester, New York, and at nearly the same horizon in England, 
than those from any other locality in the state. They also occur of 
very large dimensions. 

From the white cherty layers of the coral beds in the N lagara 
group, at Port de Morts, there occurs a short broad form of the spe- 
cies, Which is generally subcireular or subpentangular in outline - 
(fig. 7), having the valves moderately convex, being lenticular in pro- 
file, aud the beak of the ventral valve quite prominent and incurved; 
the mesial fold is inconspicuous, and the surface covered by a large 
number of faintly marked, radiating plications. These beautiful 
white cherty casts show the internal septa to have been unusually 

| . slender, and extended to a much less distanc2 into the valve than 
those of the last rnentioned variety. | 

Another form presenting marked peculiarities occurs at Ashford, 
Fond du Lac county, in the upper coral beds of the formation (figs. 

| 8and 9). The form is short-ovate, widest across the extremities of the 
cardinal slopes, below which point the form is rounded or narrowed 
to the front, in this respect often just the reverse in shape from those 
first described. The valves are quite ventricose, being often gibbous 

| and most prominent a little above the middle of the length, the dorsal 
valve but slightly less gibbous than the ventral, but considerably 
shorter; the beaks of each valve are strongly incurved. The surface 
of these specimens is marked by radiating plications, but quite indis- 
tinetly, the folds being broad and shallow. The cavities left by the 

_ removal of the internal septa are very large and rude in character, in- 
Vou. 1V.— 19
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dicating strong processes much thickened by excess of shell materiai. 
The squareness of the shoulders or cardinal slopes, also indicates a 

great thickness of shelly matter beneath the hinge, in the rostral por- 

tions of the ventral valve. The peculiarity produced by this thicken- 

ing of the upper portions of the interior of the shell in these speci- 

mens is such as to present the appearance of great deformity, and is 
not confined to a few individuals only, but is common to most of the 

shells from the same horizon at this locality. 
Beyond the forms mentioned, there are many others equally marked 

and of local occurrence, presenting features that in most other genera 
would be considered of specific importance, and we are strongly im- 
pressed with the belief, that in most of these cases, these peculiarities 

were accompanied by external and other differences when in a living 
| state, that would, could the shells be seen as they then were, be con- 

sidered of specific importance; but which now appear, or are consid- 

ered as only individual features, or the slight effects of local conditions 

| acting upon specimens of one and the same species. 

Formation and locality. The species occurs, in some of its forms, at most of the lo- 

calities of the Niagara formation throughout the state. It also occurs abundantly at 

many places in Iowa, and in Ohio and New York, often forming beds of several feet in 
thickness, so densely packed together that the rock seems to be almost composed of its 

remains. 

PENTAMERUS BISINUATUS. | 

Plate XVII. Fig. 3. 

Pentamerus bisinuatus — McChesney; Trans. Acad. Sci., Chicago, Vol. I, p. 30. PI. 
IX, Fig. 1. | 

‘6 “6 McC.; Extract of the above. Descript. new sp. Fossils, 1859, 
p. 89. 

Shell closely resembling P. oblongus (Sow. in Murch. Sil. Syst.) in 
all external features and form, being ovate in outline and lenticular 
in profile. The shells are also frequently characterized by a well 

marked sinus on each side of the center, extending from the middle, 

or from above the middle of the valve to the front margin, giving a 

well defined trilobed feature to the specimen. This feature is not 

always present however, and on small or medium sized individuals 

never shows to any great extent. There are also numerous raidiating 

plications, obscurely marking the casts in many cases, but not always 

present. 

The principal and only important distinction between this and P. 
oblongus consists in the form of the internal appendages of the dor- 
sal valve, which, instead of two long, projecting crura, gradually and
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gently diverging as they recede from the apex of the valve, consists 

of a single septum, which supports a broad and distinct spoon-shaped 

: cup or process near the apex, and is continued on the inner ‘surface 

of the shell, along the middle of the valve, as a single septum only, 

sometimes becoming free from the valve at the upper third of its 

length, but in other individuals remaining attached to, and extending 

along the shell to near the lower third of the length of the valve, pro- 

ducing on the internal casts the feature of a single slit, occupying the 

median line of the valve. In the features of the ventral valve it is in 

all essentials like those of P. oblongus. It will at once be seen that 

the internal arrangements of the dorsal valve of this species have been 

quite unlike those of P. oblongus,; consisting, in short, of a single 

central septum, with a spoon-shaped cavity near its upper end, in- 

stead of two separate processes situated at some distance from each 

other. This difference appears to me to be of considerable impor- 

_ tance, at least sufficient for retaining it as a distinct species. 

| Formation and locality. Tn the limestone of the Niagara group at Rhine, Sheboy- 

gan county. In the Lower Coral beds it occurs at Cato. In the Upper Coral beds it 

has been noticed from Cato, Gibson, Kewaunee and Forestville, and from the Racine 

beds, at Wauwatosa and Milwaukee, Wisconsin. : 

PENTAMERUS VENTRICOSUS. 

“Plate XVII. Figs. 11-13. 

Pentamerus ventricosus — Hall; Geol. Surv. Wis., 1860, p. 2, Rept. Prog., and Geol. 

Rept. Wis., Vol. I, p. 436. . 

«“ “e Hall; 20th Rept. State Cab., p. 374, Pl. XIU, figs. 18-21. 

Comp. Athyris (Pent.) trisinuatus — McChesney; Pal. Foss. p. 86; accompanying 

plates, Pl. VIII, p. 2. 

Shell small, rotund, approaching subglobose, usually wider than 

long; cardinal margin arcuate, becoming more strongly rounded to- 

wards the sides of the shell. Dorsal valve strongly ventricose, most 

highly elevated in the upper part, the middle portion forming a mod- | 

erately broad, more or less elevated and rounded mesial fold; beak 

distinct and incurved. Ventral valve much larger than the dorsal, 

with a large rounded incurved beak; mesial sinus not always distinct 

over the valve, but extended at the margin, forming a lingulate ex- 

tension of variable size in different individuals, and frequently marked 

on the sides by impressed lines. Not unfrequently the middle por- 

tion of both valves is marked by several incipient plications. 

‘The surface of the shell, as indicated on casts, has been more or less
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marked by concentrie lines of growth, and sometimes also by finer 
radiating lines. 

The species does not appear to bea true Pentamerus, departing 

from the true character of that genus in the internal arrangement 
of parts. It is possible it may be, as Prof. Hall suggests in the 20th 

| Rept. State Cab., aspecies of Pentamerelia, stillitis so unlike, in many 
particulars, true forms of that genus as to be equally doubtful. In 

some of the more strongly plicated forms it resembles, quite strong- __ 
ly, specimens of P. fornicatus Hall, from the Clinton limestone of | 
New York. : | 

Formation and locality. In the Niagara limestone at Kewaunee. In the lower coral 

beds it has been recognized at Cooperstown and Cato, and inthe upper coral beds, at 

Cato Falls. In the Waukesha beds, at Pewaukee. In the Racine beds, at Racine, Green- 
field, Waukesha, Wauwatosa, Milwaukee, Kewaunee and Sturgeon Bay, and in the 

guelph beds, at Saukville and Sheboygan. 

LAMELLIBRANCHIATA. 

Genus LEPTODOMUS, McCoy. 

LEPTODOMUS NEGLECTUS. 

Plate XVIII. Figs. 8 and 4. 

Ambonychia neglecta — McChesney; New Species, Pal. Foss., p. 88, 1861. 

Petrinea neglecta — McC.; Explan. Pl. IX, Fig 2, Illust. New Pal. Foss., 1865. 
neglecta —(McC.); W. & Marcy; Mem. Bost. Soc. N. Hist., Vol. I, p. 96, 1865. 

Amphiceclia neglecta — McChesney; Trans. Acad. Sci., Chicago, Vol. I, p. 41, Pl. IX, 

Fig. 2, 1868. | 
Amphicelia Leidyi — Hall; Sup. to 18th Rept. State Cab., p. 35, 1865. 

‘e ‘¢ Hall; 20th Rept. St. Cab., pp. 339 and 387, Pl. XIV, Figs. 13-15. 
‘6 neglecta — (McChesney); M. & W. Geol. Ill., Vol. III, p. 358, Pl. V, Fig. 9. 

Shell ovate or subquadrate in outline, with ventricose valves; pro- 
vided with large, strong, enrolled beaks, which are situated very near 

| the anterior extremity of the shell, and project somewhat above the 
line of the hinge. Valves most ventricose just below the beak and 
gradually declining backward to the posterior margin, with a very ab- 
rupt anterior slope. Anterior margin rounded and full, longest below 
the middle of the valve; base broadly rounded, and the posterior ex- 
tremity more sharply rounded; hinge line straight, usually about two- 
thirds the length of the shell below, or less. Surface of the shell 
marked by fine radiating lines or ribs, which are simple and rounded, 
showing no evidence of bifurcations. On the anterior end, the rays are



SPECIES FROM THE NIAGARA GROUP. 993 © 

extremely fine, but are stronger on the middle and posterior slope of 

the valves. A few obscure concentric undulations of growth also mark 

the shell at certain stages of growth. | 

The shells of this species appear to undergo great variation in form 

in different individuals, some of them being much more prolonged 

posteriorly than others; some of them are almost quadrangular in 

outline, while others again present an almost orbicular form. They 

also vary mach in the length of the anterior end, and the abruptness 

‘of the anterior slope, as well as in the degree of ventricosity of the 

valves. They are usually found only as internal casts, but occasion- 

ally an individual is obtained preserving a portion of the surface, as 

in the one figured, and in this condition the surface radii are plainly 

seen, though on the complete casts this feature can seldom be detected. 

The casts sometimes show evidence of an external and longitudinally 

striated hinge plate, and the remains of a large tooth and socket, or a 

ligament pit beneath the beak. The presence or absence of one or 

more of these features on specimens has caused it to be referred to 

several different genera, at different times, by those who have had oc- 

casion to speak of it. There seems to be little or no doubt, however, 

but that it should be referred to McCoy’s genus Leptodomus. 

| Fo;mation and locality. It seems to be rather generally distributed through the upper 

part of the Western Niagara group, but nowhere very common. It occurs in the Racine 

limestone, at Racine, Waukesha and Wauwatosa, in Wisconsin; also at several places 

| in Illinois and lowa. | 

LEPTODOMUS UNDULATUS. 

Plate XVIII. Figs. 1 and 2. 

Leptodomus undulatus — Whitf.; Ann. Rept. Geol. Su:~. Wis. for 1877, p. 81. 

Shell of rather more than medium size, obliquely broad-ovate in 

outline and highly convex; hinge-line short, not more than half as 

long as the shell below; beak broad and strong, but not at all prom- 

inent or projecting, situated near the anterior extremity, slightly en- 

rolled and directed forward; umbo prominent below the beak; anterior 

margin of the shell rapidly sloping backward with a convex curva- | 

ture, and with the basal and posterior margin forming two-thirds of 

an elliptical curve; posterior margin sloping rapidly backward from 

the extremity of the hinge-line, and rounded below; umbonal ridge 

prominent and rounded; cardinal slope abrupt and slightly concave 

just behind the beak. Surface marked by a few strong, regularly 

rounded, concentric undulations parallel to the margin of the shell,
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and regularly increasing in strength with the increased size of the 
shell. | 

| The species is a well marked form, and readily distinguished by 

the strong concentric undulations. 

formation and locality. In the Niagara limestone (Racine), Wauwatosa, Wisconsin. 

GASTEROPODA. 

Genus EUOMPHALUS, Sowerby. 

EvoMPHALUS MACROLINZATUS. 

Plate XVIII. Figs. 5 and 6. 7 | 

Euomphalus macrolineatus — Whitf: Ann. Rept. Geol. Surv. Wis. for 1877, p. 82. 

Shell large and robust, subdiscoidal with a depressed convex spire, 
composed of about three strong, rounded or elliptical volutions, the 
inner one rising but little above the next succeeding, and the last 
more rapidly increasing in size; transverse section of the volution ap- 
parently broad-ovate, being more sharply rounded on the outer side 

than above; suture lines strongly marked. Under side of the shell 
unknown. Surface of the volutions marked with strong, distinct, an- 

gularly elevated, revolving lines or ridges, with concave interspaces on 

the top and sides; those on the upper sideof the impression of afrag- _ 

| ment, where the volution has been a little more than one inch in di- 

ameter, are about one-sixth of an inch from crest to crest. Transverse 

lamellose striae are observed crossing the revolving lines, and appar- 
ently rising into points on the ridges. | 

One fragment in the collection indicates a shell of more than four 
inches in diameter. The large size and strong revolving lines will 

readily distingush this from any other American species. The species 

is of the type of “. discors,; H. angulatus and LF. rugosus of the — 
European Upper Silurian, but differs from them all in the greater 

number of revolving ridges, and in being much less rngosely lamel- 

lose; its nearest relations are with £’. descors, but would never be 
mistaken for that one. 

Formation and locality. Inthe Niagara group (Racine), at Kunz’s quarry, Manito- 

woc Rapids, Wisconsin. :
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Genus RAPHISTOMA, Hall. 

4, 

Raruistoma NiaAGARENSE. 

- Plate XVIII. Figs. 10-12, — 

7 Raphistoma Niagarense — W litf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 82. 

Shell of rather large size, trochiform or subdiscoidal, depressed 

convex above and below, and acute on the periphery; transverse diam- 

eter almost twice as great as the height of the shell, measured from 

the base of the aperture to the top of the spire. Volutions about 

three, subtriangular in section and slightly wider than high, the upper 

surface very slightly convex between the suture line and the edge of ) 

the shell; lower side of the volution a little more rounded than the 

upper, to near the margin of the umbilicus, where itis more sharply 

rounded into the cavity, and vertical above. Umbilicus small and 

deep, exposing all of the inner volutions. Aperture subtriangular, 

most acute at the outer edge, rounded on the lower inner border, and 

slightly modified on the upper side by the preceding volution, which 

is apparently overspread by the inner lip. Columellar portion thin 

and nearly vertical. Margin of the lip thin and sharp, strongly re- 

| ceding from the suture to the exterior angle of the volution, with a 

distinctly sigmoidal curvature both above and below. Substance of 

the shell thin. Surface marked by fine strize of growth parallel to 

the margin of the aperture, and also by revolving lines, which on the 

upper surface of the outer volution are about half a line apart, and 

on the under surface are finer and more numerous. 

This shell has all the features of the genus Raphistoma Hall, so 

far as can be determined from a very well preserved example retain- 

ing portions of the original shell; and we can see no reason why it 

should not be so placed. Similar forms have been referred with 

| doubt to the genus Xenophora Fischer, by Mr. Meek, who proposes 

the name Pseudophorus for an Upper Helderberg form from Ohio, 

which probably has the umbilicus eloséd (Pal. Ohio, Vol. I, p. 222); 

but this species having the umbilicus open, and constructed exactly 

as in Raphistoma lenticularis, would hardly answer to that require- 

ment. 
: 

Formation and locality. In the Niagara group, ab Schoonmacker’s quarry (Racine 

limestone), near Wauwatosa, Wisconsin. 
‘
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Genus PLEUROTOMARIA, De France. 

PLevrotomarta LApPHAMI., | | 

Plate XVIII. Fig. 9. | 
| Pleurotomaria Laphami—W hitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 84. . 

Shell of medium size, spire conical and moderately elevated, the 
apical angle being ninety degrees or a little less. Volutions three and 
a half to four, subtriangular, flattened exteriorly in the direction of 
the apical angle, subangular on the periphery and rounded below; su- 
ture indistinctly marked on the exterior of the shell, as shown by the 
impression left in the stone, but very distinct on the cast of the in- 
terior; aperture round — triangular; umbilicus proportionally large. 
Surface of the shell smooth, or marked only by fine strize of growth. | 

This species very closely resembles P. subconica Hall, from the 
Trenton limestones, but is somewhat more slender, is less rounded on 
the lower side of the volutions, and they also increase Jess rapidly in 
size, | | 

: Formation and locality. In the limestone of the N lagara group, at Ashford railroad 
cut, Ashford, Wisconsin. 

PLEUROTOMARIA Racrnensis. 

Plate XVIII. Figs. 7 and 8. | 
Pleurotomaria Racinensis—Whitf.; Ann. Rept. Geol. Surv. Wis. 1877, p. 84. 

Shell of medium size, composed of from three to three and a half 
volutions, which increase very gradually in size with the increased 
age of the shell, and are subquadrangular in a transverse section. 
Spire very low, the entire height of the shell equaling only about | 
one-half of the transverse diameter. Volutions flattened on the , | 
upper surface and very rapidly sloping on the outer surface, the edge 
being nearly vertical; under surface very depressed eonvex, more | 
rapidly rounding within the broad umbilical cavity. Along the lower 
peripheral angle of the volution, as seen on the internal east, there. 
occurs a thin, sharp carina, indicating the presence of a revolving 
groove in the shell, and probably a slit in the margin of the lip. — 
Surface of the cast marked on the nearly vertical exterior margin by 
distant, vertical ridges, at regular intervals of about one line on the 
outer volution of the specimen figured. 

The species has the general form and appearance of L'womphalus
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(Straparollus) mopsus Hall, from this same formation, but differs 
in the presence of the carina and in the subquadrangular form of the 

volution. 

Formation and locality. In the Niagara group (Racine limestone), at Racine, Wis- 
consin, There is also a form undistinguishable from it in beds referred to the lower 
part of the formation, two miles south of Little Sturgeon Bay, 

CEPHALOPODA. 

| | Genus ORTHOCERAS, Breyn. | 

OrrHoceRAS WAUWATOSENSE, 0. Sp. 

Plate XIX. Fig. 2. 

Shell cylindrical, very gradually enlarging from the apex; the in- 
eréase in diameter being only one-fourth of an inch in a length of 

three and a half inches. Section circular and the shell quite thick. 

Septa very deeply concave, in fact but little less than hemispherical. 

Siphuncle apparently central. Surface of the shell marked by strong, 

elevated, flattened, encircling lines, which will average about six in | 

the space of one-fourth of an inch; but which are not quite regular, , 

sometimes interrupted, and have from one to three finer strize in the 

spaces between. On one side of the shell the lines make a broad, 

sweeping curve upward. There are also fine longitudinal lines at 

irregular distances and of irregular strength, on some parts being ob- 

| solete. | 
The shell has been a very elegant one when perfect, and in its pecu- 

| liar encircling strie differs from any species known. ‘The specimen, 
unfortunately, consists of the outer chamber and a single septum only, 

so that the relative distance of the septa cannot be determined. The 

strie under a magnifier show considerable variation of form; in some 

parts being flattened on the surface, in others slightly rounded, and 
again grooved by deep lines, while the interspaces undergo similar 

| changes; but these veations are too obscure to be apparent to the | 
unaided eye. | : 

Formation and locality. In the Niagara group (Racine limestone), at Schoonmacher’s 
quarry, near Wauwatosa, Wisconsin.
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ORTIOCERAS ANNULATUM. 

Plate XIX. Fig. 1. | : 
Orthoceras annulatum — Sow.; M. C. Tab. 133, — 1818. 

_ Orthoceratites undulatus —Hisinger; Auteckn. V., Tab. IV, Fig. 6. Vet. Akad. 
Handlingar, Tab. VII, Fig. 8. 

0 * ‘¢ Misinger; Lithea Suecica, p. 28, Tab. X, Fig. 2, 1827. 
Orthoceras annulatum— Murchison’s Sil. Syst. and Siluria. 
0. “ undulatum (Sow.) — Hall; Pal. N. Y., Vol. II, p. 293, Pl. 64 and 65. 

20th Rept. State Cab., p. 351, Pl. XX, Figs. 4-5, 
0 « *  (Sow.)— H. & W.; Pal. Ohio, Vol. I, p. 147, Pl. IX, Fig. 1. 
O. “  nodocostatum — McChesney ; New. Pal. Foss., 1861, p. 94; Trans. Chicago 

Acad. Nat. Sci., p. 53, Pl. IX, Fig. 5, 
0. ‘Lapham — McChesney ; N. Pal. Foss., p. 91. 

Shell attaining a considerable length, but is generally of rather 
slender proportions; owing to its very gradual increase in diameter, 
the expansion being scarcely more than three-eighths of an inch in a 
length of seven inches in the specimen figured, and is sometimes 
even less. ‘Transverse section, when uncompressed, circular or nearly 
so; with a central siphuncle of moderate size. Surface of the shell 
strongly annulated by rounded or subangular, encircling rings, with | 
somewhat wider concave interspaces. The distance of the annula- 
tions vary somewhat with the increased size of the shell, but are usu- 
ally from one-fourth of an inch to half an inch apart. The exterior 
of the shell is further ornamented by wavy or undulating, concentric, 
Jamellose strice, parallel to the annulations, which usually present 
great uniformity in their distance from each other, and number about 
twenty-four or twenty-eight in the space of an inch, but are some- 
times quite crowded and interrupted. There are also longitudinal 
ridges marking the surface, which cross the encircling rings, and 
often form nodes on their crests, varying in strength and distance, 
but are never very closely arranged. This feature is most distinct on 
the larger specimens, seldom showing on those of less than one and 
a quarter inches in diameter, but is frequently retained on the inter- 
nal casts. Septa deeply concave, arranged at distances from each 
other corresponding to the annulations, the septa uniting with the 
outer shell at the bottom of the depression between the rings, 

The species is subject to extreme variation in the character of the 
surface markings, especially in the presence or absence, as well as in 
the strength of the longitudinal ridges, owing to which fact, it hag 

| been described under several different names; but an examination and 
study of a large number of specimens from different localities and in 
different conditions of preservation soon convinces the careful ob-
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server of the identity of the different varieties. Although there are 

closely allied species in the Trenton and other Lower Silurian forma- 

tions, and similar forms at still higher horizons, it is readily distin- 

guished from them by the nature of the annulations and the peculiar 

wavy or undulating lamellose surface striee, and has always proved an 

excellent guide in determining the age of strata. 

Formation and locality. The species occurs in the Niagara group at most of its 

localities, both in this country andin Europe; butin Wisconsin, has been observed mostly 

in the upper half of the formation, occurring in the Waukesha, Racine and Guelph 

beds, but not in the Mayville, Byron or Coral beds, so far as yet observed. The locali- 

ties where it occurs may be seen by reference to the lists of fossils under the different 

divisions of the group. 

Discosorus conorpEvs, Hall. 

Plate XX. Fig. 6. 

Discosorus conoideus — Hall; Foster & Whitney’s Rept. Lake Superior, p. 222, Pl. 

XXXIV, Figs. 2-3. 

- The nature of the peculiar fossil bodies to which the above name 

was originally applied seem never to have been entirely understood, 

and consequently they have been variously referred. A specimen in 

the collection of the survey, from the Niagara group at Ashford, 

| Fond du Lac Co., Wis., probably identical with the typical species, 

throws some additional light on their nature. In it the discs are 

seen occupying the position of the ordinary siphuncle within the 

body of an Orthoceras, with the true septa and outer shell surround- 

ing it. The dises corresponding in number and position to the septa, 

and the obliquity of the discs to the axis of the series is seen to 

correspond to the eccentricity of their position within the Orthoceras, 

as is often the case with the ordinary siphuncle. The outer shell of 

the individual tapers very rapidly, resembling in form a species of 

Gomphoceras, but is too imperfect to permit a description. It is, 

however, interesting to know just what relation the organism holds 

in nature, instead of relying on conjecture alone. :
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Genus CYRTOCERAS, Goldfuss. 

CYRTOCERAS INFUNDIBULUM, N. sp. 

Plate XX. Figs. 4 and 5. 

Shell small, very slightly curving, and very rapidly expanding from 
_ the apex to the aperture; the increase in diameter being halfaninch ~ | 

in a length of one and one eighth inches. Transverse section very 
slightly transversely oval, the two diameters at the upper end being 
as eight to nine, and the inner side of the shell a little more flattened 
than the outer curve. The longitudinal curvature not perceptible on 
the inner face, but on the outer side it is quite apparent, although 
the swell of the are is not more than one-twentieth of an inch ina 
length of one inch. Septa not positively determined, but so far as 
can be seen have been nearly flat, and comparatively distant. Siph- 
uncle not seen. Surface of the shell marked by elevated, rounded, 
encircling bands or ridges, which are distant about one-twelfth of an 
inch on the lower end of the fragment figured, but increase in dis- 
tance from below upward. The spaces between the bands are flattened, 

: and have a faint line midway between the stronger bands, barely per- 
ceptible to the naked eye. 

The species is peculiar for its rapidly expanding form, slight curva- : 
ture and banded surface. It is most nearly allied to Cyrtoceras brevi- 
corne Hall (20th Rept. State Cab. p. 356, Pl. XVII, figs. 8 and 9), but 
differs in being less arcuate; more rapidly expanding, and in being 
widest from right to left instead of in a dorso ventral direction. The 
surface characters also differ; although in the description of that one 
these are not stated, the impression left in the rock to which the indi- 
vidual is attached shows no surface markings, which would have been 
the case had such lines as exist on this one ever occupied the surface 
of that shell. | 

Formation and locality. In the Niagara group at Racine, Wisconsin. : 

Grnus PHRAGMOCERAS, Broderip. | 

Puragmoceras Hoyt. 

Plate XIX. Figs. 4 and 5, and Plate XX, Fig. 3, Var. | 
Phragmoceras Hoyi — Whitf; Ann. Rept. Geol. Surv. Wis. for 1877, p. 86. 

Shell of medium size or smaller, very rapidly expanding, strongly | 
curved and broadly ovate in a transverse section, rounded on the back
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| and sharply subangular on the inner side of the curve. Outer cham- 
ber most rapidly expanding on the inner side from the base to the ex- 
tremity of the lip, so that the dorso-ventral diameter at the summit is 

_ nearly once and a half greater than at the base of the outer chamber; 
| expansion of the aperture on the inner end small and transverse, that 

of the opposite end large and ovate; connecting slit short and narrow, 
the contraction of the chamber approaching the slit being abrupt. 

| _ Septa concave, the chambers being about three times as deep on the 
outer curve as on the inner side. Siphuncle small, marginal on the 
inner curved surface, and situated in the angularity of the transverse 
section. Surface marked by transverse strize which are strongly arched 
upward on the sides of the shell a little within a central line, and very 
broadly curved downward on the back. | 

This shell resembles /. WVestor Hall, 20th Rept. State Cab., p. 348, 
Figs. 7 and 8, but differs in the greater curvature, more rapid expan- 

. sion, greater lateral diameter, and in the form of the openings at the 
summit. 

Formation and locality. In the upper part of the Niagara group (Racine limestone), 
at Schoonmacher’s quarry, near Wauwautosa, Wisconsin. A similar form, but with a 
more compressed section and more protruding and laterally compressed lip on the inner 
side, occurs at Busock’s quarry, which we propose to designate under the varietal name 
compressum (Pl. XX, Fig. 3) =P. Hoyi, var. compressum. 

| Puragmoceras Hoyt, var. CoMpREssuM, new var. . 

| Plate XX. Fig. 28. 
Formation and locality. In the Racine Limestone; Busack’s quarry, Racine, 

| Wisconsin. 
Puraemoceras Nestor. 

‘Plate XIX. Fig. 3. | 
Phragmoceras Nestor — Hall; 20th Rept. State Cab., p. 347, Figs. 7 and 8. 

Shell of moderate size, strongly curved, and rapidly expanding in 

the lower part, and less rapidly expanding along the outer chamber, 

which is wider than high when uncompressed, much the shortest on 

the ventral side, and somewhat projecting toward the upper part, to 

form the lip of the inner opening, which is rather small and rounded 

on the margin. Dorsal surface contracted below the larger opening, 

and the sides of the shell along the median line, between the dorsal 

and ventral openings, abruptly infolded, leaving only a long narrow 

slit connecting them. Septa distant ayd rather deeply concave. 
Siphuncle and surface of the shell not observed. 

The example used in description and illustration is much com- 
pressed laterally, so that the true proportions of the shell cannot be 

_ given by measurement. The type specimen, however, is broadly 
elliptical or slightly ovate in a dorso-ventral direction, the greatest
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transverse diameter being outside the median line. The proportional 

height and width of the outer chamber differs somewhat in the two 

individuals, being somewhat shorter in this than in the type, and also 

more contracted below the dorsal opening, giving a slightly hunched 

form to the back of the shell. Both individuals are marked near the 
base of the outer chamber by a series of vertical ridges, or lines, which 

were probably scars for muscular attachment. | 

Formation and locality. In the lower part of the Niagara group (Waukesha lime- 

stone), at Waukesha and Wauwatosa, Wisconsin. 

PHRAGMOCERAS LABIATUM. 

Plate XX. Figs. l and 2. | 

Phragmoceras labiatum — Whitf.; Ann. Rept. Geol. Surv. Wis., for 1877, p. 86. | 

Shell rather below the medium size, rapidly expanding from below 

upward, and but slightly curved in its form; very regularly oval in a 
transverse section, lateral diameter about three-fourths as great as the | 

dorso-ventral diameter. Outer chamber of the shell a little wider 

than high, closely compressed at the top, so as to entirely close the 

opening of the aperture along the center of the summit in some cases. 

Ventral opening forming a slightly expanded lip-like tube. Dorsal 

opening large and tubular, the tube being short and broad, and ap- 

pearing as if it had been forcibly inserted into the body chamber so 

as to leave a sharp, distinctly impressed suture-line at the junction. 

The lower side of the tube forms a section of an oval figure, while the 

upper half is deeply impressed on each side of the central slit or open- 

ing, giving a deeply trilobed form to this part of the tube. Septa 
moderately concave, arranged so that about six chambers occupy a 
space equal to the lateral diameter of the outer one counted. Siphuncle 

rather small and submarginal. Surface of the shell unknown. 

The form of the apertural tubes is a distinguishing feature. 

Formation and locality. In limestones of the Niagara group at Ashford, Fond du 

Lac county, Wisconsin.
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Genus LITUITES, Conrad. 

LITvUITES MULTICOSTATUS, 0. Sp. 

Plate XX. Fig. 7. | 

Shell rather below a medium size, consisting of three and a half or 

four volutions, the outer of which slightly embrace the dorsal edge of 

the inner, are very gradually increasing in size throughout and probably 

circular in a transverse section when not compressed, but in the speci- 

men used and figured are of very much greater diameter in a dorso- 

ventral direction than laterally, giving a rather acute dorsal keel; 

most likely due to compression, the specimen being imbedded in the 

rock parallel to the stratification. Surface of the volutions marked 

by numerous, closely arranged and very regular, transverse costa, 

which are separated by concave spaces and are directed rather gently 

backward in crossing from the inner to the outer margin of the volu- 

tion; but more strongly retral on the dorsum, where they make an 

acute angle on the compressed keel. On the concave space between 

the costa there appear to have been very fine strize of growth, parallel 

to the ridges, but too fine to be distinguished without the aid of a lens. 

Septa gently concave, as shown on the sides of the specimen, and © 

arranged at a trifle greater distance from each other than the trans- | 

verse costa, which they cross in their course from the inner to the 

outer edge of the volution. Position of the siphuncle not determined. 

The very gradual increase in size of the volutions gives to the sides 

of the shell a very wide, open umbilical surface. The species differs 

from any other described, so far as we are aware, in its gradual in- 

crease in size coupled with the fine and closely arranged transverse 

costes; which count about seven, on the side of the shell, in a space | 

equal to the dorso-ventral diameter of the volution at the same point. 

Formation and locality. The species is comparatively rare and occurs in the lower 

beds of the Niagara limestone, at the Railroad quarries above Waukesha, Wisconsin.
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CRUSTACEA. 

Genus ILLANUS, Dalman. 

Intanvs Toxus. 

‘Plate XXI. Figs. 11 and 12. | 
: Illenus Ioxus — Hall; 20th Rept. State Cab., p. 878, Pl. XXII, Figs, 4-10. . 

I, “ Barriensis (Murch.) — Hall; Pal. N. Y., Vol. II, p. 302, Pl. 66; and 20th 
Rept. State Cab., p. 332. 

Illenus Barriensis of many authors, not of Murch. Silurian System. 

This most common and very characteristic species of the N lagara 
group of Wisconsin is seldom seen in the rocks of the state except : 
in dismembered fragments; but the heads and caudal plates are very 
common, and often occur of large size; one individual head among 
the survey collections having been, when entire, fully five inches in 
width. 

The form is extremely robust and highly convex; the head, when 
the movable cheeks are in place, being nearly semicircular in speci- 
mens of medium size, the width measuring about twice the length, if 
viewed in a natural position, with the basal line horizontal. The oc- 
cipital line, in a profile view, is almost at right angles with the basal 
line, or in some cases a little within a right angle. The upper out- 
line of the profile, from the occipital line to the antero-basal line, 
when not distorted, forms nearly a true arc. Eyes large, but not very 

_ prominent, and surrounded by a slight depression limiting the palpe- 
bral lobe, and also the base of the eye; visual surface narrow in a 
vertical direction, but elongated in an anterior and posterior direction. 
Dorsal furrows slight. Movable cheeks of moderate size, subquad- 
rangular in outline, nearly two-thirds the length of the head, and | 
rounded at the posterior angles. Facial sutures rounding outward 
for nearly half the depth below the eye, as seen in front, and then di- 
rected inward, reaching the margin on a line with the inner end of the 

| _ eye; but in a profile view, are almost vertical to near the base, and are 
then directed forward to the lower margin of the head. 

Pygidium transversely subelliptical, the outer margin approaching 
a semicircle in outline, and the anterior border irregularly arched, but : 
having the curvature of a much larger circle. Surface strongly con- 
vex, but less elevated than that of the head of a corresponding size; 
outer margin thickened on the under side, the selvage being propor- 

| tionally wide. | | 
The species differs from those associated with it in the same beds,
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in the short broad form of the head and its large eyes. The head . 
differs from that of Z. armatus Hall, 20th Rept. State Cab., p. 330, 
Pl. XXII, figs. 1 and 2, in wanting the spines at the extremities of 
the movable cheeks. The pygidium resembles that referred to J. ar- 
matus Hall., loc. cit., fig. 8, but is more arched on the anterior border 
and less regularly semicircular. 
It is noticeable in examining a large collection of specimens, that 

they differ greatly in the proportional length and relative convexity; 
especially is this the case among the cephalic shields; those of large 
size being usually much shorter in comparison with their width than 
the smaller individuals. Still many of the smaller specimens are 
quite short, which would appear to indicate that there is no law gov- 
erning these relations, so far as can be ascertained from the examina- 

| tion of a moderate number. But probably, should the study be con- 
ducted through ample collections, the result might be quite different. 

Formation and locality. In the Niagara group, in most parts of the country where 
fossils are abundant. It occurs within the state in the Mayville beds, doubtfully identi- 
fied, at Blodgett’s quarry in the town of Hartford; in the Waukesha beds at Pewau- 
kee and Genesee; in the Racine beds at Racine, Greenfield, Waukesha, Grafton, and at 

. Sturgeon Bay; and in the Guelph beds at Cedarville, Wisconsin, 

ILLZNvs INSIGNIS. 

| Plate XXI. Figs. 6-10. | 
— *[lenus insignis — Hall; 20th Rept. State Cal., p. 331, Figs. 5 and 6, Pl. XXII, 

Figs. 13 and 14. | 

The following is Mr. Hall’s description of this species: 
“Head large; glabella prominent and somewhat regularly arcuate | : 

from front to base; anterior border with the margin a little recurved. 
Dorsal furrows distinctly marked from the base of the head for three- 
fourths the distance to the anterior margin, where they terminate in 
a distinct rounded pit; palpebral lobe large, elongate, the eye being | 
situated at some little distance from the posterior margin of the head. 
Facial suture running out on the anterior border within the line of 
the eye.” 

“The full extent of the cheek is not known.” | 
“The form of the glabella and the convexity of a single articulation _ 

of the thorax indicate the general form to have been very convex.” 
_ “The pygidium is parabolic, very convex; about as long as or a little 
longer than wide. Anterior margin nearly straight along the middle 

Vox. IV.— 20
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for about half the width, for the attachment of the axis of the thorax, 

and abruptly receding towards the sides.” / 
The specimen figured, and another in the collection which preserves 

the crust, correspond very closely with the above description; differ- 

. ing principally in not having the dorsal furrows extended quite so far 

forward as the one on which the above description was based, nor do 

they terminate in the rounded pitas there stated, but in a broader 

depression situated nearly on a line with the front of the eye. The 

eyes are placed quite far back on the head as compared with some of 

| the other species of this group, and are also situated far out on the 

sides of the head. The species, in the form of the head, differs from 
I. Madisonianus herein described, in being more regularly and grad- 
ually sloping from the anterior margin to within a very short distance 

of the occipital line. The thorax appears to differ from that one in 

being much less convex, as is shown on a small specimen preserving 

parts of five consecutive segments. 

Formation and locality. Jn the Racine limestones of the Niagara group, at Burling- 

ton; Racine; Waukesha; at Moody’s quarry near Milwaukee, and at Schoomacher’s 

quarry near Wawatosa, Wisconsin. | | | 

ILLZNUS IMPERATOR. | | 

Plate XXT. Figs. 4 and 5. | 

Tllenus imperator — Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 49. 

I. ‘$ ‘* Geol. Rept. Wis., Vol. I, p. —. 

I. “6 “6 20th Rept. State Cab. N. Y., p. 332, Pl. XXII, Figs. 

| 15-17, and Pl. XXIII, Fig. 2. | 

Entire body attaining a large size, but is seldom found with the | 

several parts united, being generally represented only by the detached 
glabellas and caudal shields. | 

Glabella and fixed cheeks united, transversely elliptical in form, 
nearly twice as wide as long, broadly rounded on the front margin 
and less rounded and lobed along the occipital line, with the general 

surface strongly convex; dorsal furrows proportionally wide and dis- 

tinct, extending less than one-half the length of the head, and directed 
inward in their course from the occipital border forward, and slightly | 

curved; axial lobe about as wide, or a little wider than the fixed 
cheeks, and depressed-convex on the surface. Kye-lobes prominent | 
and very narrow from front to rear, but considerably longer in a 

lateral direction; indicating a semi-pedunculated eye, situated almost 

on the occipital line. Facial sutures cutting the anterior border in
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such a manner as to leave no perceptible angle at the junction, and 

passing backward, from a point on a line with the outer limit of the 

eye, to the junction with the lobe at its inner angle, forming an 

irregular sinus, the depth of which is equal to the length of the eye 

lobe; the fixed cheek being prominent and convex near the eye and 

along the occipital line. Glabella and occipital furrows obsolete. 

| “Thoracic segments as shown by Prof. Hall, broad and flattened, 

slightly curving backward beyond the origin of their free extremities. 

Pygidium narrowly elliptical in the smaller specimens, and some- 

| what longer in proportion in older examples, with the surface strongly 

convex. In the smaller examples the width is nearly twice the length, 

but in larger individuals is not more than once and a half as wide as 

long. Axial lobe less than one-third the entire width, and extending 

less than half the length of the plate; rather prominently rounded 

on the front margin, but becoming gradually lost in the general con- 

vexity posteriorly. Lateral lobes less prominent, straight on the 

anterior margin for two-thirds their width, and then obliquely trun- 

cate to the lateral angles. | 

| The species varies considerably in the form of the several parts in 

specimens of different sizes, as has been described; so much s0, in 

fact, that a single description will not give the characters of but a 

few individuals. It often attains to very considerable dimensions; 

one caudal plate in the collection measuring five and a half inches in 

width by a length of three and a half, while the convexity of the 

specimen is not more than one-third as great, proportionally, as in 

the small specimen figured. This same remark holds good, as a 

general thing, with the cephalic plates as well. Although many in- 

dividual specimens of glabellas are present in the collection, no mov- 

able cheeks have been observed. They are probably quite insignificant 

in size, but collectors would do well to search for them, as they may 

| present important specific features. | : 

Formation and locality. In the Racine beds of the Niagara group. Prof. Hall | 

mentions it from Racine, but all the specimens in the state collections at present are 

from Burlington, Wisconsin. ~~ 

Inrznvus ManpisonIANnvus, 0. Sp. 

: Plate XX. Figs. 8 and 9. 

Body of moderate size, elongate-oval in general form, and very 

highly convex, with the trilobation very indistinct; length a little 

less than twice the greatest width, and the height nearly or quite half
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equaling the width. Anteriorand posterior extremities nearly equally 

rounded, and the lateral margins but slightly rounded, or almost 
straight along the thorax. Thorax shorter than the cephalic shield, | 
and the pygidium equaling the length of the head and half of the 
thorax combined. : 

_ Cephalic shield short, paraboloid in form, and highly convex, the , 
anterior portion full, and projecting beyond the anterior margin; also | 
very full and prominent along the central line and between the eyes. 
Occipital line strongly arching forward from the rounded genal an- 
gles. yes full, prominent and protruding, widely separated, and sit- 
uated so as to bring their anterior margins nearly on a line with the 
middle of the length of the head. Dorsal furrows distinctly marked 
from the occipital line to the front of the eyes, directed inward ante- 
riorly to the eyes, and bending downward in front, limiting the eye 
lobes. The facial sutures are quite indistinct, but appear to reach the 
anterior margin far out on the sides of the head, or nearly on the outer 
line of the eyes; and behind, to follow nearly in a line with the dorsal 
furrows. | | | 

Thorax very short, composed of ten very short equal segments, 
which are flat or but very sligbtly convex on their surfaces, and havea 
very decided forward curvature from their extremities to the center, 
but more strongly so just within the dorsal furrows; lobation of the | 
thorax not very marked, the axial lobe occupying about two-thirds of 
the width, as measured with the curvature of the body. Free pleura 
short, rounding forward at their extremities. 

Pygidium paraboloid in outline, and the anterior margin strongly : 
arching forward in the middle; the surface highly convex, and much 
more abrupt on the sides than across the middle; the margin is again 
more spreading, forming a broad, shallow furrow around the sides and . 
behind, just within the edge. Bordering the articulating slope or 
facett of the pygidinm, there is an elevated ridge extending from the 
margin to the dorsal furrow of the thoracic segments. 

The species differs from any of those heretofore described, in its 
long oval form and highly convex surface, as also in the paraboloid | 
outline of the extremities. . It is most nearly allied, in the features of. 
the head, to Z. cuniculus Hall, 20th Rept. State Cab. Pl. XXII, Fig. 
12; but differs in the greater proportional length; greater convexity; 
fuller and more prominent front; in having the occipital margin con- 
cave instead of convex, and in the position of the eyes, which are more 
distant, and placed further from the posterior margin. The pygidium 
resembles most closely that referred to 7. enstgnis Hall, 20th Rept. 
State Cab., Pl. XXII, Fig. 14. It differs, however, in the greater
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convexity; in the spreading or recurved margin; in being less diverg- 

| ing along the lateral borders toward the antero-lateral extremities, and 

in its greater proportional length. The species greatly resembles /. 

orbicaudatus Bill. (Cat. Anticosti foss., Pl. XX VII, Fig. 10), from the | 

Hudson river group, at English Head, Anticosti. 

‘Formation and locality. In the Niagara group of Wisconsin; the particular locality 

not given. The specimen figured is the property of the State Historical Society at Mad- 

ison, Wisconsin. . 

ILLZNUS PTEROCEPHALUS | 

Plate XX. Figs. 10-12. | 

Ilenus pterocephalus — Whitf.; Aun. Rept. Geol. Surv. Wis. for 1877, p. 87. . 

Cephalic shield short, broad and of unusual depth, when viewed in 

its natural position, with the occipital border forming a vertical line; 

the distance from the under surface of the head to the highest part of 

the glabella being nearly or quite twice that from the occipital line to 

| the anterior margin. The extreme width of the head, including the 

movable cheeks is equal to three and a half times the length. Mov- 

able cheeks small, forming thin, wing-like expansions at the sides of 

the head, and on a line with the occipital border, but so contracted 

anteriorly as to be scarcely more than half as long as the glabella; 

anterior margin and surface of the head round and highly convex 

in the middle, rapidly contracting in front of the eyes, and expanding 

* Jaterally along the occipital border. Glabella and fixed cheeks united, 

but without the movable cheeks, elliptical or oval in form, very con- 

vex on the surface, and nearly half as wide again as long, broadly 

rounded in front and strongly lobed in the posterior part of the dor- 

sal furrows, which are short and directed inward, but are not visible 

\ on the cast beyond the posterior third of the head, as measured along 

the curve of the glabella. Eyes prominent and obtusely pointed, as 

| shown in the cast, and situated very near the posterior margin of the 

head. Facial suture cutting the anterior margin considerably within 

the line of the eyes and passing to the eye with a regular outward 

curvature; behind the eye, it passes almost directly to the posterior 

margin. Throax and pygidium unknown. | 

The species is peculiar for the short but laterally expanded movable 

cheeks, which appear only as thin, short appendages to the posterior 

half of the fixed’ cheeks, giving a peculiar winged expression to the 

head, which will readily distinguish it from any previously known 

species when these parts are present; but when absent, the central
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portions of the head have much the appearance of a small specimen of | 
L. imperator Tall; but differs in having the dorsal furrows strongly 
directed inwards instead of the reverse as in that form, and also in 
being very much more rotund. | 

'  £ormation and locality. In the Niagara limestone, at Pewaukee, Wisconsin. 

Genus BRONTEUS, Goldfass. | 

Bronrevs Laruamt. 

Plate XXIT. Figs. 1-4. 

Bronteus Laphami — Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 88. 

Entire form unknown, the specimens from which the following 

description is taken consisting of fragments of the glabella and sev- 
eral imperfect pygidiee. | . 

Glabella short and broad, very depressed convex, the division of 

parts somewhat obscure. Anterior lobe very broad in front, and rap- 

idly decreasing in width from its junction with the marginal rim to 
behind the middle of its length, where it is not more than two-thirds 
as wide as in front; dorsal furrow obscure; posterior glabellar furrow 

well marked; occipital furrow distinct and the occipital ring rather 

large. Fixed cheeks narrow, rather strongly lobed; anterior marginal 

rim of the head narrow and rounded, indistinctly separated from the 
anterior lobe of the glabella in the middle, but not definitely so at the 
sides, its surface rather strongly striated. 

Pygidium paraboloid in form, and depressed convex with an entire 
external margin; anterior border of the shield gently rounded and 
moderately convex on the surface; lobation distinct. Axial lobe 
short, round-obeconical in form, more strongly convex than the lat- 

eral lobes and marked by a single narrow articulating ring on the 

anterior end; lateral lobes gently convex on the inner part, more ab- | 
ruptly declining at about the outer third of their width, and slightly 

recurving again near the border; articulations very distinct and di- 
rected strongly backward in their course to the margin, rounded on 
the surface and separated by short, deep depressions to near the bor- 
der of the shield, just within which they become obsolete. The cen- - 
tral rib, or that extending from the termination of the axial lobe, rap- 
idly narrows for one-third of the length from the anterior margin of 
the shield, then widens more abruptly to the posterior margin, where 
there are very slight indentations in the external border correspond-
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ing to the depression at its sides. Near the middle of the length of 

this central articulation, or rib, there rises a central depression, or fur- 

TOW, dividing it from this point posteriorly into two divisions, pre- 

senting the appearance of a bifurcation. 

‘Surface of the crust of the pygidium marked on the lower part of 

the lateral expansion, by strong squamose concentric lines. Other 

portions of the plate smooth, > | 

| This is a beautiful species, and remarkable for its large size; one 

: of the pygidis: measuring about four inches in length by more than 

three and a half inches in width. It is readily distinguished from 

B. acamas Hall (B. occasus Winchell & Marey), by the backward. \ 

curving articulations of the lateral lobes of the pygidium, and by the 

bifurcation of the axial member of the same. 

Formation and locality. In the Niagara group (Racine limestone), at Kewaunee, 

Wisconsin. Named in honor of the late Dr. I. A. Lapham. 

Genus SPH AZREXOCHUS, Beyrich. | 

Sprrexocuus RoMINGERL. 

Plate XXI. Figs. 1-3. 

Spherexochus Romingeri — Hall; Geol. Rept. Wis. 1862, p. 434. 20th Rept. State 

Cab., p. 874, Pl. 22, figs. 4-7. 

S. ‘* -mirus — Hall; (Not of Beyrich). 20th Rept. State Cab., p. oo4, 

| 
and Geol. Rept. Wis., p. 434. 

S. “ . “6 Of many authors, but not of Beyrich. 

Glabella smooth-spheroidal in general form, composing almost the 

entire bulk of the head and extending far in advance of the anterior 

border. Its posterior part is marked by a single pair of furrows, 

which are narrow and deep, and entirely surround and isolate the pos- 

terior glabella lobes, as large, round tubercles which are placed low 

down on the sides of the head, and extend from the occipital furrow 

to the middle of the length of the glabella; the distance between them, 

across the posterior part of the glabella, being equal to nearly twice 

their diameter. Occipital ring short, but highly elevated; the fur- 

row is deep and well marked. Dorsal furrows deeply marked, dis- | 

tinctly limiting the glabella. Fixed cheeks minute, scarcely extend- 

ing beyond the limits of the dorsal furrows, and the posterior lateral 

limbs short and subtriangular in form; the continuation of the occi- 

pital furrow oceupying most of their area. Frontal limb short, en- 

tirely embraced within the dorsal furrow in its anterior extension, one 

half of the bulk of the glabella projecting beyond its front margin 

when the head is held with the oceipital line in a vertical position,
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and the anterior portion of the fixed cheeks is curved abruptly down- 
ward in front of the ocular sinus, bringing the lower front margin of 
the glabella on a horizontal line with the outer ends of the postero- | lateral limbs. When the head is viewed from above, the axial lobe of 
the occipital region is a trifle more than half as wide as the anterior portion of the glabella, and is very highly arched; while the lateral . limbs of the fixed cheeks are very narrow, and bend abruptiy down- | ward a little outside of the dorsal furrows. The ocular sinus is small 
but deep, and situated behind the center of the glabellar lobe. Judg- ing from the size and form of the sinus, the eye has ‘been small and 
inconspicuous. 

, Movable cheeks and thorax unknown. The pygidium, as figured 
by Prof. Hall (20th Rept. State Cab., Pl. XXI, Fig. 7), is transversely 
elliptical in form, the axial lobe is large and strongly convex, extend- 
ing the entire length of the plate, and marked by three strong rings, 
exclusive of the terminal one. The lateral lobes are a little more 
than half as wide as the axis, and each deeply divided into three un- a equal points, the anterior one of which is the largest, and the others decreasing in size posteriorly. oe This species has generally been referred to and considered as iden- 
tical with S. mirus Beyrich, of Europe, and some of the specimens 
which I have seen among European collections are certainly very like | it, while from others it differs very materially. When compared with such forms as those figured by Prof. J. Barrande, in his Syst. Sil. Boheme, Vol. I, Pl. XLII, Figs. 16 and 17, and Sup. to Vol. I, Pl. | VII, Figs. 8 and 4, it differs in the much greater sphericity of the glabella, and in its greater anterior extension. In all the figures re- ferred to, the line of the dorsal furrow in front of the occipital ring, is represented as running nearly or quite horizontal, and on a line with the dorsal furrow of the thorax, to the anterior border; while in these western forms it begins to curve downward immediately in front of the occipital ring, and is more abruptly bent in front of the pos- terior glabellar lobe, and to the anterior margin of the head; thus leaving nearly one-half the length of the glabella in front of the ante- . rior rim of the head, and more than one-third of the depth of the spherical portion below the line of the dorsal furrow at the neck, | when the specimen igs placed with the occipital line in a vertical posi- tion; instead of having all the bulk of the glabella above that line, as | in the figures referred to. The pygidium also differs from the Euro- pean specimens in having a very much wider axial lobe, and in being more deeply divided on the lateral margins, | | 
Formation and locality. In the upper part of the Niagara, group (Racine limestone), at Racine, Waukesha and elsewhere in Wisconsin.
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SPECIES FROM THE GUELPH LIMESTONE, 

| | RADIATA. 

| Genus FAVOSITES, Lamark, 

| | FAvosITES OCCIDENS. 

Plate XXIII. Figs. 6 and 7. | 

Favosites occidens —Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 78. 

Corallum growing in hemispherical or irregular formed masses of 
medium size, which are composed of two kinds of radiating cell tubes, | 

the one larger than the other; the larger cells being scattered through 

the corallum at somewhat irregular intervals, with from one to three 
of the smaller cells between. Large cells more or less circular in 
form and usually measuring from a sixteenth to a tenth of an inch in 
diameter. Smaller cells, variable in form and size, generally adjoin- 

ing the larger circular cells, and ranging from minute to more than 
two-thirds the size of the larger ones. Transverse diaphragms com- : 

plete, closely arranged, or distant more than the diameter of the tube, 

in the same individual. Mural pores apparently arranged in single 

| rows. These have not been very distinctly observed, owing to a 
deposit of minute crystals of dolomite on the walls of the cells. 

This feature, the presence of two distinct kinds of cells, is one per- 
: taining more particularly to corals of the Devonian period than to 

those of the rocks of the lower formations, at least in this country; 

but it is occasionally seen in species from the Niagara group. The 

larger kind of cell appears to be that which gives origin to new indi- 

vidual polyps, as is readily determined by the examination of sections 

of the coral; they also extend further toward the initial point of the 

corallum than do the intermediate ones, and would be properly con- 

| sidered as parent or prolific cells. As the corallum increases in size, _ | 

others take upon themselves this form of parent-cell whenever the
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intermediate ones become too numerous, thus keeping the number of 
intermediate cells relatively the same in masses of any size. 

Formation and locality. In the upper part of the Niagara group (Guelph horizon), 
near Ozaukee and elsewhere in Wisconsin. It is not exclusively confined, however, to 
this horizon, but occurs sparingly as small individual masses in the upper part of the 
true Niagara formation, at several localities in the state. 

Genus AMPLEXUS, Sowerby. 

AMPLEXUS ANNULATUS. | 

Plate XXIII. Figs. 8-11. 

Amplexus annulatus — Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 80. 

Corallum simple, elongate turbinate in form, more or less curving 
throughout, from one and a half to three inches in length, by about 
five-eighths of an inch in diameter, seldom attaining to more than 
three-fourths of an inch; somewhat rapidly expanding for the first 
inch from the base, above which it is subeylindrical in form, with the 
exterior surface distinctly and strongly annulated by varices of growth, 

_ giving to the body much the appearance of a species of Cornulites. 
_Longitudinal rays numerous and-moderately well developed near the 
margin, but only extending a short distance from the outer walls; 
transverse partitions or tabule distinct and strong, more or less curved 
and tortuous, extending to within a short distance of the walls of the 

| body, and arranged at varying distances, often to the extent of half 
the diameter of the coral. External calyx comparatively deep. 

The strongly annulated exterior surface of the coral is quite a dis- | 
tinguishing feature. | 

Formation and locality. In the Guelph limestone, at Sheboygan and Carlton, Wis- 
consin. | 

BRACHIOPODA. | 

Genus PENTAMERUS, Sowerby. | : 

: PENTAMERUS OCCIDENTALIS. : 

Plate XVII, Fig. 10, and Plate XXIII, Figs. 1 and 2, 

Pentamerus occidentalis—Hall; Pal. N. Y., Vol. I, p. 841; Pl. LX XIX, Figs. 1 and 2. 

Shell rather above the medium size, ovate in outline and extremely 
ventricose, generally much longer than wide, but very variable in :



. SPECIES FROM THE GUELPH LIMESTONE. 315 

form. Ventral valve strongly arcuate, more abruptly curving in the 
upper half; beak strong, elongated, obtusely rounded and incurved. 
Dorsal valve less ventricose than the opposite, almost regularly arcu- _ 
ate, and with the umbo not very prominent, the middle of the valve 
marked by a slight mesial depression on some of the specimens; car- 
dinal slopes of both valves generally rounded, but often flattened or 

| slightly concave. Surface of the shell marked by coarse, irregular, : 
bifureating or fasciculate radii, generally somewhat stronger along the 
middle of the valves than on the sides. 

The specimens obtained within the limits of the state are in the 
condition of internal casts; and in this condition show the internal 
processes to have been extremely variable in strength and extent. 
The triangular foramen in the ventral valve has been broadly trian- 
gular and of large size. | 

Many of the individuals obtained have so exactly the form and ex- 
pression of those from Galt, Canada, and show the same peculiar vari- 
ation in form and degree of gibbosity, that there cannot be the least 
question as to their positive identity. 

Formation and locality. In the upper part of the Niagara group (Guelph horizon), at_ 
Wuliamstown, Wisconsin. 

Genus STRICKLANDINIA, Billings. : 

STRICKLANDINIA MULTILIRATA. | 

Plate XXIII. Figs. 3-5. 

Stricklandinia multilirata —W hitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 81. 

Shell of medium size but very diverse in form, varying from longer : 
than wide to nearly one-third wider than long, and from depressed 
biconvex with nearly equal valves to extremely gibbous with the ven- 
tral valve very much the deepest, as seen in profile. Hinge-line 
straight, usually longer than the width of the shell, and often with 
mucronate extremities, but frequently much shorter than the width 
of the shell below; front of the valves slightly protruding beyond 
the general contour, or subtruncate. Area of the ventral valve dis- 
tinct but not wide. Dorsal valve with an inconspicuous or depressed | 
umbo; and a moderately wide, poorly defined, and slightly elevated 
mesial fold. Ventral valve more convex, with a deeper, more con- 
spicuous, and often subangular mesial depression, but a not at all 
prominent beak. Surface of the shell marked by numerous distinct,
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but not strongly marked, bifurcating, radiating plications, both on the 
sides of the shell and on the mesial fold and sinus; the number not 

constant, but usually from four to six in the space of one-fourth of an 
inch on the margin of the shell. Spoon-shaped process in the inte- 

| rior of the ventral valve, as shown by the cavity left in the casts by | 
the removal of the substance of the shell, distinct but not large. 

The species is a well marked form of Stricklandinia, showing the - 

generic characters strongly developed. It differs from any others de- 

scribed, in the great extent of the hinge-line, and from most in the | 
finer bifurcating strise of the surface. It is remarkably variable in | 
form in different individuals, some of them presenting much the form 

of a Productus in the great convexity and sometimes geniculation of _ 

the ventral valve. — | 

Formation and locality. Jn the Guelph limestone, at Sheboygan, Wisconsin, | | 

GASTEROPODA. | 

Genus HOLOPEA, Hall. 

HoLoPEA MAGNIVENTRA. 

: Plate XXIV. Figs. 2 and 3. | | 

Holopea magniventra —Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 83. 

Shell of large size, ventricose and robust in habit; spire low or de- 
pressed-convex; volutions about three, very rapidly increasing in size, 

and strongly rounded on the periphery; suture distinct, but not deep; 

aperture subcircular or very broadly ovate, and pointed above, where 

it is slightly modified on the inner side by the preceding volution; 

umbilicus probably closed and apparently covered by a callus on the 

overspreading collumellar lip, as indicated by the form of the cast. 

Surface of the shell, as far as can be determined by the specimens, 

marked only by transverse lines of growth. 

The generic relations of this shell, like most of those of this form, 

especially when known only by the internal casts, are not very readily 

determined; the species, therefore, can only be referred to a genus | 

| provisionally, until some more fortunate individual shall chance to 

discover specimens which will more fully illustrate them. The above 
| species resembles in form and general features that described and fig- | 

ured by Prof. J. Hall, as Huomphalus rotundatus, from the lime- 

stones of the upper Helderberg group of New York, but which is
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certainly not an Huomphalus, and is equally removed from the genus 

Pleurotomaria, as it does not possess the spiral band or slit on the 

middle of the volution which characterizes that genus. : : 

Formation and locality. In the Guelph limestone, at Carlton, Wisconsin. 

Grenur LOXONEMA, Phillips. | 

| LoxoNEMA MAGNA. 

Plate XXIV. Fig. | 

Loxonema magna — Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 83 (By typo- 

- graphical error Toxonema). 

Shell very large and robust, spire highly elevated and rapidly ascend- 

: ing, the rate of increase being very gradual. Volutions in the lower ss 

part proportionally long, entire number unknown, very depressed con- 

vex on the external surface; columella prolonged below, giving an 

elongate-pyriform aperture; suture between the volutions, as seen on : 

the internal casts, moderately wide, indicating a shell of considerable 

thickness. Surface features unknown. 

The specimens from which the description is taken are internal | 

casts, the larger one being about one inch and three-fourths in diame- 

ter across the body volution, and the rate of increase as shown would © 

‘ndicate an entire length of fully eight inches when perfect. The 

species is more nearly related to L. rvbusta Hall, from the Schoharie 

girt of New York, than to any of those described from the Guelph © 

limestone, but has been of much greater size. 

| ‘Formation and locality. In the Guelph limestone in section 28, Carlton township, | 

Wisconsin. 
| 

Gunus MURCHISONIA, D’Arch. et Verneuil. 

| MourcuisonrA CHAMBERLINI. 7 

Plate XXIV. Fig. 4. 

Murchisoma Chamberlini — W hitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 84. 

| Shell very large and robust, and of a general oval form; the ex- 

ample from which the description is taken being a cast made in the 

natural mould left in the rock by the removal oi the shell by natural : 

solution, measures about four inches in length by about two inches in 

its greatest diameter. Spire moderately elevated, the apical angle 

being about forty or forty-five degrees. Volutions about six, strong 

‘and highly convex, marked on the periphery by a strong, distinct, and



318) . PALHONTOLOGY. | 

moderately elevated, revolving band, which produces a slight angular- 
ity on the middle of the upper volutions. Aperture large, broadly | 

_ ovate, prolonged below, and the lip distinctly rimate in the lower part. 
Columella strong, slightly curved below, and spreading upon the body 
volution in the upper part; but becoming free in the lower portion, 

| leaving a distinct umbilical opening behind it, which continued to 
nearly the entire length of the spire. In the cavity left in the rock by | 
the decomposition and removal of the shell, this was represented by a 
strong spiral core of stone, three-eighths of an inch thick in the lower 
part, which remained supported in the center of the cavity by its 
attachment at the base through the umbilical opening. Minute sur- 
face markings of the shell not preserved, but remains of lines of growth 
can be faintly traced. | 

This is one of the largest and most magnificent species of the genus 
yet discovered. It is of a type more characteristic of the Devonian | 
rocks of Germany, than of those of Silurian age, and its occurrence in 
rocks of this period is somewhat remarkable. 

| Formation and locality. In the Guelph limestone, near Carlton, Wisconsin. 

CEPHALOPODA. 

: Genus ORTHOCERAS, Breynius, 

Orrnoceras CARLTONENSE. 

| Plate XXIV. Fig. 5. 

Orthoceras Carltonense — Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 85. 

Shell of moderate or large size, and very gradually tapering, the 
rate of increase being about one-fourth of an inch in a length of two 
inches. Section circular; septa of moderate depth and closel7 ar- 

| ranged, about eight chambers occupying a space equal to the diameter 
of the shell at the top of the upper one of those counted. Siphuncle 

unknown. Surface marked by longitudinal flutings, numbering about 

twenty-four in the circumference of the shell. 
The species is of the type of O. Columnare Hall, from the Niagara _ 

group; but differs from that, or any of those described of that form, 
in the more closely arranged septa, there being nearly twice as many 
in a given length, as in that species. It also differs from most of the __ 
fluted species in having a circular section instead of an oval form. 

Formation and locality. In the Guelph limestone, at Carlton, Kewaunee county, and 
at Ozaukee, Wisconsin.
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| Genus CYRTOCERAS, Goldfuss. 

CyRTOCERAS RECTUM. 

: Plate XXIV. Figs. 6 and 8. 

Cyrtoceras rectum — Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 89. 

Shell of moderate size, nearly straight in form and ovate in trans- 

verse section, the lateral diameter being about three-fourths as great 

as the dorso-ventral, and the greatest width being on the inner side 

of a central line; curvature of the tube on the inner face scarcely per- 

ceptible, and the rate of increase in diameter, in the dorso-ventral 

| direction, about an eighth of an inch ina length of two inches. Septa 

flat in a lateral direction, but strongly arching along their dorso-ven- 

) tral axis, so arranged that about nine chambers occupy a space equal 

| to the dorso-ventral diameter of the outer one counted. Outer cham- 

ber not constricted at the aperture, so far as observed. Siphuncle pro- 

portionally large and expanded within the chambers, situated at about 

its own diameter from the inner or shorter curved surface of the shell. 

Surface features not observed. 

| The straight form, and septa flattened in the direction of their lat- 

eral axis, are features which will readily distinguish this one from any 

| other known species. | 

Formation and locality. In the Guelph limestone, at Carlton, Kewaunee county, Wis- 

consi,
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SPECIES FROM ROCKS REFERRED TO THE LOWER 
HELDERBERG GROUP. 

BRACHIOPODA. 

| Genus ORTHIS, Dalman. : 

| ORTHIS SUBCARINATA. | 

Plate XXV. Figs. 3 and 4, 

Orthis subcarinata — Hall; 10th Rept. State Cab., p. 18. 
“ “ “Pal. N. Y., Vol. IIL, p. 196, Pl. XII, Figs. 7-21. | 

The specimens representing this species consist of a single impres- | 
sion of the exterior of the dorsal valve, and one cast of the interior of 

the same, together with other casts of the interior of the ventral; they 
have the form of this species, and also much the form of 0. ede- 
gantula Dalman. From the last, however, they differ somewhat in 
the greater rotundity of the dorsal valve, and more decidedly rounded 
cardinal extremities. The ventral valve is much more ventricose than | 
that of the one referred to O. oblata associated with it, and may be 
readily distinguished by this feature, as well as by the subcarinate | 
prominence of the median line of the valve. The specimens are all 
small, and do not exceed the usual size of O. elegantula, none of them 
being more than three-eighths of an inch in their greatest diameter. 

Formation and locality. In beds referred to the Lower Helderberg group, at the 
river bottom, at Waubakee, Wisconsin. 

| Orrais opiata, Hall? | 

Plate XXV.° Figs. 1 and 2. | 

Orthis oblata — Hall; Pal. N. Y., Vol. III, p. 162, Pl. X, Figs. 1-22, 

The specimens which I have referred with doubt to this species, 
consist of impressions left in the rock, by the removal of the substance |
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of the fossil, and are therefore more or less unsatisfactory in charac- 
ter. The features as described and figured are obtained from impres- 

sions in gutta-percha, taken from these natural moulds, and serve to 
give a much better idea of the shell than the impression in the rock 

only. The shell is shown to be more or less discoid, the dorsal valve 

being more convex than the ventral, while the latter is marked by a 
broad, almost obsolete depression along the middle. The form is 

transverse, a little wider than long; hinge-line short and the beaks 
somewhat pointed and slightly incurved; cardinal slopes proportion- 

| ally long and inclined, bringing the point of greatest width as low or 

_ lower than the middle of the valve; front margin straightened or im- 

perceptibly emarginate. 
Surface of the shell coarsely striate, and marked also by distinct 

concentric lines, marking stages of growth, toward the front margin. 
The shell very closely resembles specimens of Orthis hybrida Dal- 

man, and as far as the examples themselves afford means of determina- 
tion, there is no evidence to show that they are different. They also 

equally resemble a form which occurs very abundantly in the Lower 

Helderberg group of New York, associated with O. oblata Hall, and 

which has generally been considered as the young of that species. 
They are, however, not young shells, but adult, as can readily be seen . 

by their thickened and rotund form, and the possession of a full series 
of old-age characters. The Wisconsin specimens, as well as the simi- 

lar ones from New York, are so exactly like O. hybrida that it seems 

| like doing violence to nature to place them under any other name. 

Still, as they are usually more rotund and ventricose than many of | 

the Scandinavian specimens, and more especially as those have re- 

ceived several varietal names, it may become necessary to do s0, in 
order to distinguish them. . 

Formation and locality. In beds referred to the Lower Helderberg, at Waubakee, 

Wisconsin. 

Genus MERISTELLA, Hall. : 

MERISTELLA NUCLEOLATA. . 

Plate XXV. Fig. 5. 

| Atrypa nucleolata — Hall; Pal. N. Y., Vol. II, p. 328, Pl. LXXIV, Fig. 10. 

Merista “ “19th Rept. State Cab., p. 78. 

Shell small, subglobose or slightly elongated in general form, with 

a minute, scarcely pointed beak, and deeply impressed mesial sinus 

| Vou. IV.—21
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on the ventral valve. Dorsal valve not seen; surface of the shell marked 
by a few strong concentric lines of growth, but otherwise smooth. 

The only individuals seen are represented by impressions in the thin 
shaly layers of rock, and present much the appearance of those 
from the Coralline limestone of New York. They also slightly re- 

semble a form from the Hydraulic beds of Herkimer county, New 
York, given by Vanuxem in the 3d Dist. Rept. as Atrypa brisulcata, 
but are not quite so much elongated, and it is not certain that the 

mesial depression exists on each valve as on that species. 

formation and locality. In thin shaly beds on Mud Creek, Milwaukee, Wisconsin. 

LAMELLIBRANCHIATA., | 

| Genus PTERINEA, Goldfuss. 

PrERINEA AVICULOIDIA. 

| Plate XXV. Figs. 6 and 7. 

Megambonia aviculoidia — Hall; Pal. N. Y., Vol. III, p. 274, Pl. XLIX, Figs. 7 and 8. 

Shell of small size, subquadrangular or quadrangularly ovate in | 

outline, varying somewhat in different individuals; the anterior end 

being sometimes more contracted. Height and length of the shell 

about as three to four, or in some cases as four to five. Hinge-line 

straight, nearly as long as the posterior end of the shell, with a very 

broad, shallow sinus dividing it from the body of the shell below. 
Anterior end short, slightly winged and narrowly rounded, especially 

on the right valve. Basal line rounded, but more rapidly contracting 7 

anteriorly, the greatest height of the shell being at about the middle 
of the length. Surface of the shell marked on each valve by distinct, 

somewhat regular concentric lines of growth, which become grouped 

and slightly stronger anteriorly. Slight indications of faint radiating 
lines occur on one of the left valves. 

The specimens are all very thin and flattened from compression, 
and present a macerated appearance, but retain the substance of the 

| shell with the outline and surface characters well preserved on some 
of them; the conditions of preservation being better in fact than most 

of those from the Tentaculite limestone of New York. These Wis- 

consin specimens differ slightly from the figures of the species as 

given in Vol. III, Pal. N. Y., above cited, particularly in the greater 

proportional height of the shell; but in making the comparison di- 

rectly with specimens from the Tentaculite limestone of New York,
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they are found to correspond much more nearly than with the figures 
cited, few of them presenting the great height represented in the figures 
referred to. 

| Formation and locality. In thin shaly layers referred to the base of the Lower Helder- 
berg group, at the bottom of the Milwaukee river, near Waubakee, Wisconsin. 

CRUSTACEA. 

Genus LEPERDITIA, Ronault. 

LEPERDITIA ALTA. : 

Plate XXV. Fig. 8. 

Cytherea alta (Conrad) Vanuxem; Geol. Rept. 3d Dist. N. Y., 1848, p. 112, Fig. 6. 
Leperditia alta (Con.) Hall; Pal. N. Y., Vol. III, p. 373. 

“ ‘* Jones; Ann. Mag. Nat. Hist., Vol. XVII, 2d series, p. 88. 
‘“ ‘“ (Con.) Meek; Pal. Ohio, Vol. I. p. 187, Pl. XVII, Fig. 2. 

Body of medium size, somewhat ovate in form, being narrowed an- 
teriorly. Dorsal line straight, from two-thirds to three-fourths of the | 
entire length, and the height of the valves equaling about two-thirds 

of the length. Surface of the valves convex, more strongly elevated 

anteriorly, where they sometimes present a slight, almost impercepti- 

| ble angularity; lower margin convex, and on the right valve rather 
abruptly inflected. Ocular (?) tubercle of small size, and often im- 
perceptible, situated anterior to and below the point of greatest con- | 
vexity and quite near the anterior end, when present, though varying 

somewhat in position on different individuals. Surface of the crust 
apparently smooth. 

_ The specimens of this species from Wisconsin present all the fea- 

tures possessed by the New York individuals, both in size and form; 
and, although existing usually as casts and impressions only, are 

readily recognized as of the same species. Their mode of occurrence 
is also very similar, in some layers being so abundant as to entirely 

cover the surfaces, causing the rocks to readily separate into thin 
laminee along the planes of their occurrence. 

Formation and locality. In rocks of the age of the Onondaga salt group, or base of 
the Lower Helderberg group of New York; at Waubakee.
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SPECIES FROM THE HAMILTON GROUP." | 

BRACHIOPODA. 

Genus LINGULA, Brug. 7 

LInGuLA PALZFORMIS. 

: Plate XXV. Fig. 10. 

Lingula paleformis — Hall; Pal. N. ¥., Vol. IV, p. 8, PL, Fig. 7 | 

Shell rather larger than medium size; broadly triangular in gen- 

eral form, being widest near the front and pointed at the beak, with 

the cardinal slopes nearly straight or but slightly convex to below the 

middle of the length, and diverging at an angle of about eighty de- 

erees. Front margin broadly rounded or flattened, and the lateral | 

angles abruptly rounded from the extremity of the cardinal slopes to 

the basal border. Body of the shell, as indicated by the specimen, a 

flattened in the central portions or very depressed convex. The sur- 

face of the shell has been distinctly and very regularly marked by 

even, closely arranged, elevated, concentric ridges parallel to the mar- 

gin, marking stages of growth, and with regularly increasing distances 

from the apex outward. 

Judging from the appearance of the only individual seen, the beak 

of the ventral valve has been considerably extended beyond that of the 

dorsal and more narrowly pointed. 

The only distinction that can be noticed in a direct comparison 

between these specimens and the types of the species from New York, 

+s the more distinct concentric lines of the surface; but the most per- 

fect individual of those, the one figured in the N.Y. Vol., is consider- 

ably exfoliated and abraded over much of the surface, thereby obscur- 

ing the characters to some extent. There is also great resemblance 

between this species and small specimens of ZL. spatiosa Hall (Pal. 

N. Y., Vol. III, p. 158, Pl. IX, fig. 10), from the Lower Helderberg 

group; but when the comparative size of individuals is considered, the 

resemblance is stronger to the Hamilton group species. 

| Formation and locality. Inyocks of the age of the Hamilton group of New York, at 

Washington street bridge, Milwaukee, Wisconsin. . 

- *See note A on page 349.
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Gunus DISCINA, Lamark. 

| - DiscinaA MARGINALIS, 0. Sp. 

Plate XXV. Fig. 11. 

Shell small, rather below the medium size, discoid, and very nearly 

circular. Upper valve very depressed convex, gradually rising from 

the front margin to the apex, which is situated quite near the margin, 

but not terminal. The outline of the border of the valve is very 

slightly narrowed as it approaches this part. Lower valve flat, a very 

little less in diameter than the upper one, and the apex situated more 

than one-third of the width of the valve from the anterior margin; 

between which and the apex there is a slit or foramen of medium size, 

apparently not extending entirely to the margin. Surface of the upper 

valve marked by irregular, concentric lines of growth, which have a 

slightly lamellose character. ‘That of the lower valve has been marked 

by quite regular, elevated lines or ridges, parallel to the margin, and 

placed at regularly increasing distances from each other. 

The species closely resembles D. Lodensis Hall, from the Hamilton 

| group of New York, but differs in the position of the apex of the 

upper valve. One peculiarity of the shell is the difference in the po- 

sition of the apex as shown on the opposite valves, the one being 

nearly central, while the other is almost marginal. There is no ques- 

tion, however, as to their belonging to the same individual, as they are 

| almost in their natural position with regard to each other, in the 

specimen used; and as but few individuals of the species have been 

obtained, they cannot have been abundant in the seas of the period, 

giving but little chance for accidental mingling of individuals. The 

lower valve closely resembles that of D. humilis Hall, from the Ham- 

‘lton shales of New York, but differs principally in the smaller size; 

but as the upper valve of that species is unknown, there is no further 

means of comparison. 

Formation and locality. In rocks of the age of the Hamilton group of New York, 

, near Milwaukee, Wisconsin.
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Genus ORTHIS, Dalman. 

ORTHIS IMPRESSA. | 

| Plate XXV. Figs. 19-15, 

Orthis impressa — Hall; Geol. Rept. 4th Dist. N. Y., 1843, p. 268, and Fig. 2, p. 267; 
Pal. N. Y., Vol. IV, p. 60, Pl. VIII, Figs. 11-19. 

Comp. O. Tulliensis --Vanuxem; O. Iowensis; and O. Macfarlani — Meek. 

Shell of large size, transversely oval in outline, with highly convex 
dorsal and depressed-convex ventral valves; the latter marked along 
the middle by a very broad, ill-defined, mesial depression, which often 
modifies the front margin of the dorsal valve, to a slight extent, caus- 
ing a broad emargination of the border. Surface of the shell marked 
by fine, closely arranged, radiating strie. 

Lhe specimens of this species, like most of the fossils of these beds, 
are represented only by the internal casts and impressions of the ex- 
terior surface of the same, and usually only of separated valves; so 
that the entire form of the shell is seldom seen. The internal casts 
retain the imprints of the muscular impressions, often in a very per- 
fect condition, and in this state the species is so exactly similar to 
specimens from the Chemung group of New York, as to almost per- 
suade one they were from the same locality and bed. The muscular 
imprints of the opposite valves of the species are quite distinctive, and ) 
aside from the difference in the degree of convexity, will readily serve 
to distinguish them. That of the ventral is elongate and deeply 
bilobed, the point projecting somewhat beyond the line of the cardinal 
area; while that of the dorsal is wider than long, bilateral and flabel- 
liform; each side being divided into anterior and posterior lobes by a 
usually quite distinct, obliquely transverse depressed line. 

Species of this type of Orthis range almost uninterruptedly through 
the different geological formations from the Lower Helderberg group 
to the Carboniferous; and differ so little in form and general charac- 
ter, that they are often quite difficult of distinction. The 0. dm- 
pressu differs from most others in the greater proportional difference 
in the convexity of the valves, but is also generally proportionally 
wider than most other forms, with a broader and sometimes deeper 
mesial depression of the ventral. 

Formation and locality. In the Hamilton group beds, at Washington street bridge, 
Milwaukee, and at White Fish Bay, Wisconsin.
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: | _ Genus STROPHODONTA, Hall. 

SrroPHODONTA DEMISSA. | 

Plate XXV. Fig. 18. 

Strophomena demissa — Conrad; 1842; Jour. Acad. Nat. Sci. Phil., Vol. VIII, p. 258, 

PL XIV, Fig. 14. 

Strophodonta demissa (Con.) — Hall; 1847; 10th Rept. St. Cab., p. 137; — Rept. Geol. 

Surv. Iowa, Vol. I, Pl. Il, p. 495, Pl. III, Fig. 

V;—Pal. N. Y., Vol. IV, p. 101, Pl. XVII, 

Fig. 2. 

S. “é demissa (Hall) — Owen; Rept. Geol. Surv. Iowa, Wis. and Minn., Tab. 

| 3 A., Fig. 14. 

Strophomena demissa ( Hall)—Meek; Trans. Chi. A. Sc., Vol. 1, p. 87, Pi. XII, Fig. 6. 

‘s “ (Con. )— Billings; Devonian Foss. Can., 1861, p. 77;— Can. Jour., 

2d Series, Vol. VI, p. 341, Figs. 116-118; 

Nich. Pal. Ontaria, 1847, p. 65. 

Shell semi-oval or semi-elliptical in outline, and plano-convex or 

concavo-convex in profile. Hinge-line straight, longer than the shell 

below; the extremities often submucronate; area moderate on each 

valve, but largest on the ventral. Dorsal valve flat or slightly convex, 

often with a slight depression extending along the middle. Ventral 

valve convex or depressed convex over the visceral region, becoming 

depressed at the sides near the cardinal line. Surface of both valves 

marked by coarse, angular, bifurcating or fasciculate radiating strix, | 

which are usually strongest in the center near the upper part of the 

valves. Numerous strong concentric lines of growth, especially to- 

ward the front margin, also characterizes the shell. 

Formation and locality. In the Hamilton group beds, at Washington street bridge, 

Milwaukee, and at White Fish Bay, Wisconsin. 
~ 

Grnus CHONETES, Fischer. 

CHONETES CORONATA 4 

: Plate XXV. Fig. 16. | 

Strophomena coronata (by error carinata) — Conrad; Jour. A. N.S. Phil., Vol. VIII, 

p. 297, 1842. 

Chonetes coronata (Con.) — Hall; Pal. N. Y., Vol. IV, p. 133, Pl. XXI, Figs. 10-12. 

| Two impertect individuals, which have been referred with doubt to 

this species, are present in the collection, one, an internal cast of a 

ventral valve, the other an impression of the exterior of a ventral; 

| neither of them perfect enough to afford means for positive determina-
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tion. The specimens have been figured as they appear, the latter 
from a gutta-percha impression in the natural mould, that they may, 
in part at least, tell their own story. The internal cast of the ventral 
valve presents some slight variation from New York specimens, in 
the greater strength of the muscular impressions, but in the punctate 
character of the cast and the general form, it corresponds closely, 
The external impression closely resembles those from New York. 
Formation and locality. From the Hamilton group beds, at Washington street 

bridge, Milwaukee, Wisconsin. 

Gunus SPIRIFERA, Sowerby. - 

SPIRIFERA MUCRONATA. , 

Plate XXV. Figs. 27 and 28. 

Delthyris mucronata — Conrad; Ann. Rept. Geol. Surv. N.Y., 1841, p. 54, PL. —, Fig. 18. ‘6 ‘6 (Con.)—Vanuxem; Geol. Rept. 8d Dist. N. Y., p. 150. 
‘6 ‘6 (Con.)—Hall; Geol. Rept. 4th Dist. N. Y., p. 198. ' 

Spirifera  ** (Con.)—Bill.; Can. Jour., May, 1861. 
6 ‘6 (Con.)—Hall; Pal. N. Y., Vol. IV, p. 216, Pl. 34, Figs. 1-32, “© (Con.)—Nich. ; Pal. Ontario 1874, p. 80. 

A few specimens, undistinguishable so far as the characters are pre- 
served, from this species, are present in the collection, representing 
both dorsal and ventral valve in the condition of casts. The ventral | | valve is four times as long, measured on the hinge, as the length from 
beak to base, with the extremities slenderly mucronate. The valve is 
divided in the middle by a deeply concave mesial sinus, strongly lim- 
ited, and about half as wide on the front margin as the length of the : shell along the sinus. Each side of the shell js marked by about 
twelve or fourteen distinet, rounded or subangular plications, exclu- | sive of that bordering the sinus; four or five of which are small, and | situated near the extremity. Area of the valve narrow. Dorsal valve, 
although jess perfect than the others, is still characteristic; the fold is 
of similar proportions to the sinus, flattened on the top with a de- 
pressed line in the middle, and the plications slightly more angular 
than those of the other valve. - 

Surface of both valves, as indicated on the casts, marked by eoarse, 
imbricating lines parallel to the anterior border of the valve, and 
crossing the plications, to which they give a semi-nedose or rugose 
character. | | 

_ Formation and locality. Hamilton group beds, at Washington street bridge, Milwau- 
kee, Wisconsin. . | | |
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| SPIRIFERA AUDACULA. | 

Plate XXV. Figs. 25 and 26. 

Delthyris audacula — Conrad; Jour. Acad. N. Sci., Phil., Vol. VIII, p. 202. 

Delthyris medialis — Hall; Geol. Rept. 4th Dist. N. Y., 1842, p. 208, Fig. 8. 

Svirifer medialis — Hall; 10th Rept. State Cab., p. 164. ° 

Svirifera medialis — Hall; Pal. N.Y., Vol. IV, p. 227, Pl. XXXVI, Figs. 1-20. 

The specimens in the collection representing this species are dorsal 

valves only; they are, however, so entirely characteristic and so readily 

distinguished from any of the associated species, that there can be 

no difficulty in distinguishing them, and certainly no question as to . 

their specific identity. | | 

The form is triangular, or in some cases trapezoidal, from the trun- 

| cation of the front, hinge-line straight, one and three-fourths to twice | 

and a half as wide as the length from beak to base, the extremities | 

sometimes narrowed and slender, but in the shorter forms, obtuse; : 

sides of the valves straightened; surface moderately convex and marked 

on each side of the narrow, convex or slightly flattened mesial fold, by 

from fifteen to twenty-two or more slender, rounded plications, most 

of which pass off on the cardinal line. The plications have evidently 

been crossed by a few imbricating lines of growth, not strongly shown 

on the internal casts. | 

| Formation and locality. In beds of the Hamilton group, at Washington street 

bridge, Milwaukee, Wisconsin. | 

| | SPIRIFERA ANGUSTA. 

| Plate XXVI. Fig. 3. : 

Svirifera Angusta — Hall; 10th Rept. State Cao., p. 164. 

S. “ “Pal. N.Y., Vol. IV., p. 230, Pl. XXXVIII A, Figs. 23-82. 

| A single imperfect ventral valve of this species has been recog- 

nized. The form is much elongated in the direction of the hinge- 

- line and short from beak to base, with a proportionally elevated 

hinge-area, slightly arcuate or recurved at the apex as it occurs im- 

bedded in the rock; sinus narrowly triangular, more rapidly widening 

| in the front half, with the sides angular and the bottom slightly flat- 

tened. Plications twelve or thirteen on each side, angular in form, 

| arching backwards as they approach the hinge-line, but becoming 

| obsolete within the margin. The surface has been marked by a few 

imbricating lines of growth, parallel to the margin, which are pre- 

served on the cast.
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Aside from the general form of the shell, the form of the plica- 
tions is characteristic; the strongly recurving direction of their 
extremities as they approach the cardinal border, not being a common 
feature of the Spirifera of the Hamilton group. It is, however, 
strongly shown on specimens of S. arctesegmenta from the Upper 
Ilelderberg limestone, which is a closely allied form. 

formation and locality. In the Hamilton group beds, at Washington street bridge, : 

Milwaukee, Wisconsin. | 

SPIRIFERA EURUTEINES, Var. FORNACULA. | 

Plate XXV. Fig. 22. 
Spirifera fornacula — Hall; 10th Rept. State Cab., p. 154. | 

‘“ euruteines var. fornacula — Hall; Pal. N. Y., Vol. IV, p. 211, Pl. XXXI, | 

Figs. 11-13. 

Shell small, ventricose in profile and transversely oval, or sub-ellipti- 
| cal in outline, with an elevated cardinal area. Ventral valve most 

convex on the umbo, with gently convex sloping sides, and rounded 
cardinal extremities; center of the valve marked by a narrow, concave, 
well marked mesial sinus, and each side by about ten low, rounded, 

| radiating plications; area moderately high; fissure narrow. Dorsal 
valve less elevated, but more regularly convex than the ventral, the 
greatest elevation being about the middle of the valve; mesial fold 
and plications corresponding to those of the ventral, with the excep- 

| tion of a perceptible flattening on the middle of the fold. 
The specimens correspond very closely with the originals of the 

variety fornacula, described and figured by Prof. Hall. They differ 
essentially from the form usually known as S. euruteines Owen, in 

| the overarching of the ventral beak and the rounding of the cardinal 
extremities; and for these reasons I think they will prove to be a dis- 
tinct species when more perfect material can be had. 

Formation and locality. Inthe Hamilton group, at Washington street bridge, Mil- 
waukee, Wisconsin. | | 

SPIRIFERA PENNATA. | 

Plate XXVI. Fig. 4. 
Spirifer pennatus — Owen; Rept. Geol. Surv. Iowa, Wis. and Minn., Tab. 3, Fig. 3. 

gs « ““ (Owen) — Hall; Geol. Towa, Vol. I, pt. 2, p. 510, PL V, Fig. 1. 
Shell large or above a medium size, short from beak to base and | 

very extended on the hinge-line, which is often prolonged intc mu-
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cronate points of varying degrees. Valves angularly ventricose, the | 
ventral much the deepest and marked in the center by a broad, some- 
what abruptly depressed, subangular mesial sinus, which extends to | 
the apex of the valve. Sides of the valve between the sinus and the 
hinge-extension slightly coneave, and occupied by from sixteen to 
twenty or more low, rounded or subangular, simple, radiating plica- 
tions, which graduaily decrease in size from the sinus outward, becom- - 
ing minute and very oblique near the hinge-extension. Dorsal valve 
depressed-convex, and the fold less angular than the sinus of the ven- 
tral; the plications on the sides very similar to those of the ventral. 
Hinge-area high on the ventral valve, and divided in the middle by a 
broad foramen. Surface characters of the shell not preserved. 

: The individuals of this species are numerous, but usually not well 
preserved, so the features of the shell has not been observed on them. 
They are sufficiently distinct, however, to leave no possible doubt of 

_ their specific identity with the specimens from Independence, Iowa. 

_ Formation and locality. In beds of the Hamilton group, at Washington street bridge, | 
Milwaukee, Wisconsin. 

SPIRIFERA (CYRTINA) ASPERA, 

Plate XXVI. Figs. 1 and 2. : 

Spirifer aspera — Hall; Geol. Iowa, Vol. 1, Pl. II, p. 208; Pl. IV, Fig. 7. 

Shell of. moderate size, semicircular in a dorsal view, trapezoidal 
when viewed from the ventral side, and highly subpyramidal in pro- 

| file. Dorsal side moderately convex, with the hinge-line about as 
long as the greatest width in the internal casts; beak rather large and 

_ projecting beyond the hinge-line; mesial fold simple, of moderate 
width, strongly convex and rather less than half as wide across the 
front as the length of the valve from beak to front; sides of the valve 

_ marked by fifteen or more simple, low, rounded plications. Ventral 
valve highly pyramidal, with a pointed apex and a highly elevated, 
nearly vertical cardinal area, which is about half as high as the entire 
length of the hinge-line, and is divided in the middle by a narrowly 
triangular fissure, not more than one-third as wide at the base as the 

height of the area; mesial sinus appearing wider in proportion than 
the dorsal fold, moderately to deeply concave, with angular margins; 

| sides of the valve somewhat flattened between the fold and the ear- | 
dinal border, and marked by plications corresponding to those of the 

dorsal side. | 

The Wisconsin specimens of the species are all casts, and conse-
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quently do not show the minute surface structure of the shell. The 

species was first described from rocks of Devonian age at Rock Island, 
Ill.; and on the type specimens: the surface is shown to be strongly 
granulose, in fact densely covered with comparatively large, rounded 
granules, without apparent arrangement; still on close examination 
they are found to be concentrically arranged on the fine transverse 
lines of growth. The Rock Island specimens figured by Prof. Hall, 

shows about twenty plications on each side of the fold and sinus; the 

specimen retaining the shell of course will preserve more in number 

than internal casts even of a corresponding size. 
The species presents to some extent the features of Cyrrrna, hav-_ 

ing very broad dental lamellee which extend across the apex of the 

ventral valve to considerable extent, and also a mesial septum divid- 
ing the muscular impression, and an internal depressed pseudo-deltid- ) 
ial plate, extending across the fissure for from one-half to two-thirds 
of the depth of the valve. The granulose structure of the surface is 

also similar, although no absolute punctate structure can be detected 

in the shell of the type specimens. 

Formation and locality. In the rocks of the Hamilton group, at Washington street 

bridge, Milwaukee, Wisconsin. 

Genus SPIRIFERINA, De’Orb. : 

- Gprrtrerina? ziczac. | 

Plate XXV. Figs. 23 and 24. | 

Delthyris ziczac — Hall; Geol. Rept. 4th Dist. N. Y., pp. 200 and 201, 1842. 
Spirifera ziczac — Hall; Pal. N. Y., Vol. IV, p. 222, Pl. 55, Figs. 15-23. 

Spirifera  clio— Hall; 13th Rept. St. Cab., p. 93, 1860. 

Specimens of a small spiriferoid shell closely resembling this spe- | 

_cies are quite common, but of smaller size than those from the soft 

shales of the Hamilton group, and having greater affinities with a | 
small form closely resembling it, occurring commonly in the sandy 

layers of limestone at the old Incline Plane near Ithaca, N. Y. The 
- form is transversely elliptical, once and a half to twice as wide on the 

hinge-line as the length from beak to base; valves gibbous or strongly | 
convex, with a moderately elevated and incurved cardinal area. Sur-' 
face of the valves arcuate, divided in the middle by a moderately wide 

and dee» sinus on the ventral valve, and by a corresponding fold on — 

the dorsal, which is flattened or slightly grooved along the middle. 

They are also marked on each side of the center by six or seven strong, |
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subangular plications. The surface of the casts show strong evidence 

of numerous coarse concentric lines crossing the plications, which 

arch strongly backwards in crossing them. 

The internal casts offer but very slight evidence of an internal lon- 

_ gitudinal septum in the ventral valve required in Spwiferina, in this 

| respect resembling the New York specimens of the species. 

Formation and locality. In the Hamilton group beds, at Brown Deer, near Milwau- 

kee, Wisconsin. 

a Genus ATRYPA, Dalman. 

a, Arrypa ReticuLaris L. and A. sprnosa and A. nysrrix, Hall. 

| | Plate XXVI. Figs. 5-8. 

Specimens representing these three forms of Atrypa, are compara- 

tively common among the collections of the survey, from the Hamil- | 

ton group. Those representing A. reticularis have much the charac- 

_ ter of specimens from the soft shales of the formation in New York, 

being finely marked and the dorsal valve strongly convex, with nu- 

merous strong, concentric growth lines imbricating the radii. Those 

referred to. A. spinosa Hall, are more coarsely marked, the radii pre- 

senting a somewhat knotty appearance at the crossing of the concen- 

tric lines, while the valves are more nearly equally convex than those 

of the last; and the shell is usually wider above, presenting a some- | 

what square-shouldered appearance, seldom or never possessed by 

either of the above species. The A. Aystria is lenticular in profile, 

the valves being nearly equally convex, and marked by only a few, 

very coarse, usually bifureating plications, which are crossed by dis- 

tant and strong concentric undulations, marked at the junction of the 

-plications by strong nodes corresponding to the bases of the spines. | 

These specimens have precisely the features of the specimens from 

the higher beds of the series at Rockford, Iowa; being slightly more 

regular in their growth than those from the Chemung group of New 

York. | 

It is a very interesting fact connected with the distribution of 

species, finding these three forms of the genus so characteristically 

represented, at an isolated outcrop of the formation, particularly one 

so slightly developed as is this one; and to find them associated with 

other species also, which, in other geographical areas, are confined to 

different or distinct geological horizons, separated by deposits of great 

thickness, as they are in New York, between the Hamilton shales and
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the Chemung group above. It tends to show the continuance and 
preservation of specific forms through a long lapse of time, and over 
great geographical areas, where the conditions were favorable for their 
preservation, and their distribution through forced migrations, by 
gradual changes of conditions, instead of extinctions, over areas, by : 

sudden changes of circumstances. 

Formation and locality. In the Hamilton group, at Washington street bridge, Mil- 

waukee, Wisconsin. | 

| Genus LEIORHYNCHUS, Hall. 

| Lrtoruynerus Krtiocer? , 

| Plate XXVI. Fig. 9. 

Leiorhynchus Kelloggi — Hall (?); Pal. N. Y., Vol. IV, p. 361, Pl. LVI, Figs. 1-12. 

Shell of moderate size, transversely oblate in outline and moderately 

convex in profile, giving a rather rounded lenticular section. Dorsal 
valve about three-fourths as long as wide, and presenting an almost 

regularly oval figure, the beak not projecting beyond the general con- 

tour; central third of the valve elevated to form the mesial fold, which 
is not conspicuous on the posterior third of the valve, but is marked 
by four low, but slightly angular plications, one of which, on the 
specimen figured, bifurcates, giving five on the front part of the valve; 
sides of the valve marked by from three to five slightly raised and 
faintly marked plications. Features of the ventral valve not clearly 
seen, as the specimens are much distorted by compression. The in- 
ternal casts are marked by the characteristic mesial septum in the 
dorsal valve, which on one individual has extended beyond the middle 
of the length. 

_ The specimens present the features of the species, as shown on the 
‘Ohio specimens originally used, and also retain, to some extent, mark- 
ings of the long radiating fibrous shell structure, which appears to be 
a usual character of the genus. The plications shown on the figured 
specimens are somewhat more strongly developed than are those of 
the types of the species; but as those are all partially exfoliated, they 
are consequently somewhat reduced in strength. 

Formation and locality. In the Hamilton group, at Washington street bridge, Mil- 
waukee, Wisconsin.
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LAMELLIBRANCHIATA. 

Genus MODIOMORPHA, H. & W. 

| MopioMoRPHA CONCENTRICA. 

| Plate XXVI. Fig. 10. 

_Pternea concentrica — Conrad; Ann. Rept. Geol. Surv. N. Y., p. 116, 1838. 

Cypricardites concentrica —Conrad; Ann. Rept. Geol. Surv. N. Y., p. 52, 1841. 

Modiola concentrica — Hall; Geol. Rept. 4th Dist. N. Y., p. 196, Tab. 78, Fig. 9. 
Cypricardites oblonga — Conrad; Ann. Rept. Geol. Surv. N. Y., p. 52, 1841. 

Modiomorpha concentrica—H. & W.; Prelim. Notice Lamellib. Shells of the Up. Held., 

Hamilton and Chemung groups, ete., p. 73 

(distributed without author’s name). 

Modiomorpha concentrica — Meek & Worthen. 

The specimens representing this shell are below the usual size and 

in a rather poor state of preservation, but possess the usual features 
of the species. The form is transversely elongate, ovate or subovate, 
and very compressed. ‘The anterior end is short and narrowed in front 

of the beaks; while the posterior portion gradually expands in height 

from the beaks for about two-thirds of the length, from which point, 

the margin is rapidly rounded and declines to the postero-basal ex- _ 
tremity; basal line slightly convex posteriorly, and slightly emarginate 

opposite the beaks; the latter feature is small, compressed and directed 

forward. Umbonal ridge rounded but not conspicuous. Surface of 
the shell marked by numerous regular, closely arranged concentric 
ridges, which are most distinct along the umbonal ridge. 

Formation and locality. In the Hamilton group, at Brown Deer and at White Fish 
Bay, near Milwaukee, Wisconsin. 

Genus Patmanetto, H. & W. , 

PALHANEILO CONSTRICTA. 

Plate XXVI. Figs. 13 and 14. 

Nuculites constricta— Conrad; Jour. Acad. Nat. Sci. Phil., Vol. VIII, p. 249, Pl. XV., 
Fig. 8. 

Paleaneilo constricta~ H. & W. (Con.); Prelim. Notice Lamellib. Shells of the Up. 
Helderberg, Hamilton and Chemung groups, etc., 
p. 7 (distributed without author’s name), 1869. 

| Shells of small size, seldom attaining a length of more than three- 

fourths of an inch. Form irregularly ovate transversely, the length |
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nearly twice the height; largest anterior to the middle, and rapidly 
narrowing posteriorly. Anterior end rounded; basal line full and 
somewhat protruding near the middle of its length, between which 
point and the posterior extremity it is distinctly and broadly sinuate. 
Posterior extremity narrow, the margin rounded, and the longest 
point a little above the middle of the height of the valve; hinge- 
line slightly arcuate, more abruptly bent at the beak, the posterior 

_ side nearly twice the length of the anterior, and both marked by 
numerous small, curved teeth, the number not ascertained on any of 
the specimensin hand. Surface of the shell moderately convex on the 
middle and at the anterior end, but compressed posteriorly. Posterior 
to the middle, and corresponding to the umbonal angle of other shells, 
there exists a broad, shallow depression or sulcus, which extends from . 
behind the beak to the constriction of the postero-basal border; as in 
all species of the genus yet noticed. The surface markings consist of 
fine regular lines parallel to the margin, covering the anterior and 

| iniddle portions of the shell, but becoming obsolete on the posterior 
portion and in the sulcus. | 

The shells of this species are somewhat variable in their propor- | 
tions of length and breadth, and in the depth and distinctness of the 
posterior sulcus and basal constriction; dependent on the greater or 
less extension of the posterior extremity of the valves. The species 
has been recognized in several distinct geographical regions, and these 
variations are noticed at each of the localities. | 

Formation and locality. ‘Tn Wisconsin it has been noticed only on the lake shore at 
White Fish Bay, near Milwaukee. | 

PALEZANEILO NUCULIFORMIS. | 

Plate XXVI. Fig. 12. | 

Leda nuculiformis — Stevens; Am. Jour. Sci. & Arts, 2d Series, Vol. XXV, p. 262, 1858. 
Leda Barrisi—Wh. & Whitf.; Proc. Bost. Soc. Nat. Hist., Vol. VII, p. 298. . | 

_ Paleaneilo Barrisi —H. & W.; Prelim. Notice Lamellib. Shell of the Up. Helderberg, 
Hamilton and Chemung groups, etc. (distributed 
without author’s name), 1869. 

A single right valve of this species has been noticed among the col- 
lections of the survey, having a length of three-fourths of an inch, and 
presenting the usual characters shown on those from the Burlington 
sandstones and from the Marshal sandstones of Michigan. The form 
is elongate-elliptical, the length nearly twice and a half the height; 

| beak sinall and inconspicuous, situated at about, or a little within the
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anterior third of the length; anterior end the largest, and rounded; 

the posterior end narrowed from the beak and the extremity more 
sharply rounded, the longest point being a little above the middle of 

the height, the basal line rounding upward from just behind the cen- 

ter; hinge-line gently curved and marked by numerous small teeth. 
Surface of the shell marked by somewhat regular concentri¢ lines of 

growth. | 
The original specimens of the species were from the Marshal sand- 

stones near Battle Creek, Michigan; and were described as coming 
from coal measure strata, in consequence of which they were over- 

locked in the description of Zeda Barrisi; but several years after- 
ward, in looking over the type collection of Mr. R. P. Stevens, his 

specimens were noticed and recognized as specifically identical with 
those from the Burlington sandstone, and to have come from strata 

other than coal measures. The form described as Wucula Lowensis 
in the same paper with Leda Barrisi was also recognized under the 
name Vucula Houghtoni Stevens, and as these names antidate Leda 

Barrist and Nucula Lowensis these latter will take their place as 

synonyms. | 
It is of considerable interest to find this species, which in Ohio, | 

Michigan and Iowa, is found in rocks which are considered as of 

Waverly age, here associated with so many forms of undoubted Ham- 

ilton age; and it shows conclusively the close connection and unin- 

terrupted passage of the fauna of this earlier period into that of the 
later, and if the Waverly group proves to be of Lower Carboniferous 
age, as is claimed for it, a passage of the fauna of one into that of a 

| subsequent Aer. It also proves a connecting link between the for- 

mations around Milwaukee and those of Michigan on the opposite 
side of the lake. | | 

Formation and locality. In the Hamilton group, at White Fish Bay, near Milwau- 

kee, Wisconsin. 

PALAANEILO EMARGINATA. 

Plate XXVI. Fig. 11. 

Nuculites emarginata— Conrad; Ann, Rept. Geol. Surv. TT. Y., 1841, p. 50. 

Paleaneilo emarginata— (Con. sp.)—H. & W.; Prelim. notice, Lamellibranch. 
shells of the Up. Helderberg, Hamilton and Chemung 

_ groups, etc, p. 7 (distributed without author’s name), 
1869. : 

Shell small, strongly convex, very transverse, with dorsal and basal 
margins straight and parallel; anterior end short and rounded; pos- 

terior end narrowed from below and extended along the cardinal line, 
Von. IV.—22 |
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the extremity pointed or slightly rounded; posterior basal margin | 
sharply and deeply constricted or emarginate, corresponding to a deep, 
sharp sulcus which crosses the surface of the shell from behind the 

beaks to this point, producing a strongly marked feature. Beaks 

small and inconspicuous, situated near the anterior extremity. Sur- 

face of the shell ornamented by very distinct, regular, raised lamellose 
lines or ridges, parallel to the margin and marking stages of growth. 

| Entire length of the shell equal to about twice the height. 
The Wisconsin specimens of this species are somewhat smaller than 

those from Now York, and are usually slightly flattened; in which 

condition they present an appearance somewhat intermediate between 
the P. emaryimata and P. filosa (Conrad, sp.) of the Chemung group 
of New York, but when compared with small individuals of the first. 

| named species they are found to correspond very closely. | 

Formation and locality. In the Hamilton group, at Washington street bridge, Mil- 

waukee, and at White Fish Bay, Wisconsin. 

CEPHALOPODA. 

Genus GOMPHOCERAS, Sowerby. 

GOMPHOCERAS ¢ FUSIFORME, DN. sp. 

Plate XXVI. Fig. 16. 

Shell rather below a medium size, very moderately expanding from 
below upward to near the middle of the outer chamber, as seen on the 
type specimen, above which it again decreases to the aperture some- 
what more abruptly than below. Section circular, or very nearly so, 
the slight flattening of the specimen probably due to compression. 
Septa not distinctly defined in the specimen, but apparently about 
one-sixteenth to one-twelfth of an inch apart, and but slightly concave. 
Siphunele not observed. 

The aperture of the specimen is narrowly sinuate on one side, but 
does not appear to have been contracted and trilobed as is usual with 

specimens of the genus from older rocks. This feature is noticeable 
in many species of this group of shells from rocks of the Devonian 
age, and it is probable they may require a different generic designa- 

| tion if it is found to be a prevailing feature of those of this period. 

Formation and locality. In the Hamilton group, at White Fish Bay, near Milwau- 
kee, Wisconsin.
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GoMPHOCERAS BREVIPOSTICUM, N. sp. 

Plate XXVI. Fig. 15. 

Shell rather below a medium size, very rapidly expanding from be- 

low upward, the rate of increase more rapid toward the base of the 

outer chamber than in the earliest stages of growth, and again decreas- 
ing in the same rate to near the middle of the chamber, and gently . 

contracted above to the aperture. ‘The rate of increase in the type 
specimen in a length of two inches below the point of greatest diam- | 

eter, is from a little less than five-eighths of an inch to one inch and 
_- seven-eighths; septa moderate, those preserved being about one-eighth 

of an-inch apart; siphuncle lateral in the specimen; aperture sharply 

sinuate on one side, at a distance of one-fourth of the circle from the 

position of the siphuncle. No evidence of the lobed contraction of 
the aperture, as in the Silurian examples of the genus, exists. 

The specimen is flattened by compression, so that the apparent ex- 

pansion is probably somewhat greater than natural. 

Formation and locality. Inthe Hamilton group, at White Fish Bay, near Milwaukee, 

Wisconsin. 

CRUSTACEA. 

Genus PHACOPS, Emmerich. 

PHAOCOPS RANA. 

Plate XXVI. Figs. 17-19. 
Calymene bufo, var. rana — Green; Mon. Am. Trilobites, p. 42, 1832. 

Phacops rana (Green) — Hall; 15th Rept. State Cab., p. 98, 1862; Ilust. Dev. Foss., 
1876, Pl. VII and VIII. 

Phacops rana (Green) —M. & W.., Geol. Rept. IIL, Vol. TI, p. 447, Pl. XI, Fig. 1. 

The few imperfect fragments of this species which the collection 

contains, are sufficiently characteristic to leave no reasonable doubt of 

their specific identity. They consist of two separated pygidial plates, 

and a nearly entire thorax, but no heads have been examined; 

‘consequently, the most reliable features of the species have not been 

noticed. The portion of the thorax preserved, consists of parts of 

| eleven segments, and is a little wider than long, the greatest width be- 

ing at about the fourth segment from the anterior end, from which 

point it gently contracts, with a slight curvature, to the pygidium, : 

some parts of which are visible. The axial lobe is moderately elevated,
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regularly tapering backward and slightly narrower than the lateral 
lobes. Lateral lobes flattened on the surface for nearly two-thirds of _ 
their width; outside of the flattening they are rounded and rapidly de- 
clining to the margin. Articulation strongly convex and moderately 
arched forward in the centre of the axis and gently inclined back- 

~ ward across the flattened portion of the lateral lobe, and more strongly _ 
bent at the angle of the lobe, but rounded forward at the extremities oe 
of the pleura. 

The pygidial plate is transversely subelliptical, with obtusely pointed 
| lateral extremities, and a moderately convex surface. Axis narrow, — 

scarcely more than one-fourth of the entire width of the plate, even 
on the anterior end, rapidly narrowing posteriorly in the cast, pointed — 
at the extremity, which terminates a little within the outer margin. 
Axis marked by about eight rings exclusive of the anterior articulat- | 
ing projection; lateral lobes marked by five on the cast, and possibly 
there may have been six showing on the outer crust. The specimens 
all being casts, the surface features of the crust cannot be determined. 

Formation and locality. In the Hamilton group, at Washington street bridge, and 
at White Fish Bay, near Milwaukee, Wisconsin. |



SUPPLEMENTARY SPECIES, 

- a Genus DIKELLOCEPHALUS, Owen. 

DIKELLOCEPHALUS LODENSIS. 

Plate XXVII. Figs. 12 and 18. 
Dikellocephalus Lodensis — Whitfield > ante, p. 188; also Ann. Rept. Wis. Geol. Surv. | 

1880, p. 51. | 

This species was first founded upon a single detached cheek. Since 

that time I have received other material which illustrates the species 

more fully, and from which the following description is drawn. 

Body broadly ovate in outline, the width across the upper part of 

| the thorax being about two-thirds as great as the entire length, the 

whole being distinctly trilobed. Cephalic shield, as shown by the 

left movable cheek, and an isolated glabella and fixed cheeks referred 

to the same species, has been broadly subsemicireular. Glabella de- 

pressed convex, halfas long again as wide across the middle, slightly nar- 

rowed anteriorly and rounded on the anterior end, but presenting a some- 

what squarish aspect infront. Two pairs of glabellar furrows mark its 

surface, the posterior pair unite in the center and form a continuous 

line across the glabella, of nearly equal strength with the occipital 

furrow and parallel to it; the anterior pair are faintly marked, each © 

one extending only about one-third of the width of the glabella. 

Occipital ring broad, round on the surface and projecting somewhat 

beyond the sides of the glabella at the dorsal furrows. Dorsal fur- 

| rows very distinct, and continued with equal strength in front of the 

 glabella. Anterior limb of moderate width, though considerably ex- 

ceeding that of the occipital ring. Fixed cheek rather narrow, not | 

very prominent. Eye lobes wider than the fixed cheeks above and 

- below and eonvex on their surfaces, the channel bordering the eye . 

narrow and deep. Posterior limbs long and narrow, the occipital fur- | 

row strongly marked along their surfaces. From the dorsal furrows : | 

at the antero-lateral angles of the glabella, small furrows cross the 

fixed cheeks in an obliquely upward direction, separating the fixed 

cheeks from the frontal rim.
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The movable cheeks are elongate, subtriangular in form, with a 
gently convex surface; the ocular rim is large and the outer margin 
strong and thickened and is extended backwards from the genal angle 
into long, round spines, which reach to the extremity of the sixth 
thoracic segment. 

Thorax composed of ten segments, which gradually decrease in size 
from in front backward. Axial and lateral lobes subequal in width, 
the pleura strongly recurved and pointed at their extremities, and ; 

| longitudinally divided by an oblique furrow which rises near the | — 
| upper edge at the dorsal furrow and terminates below the middle on 

the outer flattened or free portion. Axial lobes of the segments 
marked at their outer ends by broad bosses or tubercles. 

_ Pygidium transverse and broadly elliptical with a strong central 
axis, which is marked by four elevated rings, exclusive of the large 

| terminal one; lateral lobes marked by four ribs each, which are deeply 
divided by longitudinal furrows, all of which terminate considerably 
within the margin of the plate. 

The surface of the cheek plate within the marginal rim, the axial 
lobes of the thoracic segments and the primary divisions of the 
pleura, as well as the corresponding parts of the pygidium are thickly 
covered with raised, rounded granules of moderate size, giving a dis- 
tinctly verrucose surface to these parts of the crust. The occipital 
ring and the space between the furrows on the sides of the glabella 
also show indications of the same structure, though much less dis- 
tinctly than the other parts of the body. (The specimen shows evi- 
dence of recent abrasion, and in several places has been scraped with 
a knife or other sharp instrument, enough to have destroyed such 
ornamentation, had it existed; but the granules have been much less 
distinct than on the other parts.) 

The specimens from which the above description is drawn consist 
of an isolated glabella and fixed cheeks very nearly perfect, and an 
individual in which the pygidium, thorax and the left movable cheek 
are preserved intact and quite complete ; the central plate of the head and right movable cheek only being absent, thus making perhaps the most complete individual of a Dikellocephalus yet obtained in this 
country. : | 

The principal point of distinction between this species and D. pep- 
enensis rests in the granulose surface structure. I have examined a large number of separated glabellas, movable cheeks and pygidia from 
La Grange mountain, Minn., Owen’s typical locality for his species, 
and from Mazomanie, Wis., but have not been able to detect on any of 
them the slightest indication of this granulose structure. Other points
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of distinction may be found in the structure of the central plate and 
glabella. The anterior or third pair of furrows are not at all discern- 
ible, and the second pair are slightly nearer the anterior end of the 
glabella. The fixed cheeks are a little wider, and the furrows passing 
from the anterior angles of the glabella across the fixed cheeks is a 
feature not possessed by the glabellas from the other localities. The 

movable cheeks are proportionally longer, and the spines of the pos. 

terior angles more slender, but not nearly so long as in the D. pepin- 

ensis. The pygidium is very similar to that of Owen’s species, but is 

quite perceptibly broader in proportion to its length. . 

- It may be possible that the glabella and fixed cheeks above described 

do not belong to this species; but so far as I am aware, it is the only 

form of these parts found associated at the locality, not already de- 

termined. The fact that there are so few granules on its surface, and 

those quite obscure, while the movable cheek and other parts found in 

juxtaposition are so thickly covered, is rather an evidence against their 

union. At the same time, there is another form of movable cheek, 

possessing a very similar facial suture; in that respect corresponding 

as nearly to the glabella in question as the one associated with the 

a thorax and pygidium; but it has a much broader marginal border and 

strong, broad spine, while the broader occipital ring would require a 

wider and stronger lateral posterior limb than that of this glabella. 

It has therefore been thought best to consider it as of a distinct spe- 
cies and to place the glabella with this species until evidence to the 

contrary is obtained. | | 
The example of this species retaining the parts in position will serve 

to throw more light on the characters of the genus Dikellocephalus 

than has been hitherto possessed, especially in regard to the number _ 

of segments composing the thorax, which are stated by Dr. Owen un- 
der the original description as probably eight. The position of the 
fixed cheek and pygidium in this specimen leaves no doubt whatever 

of the number in this species being ten, and ten only; at least at this 

stage of development; while it may be possible that some species may 

have had but eight. 

Formation and locality. In the upper part of the Potsdam formation at Prairie du 

Sac, Wis., found and presented by R. E. Stone, Esq., of that place. 

| s
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DIKELLOCEPHALUS CRASSIMARGINATUS, N. sp. | : | 

| Plate XXVII. Fig. 14. 
Dikellocephalus Pepinensis? Hall; 16th Rept. State Cab. N. Y., pl. 11, Explanation 

| Fig. 2. | 

| The movable cheek, for which the above name is proposed, is usually 
nearly as wide from the lower angle of the ocular sinus, as the length 
from the line of the posterior occipital margin to the frontal projec- 
tion of the marginal rim; which gives the plate a much greater width 
than is the case of that found with the body of D. Lodensis. The | 
marginal rim is also very wide and heavy in appearance, being fully 
one-fourth of an inch in the widest part of the specimen figured. The 
spine at the posterior angle is about as long as the body of the plate; 
is very wide at its origin and tapers rapidly to the point. Ocular 
sinus large; occipital ring, as shown on the plate, proportionately 
broad and convex. The line of the facial suture is very similar to that 
of D. Lodensis, differing only in the greater distance across the 
occipital ring. | 

The specimen figured in the 16th Rept. State Cab. N. Y. loc. cit. 
was referred with doubt to D. Pepinensis, being associated with that | 

_ species at La Grange Mountain, Minn., but it is evidently not of the 
same species as the common form found in those beds and associated 
with the glabellas and pygidia of that species; nor is there any other 
part yet known that can with satisfaction be classed with it. But as 
it is apparently not of extremely rare occurrence, I have thought it 
best to treat it so that it may be spoken of and referred to in a definite 
manner. ‘The surface of the cheek near the ocular sinus is marked by | 
faint wavy lines in curves, nearly parallel to the border of the sinus. 

Lineunenta Sroxeana, n. sp. 

Plate XXVII. Figs. 6 and 7. 
_ Lingula aurora var. Hall; 16th Rept. State Cab. N. Y., p. 127, pl. 6, Figs. 6-8. 

Associated with the above two species of Dikellocephalus on the 
same blocks are impressions of the Zéngulella which was published 
in the 16th Rept. State Cab. under the name Lingula aurora var. re- 
taining all the peculiarities of the specimens from Mazomanie which 
led to their identification as a variety. Their persistence in specimens 
from other localities would seem to give them sufficient weight to be 
considered as of specific importance. I therefore propose to recognize
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- it as such under the above name given in honor of R. E. Stone, Esq., 
the discoverer of the specimens of Dikellocephalus above described. 

The peculiar surface ornamentation of this species seems to be one 
that characterizes many forms of this genus in the primordial forma- 

| tions. It is caused by a series of concentric lines which cross the 
shell in a direction different from the ordinary lines of growth, some- 
times assuming a nearly opposite direction; and are consequently an 
independent feature depending on a series of changes in the mantle of 
the animal during the formation of the shell; as in the case of Lucina 
dwaricata and many other forms of Lamellibranchiate shells. 

: Genus LINGULA, Brey. , 

Lingua ELDERI, n. sp. 

Plate XXVII. Figs. 1-5. 

Shell oblong and subquadrangular in outline, with nearly or quite 
parallel lateral margins, which are but very slightly eurved; anterior 
and posterior extremities subequal, the upper end being slightly angu- 
lar at the apex and on the shoulders, while the front or anterior end is 

broadly rounded. Valves rather strongly convex, the dorsal or shorter 
valve being a little the most convex and the valve as shown by the cast 

frequently marked by a slight flattening, or even by a depressed longi- 
tudinal line along the middle of the front half. Surface of the shell, 
as seen on fragments adhering to the casts, nearly smooth, being 

marked only by fine concentric lines of growth; and its substance 
thick. 

The interior of the shell of this species as shown by the internal 
casts appears to correspond more nearly to that of the recent forms of 

_ the genus than any other Silurian or Devonian species I have ever ex- 

amined. In fact the muscular sears and vascular lines would seem to 

correspond exactly with those of LZ. anatina Lam., as given by Allany 
| Hancock, Esq., in his excellent memoir published in the Phil. Trans. 

1858, so far as the different elements of the scars can be de- 
tected. Of course there are variations in the position of different scars 
and somewhat in the lines of the pallial sinuses, and vascular ramifi- 
cations, but not more so than one would expect to find in different 
species of the same genus. All the muscles have left their imprint on 

the internal casts in a remarkable manner, even the pallial sinuses with
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their interior and exterior ramifications are shown, and even their pos- 

terior prolongations with their ramifications are shown, on the dorsal 

side of two individuals. 

| I have not been able to trace all of the elements of the muscular 

system, nor to detect the divisions between those forming the larger 

scars; some of which in the recent forms are seen to be composed of 

three or four elements; but where they are impressed on the shell and 

leave the trace of their advance over its surface in the proccss of 

growth, this would scarcely be possible in the fossil. 

In the dorsal valve the impression of the pallial sinuses (p s) are 

deeply marked and are widely separated, leaving the area within them 

very considerable; the central or inner ramifications (1) are very dis- 

tinct, and the outer ones also for a short distance from the main 

branches, while the posterior branches show the lateral ramifications 

(2) only on the outer side. The divaricator muscular sear of the dorsal 

valve (d) is very large and curved forward at the sides, being situated 

well back near the apex of the valve. It cannot be positively traced 

on the ventral side, most of the specimens being imperfect at this 

point. The anterior adductor scars (a a) are small and situated near 

the center of the valve, while the posterior abductors (p a) are large 

and situated outside of and posterior to them so as to inclose their pos- 

terior ends. The adjustor muscles (a d) are distant from each other, 

and placed just within the posterior third of the length of the shell. 

Two elements can be detected in each scar on some individuals, but 

they are usually obscure. 

On the ventral valve the lines of the pallial sinuses are nearer 

together on the anterior half of the shell than on the dorsal, the same 

as shown in Z. anatina, but spread out rapidly toward the middle, 

and, on the posterior half, occupy nearly the same relative position as 

on the other side. Near the center of the valve are seen a pair of large — 

scars (p a), which have advanced from behind their track, forming a 

strong feature on the cast, as it originates just in front of the position 

of the divaricator muscular scar (d), and gradually widens as it advances 

until it oecupies fully one-half of the width of the cast near the mid- 

dle of its length. In the central line of these scars there is an ele- 

vated ridge, which terminates in a slightly prolonged tongue, and 

seems to represent the central adjustors (c a). ‘The large scars outside 

of these are probably the posterior adductors and external adjustors 

combined. Posterior to these and distant from the median line are 

other sears, which are long and narrow, which have also left their track 

as they have advanced. Two elements are represented on each side, 

and mark the place of the posterior adjustors and anterior adductors
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(p a andae). Between the lines formed by the advance of the 
scars of the adjustor muscles and those of the central area, on each 

| valve, there is a narrow smooth impressed space, which unites with 
the line of the pallial sinuses at the junction of the anterior and pos- 

| terior branches, seen on all the specimens, and for which I have not 
been able to satisfactorily account, as it lies within the area of the 
muscular scar, and consequently within the walls of the perivisceral 
chamber. The area of attachment of the muscular walls of the peri- 

Oo visceral chamber has not been detected, unless it be combined with : 
- the scar of the posterior branches of the pallial sinuses, which really | 

seems to be thecase. If this isso, the posterior branches of the sinuses 
ean have had ramifications on but one side instead of on both, as 
in the case of L. anatina. This would be a marked specific but not 
a generic character. 

It has been thought and argued by many persons that the genus 
Lingula, as represented by Z. anatina Lam., was not represented in 
the older Paleeozoic rocks, if in any of the rocks of that age, and for 
this reason there has been a disposition to class all the Linguloid 
shells of that age under other generic names, but the beautifully pre- 
served markings of these casts, I think, have proved beyond doubt that 
we have it represented in the Trenton period by at least one unques- 
tionable species. 

| Formation and locality. In the Trenton limestone (‘buff limestone”). The speci- 
mens figured were presented to me several years since by Dr. Elder, formerly of New 
York city, who collected them near Rochester, Minnesota. I have also received speci- 
mens from Mr. N. 8. Ainslie, of that place, and have collected several imperfect 
specimens near Beloit, Wisconsin. . 

Genus DINOBOLUS, Hall. 

DrnopoLts PARVUS, N. sp. 

Plate XX VIJ. Figs. 8—10. 

Shell, as represented by the internal cast, the only condition under 
which the species has been observed, small, subcireular in outline and 

lenticular in profile, the dorsal valve being considerably more convex 

than the ventral, and both valves the most ventricose in the upper 

part. In the cast the dorsal valve is characterized by a proportionally 

large depressed area of a broadly ovate form, extending from the upper |
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portion to below the middle of the length, most deeply sunken toward 

the front, where it is slightly prolonged ina rounded tongue-like exten- 
sion, and along the middle of the area a slightly raised and rounded 

ridge is distinctly shown. Indications of separate muscular scars are 
| seen in the upper part of the area. A similar depressed area of a 

subtriangular form represents the scars in the ventral valve, and occu- 

pies nearly the upper half of the length and is as wide across 

the base as the length; from the lower central portion a broad, 

shallow, rounded groove extends to the front of the cast; and 
a narrow slit marks the center of the impression. In a cardinal 

view the peduncular groove is shown to have been large and the 

cardinal process of considerable strength. Other muscular sears not 
visible; surface shown to have been strongly marked with concentric 
undulations. The characterizing marks of the species are the small 
size and the groove extending from the base of the muscular scar of 
the ventral valve to the front border. 

Formation and locality. In the Galena or lead-bearing limestone layers at White- 

water, Wisconsin. | 

Genus HOLOPEA, Hall. 

HoLopra OBESA, N. sp. | | 

Plate XXVIT. Fig. 11. 

Shell large, robust, extremely ventricose and natica-like; with strongly 
rounded, almost inflated volutions, about five in number, the last one 

| of which forms more than one-half the entire height of the shell, and 
expands very rapidly. Height of the shell about equal to the greatest 
diameter across the body whorl; giving an apical angle of about 

ninety degrees. Suture line very distinct, and in the cast deep and | 
strongly marked, leaving the volution distinctly rounded on the sum- 

mit. Base of the last volution round and the shell deeply umbili- 

cated. The aperture has been broadly ovate and distinctly modified 

by the intrusion of the preceding volution. The surface of the shell | 
has been marked by strong irregular growth lines, which have a strong 

backward direction in crossing from the suture to the base of the 
volution. There are also slight evidences of the existence of faint 
revolving lines on the body of the last volution. 

The speciesis one of a group of large forms of the genus, character.
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: izing the horizon of the Calciferous sandstone or Lower Magnesian 

limestone formation, which appear to have very close affinities with 

eachother. The present species is most nearly allied to HZ. curgida 

(=Pleurotomaria turgida, Wall, Pal. N. Y., Vol. I, pl. 12, p. 3, figs. 9 

and 10), from which it differs in the more erect form and less obliquity 

of the volutions, as well as in the more elevated spire. I should infer 

from the description given in Pal. Foss. Can. Vol. I p. 28 0f & 

Proserpina, Billings, that there was great similarity between it and 

| New York species, the principal points of difference being in the 

proportions of height and breadth. H. ovalis, Bill., loc. cat. p. 351, 

fi. 2, is more elongated than this one and the volutions less ventri- | 

cose; while H. Hayeriof the same work, p. 29, fig. 27, has much the 

| same form, but the upper volutions are flattened in the direction of 

the spire. 

Formation and locality. The specimen in our possession, and from which the de- 

scription is taken, is an impertect internal cast in white chert, stained by iron. It was 

found loose at River Falls, Wisconsin. Its characters are the same as those of the 

loose cherty nodules of the Lower Magnesian limestones commonly found in the drift 

material of that part of the state. , 

Nore A.—In Vol. 5 of the Paleontology of New York (dated December 15, 1879, 

distributed in December, 1880, see Am. Jour. Sci., Vol. XX, p. 439), at page 139, there 

.. occur some remarks, by the author, on the limestones at the Falls of the Ohio, and their 

relations to the Hamilton Group of New York. By reading these remarks one would 

| be led to infer that the discovery that the limestones near Milwaukee are of the age of 

the Hamilton Group of New York, is there for the first time recognized. This very 

erroneous idea may be readily corrected by reference to the Report on the Geol. Survey 

of Wisconsin for the vears 1873 to 1877, pp. 79 and 85; but is more satisfactorily ex- 

plained on p. 395, where Prof. T. C. Chamberlin has a chapter on the ‘‘ Hamitron 

Cement Rock.” On page 397 and succeeding pages, lists of the fossils from these 

beds, as recognized by myself in the collections of the survey at Beloit College in 1877, 

are given, which show positively what age the beds belong to, and were positively 

recognized as, at that time. For the authority for the lists, see p. 262 of the same re- 

port under the head of ** Organic Remains.” . R. P. W.
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| GENERAL LIST OF THE FOSSILS | 

Fecognized within the state, including those described in this volume; and showing the 
| formations tn which they occur. 
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Aulacophyllum, sp. undet...... ccc cee fe ce cle cee [eeeafeoerlewee] * Leseclececlvose 
Cyathoxonia Wisconsensis, Whitf......] 2-6} ee fone Jeooefeeee] B | ccclececleeee 
Chonophyllum magnificum, Bill... 0... ce Jew ee few cele ecde ne cleoset F dic. .f..ee 
C. Niagarensis, Hall... cee cee fee eefeme elie e fuooe] wee] ® fowsel] ccclewee 
O. sp. Undet.... cece cece ee ce we wedi veefene fewecleceelies BP OR] Lola eee 
Cystiphyllum Niagarense, Hall... .. ccc] eee epee ee feee | ce ele wee] FB dececlececleece 
C. Niagarense? ... 6.1 cccccecccceccer[ecesfrccali ce [eveclecsc[e eee! F loccsleves 
Cyathophyllum, sp. Undet.... cece c eeepc fee eps wee leceolece fescsleveefeceel ® 

: Streptelasma calyculum, Hall..wsee cee cfew ede bee eefeee fe ee] * |e ec feee [ewes 
S. coruiculum Hall........ cee eee ee] wo edeoe | FL Fl... pw. Looe pele e ee 
S. multilamellosum, Hall.............] 2. foee fee ee] FB fee. J ee ele fee ele eee 
S. profundum, Conrad.......-cecceee fees feees| Flees fece fee eebe ce [oe ee] seen 
hm. SP. UNdEL.. coe e cece ewe eee e fee efeoe ed FP] FP Fi Rly ee... 
Calcesla? Sp.2?.ccsccccccccccccccccccesfececfere | BF fece cle cc cle coeds cc cfececleoes 

| ECHINODERMATA. | 

CYSTIDEA. 

Pleurocystites squamosus, Bill... cee. fe ee feee elec ee] B fe ceeleceefeeecfesculeces 
Glyptocystites Logani, Billo... cece ee fee fee ee| Fleeces oeefene Jeoeclecee | 
Holocystites abnormis, Hall........ cece fee efewes[ ce feooefenee] F fie. fcc leoee 
H. altermatus, Hall... ccs cccce ccc een frcccfececlecec|eeeclecoe| *F lice feceslecee 
Hl. cylindricus, Hall... . cc. ccc e cee e edie ew feoe Jo cesfoooeleoee] * fice [eee feoee 
H. ovatus, Hall... cc ccc ce cece cece ate eecfeccefeceslecee] seed FE ]eccclece levee 
H. scutellatus, Hall. co.cc cece eee e eee] we few eefi ce feceefewes] B Jose cdc eleeee 
H. Winchielli, Hall... cc ccc ccc cc ccc cc fewe cleo en ele ee sfecect eee] FF fr ceclececleces 
Gomphocystites Clavus, Hall... cc. ee pee e epee elec ee fee e etree e] % [iceefecesfecee 
G. glans, Hall... cece ce cee eee wee fewe | ce feweele eee] F [oceedcecleeee 
Echinocystites nodosus, Hall... ce... Jee e fee eu fee afew eopeeee] [i cecleeeclecee | 
Crinocystites ornatus, Hall... . ccc eee sof we afeeeclewe face sfeweel Flo cc cdecesfeces 
CL SPP cc cecce cee ce er cece ce rnc cccees| secleccefececleccelecee| FF lrecsleccsleoee 
Hemicosmites subglobosus, Hall.......f ca [eeeed cocdeoeede BL ce clececlewee 
Apiocystites imago, Hall.. ...ccce eee ef ce fee eefe ee efew es leeeel BF foce lee eleeee 
A. SP. UNECE... eee cree rere ccccoeccceliccn lec e ete wee] BF fo csclececlecec|sccslewes 

CRINOIDEA. 

CryptOdisCus SP. 2. .ccercecvercccccscecfeesc[rees[eces[eceefesee| F licaslesecl eee 
Platycrinus sp. uUndet..... cc cece cee co cfe eee lew ee tewscleseefewce| F frcee[ecealeess 
Saccocrinus Christyi, Hall. cece cee nccfececleccedecosfecesfe ees] FF leecchecccleces
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- CRINOIDEA — continued. 

Saccocrinus semiradiatus, Hall ..... cc cle ve elec eele ee cle weeds oof F [icceleces[ecee 
Metocrinus verneuili, Troost. ...cceceeclecocleeee] confeecede wee] © freeclecseleece 
Eucalyptocrinus coelatus, Hall... cee cJece ele eeefeweelecee| oo | Fl * [occ le eee 
EB. cornutus, Hall... .. ccc cee cc cee few e ele wee le we olesealecee| F leeecleccclecee 
E. cornutus, var. excavatus, Hall... ...}. cele wee] coclececlecoe| * lecccleeculeces 
E. crassus, Hall... ccc cece cece cece feces lene leon cfene [even] * leaccleccclecce 
E. obconicus, Hall... cece cc ccccecces| conlececlececfscosfeces| * lescelececleces 
BE. ornatus, Hall ..ccccccccccccccesccc[soealsccsleseclececleceel ©] F live cdicee 

Macrostylocrinus striatus, Hall ......ce[ eee efeoselecenleeeelecoe! * [eeecleoeslioee 
Caryocrinus ornatus, Say... .ccccccsccclscee| secleceel[essalecee| * lrceslecesfrees 
Cyathocrinus Cora, Hall... ..ccecccssccelececleceeleceeleceeleeeel * Jeceeiececleves 
C. pisiformis, Romer ..c.. ccc cc wee eele coef eee cle we el ce ctewee| B [evcclecceleoes 

| C. Waucoma, Hall. ...0. cc ccee ceceli ec afececleceel(eree[eee | F Jreeelecesfeee- 

' Poteriocrinus, sp. undet ... coccccesae [ecocfesee| | * [i cccdeccelececlecccl[eoes 
Schizocrinus nodosus, Hall. ccccccccceclecsc(eces| © | F [occ cfeces|eceelsnesleee. 
Homocrinus, sp. undet ..cccccccesee ef eccfewee| Fl * feceelrcecleseclececlencss 
Rhodocrinus rectus, Hall... cece cere c cle woelececlecee| eosfeces| © leseclivcclevee 

| Glyptaster occidentalis, Hall. ..ccee cece lec elec cele wee(eeeefeeee] FB levee] conferees 
| G. pentangularis, Hall ...... 2. cece ee Jee e ele w ee leceoleceelees Ble eleweeleeee 

Glyptocrinus armosus, McCheg. sp.....[..e.foeeelece [eeeefeee | [eceeleceeleces 
G. nobilis, Hall... ..... cee cee eee] ce etefew ee le ee efeeee[eeee] F] Ff... foe. 
Lampterocrinus inflatus, Hall... . cc ccc [eee cle es efe ce efeee elec ee] F fewerleocelioee 
Icthyocrinus subangularis, Hall..... cc. [e eee fec ee] ce efewee fee eel F leew eleseclecess 
Lichenocrinus, Sp. 2... cc ceecccccces|ecee| ceeleses[ecee] a feeceleceelere teece , 
Stephanocrinus gemmiformis, Hall.....]o cases feweelene [eeee] FB fececleseulices 

MOLLUSCA. : 

| MOLLUSCOIDEA. 

BRYOZOA. 

Alecto inflata, Hall... .... ec cece sc cccc cle ceclecc cline feeeel * feccelsceslecralecee 
Aulopora (?) arachnoidea, Hall... .ccccleees[eceeliccslecee| © [oceeseceslevesleoee 
Paleeschara, Sp. UNdES 00... cece ce wren elec elec ecleweelew on] Flows clecec|seecleoee 
Lichenalia concentrica, Hall... .. ccc cn] e cc cle ccc lee celecccl(eoee| lose cle wcclecee 
Sagenella membranacea, Hall... sees eeefeeecfeeecleceefeees [eee | * lecesieeeelecee 

Cornuliles-like tubes ...cce.csccccecccs[eccolecce, F fece Jece-feeeeleoeclecarlecce 
Constellaria polystomella, Nich. .......jecccleccclsceclecee| * |i ceclececlececlioee 
Clathropora flabellata, Hall... ..ccceee [eceefecec[ececfesertee-o] * Jacecfecesfeoee 
Fenestella elegans, Hall ....ccscccccccclecselescc(socelecocdeoee| * Joveviseocleces 
F. granulosa, Whitf......sccccccccccvelreespesscleeesfewes| * lise [eeselesee] * 
F. gp. Unde... 2. cece cere cece er eeeleeesleceeleceleces[eoee| F leeeeleceeieeee 
Polypora incepta, Hall ......eccceceeceleceeleeneleweelececleoee| * foccslecoele ree 
Retopora, sp. UNdES.... cecsececcccvcee| cerfececlece feces] © freecfesesleesefeoes 
R. sp. undlet ........ cecccccccccesccsieeesfecee] F leese] | * [esesleeesleeee 
Ptilodictya recta, Hall......cccccccccvclecce{eoee] F ] * frees] eeclecee] eoclooee 
P. sp. UNCLE... eee eee cecee reece eveeelecesl(eoee] FF lesesleee [ewe elie frees 
Stictopora elerantula, Hall.......00 coclecoe{ecee| FL * [ * feccclececlenecleces 
S. fragilis, Bill ...... cceceecsecucees och fee] Ble el ceeleeesleeee 
S. ramosa, Hall... .cccccccsescseccroes e#e8e0°t 008 * boegeeje e@eleeoeoeolieeoevotseee 6008 

Vou. IV.— 23



354. PALAONTOLOGY. 

GENERAL List or THE Fossirs — continued. 

: | & | : 
n bs oN 

| | a > | 5 
GENERA AND SPECIES. s/o]. ; {> |] o| a . 

Sj = 9 $ qj & a Y S 
sls lflsiSilslaeilgs as bN | 
2 e a, 2)|cs a o> |e] 
© } ms cs S om = 10 3 
APR PRO; 4 oH | 

| BRYOZOA — con. | 

Stictopora sp. UNdet....cecrecevececcccleseefeeee? F] *® fcc feel we dlc lees 
Helopora sp. undet.....cccccccsccccceslesecfeceslecccfeses] EF liccclesscleeesleces 
Fistulipora lens, Whitf...... 0.62. ceccclececfeoeclecscleeese] * locecleccclecccle ce. 
FB. rugosa, Whitf... ccc cece cece cece ele we elece el eeccleces] * [oeeclececleccclecee : 
BF. solidissima, Whitf.....ccccscccrecclececleceslececleeee] * lececlececleccclece 
Fo sp. uUndeS...... cece ecco coeelewee|-ceeleeeel(eeeel * ficeel. - Loud... 
Trematopora, annulifera, Whitf ........[eeecfeses[eeec]seee] * lesscleseclececl.... 
T. granulata, Whitf ....... cc cc cece ee ele ee fesesleceefecosl * [ocscleeeclececl... 
T. SP. Pw. cccccscccsvcnser CHKRHOCB OER eo ele eenteoneon * * * * seoecele ec eelesese 

BRACHIOPODA. | 

Lingula ampla, Hall ....c.cccce se cce ee] % feseclecccfececdiceclececfece-slicecdce. 
L. attenuata, Hall... ccc cece cece ces lecccfecee| Fliseclecccleces wel cecli cee . 
L. Maqucketa ........ccccccececesces[reeclececlesesl[voee] woe [eoeeleccel oes . 
Li. mosia, Hall...... ees cec ec eceeccee | FE] ceeleeecfeee slice [ececleceel cocdecce) 
L. quadrata, Hichwald?......ccccceccleceeteeee) *®] F | cc fe eee lececle ce 
L. obtusa, Hall... cs ccc cece cc oes[ecectecee! * losecdise.|.ce leccclece. to... : 
L. paleeatormis, Hall... ... cece cece ce cfe cee lececfececlece ticcclecccleccclece.| * 
TL, Winona .... 2.260 cccccccccccceece| F lscccleceslece- | eaclvoccleces| wocl. ee. 
Lr, Sp. UNdES. cece ee ccecccenccecceees| secfeeeeleces] * Lesclessclececlecccls oe, 
Lingulella aurora, Hall...... cece cece ee] % [ececlese-[ececlice | cccleccel. cn. see 
GL. aurora var., Hall ....ccceecceeceeee| % | cacleecc[ices[secclececlececlecccls.., 
L. Towensis, Owen....cccccccccccsccclecee| cosleces| * loeccleae. cecleeecleces 
Lingulepis pinnaformis, Owen sp......| *® [ice [.ccctece-[eecclececleccclececl..., 

| Discina inutilis, Hall... .....cecccceeee] * coer lecerlewastececlsoecfeceslsneclecee 
D. marginalis, Whitf...... ccc cece ce cde eee leeelecccleees|eecleces] weeleee | # 
Trematis sp. Undet ........cceccsccccocfeceefeces| *l....1....] #1... fuel. 
Schizocrania filosa, Hall sp....ccesseee(eces[eees| Bice [eceslececlecesleeccd. 5... 
Obolella polita, Hall....... cece ce cees Ble ceefewc olin. [pceslececleccslieecleces 
Pholidops truncata, Hall .......cceceeclececleoes{soes| ¥F lccclececlecsclece cd... 
Crania antiqua, Hall ....cccccccececeeelece [eeeefece [eoesl FE liscclecscleveclece. 
C. scabiosa, Hall... ccc cs ec eeceeceeelecesfecee{eoes| Fdiseclese lececlesscl..., 
C. Sp. UNES... eee cece ce ere serene reeeleces| BF fecccleccclsencleccclicccleces 
Dinobolus Conradi, Hall .......ccccccclsccclecccleccclecccleces| % cocclecoclecce 
Monomerella prisca, Bill ...... ccc cee efeoesleeesfece [eee feoeeleee] * 1oc.-/.... 
M. sp. undet......... cecccccececsecefece feceefeses| F leccclececlececleccclece, 
Trimerella grandis, Bill.........ccececleeeeleceefeoocleescleoee] ®lieecl... |... 
Orthis bellarugosa, Hall. ...cecccsccecfeces(ecee] *®] *® lasslecccleeecleecclece. 
O. biloba, Linn... ..cccccecee cecveccpeece| sosfucesfescclevee] *® Ie.c.l..cl..., 
O. borealis, Bill .....ccecccevsevecceclecccleces| * loccslace [uecclescclece doce. 
QO. disparalis, Conrad .....ccccccecsecfies foceed * lice leccclececlececlecwclewes 

: O. elegantula, Dalman .........cc0. celecccleccc|scesleeecleces| | # rn 

O. equivalvis, Conrad ......ccccccscocfeees(eee.| * 1 */..../....10..1.00.4005, 
QO. flabellula, Sowerby.....ceccecesecc[eecsleeeclecccleces| oot *® tcc /.eecd..., 
O. hybrida, Dalman........ ccc ceeweeleceefece [ececleces(eeee] * leeccloos |..., 
QO. impressa, Hall oo... ccc cece eee ee lececleccclececleccclecscleweclece leveel # 
O. Kankakensis, McChes ......ccecccleccclecec(ececleeee] * leccclece weeelee 
O. lynx, Hich ....cccc cece eee eeesceefecesfoees| *] * 1 *® F.0d. 
O. oblata, Hall... . eee cee cece ee eleceelecee|scsclsecclececlececteseel #1... 
O occidentalis, Hall..........ccce ee efeoe feces] socfeees] # tec. chcecleeeel. oe. 
O. pectinella, Comrad ......eececeeeeelesoeleeee) *] *] *f....h.... 00)...
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BRACHLOPODA — con. : | 

Orthis plicatella, Hall..ccccsseccecccesfecoecfeseet FL FF] ceclesecleeecleceeleces 
O. perveta, Conrad. ..ccccscccsccccees|[ecceleccel Ff FL ceclececdececlececleces 
O. Pepina, Hall. ..cccccccccsecccscce] B frccelecccfececleces[sccclseecleeeleece 
O. subcarinata, Hall ...ccccc cece cece c(ececfecec|ececlsseefesecleows[eeee] * freee 
O- subequata, Conrad .cccccceseccsscslioe freee] % lasccleovcleceelsees|soaelecce 
QO. subquadrata, Hall... ccccccccccscc[ecocfeceel Fficee| F leecefiee Jeeweleees 
O. testudinaria, Dalman....ec.ee. coef eeefeee ef BE B®] Ff... wel] wolfe eee | 
O. tricenaria, Conrad .....cccc cece Jeceefeneed BT BF Fl... dole [eee [eee 
O. SP. UNCEE ... cc cece wees aces ceeccccteoee| woop Fl B®] *] FL... eee 
Hemipronites Americana, Whitf. .....]. ccf. cfee eet F fecccleoe ude. ou] cecleoee 
Streptorhynchus cardinale, Whitf.. 2. foe. fe ee foc e deed BF fece cde ceelicccfeoee 
S. deflectum, Hall... cccccccccccccccfeoes(eees) Fl] BF lice deccleccvlecesleces 
S. deltoideum, Conrad ...cccccsccceec] cofeee | BP Bice sfececfeeec[s ofeece 

| S. filitextum, Hallo... .. ccc cece ewe elec eefeoee| * focead Fleece fice | cesdeces 
S. planoconvexum, Hall. .ccceccceecfeee el oof BF fececleccclececleeecleeeefeoes 
S. planumbonum, Hall....cccccccccccfees frose] Fdice | F feccslececlscccleces 
S. sinuatum, EMMons..accccccecscccelecss|- cee] BF focccleccclesecleorcleses|soee 
S. subtentum, Hall... . cc. cc ccc cece celececle vec] FB frcccleccclsccsleeccl|ecacteees 
S. subplanumn, Conrad..ccccccsccccces[reestes ee] eoclececteccs| F frce.|cosleeee 
S. sp. new and unclet.....ceee sescecclecocleoes}| Ffoee.| Fl ® [icc fice cdewee 
Strophomena alternata, Conrad ...ceee[eeoeleeee] Fl] FE Flees .f ck e] wee fe eee 
S. anliquia, Sowerby... .-ccsevces secclecceleccclecesfeces | * [iceuleeec[ecocieee- 
S. camerata, Conrad... ..cccccccccecccfeeseleces| S| ®} * co Loo. fee 
S. Gamura, Conradl...cccccccccscccccccfoos leooel Flicelieccel oocleces| cocleces 

| S. incrassata, Hall?.. sci cccccccccccccteoesfenee| BL Fl. ceclece secs [ewe Jooee 
S. Kingi, With... ccc ccc ca cece cece sere elewee| cosfecee| FE licecleee-[seeclece- 
S. nitens, Bill .. cc cece ccc ccc cc cece slesecleccclienslecce| * fessslse. Jevecfeoee 
S. patenta, Hall... ccccccccewgecccsccclecesleoorlescc[eee [veer] [rss eleees[rece 
S. profunda, Conrad......cccccccsccmsle-eefecsclscesfeceefoee | * a ee 
S. recta, CONLAG.......ccccccccccccccc[rceclecccleccclecoet * frcculices| coufeces 
S. rhomboidalis, Wahl .... cc cccccs sacle es| coche ccclecccdeccc]eces| * lice Joven 
S. semifasciata, Hall ....cccccscseccesfeccalececlecceleces(useel EF jiae lece fooee | 
S. tenuistriata, Hall... ccc cc cece ccc cofeee ele cee] FB lece lec cl we clece ale wec[e ces 
S. tenuilineata, Conrad. .*. cc. cceccen foooele os] B focac| cocfeceeleces| eecleces 
S. Thalia, Bill... ... cc cece ccc ccc leoe li ecsleccclacnel © frccslecesfecesfeoee 
S. wunicostata, M. & W..cccccccccccccs{reosfeccslesectascot * lisccliee | woslecee 
S. Wisconsensis, Whitf....ccccccccccc(esorls ccs leccclecee] FS fececlicecl. ce Jeoes 
S. new and undet. sp.....ccccscocescs(reee{.oe.) BL B®} BL lle lees 
Strophodonta demissa, Conrad ... cece -feces[eccclececlecccleccs[escsleeeel = * 
S. inequistriata, Conrad ...cecccccceccleesefece liwoslscecleccclsccc(escs[eceet  # 
BS. perplana, Conrad..... cesesccccenc[eeeelececlecccfecee| secfeecsleceeieeee]  * 
S. striata, Hall... . 2... ccc cece ecco ele eeelewe leccclescelecs.| F licesdece foves 
Skenidium insignum, Hall? ....cscececleove| ce sfeace] oo focee| * feseel. © Joos 
Lepteena Barabuensis, Winchell........[ * | * feceed coclececleeeslecec[ecesleoee 
L. sericea, Sowerby.......ceceee coscfececfeses| BL F] *] cole eee e ele eee 
L. tranversalis, Dalman .......cccscesleoe | veclecs leccelseoel | ceclecoclecee 
Chonetes coronata, Conrad... 2... cccccloecslece lee [eee sficcslececlsoecleces * 
©. deflecta, Conrad... 22... ccc ccc ele eee le ce elsccslewecfececfeces[seesfeoeel  * 
Productella spinulicosta, Hall ........ [eee eli eee feccclecwefs ce cleee ele reclers ** 
Spirifera angusta, Hall ...... 0... cece fee ele e ee] covfec cede cecleccal] eo-[eee-]  * 
8S. (Cyrtina?) aspera, Hall 2... cc. ccc fee eefewe [ewe clececfeces| coclececfeee-|  * 
S. audacula, Conrad=S. medialis, Hall}... .j...cdececJeee fecccleceslecs [ewesleess
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BRACHIAPODA— €On. , : 

Spirifera euritunes var. fornacula, Hall.|....}.ce-[eseclecoeleecc[reerfeeccieeee! * 
S. gibbosa, Hall ...... cc cece cece cece elec alew eel canlecoctecee! * fewecle wofenes 
S. granulifera, Hall... ...ccccccccsccclece | ceclecealeccclseccleceeleeseleeoel 2 
S. mucronata, Conrad ......cccscccscelecee| « fooscleces|eccelesec|-eeeleoeal * 
S. mobilis, Barr...c..ccccvcccvecvcvesl(sccsfeeee| coslecvofecee! * fooes[ecccleces 
S. meta, Hall. .c.cccc cc cececcccccees| cesleeeslecccleccclecee| * jase cfeseet - 4 
S. pennata, OWeN....... coe cececccclewecleceslece [eceslene feeecleceeleoe | * 
S. plicatella, SOWerDy.....cccccccrcvelecec|serclscceleceelesee] F Jecesleoe [eves 
S. plicatella var. radiata, Sowr........Josec[ececlescefeseefeeee] F] *F].eee[e -- | 
Cyrtina? aspera, Hall 2c... ce cece ee fece elec ee lececfeceeleceeleoeslerecfesoel * 
C. Hamiltonensis, Hall ..... ccc cece cle ce afew cc lececlecesleccclececfewec[eeeel = ® 
Spiriferina? zigzag, Hall ........ ese cee] oe | cece cc cle ee eleceefeoealeeeeteoo el * 
Trematospira hirsuta, Hall ....... cee ele ce fee elec cele cecfecee] coeleeee[eeee] * 
Meristella (Charionella) Hyale, Bill... Jo... [oe .cfecec[ececlececlecoe| * decaa(ence | 
M. nucleolata, Vanux ....ccccccccccclecccleccclececfoces|s re] cecleceel © levee 
Retzia sp. UNCEt ...ccccecccccrccccecsfeccclseec[ecee| cocleccstecses F liseclecee 
Atrypa hystrix, Hall... ccccccccccccccs|ice | coclicoclecee| eocleccclese fice * 
A. nodostriata, Hall... ccc cece cece e| cocleceeleceeleccel(ecee| Bf. ce Joowcfenee 
A. reticularis, Lind. ....ccccccccccceclecec[eceofeccoleccctecce| * leoesfecs ** 
A. spinosa, Hall .....ccccccsceveccnccclscseleceels ce teneeleee [ewwelesecfeceel * 
A. SP. UNGEt... 00... cree cee e cecnee foceelreccleccclesec[ececfecee| * Looe leoes 
Zygospira modesta, Hall ....ccccceecealeeecfeeee| Ff Bl * [iceclece lee [owes 
Z. recurvirostra, Hall ...... ce cece ec clecee[eree| |  F Jace clececlecce| ceclenes 
Rhynchonella Anticostensis, Bill.......feees[eeee| * | * fenec[ecec[ecectece fooee 
R. capax, Conrad... ...cccee coon sosleae Joos LK TF Leelee ew efe oe Jooee 
R. cuneata, Dalman...ccccse coccseccleccafecccleceslececlesecpecee| FF lececliees 
R. Indianensis, Hall ... ccc ece wee ecccfececleceslececfececl(eeee| © lecoclesceleces 
R. Janea, Bill... cece ccc cece cece celeceatr ee freoslecee] F [eee sfecceleces feos. 
R. Neenah, Whitf.......cccccccccscccleces|soos| * KL RT] cele eee fewee 
R. neglecta, Hall ..-. cc ccc eevee rece elec eelecetfece tees feeeet * | * fecee] oe 
R. perlamellosa, Whitf........cccceec[ece focee[eceelesee| * [oveefiee foooelooes 

Leiorhynchus Kelloggi, Hall ......... [occclecccleceefeces[erec[eoe-deeeefeseel * 
Leptoceelia planoconvexa, Hall ........fosesfeeec|-cccfeceeleee | * [eeos] ioe freee 
L. plicatula, Hall..... 2... cc ccc cece eels ca sle ce eleceoleceele eee] F leeeclerecleoee 
Triplesia primordialis, Whitf .........] F jccccfeces[ececleces|eosclenee| cocheene 
Eijchwaldia reticulata, Hall... cece eccleoe [ecccleccclecce[ coe] F | cect coal rece 
Camarella hemiplicata, Hall’s sp.......Jooccferee] * | leawsfeces|eoee[soecleoes 

Pentamerus bisinuatus, McChes..ececes|reee| cocjeces|eces[eces| * lecespeocelecee: 
P. fornicatus, Hall... cc. ccccccccce feceslececlececlescrleces| * [ie cclececlrocs 
P. oblongus, Murch.....cccerceccccccleccoleccslevecleccolecee? Bl * [rcccleoes 
P. pergibbosus, H. & W ...0 - sesso [seccleceelecec[eecclecee] * f * ].cesfacee 
P. ventricosus, Hall... .. ccc ee es cc en cfecseleccclene fooe fooee? Fl * [i.e .peeee 

PL gp. UNGet.. 2... cece cece cece cece slececlsoeel cccleceelecee, S| F] * i... 
Gypidula multicostatus, Hall... . cc. ccc leceeleeeeleceelecscfecee] F | * reccclece 
G. occidentalis, Hall........ cccccccslececlecoclecectecoeieees| * | *® [..eslewen 
Stricklandinia Galtensis, Bill... .cc.ee [eccelrecclecccfeces[ecee| FF lesecloeee|. eee 
S. miultilirata, Whitf ..... cc cece cece cleo oelrceelececleceeleccelesee( © lececleeee 
Anastrophia interplicata, Hall... .ccccsfeccsleceel[eccc(eccolecee| F | cecfececleves 
Renselleeria, Sp. UDMet.... cecccccccces Jeccclevcel vocfececleess(eoee, © leooaleoes
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MOLLUSCA-VERA. 

LAMELLIBRANCHIATA. 

Pterinea aviculoidea, Hall... . cc. ee fee ele ee epee cfecceleseeleceeieces ® lees 

P. brisa, McChes ...sccccccccccccccclescclescefeccelecectecee| B leceeleceeleces 
P. demissa, Conrad ......cc00 coccecclecoe[eres| eoeleeeel * veseleeec|eseslecss 

Pteronites, sp. UNdEt...... se cececccscccleceslsecelerselecer[eceetecer|esselese | % 

Ambonychia acutirostra, Hall...scceeesleceeleeee[eeeefeceetecee | ™ *® Looe clieee 
A. attenuata, Hall... .. ccc cc cce ease er (eces[ecee| Fleece elecee[eoee|ocerteceeleccs 

A. Jamellosa, Hall .....c.ccccccececesfeceeferee| B | F joes freeeleceeleser|ece- 

A. planistriata, Hall... cc. cece cee costs ceelecee] * bicec[eceeleoefee feseeleces 

A. radiata, Hall... .c.ccccccccccccccesl(eceef[ees | BP | Ff cerfocec|ecesloceclecee 

A. recta, Hall... ccc cc cece cc eter ecceelseec (eee | Ff B [ieee] cee] soelececlecee 

A. SP. UNE. .cee ecccccccccccccccses| cocfeeee] F froeefree Jeoeepeces| secteces 

Tellinomya alta, Hall... ccc ccceeeceee| cocfesee| [ewe cfeceedececleeeet se cleees 

T. Iphigenia, Bill... .. cece cece ee ceceelece sere | Fle cecleceefeceeleceelerecl wee 

T. levata, Hall... .cccccccccccccccceseleseeleses| © fesee[eccelecccleccsleseslecce 

T. mnasuta, Hall... .ccccccsccccccccccsleccclecce! F leccolececleceeleceelesesleccs 

T. ventricosa, Hall......ccccccccccceslece [eves] * foceslececlecccleceesseee! oe 

T. sp. Undet...... cece ce ceeecces sosefecae| coef B | Jree fececleceelececleees 
Cypricardites Canadensis, Bill... ..ceesfeeecfee ee] * Jocecleceslececleceetseecli eee 

C. Niota, Hall... ..... ccc c cece cw cece leew elec ee] F feceefece | ceeleeeeteee piece 

U. megambonus, Whitf.......seccccocleoee| coe] * [ecoeleceefreesfeceet eeeleee- 

C. rectirostris, Hall....... cece ec ee cee feoee(seee| S| coclecesfeee Jooeelereel vee 

C. rotundatus, Hall .... ccc cc cece cece cles clecee| © frevaleccefeceejecceiece sere 

C. subtruncatus, Hall... .. ccc cece ccclscccleece| * lewecleceeteceelere [eos fooes 

C. ventricosus, Hall... ccccccccccccescl(ecccfecee! * fooe [ececlecee|ecesteoer| oes 

OC. Sp. UNE... ec cecccccccccccascselncce(roee] © leceelecsslececlorsriereciiace 

Cleidophorus neglectus, Hall........e.feceefecec[eseeleoee] B feceetececferecfecss 
Paleoneilo constricta, Conrad’s Sp ..eeeleeeclecee|ecec|reesleceet: seleeecieres * 

P. emarginata, Conrad’s sp.....eeceee|sceelecesfececlecec|ecec[eseeteoerieces 
P. fecunda, H. & W..... ccc cece ee ce cece cleo eelooeaeceeteres|reeelecerieees A 

P. nuculiformis, Stevens’ sp.. ...+eee[eoes[eeeefeeee] cecfeseetrerrprersieses 

Leptodomus (Amphiccelia) Leidyi, « 
Hall’s Sp..... 0. see ceeren seca cfeeeelers desee[eeeeticee] Go pretelesertices | 

L. (Amphicoelia) neglectus, McChes..|....) cesjeseepesseieeee] Co freetitset[eres 

L. undulatus, Whitf........-ccecscccfecoalerscleoecteces|eees racfetecfeee 

Megalomus Canadensis, Hall...ssesseseeesfeeee] + [eoeeterestrr gs vee elaaee 

Modiolopsis dicteeus, Hall... ..scccesccfecceleces|ececfeceelteres weeeleeceloae. 

M. faba, Hall .......ccccscccece coeelieeeleoee| * seveleces[eese| ceepeescteces 

M. WNilesi, M. & W....cccccccscccccvelveee(-ee [rece[ecseleces seeslecesleece 

M. plana, Hall.....cccecccccccccccee| oe jeer: ¥ | te ele cee tasferesteeee] oes 

M. recta, Hall.....ccccccscccccccseer[eees[roeefecse(eseel eee wecclececlsces 

M. superba, Hall......cccsccccccccees[eces[eoe- : sene[ecealerse|eeee|eeel oes 

M. sp. UNCet.... cece ee cesececccceeelecesleces 2 ee on 

Modiomorpha concentrica, Conrad’s Sp.|....|-cesjeceejecee|eces segefeeec|enes 

Schizodus? sp. uUndet...ccccccecccevccclecs | serfecce[ereeleres wecelecerleses 

GASTEROPODA. 

Paleacmeea Irvingi, Whitf......ceeeees Bloc fie. doce ele we foceeleceele coli eee 

Metoptoma Barabuensis, Whitf.....-..[....] * [-+s- veafeee [evestereeiees [eves 

M. patelliformis, Hall .eecceseeeeseeepeeeefeee | cecleres werleneclecccleees 

M. perovalis, Whitt. .-ssesseesseesere|eorsong Kl cele w ec] cecle ee clecoe| ees | 

M. recurva, Whitf......ccsccccccccee Levee] BS Jooeclees Joocedererdeercdsecedeccs
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GASTEROPODA — Con. 

Metoptoma retrorsa, Whitf.....ccccese[eooe] * Jeee ewe ciececfeceel(eces|seceleoes 
M. similis, Whitf.... 0... cc ccc ccc cece ceed FF fice cfeneclinn Jrcealecncleaccieces 
Platyceras primordialis, Hall... cceeees| * feceslecesfecealeoe fecesleceeteee [eves 
P. Niagarensis, Hall... se. ccc eee ce ele eefe ee efe ne feceelans |B leee leew elenen 
Platyostoma Niagarensis, Hall......cec]eee[ececfecocfeos fosecleee-] * ]oee faeces 
EKuomphalus macrolineatus, Whitf.....]....fece-[ece cde ccslecec, F fice [eoes|eeee 
Hi. Strongi, WHitL cc. ccc ce eee ee ele cee] F fececleoeelece [eee s[evocleeerfeeee 
Hi. vaticinus, Halle... cece ewe] BF few ele cele e elias [ewes fecealecesleces 
KE. (Straparollus?) mopsis, Hall ...... cf eee fee ee fe ce efe ec ete weed lise dececfecee 
Straparollus Hippolyte, Bill... ... eee c spew ede weed we efe oe cfeee fooee] * foeefene. 
S. solaroides, Hall. coca ce cece cece eden en feocelewecfe ca ctecocte eee] ¥ [rcacleces 
S.. Sp. UNdet . 0. cece cccc ccc cerececfeser| F fecoel. -ccfeceelroe seeeslees fooee 
Dtrapavollina, SP. 2... ces ceccsevsacscccclescclescc[rcccleccelecee| F lisesleoes( eee 
Ophileta? (Raphistoma) primordialis, 

Winchell. co.cc ccc cece ecw cee] Flee e elec elec ee lie cfeweedene fooe [ewes 
O. uniangularis, Vanuxem ....... ccc elec ee] Bloc e elie e ele se elec es fewe [eee efor 
O. sp.? (Casts OnLy)... 2. ce cece ween few ee] F [one cfeeeefew cee weefi ne [eee leoee 
Helicotoma planulata, Salter... c.eceeelecoefecee] BM focesface Joos [oe wefenee 
TT. sp. undet...... cee ce cece eee cee cc afecosfeweefeee ed BH] Floss free eee efeee 
THolopea elevata, Hallo... ccc cece cece cle coele ce cfocoals ee faseeleceel fi cesleoes 
Hl. Guelphensis, Bille... ccc ccc cece cele ewe fec eel en fe oecfeveelecee] FF lissslecee 
H. harmonia, Bill... cc ccc weer ee lew e few elec efececle oes feeeel F [i secleees 
H. magniventra, WhIith.. cece ese e cece fecal ceefene [owes feceelaaee| * [eveafecee 
HT. obliqua, Halle... . cece ecw eee eat eee le eee] Fl FF f....] ce fee ee] oe eleeee | 
H. paludinseformis, Hall.....-..e....[eee fees] * | F [eee ce fee ele w cule wes 7 
H. (Pleurotomaria) turgida, Hall..... [eee] BF feee epee e fee e cle ee [ewe cleooeleven 

| TTolopca Sweeti, Whitf. cc. cece ccc cw ene] B® lececfece owes [sce cfeee Juweslecccleves 

Cyclonema (?) clevatum, Hall....... ..feeeelees wefese [ewes] Lose cfeeeclewes 
C. pauper, Hall... ccc ccc ccc ccc w ee elewe rece eleeeeleveetiae | FB fise li cacleees 
CC. sp. resembling C. pauper ..cccce cc clececfec cele ee feces feoeeleaes | * foes [eens 
C. percarinata, Hall... ...0 cea e cece efeeeefe woe] FP *F fose fe. Joke Jee wcleeee 

Raphistoma lenticularis, Sowr.....ccecleceefiee RP fe ee ele wee] eee fewe 
R. Niagarensis, Whith. . 0... cece eee e cele wee le wee fiwe[e eee] coed * Lose feweefeoee 
R. Nasoni, Hall... cc. cece cee cc cece ele ce clecee| F fececlece [ine frcucleves[eoee 

Trochonema ambiguum, Hall..wccccccsclececfeces] FF leccslecoslececleses| eo-leces 
T. Beachi, Whitf.. .. cc. cc cece cece cele we (ewe en] Flee e deca fe ce leeecfeneclewes 
T. Beloitense, Whitf...... ccccucccecleeer(e eee] Fleece ape ce slecweleccclececle cee 
T. fatua, Hall 2... ce ccc ccc cece ec le eects res|seecleoes] oe eT OR Ti. e ee : 
T. lJapicidum., Salter ....cccccecereceslececlesee| coed eee | BF ] coclececfece [eons 
T. umbilicatum, Hall... .cccccccenee freectoeos| FB] F focccfe ce [ice feeecleoes 
T. sp. undet . 2... ce cee cece cece weet es elewes] F | * Jocecdecc elec eclewesleeee 
Aenophora trigonostoma, Meek ..ccsccsleceslececfececfeces|ecee| BF loccclesveleeee 
Loxonema Leda, Halle. cccc cc cccc cece efec cet oeefeceeleees |e Ble. fe ee ele cee 
DL. magnum, Whitf.... cc. eek cee ele eee] coed ce eliee cdi ce efeee FT acl ee 
Kunema (Murchisonia) pagoda, Salter?.|....[....] ® [oce.dwee[eee [eee eleeeslece 
Subulites clongatus, Conrad....csceeee[eceeheoe | FPF [eee lee fine [ewe eleees 
S. ventricosus, Hall... 2.12. cece ewes] ce efeweefececleweeteeeele onl *J.ee fee. 
Clisospira occidentalis, Whitf .. ccc. eee fee claw ee] F liceele ces |eescfece lowe sleces 
Pleurotomaria advena, Winchell.......{ * |... fecoele wel wccfececfecosteesefeces 
P. Axion, Wall 2... cece ccc cc eww eee ele we ete we efeoe leoeefeoee] Fl *]....f..e. 
P. -depauperata, Halli... ccccccccceecefecccjecee! © lecccleccclecoclescslesecfeoss
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GASTEROPODA — con. | 

Pleurotomaria Galtensis, Bill........e.feeecdeees[eeeefeeeefeeee| eee] B [eee eeee 
P. Halei, Hall... cece cece cece elec ede [eweeleoeefeees] F] Fl... upeaee 

P. IRdia, Hall... .. cece cece ccc cece elec erleeeeleee feveeleeee|  [eeeelioesfeee 
PL Laphami, Whitf.... ccc cece ecw cece lew e elec eaten feceefeces] # feecclieecjece 
P. occidens, Hall... .. cc. cece cee cee le ee freee fees cles epe eee] FB 1 seep wecleces 
P. niota, Hall... ec. cece ce cece ees feee ele eee] B freesleeeelewee[iee [oewuleeee 
P. Racinensis, Whitf....... ccc cece clec cele es lew e ele se ele eee] Fle eeele ee cfeees 
PB. perlata, Hall... ccc ceseccccceeceen[ecee[iee feveefece fooee] B [eee lose clecee 
P. subconica, Hall....cccccceccccesss(soe feeee| Flee efeeoeleee [ oe free feces 
P. sp. undet... 0.6. cecsecececcesccecfeoee(eeee] Fp B lecee] Fleece lececlecee 

| Murchisonia bellicincta var. major, Hall]... |---|... Bloc ecleces|soecliccclaces 
M. bicincta, Hall... cc ccc cee cee eel ea edeee BL OR ele ee | we elececlecee 
M. Boydi, Hall...... 2c. ccccceeccceesfeceeferetdeweeleeeelessefecee] FL... 
M. Chamberlini, Whitf... co.cc ccc epee cele e elec ele ee efeseelers | Flee... 
M: Conradi, Hall... ... ccc cece cece eel eels ee] cafeceeleces | * leeeeleee (ice. 
M. gracilis, Hall....... ccc cece eweeweefesoelec ee] FL F fececleweeleeesleeeslicee 
M. helicteres, Salter... ....00 cee ece ec feceefecee| BF fecee] ee [eceed es leees lice 
M. Hercyna, Bill... .ccccseccccccccoe(ecce[eeeelececfeeeeleceeteee | * Leelee 
M. Laphami, Hall.... ccc cece cece eee le cw efe eee] coefecee(eeee] Bloc ecleceelicee 
M. Logani, Hall... ...ccceenecce neces [occ elteeelececfeceefeseefeee| * lee fice. 

. M. longispira, Hall... ..ccccceccccee [owe [rene feceefeceefeerefecee] * Lee ioe. 
M. .macrospira, Hall........ cecec ee cfee en feeeelecee[eoee(eree(eeee] * [eee edi... 
M. mylitta, Bill... cece ecw e ee le ee epee ee lene elecetowee(eee] * [eeeelicu. 
M. (Eunema) pagoda, Salter....cccce [eee [eee] Bloc ecdeeecleeeel eoeleoeeli cee 
M. tricarinata, Hall... . cc. cc cece cece sl ce cfew ee] F lrcccfr ee efroeelecccleeerlscee 
M. turritiformis, Hall... ...ccccsccccc| ees] eeelecec|ecosfeseciseee|  * loeeeli eae 
M. ventricosa, Hall. ccc ccceccccs soclecee] soe] FF foc. foc e clone e] cocleeeeliaee . 

— M. sp. undet... .... cc ceccceeee coon] ee free | FP] Feed * pce feeeed cn. 
Fusispira elongata, Hall....cceceoesee | oe | eeefine Bole cleweel cocleooels wae 
F. ventricosa, Hall ..... cc ccee eee ceeefeee etree fen ee]  fececleeseleccdeceeleees 

| F. sp. undes.......... cc cee ce ec esee ef ce free efec ee] Spree cde ee eleae dees [ieee 
Maclurea Bigsbyi, Hall... .. ccc ce weeefe eee leoe |] Foc edeeee[eee elec eeleoee|iaee 
M. cuneata, Whitt... ccc ecco eee c eee les eel eeefec ne] FB feweefeeeelisssfeeeelioes 
M. subrotunda, Whitf.....cccccecseoe| eesfece tlie * Loco] cecle cc lec ecleccs 

HETEROPODA. 

Bucania bidorsata, Hall... ... ccc cee ces fee ef cee] Foc dee es [eeepc cele we clecee 
B. Buelli, Whitf. 20... . ccc cece wee wade eee fe we | FB fen elec ele we elececleceelacee 
B. trigonostoma, H. & W ...scccsee {reer [ecesleces[ewecleoee| Flinn fococlecee 
B. punctifrons, Hall... 2... cece cece e el ees feeoe| F fisee| celecoclins lowwcloves 
Bellerophon antiquatus, Whitf...cccsee] F feceslewcc[ececleceefeoerlene [eeceleees 
B. bilobatus, SOWLr........cceccescce eles eelenoed F fe cee] oe lecnslenccfeccoleces 
B. Wisconsensis, Whitf. .....ccceee foce fowoe| *® focecdecw [eee foeeslece leoes 
Cyrtolites compressa, Conrad..........[eceefeeee] [eee fee e ede eee ee feceelece 
C. Dyeri, Hall... 20. ce cc cece ee free eee efew eel FB lrceelece ole ces] eoslecee 
Sceevogyra elongata, Whitf...cccccccccfeoee] F lecacfececleseclececleces[ececleaes 
S. obliqua, Whitf.......cccwecce coeclecce] * feccclrocclevesteces[rees|ecveleres 
5S. Swezeyi, Whitf... @eevneveeesa er eefsease ¥ CHRO efeeceofoeenecireonosicovneeoisoeeolieere *
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| PTEROPODA. | | 

Ecculiomphalus undulatus, Hall.......J....)....] * |. foc cf.. Leech cc clewee | 
Pterotheca attenuata, Hall.............)....[... | * |e. [owe dw. Leceel co clece 
Hyolithes Baconi, Whitf .. tet. .cceeee eee efee eel Flock Lie lee lice lec ecleces | 
H. primordialis, Hali ........cceeeeee| [occ Le eee elec lees lees Looe clecee 
Conularia Trentonensis, Hall ..........]..../....|... Rl ele ee | ceclececleces 

CEPHALOPOLA. 

Orthoceras abnorme, Hall .....cecesee [eee ufesculececlececdecee| * 1 * locccleces 
O. alicnum, Hall.......-.  ceeceecceclececlacscleeeelees laveel * 1 en |occclevee 
O. amplicameratum, Hall......ceeee-/....[...-[e0e | *® lecwc lees lees Loe leeee 
O. anullum, Conrad.........cceeeeses(eeeefeee | * |ocee}occc [ees | cele lecce 
O. annulatum, Sowerby ............../....]....)... [....1...., */| *|....).... 
QO. (Actinoceras) Beloitense, Whitf ..../....J....] * |....] cc. leeeclececlecc cece 
O. capitolinum, Safford ......... cece fee efeeee| ® |ewcclececleeecleee clon. |e... 
Q. Carltonense, Whitf...... cc ccc ccccslsocslecccleccclecccl. oe | 00.1 * seecltace 
O. columnare, Hall ...cccccccsccecccs[iecclececleccsleccclee..| *# |] * escclecee 
O. crebescens, Hall ...cccccccsccecesclececleecclesecleeecleee. | */1o0-] .. see 
O. Hoyi, McChes ...cecececcsccvceceslecssleceslecesl-ee lees. | see] #1... 1... 
O. junceum, Hall ....cceceee cceeeecleoeelene | * | * Lc..]-..-1..ee Loot. 
QO. Laphami, McChes .... .ccceccseecleee [osculeeccleses(ece.| * |e. cl... |e, 
O. medulare, Hall... .. cc. cccecee woes] coclecsslecccleccclecee| % recsleccslecee 
O. Niagarense, ETall........cceceeeeecfece [ecesleseeleee fous) * | ..eL oe l., 
QO. multicameratum, Hall ......c..c0-|.05 loosest ® soecleces| ove] cocleccsleces 
O. planoconvexum, Hall .......eeeeeefeeeeleee | OF] FL ou. fee lee lee cl... 
O. primogenium, Hall ......eceecece [eens] * coee lees lececlececlececlecasleces 
O. verebrale, Hall .....ccccececcccces{sscciecee| oo lee oleee ft # seeslrecelecee 
O. Wauwatosense, Whitf.......0. ceelececlece |e ccleeesleee et # veerlice levee 
O. sp. undet. ...... cece eee ccs ce eelinecleae Klee elses Kl eefeeee]  ® 
Actinoceras (Orthoceras) Beloitense,Wh.....]....| * |....l0..)... |... ov eslecee 
Ormoceras tenuifilum, Hall (?)........-/....]....] 3 seorlecer[reeslieesleoec|eees 
O. sp. undet ......... eee cee eeeeeeee (veeefeeee] * [eeehwocl #1... eee 
FEindoceras annulatum, Hall............/....1....| * sc oclewes| corleccsisccs| ces 
kK. proteiforme, Hall ................./..0eh00e| * bocchwc de bet. eee EK. (Cameroceras) subannulatum, Whitf|....,. 2.) */....) ...h...1...-L.... 

| Huronia annulatum, Hall............. |....f....1....1........1 % ti eslecccheces 
Discoceras (Gomphoceras) conoideum | 

Gomphoceras fusiforme, Whitf.........4....{..0.h.06. cosfesesleoerteaecleceef * G. breviposticum, Whitf ...........ccbeeeefeectiee lees soccleseclecesbeaes 8 G. scrinium, Hall.......ccecccccesceeleccslecculececlescelece | € I... Fee esleees 
G. septoris, Hall. .....6 sea Cece cctececteseclecee(eoeelucce| * lose loc be cee G. SP. UNdEE .... cee eee eeceensececeefiecsfeseel Flee...) & | sesclecee Cyrtoceras annulatum, Hall........ceeefne [peel B® biceebcechecccleeecl ote. : ©. articameratum, Hall........ceseeeefeeeeleeecfieee] ceefeeeeiee el # Io b, C. brevicorne, Hall oo... cece ccc ce eeetecccteesclecsslecectece td # secelecccbeoes 
C. camurum, Hall...........0.00- coecleose ft * ecsleccclecscleceslesccbeee. 
C. cormiculum, Hall ...cccceccceocsecfeecefeeeel * [eecfeecelece lee LoL. 
C. dardanum, Hall.....cccccarcacsecelececl sechecccteseteoe.| ® seecfeee feces « C. eugium, Hall......... soccer sect e ects eeel * fereuleces| coslececleccshece 
C. infundibulum, Whitf.......... ...[....f... feel FLL! 
C. Jaterale, Hall... ...cccccccesee cess lecealisc fave [ose feveel #* 8. 
C. loculosum, Halk... cccescacccecsccefecvsfecce] * bicschescckececbeecsl... he...
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Cyrtoceras macrostomum, Hall.........]....[.c06]  * Jececlecccfececlecac| cacleees 
C. Neleus, Hall....... ccc ccc ccs cec|sceclies Fl cele we elececlececleccclacee 

: C. planodorsatum, Whitf......00 ccesfeceefeces| Fleece] cocleccslececlececlecce 
C. rectum, Whit. .......cccecccccecclsce rte cccfeecclecccleces|i cael ® leccclecee 
C.? rigidum, Hall........ ccc ccs eecececlecoelecoclecesleccclecee] #1] 2 |ccc]eeee 
Oncoceras abruptum, Hall....c..ec. enuf. eee de eee] FE feee lee e lene [a ccclecccleces 
O. Alceus, Hall..... . cc cece cece cece et pec slecee] * licccleccclece [ececlecccfeces 
O. brevicurvatum, Hall .......ccecceeleceelecee] FE loccclecce| cocleseclecccleces 

| O. Lycus, Hall 2.0... cece cee w ee ee lece elec ee] F [ecccfeceelececlececlececfeeee 
, O. mumiaformis, Whitf......cccceceeefeeecfeeee| Fleece clecculescelecccleseeleees 

O. Orcas, Hall... . ccc ce ccee coe ce ecfeccclecccfeccaleces[ecee| * liceslececlecee 
O. Pandion, Hall... c.cccccccccc ec ccatecccfecee| * lrccsliccclecccleccclesccteccs 
O. plebium, Hall ......ccc ccc cce cece elec en feewe] * feccclecccleccclececlecccleece 
Gonioceras anceps, Hall.....cccccccccclece [eee] * lrccclecccl-cccsececleccclece = 
G. occidentalis, Hall... ccc ceeeelecectione! S ]ececlecec[eeee| oss] cceleces 
Phragmoceras Hoyi, Whitf..........0 Ji ceefeecefeceefececleeee| EF frccclececleces 
P. Hoyi, var. compressum, Whitf.....]....jeceef ceclececlecee| ¥ [ececdeccclecee 
P. labiatum, Whitf........ cc cece ee few ealece luce elececlecce| * lececleeccleces 
P. Nestor, Hall... .... cc ccc cece ccc e elec eeleceeleccelecsefece| F leccelecccleeee 
Gyroceras convolvans, Hall ......ccceeleco nti ese] F lececleecclececlscecleccefeces 
G. duplicostatum, Whitf..... ccc cece lowe efecee| FB lecseficec| ceclecccleaccleoes 
G. Hercules, W. & Mu. cree ccc cece eel we clerceleceelececleee |) F lececleccalee oe 
G. SP. UNCEL..cecreccrecccccesccccerelecoefecee| Fdevccfeeeel * fo... Loc feee. 
Nautilus occidentalis, Hall... ... ccc eels cc cleceolecce| coelecee] *® loeeelecculee se 
N. sp. Undet.... 2.2... ee cece ew cece cleo eelecweleccclececlecse| FE loceslccaleces 

. Lituites multicostatus, Whitf.......ccefeee else eefoccefeneef{esse] * [ewesliaecleoee 
L. occidentalis, Hall... cccecccccscccleccc| coel BF lececleccclecccleccslscccfeces 
LL. Ortoni, Meek... ...ccccc ccc cr ccccciecccleccctscccleccctecee] FF lececl. cs ccleces 

. L. Robertsoni, Hall... .. ccc ccc cece ele cele c ee] F leccclec cele wcclecoclscccleces 
Trochoceras costatum, Hall... ccccenscleeselece feceelee elec! * frceelicccfeces 
T. Desplainense, McChes.......ccccccleccclecec|ecccfececfeees | F l.eeelecccleoes 
T. Gebhardi, Hall. oo... ccc cc ccc ccc cele cc clecesleccctececleccelecoe! * Looccleees 

ARTICULATA. | 

ANNELID. 

Arenicolites Woodi, Whitf..........00.| Flos cclecccleccclecectesecliccclicccleoes 
Serpulites Murchisoni, Hall.........0.] * [occ cleceelecee| cocfececfecce] secleoes 
OrtONIA, SP? ..ccccrcccseseraccccvcsccsleceel(sccclececfess | .ce| * leveclececlecce 
Worm-like tubes. ...ccccccccccsceeecs feos | Fl *F [occ cle cel cc cleceels ce cleoes 

CRUSTACEA. 

ENTOMOSTRACA. 

Leperditia alta, Conrad... ..cseccccccecfeccclecccleees| scclescclescclecee| * Lovee 
L. fabulites, Conrad. ...cccece cecvcce| cocleces| * frccclecccleccclescclececfucee | 
L. fonticola, Hall...crccccccccccecece oeoeolesecli ooelesecsisoos * cocelecechs cee 

Beyrichia, Sp. UNdeCt....ecccrecccceccccfeccchssood © focesd % focscfeccclecsadecee ,
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Pemphigaspis bullata, Hall.......... 00] F leceeleeeclececleccclesccdeoe dececleces 
Agnostus disparalis, Hall. ......cceceee| Fleece fee lececleces|ecoclecccd ceeds ces 

. A. Josepha, Hall...... ccc ccc een e| [eee [ewe cleccclicccleccclececlecccl cee 
A. paralis, Hall ......ccccee coceeece] * leceelene [ececleccclsccclesccteccclec ss 
Aglaspis Barrandi, Hall.....cccc cee eee| F feccclececlece Jav-clececlece [occclecee 
A. Hatoni, Whitf. .... cece eee eee | FB Lecce edewe | coefecccl weclec es] coadeces 
Ellipsocephalus curtus, Whitf..........] * [....[....].-00|....] 22-10. [eee [eee 
Dikellocephalus Barabuensis, Whitf....]....| * |....]...c|...c/eee-leeecleee cle es 
D. Eatoni, Whilf..... ccc eee eee eee ete eee] foe. [oe]. lee. doeee lew dee 
D. Lodensis, Whitf.......... cece cece] FB fee ce[e ce c[ecccleceelececlens [ececleee- 
D. Minnesotensis, Owen.........0..0.] * [ecccleceslecce] eeclecee] ccclececleces 
D. Minnesotensis, var. limbatus, Hall EL ec fe weed ces leew elececliccslececlrecs 
D. Miniscaensis, Owen....... c.-.00.| # [occ [ecesfececlecccleae |oc. loceclecee 
D. Miniscaensis var., Hall.........00.| # feceeleoe-| o0.] coclece |ocectececlecee 
D. misa, Hall... .. cece cece cece cel FB feceeleeee[e ees [ecoel oe feces] vecdiees 
D. Osceola, Hall... .cccc cece cece cee] * feccclececfeccel coclececl.ne | cocfeces 
D. Pepinensis, Hall......... cece eee] OB [ec ee] ce elececlececlece doce te cccleces 
D. spiniger, Hall .... 0... cee cee ee |B fee ecfececlecccleveslicoclece [ececleses 
Chariocephalus Whitfieldi, Hall .....0.] * [.ccc[e ee [eccslececlewecl coclececleces 
Triarthrella auroralis, Hall ............]) * wecels ceclecaslecceleccsleecclscccleces 
Conocephalus (Agraulos) anatinus,H.’ssp.| * jecesfeocefecesfeccclies [eceslececlee ee 
Conocephalus binodosus, Hall .........]  ¥ |. ccfeee elec clece lececlececlececleces 
C. calymenoides, Whit... .. ccc. eee] * fenecfeeeclececleceelecccleses[ececleces 
C. diadematus, Hall... .... ccc eee ed BR Lice cfeweelece loccclesecdios [usccleces : 
C. (Avionellus) dorsalis, Hall’s sp......] ® [oes Jecoelecccfece locas [eccelecceles s« 
C. eos, Hall... eee ee cece ef Flee e fern e] ceedece foceeleeee| ceclees 
C. (Ptychaspis) explanatus, Whitf.....] * |....[-ceclececlecccleeeclecocleccclee ce 

: ©. Hamulus, Owen ....cc... cece eee] * lececfeecclesccleccclecccl.. elec e tees. 
C. Lowensis, OWen....cccsecccsecceee| * fececlececliscaleccclaecclececlecccleces | 
C. minor, Shumard ...ccccccccecesece| | ceclececlecccleccclececlececl coclece. 
C. nasutus, Hall ...... cc ccce eee e econ ed] FB fececleeeed cecl ee duce leccclecccleve 
C. optatus, Hall..... sc eee cee wee eee] Boe. e feed coche ee [occ el cclececlec ee | 
C. Patersoni, Hall... .. ccc cece ween ee] FB feeecleceslecccleccclececfecccleweed cee 

| C. Perseus, Hall ...... cece eee c eee] Fleece fee esleccclaceclecoclececlecccleees 
C. ? quadratus, Whitf.......e. eee eee] BR |e ef eee fee e Lee cle ede ccleceufeees 
C. Shumardi, Hall .....c.. cc ceeeee eee] B leceefeceefeecclecoelescclescelecscdece. 
C. Winona, Hall............ cc eee eee] FE fee e fee ee] coc leees] ve dice feceel coe 
C. Wisconsensis, Owen... ...........[ # foe. [eee elececleeeel|occclececlececlecs 
Crepicephalus? Gibbsi, Whitf......0.. | ® [....Jeee fice. feeeclececlececleces[ece. 
C. onustus, Whitf.......... 0... ee] lee fee e[s ccleeeelececdeeeclececlo es 
Arionellus bipunctatus, Shumard......] *® |....feeeefocecf wc cleeclececlece loses 
A. convexus, Whitf........c0. cece ee] FB lecccfecoelece Jecceleecclececlececlecee | 
A. sp. undet.... cece cece cece eee cee] F feces] cocleccclece leccclecouleccctece. 
A. (Conoceph.) dorsalis, Hall .........) ® [occ [eee efo cc clesccleesclececlececlecs. 
Agraulos(Conoceph. ?) anatinus, H.’ssp.| # |... [-eeefeccclececleseclecccleoecleee. 
A. (Bathyurus?) Woosteri, Whitf......) # [....] se)... [uses lee ecl cecleseclees. 
Ptychaspis Barabuensis, Winchell......| * | ...|..../... veeelecesleceeiees. 
P. (Conoceph.) explanatus, Whitf. ....] * [....[--ee}occcleeeelececlece [oveclece. 
P. granulosus, Owen ..........00..0.[  ® [occ cdeee [ice diced ccclecccleeccdeee. 
P. Miniscaensis, Owen’s sp...........| *® [....[----]...01 0. |ocucdeceel we doe. 
P. minuta, Whit. 2... ccc eee e eee e] Fleeces locos] cael ceclececlecccleces/eee. 
P. striata, Whitf......ccccceeceeeceee] feces lerccl seclececlecs less cleceele... 
P. SP. UNGEL.. ee cececerecceceecece! * Jrsecfeccchieccleseel oe relies eee
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| Calymene Clintoni, Hall......... ccc eee fee ec [eceeleeeelececdecee] Fleeces lececdeees 
C. Niagarensis, Conrad........cceeece[ece cfs ces [eeee] -vfeeeo] * dececlice [eoee 
C. senaria, Conrad........cecccccecss[eces(-ee-| * 1 *] * 1c ct....fo.. ch. 
Asaphus Barrandi, Hall...............[eee-[eeee| Flew. [eee elececleccclececleees 
A. gigas, D’ Kay... cee cccccccecsecfeccslecee] BF lecee| coule. ccfececlecscleces 
A. Lowensis, OWEN......cccccceccccecfesecfices| BF leccclsceslecccleccclecec{eces 
A. homalonotoides, Walcott... ........fecesfeees| * occ clecccleccclecccleccsleces 
A. Suse, Calvin .... ccc cece ccccccsccslecccleccc| FF leccs| cosleccclecccleccclevcs 
A. SP. UNCC... ce cece sas weeccccsleceefecee] * frces] Ffrcec[eccclececleces 
Tlleenus armatus, Hall... .... ccc cccesesfeceefece feosctececl[eooe] FB lice lessclecee 
T. crassicauda, Wahl ......06 wesecceslececleces| % lrecclececfecoclecc lececleves 
T. cuniculus, Hall..... cece cece eee e elec eelec es lececiees | coe] F lice lececleees 
IT. Daytonensis, H. & W.......ccecee [aceelece feos faces[eoee] die. [ice [ewes 
T. imperator, Hall... ccc cccccsecccces levee] oe facocleses] ooel #F leccclececfeces 
T. insignis, Halle... ccc cece cece cee ccslececticeclecec[ecesleoee! F leceslsececleccs 

T. Towensis, OWen...... .ccccccecccalececfece fooes| Fi locac[.nccfeccclecec[eces 
T. Madisonianus, Whitf.... ccc. cece elec cele c ec fewecfeceadecee| F feccslecccleces 
I. oratus, Conrad ....cccccccccccccccleccclecee| ® lececleceade cecleccclecccleces 
I. pterocephalus, Whitf........c0. cesleces [eee cfeeesdeeecfecse| # feeee[ececd ee 
IT. taurus, Hall... .. 20. cece cece wee cesfececleeee] * | * I... |osecdeee |ece lecee 
I. sp. undet.....-. ss ceeee ceeece coosfececlesee] FP FL #] 1... fo. de. 
Illzenurus convexus, Whitf........ cece che eeel * doce sloccelecc [ececlece lececleccs 
I. quadratus, Hall........ cee cece cece ul Fle ceele ccfeceslecesleccclocccleccc lence 
Farpes, sp. undet ....... cece cece cae feceelececfe cee] B fecceleee [ee [one lowes 
Ceraurus Niagarensis, Hall... .... ccc ec fec ec lececlens [ecesfeeee] *® |... | oc. /ocee 
©. pleurexanthemus, Green...........J....[....] Flee. efececboee dees [occ laces 
C. sp. undet........... 6 cee ee eee eecfeceeteeee| Ffoee ede | Fool leo. e] eee 
Encrinurus ornatus, H. & W...cc sees clecccleccclecccteccciuccc] * lecccleccclecc 

| HE. Sp. eee cee eee cee oe cece eefewesfeeee] Ff... fo... * fo.e cd]... foe. 
Spherexochus Romingeri, Hall....... [ices [eee [ewe efeeefeeee| F fooe doc laces y 

| Spherocephalus sp. undet.......cccees|eeeeleeeed oe |B feccclecec|.eeuleeecleees | 
Dalmania callicephalus, Hall........e.fecceleees] *] ® |... [ocecfeee cle ec] cee 
D. nicta, Hall... ..cc0 ccccccecccerlecvcleccs| BF loccclecccliovc| coclece lecee 
D. vigilans, Hall .......c.ccccceeseeslecesleces feces leeecfeeee] * leccclece feces 
D. Sp. Pe cccccrccccccscccecccccccccccel cesleeee| EF ficeclecesleecclese [eee Levee 

| PhacopsS rand, Geen... .ccccccccccccclecesfeceolescs[ecccleccslececlececls vee * 
P. SP. UNE... ccc creer cc cccccecreeclesccfeces[eseefies feces] # lrscclececleces 
Proetus undet. Sp... cee. ee coccccccccccbscccdeccclecesd % | co lecschescclecccleces 
Lichas phlyctonodes, Green.....cccseoslsee [ececfecce{ eoelecee] ® | .../e... [eee 
Bronteus aeamas, Hall. eesesssecosecesfeenpice(i2e2) 20200 *] * ) od... 

— «sB. Lapham, Whitf.. 2... cece cece cele ceele cect ccefeccfeceel * Iooccteeeelec ee 

VERTEBRATA. 

PISCES. 

Rhynchodus excavatus, Newberry......}.ccs|.cocleccsfecccfecss[occcleoe [oeee] 
Plate of Placodetm..--scvsnsstervenifiseoendfeseefeeeeefnfeeice * . 
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“PART Iv. 

THE ORE DEPOSITS : 

sowmnwest BR WISCONSIN. 

7 BY T. « cHHAMBERLIN |





HISTORICAL REVIEW. 

In Volume II of this series of reports, the late lamented Moses 
Strong described the general geology and topography of the lead 
region, and presented statistics in relation to the mines and mining 

operations. For reasons there in part indicated, he did not, however, 

enter upon a systematic discussion of the forms and methods of de- 

_ position of the lead and associated ores, nor of the theoretical consid- 
erations that relate to the subject. This, by Mr. Strong’s preference, 
falls to the writer, and will constitute the central subject of this 

report. While, for completeness and convenience, topographical and 

geological facts may be passed in review, it will be only because of 

their relationship to the special subject under discussion, and only 

those features will usually be selected which seem to have a bearing 

upon the elucidation of the metalliferous deposits. | 
I desire to ask, at the outset, the patience and pardon at once of both 

the professional and non-professional reader; of the former, for the 

introduction of some elementary statements for the convenience of 

the latter, and of the latter, for the use of some chemical and other 

technical terms that are necessary to a precise discussion of the 
subject. | 

The origin of the lead, zine, and associated ores of the Mississippi 

Valley has very naturally been the theme of much speculation and 
discussion, thongh less often the subject of careful and systematic 

investigation. Dr. Percival seems to have been the first competent geol- 

ogist who gave the subject a sufficient amount of special study to entitle 

: lis opinions to deferential consideration. Dr. Owen had indeed pre- 

| ceded him, and was possessed of acknowledged ability, but he was not 

permitted, by the limitations of time and the legal requirements im- 

posed upon him, to give these deposits thorough personal examination. 

He has not left us any clear and definite statement of his views, 

which, at the best, must have been based upon general considerations, | 

but he indicated a belief in the derivation of the ores from beneath, 

* and implied that they were in some way due to the fact that they 

are “based upon a syenitic and granitic platform lying somewhere 

between one thousand and two thousand feet below.”



868 THE ORE DEPOSITS OF SOUTHWESTERN WISCONSIN. 

Dr. Percival gave the fall of 1854 and the spring and early summer 
of 1855, to a minute and critical study of the forms and geological 
relations of the lead deposits, and he has left us, in his two prelim- 
inary reports for those years, a large amount of valuable data. Prob- 
ably atno time in their history, have the mines been more extensively 
or actively worked than during the period of Dr. Percival’s investiga- 
tions; and his observations, at that stage of their development, are of 
much service to all subsequent in vestigators. They would, doubtless, 
have proved much more valuable, had their gifted author lived to 
complete his examinations, and to make a report embodying a com- 
plete exposition of his observations and opinions, properly illustrated. 
The want of adequate maps and figures—very pardonable in an 
annual report of progress —is yet much to be regretted, since they 
would have added clearness and definiteness to some statements that 
are now somewhat ambiguous, as all merely verbal descriptions are 
liable to be. | 

Dr. Percival seems to have arrived at his general conclusions as to 
the descent of the deposits very early in the course of his examina- 

| tions, indeed even before his investigations on behalf of the state 
were commenced, for he says: | 

‘'T have also employed, in preparing this report, such facts as I had collected the 
former year, in the employment of the American Mining Company (N. Y.), in ex- 
ploring different localities in the same district, and particularly in examining the 
different strata, in reference to the probable descent of the mineral through them. On 
this point, of so much importance to the mining interest, I had then ascertained a 
series of facts which seemed to prove that all the limestones, from the surface of the 
upper magnesian [Galena limestone] to a considerable depth, at least, in the lower 
magnesian, were good lead-bearing rocks. My researches this year have enabled me 
to add many convincing proofs to what I had before ascertained, the whole showin ga 
regular descent of the mineral through all the rocks, within the limits above indicated, 
except the upper sandstone.”?> | 

He very candidly adds: _ | 
“T have had no opportunity, this season, of extending my researches in the lower | 

magnesian, its outcrop occurring chiefly in the northern part of the district, which I : 
have not yet visited.”’ : 

The following paragraph also deserves a place here: 
‘* From the short time that I have been employed by the state, it cannot be expected 

that I should prepare a complete report. In this, I have had in view the immediate © 
interests of the mineral district, and I have endeavored to give it a practical bearing. 
My object has been to give general views of more immediate importance, and rather 
to point out the method I design to pursue than to give the results of a survey. Local 
details, and such as have no direct bearing on my present object, are reserved to 
another occasion.”’ é
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The passage above quoted indicates the views Dr. Percival held 
with reference to the downward extension of the metallic deposits. | 
Precisely what he meant by “a regular descent of the mineral through 
all the rocks,” I do not find more definitely indicated than in the fol- 
lowing statements from p. 68 of his first report: 

| “I have thus been able to trace the mineral in a series of crevices and openings from 
the summit of the upper magnesian to the depth of 60 to 70 feet in the lower magne- 
sian, and have found all the beds of limestone good mineral-bearing rocks, each with 
one or more openings, besides vertical or pitching sheets or veins. The small depth to 
which mining has been extended does not allow one to trace the mineral through the 

| whole of the extent downward in any one instance, but wherever circumstances permit 
of examination, the order of succession in the openings is found to be regular, and in 
multiplied instances vertical crevices and veins have been found passing down from one | 
opening to another. It is then probable that the series is generally continued through 
the whole downward extent indicated, subject only to such interruptions as are more 
or less common in all veins. The arrangement appears most analogous to that of the 
lead mines in the North of England, where the veins traverse different beds of lime- 
stone, separated by beds of other rock (sandstone or grit, shale, and toadstone or amyg- 
daloid), but the mineral is chiefly confined to the limestone, the other beds being gen- 
erally considered barren, and where there is a similar combination of vertical crevices 
and veins with more or less extensive flats, corresponding to the flat sheets and open- 
ings In the mineral district.”’ | 

It should be borne in mind that this was written at a date when 
something of indefiniteness of ideas concerning the English deposits 
was doubtless pardonable; but in 1861 Wm. Wallace published an 
elaborate discussion of the lead deposits of Alston Moor, abundantly 
illustrated by maps and sections. From this and other authorities it 

| appears that both in the Alston Moor district and in Derbyshire, the 
leading districts of the north of England, the fissures are of an alto- 

| gether different character from the crevices of Wisconsin, being due 
to extensive breaks and dislocations of the strata. The displacement | 
of the beds sometimes amounts to a fault of 200 feet. In Wisconsin, 
displacements, except of the most trivial character, have not been 
found. But it is more important to observe that, notwithstanding the 
English fissures traverse the. strata to great depths, and penetrate 
igneous rocks, there is no “regular descent of the mineral.” 

Mr. Wallace says:' “In Alston Moor the veins have been the most 
productive in situations furthest removed from Plutonic action, the 
richest deposits having been effected in the upper part of the Moun- 
tain Limestone, where no igneous rocks are found, either in the form 
of dykes or sheets intermingled horizontally with the stratified rocks. 
The lower part of the strata in this district comprehends a stratum of : 

ee 
"On the Laws which Regulate the Deposition of Lead Ore in Veins, by Wm. 

Wallace, 1861, p. 99. , 

Vou. IV.— 24
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Basaltic Greenstone, and also a Basaltic dyke; but the veins generally | 
have contained very little lead ore where these rocks form their sides 
or walls. Doukeburn east and west vein has been proved to contain 
scarcely any ore for a considerable distance on each side of the 
Basaltic dyke. So far as this district is concerned, there is nothing 

to support the theory that lead is due to exhalations from beneath or 
to matter injected in a fluid state among the consolidated sedimentary 

rocks.” | 
By the expression, “good lead-bearing rocks,’’ Dr. Percival would 

seem to imply that in his view the ore deposit was dependent on the 
character of the inclosing rock; but, on the other hand, he indicates 
a belief that the crystalline rocks (“primary and igneous”) were 

influential agencies. These implied views are, perhaps, not necessarily 

inconsistent, but their harmony is not evident, and before any safe, 
practical considerations can be drawn, the precise influence of each 

agency ought to be shown. Undoubtedly Dr. Percival would have 

discussed the subject more fully had his life been spared; but justice 
to the practical issues involved forbids us from giving undue weight 

| to the opinions of even one so much respected, unless fully supported 7 
by data and reasons, especially so since some views then prevalent in 

respect to metallic deposits have been discarded in the light of the 
developments of the quarter century that has intervened. : 

Dr. Percival seems to have been the first to study critically the 

surface arrangement of the lead-bearing crevices, and to associate 
them in groups and series. So far as the grouping into “diggings 

and districts” is concerned, we have no occasion, even now, to change 

or modify in any important respect the groups of crevices described 
by him; but in his attempt to arrange these districts into great series 
or belts, he can scarcely be regarded as eminently successful, since no 
subsequent investigator seems to have been impressed with the force 
of his groupings. Probably no one else has been more successful, 

while some have certainly been less natural and more arbitrary. The 

fact seems to be that there is no very conspicuous and natural arrange- 

ment of the diggings into great series, although there is an obscure 
tendency to an irregular belt-like arrangement, but this is not suffi- 

ciently definite to admit of unequivocal interpretation, if studied 
simply from surface mapping. 

Dr. Percival noted the existence of several points within the dis- 

trict where the strata were lifted above their normal position, which 
he designated “centers of elevation.” In his last year’s work he also 
recognized the existence of corresponding depressions. Both of these 
he appears to have attributed wholly to disturbance of the strata, and
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not at all to irregularity of original deposition, and to have empha- 

sized its amount in some measure beyond what a more critical study 
would warrant. As this undulatory character of the strata forms an 

_ element in my own theory of the method of deposition of the ores, I 
am not indisposed to accept as pronounced views of the undulations 

of the strata as the facts will permit. But it is quite certain that a 
portion of the present undulation is due to original deposition on an 

uneven ocean bed, and the remaining portion to subsequent disturb- 
ance. The amount of this disturbance, while noteworthy, was not by 

any means very great, and Dr. Percival’s reference of sndden changes 
in the height of beds to faults was doubtless a misconception, they 

being really due to the abrupt irregularity of the strata, now known 

to be a common feature of these formations. These apparent faults 
and disturbances seem to have been important elements in Dr. 
Percival’s theory of the origin of the deposits, for he says: 

“The opinion expressed in my former report, that the mineral was derived from 
beneath, is strengthened not only by the general results of my observations in the dig- 
gings, but by the appearance of disturbance in the strata, particularly along the line of 

the great body of mineral traversing the middle of the district, and by the relation in 
the bearing of that body to the extensive ranges of primary and metamorphic rocks 
towards the northeast, indicating that the mineral may have arisen from a mass of such 
rocks beneath the secondary strata.’ ! 

: It is unfortunate for this theory, however, that not one of these “ cen- | 
ters of elevation ” is the center of a heavy ore deposit, while on the 
other hand, it is quite certain that some, and apparently most of the 
deposits, lie in depressions of the strata, as will appear in the fuller 
discussion of the subject in the body of the report. 

Dr. Percival clearly perceived and fully set forth the important dis- 
_ tinetions between the character of the north-south and the east-west 

crevices. 
| Whatever of adverse judgment has been implied in this brief sketch 

of Dr. Percival’s views has been introduced reluctantly, and purely 
from a feeling that it was but just to him to review his work, and, on 
the other hand, but just to the practical issues involved to dissent 
from what seemed, in the light of continued exploration and more re- | 
cent investigation, to be untenable. But I do not allow this to detract 
from the just and high esteem in which Dr. Percival will always be 
held. , 

In the year 1859, Prof. J. D. Whitney began an investigation of the 
lead formations of Wisconsin, having previously studied the adjacent | 
deposits of Iowa. In his report of 1862, he presented an able and 
elaborate discussion of the subject, giving an extended description of 

. 1An. Rep. 1856, p. 63.
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the forms and relations in which the ores are found, together with his 
views as to their origin. Our space will manifestly not permit a 
minute review of this report of 858 pages, nor indeed is it greatly de- 
manded, since the report itself is well known and quite widely access- , 
ible. Prof. Whitney differed quite radically from Drs. Owen and 
Percival in his views of the source of the deposit. Instead of deriva- | 
tion from beneath, due, in some unexplained way, to disturbances of the 
strata that, at best, were but slight, Prof. Whitney maintained that — 
metallic salts were held in solution in the waters of the ancient ocean, | 

| from whence the lead-bearing strata were deposited, and that they 
were thrown down by the action of organic matter, or the sulphuretted 
hydrogen arising from its decomposition, and so were mingled with 
the accumulating sediment. Afterwards the metallic materials, thus 
disseminated through the strata, were concentrated in fissures and 

openings, forming the present deposits. The crevices, Prof. Whitney 
attributed to the ordinary jointing that is common to almost all rocks, 
and to the elevatory movements to which the region has been subject. 

| The views of Prof. Whitney have been very generally accepted by 
| the scientifie world, though they have been less cordially received 

by the people of the lead region, since’ the practical inferences from 
them are thought to be less encouraging in regard to the permanence 
of mining. ‘The people have, however, generally recognized the fact: 
that it is more important to know the truth than to be beguiled into 
useless expenditures by a flattering hypothesis. | 

There are, however, certain features of Prof. Whitney’s theory that 

are not quite satisfactory. He assumes that the general oceanic waters : 

of the early geological periods were more highly impregnated with 
metallic salts than in later ages, and that, on the introduction of life, 

and its death and decay, there arose chemical agencies which caused 

the deposition of these metallic salts, mingled with the accumulating 
sediments. If this be true, it is a logical inference, (1.) That the 

metallic depositions would correspond to the introduction and distri- | 
bution of life; (2.) That the ores would appear in the strata when | 
life first appeared; (8.) That they would be abundant or sparse, ac- 
cording to the luxuriance of life; (4.) That they would continue prev. 
alent in the life-bearing beds till the oceanic supply was exhausted, 
when they would cease. But as far down as the Huronian formation 
of the Lake Superior region, and the still lower Laurentian of Can- 
«da, there are great beds of carboniferous shale, graphite, and lime- 
stone, indicating, it is confidently believed, an abundance of life. A 
section of the Huronian strata in the Menominee region probably 
contains more carbonaceous matter than a similar section of the entire
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| Silurian strata of Wisconsin. But noteworthy deposits of lead and 
zine are not prevalent in these strata, as the theory would seem to 

demand. Again the Upper Silurian and Devonian beds are very pro- 
lific in organie¢ remains, but in this country they are nearly destitute 
of the ores under consideration, while in the still later and not 
more fossiliferous Lower Carboniferous limestones are found the great 

| deposits of southwestern Missouri, and the north of England, and | 
minor accumulations elsewhere, and even in the Triassic beds of 

Silesia, Carinthia and elsewhere important deposits occur. 
| On the other hand, the great deposits of eastern and central Mis- 

souri lie in beds which correspond to our Lower Magnesian limestone, 

and are, like it, almost destitute of well preserved fossils. 
Still further it is to be noted that even the lead bearing strata them- 

selves do not carry the ores throughout their entire horizontal extent, 

though often more fossiliferous than in the lead bearing districts, and 

still further, even in the productive regions the ores are found in 

abundance only in circumscribed areas. In short, there is no such 

uniform and specific correspondence between the prevalence of organic 
| remains in the strata, and the richness of lead and zinc deposits as to 

make that appear to be the sole-determining agency. Prof. Whitney 

was not unaware of this objection, as indicated by the following quo- 

tation:! | 

‘* Another question which will naturally be asked in reference to the views advanced 

above is this: Why, if the metalliferous solutions from which the ore deposits of the 

. Lead Region were thrown down, were diffused through the oceanic waters, there was 

: not a precipitation of the metallic sulphurets over every part of the valley of the Upper 

| Mississippi? or why is the productive mining ground confined to a limited area, while 

over a vast extent of country, for all that can be seen on the surface, there is no reason 
why equally important deposits should not exist ? 

“To this we reply that we believe that it would be found that, were the earliest 

highly fossiliferous formations everywhere exposed, they would be found, to a considera- 

ble extent, impregnated with the sulphurets of lead, zinc, iron, etc.; and in proof of this 

we refer to the fact that the Silurian, and especially the Lower Silurian rocks, are much 

more metalliferous than any other series of strata occupying the same area and with the 

: same thickness. But these are not commonly exposed, being almost everywhere cov- | 
ered by other groups. Where metalliferous ores do exist in the upper strata, nothing 

forbids the belief that they may have been derived from previously deposited masses be- 

low, carried up in solution by thermal springs or otherwise. If the original conditions 

under which the ores were deposited in the lower rocks were not favorable to their seg- 

regation in large masses, as was the case in the Lead Region, where the rocks were 

intersected by numerous fissures — then the deposition would take place in a more dif- 

fuged manner, and we might have a mass of strata impregnated with ore, in small par- 

ticles, which would thus be liable to oxidation, and would easily be dissolved out and 
transferred to the upper strata by thermal springs rising through them from beneath.’’ | 

_ Geol. of Wisconsin, 1862, pp. 405, 406.



304: THE ORE DEPOSITS OF SOUTHWESTERN WISCONSIN. 

| It is true that there are extensive areas over which the Silurian 

strata are concealed, and we can have no knowledge of their metal- 

liferous character; but it is equally true that there are other exten- 

sive areas over which they are abundantly exposed, and their poverty 
in lead and zine ores does not admit of rational doubt. In the mat- 
ter of segregation we may freely admit that there may be instances 
where the metallic material remains diffused throughout the rock- 
mass, and fails to be concentrated owing to unfavorable conditions; 

but when we have made all due allowance for this, we'still find large 

areas over which the conditions for concentration are seemingly as 
favorable as those of the lead districts. In the presence of so great 

richness in certain limited areas, and so great poverty over the much 
vaster areas of the same and similar formations elsewhere, I cannot 

convince myself that this reply, though it has some force, is at all | 

adequate. The suggestion that the ores in the upper strata may be 

derived from beds below, through the agency of thermal springs, 

seems to me especially unfortunate, as it yields the very basis of the 
theory held by Prof. Whitney; for, if the Carboniferous lead deposits 

may be due to thermal springs, much more so, we may fairly reason, 
the lower Silurian deposits, which lie nearer the thermal rocks below. 

If warm springs gave rise to the lead and zinc ores of the Sub-car- 
boniferous limestone of southwestern Missouri, much more rationally 

might the Lower Magnesian ores of eastern and central Missouri, 

which lie almost in contact with granitic and porphyritic rocks, be so 

explained. It is evident that the farther we recede from the crystal- | 

line‘ rocks, the more inapplicable does the thermal theory, as a gen- | 
eral proposition, become. 

Before any theory of these deposits can be complete and satisfac- 
tory, it must assign a reason why they occur where they do, and not 
elsewhere, both in respect to their vertical and horizontal distribution. 
And this applies quite as forcibly to any hypothesis, based on disturb- 

ance of the strata or thermal springs, as to oceanic precipitation, for 

the same strata, which in the lead region are metalliferous, are found 

to be much more disturbed and to have been much more subjected to 
heat in the mountainous regions of this and the European continent | 
through stretches of hundreds of miles without producing notable 

mineral deposits. If simple disturbance of strata made lead mines, 

they would be as plenty as mountains. 

These criticisms do not so much affect the general theory of oceanic 

‘derivation as the special phase of it maintained by Prof. Whitney, 
which, otherwise than in its failure satisfactorily to account for the 
localization of deposits, is strongly grounded in evidence and justifies
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the favorable estimate it has quite generally received at the hands of 

competent scientists. The cause of the localization of deposition, 

however, stands before the theory of oceanic derivation as its supreme 

difficulty. | | 

Mr. J. Murrish, in a report as commissioner for the survey of the 

lead district, made in 1871,’ maintained that a north and south “axis 

of physical disturbance” passed through the district near the fourth 

principal meridian, and that this was crossed by several east and west 

belts characterized by upheaval, and that the “ mechanical force” and 

thermal agencies connected with these disturbances gave origin to the 

ore. He attempted to marshal the ore districts into four east and 

west belts identical with those of disturbance. How far these views 

accord with the facts of the case the reader will be able to judge by 

, consulting the ample data bearing upon the subject of upheaval, or | 

by inspection of the accompanying crevice maps, on which the ranges 

are laid down with as much precision as practicable. 
GF 

| 1 Document accompanying governor’s message, 1871.
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THE ORE DEPOSITS OF SOUTHWESTERN WISCONSIN. 

CHAPTER I. 

| DATA RELATING TO THE ORE DEPOSITS. 

It is proposed in this chapter to present, with as great precision as 
can be commanded consistent with the requisite brevity, the essential 

| facts that relate to the lead, zine and associated ore deposits of south- 
| western Wisconsin, and the immediate inferences that spring from : 

_ them, reserving, in the main, theoretical considerations for the follow- 
ing chapter. 

I. Tse Nature or tHe Minerats unpDER ConsiDERATION. | 

A. The Grouping of the Ores. It is convenient to speak of these 
ore formations simply as lead deposits, but in a critical study of the 

| subject, it is important to observe that we have to deal rather with a 
group of minerals than with any single ore. Indeed, at present, zine 
is industrially the more important resource, and copper is now being 
mined with reasonable profit, it is claimed. 

_ The association of ores, thongh a common, is always an interesting 
. phenomenon, and, in this instance, in the judgment of the writer, has 

a significance which gives it something of importauce. Viewing the , 
lead region as a whole, the mineral group embraces ores of lead, zine, 
iron, copper and manganese, and the minerals calcite and barite. Sil- 

ver is almost universally found in galena, but in this region the 

amount present is so minute as to render it notable for its compara- 
tive absence. Fluor spar, a not uncommon associate of lead ores, has 

| not been found in the Wisconsin region. Quartz, though abundant 
in the inclosing beds, in the form of chert, is rare in the crystallized 
form as an immediate attendant of the ores. Antimony and arsenic, 
that frequently attend them, have not been observed; so likewise nickel 

_ and cobalt, which occur in association with the lead deposits of Mis- — 

souri, have not been detected in the upper Mississippi region.
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Tt is not to be understood that these minerals are constantly asso- 

ciated with each other throughout the lead region, for, in some 

localities, little besides lead ore is found; at others, only two or three 

of the group named. The special distribution of the several minerals 

will claim attention presently, but it will be helpful first to con- 

sider the ores of lead, zine, iron, copper and manganese, with calcite and 

barite, as constituting the mineral group presented by the Wisconsin 

lead region. 

In comparison it is interesting to note that the eastern Missouri 

district presents a somewhat more numerous group, embracing ores 

of lead, zine, iron, copper, nickel and cobalt, the last two associated 

with a little arsenic, and the minerals barite and calcite. 

These, like the Wisconsin ores, are poor in silver. This group 

differs from our own mainly in the presence of nickel, cobalt and 

arsenic, and in a greater prevalence and preponderance of barite as | 

gangue matter. | | 

| The central Missouri lead region affords the same general associa- 

tion of minerals as the Wisconsin district, while that of southwestern 

Missouri differs in the absence of barite and copper, the presence of | 

greenockite (cadmium sulphide) and of a notable quantity of bitumen, 

with the predominance of dolomite, only feebly present elsewhere as 

gangue material. 

Quartz is present in all these regions, but not in such form or | 

abundance as to indicate that it has any intimate connection with the 

special causes of deposition. 

- In the meager published descriptions of northwestern Arkansas, | 

find only lead, zine and calcite noted, suggesting a close alliance with 

the adjacent Missouri region. In the northeastern district, copper 

and iron pyrites are added, while in the central region the group 

remains essentially the same as the last, but a portion of the galena 

is highly argentiferous. None of the deposits of Arkansas, however, 

have been developed to a sufficient extent to lend these discriminations 

much trustworthiness. 

In the lead districts near the mouth of the Cumberland river, in 

Kentucky and Illinois, the lead ore has, for its principal gangue, | 

fluorite and, as accessory associates, blende, calcite and bituminous 

matter. 

If it were our province to discuss lead deposits in general, there 

would be found, by going beyond the limit of the Mississippi basin, 

an exceedingly interesting variety of mineral associations, yet pos- 

sessing, on the whole, a striking similarity. It would appear that 

zine is almost universally associated with lead ores, where these occur
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in magnesian limestone; that iron usually accompanies them, and 

that the so-called gangue matter is usually either calcite, dolomite, 

barite, or fluorite. The presence of calcite and dolomite is not 

especially suggestive, since they largely constitute the material of the 
inclosing rock, but the presence of barite and fluorite, which are not 

by any means prevalent in the rocks of the surrounding regions, 

deserves consideration. _ | 
In the districts above cited, barite is confined to the Silurian de- 

posits and fluorite to the Subcarboniferous, but any suggestion of an | 

explanation or generalization on the basis of geological age will be 

found untenable on a wider view. For barite, as well as fluorite 

occurs in the Subcarboniferous deposits of Derbyshire, Cumberland 

and elsewhere, while fluorite is found in the Silurian deposits of New 

York and at other points in the lower formations. 

«BL. The Nature of the Minerals. In arational study of metallifer- 

ous deposits, the precise character of the ores and their mineral asso- 

ciates is of the very highest importance. It is not uncommon to find 

theories, popularly prevalent, and even occasionally finding their way 

| into official reports, that are wholly inconsistent with the nature of 

the minerals whose origin they are designed to explain. Veins are . 

sometimes thus held to be filled by igneous injection with minerals 

that cannot take the fused state together without wholly losing their 

| chemical composition and character. Deposits of mixed ores and 

spars are sometimes attributed to gases arising from below, notwith- 

standing the fact that some of the group take the gaseous form only 

under the most extraordinary circumstances, and the further fact that 

to volatilize and deposit them in the observed order would require 

ineredible conditions, and the still more decisive difficulty of volatiliz- 

ing and depositing them simultaneously in the observed form and 

position, owing to the wide differences in their temperatures of 

solidification. Other like inconsistencies are met with. The chemt- 

cal composition, crystalline form and microscopic structure of the | 

- minerals involved may be such as to forbid the belief that they 

originated in certain ways, aud these must therefore be rejected in 

arriving ata rational conclusion as to the manner of their formation. 

Hence at the outset, there is need for a critical study of the minerals 

with which we have to deal. | 

| ~The Wisconsin lead region presents for our special consideration 

the following minerals: (1) of lead ores, the sulphide, galena, the 

carbonate, cerussite, and the sulphate, anglesite; (2) of zine ores, the 

sulphide, sphalerite or blende, the anhydrous carbonate, smithsonite, 

and the hydrous carbonate, hydrozincite; (8) of iron ores, the
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sulphides, pyrite and marcasite, the carbonate, siderite, and the oxides 
hematite and limonite; (4) of copper ores, the mixed sulphide, 
chaleopyrite and the carbonates, malachite and azurite; (5) of ; 
manganese ores, the oxide, pyrolusite; (6) of lime compounds, the oo 
simple carbonate, calcite, the calco-magnesian carbonate, dolomite and 
the sulphate, gypsum; and (7) of barium salts, the sulphate, barite. 
A few other minerals will claim attention for special reasons. 

| It will very much simplify and facilitate our subsequent discus- 
sions to distingnish among these minerals two classes, the first includ- 

| ing those that retain the form in which they were originally deposited, 
| and the other embracing those that owe their present chemical char- 

acter to changes that have taken place since deposition. To illustrate, 
all the lead was, undoubtedly, at first deposited in the form of the 
sulphide, galena, and the carbonate and sulphate have been derived 
from this by subsequent chemical change. All the zine was origin- 
ally blende, the “drybone” and “bloom ” being derived from it. The 
evidence of this will appear subsequently. 7 

Grouping on this basis, the first class will embrace the lead sulphide, 
galena, the zine sulphide, sphalerite or blende, the iron sulphides, py- 
rite and marcasite, the copper-iron sulphide, chalcopyrite, the lime 
carbonate, calcite, the lime-magnesian carbonate, dolomite, and perhaps 
the barium sulphate, barite. To these there is probably to be added 
a manganese sulphide, though none is now known to exist. In short 
it may be stated that all the metals were at first deposited as com- 
pounds of sulphur; and the spars as carbonates or sulphates. — 

| The second class will include the remainder of the previous list, or 
in other words, the oxides, carbonates, and sulphates of the metals. 

Crass I.— Minerals in the form in which they were originally | 
depostted. | 

Galenite. Galena, Lead Sulphide, Sulphuret of Lead, “ Min- 
eral.” This is a simple compound of lead and sulphur, in the ratio 
of 86.6 to 13.4. When perfectly pure the former figure represents 
the amount of metallic lead in the ore. It very rarely is absolutely 
free from foreign substances, but in the region under consideration, it 
attains a very high degree of purity, and the derived metal ranks as 
the highest grade of “soft lead.” The only foreign ingredient that 
deserves more than passing notice is silver, and that not on account of 
its amount, but rather its almost entire absence. It is asserted by 
high authority that all galena is more or less silver-bearing, but the 
amount contained varies greatly, and this variation has both a practi- 
cal and a theoretical importance. If the content of silver ranges from
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six ounces per ton, or thereabouts, upwards, it may be profitably 

extracted. 

| The recent remarkable developments in the west have made us very 

familiar with argentiferous lead ores of high grade. The word “car- 

bonates’ has come to have a magical sound. But these carbonates | 

were beyond question derived from silver-bearing galenas. 

It has been observed that galena, occurring in veins in crystalline 

| rocks, usually contains a notable percentage of silver, while that 

. formed in unchanged sedimentary strata is very poor in silver. This 

rule is not, however, universal, and I doubt not that a more exhaust- 

ive study of the subject would show that the amount.of silver is more 

intimately connected with the source and method of deposit, than 

with the character of the inclosing rock. I incline to the opinion 

that the lead ores, in the course of their history, have. undergone solu- 

| tion and redeposit a greater or less number of times, and that, during 

these processes, owing to the somewhat different affinities of the two 

metals, they have been in some degree separated. Under this view, 

the circumstances of solution and redeposit would be influential factors, 

as well as the number of times it was repeated. If the ores were 

dissolved from deep-seated strata, and simply brought toward the sur- 

face, through fissures, and redeposited, no great amount of separation 

would probably take place. If, on the other hand, the solutions were 

mingled with the oceanic waters, and, after being borne to various 

distances, deposited with earthy sediments, again to be taken up and 

redeposited in crevices and openings, much larger opportunities for 

‘the disassociation of the metals would be afforded. If these views 

be tenable, the amount of separation might be stated as being depend- 

ent not only upon the number of times solution and redeposition have 

taken place, but also upon the circumstances and conditions under 

which these changes occurred. The original proportion of the two 

metals is presumed to have been quite varying, but whatever it may 

have been, these changes might be competent, in some cases, to bring 

| about a nearly complete dissassociation of the two metals, leaving the 

—galena almost entirely free from silver. This view would lead to the 

presumption that the Wisconsin lead ores had undergone repeated 

transformations or extended transportation. |
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: The following tables show the amount of silver in the leading lead 

deposits in the world, in connection with the geological horizon and 
character of the inclosing rock, so far as at command: 

| TABLE SHOWING THE AMOUNT OF LEAD AND SILVER IN GALENA 
| FROM DIFFERENT AMERICAN LOCALITIES.! 

e he qj ' 

2/25 | “ 
| 7 TR S & 

oO] 8 | ag — ms . 
Locatiry. ala (se 3 “4 

| 8 | 8 | 8 23 g 
| S| 8 | B+ gs 3 | 

Ar} A JO o | A 

Upper Mississippi Region. | 

Wis., Rockville...........}..-.10.0004) 14! Galena Limestone. ..|} Dolomite. 
Wis., Mineral Point.......{...-/0.0101] 38 | Galena Limestone...| Dolomite. 
Ills., Marsden Lode .......].-+-10.0002} +4} Galena Limestone. ..} Dolomite. 
Ills., Rosiclare............{.---10.0283] 944] Galena Limestone. ..} Dolomite. 

Missouri Region. 

Mo. Granby Mines........|84.9/0.0031| 1 | Lower Carboniferous.! Dolomite. 
Central Missouri........../86. | trace |.....| Lower Magnesian ...| Dolomite. 
Madison Co..............{12.8]0.0124) 4 | Archean ...........{ Porphyry. 
Ark., Newton Co.......-./76. 10.010 | 84)... ... ccc ccc ccc cele cc cc ec ecceeceae 
Ark., Marion Co........../86. 10.028 | 72 |... cc cc cece cece ccc cali cerevcccceccees 
Ark., Lawrence Co.......+/86. 10.0038 | 1 |... . cc ccc ccc cere cclecen ceccceecees 
Ark., Carroll Co ..........]86. 10.010 | B44)... .c ccc ccc ee cecccaleccsccceceeccees 
Ark., Pulaski Co........../77. |0.880 (287 |... cc cccceccceneccee| cccseecceeceees 

Other States. | 

Ky., Princeton ...........180. |0.0017/  & J... wc cc cece ccc ec clecccceecccecsces 
N. H., Shelburne .........]....10.147 | 48 | Palmozoic..........lececccceccccccce 
Penn., Chester Co.........]..../0.0413/18.5 | Palaeozoic ..........| Metamorphie. 
Penn., do. (Pyromorphite) ./71. [0.0054] 18 | Paleozoic ..........| Metamorphic. 
North Carolina...........{17. 0.0250] 111 | Paleozoic ..........| Taleose Slate. 

1Compiled by I. M. Buell.
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_ TABLE SHOWING THE AMOUNT OF LEAD AND SILVER IN GALENA 

| FROM DIFFERENT FOREIGN LOCALITIES. . 7 

eo 1 fH : , ‘ 

ey | He "hs + 4 
° ° a 5  . nf 

Locairy. sie | os 2g 
| Oo | 8S} 2s oe = 

s|3° |B" 3° 3 
AP fa FO ds) a 

. England. © 
Wensleydale (Yorkshire). .| 80.5/0.0030} 1 | Carboniferous ..| Limestone. 
Alston Moor (Northumbld)} 80. |0.0143) 45g! Carboniferous ..| Limestone. 
Weardale (Durham)......} 83.6/0.0120) 3,%;| Carboniferous ..| Limestone. 
Somersetshire .....20.++6] 69.8/0.0410} 13% |... cece cele weet eee ewe eee eeeee 
Alport (Derbyshire) ......| 82. |0.0040) 12g} Carboniferous ..| Limestone. 

| Shropshire ............../ 89.3/0.0016} 14} Lower Silurian. .]..........esseeeeeee 
Teign Valley (Devonshire)} 79. |0.0146| 484/ Devonian ......] Limestone. 
Leicestershire..........-.| 81. |0.0050] 12 |... . cc eee ee ele ee eee ee cere ene 
Cornwall...........-.++.| 78.2/0.0478| 1514] Devonian ......| Limestone. 
Isle of Man....-......-.{ 79. |0.1477| 4844] Lower Silurian. .| Slates. 
Beer Alston (Devonshire).|...../0.8899/110 | Devonian ......| Calcareous slate. 
Cardiganshire ...........]...../0.2480) 80 | LowerSilurian..| Slates. 

France. | 

Pontgibaud .............| 32.4/0.4000)180 |.......s........| Granite, schists. 
Palliercs ......eeeee cree] 40. [O-1100] 35 [pee e reece cece ee chee cere secs cere cerens 
Brittany ..............2.6| 77. |O.1588; SLB)... ccc cece wee ee ele nee eee ewer eeneees 

German Empire. . 

Freiberg (Saxony) .......| 40 {0.1500} 49 | Paleozoic......| Gneiss, schistose. 
Commern ..........-.--.| 62.5/0.0168) 514] Triassic.......-| Bunter sandstone. 
Harz ..-......eeeeeeeeee}| 74.6)0.1000) 32 | Paleeozoic......| Breccia. 
Harz (Clausthal).........| 75.1/0.9570/31214| Paleozoic ......| Breccia. 
Tarnowitz, Silesia........| 75 |0.0247) 8 | Trassic......../ Muscelkalk. 
Freidrich, Silesia.........| 78.5)0.0476) 15 | Triassic ........| Muscelkalk. 

- QObernhof, Nassau........]..-.-/0.2327| 75 | Silurian ... ...} Argillaceous slate. 
Bohemia, Przibram......|40.75/0.2680| 87.5) Lower Silurian. .| Schist and sandstone. 
Gladenbach, Hessen......| 83-5)0.1400] 459 |... cece cece c ec ele eee e es cece eerens 

Spain. : 

Carthagena ..........-+.| 39-0/0.0801) 26.6)................] Schists and slates. 
Sierra Almagrera........]..---|0.4654/150 | Lower Silurian. .| Micaceous slate. 
ee eec oer cceeeeeseeescee! 804.210.0230) 78 | Lower Silurian. .| Limestone. 

Other Countries. | 

Portugal ..........22026-] 83-4/0.0120] 4 [once cee er seer ee cle ce crccer ce cnenneces 
Portugal. .......-02.22| 5D. [0.2480] BL |. eee see cee eee ele wer eee cocrcoerane 
Bottino (Tuscany)......--| 79.70.45 70/149 [oe sce c ere e ee ee el eee ee weer ec ceee sees 
Argenteira (Tuscany) ..../ 72. 7/0.6850/221 [oo c cece eee eee le eens ee eeee rece onees 
Sardinia ......06 cesses] T9-BID.OL29) 4¢ [onc cee ce er eer [s ec er ener accececvene 
Sweden, Sala......+.---| 75.2/0.7690/251 | Azoic..........| Limestone. 
Switzerland .......2.-22+] 08.6/0.1500| 49 |... cc cee cee ce cc cl cece ence c ewer eenace 
Turkey ..... .ccecceceee| GL.BIO.0400) 13 | cece cere ee ce cleceerccerccerecercee 
India (Himalaya)........] 60. [0.0270] S88 |... ...05 cocseec[escccaccrcccrecccoce 
Siberia, Zerinofsk......../.... 10-1000} 2256)... .. cee ewww wali ce crew cree weceence 
Siberia, Nertschinsk....../Lead.!1.8560/606 |................| Limestone. 
Australia (Sulphate)......| 38. [0.1000) 32 [..... ccc ce cece cline cece cee ceeeeecece 
Pert... cee eee cece cece ce] OB. [L.3595/444 fore ccc cece cece el cece vee coccccecees 
Peru, La Providentia.....}...../3-4840/1188 |... cece ee ee [ewe cece cece coerce 
West Indies (St. Kitts)... .} 85.9/0.0055| LS)... cc cece eee e eel ce ae cece ec ereeceees 
Greenland ...........064) 82.5)0. 1800] SMA Joe ec ccc cee eel cc wee cence esccccves 
Hudson’s Bay (Whale R.).| 83.8/0.0164 FBG). ccc cece cere ctl ce eese crests ceeeene
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The galena of our lead region shows a marked tendency to crystal- 
lize in its most simple fundamental form, the cube. Not infrequently, 

however, the corners are cut away, as it were, by the planes of the 

octahedron, and this modification sometimes extends so far as to pro- 
duce nearly or quite perfect octahedral forms. Perfect octahedrons 

are, however, very rare and seem only to be found in soft, shaly layers, 

in the yielding clay of which they were enabled to grow symmetri- 
cally. The finest specimen yet seen by me came from Crow Branch 

. and is in the possession of J. H. Evans, Esq., of Platteville. "Where 

‘ the ore forms in close crevices or other confined situations, it is, of 
| _ course, prevented from taking, externally, a distinct crystalline form; © 

but its cubic cleavage shows that it is definitely crystalline in struct- 
ure. This prevalent tendency to complete and simple crystallization | 
is-perhaps attributable to the exceptional purity of the ore and its 

exceedingly slow, undisturbed growth. — 
The cubes are habitually large and clustered, and are then graphic- 

ally designated “cog mineral,” but not infrequently, small cubes, 
styled “dice mineral,” prevail. Large, illy defined masses are known 

as “chunk mineral,” and “sheet mineral” designates thin layers of 
ore filling narrow fissures, usually vertical. 

Fia. 1. Me Among its most interesting crystalline fea- 
. ) aa » tures are the forms known as “reticulated ” 

Fe ®, galena. In one variety the crystal, instead of 
iA\ i 7k Qh) ‘ ° . ° ° ? 
ey NW being solid within, is formed of alternate plates 
Wah AVF 1 eh \, Ew \ and spaces, parallel to the exterior, or of bands 

| eZ WW“ lying in the axes of the crystals, the remainder of 
SN <@\ ~—s the interior being oceupied by angular spaces; or 
Retcurate Garmva. OL combinations of these, or of less regular 

spaces, Pounded by faces that are corrugated te. 3 &, 
with minute ridges conforma re o the Ines IG. 2. ore. | . 

of crystallization. Prof. Whitney mentions ON 
Ls - a, ae CEN. 

these cavities as being lined with minute erys- y LE NS 

tals of lead sulphate,’ and hence attributes the as f' Sa aXe >, 
phenomenon to the removal of a portion of . orm eS 

. . : ° . \\ Wi. Gx > 
the interior of a once solid crystal by solution; 3 Ped < 

. . WY) 8" 
the material along the axes being thought to ee 
have the power of resisting the decomposing Soo 

agent for a longer period than the rest of the \P 
crystal. Ido not, however find the lining of _ Sxowia Cavrrres mn Gat- 

. ENITE-CRYSTAL. THE SHADED 
lead stilphate to be by any means universal, or onper xepRusENnrs INcLos- 

. . . ING BLENDE, THE LLACK, CAY- 

even general, a portion of the filling being car- 7s uv eGaruna. 

'Geology of Wisconsin, 1862, page 198.
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bonate, and ina large number of cases, the walls of the interior cavities 
possess a seemingly fresh leaden gray surface that has a very con- 
siderable reflecting power in certain attitudes, and in other cases, it 

presents brilliant specular surfaces without anv indication of corrosion. 

A large specimen, from the Marsden lode, near Galena, when sawed 
open, exhibited a somewhat irregular cavernous interior, which pos- 

sessed the curious crystalline angles and corrugations previously re- 
| ferred to. A portion of these had an external opening and were 

corroded and coated with a secondary lead compound, but the remain- 

der presented a brilliant specular surface. 

These reticulated forms also occur in the center of stalactitic ag- 

gregations of galena and blende, the reticulated cavities taking the 

place of the central cylindrical opening, common to stalactites. In 
some cases the bright metallic surface presents the appearance of an 

encrusting film and does not take a sharply defined crystalline form, 

but I have not succeeded in demonstrating that this is its true nature. 
_ It seems possible that such bright metallic surfaces might be pro- 

| duced by the simple solution of the lead sulphide, but scarcely by 

any form of chemical corrosion or transformation. If the lustrous 
surface is due to a film of ‘comparatively recent deposition, the cav- 
ities might still be due to earlier decomposition, and the harmony of 

seemingly incompatible facts be made, at least, conceivable. 

There.is a form, likewise styled reticulated galena, that seems to 
— Fra. 8 owe its origin in part to the primal mode 

fAS= > of its crystallization. It appears to have 
Zp DD grown up along an extended octahedral 
af \'Kxje=\ axis by accretions to the adjacent faces, the 
ee) result being an elongated prism capped 

| eo) == by apyramid. After this elongated erys- 

| eS ee tal had attained certain very moderate di- 
ee a Ae mensions, and apparently while it was yet 
= 2). a growing, there sprang out thickly along 

_ 4 its length, a series of lateral crystals that 

a a grew in a similar manner, but at right 
ee | SS angles. These are imbedded in blende — 
—S Ss and seem to have grown simultaneously . 

. “ RETICULATED GALENA.”’ . . . . 
p SHADED PORTION REPRESENTS 1N- with it, and to have been modified by their 

LENA, BLACK PORTION, CAVITIES. O@- struggles with the competitive mineral, 

REPRESENT CORRODED LAMINA. resulting in mutual encroachments, which 
produced, in the galenite crystals, successive contractions and enlarge- 

| ments of an irregular and unsymmetrical sort. Subsequently the in- 

terior seems to have been, in part, redissolved, after the manner above 
Vou. IV. — 25
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indicated, mainly along the central axes, but also on the margins and 

in irregular ways. The total result is, that, being imbedded in blende, 
and dependent on its irregular fracture for exposure, most specimens 

present a very complicated aspect. Its theoretical interest lies mainly 
in the fact that it is one of the evidences of the strictly contemporan- 

eous deposition of lead and zine ores. Another curious form consists 

of an elongated rectangular prism capped by sloping pyramidal faces. 

To give.a definite conception of dimensions, a specimen one foot long, | 

one inch wide and one-half inch thick may be taken asa type. ‘The 
pointed end has suggested the name “pick mineral,” the form being 
not unlike the rectangular point of that instrument. Its special pe- 

culiarity consists of a small round perforation, of the size of a knit- 

ting needle, passing through the entire length of the specimen, but | 

neither precisely at its center nor in a straight line. The perforation 

closely resembles those common to stalactites and probably has the 
same origin, the elongated erystal being stalactitic in mode of forma- 

tion, but of this I cannot speak confidently, as I have never seen the 

specimens in place, and presume, from what I can learn, that they | 

have only been found in the loose residual clay of the “openings,” 

which would indicate that they had fallen from above, but from what 
exact position is uncertain. Jam trustworthily informed that they 
were formerly very common at the Yellowstone diggings. The speci- 7 
men which I have made the type of this description is in the posses- 

sion of J. M. Smith, Esq., of Mineral Point. Mr. W. T. Henry, of 

the same place has several very large specimens that have a similar 
but more symmetrical form. The cross section of these 1s nearly a 

square, sometimes three to four inches on a side, the length of the 

specimens being from one to two feet. | 

The external surface of the lead ore as found in our region is gen- 

erally dull, rough, and coated with the oxide or carbonate, resulting 

Fre. 4. from chemical change at the surface. This change 
. is usually confined to the immediate surface, but 

RG @) sometimes penetrates to a considerable depth, and | 

&292 7 22 4) occasionally throughout, completely replacing the 
% seere Sis - "gies 9 oes 3] galena. 

res ed The form of the masses of galena is often much 

modified by erosion. The original cubes have been | 

| Garmna partianty much worn, often resulting in odd and fantastic 
CHANGED TO LEAD CAR- . . 

BONATE. THE BLACK shapes. These eaten and worn forms clearly indi-_ 

LENA. cate that, since the original formation, circum- 

stances have changed. Whereas then the conditions favored deposition, 

they have since caused corrosion and removal. This also necessitates
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the belief that the removing agency, which was, undoubtedly, the 

common drainage of the region, might, on meeting a reversal of con- 

ditions, redeposit its burden. But there are many exceptions to this 

rough and corroded condition of the ore. Some of it presents a de- 

cidedly fresh aspect. Of this sort there are two varieties; the one has 

a fresh, leaden-gray surface, reflecting only in certain attitudes, and 

the other presents a brilliant, metallic, specular face. This necessi- 

tates the belief that either these fresh forms are or have recently been 

in process of formation, or that they have long escaped the incessant, 

though slow, changes, by which, as we shall presently see, they have 

been almost universally surrounded. 

The eroded forms are found mainly at and above the permanent 

: water-level. 

It is important to consider what are the possible ways in which the 

several ores may be formed, since that may be decisive in respect to 

some theories of deposition. Galena is sometimes found in connec- | 

tion with furnaces, where it seems to be produced simply by the 

vaporization of the ore and its redeposit in the cracks and cavities of 

| the cooler parts of the furnace. Numerous experiments have shown | 

that galena may be sublimed and again condensed in the crystalline 

form, or produced by gaseous combination. It may also be formed 

by passing steam over lead sulphide at a white heat, and afterwards 

suitably condensing it. It may also be produced from solutions of 

lead compounds through the action of decomposing organic matter, 

and other agencies. - 

So far, then, as the galena itself is concerned, it 1s permissible to 

suppose that it might have originated (1), through the condensation 

of its own heated vapor; or (2), through the agency of steam; or (3), 

from water solutions by the agency of decomposing animal or vege- 

table matter. But when we come to consider its associated minerals, 

we may find ourselves shut up to a narrower choice. 

| Sphalerite, Blende, Black Jack, Zine Sulphide, Sulphuret of 

Zinc. This mineral, commonly known among the miners as “Jack,” 

is a simple compound of zine (67 parts) and sulphur (383 parts). 

When essentially pure, sphalerite is transparent and has a fine 

~ resinous luster and white or yellow color. But in the Wisconsin lead 

region it almost universally contains a sufficient amount of iron to 

render it dark and opaque. It belongs to the same fundamental 

system of erystallization as galena, but instead of growing in cubes 

and octahedrons, it usually takes the dodecahedral form and cleavage. 

Fine crystals are abundant, but they are almost universally of modified 

or irregular forms. These are formed especially in shale, whose yield-
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ing substance permits their growth, or in cavities, or crevices, where 

the deposition is sparse. When the deposit is massive, the blende is | 
usually disposed in compact layers or assumes a rudely botryoidal | 
form, with a radiant internal structure, often marked with concentric 

bands of lighter and darker hues. In certain situations it takes the | 

form of stalactites, traversed along the center by an irregular opening, 

along which some galena is often distributed. These special forms 

will be subsequently described. | 
A very interesting form occurs at Mifflin, known as “Strawberry 

DBlende.” It consists of an aggregation of small crystals, which have 

evidently grown out from a common center, projecting their points in | 

all directions, forming a sort of burr, or berry-like accretion, not 
inaptly named “Strawberry Jack.” Galena sometimes forms a part 
of the aggregation, and must have grown simultaneously with the 

blende. These “berries”? were formed in soft clay —a circumstance 
that favored their symmetrical development. 

Blende may be produced artificially from solutions of its com- / 
pounds, especially the sulphate, through the agency of decomposing 
animal matter. It seems also to have been produced by volatilization 

and recondensation, as in the case of galena. It has also been pro- 
duced by gaseous combination and by subjecting heated zine oxide, or 
silicate to sulphur vapors. It is not impossible, therefore, that in 

some instances blende may have a vaporous origin, and the practical 
question is, whether the conditions under which we find our deposits 

were such as to admit of this method of formation, and hence the 

critical attention of the reader is invited to those conditions as they 
shall hereafter be sketched. 

The forms which the ore presents should also be kept before the 
mind, such especially as “Strawberry Blende” and “Speckle Jack,” 
formed throughout soft rock, and, even more particularly, the stalac- | 
titic growths. | 

Pyrite, Yellow Iron Pyrites, “ Mundic,” “ Fools’ Gold, Iron 
Bisulphide, “Sulphur,” Sulphuret of Iron. This mineral of many 
names is commonly known among the miners as “sulphur.” It con- 
sists of iron and sulphur in the atomic ratio of one to two, or by 
weight of 46.7 of iron and 53.8 of sulphur. It attracts universal 

| attention by its bright, brassy color and splendent metallic luster. 
The name “ fools’ gold” suggests a long chapter of high human 
expectations, passing off, like the mineral, in acrid smoke, when 
tried by fire. Pyrite crystallizes on the cubie basis and takes a 
multitude of modified forms. In our region, it almost always ap- 
pears in aggregations where the forms of the several constituent
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| Fig. 5. erystals are constrained and obscured by the en- 

a, croachment of their neighbors. These aggregated 

oT ol crystals often diverge from a common point, giv- 

) Co a ing rise to a beautiful radiate structure, and where 

7 the individuals are densely crowded, the axial lines 

be §=oof growth induce a fibrous texture, though this 
E> | SR EEN e . * ye . 

ae is more especially characteristic of marcasite. 

ee Pyrite occasionally takes a stalactitic and stalag- 

| Co mitic form. In the former case the crystals are 

bet gathered about a small central tube that extends the 

ee ee entire length of the stalactite, growing out at right 

ey angles from it, giving a beautiful crystalline 

EES surface. A singular specimen of this kind, in 

_SmatActi™n oF px. my possession, consists of a stalactite reflexed 

ITSELY. upon itself as shown in the adjoining cut. The 

two adjacent portions are firmly grown together. Its. situation 

and attachments when found are unknown. 

Figure 6 represents an interesting group of Fie. 6. 

irregular stalactitie growths of pyrite attached Te; < A 

to a base of blende, from Marsden Mine, Ga- Aue Te ey 

lena, in the possession of R. D. Salisbury. ea a ey 

| Pyrite very often occurs as an incrustation, Le 

either of the walls of cavities, adhering directly Se | 

to the rocks or coating various minerals pre- Say | | 

viously deposited, thus the same sheet fre- A 

quently overlies galena, blende and calcite, en- ae 

| wrapping all in a common resplendent sheet of eS 

crystals. The incrusted minerals present per- — Ggovr or Sranactires 

fect, unchanged surfaces showing that the con- ATTACHED TO BLENDE. 

ditions under which the pyrite was deposited were not incompatible 

with their preservation, as certain heights of temperature and the pres- 

ence of certain heated gases would be. Pyrite also occurs abundantly , 

sn sheets beneath and between the other ores, and in accumulations 

apparently replacing them in their lateral extension, and also in iso- 

lated and scattered aggregations. 

Iron pyrites may be formed artificially by the slow deoxidation of | 

iron sulphate by organic matter In waters containing carbonate or 

other salts of iron in solution. Pyrite is abundantly found in the most 

recent sediments as well as in the medieval and most ancient strata, and 

st is certain that it has been formed under the ordinary conditions fur- 

nished by accumulating sediments, and in these instances not due to | 

thermal agencies of any kind. Its prevalence in bituminous eal, oil-
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bearing limestone, and pyroschists is prima facie evidence of the 
absence of heat, and its distribution throughout massive and imper- 
vious beds of clay make it irrational to attribute its origin to thermal 
waters. It will scarcely be questioned by any competent student of 
the subject, that, at least, the vast majority of pyrite found in the 
sedimentary strata was formed under the ordinary circumstances of 
those formations, and without such special agency as heated gases or 
vapors, thermal waters, physical disturbances or volcanic influence. 
Pyrite does not habitually volatilize when heated, but undergoes - 
decomposition, giving off snlphur and leaving a magnetic residue 
which, when formed at moderate temperatures, is allied to pyrrhotite. 
Indeed, pyrrhotite, and not pyrite, is the form of iron sulphide, if any, 
that would presumably be formed through the influence of igneous 
agencies, and its occurrence in nature in the lava of Vesuvius and 
nainly in erystalline rocks perhaps lends some support to this sugees- 

| tion. Nevertheless, experiments seem to show that heated vapors and 
gases may combine to form pyrite, and that some metalliferous depos- 
its may arise from such a source, with or without the aid of steam. 
In the case in hand the question is: Could the forms above indi- 

cated, ¢. g. the stalactites, have been formed by either gases, vapors or 
ascending hot waters? 

Pyrite frequently replaces fossils, retaining, very perfectly, their 
form and surface markings. These are quite comn:on among the | 
shaly deposits in the zinc-bearing beds of the lead region. 

Marcasite, lron LBisulphide, White Iron Pyrites. As this min- 
eral is not generally distinguished from pyrite, the same popular 
terms, “sulphur,” “mundic,” ete., are applied to it. It has the same 
composition as pyrite, their main difference being in crystallization, 
the pyrite being cubic, and the marcasite, orthorhombie, and in physi- 
eal properties, the marecasite being usually whiter and much more 
prone to decomposition. It has a greater tendency to take the fibrous, 
radiated, crested and saggitate forms. At several localities in the 
lead region it is much disposed to assume small, internally radiant, 
hemispherical forms, completely inclosed in blende, or in a combina. 
tion of blende, galena and pyrite. 

Aside from these peculiarities, the remarks upon pyrite are gener- 
ally applicable to marcasite. 

Chalcopyrite, Copper Pyrites, Yellow Copper Ore, Copper-tron 
Sulphide. This ore consists of a double sulphide of copper and iron, 
the three ingredients weighing nearly the same, namely: sulphur 34.9, 
copper 34.6, and iron 30.5. It somewhat closely resembles iron pyrites, 
but differs from it in being softer, so that it may be cut with a knife,
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while pyrite is so hard as to strike fire with steel. It usually has a 

deeper yellow color, more inclined to be iridescent and to tarnish, but 

these color distinctions are of uncertain value as tests. 

Its crystalline system is tetragonal, but it is still very closely iso- 

morphous with pyrite which conforms to the cubic system. In the 

lead region this mineral is mainly found in massive forms and these 

largely changed to the carbonates, malachite and azurite. Theoreti- 

cally, chalcopyrite can probably be formed in either of the general 

methods heretofore named. 

Manganese Sulphide, Aladandite? From the presence of man- 

ganese oxides in forms that are evidently secondary, and the fact that 

the oxides of the associated metals are unquestionably derivatives 

from original sulphides, it is highly probable that there was, and 

doubtless, in the deeper lodes still is, some compound of manganese 

and sulphur. No specimens of it have been identified so far as 

known. 

Calcite, Cale Spar, Tiff, Calcium Carbonate, Carbonate of Lime. 

This mineral derives its main importance in this discussion from the 

fact that it is so abundantly and so intimately associated with the pre- 

ceding ores. It is at times deposited beneath, between and upon them 

all, and, perhaps we shall be justified in concluding, strictly contempo- . 

raneously with them all. Our final views of the method of deposit 

| must therefore be such as to permit of the deposition of this mineral 

simultaneously with the others. Calcite consists of a simple combi- 

nation of carbonic acid and lime, forming usually transparent and 

white erystals. At Linden and some other localities, beautiful pink 

: specimens are found, and gray, cream and amber colors are not un- 

common. It erystallizes according to the rhombohedral system, and 

perhaps surpasses all other minerals in the number of modified forms 

which it assumes. In the lead region the varieties popularly known as 

“dog-tooth spar” and “nail-head spar” are the most. pronounced. 

Occasionally large openings in a lode, lateral cavities and even small 

caverns are brilliantly lined with these spars. A fine instance of this 

was found at the Linden Mine, from which W. T. Henry, Isq., raised 

and distributed a series of magnificent specimens. At Crow Branch, 

where the calcite grew in a soft, clayey shale, the erystals and crystal- 

line aggregates assumed a very great variety of odd, unusual forms, 

due apparently, to the half-yielding, half-confining nature of the 

elay matrix. Agarie mineral or “ rock milk” occurs at some of the — 

mines as a coating on the walls, having been formed since the excava- 

tions were made, and undoubtedly still in process of deposition. 

- In regard to the origin of ealeite, it is one of the most familiar
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facts of historic mineralogy that it has been and is being formed 
almost everywhere throughout caleareous rocks, by deposition from 
common lime-bearing water at the usual temperatures and under the 
ordinary circumstances that prevail in the superficial strata of the 
earth. It is also a well-known, though a less familiar fact, that it is 
formed from thermal waters. On the other hand it is an equally 
familiar fact that calcite cannot— unless it be under the most extra- 
ordinary circumstances — be vaporized, but that on heating, it decom- | 
poses, the carbonic acid passing off as gas, leaving caustic lime as an | 
infusible residue. It may not be entirely safe to say that, under 
extraordinary conditions of heat, pressure and confinement, aided by 
superheated steam, a deposit of calcite méght not be formed from the 
vaporous state, but such an instance must be placed among phenome- 
nal occurrences, and, I think, will be admitted to be quite inapplicable | 
to the case in hand, when all the attendant circumstances are duly 
considered. 

Dolomite, Pearl Spar, Brown Spar, Bitter Spar, Magnesian Car- 
bonate of Lime, Calcium-Magnesium Carbonate. This is a double 
carbonate of lime and magnesia in the ratio of 54.35 to 45.65 and, like 
calcite, crystallizes in the rhombohedral system. It resembles calcite, | 
but may be conveniently distinguished: from it by its more feeble 
effervescence in cold hydrochloric acid. N otwithstanding the fact 

| that the lead-bearing formations are composed of highly magnesian 
limestones, indeed almost massive dolomites, pure crystalline dolomite 
is not abundant in the ore-bearing crevices and openings, nor indeed 
in the Silurian formations of the state. This seems to be due to the 

: greater solubility of the magnesian carbonate by virtue of which it 
remains in solution in the depositing liquid while the lime carbonate 
crystallizes out. 

Quartz, Sclica. This is one of the most common of minerals, oc- 
curring in almost every formation in greater or less quantities. No | 
extensive formation is known in which its chemical equivalent, silica, 
is not present, and nothing is wanting to the production of quartz but 
the conditions necessary to concentration and erystallization. Sneh 
conditions are almost universally furnished by hot waters and the 
widely distributed alkalies. If thermal waters were the agency that 
deposited the ores and associated minerals of the lead region, it would 
be presumable that quartz would form a prominent constituent of the 
deposit, especially as the surrounding and underlying formations, as 
well as those in which the waters are supposed tu have been heated, 
contain an abundance of it. As a matter of fact, however, it is so 
rare as to be notable for its absence. The lead-bearing crevices. and



- ‘THE NATURE OF THE MINERALS UNDER CONSIDERATION. 393 

openings frequently lie in beds thickly charged with cherty flints, in 

the very cracks of which the ores are often deposited, while below lie 

the upper and lower silicious sandstones aggregating a thousand feet 

in thickness, through which aly supposed hot waters would pass in 

reaching the lead-bearing horizon. The absence of quartz under such 
circumstances presents a difficulty of some magnitude. | 

Barite, Barytes, Heavy Spar, Barium Sulphate, Sulphate of Ba- 
| ryta. Composition: sulphuric acid, 34.33; baryta, 65.67. Barite a 

crystallizes in the orthorhombic system, but, in the lead region, it 

almost always appears in massive aggregations, occupying the same 

situations and relations to the ores that calcite does, indeed, in many | 

instances, it seems to be literally replacing it, the calcite being grad- 

ually dissolved away and the barite taking its place. It is only 

abundant at a few localities, and it is an interesting fact that in its 
distribution it is essentially confined to the eastern portion of the re- 

gion. In respect to the possibilities of its origin, nothing opposes 

the view that it might under supposable conditions be formed either 

from cold or hot solutions. There are difficulties in the way of sup- 

posing it to have been volatilized or to arise from gaseous combina- 

tions, since barium sulphate is not, under ordinary conditions, volatile, 

its tendency under heat being to reduce to the sulphide which is com- 
petent to resist a high degree of heat. | 

Crass I.— Secondary Minerals. | 

| The foregoing constitutes an essentially complete list of the min- 
erals that seem to have been originally deposited in the crevices, 

chambers and soft strata of the lead-bearing formations, where we 

now find them. Certain portions of the deposits have, however, 

undergone transformations since, and have given rise to a class of 

derivative minerals to which the following belong. 

Sulphur. Native sulphur, though not abundant, is occasionally 

found in the lead region in the pulverulent or minutely crystalline | 
form in crevices or small cavities in the mines. It is undoubtedly 

due to the decomposition of the iron sulphides, pyrite and marcasite. 

Melanterite, Copperas, Lron Vitriol, Green Vitriol, Sulphate of 

Iron, Iron Sulphate. This well known substance is occasionally 

found in the vicinity of decomposing marcasite, or pyrite, from 

whose oxidation it unquestionably arises. It is also abundant in 

heaps of exposed pyritiferous debris from the mines, where it forms 

rapidly. In such situations it usually takes the form of an efflores- 

cence of fine white fibrous crystals, or a light-colored, filmy coating,
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This, of course, is soon dissolved and washed away, or is further 
oxidized into the iron rusts. 

Alum. Among the efflorescent material attending the decompo- 
sition of the iron sulphides there are yellowish coatings and minute 
fibrous erystallizations, of bitter astringent taste, that are probably 
iron-alum, but I have not tested them. 

Hematite, Led Iron Ore, Red Ocher, Peroxide of Iron, Ferric 
) Oxide. This mineral, in the form of red ocher, and occasionally as | 

a pseudomorph after pyrite, is present in connection with the lead 
deposits, but not in sufficient quantity to give it of itself any impor- 
tance. It is mainly of interest, as showing the changes the lode _ 
minerals have undergone. The presence of bright red ocher is 
regarded by the miners as an unfavorable sign, indicating, as they 
express it, that “the ore has been burnt out,” a not inappropriate ex- 
pression, if its real significance be rightly understood, since the pyrite 
seems to have been “burned,” in the chemical sense of oxidation, 
first to iron sulphate and then to red ocher. How much of this red 
ocher is really the hematitic variety, known as turgite, is not fully 
ascertained. 

Limonite, Brown Hematite, Yellow Ocher, Hydrated Sesqui- 
oxide of Iron, Hydrous Ferrie Ovide. This occurs more abundantly 
than hematite, taking the form of yellow or brown oecher and rust. 
It consists of iron oxide chemically combined with water, and owes 
its origin, so far as this region is concerned, mainly to the oxidation 

| of the iron sulphides, pyrite and marcasite, whose forms it often 
} retains. 

Siderite, Spathice Iron Ore, Black Tiff, Iron Oarbonate. It is 
merely worth noting that this ore of iron occurs occasionally, and is 
known as “black tiff.” Whether it belongs to this group of derived 
minerals, or was originally deposited in the fissures in the present 
form, I am unable to judge from the little known about its occurrence, 
but incline to the former view. 

Cerussite, White Lead Ore, Lead Carbonate. This ore of lead 
occurs in small well-formed crystals attached to galena, and also as a 

| white coating replacing the exterior of galenite crystals and occasionally 
taking the place of the entire mass. In the latter cases, if is mani- 
festly due to the change of the lead sulphide to the lead carbonate, 
probably through the intermediate state of the sulphate, which would 
doubtless be the immediate result of the oxidation of the sulphide and 
which, in turn, might be reacted upon by the alkaline or earthy car- | 
bonates held in solution in the percolating waters, thus producing the 
carbonate. The erystalline forms may be supposed to have the same
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origin, save that the sulphate served to transfer, somewhat, as well as | 

to transform the changing ore. 
Anglesite, Lead Sulphate. This mineral is of rare occurrence and 

is, undoubtedly, in all cases formed from the sulphide, galena, by ox- 

idation. It would doubtless be more abundant but for the fact that 

when lead sulphate is formed from the sulphide in the presence of 
water carrying the earthy carbonates, as lime and magnesia, the latter — 

react upon the lead sulphate forming lead carbonate (cerussite) and 
lime or magnesian sulphate. As these earthy carbonates are abun- 

dant in the waters of the region, it is not remarkable that we should 

, find the lead carbonate instead of the lead sulphate as the usual prod- 
uct of the change. We do, however, occasionally find it in cavities in 

the interior of galenite crystals, where there has been little exposure 

to general circulation. It is too rare, however, to merit attention be- 

yond the interest it possesses as a way-mark of the changes the ore 

has undergone. 

Smithsonite, “Dry Bone,” Zine Carbonate. Composition: car- 

bonie acid 35.2, zinc oxide 64.8. When pure the ore would, therefore, 

yield 52 per cent. of metallic zine. 

This ore very rarely appears in the lead region in its crystalline | 

form —rhombohedral — but assumes various shapes according to the 

circumstances of its situation. The most common is an irregular 

cellular structure not unlike the open porous part of the interior of 

bones, whence the miners’ name “dry-bone.” A more exact com- 

parison could be made with the tufaceous forms assumed by lime 

| when deposited from calcareous springs or seepings. It also forms 

coatings and crusts over the surface of surrounding rock or ore and 

thus frequently simulates a crystalline form it does not possess. It 

not unfrequently thinly coats calcite crystals, after which, the latter 

are slowly dissolved away and smithsonite takes its place, forming a 

species of pseudomorph. These are quite common near Mineral Point. 

More rarely, similar pseudomorphs after galena and other minerals 

are found. It occasionally presents the characteristic forms of blende, 

| but this is due to derivation from the blende rather than replacement, 

as in the preceding cases, indeed these pseudomorphs after blende are 

among the proofs that the smithsonite in general is derived from the _ 

blende. Other evidences are found in the fact that, with the greatest 

frequency, the exterior of a mass is found to be smithsonite and the 

interior blende, and the line of junction is such as to force the convic- 

tion that the blende is changing into the smithsonite. Equally con- 

vincing is the fact that the “dry-bone ” is found almost exclusively , 

above the permanent water level, where atmospheric agencies are |
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active, and oxidation finds suitable conditions, while in the same 
crevice, below the water level, blende is found, the two occupying the 
same relations to the other minerals of the crevice, thus indicating 
clearly that they are but parts of what was originally a continuous sheet. 
In the change of the lead and iron sulphides tu oxides, or carbonates, the 

material was scarcely moved from its original position, except such part 
of it as was entirely carried away, but in the change from zine sulphide 

to zinc carbonate, the product was often in part removed slightly so as 

to be distributed over surrounding objects, as previously indicated; in — 
| other words, there was slight transportation, as well as chemical 

transformation. This seems to imply an intermediate state between 
the zine sulphide and the zinc carbonate, and this satisfies the theo- 
retical presuinption, that the zine sulphide would first become, by 
oxidation, zine sulphate, a very soluble compound, which, through the : | 
agency of the earthy and alkaline carbonates, present in the waters, 
would be changed to zinc carbonate and redeposited, some little trans- 
portation taking place in the meantime. 

The smithsonite is usually somewhat impure from the presence of 

| | iron oxide and earthy substances. The iron was probably derived 
from that contained in the blende, which doubtless underwent chemi- _ 
cal transformation at the same time as the zine and in a similar 

manner. Some may, however, have been derived from other sources 
in common with the earthy impurities. | 

_ Hydrozincite, Zinc Bloom, Hydrocarbonate of Zinc. Compo- | 
sition: carbonic acid 13.6, zine oxide 75.3, water 11.1, though the 
proportions somewhat vary. When pure it contains about 60 per 
cent. of metallic zinc. This mineral is intimately associated with the 
preceding, and differs from it chemically in containing water as a 
constitutional ingredient. It oceurs as incrustations, mainly on 
smithsonite, and usually has a more close texture and clear translucent | 
light color, and is more inclined to the stalactitic and botryoidal 
forms. But it is often difficult to distinguish it by physical proper- 
ties from smithsonite. It is often mistaken for the silicate of zinc, 
calamine, a name which was indeed formerly applied to it. Its origin 7 
is closely similar to that of smithsonite. 

Goslarite, Zinc Sulphate. This substance has only a theoretical 
_ interest, as I am not aware that any specimens of it have ever been 

collected in the Wisconsin lead region, and from its highly soluble 
nature there is no reason to think it exists permanently. There is 
little doubt, however, that it is formed in the decomposition of 
blende, and is a transition product in the chemical metamorphosis of 
that mineral into smithsonite and hydrozincite.



THE NATURE OF THE MINERALS UNDER CONSIDERATION. 397 

Malachite, Green Copper Carbonate. Composition: carbonic 
acid 25.6, copper oxide 69.2, water 5.2. When pure it yields 57.22 

| per cent. of metallic copper. Justas the zine and lead carbonates are 
formed from blende and galena by oxidation, so malachite is derived 

from copper pyrites. In the lead region it occurs mainly in small 
earthy masses, associated with the chalcopyrite, from which it is de- 

rived, and associated with it in such a way as to leave no doubt as to 

| its derivation. It may be distinguished from the green earths, which 

are often popularly mistaken for it, by its pure verdigris color, by its 

complete solution in nitric acid, by the intense blue color of the nitric 

solution on adding ammonia and by the coating of copper that forms on 

| any clean surface of iron or steel — as a knife blade — thrust into the 

| solution. | 

Azurite, Blue Copper Carbonate, Blue Malachite. Composition: 

earbonic acid 25.5, copper oxide 69.2, water 5.2. - When pure it con- 

tains 57.22 per cent. of metallic copper, or in other words is identical | 

in composition with malachite. This beautiful mineral occurs in 

elusters of small erystals lining drusy cavities of the mixed copper 

ores in the Mineral Point region, being intimately associated with 

- mnalachite and chalcopyrite, from the latter of which it has, unques- 

tionably, been derived, in a manner analogous to the preceding 

carbonates. 

Gypsum, “ Plaster,” Lime Sulphate, Hydrous Calewum Sulphate. 

This mineral is of rare occurrence in the region, being only known to 

occur occasionally as the filling of small fissures. It has some theo- 

retical interest, however, since the decomposition of the metallic 

sulphides has, doubtless, given rise to considerable quantities. But, 

being slightly soluble, it has been borne away, except in the rare 

instances of its preservation. This involves the solution and removal 

of an equivalent quantity of limestone, which, in part, accounts for | 

the openings in which the ores are found. 

Pyrolusite, Wad, Black Manganese Oxide. Composition: man- 

ganese, 63.3; oxygen, 36.7. A black pulverulent substance, often 

called “black ocher,’’ is occasionally found in the mines. It some- 

times forms coatings on calcite, or other minerals, and occasionally 

fills small fissures, but rarely occurs in any notable quantity. In its | 

minutely divided state, it is very light, and thus is lable to give the | 

impression of being the residual “ash” of some mineral, supposed to 

‘be consumed. This is not, however, what is commonly known among 

the miners as “mineral ash,” or, at least, not the only substance so | 

known. | 

Professor Whitney remarks on the scarcity of manganese in the
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. Jead region, as well as the Lake Superior district, as something notice- | 
able, an observation to which some little interest may attach from its — 
harmony with the general tenor of our views, as hereafter expressed. | 

_ IL Tae Argas Wrrein Wuica Taese Mrnerats are Founp. | 

1. Zhe General Area. The West Platte Mound is a notable eleva- 
tion, standing nearly on the fourth principal meridian and about 
eighteen miles from the southern limit af Wisconsin. If one were to 
stand upon this mound and sweep a circle with a radius of forty miles, 

| it would cover all the notable lead mines of the upper Mississippi 
valley. The trivial exceptions would be those near Exeter and Mon- 
roe. If this circle were compressed on the north, the southeast and 

_ the southwest, so as to be somewhat triangular, it would move cor- 

rectly represent the form of the productive area. If the circle were 
reduced to a radius of thirty miles, it would still include all the 
richer mines. 

This territory embraces the southwest corner of Wisconsin and the 

adjacent portions of Iowa and Illinois, but by far the greater portion _ 
lies in the “ Badger” state. Thecenter of productiveness of this area 

| lies somewhat to the south of the center of geographical distribution. 
To the south and southwest, for aught that is known, the lead de- : 

posits may extend beyond these limits, for the lead bearing strata are 
concealed by later formations. To the north they may have once ex- 
tended farther, for the strata have been mainly worn away. From the 
fact that the lower formations of that region are more metalliferous 
there than elsewhere, and from general considerations, that will ap- 
pear in the sequel, there is reason to believe that they did so and that 
the primitive lead region extended considerably north of the Wiscon- 
sin river. To the east, the deposits gradually dwindle away, till only 
a few pounds and, at length, but an occasional hand specimen of 
galena, or blende, is found, though the lead-bearing strata stretch on- 
ward without notable change of character. The same may be 
said, essentially, in respect to the southeasterly and northwesterly 
extensions. | 

If a metalliferous disposition in the lower strata is any ground for 
presumption, it is not improbable that the original region of deposit 
may have been elongated to the northward, but further than this, I 
know of no evidence that the primary deposition extended beyond the 
area above indicated. | 

2. Other General Areas. Before discussing more minutely the 
Wisconsin lead region, it may be serviceable to glance over the conti- 
nental basin with which this region is intimately united in geological
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| history, and bring into view the several similar metalliferous areas. 
| The most noteworthy of these lie in Missouri, and — disregarding 

some scattering deposits of little consequence — may be regarded as 
constituting three quite well defined districts. These lie respectively 
in the southeastern, the central and the southwestern portions of the 
state. Recent discoveries have extended the latter into the adjacent 
portions of Kansas. South of these areas, scattered through the 
northern portion of Arkansas, there are detached and feeble deposits 
that, as yet, at least, have assumed little importance. The most south- 
ern, and perhaps the most important, lies near Little Rock, in the 
center of the state. Near the mouth of the Cumberland river, there 

_ are a few deposits in Kentucky and Illinois that form a somewhat iso- 
lated and interesting, though economically unimportant, group. Slight 
deposits also occur near Franklin, Kentucky. In eastern Tennessee 
and northwestern Georgia there are a number of scattered deposits, 
though none of them possess much richness, nor are they clustered 
geographically or geologically, so as to constitute a well defined met- 
alliferous district. In eastern Pennsylvania, northern New Jersey 
and eastern New York, there is a line of scattered mines running 
nearly north and south, parallel to the belt of metamorphic rocks of 

: the region. There are also a few deposits clustered about the base of 
the Adirondack highlands. In a similar way, a few lodes are dis- — 
tributed along the margin of the Archean districts of Canada. 

The distribution of all these is presented to the eye on plate 000. 
The smaller deposits of the Appalachian and Canadian regions are 
necessarily somewhat exaggerated, relatively, for the sake of distinct 
presentation. 

3. Lhe Special Districts within the Lead Region.— Returning to a 
more careful congfderation of the Wisconsin Lead Region, it is but re- 

iterating an old and established fact to observe that the mines are not 
promiscuously distributed over the whole territory, but are clustered 

into districtg, or “diggings.” The country between these districts has 
thus far proved nearly, or wholly, unproductive and has received the 

name “barren” territory. The occurrence of occasional dispersed 

mines and small deposits or “indications”? of ore has led some to the 

hope, if not belief, that these intermediate areas would in the course of 
future developments prove productive. While it is not at all improb- 

able that the present mining districts may be extended, and new ones 

discovered, yet in a candid discussion of the subject, we must face the 
fact that within the last twenty-five years or more, no new districts 

have been developed and no very marked extension of the limits of 

previous mining districts has resulted from continued exploration.
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Indecd, it is asserted that all the present “diggings”? were discovered 
within five years of the first earnest mining operations. If the mines 
were situated in portions of the strata better exposed than elsewhere, 

| that might be presumed to account for these facts, but in reality the 

productive areas are no better exposed than the unproductive, nor any 
differently exposed. The whole region is free from glacial drift and 

_ 1s only covered by a moderate depth of residual clay, so that the strata 

are readily accessible in all parts of the region. And, furthermore, 
this clay being derived from the decomposition of the rock itself, often | 
indicates the metalliferous character of the rock, by containing “ float 

mineral,” or other evidence of ore deposits, so that, even where the 

clay has considerable depth, we are not entirely without some indica- 

tion of the character of the subjacent rock. As the strata are further- 
more carved into deep valleys throughout the whole region, thus 

affording abundant means of observation and exploration, it is quite 
certain that the present practical limitation of the mines to cireum- 
scribed districts, accords with the real facts of deposit, and that there 

are really productive and unproductive areas. This is not saying that | 

all the productive areas have yet been discovered, but the negative ex- 

perience of a score or more of years will not permit us to found any | 

views, either theoretical or practical, on any other assumption than | 

that our present knowledge represents the truth, viz.: that the ores 
are only found in richness in certain limited areas, while the rest of 

the region is but little more metalliferous than areas of the same strata 

elsewhere. This being admitted, the locations, arrangement and geo- 

logical relations of these mining districts become subjects of impor- 
tance, and give rise to some knotty problems, among which not the 

least difficult are the causes of this localization of the deposits and 
the reasons why the given localities were the favored ones — questions 

we shall attempt to answer during the course of the discussion. 

If we resume our central station on Platte Mound, we shall find no 
mines in our immediate vicinity, but, within two miles to. the south- 

westward, diggings appear, and four miles distant is the center of the . 

rich Platteville district. This, embracing the village in its midst, 
extends thence two miles northward and, with intervals, about three 

miles southwestward. To the east and west there are detached lodes, 

and to the southeast a scattering line of mines stretches away to Elk 
Grove and Strawberry diggings, somewhat more than six miles dis- 
tant. Five miles south of Platteville lie the Big Patch diggings, 
and about three and one-half miles west on the opposite side of the 

Platte valley are the circumscribed Whig diggings, while three miles 

beyond are the unimportant Brush Ridge deposits. Between all
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these and the central Platteville district there are intervals that have 
| as yet proved unproductive. _ 

If, still retaining our position on the mound, we lift our vision 
across both the Platte valleys and extend it to the vicinity of the 
Mississippi, it will rest upon the Potosi district that, in productive- 
ness, has held a high rank. Its air line distance is about seventeen 
miles. The main mines are closely gathered about Potosi village. 
The Dutch Hollow diggings on the northeast are separated by only a 
slight interval. About a mile north of these are the mines of British 
Hollow and these lead off to the northeast, toward the minor diggings 
of Rockville, Pin Hook and Red Dog. Taken with Potosi, these 

: form an elongated district stretching northeast and southwest about 
six miles in length and two in maximum width. 

About eleven miles northwest of this, and about twenty-four miles 
nearly due west from Platte Mound is the Beetown district, embracing 
the Muscalunge, Nip-and-tuck and Hacketts diggings, as well as those 
of Beetown proper. These are somewhat closely connected by inter- 

| mediate minor deposits. An interval of about three miles lies between 
the easternmost of the Beetown lodes and the unimportant ones of | 
Hurricane Corners, and about two miles north of these lodes and four 
miles from the former are the isolated Pigeon diggings. Westward 

' from Beetown are occasional small mines reaching as far south as 
Cassville, and north to Glen Haven and Gutenberg on the west side 
of the Mississippi. But none of these have attained importance, and 

| the Beetown district may be considered the most westerly heavy . — 
. deposit of the lead region. | 

Looking northward from the mound about nine miles, may be seen 
the ore district about the head of Crow Branch, which only embraces 
afew scattered ranges. Fourteen miles north are the Wingville mines, 
a thick little cluster of lodes. Three miles farther north is the con- 
centrated patchy deposit of Centerville, and four miles farther, or 

twenty miles from the mound, the rich ranges of Highland. These 
are the most northerly productive mines in the region. 

Sweeping a little to the eastward, Mifflin, with its.single group of 
rich ranges, lies within seven miles of our elevated station, and nearer 

_ at hand the unimportant South Mifflin diggings. Beyond, and more 
easterly, lies Linden, twelve miles distant, a group not well defined. 
To the westward, and northward from the main Linden lodes, less 
important mines extend three miles or more, while to the southeast- 
ward there are at intervals of a mile or less diggings that connect the , 
Linden with the Mineral Point district, six miles distant. Among 

Vor. IV. — 26
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these intermediate mines, those of Diamond and Lost Groves are the 

more important. | | | - 

The Mineral Point district, one of the most important of the 

region, centers within the city limits. Thence it extends about two 

miles south, but is quite sharply limited on the east and west. 

Northwestward, as already stated, scattering lodes connect it with the 

Linden diggings. In a similar way, detached groups of mines lead 

north to Van Meter’s Survey, a notable cluster of rich ranges. Pass- 

ing an interval of less than two miles, we are within the Dodgeville 

district. This really consists of two sub-districts, one lying within 

and northwest of the city; the other beginning about a mile east and 

extending thence eastward and northward abont four miles. About 

two miles farther east are the Porter’s Grove diggings, and about ten ) 

miles beyond the Moundville mines. In the interval there are some 

detached “ patches” and small diggings. The Moundville mines lie 

near the base of the West Blne Mound, and mark the extreme north- 

easterly extension of the productive lead deposits. They are distant 

thirty-three miles from our center of view on Platte Mound. . 

Looking to the eastward about eleven miles, are the mines near 
Calamine, which consist of several groups of small ranges scattered 

, along the Pecatonica, nearly as far south as Darlington. Northeast 

of Calamine are a few mines on Duke’s Prairie, and five miles east of 

this are the Yellowstone diggings, which scatter on to the vicinity of 7 

Blanchardville. More to the south are the detached deposits near 

Argyle, and, still farther, the compact Wiota district. Still more dis- | 

tant to the east are the Monroe and Exeter mines, the most easterly 

of the lead region, the latter being forty-five miles due east of Platte 

Mound. 
Still retaining our elevated outlook and turning to the southeast, | 

we see, at a distance of sixteen miles, the rich, interesting Shullsburg | 

district. The ridge just beyond the town is thickly dotted with heaps 

of debris, marking the rich deposits of that favored location. A little 

detached from these, on the northeast, are the Irish diggings, that 

stretch away toward Stump Grove, three miles from Shullsburg. 

West of the place, mines occur at short intervals as far as the Benton 

and New Diggings districts. Beyond Shullsburg are the isolated 

Stopline diggings, and over the line, in Hlinois, those of Apple River, 

and still farther, the abandoned lodes of Babel, marking essentially 

the limit of deposit in that direction, at.a point about twenty-eight 

| miles from Platte Mound. | | 

Turning directly to the south, we look down upon the minor mines
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: near Elk Grove, already alluded to in connection with the Platteville 

district. Beyond, over an interval of about three miles, lie. the in- 

| teresting deposits at Meeker’s Grove. Four miles beyond, Swindler’s 

| Ridge, the nuclens of the Benton district swells up into a well | 

rounded prominence. It is hard to set definite limits to this district, 

since mines are scattered at intervals eastward all the way to Shulls- 

burg, southeastward to New Diggings and thence onward to White 

Oak Springs, and southwestward to Hazel Green and beyond. These 

districts may perhaps properly be regarded as one complex district 

with several rich centers. Swindler’s Ridge, already alluded to, the 

ich group of mines immediately south of the village of New 

Diggings, and the remarkable cluster near Hazel Green, may be re- 

garded as such centers, all having yielded very rich returns. Around 

and between these, mines of Jess average richness are dispersed, in a 

manner that does not present any conspicuous natural grouping. 

Passing over the state line into Illinois, there is a thick cluster of 

lodes about Vinegar Hill, on the west side of Fever river, while on 

the east side, there is a more disconnected line of mines, stretching 

southeasterly to Council Hill station and a little beyond. 

Following down the Fever river, we enccunter the notable mines in 

the vicinity of Galena, and beyond, the famous Marsden lode. 

: A dozen miles southeast from Galena, over an interval occupied by 

Upper Silurian rocks, is the Elizabeth district, lying in the valley of 

Apple River. This constitutes the most southerly group of mines, 

being a little over thirty miles from the Platte Mounds. 

Again resuming our station on the west mound and turning to the 

south-southwest, and looking directly over the little cluster of mines, 

extravagantly dubbed Big Patch, at a distance of about fourteen miles, 

we see a very regular parallel group of lodes known as the Upper Me- 

nomonee district. Sonth of these, two miles, are the Lower Menomonee 

diggings, and beyond these only aslight interval, and even this occupied 

: by a few ranges, lie the Fairplay mines, notable like the Upper Menom- 

onee ranges for their prevailing parallelism. From the extremity of 

these, it is less than five miles across the Mississippi to the well-known 

Dubuque mines. Beyond these the galena limestone is buried beneath | 

| later formations and is inaccessible, so that, whatever may be its 

metalliferous character, the Dubuque district is the practical limit of 

the mining area to the southwest. 

We have thus swept rapidly over the ore field for the purpose of 

| picturing to our minds the general distribution of the metalliferous 

deposits. But we have not paused to consider the special nature of 

the ores, nor their individual distribution, a subject which now claims 

| our attention.
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III. Tux Specran Distrrevtion or tHe Severat Ors. 

1. The lead ores are prevalent throughout the entire district recog- 

nized as the lead region. On the north they do not reach as far as the 
iron and copper deposits, that we shall find reason to associate with 
the already recognized district. Rut within the lead region proper | 
there is no sub-district, indeed I am not aware that there is a single 
lode, that does not contain some galena, though in many eases it is 

greatly subordinate to the zinc ore. The general distribution which 

has already been sketched will therefore represent the areal disposal 

of the lead ores. | 

2. Distribution of the Zine Ores. Tn considering the zinc-produe- 
ing areas, a qualifying circumstance should be borne in mind. In 

the main these ores occur in lower beds than the galena, or, to be 
more specific, in the lower layers of the Galena limestone, and in the | 
Trenton that lies beneath it. These lower horizons are not exposed 
in many of the districts, and have not been reached in mining, and, 
consequently, nothing is known as to their metalliferous character. | 
For aught that has yet been demonstrated, these lower horizons may 
be productive in zine in districts where mining in the upper strata 
has, thus far, only produced lead; so that, what may be said, concern- . 
ing the distribution of the zinc ores, will be understood as referring 
to demonstrated deposits only, and subject to possible—and I think 
probable — extension, by the development of deposits in the lower | 
beds. | 

The zine ores develop their greatest importance in the northeastern 
portion of the region, the shipments from Mineral Point much ex- 
ceeding those from all other districts combined. Besides the deposits 
in the immediate vicinity of Mineral Point, there are very important 
mines at Mifflin, Linden and Dodgeville, with some of lesser account 
in the intermediate region. In the extreme northern portion of the 
mining region are found the deposits of Highland and Centerville. 
On the western side of the area deposits have been developed in the 
Beetown and Pigeon districts, thongh most of the mines of that 
region do not reach the usual zinc-bearing beds. On the south border, - 
the great Marsden mine, below Galena, produces mostly blende, and, 
with others in that region, completes the evidence that. the zinc ores 
are not, as formerly supposed, confined mainly to one side of the 
region. At Shullsburg, New Diggings, Benton, Hazel Green, Meek- 
er’s Grove, Platteville, British and Dutch Hollows, Crow Branch, and _ 
other points in the interior of the region, zinc has been found in 
quantity. | | |
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It appears, therefore, that it occurs in notable amount in all the 

leading mining districts, except Potosi, Fairplay and Dubuque, and 
in these, the lower beds, where it commonly abounds, have not been 

exploited. The progress of mining has shown the ores of zine to be 
more widely and richly prevalent than has been heretofore supposed, 

and the evidence justifies the belief that this metal occupies the lower 

beds throughout the entire region. It, doubtless, does not always sus- 

tain a definite relation to the amount of lead formed in the upper 
horizons, so that it would be unsafe to assume that where there have 

been rich deposits of lead in the higher beds, there will be found cor- 

| respondingly rich lodes of zine in the lower. It certainly would be a 

great practical point gained if such relations could be established, but 

at some points there are quite large bodies of zinc ore, where there is 
an absence of evidence that much lead ever existed in the crevices 

above, and, on the other hand, there have been notable deposits of 
lead in the upper beds and but little zinc in the lower, so far as ex- 
plorations have shown. We shall have occasion to recur to the sub- 

ject. In this connection it is sufficient to entertain the general 
view, that, while the richer known deposits are found in the Mineral 

Point, Highland, and Galena districts, the zine ores have a wide, if 

| not universal, distribution over the entire region. 

3, Distribution of the Copper Ores. These, like the zine ores, 
usually occur in the lower horizons. Mineral Point is the only 
locality within the recognized limits of the lead region where they 
occur in any such amount as to give promise of economic value. 

But, in small quantities — of no industrial consequence, but of some 

theoretical interest— copper has been found at Dodgeville, Center- 

ville, Beetown, New Diggings, Buncomb, Shullsburg, Jamestown and 
near Wiota. 
To the north of the lead region, as usually limited, in Crawford, 

Richland and Vernon counties, there are a number of deposits, 
worthy of consideration in this connection, detailed mention of which 

will be found in Mr. Strong’s report in this volume, pages 56 and 
69-72. Associating these with those of the lead region, though the 

former occupy a lower geological horizon, it may be broadly asserted 
: that the copper is distributed through the eastern and northern por- 

tions of the extended ore region. 

4, Distribution of the Iron Ores. It is not to be inferred from 

the discussion of the iron ores here, or elsewhere in this report, that 

they exist in any such amount, or in such form, as to be valuable as 

sources of iron, except in the region north of the Wisconsin river. 

While the pyrite and marcasite may be utilized as sources of sulphur
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compounds, they are here considered, not on account of their industrial 
but of their theoretical importance. While iron, mainly as sulphide, | 

is widely distributed thronghout the Silurian formations, yet in this 
region it exists in unusual quantity and in such close association with 

the lead and zinc ores as to require attention in any comprehensive 

study of the metalliferous deposits. 
Like the zine and copper, it abounds mainly in the lower beds and, 

furthermore, its distribution is very closely similar to that of the zinc. 
Most abundant in the Mineral Point, Linden, and South Galena dis- 

tricts, it also abounds in the zinc-producing mines of Mifflin, Dodge- 
ville, Highland, Beetown, Crow Branch, Shullsburg, Meeker’s Grove 

and, less notably, elsewhere, indeed quite universally. The close asso- 
ciation of iron and zine suggests that the conditions favoring their 
deposit were probably identical, and that, therefore, the cause of 

deposition is to be found in circumstances common to both. It is | 

worthy to be noted here that, as in the case of copper, there exists a 

considerable region stretching to the northward, wherein iron ore is | 

much more than usually abundant; indeed, so much so, as to become | 

valuable as a source of the metal. The area includes western Sauk, 

Richland, Vernon and Crawford counties, a district about forty by 
fifty miles in extent. These deposits lie in lower beds than most of 

the known deposits of the lead region proper, but, the higher beds 

being wanting, we still regard. them as significant of acommon metal- — 

liferous area. 
5. Distribution of Heavy Spar. As this substance is but very 

| rarely recognized in the Silurian formations of the territory adjacent : 

to the lead region, its presence and distribution are worthy of passing 

notice. Like the preceding minerals, it is most abundant in the 

northeastern districts, as Mineral Point, Dodgeville and Linden. It 
also occurs in considerable quantity at Meeker’s Grove and at some 

points in the Benton district. It has also been observed north of New 
Digegings and at Scales Mound, Dubnque, and Gutenberg, Lowa. 

Recapitulation. It may be said, in summary, that the lead ore is 
distributed throughout the whole region, as commonly limited, but is 

gathered somewhat most richly in thesouthern portion; that the zinc 
ores, abounding in a lower horizon and presumably less fully discov- 
ered, are scattered widely over the region, but gathered most thickly 

| in the northeast; that the copper is sparsely distributed, only attain- 
ing notable proportions in the northeast and the region beyond the 

Wisconsin river; that the iron ores have essentially the same distribu- 

tion as the zine and, besides, a northward extension, like the copper 
ores, and that the baryta predominates in the northeastern section. |
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Concerning the region north of the lead district proper, it is to be 

remarked that the deposits are in lower members of the Silurian group 

than those chiefly metalliferous in the main lead district, these latter 

having been removed, but the deposits are still not without signifi- 

cance, since eleven localities bearing lead, seven bearing copper and 

twenty-four bearing iron in sufficient quantity to be worthy of official 

notice have been examined in that region. 

As similar deposits are not known to exist to the northeast, east and 

southeast, on the one hand, nor to the west and northwest on the 

other, though the same strata are exposed, it seems proper to associate 

the northern portion with the richer metalliferous area. If this be 

done, it nearly doubles the north and south diameter of the area, and 

gives the whole an oval outline with its longest axis in the meridian. : 

LV. Tue Srrava Wirnm Waicn tue Ores are Founp. 

It only concerns us here to recall the general features of the strata 

snvolved in our discussion and such special characteristics as bear upon 

it. Fuller descriptions may be found in their appropriate places in 

the other volumes of the series. | | 

Fie. 7. ath. 
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PRoFILe oF STRATA OF LEAD Ruaion. a, Archean. b, Potsdam sandstone. c, Lower Mag- 

nesian limestone. d, St. Peter’s sandstone. e, Trenton limestone. f, Galena limestone. g, Hud- 

son or Cincinnati shales. h, Niagara limestone (mound). 

| A. L Galena Limestone (Dolomite).—The main lead-bearing 

formation consists of a stratum of magnesian limestone about 250 

feet in thickness, lying nearly horizontally and forming the upper- 

most rock throughout the greater part of the region. From its min- 

eral content it is known as the Galena limestone. The amount of its 

magnesia is essentially equal to that of the lime, reckoned atomically, 

rendering the rock really a dolomite. But as this is equally true of 

the barren areas of the formation on every side, this fact of dolomiza- 

tion seems to have no special significance here, though in Missouri, 

according to Dr. A. Schmidt (Geo. Survey of Mo., 73, °74, p. 405), there 

-sat least acoincidence, if not a genetic connection, between the dolo- 

mization of certain limestones and the deposition of the ores. In our .
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region dolomite crystals of secondary origin, even, are uncommon, ex- 
cept as the lining of small cavities, while calcite is abundant. | 

The dolomitic rock usually takes an imperfectly crystallized granu- 
Jar form, so that it often presents a sandy appearance, especially 
where somewhat decomposed. 

In addition to the dolomite, there is everywhere present a small in- 
gredient of siliceous and aluminous material. While these are, to some ~ 
extent, distributed throughout the whole rock, the clayey matter takes 
mainly the form of thin, shaly seams and partings dispersed through 
the beds or vceupying the bedding joints. On the decomposition of 
the rock this mainly remains, because of insolubility, forming a re- 
siduary clay, which is abundantly displayed in the subsoil of the 
region and in the crevice filling in the mines. In both these situa- 
tions, it is more or less mingled with undecomposed grains of dolo- 
mite and particles of siliceous sandy material. 

The siliceous constituent of the formation is largely prone to as- 
sume the form of chert, or flint, nodules which tend to arrange them. 
selves in layers or belts at certain horizons. These layers of flint are 
fairly constant over considerable districts, and serve as mining guides, 
but no single arrangement for the entire lead region has yet been dis- 

- covered, and the local variation is so great as to make it doubtful 
whether a typical or standard section could be constructed, were the 
fullest data obtainable. The same is true of certain shaly seams, 
which, like the “gray shale” at New Diggings, furnish valuable local : 
guides, but are not recognizable in distant mining districts. There is | 
oftentimes a close association of the ore-bearing openings with these a 
flint layers, but, so far as I can discern any causal connection, it con- 
sists simply in the fact that the flint layers, in these cases, favor the 
formation of “openings,” which afford a suitable place for the depo- | 
sition of the ores; and not that the flints have in themselves any di- 
rect agency in causing the deposition. The connection is nevertheless 
instructive, and, as a local guide, is valuable. The interesting Musca- 
lunge mines at present furnish perhaps the best illustration of this, 
the “twelve-foot opening,” the “ false opening,” and the “sixty-five 
foot opening ” are each closely associated with layers of chert. The 
first, at some points, is quite productive, the second rarely so, while 
the third, which lies immediately above a layer studded with chert 
nodules, is the main productive horizon. The accompanying large map 
of these mines, Atlas Plate No. XL, will show the regularity and per- 
sistence of this horizon. But it must be prudentially observed that 

| there are many flint beds that are not metalliferous, nor even associated 
with “ openings,” and, on the other hand, there are many ore deposits,
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a majority indeed, that are not associated with these nodules. Their 

significance as local guides must in the main be determined by obser- 

vation, but our conclusions will, we hope, somewhat assist in under- 

standing the rationale of practical experience in this regard. The 

chert, in the general average, is more abundant in the middle and lower | 
portions of theformation. The shaly material is quite decidedly most 
prevalent near the base of the formation. 

The texture of the rock, though universally granular sub-crystalline, 
varies in compactness, the firmer parts being interspersed with spots 
of softer, porous, sandy portions which, on exposure, weather out into 
irregular pits that give the rock a rough, ragged, rotten appearance. 

These softer portions are frequently replaced in whole, or in part, by 
cavities and these are frequently lined with calcite, dolomite, and, in 

| the metalliferous districts, by pyrite, blende and galenite—a fact of . 
some siguificance in considering the origin of the ores. Owing to its 

| granular crystalline texture, the rock, as it disintegrates, usually falls 
into a dolomitie sand, and, on further decay, gives rise to a loamy 
clay. Both of these are common constituents of the filling of the 
lead-bearing crevices. 

On the exterior, the Galena limestone is a dirty gray, or buff color. 
Below the immediate surface, it is commonly a warm buff, while in 

the interior of large compact masses, and at depths beyond the active 
penetration of atmospheric agencies, it is bluish gray. It is suf- 

ficiently obvious that the whole rock originally possessed the latter 

| hue and that the buff color is due to the peroxidation of the iron dis- 

seminated through the rock and thus marks the depth of the effective 

penetration of atmospheric agencies. Undoubtedly oxygenation has 
taken place at greater depths, but it has not reached the stage of com- 
plete oxidation of the iron compounds, indicated by the bright buff 
or light gray color. The line dividing the upper buff portion from 

the lower bluish portion corresponds very nearly to the subterranean 

water level. As there will be occasion to refer to this subject, it will 

be convenient to designate the upper portion the zone of oxidation. 

Viewed in respect to its massive structure, some portions of the 

formation seem to be distinctly brecciated, while other portions, not 

so evidently so, are found, upon more critical examination, to be made 

up of fragments imbedded in fine material of the same composition. 

Other portions are more nearly homogeneous. These characters, taken 

in connection with the variety and broken condition of the fossils, seem 

to indieate clearly that the rock accumulated in comparatively shallow 

water, at least within reach of the forcible action of the waves. The beds . 

commonly range from one to four feet in thickness, but are occasion-
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ally thinner, especially near the top and bottom of the formation, and, 

on the other hand, are sometimes consolidated into masses of much | 

greater thickness that do not manifest distinct bedding joints. As just 
indicated, fossils are comparatively rare. An occasional Leceptacu- 

_ lites Owens, popularly known as “lead fossil?’ or “sunflower coral,”’ or 

a somewhat more rare Lingula quadrata or Murchisonia bellicineta, 
or, in favored situations, an Orthis or Strophomena constitute the fos- 
sil fauna, so far as it is usually identifiable. Fragments of shells are | 
more common, and obscure traces of organic remains are sometimes 
quite abundant. The cavities of pulverulent portions sometimes give 
the impression that they have arisen from the decay and removal of 
large fossils, but this can rarely be proved. The surfaces of certain 
layers are thickly strewn with the rounded branching forms of sea 

weeds. The multitude of these would seem to indicate great luxuri- 
ance of marine vegetation. This is further rendered probable by 

_ layers and seams so highly impregnated with hydro-carbonaceous 
matter that, when heated, they take fire and burn with a bright flame. 

There is, of course, no direct proof that this arose from fossilized 
fucoids, but from the apparent abundance of these remains, this view 

seems most probable. For the purposes of this discussion, however, 

it is only material to emphasize the fact that, notwithstanding the 

rarity of distinct organic remains, there must have been an abund- 
ance of life, since the carbonaceous matter could have arisen from no , 
other supposable source. When this is thoughtfully considered, the 

very absence of distinct fossils, indicating conditions adverse to the 

: preservation and accumulation of organic remains, will enhance our _ 

estimate of the amount of life that must have existed during the 

accumulation of the beds, for, in addition to all that was lost by 

mechanical comminution and chemical decomposition, a sufficient 

amount remains to afford notable combustion. 

2. Lhe Mounds. Above the Galena limestone, save the residuary 
clays derived from rock-decom position, we find in the lead region only 
the “mounds” and remnant patches of Silurian shale. The mounds, 
around which the popular imagination has gathered much that is 

mysterious and potential in ore deposition, are simply remhants of 

higher Silurian strata left by the erosion of the ages that has eaten 
away the rest of these formations. The basal portion of the mounds | 

is formed of the Hudson river, or Cincinnati, shales and their sum- 

mits are formed of a protecting cap of highly siliceous N lagara lime- | 

stone. It is the exceptional hardness of this defensive crown that 
has caused these portions to withstand the waste of time, while the 

: formation on every side has been eaten away. All that is phenomenal
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about these mounds is their isolation and remoteness from the great 

body of the formation. A few miles beyond the Mississippi on the 

west and beyond the Illinois line on the south, and, more remotely, to 

the east, on the farther border of the Rock river basin, the correspond- 

ing strata form continuous rock sheets, spreading away in every di- 

rection beyond the limits of present consideration, and on the nearer 

margin presenting their worn and ragged edges toward the lead region. ~ 

On the skirts of these massive sheets of the formation there lie 

mounds precisely identical with the isolated ones in the heart of the 

lead region. That these skirting mounds have been separated from 

the adjacent beds by the wearing away of the connecting strata is not 

difficult to comprehend where all stages of disseverance may be seen; 

but to picture these strata as formerly extending over the whole lead 

region, embracing the mounds — the only remaining portions — doubt- 

less taxes the popular imagination more than to attribute the mounds 

) to voleanic or geyser action, or at least to some mysterious upheaval. 

But there is the most positive evidence that they were not due to any 

of these exceptional agencies, but are simply conspicuous features in 

that general system of carving by ordinary erosive agents which has 

given origin to the diversified surface features of the whole region. 

The Niagara limestone and the underlying shales formerly stretched 

over the whole of the lead region and have wasted and washed away 

with the drainage of the ages. No more mysterious agency than rainfall 

and its accompanying instrumentalities, acting through a vast lapse of 

time, need be invoked to account for these mounds, and none of the 

‘more vigorous agencies usually appealed to has given evidence of 

existence by the slightest token. 

The Sinsinawa mound is about seven miles distant from the main 

body of the Niagara limestone, across the Mississippi valley. The 

Platte mounds are about twenty miles farther removed, and the Blue 

inounds about thirty miles beyond these, or about forty miles from the 

| nearest margin of the main body of the formation. The Hudson 

river shales occur at intermediate points, as shown on Mr. Strong’s 

maps, and, geologically speaking, bind these together. 

While the subject of the mounds is still before us, it may be fitting 

to remark that, near the Blue mounds, there are some minor lead de- 

posits, but they are not clustered about the mounds nor do they pre- 

| sent any evidence of a genetic connection with them, or indicate by 

' any known peculiarity that they are in any way influenced by their 

| nearness. In the immediate vicinity of the Platte mounds there are 

no mines. The Sinsinawa mound lies adjacent to the Fairplay dig- 

gings, but there is nothing in the nature of the crevices, or their
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metalliferons contents, that suggests any causal relation between them. 
The richest ore deposits are mainly remote from the mounds and mani- 
fest no tendency to cluster about them, as they might fairly be pre- 
sumed to do, were they in any way causally connected with them. - 

3. Trenton (Blue and Buff) Limestone. Below the Galena lime- 
stone, and closely united to it, lies the Blue limestone, followed below 
by the Buff limestone, which together constitute the Trenton group of 
this region. So consecutively does this merge into the base of the 
Galena limestone, that it is quite difficult to tell where the dividing 
plane can be most properly fixed. .A general impression of the sue- 
cession may be gained by conceiving the flints of the Galena to disap- 
pear, its texture become more close-grained, its bedding thinner, its 
dolomite replaced by simple limestone, and the argillaceous matter in- 
creased, forming beds of clay and shale, two or three to several feet 
in thickness at points, besides frequent shaly leaves and partings. In 
the Buff limestone, at the base, the beds again become thicker, less ar- | 
gillaceous and more magnesian. It is difficult to give a detailed sec- | 
tion which shall be fairly representative of the region, because of the 
local variations of the formation. Mr. Strong gives in volume II, 
page 695, a general section, subject, of course, to many local variations. 
The term “opening,” in this connection, signifies a clayey shale in- 
terstratified with the regular sedimentary beds of the formation. As | 
the word “opening” is also habitually used for actual cavities, and 
more commonly still for cavities filled with clay and sand, derived 
from rock-decomposition, and also to broken and decayed portions of 

. rock, the use of the term to desiguate these interstratified clayey beds | 
is unfortunate, because confusing, but it is too prevalent to be ignored 

or corrected. | | 
Lhe “Green rock ” differs from the Galena above mainly in a more 

argillaceous appearance, less coarse and rough texture, and in posses- 
sing a greenish cast. When sufficiently well marked to be readily 
identified, it furnishes a serviceable guide in mining. The “Green 
rock opening ” is a group of shaly layers within this. This is not 
always present and, on the other hand, is sometimes the only portion | 
that possesses a greenish cast. 

The “ Brown rock” is a granular crystalline magnesian limestone, 
irregularly stained, of a dark brownish hue and marked by an unusual 
amount of calcite (tiff) in lumps, seams and imperfect geodes, scat- 

| tered through the rock. The amount of magnesia falls much short | 
of constituting the rock a dolomite. At the base of the “Brown rock ” 
there is very commonly considerable carbonaceous shale interleaved 
with limestone.
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The “Upper Pipe Clay opening” is the most important of the shale : 
beds designated “ openings” both in regard to its thickness and _per- 

| sistence and its mineral-bearing character. At some points it is 

little more that a clay bed, at others it is a lamellar shale, and at still 

| others, it is largely limestone, and, in all these varieties, it is frequently , 

quite carbonaceous. The typical “Glass rock ” is a very pure crypto- 
crystalline limestone of dark gray, verging toward chocolate hue. It 

| owes its name to its close texture and conchoidal fracture and its brit- 
tleness and resonance. Irregular, undulating beds of similar consti- - 
tution occur at some points above the “ upper pipe clay opening ” and 
sometimes lead to a confusion of the two horizons. The term “Glass 
rock” is also applied to associated limestone that does not possess 
these characteristics and, as a general term, is used to designate the 

whole stratum that constitutes the Blue limestone proper. The upper 
surface of the typical glass rock, near Platteville, shows a smooth 
eroded upper surface with an occasional fracture of ‘the upper layer 
through which the subsequent deposit penetrated, as represented in 
the accompanying figure. The amount of erosion is slight, but is in- 

_ teresting and significant as to the conditions existent at the time of 
its formation. 

Fia. 8. — 

* SS) p LS 

PROFILES SHOWING EROSION OF GLASS ROCK BEFORE RECEIVING THE NEXT LAYER OF TRENTON 

LIMESTONE. a, Glass Rock. b, Granular Limestone. 

Throughout the bed of Blue limestone, carbonaceous matter is prev- 

alent in the shaly seams and partings, and sometimes becomes a note- 

worthy constituent of the mass. In some cases, when impregnated 
with ore, it is burned in heaps for the sake of disintegrating the rock 
and liberating the disseminated mineral. Three analyses of carbon- 

aceous shale made for Mr. Strong, by Prof. Daniells, showed 15.76, 

18.31 and 48.60 per cent. carbonaceous matter. If any are inclined 

to attribute the lead deposits to igneous agencies, they will do well to 

. consider that this carbonaceous matter yet retains its volatile elements, : 

a and that at a moderate temperature — much lower than the fusion 

point of blende with which it is often impregnated —it gives off 

combustible gas. | : 

In the Buff limestone (“ Quarry rock”) lying next below, we again 

find a dolomitic limestone of more even texture and regular, medium 
_ bedding, from which arises the utility that has given it its popular~
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name, “ Quarry rock.” Within it is found one shaly bed that is some- 

what constant and occasionally metalliferous, and to which the name 

“ Lower pipe clay opening,” or Buff limestone opening, is applied. 

Fossils are exceedingly abundant in the Blue limestone, and not un- 

frequent in the Buff. The shaly layers and partings, and the surfaces 

of the beds are most prolific. In the glass rock the preservation of 

the fossils is most excellent, surpassing that observed in the same, or 

adjacent formations in this or adjoining states. Among these, brachio- 

pods vastly predominate; Orthis and Strophomena being the leading 

genera. It would transcend our purpose in this sketch to enter into | 

detail in regard to the numerous interesting specific forms. It is only 

important to observe the great abundance and fine preservation of the 

fossils, indicating that the Trenton sea was prolific in life, and that 

the strata have not since suffered any such mechanical or thermal dis- 

turbance as to destroy or even obscure them. From the fact that the 

carbonaceous matter sometimes assumes a reddish, flaky, bark-like 

form, it is presumed to have arisen from acccumulated sea weeds, 

abundant impressions of which occur in the strata. | | 
The Trenton group varies much in thickness within the lead region, 

the range being from less than 40 feet to more than 100 feet, with the 

average probably about the mean between the two. The thickness in- 

creases as the formation is traced away from the region, while the 
Galena correspondingly decreases. The data at hand seem to indicate 
that this is due to a transition in the character of the lower Galena 

beds as they pass away from the low flat anticlinal, on the western 
slope of which the lead region is situated, toward the broad strati- 
graphical depressions on either hand. I have shown in Volume II 

that in northeastern Wisconsin the Galena has become so transformed 
as never to have been recognized heretofore as such, but referred 
either to the Trenton or Hudson river horizons, and a similar transition 

is indicated by the reports of the lowa and Minnesota geologists. 
| There are somewhat definite reasons for thinking that the beds, which 

I have designated Upper Buff and Upper Blue, in the Rock river 

| valley are the equivalents of beds referred by Prof. Whitney and_ 

Mr. Strong to the base of the Galena in the lead region. The average 
combined thickness of the Trenton and Galena limestones, as indi- 

cated by four artesian wells along the shore of Lake Michigan, is a 
little less than 260 feet, from which it would appear that in the aggre- 

gate the strata thin out in that direction. | 

Viewed comprehensively, it appears that as the strata in question , 

| pass over the low flat arch that stretches southward from the Ar. 

cheean heights of Lake Superior, through the center of the state into
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| Illinois, the upper portion assumes a coarse, granular, brecciated, 

thick-bedded, cherty, dolomitice character, with rare and illy preserved 

| fossils, but with abundant evidence in fucoidal markings and carbona- 

_ ceous shales, if not in the limestone itself, of the existence of a pro- 

fusion of life in the depositing seas. The lower portion, on the : 

| contrary, became even finer in texture in some beds, remained largelv 

| non-magnesian and retained its fossils in an exceptionally fine state of 

preservation and increased the amount of its carbonaceons matter, or, 

in other words, retained a larger organic element. Bearing upon this 

point some of Mr. Strong’s observations are very suggestive (Vol. IT, 

p. 682). “East of range three east, the presence of the Blue limestone 

is nowhere so clearly marked as west of this line. It is usually rec- 

ognized by the outcropping of a quantity of highly fossiliferous 

fragments, scattered through the soil, having a worn and bleached 

appearance. East of range three, the fossiliferous: Blue limestone was 

not found. It is replaced by a yellowish limestone containing but 

very few fossils, and in all respects similar to the Buff limestone. The 

thickness between the Galena limestone and St. Peters sandstone re- 

mains as usual, about fifty feet. . | | 

“There are two exceptions to the foregoing general statement. A 

short distance south of the center of Sec. 18, T. 1, R. 6 E, the Blue 

limestone reappears in its full thickness, with all its characteristic 

fossils, but only covers a small area of ground. | - a 

“The second exception is situated in the town of Mt. Pleasant, in 

Green county, in the S. E. qr. of Sec. 11, T. 3, R.7 E. It is known as 

the Marble Quarry, so named on account of the fine polish which 

may be given to the stone. The Blue limestone has here the same 

thickness, both of the thin and thick beds, as in the western part of 

| the lead region. All the characteristic fossils are present, and in 

short, it presents all the usual lithological appearances. It appears. 

to have been deposited in @ basin-shaped depression, as the top of the 

St. Peters was found to be much lower here than anywhere in the 

vicinity. Although separated many miles from any other ontecrop of 

the Blue limestone, it is evident that it was deposited under the same 

conditions cs in other localities.” | | 

Additional evidence that the Blue limestone develops its most | 

, characteristic peculiarities in local basins will be presented a few 

pages in advance. | 

4. St. Peters Sandstone. Beneath the Trenton limestone lies the 

St. Peters sandstone. This formation is composed almost exclusively 

of well-rounded grains of quartz sand of medium or rather coarse 

size. These are usually. but feebly bound together by a very thin
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coating of iron oxide or lime carbonate, so that the rock crumbles 
readily. At some points, however, it is firm enough to be a very 
serviceable building stone, of which “ Redrock,” below Darlington, is 

| the most notable example, where the rock is impregnated with an ex- 
ceptional amount of iron oxide. But, for the purposes of this discus- 
sion, the formation may be conceived as an exceptionally pure siliceous 
sandstone with a minimum of calcareous matter and without inter- 
stratified limestone or shale. Its limits above and below are sharply 
defined, indicating abrupt changes in the conditions of deposition, | 
both at its commencement and close. There was formerly some little 

) doubt as to its marine origin, but its prevalent oblique lamination and 
other physical characters strongly favored a sub-aqueous rather than a 

| sub-aérial origin. Mr. Strong found ripple marks in it, and Prof. 
Winchell in Minnesota and the writer in eastern Wisconsin found 
marine fossils, the former, lingulas, the latter, scolithus and fucoids, 
so that its marine origin is fully established. Aside from these rare 
fossils there is an absence of traces of organic life. ) 

In regard to its thickness an error of some importance was very — 
prevalent anterior to our survey. The quotation, “ A remarkable 
fact in connection with the upper sandstone is its uniformity of thick- 

| ness thronghout the whole extent of the Northwest,” ! may be taken as 
a typical expression of the view then entertained. While the few 
measurements that had been made seemed to justify this conclusion, 
and while, if its local variations were averaged, there would be some- 
thing of general uniformity of thickness, the statement could scarcely | 
be further from the truth when applied to the local details of the 
formation. It is exceedingly varying in thickness, owing to. the un- 
even surface of the underlying Lower Magnesian limestone presently 
to be described. The upper surface undulates somewhat in harmony 
with the uneven base, but far less in amount and abruptness. Within 
the lead region the known variation is from about 150 feet down 
to about one-third of that, while in eastern Wisconsin, it ranges 
from upwards of 200 feet down to zero, and shows variations of 100 
feet within a quarter of a mile. The irregularities seem greatest 
along the margin of the formation, and become somewhat subdued 
as it is traced away from the Archean nucleus, about which the Wis- 
consin formations gathered. | 

The sandstone is broken by irregular fissures that manifest aten- | 
dency to taks oblique directions and do not commonly traverse the 
formation in regular vertical seams, as is the habit of the adjacent 

: limestones. Owing to the porous nature of the rock, aided by these 

* Geol. of Wis., 1862, p. 153.
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fissures, itis an eminently water-bearing stratum, when it has not been cut into and drained by the channels of streams. It is the source of numerous artesian wells in eastern Wisconsin. These wells have abundantly demonstrated that it is the passage-way of a copious _ flow of water, and, if we entertain any view of derivation of the ores from below by igneous intrusion, rising vapors, or even thermal springs, we must account for its passage across this underground stream of water. While our limestones are usually. charged with | water, there is. rarely any copious flow through them, but it is quite otherwise with the porous sandstones, 
| A little lead ore has been found in fissures in the uppermost layer of the sandstone at Crow Branch, as I have personally verified, 

but it consisted only of thin detached flakes in narrow seams. 
5. Lower Magnesian Limestone. Descending through the St. Peters sandstone, the Lower Magnesian limestone is encountered. This bears 

in some respects a close resemblance to the Galena limestone. It re- 
sembles and, at the same time, exceeds it in being a coarse, rough, 
often brecciated, thick-bedded dolomite. It is much more siliceous than 
the Galena formation, containing not only numerous chert nodules | (“flints”) but much silica, distributed through the mass or agere- 
gated in clusters of quartz crystals and small irregular geodes. There 
are occasional shaly seams, and quite rarely, sandy ones. It is quite thoroughly dolomized. Near the base of the formation, where it 
joins the Potsdam sandstone, it is much mingled with sand, and some- 
times there are alternate beds of dolomitic and siliceous rock, showing 
a gradual and vacillating transition from sandstone to limestone. 
Some of the sand grains become centers of little calcareous concre- : tions, giving the rock an odlitic structure. | 

The brecciated condition surpasses that observed in the Galena 
limestone. This becomes most pronounced in the upper, but not 
Immediately superficial, portion of the formation. The uppermost 
beds arch over heavy masses of rock composed of limestone frag- 

_ ments imbedded in finer limestone material apparently derived from 
the wear of the fragments themselves, These appear to have consti- 
tuted hillocks and ridges over which the later strata were deposited, 
giving the surface a highly undulating character. During the earlier 
deposition of the St. Peters sandstone these prominences were some- 
what worn and the sandstone deposited on the irregular surface. As 
the result of these irregularities, the Lower Magnesian limestone varies : 
in thickness from 100 to 250 feet. Mr. Strong observed that it fre- 
quently doubled its thickness within a distance of two or three miles. 

Crevices, enlarged into openings, somewhat after the fashion of the 
Vou. IV.— 27 .
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Galena limestone, occur in the formation and are sometimes lead- 

bearing. So far as observed the openings are generally more irregular 

) or cavernous, correspondent to the more uneven structure of the for- 

mation. Neither this nor the variation in lithological character seem 

to the writer important considerations in determining the metalliferous ._ 

character of the formation. 

Distinctly preserved organic remains are rare, but fragments of 

shells and impressions of sea weeds, if not the limestone itself, indi- 

cate the prevalence of marine life in the depositing seas. If any car- 

bonaceous residue, analogous to that of the Trenton and Galena lime- 

stones, has been left, it has not been observed. | 

6. Potsdam Sandstone. Beneath the Lower Magnesian limestone, — | 

there lies a deep body of sandstone forming the base of our western 

Paleozoic series. The deep wells on the north of the lead region show 

that it reaches athickness of about 1,000 feet. Owing to the irregular 

surface of the Archean rocks on which it reposes, no constant depth is 

maintained, but from the data available an average thickness of 700 

or 800 feet is fairly to be inferred. : 

The great mass of the formation is composed of quartzose sand, 

cemented to moderate firmness in the upper portions, by thin films 

of iron oxide or calcareous matter, coating the constituent grains, 

while in the lower. portions and some intermediate beds, it is very | 

loose and incoherent. Within the superior one hundred feet of the 8 

formation, there is included a considerable body of arenaceous lime- 

stone and calcareous shale, and, at lower horizons, within the upper 

half of the formation, there are usually some clayey shales. The 

lower beds are comparatively free from calcareous matter, open, inco- 

herent and coarse-grained. The details of these subdivisions do not 

concern us here. It is, however, of some theoretical importance to 

observe, as in the case of the St. Peters sandstone, but with more em- 

phasis, that these are preéminently water-bearing beds, and furnish 

ready passage for a copious flow wherever a point of exit permits a 

discharge, as shown by the magnificent fountains at Prairie du Chien, 

as well as others both north and south of the lead region. Were the 

overlying rocks to be fractured, there would at once rush up from 

these water-bearing beds a vast flow of water, rising either to the sur- 

face, or to the approximate height of the source in central Wisconsin. 

That the strata are not thus fissured, is demonstrated by the existence 

: of artesian wells, since a primary condition is that these overlying 

beds shall be impermeable to water. The force of this suggestion will 

be apparent to those who have given thoughtful consideration to the 

problems involved in this discussion.
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In the region lying north of the recognized lead region, the upper 
portion of this formation embraces some deposits of iron and copper 
that possess much interest and indicate that the formation is here 
more metalliferous than elsewhere. | 

7. Archean Formations. The foregoing Silurian strata repose 
upon a firm crystalline floor, the Archean rocks. The uppermost of 
these are presumably the Huronian quartzites and quartz porphyries, 
that project above the surface in the Baraboo ranges and are probably 
continuous with similar prominences to the northeast; with the Barron 
county and the Sioux quartzites to the northwest and with the Mis- 
souri quartz porphyries to the south. Still beneath these there should 
be found the yet greater body of the Laurentian schists and granites. 
These constitute the “ platform of syenite rocks,” to which Dr. Owen 
ascribes formative potency in the origin of the lead deposits. In any 
attempt to form a definite specific hypothesis, involving the derivaticn 
of the ores from a platform lying a thousand or more feet below, it 

| should be borne in mind that these rocks were metamorphosed and 
upheaved into their present positions, in all essential particulars, ages 
before the Potsdam sandstone was spread upon them. How much 

| more, then, before the metalliferous limestones were formed, not to 
| say, fissured and filled! No vague ideas of disturbance, or of the 

heat of upheaval can have weight with a thoughtful mindat this stage 
of science, unless it takes due consideration of the historical facts re- 
lating to the formations involved and the possible forces that can have 
participated in the ore deposition at the time, and under the eon- 
ditions, existent when the deposit took place. The great metamorphic 
formations are, broadly considered, metalliferons and may fairly be 
looked upon as ultimate or immediate sources of ore-derivation, but 
some definite conception of ways and means is obligatory upon any 
who would find in them the origin of our lead and zine deposits. 

B. Undulations of the Strata. 

In his preliminary reports, Dr. Percival called attention, with some 
emphasis, to certain “centers of elevation? which apparently he 
deemed to have some significance.! Precisely what views he enter- 
tained cannot now be determined, but he seemingly regarded these as 
evidences of forcible mechanical disturbance that had some causal con- 
nection with the ore deposits. Mr. Murrish, also, in his report as 
commissioner for the survey of the lead region,’ lays very great 

? Annual Report, 1855, pp. 8-9, 22-26. 
2 Annual Report, 1871.
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stress upon a great north and south “axis of physical disturbance,” 

crossed by subordinate east and west axes. He, however, makes but 

the most meager attempt to present the necessary definite evidence of 

the existence of any such “axis of physical disturbance,” and subse- 

quent observers have been unable to find anything worthy of such 

designation along the lines indicated by him. | 

Whatever may be the prepossessions of any one in regard to these or 

similar views, the character of the stratification can scareely fail to | 

have some significance, and therefore deserves attention. 

Strata may depart from a perfectly plane and horizontal attitude 

from two entirely distinct causes: 1st, irregularities of deposition, and 

9d, mechanical disturbance. The first is altogether too much over- 

looked by inexpericnced and unskilled observers. An arching or dip- 

ping rock is too often hastily assumed to be an instance of upheaval, 

and “ voleanie force,” that great resource of the tyro, invoked to ex- 

plain it. It will be our duty to discriminate, as sharply as possible, | 

between the unevennesses of the strata of the lead region arising from 

these two causes. 

I. Undulations due to deposition. Between the time of the up- 

heaval and metamorphism of the Archean rocks and that of their 

burial under the Potsdam sands, there intervened a vast interval of 

| time, during which the surface of these rocks was worn down several 

thousand feet, at the most moderate estimate. This worn surface, 

- from the unequal hardness of its rocks, became very irregular and, as 

| the sands were spread over it, they in some measure partook of its ir- 

regularities, so that the Potsdam beds were never perfectly plane or. 

horizontal. But, by the time the one thousand feet of this formation 

had been accumulated, the minor undulations had, in the main, disap- 

peared under the leveling action of the ocean. The base of the Lower 

Magnesian limestone was, therefore, nearly plane and horizontal, as 

far as can be ascertained, save such swells and depressions as are com- 

mon to extensive tracts of submarine sands. But for reasons some-_ 

what extraordinary in their nature, the accumulation of the upper 

portion was very irregular, resulting in an uneven, billowy surface. 

In eastern Wisconsin, where this irregularity is most strikingly dis- 

played, there is abundant evidence that the phenomenon is due to dep- 

osition and not to upheaval. It appears to me probable that it was 

caused by a retiring and advancing beach, after the lower beds were 

formed, the waves eroding their surface, breaking and heaping up the 

fragmental material in mounds and ridges, and, at length, by a deep- 

ening of the sea, depositing a mantle of more homogeneous layers over 

the whole, giving it the remarkable swelling, billowy surface it pos-
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| esses. In the lead region, the undulations were more distant and 
inassive than in the typical region cited. Upon this uneven surface, 

| the St. Peters sandstone was laid down and, while its tendency was to 
level up the irregularities, it did not entirely accomplish this, but left 

a somewhat undulatory surface for the reception of the Trenton and 
Galena limestones that followed in deposition. The inevitable result: 
was irregularites in the thickness and variations in the constitution of 
these formations, for the fine and light material, the clay, comminuted 
rock and organie debris, necessarily drifted into the depressions, while 

the coarse and heavier remained on the more exposed swells of the sea | 

bottom. It is also quite apparent that the fossils in these depressions, 
because of their less exposure to wave action, were more perfectly pre- 
served from mechanical destruction and, by the finer and more compact 
character of the rock, protected from chemical decomposition. The 
true “ glass rock ” seems to have been formed from impalpable calcare- 
ous powder that could only have collected under quiet conditions. 
Doubtless the character of the deposit was affected by the depth of the 
ocean and the character and direction of the currents, but the worn 
upper surface of the rock, above figured, shows that it was not uni- | 
formly beneath the action of the waves. The observation of Mr. 
Strong that, as this rock grades away into that prevalent to the east- 
ward, it is last found retaining its peculiarities in a basin, is quite 
significant in this connection. : 

Conditions favoring quiet deposition seem to have prevailed quite 
_extensively throughout the lead region during the formation of the 
Blue limestone, and that formation, though varying in thickness and 
character with the conditions of accumulation, yet spread like a thick 
undulating blanket over the bottom of the sea and still left a surface of 

_ low swells and sags, on which the Galena limestone accumulated. This, 
like the preceding, was, therefore, necessarily somewhat undulatory. 
It is evident, from its constitution, that it was formed under less 
quiet conditions, and that, at times, its surface was subjected to the 
foreible action of the waves, by which brecciated beds were formed, | 
with accompanying irregularities of accumulation, analogous but 

far inferior in degree to those of the Lower Magnesian limestone. 
Henee its irregularities are due partly to the unevenness of its floor 

and partly to irregular accumulation. Doubtless the Galena limestone 

Jeft an uneven surface for the accumulation of the shales that overlie 

| it, but as these have been almost completely swept away by subse- 
quent erosion, it is impossible to verify it by observation except in a 

few instances. | 

: It appears, therefore, from these facts, and a thoughful considera-
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tion of the subject, that irregularities in the floor of a formation, 

arising from any cause, tend to propagate themselves upward through 

the accumulating strata, but with continually less and less force, owing 

to the leveling action of the waves on the sediments. The subduing 

effect of sandstone is doubtless much greater than limestone, because of 

| the shifting nature of the material, and because this material mast orig- 

inate from the shore and be carried backwards by wave action and cur- 

rents, leveling the bottom as it goes, while the material of limestone may 

accumulate from animal remains growing essentially in sew. Irregu- 

Jarities of bottom, however, affect the action of currents, and so make 

themselves felt upon sand accumulation, and thus propagate themselves 

through such formations where the thickness is moderate. It would 

appear, however, that, in the growth of sediment, the points of great- 

est prominence and depression might not lie exactly over the corres- 

ponding points in the beds beneath. For, suppose the irregularities 

| to consist of a parallel series of alternating ridges and troughs, and 

that the prevalent action of the ocean currents is at right angles to 

these, and from one side predominantly. The main accumulation on 

the ridges will not lie on their immediate crests, but somewhat beyond 

| in their lee, and the adjacent slope of the depressions will retain 

more sediment than the opposite sides which areexposed to a more 

forcible action of the current. So that there will be a certain drift, 

so to speak, of the prominences and depressions in the direction of 

the prevailing currents. This matter will seem less trivial in the ont- 

come of our discussion than it may in its connection here, simply as 

n part of a consideration of the undulations of the strata of the 

region. 

TI. Undulations due to disturbance. Butare all the undulations 

and sloping and arching attitudes of the strata due to canses affecting 

| the original deposition? Manifestly not. The strata on the north side 

of the lead region are 500 feet higher than those on the south side 

and, if traced further, the difference in altitude would be found greater. 

Beds on the eastern side are 350 feet higher than on the west side. 

Now, from the nature of some of these beds, it is evident that they 

were formed in essentially the same depth of water and hence their 

present inclination is due to subsequent tilting. The cxtreme altitude 

of the region at present is over 1,700 feet above the sea. Mak- 

ing a very moderate allowance for denudation, it may be roundly 

asserted that these strata stand 2,000 feet higher than they did 

at the close of their deposition by the ocean. Their present sloping 

attitude shows that they were not lifted bodily to this hight, but 

arched upwards. A general study of geological history shows that
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this was not done. ata single push, but by oscillating stages at 

suecessive times. It appears that the strata were first slightly lifted | 

near the close of the Upper Silurian period, but subsided somewhat — 

by the middle of the Devonian. Reélevated before, or at the close 

of the Devonian, they sank away again during the Carboniferous, 

but were reélevated to a greater hight at its close. They settled 

back again during the Cretaceous, but were pushed up once more 

at its close, and immediately preceding or at the commencement 

of the Glacial period, they appear to have stood higher than at | 

present. There is direct evidence that the Mississippi river formerly . 

ran in a channel about 100 feet lower than its present one, and the 

fact that the Rock river, a tributary, once flowed in a channel at least _ 

950 feet lower than its present bed, is presumptive evidence of a 

former still deeper channel. The bed of Lake Michigan is more than 

300 feet below the ocean level and, without attempting to settle with | 

- apassing assertion the mooted question of the origin of the Great | . 

Lake basins, and, while conceding, and, indeed, claiming for glaciers 

much erosive power, it is yet safe to conclude, from demonstrated 

glacial movements, that there preéxisted valleys sufficiently deep and 

capacious to control the direction of the glacial currents. Such val- 

leys seem to imply a greater elevation of the land as a condition pre- 

cedent to their excavation. Taken with other phenomena, that sup- 

| port this view, the whole, while not entirely demonstrative, justifies a 

| -eonfident belief in a former greater elevation of the land and that the 

region has since settled back somewhat. 

The question now arises, by what agency and manner of movement 

has this been accomplished? These elevations and depressions were 

parts of great movements profoundly affecting the whole or a large 

. part of the continent. In other regions where the movements were 

more pronounced, it is demonstrable that the agency of upheaval was 

: lateral pressure, presumably due to the cooling and consequent con- 

traction of the earth. There is convincing, though less striking, evi- 

dence of similar import in the region under consideration, as will ap- | 

| pear in the sequel. This pressure, acting edgewise on the strata, 

| caused them to arch upwards in certain regions and downwards in 

others, according to their previous attitude and strength. As the re- 

elt of these flexures a broad very low arch spans Wisconsin from 

| east to west, having an axis running north and south, joining the | 

: Lake Superior heights on the one hand and, on the other, dying away 

into the plains of Illinois. So broad and low is this arch that its exact 

: summit is determinable only by accurate measurements of the alti- 

| tudes of the strata. For a broad area on the summit they are prac-



| 424 THE ORE DEPOSITS OF SOUTHWESTERN WISCONSIN. : 

tically level. Jven on the sides of the arch, the dip only attains about 
30 feet to the mile. 

Corresponding to this low anticlinal there is a broad synclinal de-— 
| pression underlying Michigan on the east and a similar one under 

Iowa on the west. : , 
The axis of the Wisconsin arch lies nearly in the center of the state | 

and passes along the eastern margin of the lead region. The sides of 
the arch do not form a single simple curve but undulate slightly, 
forming subordinate parallel axes of limited extent. By comparing the 
east and west sections on Atlas Plates XVI, XVII, it will appear that 
one of these slight undulations occurs near the fourth principal merid- 
an. This appears to broaden and become lost to the north, while it 
becomes scarcely traceable to the south, and has not been detected in 
the southern part of the district. This is the “north and south axis | 
of elevation ” upon which Mr. Murrish has laid so much stress 1. 
He regarded this as “a line of physical disturbance” of great potency 
in metalliferous deposition and held that it was crossed by subordinate 
east and west “lines of physical disturbance ” which gave rise to min- 
eral belts. He regarded this as the great north and south axis of ele- 
vation of the state, though the fact that the main antieclinal axis of 
the state passes on the east edge of the lead region had been for some 
years the current possession of geologists. The strata on the eastern 
margin of the lead district are shown by Mr. Strong’s data to be 
roundly 200 feet higher than along the line of this exaggerated “axis 
of elevation ” in the southern half of the lead area. While recognizing 
this as a very low gentle swell of the strata, it is altogether dangerous 
to safe and trustworthy conclusions to magnify its extent or import- 

ance beyond what the simple facts warrant. Mr. Strong’s section on 
Atlas Plate XVI, exhibits a more marked undulation at the head | 
waters of the Grant river, but the profile on Plate XVII, shows no 
corresponding one on the north side of the Wisconsin river and the 
contour maps do not indicate any marked extension southward. 

Notwithstanding the very evident fact of a broad low antielinal 
arch extending southward from the Archean heights of Lake Superior 
flanked by feeble undulations, it is a somewhat remarkable fact that 
the general strike of the Archeean folds and the prevalent trend of the | 
minor anticlinals of the Paleozoic strata are east and west. The 
_manifolded Laurentian beds almost universally strike east-westerly | 
with a northeasterly and southwesterly tendency. The Huronian 
strata show the same habit in Penokee range, in the quartzites of 
Barron and Chippewa counties, in the Marquette, Menominee and 

* Document accompanying Governor's Message, 1871. :
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Black River Falis iron ranges, in the quartzites and schists of the 

Wausau region, and in the detached quartz-porphyry knobs of central 

Wisconsin and the Baraboo quartzites, within 25 miles of the lead 

region. The Keweenawan rocks were folded in a like general direc- 

tion. The force which accomplished the flexure of these rocks was 

vast in its power, crumpling and compactly folding beds thousands of 

feet in thickness. So pronounced an exhibition of force naturally 

left the clearest evidence of the direction in which it acted, which was 7 

unquestionably meridional. If, for convenience, we regard the Lau- 

rentian nucleus as a resisting center, then the folds south of it were 

due to a force acting horizontally upon the strata from the southward. 

The idea of such upheaval by a force acting directly from beneath, 

though popularly prevalent, is practically obsolete with geologists, 

except in phenomenal instances. It must appear evident to any one 

who will give thoughtful consideration to the subject that any sup- 

| posable agency acting directly from beneath must produce a conical 

elevation and not a linear fold scores, or hundreds, of miles in length, 

and further that the mechanical effects would be the disruption of 

| the strata and not that compacting which is observed. To prevent 

misapprehension, let it be observed that these foldings took place vast 

ages before even the lead-bearing beds were formed and have no direct 

- eonnection whatever with the ore deposits. They are cited here 

simply to show the early —and as it will appear —-the prevalent 

direction of the flexing forces that acted upon the region. 

The Paleozoic strata suffered some very mild flexures in the same 

general direction. Prof. Whitney and others have called attention to 

an elevation of the strata stretching along the north side of the lead dis- | 

trict and nearly parallel to the westward-flowing portion of the Wis- 

consin river. This terminates essentially, on the west, before reach- 

ing the Mississippi, but eastward, it may be traced nearly across the 

| state. It is in no sense a sharp fold, but is only to be conceived as 

a low linear swell of the strata. It seems to me quite evident that it 

extended to the original surface of the complete sedimentary series 

and.that it was probably produced when they were first lifted 

from the ocean, because of the conformity of the drainage system to 

it. When the surface was nearly plane, as at the time of its emer- 

gence, a slight flexure would control the lines of drainage, which 

would not be the case when channels had been once well cut into the 

surface. A glance at the map will show that the Wisconsin river de- 

| | scends the back of the central anticlinal of the state until it reaches 

| this transverse swell of the strata when it turns abruptly to the westward 

and passes around its extremity. Thereis satisfactory evidence that the —
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Wisconsin river has always pursued this course, save some slight de- 
flections produced by drift agencies at its great bend and above. On 
the east, the Fox and Wolf rivers and their tributaries, by equally re- 
markable courses, exhibit the results of the same determining in- | 
fluence. While the waters descending from the north are thus parted 

— to the right and left by this ridge, thrown athwart their course, the 
Rock river gathers in the waters flowing from its south flank along a 7 
stretch of no less than 120 miles, or nearly its entire length. Itis a 
somewhat remarkable fact that the waters of the eastern half of the 
lead region, gathering into the Pecatonica river should flow southeast- 
ward to }veeport, Il., and then, turning to the northeastward, join the 
Rock within three miles of the Wisconsin line, whence they return 
southwestward to the Mississippi. Light is thrown on this anomaly 
by the statements of Prof. Worthen in the Illinois reports!: “There 
are four other principal axes of disturbance along the western and | 
northern borders of the state, in addition to the one just mentioned, 
besides several of minor importance. The most northerly one crosses 
the north line of the state in Stephenson county, and intersects Rock | 

- river at Grand de Tour, and the Illinois at Split Rock, between La 
Salle and Utica. This uplift brings the St. Peters sandstone to the 
surface on Rock river, and the Lower Magnesian limestone (Lower 
Silurian) on the Illinois. Its general trend is from N. N. W. to 8. 
S. E., and its extent southward beyond the Illinois has not yet been | 
determined. It elevates the coal measures to the surface, in the 

vicinity of La Salle, from a depth of from three to four hundred feet, 
thus showing that the disturbance took place at a period subsequent 
to the deposition of the coal formation.” 

If this axis be extended into Wisconsin it will be found to coincide 
with the watershed between these westerly tributaries of the Rock 
and those that descend directly to the Mississippi. Prof. Worthen 
has given good reasons for thinking that the axis was not developed 
at La Salle till after the Carboniferous period, and this seems to be 
sustained by the fact that the Rock river maintains its course directly 
across the axis. This it could readily do if it had previously cut a 

| channel along its present line, for the upheaval was presumably slow 
enough to permit it to maintain its channel by the erosion of the ris- 
ing barrier. But to satisfactorily explain why the streams of the lead 
region were turned eastward, as well as why this flexing at the close 
of the Carboniferous period occurred along this precise line, rather than 
elsewhere, it seems prerequisite to suppose that there occurred, at the | 
time of the first emergence of the land, about the close of the Upper 

‘Volume I. p. 5.
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Silurian period, a slight arching along this axis sufficient to keep the 

waters on its east side until they reached the essential termination of 
the main Wisconsin north and south axis, when they passed across 
and joined the Rock river. At the close of the Carboniferous period, 

that portion of this which was nearest the Carboniferous basin suffered 
further and more considerable flexure, while the more distant portion 

seems to have remained mainly unaffected. It would seem probable © 

that there was a northeasterly ridge, running parallel to the portion 

of the Pecatonica between Freeport and its junction with the Rock, 
and we are able to glean from the Illinois reports considerable collat- 
eral evidence that such was the case. This line harmonizes more 
closely with the prevalent direction in Wisconsin than the axis just 
considered, while the latter coincides fairly with those lying south of 
it in [linois, all of which, according to Prof. Worthen trend from 

N. of W. to S. of E. All of these are apparently of post-carbonifer- 

ous origin and, by their oblique position, they nearly fronted the post- 

carboniferous sea, which had shrunk away to the south and west, and, 

in this, they conform to the general law that folds face the adjacent 
ocean, whence the active force in their formation is applied. 

It thus appears that from Lake Superior to southern Illinois the 
strata are traversed at intervals by flexures or undulations which have 
a general, but varying, east and west trend; that these range in time 
from the Laurentian to some post-carboniferous period; that the active 

force producing them came, according to the general law, from the | 
adjacent sea, and that it acted horizontally upon the strata; that dur- 
ing Archean times, it was exceedingly powerful, producing close-fold- 

ing and metamorphism; that in Paleozoic and later ages, it was quiet 

| and gentle, causing slight and exceedingly slow archings of the strata 
without metamorphism, or other evidence of thermal action. 

Holding these more general and comprehensive views in mind, we 
may descend to the details of the lead region. Dr. Percival, as 
already indicated, noted several “centers of elevation” scattered 
throughout the district. While we might choose a different order, as 

well as name, these will be cited in that selected by him.' 

The first noticed is on the Fever, or Galena river, east of Meeker’s 
Grove, where the St. Peters sandstone rises about twenty feet above 
the surface of the river. “In the ravine descending north from 

Meeker’s Grove to the river the Blue limestone is elevated at least 
thirty feet above the bottom of the ravine on its east side, while im- 

mediately on the west side of the ravine, the brown rock sinks below 

the bottom, the strata on both sides remaining nearly horizontal, thus 

~~” Report of 1855, pp. 224027
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indicating a fault at that point.”? As I observed adip of 8°—possibly 

at a point not exposed at the time of Dr. Percival’s visit—I am in- 

clined to refer the phenomena to an abrupt flexure of the beds, rather 

than to a fault. From this point southward, the Blue limestone 

gradually sinks—in the direction of general dip—but not uniformly 

so, “ but presents a series of undulations, rising and falling, and that 

sometimes quite abruptly.” “The Blue limestone sometimes appears 

more elevated on one side of the valley than on the opposite side, but 

this may have been the result of undulations merely.” Along the 
Shullsburg branch, the same undulations occur as on Fever river. : 

The Blue limestone sinks below the level of the river where it turns 

abruptly eastward between Benton and New Diggings, but at Bun- 

comb rises at least twenty feet above its level, and further south — 

alternately sinks below and rises a few feet above the river to its last 

appearance a few miles above Galena. | 

| ‘The next point of extraordinary elevation is that along the west Pecatonica, near 

Mineral Point. The highest point of elevation is apparently in the fork of the Peca- 
tonica and Pedlar’s creek, north of the Mineral Point and Platteville road. The 

lower magnesian there rises above the level of the river, presenting low bluffs (10 to 12 

feet high) along its banks. Its exact junction with the upper sandstone is there con- 
cealed; a considerable interval, corresponding to its upper portion, intervening. From 

that point the strata sink to the north as well as to the south. The sandstone, towards 

the south, sinks to the level of the Pecatonica, not far south of Bonner’s branch. The 

bluffs of the same rock obviously decline towards the north, but I have not traced them 

| far in that direction. There are in this district the same appearances of sudden local 

elevation, as in the preceding. ‘Thus on the east side of the Pecatonica, opposite Bon- 

ner’s branch, the sandstone rises but a few feet (5-6) above the river bottoms, while not 

more than two miles further north it occupies two-thirds the hight of a bluff, about 60 
feet high, overlaid by the blue limestone. At Mineral Point village the blue limestone | 

rises high on the sides of the ridges, leaving only a moderate thickness of the flint bed 

at their summits, while the mineral openings are principa!ly in the lower beds of the 

upper magnesian, and in the blue limestone. At the Dreadnought mine, three miles 
north of the village, the main body of the flint bed is present, with its peculiar open- 

| ings, and at Dodgeville, nearly eight miles north, a considerable portion of the upper 

magnesian is also present. At the Heathcock .mine (Linden) six miles N. W. of Min- ”* 
eral Point, the blue limestone rises but a few feet (8-10) above the level of Pedlar’s 

creek adjoining. These facts indicate a dip of the strata from the highest point of ele- 

vation towards the north. <A similar dip is observable to the west, towards the Platte 

Mounds, and to the east, towards the high prairie ridge, separating the east and west 
branches of the Pecatonica. . | 

‘* Another point of elevation occurs on the east Pecatonica, at or near Argyle. At that 

point there is an extensive basin, in which rise several low ridges, either composed en- 

tirely of sandstone, or of sandstone capped with the blue limestone. Ditferent branches 

. of the river here meet, from the north and the east, and along them lines of elevation 

may be traced for several miles, in bluffs of sandstone, gradually sinking from the center, 
but subject to local elevations, as in the preceding districts. This center of elevation is 

bounded on the north by the high ridge extending west from the Blue Mounds, on the 

east by 2 range of high prairies extending southeast from the Blue Mounds towards |
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Monroe; and on the west by the ridge separating the east and west branches of the 

Pecatonica. . 
‘Returning towards the west, another point of elevation occurson the waters of the 

Platte, the centre of which is apparently on the Big Platte at Bald Bluff in Ellenbo- 
rough, where the lower magnesian rises nearly a hundred feet above the level of the | 

river. The exact line of junction with the sandstone is there concealed by the earthy 

slope covering the upper bed of the lower magnesian. ‘The next lower bed of that rock 

rises in a low bluff from the water’s edge. In tracing down the Big Platte, the lower 

magnesian appears to rise about thirty feet above the river level at the Red Dog Bluff, 
and not more than 10 to 12 feet at the ferry on the Galena and Potosi road. At the 

latter point the sandstone forms a low ridge in the valley of the Platte, on the west. " 
This is below the junction of the Big and Little Platte rivers, and in this vicinity, the 

| different strata appear at a higher elevation on the west than on the east side of the 

river, the upper surface of the blue limestone, on the east, appearing but little higher 

than that of the sandstone on the west. This point of elevation is connected with that 

on the Mississippi, by which the sandstone is raised above the water level from Sinipee 

to some clistance above Potosi, and the blue limestone towards the south, to a point on 

| the east side, near Gregoire’s Ferry (opposite Dubuque), but on the west side only to 

Kagle Point (above Dubuque); the strata being there apparently most elevated on the 

east side of the river. On the north, I have not had an opportunity of tracing the 

limits of this center of elevation. On the east, it extends to the vicinity of Platteville, 

and is hmited by the country adjoining the Platte mounds, and on the south it is con- 

fined by the high prairie between the Mississippi and Fever rivers, near the center of 

which rises the Sinsinawa mound. 

‘‘Another center of elevation apparently occurs on Grant river, southeast of Beetown, 

near the junction of Pigeon creek. At that point the sandstone is elevated 30-40 feet 

above the river, while lower down on the same river, at Waterloo, it is not exposed. 

The same is true on Rattlesnake creek, towards the west, and on the Beetown branch, 

toward the northwest; only the blue limestone appearing there at the surface. On 

. Boyce’s creek, southeast, toward Potosi, the blue limestone appears more elevated than 

in the vicinity of Potosi, as if within the limits of this center of elevation. These limits 

are apparently the ridge of Boyce’s prairie on the east, the high ridge between Grant 

river and Cassville on the southwest, and Blake’s prairie on the northwest.” ! 

It is not a little strange that, though Dr. Percival seems to have 
. believed that these “centers of elevation” were indices of agencies 

influential in the deposition of the ores, he should not have observed 

the fact that none of these are centers of great ore-deposits. If 

| “centers of elevation ” or “lines of physical disturbance ” of any kind 
are potential in the production of ore-deposits, then it is fair to expect 

such deposits in greatest richness where such disturbances are thought 

to have taken place, while barrenness should pervade undisturbed dis- 
tricts. But the facts cited by Dr. Percival seem to lend their influ- 

ence in precisely the opposite direction. The most marked instance 
of elevation, and apparent disturbance, in the whole region is Red 
Rock situated in a barren region. The nearest deposits are four 
miles distant, the little Wiota diggings, among the least of the districts 

of the lead region, while the nearest important deposits are those of 
ee nr er tee : 

1 Annual Report, 1855, pp. 23-26.
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Shullsburg, fully ten miles away. Even where there is a close juxta- 

position, Dr. Percival incidentally testifies that the mines are located 

in relatively depressed portions of the strata, rather than on the ele- 

vations, for he says:! ‘The excavations in the mines, in the vicinity 

of these extraordinary outcrops of the lower strata, are farther proof 
of sudden elevations of the strata, the shafts being often sunk in the 

upper strata to a greater depth than would be sufficient to reach the 
lower, if the range of the latter from their outcrop was horizontal.” 

It appears, therefore, that while Dr. Percival noted and emphasized 

_ the undulations and apparent disturbances of the strata, his observa- 

tions do not show any close connection, or clear relation, bet:veen ele- 

vations and ore-deposits, but rather the contrary. 

To justly interpret his observations, however, some subtraction from 

the full force of his expression, “extraordinary elevation,’ must be 

made, if the idea of upheaval is intended, as the context would seem 

to imply; for, as I have endeavored to show, a portion of the undula- 

tion the strata now exhibit is to be attributed to irregularities of sedi- 

mentation, and, from inspection, I am convinced that these more 

conspicuous archings of the beds are in part due to original deposition | | 

and, in part only, to subsequent flexure. The flexure took place at : 
these points rather than elsewhere because there were slight bends 

here before, and these were, therefore, the points that would yield 

easiest to lateral pressure. 

In addition to the qualification imposed by this dynamical distine- | 

tion, the term “extraordinary elevation,” so frequently used, seems 

too strong to judicially express the facts. While the surface of the 
Lower Magnesian limestone, owing to its irregularities, rises and falls 

rapidly, there is rarely a true flexure of the body of this or of the 

other formations, giving a dip exceeding 10° or 15°. Mr. Strong 

| gives the following calm statement concerning the most notable 

instance of the kind:? “There are several new [i. e. additional to 

those examined in 1873] localities which were examined in 1874, 

where slight upheavals of the formation appear to have taken place. } 

The most marked example of this, known as Red Rock, is situated in 

the valley of the Pecatonica in T. 2, R. 4, E. The sandstone emerges 

from the river near the center of section 20. It reaches its greatest 
elevation near the quarter-post of sections 17 and 18, where it has a 

thickness of over 100 feet, and disappears again below the river in 

the southeast quarter of section 7. The average width of the expos- | 

ure is about half a mile.” The phenomenon is illustrated by a figure, 

to which reference is here made. Beyond the simple fact of arching,
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there is little evidence of the action of unusual force. The rock is 

exceptionally colored with hematitic material, but this is manifestly 

due to the unusual amount present, and not to dehydration by heat, 

as sometimes hastily inferred. The beds are not notably broken or 

dislocated, nor are they metamorphosed, though somewhat indurated ; 

nor is the flexure, though striking for this quiet region, more than very 

moderate, when compared with metamorphic districts. Both Prof. 

Whitney and Mr. Strong noted cases of such undulation and slight flex- 

ure, and, in selected instances, described and figured them; but neither 

of these observe s regarded them as more than quiet and moderate 

manifestations of that tension to which the crust of a shrinking earth 

is necessarily subjected. Neither of these writers attached sufficient 

importance to them to enter minutely and exhaustively into a descrip- 

tion of them; and this is undoubtedly the true judgment to be passed 

upon them, considered simply as stratigraphical phenomena. As 

phenomena connected with the ore deposits, however, something of 

special siynificance, in my judgment, does attach to them, but, at the 

sarne time, I am studiously anxious not to magnify them into extra- 

ordinary upheavals or instances of powerful mechanical disturbance, 

a character which they do not bear. It had been my purpose to enter _ 

| at length upon the description of these warpings of the strata, but the 

| ‘tediousness of the attempt is a sufficient reason for limiting special 

attention to those immediately relating to the productive ore districts. 

It is worthy of remark, however, before passing from the general 

 -yeview, that all trustworthy observers agree that these are, if not 

strictly “centers of elevation,”’ at least noteworthy flexures of local and 

limited extent In some instances, anticlinal axes of considerable ex- 

tent appear to be indicated, but all attempts to discover any regular 

system of folds pervading the whole region, other than such general ones 

as have been already noted, have been burdened with arbitrary assump- 

tions and doubtful data to such an extent as to make them quite un- 

satisfactory, however plausible, and probably no one has made the 

: attempt more assiduously than the writer. These local flexures seem 

to have arisen from tmevennesses in the original deposition, by virtue 

. of which, certain portions of the beds, being already curved, yielded 

more readily to lateral pressure, and thus determined the points of 

flexure, and, since these irregularities of deposition would not presum- 

ably take any very rigid linear arrangement, being subject, as they 

were, to the multiform agencies that affect marine deposition, no 

| symmetrical system of yielding could be anticipated. 

It is further to be emphasized that, not only are none of the “cen- 

ters of elevation” of Dr. Percival, but none of the convexities cited
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by Whitney or Strong, nor any observed by the writer, the site of 
_ productive mines. It is, therefore, a necessary conclusion, that, if 

these protuberances have any agency in influencing the ore-deposits, 
they determine their location in some other place and not upon 
themselves. ) 

a But, if the deposits are not upon the swells of the strata, are they 
in the sags? Owing to the dominating influence of that mysterious | | potency assumed to reside in an “ upheaval,” little or no attention was | | given by the earlier observers to the depressions and their relations to - | the productive mining districts. It is not often possible, because of 
the concealment of the rock, to throw a complete cordon of observa- 

- tions around a mining district, or about an individual lode, and deter- 
mine precisely the attitude of the beds on all sides, especially as the 
undulations, at best, are usually slight and irregular. But when it is 
considered that the general dip of the formations is southerly and 
southwesterly, it is evident that a northerly or northeasterly dip, 
at any given location, points to a synclinal in that direction. If 
therefore the beds on the sonth or southwest of any mining dis- 
trict dip northerly or northeasterly, it is a clear indication, thongh it 
may not be a complete proof, that the district lies in a stratigraphi- 
cal depression. In some instances we are happily not confined to this 
inferential method. The rich little diggings of Dutch Hollow furnish | 
a fineexample. The mineral ranges all lie within the sides of a sharp 
little synclinal trough whose flanks have a dip of about 15°. The 
rock in and near the axis of the trough is of a highly brecciated char- 
acter and contains considerable lead and zine ore scattered through it 
in seams and isolated or clustered crystals, even where there is no 
distinct lode, making the nearest approach to stockwerk found in the 
region. On the north edge of the trough, there runs a well defined 
anticlinal, the beds dipping southward into the trough about 15°, but 
having a more moderate slope northward. All of the ore is found 
south of this. An adit was started nearly on the crest of this anti- 
clinal, at a point where ent down by a stream, and driven westward 
nearly a quarter of a mile without developing ore, when it was de- flected southward and reached productive ground within the trough. 
This is a marked instance of productiveness along the axis of depres- — sion and of barrenness along that of elevation. The expensiveness | of the experiment which demonstrated this fact should incline all | interested in such mining enterprises to cordially accept the results of experience and observation without regard to preconceived views or | wishes, - | | 
Taking a larger view of the main Potosi district, we find the beds |
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| on its west margin dipping eastward. The Long and Wooley ranges 
pitch eastward 1 ft. in 173 ft. By comparing the Trenton beds out- 
cropping in the bluffs of the Mississippi with the same where seen 
nearest below Potosi village, there is found to be a northward dip. 
Mr. Strong’s measurement (aneroid) from a point on the face of the 

_ bluff some distance east of the mouth of Potosi creek, to the disap- 
pearance of the Trenton, below Potosi, gives a northward decline of 

| about 25 feet, while my own, from a point on the west side of the 
creek gave 40 feet—results harmonious with the easterly dip of the 
ranges above given. Just east of the mouth of Potosi branch accord- 
ing to Mr. Strong, the St. Peters sandstone rises about 10 feet above 
the Mississippi and the Blue and Buff limestones have a thickness __ 
of 78 feet. Tracing along the face of the bluffs, the sandstone rises 

: 76 feet in about a mile and a half, the Trenton beds meanwhile hav- 
ing thinned to 50 feet. Beyond this point, both decline to their 
former height in about three miles. Making some deduction for the 

| curvature of the bluffs, it is yet apparent, by comparison with the sur- | 
rounding strata, that here is a notable arch of the beds lying south 
of the Potosi district. Combining these facts it appears that the 
Potosi diggings lie in a stratigraphical basin. The thickening of the 
Trenton in the basin, that seems to be indicated, is an interesting and 
significant fact, beautifully consonant with our view that these undu- 
lations had their beginnings in submarine inequalities, for such 

_ depressions would favor the accumulation of the fine Trenton sedi- 
ments and thus give that formation exceptional thickness in the basin 
and thinness on the prominences. 7 | 

South of the British Hollow mines, there is a low but well defined 7 
| arch that may be seen along the creek below the village. The maxi- 

mum dip shown is about 5°. The apparent trend of its axis is N. E. 
and 8. W., a direction essentially parallel to one set of the adjacent 
ranges, and, it may be observed, that set which is most exceptional in 
this district. | ‘ 

Passing to the Beetown district, analogous facts are presented. : 
- Between the village and Hutchinson’s furnace, less than half a mile 
below, the shaly stratum in the upper part of the Trenton limestone, 
known as the “ Pipe Clay opening” appears in the bank of the creek 
at the water’s edge, but within less than half a mile below the furnace 
the whole of the Trenton group, the St. Peter’s sandstone, and a low 
arch of the Lower Magnesian limestone rises above the stream, indi- 
eating, when full allowance is made for the descent of the stream, 
avery notable rise in the strata. About two miles to the east, on 
Grant river, is found one of the points of elevation noted by Dr, 

Vou. IV. — 28
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' Percival, and to the west on Rattlesnake creek a similar rise is indi- 

cated. It therefore appears that a stratigraphical ridge stretches © 
closely along the south margin of the whole Beetown district and that 
the mineral ranges lie in a depression of the strata on its flank and 

have their trend mainly parallel to it. 
By consulting Mr. Strong’s map, it will be seen that southwest of 

Pigeon diggings, the Lower Magnesian limestone is represented as 
rising to the surface on Pigeon creek and sinking away again below. ._ 

By turning to the Platteville region, it will be seen that the Little 

Platte river cuts into the St. Peters sandstone for some distance along 
its course above Platteville, but that, near the north line of the town- 
ship, the sandstone sinks beneath the stream, but, in the southern part, 

again emerges and soon exposes its whole thickness and the upper 
face of the Lower Magnesian limestone’, beyond which, it again sinks | 

away. Such a casual inspection indicates a depression of the strata cross- 
ing the river between the Platteville and Whig diggings. A more de- 

tailed examination of measurements made by Mr. Strong, Mr. Buell, 

aided by Mr. Nye, and myself, independently, shows dips not only from 
the north and south but also from the depressed beds on the Little 

Platte, toward Platteville, indicating a deeper depression beneath the 

productive area. 

_ At the Crow Branch diggings, the depression of the beds is conspicu- ) 
ously displayed in the natural section formed by the stream that gives 
name to the mine. At the mouth of the tunnel, the base of the | 

Trenton beds lies near the surface of the water, but immediately to 

the southwest, it rises rapidly to a heigth of about 20 feet and then 
gradually sinks away with the common slope of the strata. At the 

time of my visit, the adit was inaccessible, but concerning it, Prof. 

Whitney makes the following significant remarks:? “This adit starts 
on the sandstone, and was when examined, with difficulty accessible, 

and so much filled with mud and water that the relations of the rocks 
it passes through could not be well made out. As it rises, however, 

it passes into the Buff limestone and from that — owing, as it would 
appear, to a basin-shaped depression or rapid undulation of the 

strata —- into the glass rock, in which it continues most of the way.” 

In the vicinity of the rich concentrated Mifflin mines, there are bet- 

ter opportunities for observation than are common to most districts. 

The ranges run N. W. and 8. E. and are mainly productive in the 
Lower. Galena and Upper Trenton beds, below which a part of the Buff 
appears, but the St. Peters sandstone is, by estimate, some distance be- 

low the surface of the adjacent Pecatonica river. But nearly opposite 

~~ 1 Not represented on the maps. * Geol. of Wis. 1862, p.361...
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the outcrop of the ranges, the St. Peters sandstone emerges three or 
four feet in a low undulation and again sinks below the river surface, 

and there is no further opportunity of observation until a creek joining 

the Pecatonica on the west is crossed, about a half a mile below, and 

directly south of the mines. Here the St. Peters sandstone rises 20 
feet higher than at the point above cited and by estimate 30 to 40 feet 

higher than its position beneath the mines. It thus appears that be- 

| tween the sandstone outcrop east of the mines and that south on a line 
running a little west of south—the general direction of dip—there 

_ is a considerable downward curvature of the formations and this de- 

pression lies in the line of projection of the mineral ranges. An in- 
structive east and west section may be constructed along the Pecatonica 

river north of the village of Mifflin which will show the prevalent ten- 
dency of the strata to undulation, as well as exhibit the special depression 
in which the Mifflin deposits are located. Starting at alittle promon- 

tory of rock lying between the river and the creek that joins it on its 

‘left bank, less than a quarter of a mile northeast of the village, there 
appears a dip of 9° westward (W. 5° to 10° N.) This appears to in- 
volve but a very small area, for, a short distance to the N. W., the beds 

are seen to rise gradually. At the bridge north of the village, and 

nearly west of the first point of observation, the strata dip 8°, as 
measured along a vertical face trending W. 18° N. which may not 

represent the maximum or true dip. From this point the beds may 

be traced, in a direction about W. 20° N., along the side of the river, 

the slack.water of which affords a convenient datum plane. The beds 

first’ curve downwards until the Buff limestone, which showed half 

its thickness, is submerged, then run quite horizontally for a short 
distance, beyond which they very slightly rise and then descend at an 
angle of about 5° until the thin beds of the Blue limestone are sub- 

merged, when they rise at the same angle, forming a marked synclinal. 
~ On this last upward slope, at a point about 40 rods west of the axis of 

the synclinal, an adit has been driven into the hill on about the same 
beds that are productive south of the village. The attempt was evi- 

dently unsuecessful although a little zine blende, in disseminated erys- 

tals, appears among the material excavated. From the adit westward, 

concealment of the rock prevents wholly reliable observations, but 
there appears to be, at first, a slight rise of the beds, beyond which 
they maintain a nearly level attitude. It is our view that this syn- 
clinal is to be correlated with that above described and that the Mifflin 
deposits lie in this depression, which we conceive to be a broad flat 
boat-shaped basin. | : 

, The Mineral Point district presents an obstacle to convenient dis-
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cussion in its want of sharp limits. From the rich lodes in the sub- 

urbs of the city, ranges scatter away northward to the Van Meter 

ranges, if not to Dodgeville, and northwestward to Linden and beyond, 

not to speak of those dispersed further southward. Dr. Percival, how- 
ever, aptly sweeps the whole field by some general observations made in 
1855, ‘and I choose to quote him rather than give the observations of 

my associates or myself; for, entertaining different theoretical views, 
he cannot be thought to have been biased by those that have arisen | 
at this late date. After locating the highest point of elevation near 

the junction of Pedlar’s Creek and the West Pecatonica, * and referring 
to the tendency to sudden local elevation, he says: “At Mineral Point 
village the blue limestone rises high on the sides of the ridges, leav- 
ing only a moderate thickness of the flint-bed at their summits, while 
the mineral openings are principally in the lower bed of the upper mag- 

nesian, and in the blue limestone. At the Dreadnought mine, three miles 
north of the village, the main body of the flint-bed is present with its 
peculiar openings, and at Dodgeville, nearly eight miles north, a con- , 
siderable portion of the upper bed of the upper magnesian is also 
present. At the Heathcock mine (Linden), six miles northwest of 
Mineral Point, the blue limestone rises but a few feet (8-10) above 
the level of Pedlar’s creek, adjoining. These facts indicate a dip of 
the strata from the highest point of elevation towards the north.” 

To the southeast the district is essentially limited by Rock creek, 
where the strata are found dipping to the northwest. Three miles 

southwestward from Mineral Point, an arch brings up the Lower Mag- 

nesian limestone toa height of thirty feet above Spensley’s branch. 
That this is not simply a protuberance of the upper surface of the 
Lower Magnesian limestone is shown by the unusual altitude of the 

overlying formations. A comparison of altitudes between the 
formations on Spensley’s branch, west of Mineral Point, and on Min- . 
eral Point branch, in the northern suburbs of the city, indicates a dip 

eastward nearly equal to the thickness of the Trenton limestone. A 
meridional section through the district immediately adjacent to the 
city shows a northward pitch with a gradual rise beyond. I have in- 
complete data, justifying a belief in the existence of several local de- : 
pressions associated with special groups of ranges in the region. It 
appears, therefore, that, beside the sweeping generalization of Dr. 

? Report of 1855, p. 24. | 

? It is not quite certain which branch Dr. Percival called the West Pecatonica. There 
are some reasons for thinking that the point here referred to is near the junction of Ped- 
lar’s Creek and Spensley’s branch.
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| Percival, which is somewhat too broad for definite application, there 
are local undulations more closely fitting the productive areas. 

Along the south side of the scattered Yellowstone diggings the | 
strata rise above their average altitude. 

To the west of the Wiota district lies the Red Rock elevation, to 
the south and southeast, the rise of the strata along the Pecatonica, 
and to the east, the anticlinal between the Yellowstone river and Jor- 
dan creek, but these are all somewhat too remote (3-5 miles) to be 
entirely unequivocal, beyond indicating the general fact that the mines 
lie in a relatively depressed area. 

South of the Meeker’s Grove mines, the beds dip strongly north- 
ward, being on the margin of one of the centers of elevation of Dr. 

Percival. Concerning the great complicated area formed by the dig- 
gings of Hazel Green, Benton, New Diggings and Shullsburg, con- 
nected as they are by scattered ranges — not to include the slightly 

_ separated deposits of Vinegar and Council Hills, which lead on toward 
the Galena district — nothing very satisfactory canbe said. The 

| Trenton limestone only appears in the valleys of the Galena river and 
its tributaries, in the midst of the region, and above this there are no 

distinct horizons, readily and surely identifiable, over a large area, so 

that little precise data have yet been accumulated concerning the atti- 
tude of the cireumjacent strata. The same circumstance limits our 
knowledge concerning special groups of lodes. Southeast of Benton, | 

the Galena river crosses a depression of the formation, within which 
lie a considerable number of important ranges. I conjecture that the 
Hazel Green deposits lie in a projection of the same trough. 

According to Mr. Kimball’s observation, quoted by Prof. Whitney, 
a synclinal axis extends along the ridge between the Peaslee and 

_ Shullsburg Branches, the strata on each side of which dip toward the 

center at an angle of 4°. The Peaslee diggings lie within this. Con- 
cerning another location near this, Prof. Whitney? says: ‘The ore 

sheets are all of the kind called ‘flat and pitching” At Earnest’s 
| diggings, one of these pitching sheets, carrying the usual ores of zinc 

| and lead, follows for some distance the stratification of the Galena 
| limestone, of which the beds dip here at an angle of 10° to the north- 

east, then suddenly drops down, following an oblique line, and carry- 
ing ore all the way, a distance of from four to six feet to another 
stratum below, where it again follows the planes of stratification for 
some distance, and then goes down again, and so on.” 

Waiving much minor evidence, and not unmindful of the want of | 

1 Geol. of Wis.. 1862, p. 299. 1 Geol. of Wis. 1862, p. 300.
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Gata regarding several districts, I arrive at the conclusion that the ore 
deposits usually — possibly not universally — occupy depressions in the 

strata. It will be observed that in this collocation of evidence I have 

quoted as largely as possible from others who could not possibly have 
been prejudiced by the views herein entertained and thus have magni- 
fied observed phenomena to suit theoretical ends. And indeed, in 
regard to my own observations, I have most to regret that Larrived so 
late at the conviction that the ore deposits usually, if not universally, 

occupy stratigraphical depressions; otherwise it would have been pos- 
sible to have secured greater fullness and precision of data. It was, 
with me, quite otherwise than a preconceived notion. 

V. Surrace Aspect or tae Longs. 

Both a practical and theoretical interest attaches to the surface 

aspect of the lodes, both in their individuality and in their groups. 

To the prospecting miner it is of supreme importance to recognize at 
the surface trustworthy indications of a lode. To the student of the 
philosophy of deposition the characters which the crevices present at 
the surface are, in like manner, a subject of thoughtful consideration. 

The impression is prevalent that deposits oceur which have no © 
erevice connection with the surface, but such impression, we appre- 

- hend, is rarely, if ever, true. Lodes are sometimes reached by lateral 
drifting, whose upward connection, not having been traced, is assumed 

to be absent, and in some instances the cap rock immediately over- | 

lying the deposit may be entirely unbroken, but if the crevice be 
traced to its extremities, it will, we believe, be found to be connected, 

either with a crevice directly leading upward, or with lateral fissures, 

or openings, which at length have such connection; so that most, if | 

not all, such apparent cases are illusive. The majority of lodes, as 
they appear at the surface, are not lodes at all, but simply crevices, — 

and thus differ in a marked degree from fissure veins and similar de- | 
posits in which the seams are filled with ore and gangue to the very 
surface, save so far as it may have been removed by erosion and de- 
composition. | , 

The lodes of the lead region are represented at the surface usually 

by simple crevices which gape more or less widely and are usually | 

filled with soil and residual clay derived from the surface. This is 

thought to have been the almost universal aspect which they presented 
originally, but by the wearing away of the rock they have been, in 
not unfrequent cases, cut down to the ore deposit, so that the crevice, 

where first struck, bears between its walls more or less of ore, usually



SURFACE ASPECT OF THE LODES. 439 | 

eorroded and scattered throuzh the clay filling. In other instances, . 

decomposition has proceeded further and the ore has been left behind 

mingled with the residual clay, forming a “ patch” deposit. Where 

the original ore formation was a flat deposit and has been thus reached 

by surface decomposition, an extensive and very rich “ patch” may 

: be left within the clay; the most remarkable instance of which within 

the region is probably the Big Patch, south of Platteville, from which 

two or three million pounds of ore have been taken. 

If, therefore, the surface, simply, of the productive districts were 

mapped, the ranges would usually appear only as tracings of rock 

crevices, differing in no very remarkable way from those common to 

limestone districts generally, save perhaps in something more of 

regularity and magnitude. 

The vertical sheet deposits, which consist of a seam of ore, closely 

filling a narrow crevice, constitute an exception to this general state- 

ment, in that they frequently fill the crevice to the surface of the | 

rock, the most numerous and notable examples of which class occur in 

the Hazel Green district. 

: It is more serviceable, however, to map the lode itself, reproduced 

upon the surface, or, more accurately speaking, that portion of it that 

has been mined. In the maps accompanying this report, prepared by 

| Mr. Wilson, the lodes of the lead region have been thus represented 

with as much of precision, both as to position and direction as has 

been found practicable in the time and means at the command of the 

survey. The reader is, therefore, respectfully referred to these maps 

for both the general aspects and the detailed facts presented by the 

superficial arrangement of the ore deposits. Anattempt has been 

a made to distinguish between those lodes that simply occupy crevices 

and crevice openings, and those which belong to the peculiar system 

of flats and pitches, or of simple flats, hereafter to be described. But 

this distinction is not altogether practicable, since crevices lead to the 

flats and pitches, and these by the closure of the pitching crevices, 

| are not sharply distinguishable from the flats proper. The whole 

really belong to one complex system and the distinctions are only 

valuable as showing which element, at the present stage of develop- 

ment, seems most important. 

Referring to these maps, it will be seen that the ranges are mostly 

rectilinear, though frequently bent or angled, and their length sel- 

dom reaches and very rarely exceeds one mile. The longest range in 

the district thus far developed is probably the easternmost of the 

group lying on the west side of the Heatheock branch, in the Linden 

district, which has a length of three miles, throughout which it has 

been traced with little interruption. ) )



440 THE ORE DEPOSITS OF SOUTHWESTERN WISCONSIN. 

That the erevices and possibly the lodes are considerably more ex- 
tensive than has as yet been proved by actnal exploitation, is very 
likely true in many instances; but that the open and productive por- 
tion is limited to a comparatively short range, seems to be the verdict 
of experience. | . | 

While the great majority of the lodes, as remarked, pursue a 
straight or slightly angulated course, it is worthy of note that the flat | 
deposits, notably those near Dodgeville, have the peculiar habit of 
curving in hooked or horse-shoe forms, and, what is equaily or more 
singular, this corresponds in a noticeable degree to the surface contour 
of the locality, lying habitually near the brow of a ridge or biuff, and 
curving in general conformity to its face. 

Even a casual inspection of the crevice maps will develop the fact 
that the vast majority of lodes assame an east and west direction, 
while a subordinate number take a northerly and southerly course. 
It will be observed that the two systems are very frequently combined 
in the same diggings, and indeed in the same group. Where both 
occur together, the easts and wests are almost invariably the more 
open and stronger ranges, while the norths and souths are usually 
close crevices bearing sheet deposits. The easts and wests are, with 
few exceptions, the master ranges, to which the norths and souths 
inay be regarded as tributaries, and are often styled by the miners, | 
“feeders.”’ In all cases, whether mapped or not, there is a transverse 
system of fissures, filled or unfilled, crossing the lode. These have Oe 
only been plotted where they carry a workable amount of ore. In 
some instances, however, the norths and souths are more open, and 
bear strong deposits, while the easts and wests cross} ng them are sub- 
ordinate. There is usually a distinction between the ore oecupying 
the two sets, that which characterizes the easts and wests being usu- 
ally “chunk mineral,” or large massive aggregations, which show 
upon fracture broad crystalline plates, whereas the ore from the norths 
and souths, besides being externally in the form of sheets, shows on 
the interior more interrupted crystalline planes, which gives upon frac- 
ture a texture and luster by which expert miners and smelters are 
able to detect it, even in the ore heap. . 

In addition to the two systems, conforming to the cardinal directions, 
there is a third that locally assumes considerable importance, com- 
monly known as “quarterings.” In some districts, signally at Mus- 
calunge, the main east and west system, instead of being crossed at 
nearly right angles by norths and souths, is traversed very obliquely by 
quarterings. These often have the open character of the easts and | 
wests, and sometimes, as in the Atkinson range, become the master 
lodes. The term quarterings is sometimes applied to distinet ranges
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| which have a northeast-southwest or northwest-southeast direction. | 

But it would be better usage to confine it to oblique crevices crossing 

those of one or the other of the cardinal systems. | 

Besides these, some districts are characterized by very irregular 

crevices, of which class the Shullsburg mines are a noteworthy 

example. 

7 The total number of lodes in the whole region, as enumerated by 

| Mr. Wilson, is 3,769. Probably a considerable number in Illinois and 

Iowa, and possibly some in Wisconsin, have escaped noting, so that 

the entire number is nearly 4,000. It is difficult to draw hard and 

fast lines between the several classes, so as to determine precisely how 

many belong to each, but, throwing out a considerable number of 

doubtful classification, and estimating somewhat roundly, about 60 per 

cent. is found to belong to the east and west system, 20 per cent. to 

the north and south, and 15 per cent. to the quarterings, the remain- 

der consisting of patches, irregular crevices, and those of uncertain 

classification. , 

By inspection of the map, it will be seen that the individual ranges 

tend to group themselves in clusters, and that these are gathered in 

oo larger groups, sometimes designated lots, sometimes diggings, and 

these again into larger assemblages, constituting subdistricts and 

districts. | 

Much study and ingenuity, not to say imagination, have been, ex- 

pended in the endeavor to discover some law of systematic arrange- 

ment of the crevices into groups and larger collocations, but withont = ° 

any conspicuous success, as it would appear from the different results | 

arrived at. If there were any simple determinate law, it would seem 

_ that, if discovered, it should command general assent and acceptance. 

This much is certain, that individual ranges are not uniformly dis- 

tributed over the productive area to which they belong, but are 

gathered in groups. But these groups present the utmost variety in 

the manner and attitude of their formation. Perhaps the most note- 

worthy fact is that to which Dr. Percival long since ealled attention, 

that these ranges are sometimes arranged so as to give a rhombie 

outline to the group, and that these groups are arrayed somewhat like 

troops en échelon. But this is only true of a few districts, the best | 

example being the Vinegar Hill diggings. The gathering of the 

subordinate groups into districts, with barren intervals between, is a 

conspicuous fact concerning which, there is little opportunity for 

differences of view. But when it somes to arraying these in larger 

groups and showing the profounder relations of the districts, wide 

differences have been the result.
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Dr. Percival made nine great groups as follows: ? 
‘The different series, which I have been abie to trace, are the following, beginning _ 

at the northwest: 1. That commencing at the Muddy Diggings, north of Cassville, 
then passing N. N. E. to the North Diggings, and then east to the Beetown Diggings, 
where it expa:ids particularly towards the north, and towards the east shows a bearing 
to the southeast. This is probably connected with the Pigeon Diggings and other dig- 

| gings farther east, north of the line of my present exploration. On the southwest, it 
may be connected with the diggings in Iowa, opposite Cassville. 2. That extending | 
from near the mouth of Grant river thrcugh the different groups of the Potosi Diggings 
to the Red-Dog Diggings in a northeasterly (N. N. E.) direction; then east by the Brush- 
hill and Whig Diggings, where it expands towards the north; and then in an E. 8. E. 
direction through the southeast Platteville and Elk Grove Diggings, to the Strawberry 
Diggings, where it is interrupted by a wide extent of prairie farther east, in which no 
ranges have yet been traced. This is probably connected in range with the diggings 
west of the Mississippi, in a direction south from Potosi (the Macoqueta and Dubuque 
Diggings), which would farther complete it on that side. 8. That commencing near 
the south line of the state in the Fairplay Diggings, and extending northerly (first N. 
N. E., then N. N. W.) through the Lower Menominee to the Upper Menominee (James- 
town) Diggings; then bearing KE. N. &. through the latter, then shifting northeasterly 
to the Patch Diggings, then passing E. 8. E. to the Buzzard’s Roost Diggings, and 
then bearing southeast to the Shullsburg branch, north of New Diggings. This is 
probably connected with the Lower Galena Diggings, in the forks of Fever river and the 
Mississippi, 8. 8. E. of the Fairplay Diggings. 4. That including the Hazel Green 
Diggings, which may be traced from those diggings into Illinois, first S. S. W. then ; 
S. 8. E. to the Upper Galena Diggings (north of Galena). On its western border, in 
the Hazel Green Diggings, it bears N. N. E. to the Hoss Diggings, and then curves 
around to the E.S. E., through the Benton Diggings to Fever river at Benton. 5. That 
including the Vinegar Hill Diggings, bearing N. N. W. to Vinegar Hill, then north- 
easterly to Buncomb and Shaw’s Hollow, and then easterly through the New Diggings. 
6. East of the southeast point of series 3, the M.S. E. direction of series 4 (at Benton) 
is resumed at Harnest and Spenceley’s Diggings on the Shullsburg branch, and continued 
through the Shullsburg Diggings. These are intersected by the extensive range of 
north and souths, leading from the East Blackleg (connected with a series of east and 
wests on the east fork of Fever river), through the north and souths at Townsend’s, and 
the Irish Diggings to the east and wests at Stump Grove, N. N. E. of Shullsburg. 7. 
A series of small groups may be traced easterly, in a line east from the Strawberry Dig- 
gings, through Skidmore’s and Halstead’s Diggings by Darlington, to Whiteside’s 
Diggings, whence it bears southeasterly to the Wiota Diggings. 8. Another series, 
commencing at King’s and the Forzed Deer Dig ings, west of the West Pecatonica, 
extends first E. N. Easterly by the Duke’s Prairie diggings to the Yellow Stone Dig- 
gings, then through these in a general easterly course to the East Pecatonica, and to 
Bigg’s and the Badger Diggings, and then southeasterly by Shook’s Prairie (the Aspen 
Grove Mine) to Skinner’s Diggings and others north and east of Monroe. 9. The dig- 
gings at Mineral Point apparently form part of another series, commencing on the 

. southwest at the forks of the West Pecatonica and the Mineral Point branch, and thence 
bearing N.N. Easterly, but the course of which I have not yet had an opportunity of 
tracing satisfactorily to the northeast and east. This series perhaps extends by Dodge- 
ville, Ridgeway and the Blue Moands to Exeter; first bearing N. N. E. to Dodgeville 
then east to the Blue Mounds, and then southeast to its termination at the valley of 
Sugar river. 
eee 

7 Annual Report, 1855, pp. 77, 78, 79.
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- These series are in some instances connected by intermediate groups. ‘Thus the 

southwest Platteville Diggings may be considered as intermediate between series 3 at . 
the Patch Diggings and series 2 at the main body of the Platteville Diggings. Other 

instances will be stated in the details following. In no part of the mineral district ex- 

amined, have I observed so great a connection of different series as at Benton and New 

Diggings where several seem to concentrate.”’ 

The reader, if he chooses to trace these out upon the general crevice 

map (Atlas Plate XXXI), will doubtless find it difficult to discover 

anything very natural in some of the features of this grouping. 

Mr. Murrish attempted! to marshal the districts into great east and 

west belts of exceptional richness separated by barren zones, the whole 

traversing and subordinate to a magnified north and south line of 

elevation nearly coincident with the fourth principal meridian. 

“To do this ” he says, “let us go to the southwest corner of the state, where these 

mining districts commence, and drive down a stake at Fairplay, and another 4 or 9 

miles to the north, at Jamestown. And now let us draw two lines from these stakes 

east, or a little to the north of east, to range seven, in Green county. Now let us care- 

fully look along within those lines and see what we can find. We have (within those 

lines) the mines of Fairplay, Jamestown, Hazel Green, Benton, New Diggings and : 

Shullsburg. Extending east from Shullsburg no very important deposit of ore is found 

. until we reach the east side of the west Pecatonica, where we find Wyota, on the ex- 

treme north line, and the region about Monroe the eastern extension of these mining 

districts.”’ 

For the second belt he says: ‘‘ Looking north, we observe in the distance other min- 

ing districts apparently arranged along a similar line. On reaching town 3, and fol- 

lowing its south line west to where it intersects the Mississippi, we notice very similar 

phenomena to that described in the belt just referred te. 

“Tet us put down a stake here, also, and measure four or five miles north, and put 

down another, and from these two stakes draw two lines as before, east, or a little to 

the north of east, and see what we include. We have the mines of Potosi, British 

Hollow, Rockville, Pin Hook, Red Dog, Whig and Platteville, in Grant county. In 

extending into La Fayette county, this mineral range encounters the elevated lands of 

the Platte Mounds, and but little is seen of it until we reach Calamine, Fayette and 

Argyle, where it may be seen as a mineral belt extending into Green county, where, 

like the other, it is lost in range seven. What was said of the other belt may be said 

to a great extent, of this; only not quite as productive, perhaps, as a whole. 

‘With the additional light of this fact, it is not difficult now to see another belt near , 

the south line of town 5. A belt, though well defined through three ranges of town- 

ships in lowa county, and one in Grant (including the mines of Mineral Point, Diamond 

Grove, Lost Grove and Mifflin, in Iowa county, and New California and Crow Branch, 

in Grant county), is nevertheless disturbed at the west end, as it comes in contact with 

the geological break along the valley of Grant river, where it seems to be borne down a 

| little out of its course to Beetown, but there it again takes its regular course. Towards , 

the east end it encounters a very heavy ridge, or elevation of land coming down from 

the northwest of Dodgeville, and extending in a southeast direction through the county. 

This belt, when coming in contact with this ridge, or elevation of land, seems to follow 

its course, and groups of mineral ranges are found along its flanks for ten or fifteen 

miles. * * % 
a 

1 Report on the Lead Regions, 1871, pp. 9-11.
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‘“‘ North from the third belt we commence to ascend a gentle elevation, which culmin- 

ates in about the middle of town 6. Along the south flank, or near the center, is 
another well defined belt, extending through a large portion of Grant county, the whole 
of Towa, and for several miles into Dane; and the mines of Fennimore, Wingville, 

Spring Valley, Dodgeville, Ridgeway, Porter’s Grove and Blue Mounds form a chain of 
mineral ranges, extending through nine ranges of townships; and their course is as 

distinctly marked as the lines of the town (6) in which they are found. The north side 

of this belt is said to be the extreme north side of the lead district, beyond which no 

ore has been found, and beyond which, it has been said, none will be found. We will 

pause here for a moment and gather up what facts we have discovered.” | 

If the reader will pause here long enough to mark out these belts 

upon Atlas Plate XX XI, on which the lodes are laid down with ap- 

proximate accuracy, he will be able to gather for himself how much 
of fact there may be represented in this staking off of the lead dis- 
trict into great parallel belts. He will perhaps observe that the third 
and fourth belts are in close contact, and that the remainder either 

do not include all of the productive mines or are separated by very 
narrow intervals. How. the districts of Dubuque, Vinegar and Coun- 

cil Hills, and Galena vould be brought into this system, as they must 
in any comprehensive study of the subject, is not quite clear. A | 

single glance at the raap will show that such a grouping is quite 

- arbitrary. . 
If I were to venture upon the forlorn hope of discovering a pro- 

found system underlying the distribution and arrangement of the lead 
districts, where doubtless no such profound system exists, | should seek 

a basis in those causes of undulation which gave origin to the depres- 

sions in which the deposits are found to lie. Doubtless those causes 

were complex in their nature and gave as the result a complex system, 
which, though the deiinite result of forces acting under uniform and 

inflexible laws, are nevertheless complicated and unsymmetrical in 

their combined results. Some of the salient features of this complex- 
ity may be discernible and our only attempt will be to suggest some 
of them. 

| If a ruler two inches in width and of sufficient length be applied 

to the general map of the lead region (Atlas Plate XX XI), it will be 
found that it can be made to cross the heart of .the lead region in only 

one position without concealing important lodes. The ruler represents 
a belt only four miles in width, and it is therefore evident that well 

| defined belts separated by broad linear zones of barren territory are 
not a characteristic of the region. The position referred to is the line 

of the extension of the anticlinal described by Prof. Worthen in the 

Illinois Report.!’| Crossing the Illinois river and extending north. 

_ Geology of Illinois, Vol. 1, p. 5. '
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SURFACE ASPECT OF THE LODES. AAD 

westward trom La Salle, through Grand Detour and Oregon on Rock 

river, and striking into Wisconsin from Stephenson county, it runs 
parallel to the west Pecatonica, through the Platte Mounds and onward 

| to the elevated strata at the head waters of the Grant. The ruler ap- 

| plied along this line would conceal only some unimportant and long 

abandoned diggings on the Ames branch. This axis, it will be ob- 
| served, is the approximate watershed between the tributaries of the - 
' Rock, and those of the Mississippi, and was doubtless connected with 

the original determination of the general drainage systems of the 
region and therefore must have been an influential circumstance as 
early as the date of the origin of the rivers. 

e  Itis further interesting to observe that the Mississippi, descending 

in a nearly southerly course from La Crosse to the limits of the lead 
region, turns to a marked southeasterly course, essentially parallel to 
this line and continues in that direction, until it reaches the southern 

limit of the lead district, when it recurves to the southwest and main- 

tains that course, until if reaches the meridian which it was follow- | 

ing when it was deflected southeastward. This deviation of the “ Father 

of Waters ” could be accounted for by a depression of the strata which 
would thus lead it away from its general course. 

It is still further to be observed that the general directions of the 

-_ erevices approach parallelism to these lines. The master ranges of 

the great Beetown, Potosi, Platteville, Menominee and Shullsburg 
districts all trend to the south of east, though more easterly than 
these lines. Many of the subordinate ranges have a similar trend. 

On the opposite side Crow Branch, Mifflin, a portion of Linden, of : 

Mineral Point, Duke’s Prairie, Darlington and Wiota ranges, with 
others more remote, or less important, bear in the same direction. 

If I were to attempt to marshal the crevices into belts, they would 
be very broad and rude, but would consist of one great zone lying 

west of this barren strip mentioned, and including all the districts on 
that side, i. e., on the immediate Mississippi slope; of a corresponing 

second belt, lying on the east side, the axis of which would extend 

from Highland through Linden and Mineral Point onward to Duke’s 

Prairie and the Argyle deposits, embracing the adjacent districts on 

either hand; and of a third joining this. from the northeastward 
stretching from the Moundville deposits through the Ridgeway, Por- 
ter’s Grove, Dodgeville and Van Meter groups, to its union with the 
preceding, being essentially parallel to Military Ridge, a stratigraph- 

ical, as well as topographical axis, stretching across the state south of 
the I'ox- Wisconsin river valley. | 

Sut these general cireumstances attending the distribution of the
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deposits seem to me quite too general to be of mucli practical conse- 

quence in the localization of the lodes, whatever of interest they may 

have in a comprehensive survey of the subject. The conditions that 

controlled the localization of deposits were more special, definite and 
limited in extension, and are to be sought for in the special local cir- 

cumstances of each district, not to say of each subordinate group of 
ranges within the district. We, therefore, pass from these general 
conditions to study some of the special features of the several dis- 

tricts. In this immediate connection, however, we shall do little more 

than glance summarily over the surface grouping and prevalent direc- 

tions of the ranges. Jor special features and details reference is made 
to the maps. : 

In the Beetown district, three notable sub-groups are to be discovered, (1) that north- 

east of the village in which the ranges are scattered with a good deal of regularity, and 

have a very unitorm direction and considerable length, a number of them exceeding a 

mile, the average direction being about N. 81° W.; (2) the Nip and Tuck diggings, 

southwest of the village, which are more closely and irregularily grouped, and more 

varying in direction, the average trend of the easts and wests being about N. 83° W.; 
and (3) the Muscalunge diggings, separated from the Nip and Tuck by a comparatively, 

but not wholly barren, interval of less than one mile. These consist of a closely clust- 

ered series of east and west ranges with an average direction of about N. 87° W., 

crossed by a remarkable series of quarterings of varying direction, but averaging about : 
N. 60° E. By examining Atlas Plate XL., it will be observed that, even in this well 

compacted group, at least two distinct subdivisions are clearly indicated. To the south- 

east lies a remarkable complex group of about fifty east and west and quartering 

crevices, forming a single series, the Atkinson range. In the vicinity of this are 

gathered several more regular east and west crevices. Between these and the more 
numerous ranges to the northward, there is a belt of ground that has thus far proved 

barren. From the south Hutchcroft & Co. range to the Spenser, the productive stratum 

appears to incline northward, while from all the region above, the water gathers south- 

ward, the master ranges lying near the union of the two. By inspection of the map, 

it will be seen that drifts have been driven, for the greater part, dlong quarterings, and 

easts and wests have been mined on either side greater or less distances, but in the 

northern group these quarterings do not develop the complexity nor richness that they 

possess in the southern or Atkinson group, while the easts and wests develop more rela- 

tive importance. It would seem, therefore, that while the circumstances of origin were 

such as in the one case, to give unusual development to the quarterings, they, in the 

other, favored the easts and wests, though the general systems of fissuring are alike in 

both instances. It is propable, though it has not been demonstrated, that the Atkinson | 

group occupies a very shallow stratigraphical valley, separated from that on the north 
by a low swell of the beds. | 

The topographical relations of the lodes of this district may be studied by compari- 

son of the contour lines, but this cannot be done with entire success, since the crevices, 

for practical convenience, are mapped with lines of uniform width throughout the ex- 

tent to which they have been worked, and do not indicate the variations in the richness 

of the deposit along the crevice, and, of course, the essential thing is the deposit and 

not the receptacle. Were sufficiently exact data obtainable to construct a map which, 
by the varying width of the lines representing the crevices, should indicate the relative 
richness of the ore deposit, it would furnish an excellent basis in connection with the |
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contour lines, for the study of the relations between surface contour and the lodes, but 

it has been found quite impracticable. Mr. Wilson who has had occasion to make exact 

underground and surface surveys of these diggings to detcrmine questions in litigation, 

at various times during the last twelve years, and has been quite familiar with the pro- 

ductive development of the region, has arrived at the following confident generaliza- __ 

tions: 

First, that where the crevice passes directly under the ridga, at right angles, it usu- 
ally encounters close or barred ground, and is lean under the steep face of the ridge, but 

develops its greatest openness and richness under the more receding brow, while, as it 

| approaches the summit, it usually pinches up and becomes unproductive; second, where 

the crevice passes obliquely under the face of a ridge, it is usually meagerly productive, 

and third, where it pursu2s a course nearly parallel to the surface contour, but neither 

near the summit nor under the steep face of the ridge, its situation is favorable to pro- 

ductiveness. 
These rules, as applied to the Atkinson range, where the complex crevices pursue 

varying courses and present repeatedly the several attitudes named, consecutively, in 

the same general belt, are claimed to b3 quite severely and successfully tested. 

By examining the numerous short ranges along the bluff facing Muscalunge diggings, 

it will be observed that the majority lie nearly at right angles to the bluff, but do not 
come out to its face; nor reach far back toward the summit, indicating, as the practical 

result of experience, that they are neither found productive on the extreme face of the 

| ridge nor under its summit: height. 
These generalizations, in common with all that attempt to connect the character of 

the metallic deposits with surface contour, will b2 received by geologists generally with | 

a large measure of skepticism. While, in common with all rational observers, we sympa- 

thize with the feeling of impatience with views, in general, connecting metallic deposits 

with the ‘lay of the land,” yet these deductions, applied, as they are, only to this 

special class of accumulations, are not without a rational basis, as will appearin the 

sequel. . 

The Potosi district consists (1) of one large group of long, strong ranges gathered 

about the village, (2) of a small compact group at Dutch Hollow, (3) of another a little 

north of British Hollow, (4) of a few ranges south of Rockville, from which lodes scatter 

| on to the districts known as Pin Hook and Red Dog diggings. These last are but a 

scattered line of crevices showing a tendency to group by twos and threes, but not con- 

stituting a well defined district. Their average direction is N. 74° W. and their aver- 

age length about a quarter of a mile. 

The Rockville cluster shows more irregularity of direction. Some incline south of 

east, some south of west. the average being N. 80° W. 

‘Tne British Hollow group consists of a more compacted assemblage of ranges trend- 

ing south of east, crossed by others ranging east of north and connected with a single 

one trending west of north. With the exception of this last, they constitute a well 

compacted group. 

The Dutch Hollow group has the same general direction as the main Potosi diggings, 

‘ but is closely concentrated within a sharp synclinal trough of the strata, the rock be- 

ing very much fractured, and the ore widely distributed through it in sheets, floors and 

irregular impregnations, so that the distinctness of the ranges is obscured. 

In the main Potosi group the lodes are scattered with more than usual uniformity over 

the district, and have more than usual length, nearly half of them exceeding half a mile 

in length. Their average direction is about N. 67° W. They pursue their individual 

courses usually with much regularity, but several deviate from their general course. 

They stand, in general, at right angles to the main ridges, and, as will be seen, cross 

minor valleys without interruption or deflection. Potosi Branch cuts off, in its course,
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all except those near its head, but whether the ranges on one side are resumed on the 
other is answered by only negative evidence, except that the Brock and Hull is situated 
as though it were a continuation of the Wood and Dean. The general dip of the 
opening of the West Potosi district is to the east, that of the Long and Wooley range 
being determined as 1 ft. vertical descent to 173 ft. horizontal. That of the East Potosi 
ranges is not positively determined. In the inclined Long and Wooley ranges the de- 
posit is said to have been richest under the summit of the range, being an example of 
another rule of deposition in relation to surface contour, according to Mr. Wilson’s 
generalization, namely, that where the crevice openings, i.e. the strata, dip beneath the 

| hill rich deposits under the summit often occur. 
The Fairplay diggings are notable as constituting one of the most regular and sys- 

tematic groups in the entire region. The lodes run very nearly parallel, their average 
direction being N. 88° W. ‘These ranges, as will be observed at a glance, are ar- 
ranged in a north and south belt, so that if a line be thrown around the lodes, it will 
describe an elongated north and south oval. While somewhat uniformly distributed, 
the ranges have nevertheless a notable tendency to groups. QOne cluster of ten short 
lodes lies at the southern extremity and another of six at a quarter of a mile north, and 
another of seven a little farther to the northwest, while another of nine longer ones lies | 
north of these. Near the village of Fairplay there is a group of eight ranges, having 
a course north of east, with three associated ranges having the prevalent direction. 

The remaining lodes, on the north, fall into three general groups, the more northerly 
| one known as Hunsacker diggings. The Shawneetown diggings constitute a detached 

group about a mile distant to the east, with an average course of N. 88° W. 
Lne Lower Menominee diggings are less than a mile distant from the northernmost 

Fairplay district, and constitute a circumscribed, compactly arranged group, leaving 
out of consideration three or four outlying ranges, and have a common direction about 
N. 81° W. 

The Upper Menominee diggings present a very interesting surface arrangement, con- 
. sisting of a closely arranged group, more than usually inclined from the cardinal direc- 

tions, the average trend being N. 56° W. | 
The Hazel Green district presents a singular complexity in the grouping and direction 

of the ranges. The district may be said to be concentrated about a belt of ranges run- 
ning in a northeast-southwesterly direction from about the southeast corner of Sec. 19, . 
T. 1, R. 1, E., to Sec. 35, T. 1, R. 1, W. | 7 

Along this belt the erevices are thickly distributed in irregular groups. The prevail- | 
ing tendency is to form two sets, one of which has a general east and west direction, 
but shows a disposition to incline from north of east to south of west, instead of the 
more general inclination from the north of west to south of east. The cross set gener- : 
ally trend from the east of north to the west of south; but between the prevalent 
directions there are many intermediate ones, so that no general average can fairly ex- 
press the facts, nor any verbal description, and the reader is referred to the crevice 

, maps, Atlas Plates XXXIX and XXXI. There is here to be noted, at two points, a 
disposition to change from one system of directions to another, through intermediate : 
forms. It is conspicuously exhibited in the combined group formed of the Adney, Bruce : 
and Yount lots. It is seen less distinctly in the group southeast of the village of Hazel 
Green, adjacent to the Durley lot. 

The disposition of the crevices to form close groups or gangs of lodes is here most 
consp:cuously displayed. ‘‘Sheet lot’ is a striking example. Mills’ lode and the 
ranges with which it is connected are worthy of note as pursuing a northwesterly course, 
a direction at variance with the prevalent trend. | 

In the Benton district the lodes are distributed in clusters scattéted over nearly the 
entire township (T. 1, R. 1, E.). The prevalent direction of these is a little south of
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east, but to this there are many exceptions. Marshall Group, Black Lock, Burrills, 

Sheet Lot and a few others trend east of north to west of south. Ellis and Gear lodes 

and associated ranges, McAffrey, Dean, Merrit, Goodfellow and associates, Appleby, 
Dormer, Peaslee, French, Van Hook, Heard, Adams and associated ranges, with a 

number of others, have a decided tendency to west of north and east of south. The 

great complex group of Swindler’s ridge represents the trend of the master ranges, in 

the direction N. 77° W. | 

The great group of New Diggings have a more nearly east and west trend and are | 

associated with cross crevices of varying inclination, but, for the most part, east of 

north. 

The Shullsburg Diggings proper present ranges which transcend all others in their 

irregular zig-zag courses. (Atlas Plates XXXVII and XXXVIII.) The general trend 

: is southeasterly, but only an inspection of the map can give an adequate conception of 

the irregularities of detail. Associated with these broken ranges are several of more 

direct course, which by a direction N. 68° W., indicate fairly the average trend of the 

| group. Connected with these are a few transverse lodes having a bearing a few 

degrees east of north. Of the associated groups of the district, the Deep Clay and 

Townsend diggings constitute two groups lying to the west, which vary only a few 

degrees to the east of north. 
The Irish diggings on the north consist of a series of grouped ranges with trends 

varying from N. 5° E., to N. 40° E. 

The Stump Grove diggings, beyond, have a more northerly direction, with a few asso- 

ciated east and west ranzes. 
The Platteville district embraces a scattered assemblage of ranges less definitely clus- 

‘tered than some of the preceding. The most notable group is gathered about the vil- . 

lage of Platteville and consists of rather short rich ranges of nearly uniform direction, 
, averaging N. 84° W. North of the village about one mile is another notable cluster 

| two of which are long ranges, having an average direction of N. 82° W., beyond which 

are scattered a few short ranges, 
Southeast and southwest of Platteville isolated lodes, or groups of two or three crev- 

ices, are scattered for several miles. In Mecker’s lot there is a more concentrated group. 
All of these maintain a direction approximately parallel to those of Platteville, inclining 

| somewhat more to the northwest and southeast. West of Platteville the Whig aiggings 
occupy a circumscribed area with about a score of short ranges which have the same 

average direction as the Platteville ranges, except the two Schmidt ranges, which run 

southeast, being among the very few examples of transverse lodes in this district. The 
_ Big Patch and Elk Grove ranges are closely harmonious in direction with those of the 

general district, except in showing a larger relative number of transverse lodes. 

The Mifflin ranges constitute one of the most compact and isolated groupsin the 
whole district, considering their richness and importance. The ranges have a general 
course of N. 35° W., but are slightly convergent in that direction. ; 

Crow Branch diggings exhibit one master range, with a few subordinate associated 

ones, the former bearing N. 30° W., to which one of the latter corresponds, but the 

the rest have a more east-westerly trend. | 

Mineral Point district centers in three rich clusters of ranges situated respectively 

north, northeast and southeast of the city. Of the first named the average direction is 

about S. 55° E., the second are quite divergent, ranging from nearly southeast to south- 
southeast. while the latter is about S. 20° E. The scattered ranges north and south of 

Mineral Point assume nearly a due east and west direction, occasionally inclining 10° or 

15° south of east. 

Those which scatter away to the northwest in the direction of Linden vary from east 
and west to a northwest-southeast direction. | 

' Von. IV.— 29 )
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| The Linden Group is difficult to characterize by a simple statement of direction. The 
few short ranges in the vicinity of the village vary but afew degrees from east and 

west. The long ranges that lie to the northwest have a general north and south direc- 

tion, but curve considerably in their course, a somewhat unusual fact for ranges of this © 
class. The transverse easts and wests trend a few degrees to the north of west. The 

great Linden range has throughout the greatest part of its extent a southeasterly direc- 

tion, but in its eastern portion it curves upon itself until it assumes a direction W. 20° 

S. The general form can best be appreciated by consulting Atlas Plate XXXII. 

The ranges scattering north from Mineral Point toward Van Meter’s Survey have, in 

general, a more southeasterly direction than those either north or south of them, though 

this is not a uniform fact. The Van Meter ranges consist of a very closely grouped set : 

of parallel ranges having a nearly due east and west direction with a few outlying 

ranges associated with them, and a single due north and south lode crossing them. ~ | 

The ranges in the immediate vicinity of Dodgeville have.a northwesterly trend, in 
general, but the Lambly group diverges gradually to a nearly due northerly direction. 

The transverse ranges vary in direction from a few degrees north of west to as many ~ 

south of west. The remarkable cluster of flat deposits lying east of Dodgeville are 

notable for their want of definite direction rather than for conformity to any rectilinear | 

system. As will be observed by consulting the map, they are prone to curved forms. 
If a line be thrown about the group, it will form an oval, having its elongated diameter 

lying nearly northeast and southwest. The crevices.associated with the group vary but 

afew degrees from the east and west direction, except the Messersmith ranges, which 

are nearly north and south, curving eastward at the northern extremity. 
Porter’s Grove ranges average a direction about northwest and southeast with con- 

siderable variation. 
Those of Moundville are quite uniform in direction, being about N. 25° W. 

The Yellowstone district consists of groups of three or four short ranges, each quite 

widely dispersed, whose direction is most frequently northwesterly, but, in the case of a 
few groups, northerly. The ranges near Argyle present similar characteristics. 

The Wiota diggings consist of a concentrated group with a prevaient direction about, 

N. 57° W., crossed by numerous secondary ranges running about N. 20° W. A single 
associated group runs N. 20° EK. : 

The Highland ranges have a northeasterly trend. Those of Wingville are nearly 

due east and west. | | 

Passing beyond the limits of the state, the Dubuque lodes are remarkable for their 

extreme parallelism and their close approximation to an east and west direction, trans- 

verse lodes being very rare. In the Galena district there is much more variation, but 

the master ranges do not depart very largely from the east and west direction. The : 

transverse system shows a prevalent tendency to a northeast-southwest direction, but 
has numerous and notable variations. ~ a 

The Elizabeth group, the most southerly of the district, consists almost entirely of 

ranges running du? east and west, with a few, nearly due north and south lodes. 

It will be seen, by a summation of this brief review of the ranges, _ 
and, more vividly, by direct study of the maps, that theeast and west  —- 

ranges, as before indicated, vastly predominate over all others, that, in 

so far as they vary from the cardinal direction, the tendency is mark- 

edly toward a northwest and sontheast direction, rather than toward a 

northeast and southwest direction. In other words, there is a con. 
spicuous tendency to conform to the oblique axes of flexure that char- 

acterize. this region and that lying southward as faras the extremity
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of Illinois, as heretofore described. As these flexures were impressed 

upon the strata subsequently to the completion of the metalliferous 
series of the lead region, and are the latest of such flexures which the 
formations are known to have suffered, the correspondence at least 

suggests community of origin. | 

| VI. Tue Srxcran Srrvation or tHe Ore Derostrs wITHIN THE 
| STRATA. 

The known lead and zinc ores of the Upper Mississippi region lie 
mainly in the Galena and Trenton, and subordinately, in the Lower 

Magnesian limestones. The deposits in the first two formations 
must be considered jointly, not only on account of the want of any 

sharp line of demarkation between them, but because ore sheets : 
| traverse both and inseparably bind them together. On the other 

hand, there is an entire want of evidence that any ore sheet passes 
from the Trenton down to the Lower Magnesian limestone, and, what- 

ever may be the evidence in favor of the belief, it is certainly not 

prudent at the outset of an investigation to assume that there is a 

genetic continuity between the deposits of the two formations. , 

| Fie. 9. | 
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While there is no disjunction of the lodes in passing down from 
the Galena to the Trenton beds, there is a change both in the form of __ 
the ore receptacle and of the ore deposits. In the Upper Galena the 
ores are found almost exclusively in vertical fissures, or in local en- 
largements of these, known as “openings.” In the Lower Galena 

| and the transition beds, there is a prevalent tendency to “flats and 
pitches,”? while in the Trenton layers “flats” are the dominant form. 

Tue Orr Recerracies. It goes without saying that the fissures 
and openings were first formed and afterwards received the ores, and, 

perhaps, we might well follow nature’s order by considering the | 

character and origin of these ore receptacles and then the manner in 
| which their metalliferous treasure is stored in them, but some de- 

-parture from this will be found convenient. 

It is a familiar observation that rocks are habitually traversed by 
‘ seams of varying length and width, and that these, broadly speaking, 

are wont to consist of two sets which cross each other at wide angles, | 

blocking out the rock for the convenience of quarrymen. This is 7 
peculiarly the custom of limestone, and there is in our region a pre- 
valent tendency to keep square with the world by conforming to the 

cardinal directions— giving rise to “‘easts and wests” and “norths 

and souths,”’ while “quarterings,” “ten o’clocks,” “four o’clocks,” ete., 

show, at the same time, that the rule is not rigid. These simple 
fractures of the rock gape a little and leave space for filling. 

1. Vertical Seams. Many of the lead- 
Fig. 10. bearing crevices are of this simple sort. 

These constitute the vertical sheet openings 
deni antbs aire. and rangetrom the merest seam up to fissures 

a foot or more across, filled either solidly, or 
[= | partially, with ore. The north and sonth 

— |S crevices are mainly of this kind and seldom 

| ae —— open very widely or assume other than this 

| el -simple form as represented in figure 10. © 
i Pan 2. Open Crevice Deposits. The east and 
me ee west fissures, however, and often the quar- | 
ay “a _terings, are prone to open more widely and 

7 a li so sometimes furnish a rift of some magni- 
Sj tude, along the vertical sides of which the 

| ore is deposited in layers, or, perhaps, more 

Ventioan Frssurus Friup Often, in scattered clusters of crystals as 
moan Sues” Derosirs, Shown in figure 11.



SITUATION OF THE ORE DEPOSITS WITHIN THE STRATA. 453 

Fie. 11. Fia. 12. 

Sal ie? La \N)7(f7 ‘ ! 
———h , ‘ [Ma fag NULLA Vay aA lg lg 

Fd i neater Wy GOO. rere 

“PF 4 oe = ov epee << Me STEED home 

ade ee Go n + Tite Ui _ 
ae} (eS == is ous 

. _ me 1a ee ott ear xe Me — 5 

“be ine inl ie Ke Zo =n 

ET a = ti HNftas ——- 

= MV! ‘ an CA As wv 

Soe taco cette BS Se, 
ee eae —— ye | = A | a ae : 

~ = Bir= Speen : 
=F tae] =a 21 aE 

| ere. ees 

OrEeN CREVICE LINED WITH Toe Same Crevice AFTER 
GALENA. ‘Havine UNDERGONE Some Dz- 

: CAY BY. WHICH. THE ORE Was 
LoosENED FROM THE WALLS AND 
MixepD WirH Cuiay Brovueut 
From ABOVE OR PRODUCED BY 
THE DECAY OF THE WALLS. . 

Secondary Openings. Whenever a fissure is not entirely closed 

| up by its mineral contents and is afterward brought within the reach 

of atmospheric influences, by the gradual wearing down of the sur- 
face, and the draining away and lowering of the subterranean water, 

so that the air penetrates deeply, both it and its contents are subject 
| to disintegration. This is especially so if iron sulphide be present in 

abundance. ‘This decay not only enlarges and modifies the fissure, but 

| loosens and throws down the ores, mingling them with the clay and 

sand resulting from the disintegration of the rock. Thus “openings ”’ 
quite different from their original form are produced, and are found, 

nearly or quite, filled with calcareous sand, clay, ocher, loose ore, 
flints and other products of decomposition. The simple, open, ver- 

tical fissure above described, would, by very moderate decay, take such 
a form as represented by figure 12. 

3. Gash Veins. Very frequently a fissure opens for a space along 

its course, and again closes, forming a gash-like gap, on the walls of 
which the ore accumulates, giving rise to one of the forms of gash : 
veins as shown in fig 13. 

, When at length, by erosion, the surface is brought near to the de- 
posit, and decay takes place through the free admission of oxygen, the 

opening will be enlarged and filled with clay and calcareous sand de- 
rived from the disintegration of the rock or washed in from the sur-



454. THE ORE DEPOSITS OF SOUTHWESTERN WISCONSIN. 

. face. Throughout this, the fallen fragments of ore will be scattered, 
and the whole may appear as represented in figure 14. | 

| Fre 18. | Fig. 14, 
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4. Breccia Deposits. Sometimes one or more layers of rock seem — 
to have been much fractured, where crossed by the fissure, and the 
fragments loosened, leaving irregular spaces between them in which 
ore was afterwards deposited. | 

Fie. 15 5. Lumbling Openings. When this | 
Sse de Wi Nuumswasinlaet, fragmentary mass comes to be disinter- paints en preemie een © “asalcs ee =~ grated, the outer portion of the irregular 
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e 

. ak they eed become what is known as a “ tumbling - » 2 ae Vso . 
e | ak opening.” In other instances, the frac- o : at : SW, ) . 

: . . . oa Bye turing was much more intimate and, in- 
LU DEK — Te stead of large blocks, there resulted small acd KS ae nen Le SENG ea angular fragments, between which the 
Tey ae. mineral was deposited. Not unfrequently 

SHOWING A LOCAL BREAKING UP OF , 
THE BEDS FORMING INTERSTITIAL these fragments appear to be the same 
SPACES IN WHICH ORE DEPOSIT TAKES ° ° e SAEs IN WICH ORE DEF that entered into the constitution of the
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brecciated layer to which they belong and to have simply been 

forced apart again by breakage of the cementing material. In 

| Fre. 16. not a few instances, I found myself - 
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| TUMBLING OPENING. stitial space favors the latter view and 

is, apparently, only reconcilable with the former by assuming a 

removal of material by solution, since so open a breccia could scarcely 

be formed under the known conditions of deposition, and, in any 

event, would not be limited to the vicinity of the fissure. 

6. Honey-Combed Openings. A closely analo- Fig. 17. 

gous, if not really identical, phenomenon, observed 
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deposited in irregular lumps. The ore is itself 

much corroded and worn, and even occasionally perforated, making it 

difficult. to determine how much of the wearing out of the little pas- _ 

| sage ways was anterior to the deposit of the galena. It is clear, at 

least, that a considerable part was subsequent. Mining towards the
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sides, the perforations are found to give place to sand-filled cavities | 
and soft spots in the rock which graduate into more solid beds. My 

view of both these last classes is that the particular stratum involved, 

originally a breccia for the most part, has been crushed adjacent to 

the fissure, and on the removal of the disrupting pressure and relaxa- 

Fig. 18, tion of the strata, spaces were left between the 

constituent fragments, in which the ores were 

2 oe deposited ; and that some of the connected cavi- 
Mites Wee —< ties became little water-ways and thus were worn. 
“== ~=When, at length, by the wearing down of the 
a i= surface, air and oxygenated waters were allowed 

see fe =*_ free access, oxidation of the sulphides took place, 

ee followed by interaction between the metallic sul- 
Sn SST phates, so formed, and the earthy carbonates of : 

nid eS the rock, resulting in the disintegration and par- 
— tases tial removal of the latter. And this view, with 

| nee Bae oS slight modifications, is applicable to the whole 
class now under consideration. 

BC UAY OPENING DuntvEeD When decayed, all these become “clay-open- 

NOMEN COMBED OPENING ings,” and carry the ore embedded in clay filling 
and, usually, most abundant toward the bottom. 

| 7. Cave Openings. In comparatively rare instances, a cavernous 
enlargement of the fissure took place before the deposition of the ore, 

due, probably, in all instances to the solvent and erosive action of 

water. The only two examples, which I have seen, were unmistakable 

water-ways, on the walls of which the oreshad been deposited. These 
are of course to be distinguished from cavern- _ Hig. 19% ar 
ous enlargements made after the deposition of 
the ore, which are quite common. | = 

8. Hlat Openings. Still another form of — So 
. eS GG —_ 

: receptacle was produced by a horizontal part- eS - 

ing of the rock layers, leaving a wide and flat a7} “Ps 

but low opening between them. The oresin — a =r, “ —_ 

forming within this gathered upon the upper ae. 

and lower surfaces, sometimes only coating == Sante. , 

| them more or less thickly, but sometimes — 2 = 
growing till they met and filled the entire “qa Pie 

space, or at least only left, here and there, va- “~~~ ee 
cant spaces, the “ vuggs” of the miner. | CAVE OPENING. a
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9. Impregnations. Another form of flat deposit consists of a 

stratuin of rock, widely impregnated with ore, on either side of the 

erevice. This, especially when pyritiferous, as is often the case, is 
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a 

prone to disintegration, giving rise to a flat clay or sand opening, car- 

rying disseminated ore. This form is sometimes combined with the . 

preceding, producing a complex type. 

10. Horizontal Sheets. In still other instances, thin seams of ore 

form along the bedding joints of the rock producing attenuated hor- 

jzontal sheets, analogous to those filling the narrow vertical fissures. 

“11. Stockwerk. A complex type occasionally occurs in which 

small irregular seams and rock impregnations are combined forming | 

a species of “stockwerk.” This is of merely limited and local extent 

and is not to be compared to those typical cases in which extensive 

masses of rock are pervaded by a complete network of small veins. 

| This class merges into the brecciated type above described, and is 

| only a passing phase of deposit, so to speak. 

12. Flats and Pitches. But by far the most peculiar and interest- 

ing type consists of the combination, aptly styled “flats and pitches.” | 

This type has heretofore received little more than passing notice, or 

- brief description, and seems not to have been recognized as the 

dominant form of the lower horizons, or to have been thought to pos- 

sess any especial significance. It cannot fail to be very instructive, 

however, if studiously considered. To gain a correct view of the 

essential characteristics, conceive a vertical crevice, after assuming | 

the usual phases in the upper Galena to pass down as a close seam
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Fia. 24. — except when occa- 

yo | rp sionally interrupted 

ao et ——* = by a “chimney” or lo- 

Galena _ \Lime Stone)--~ - gal opening—through en 8 g 
es {Upper—flat.\ an asolid stratum, which — 

Se = constitutes the “cap 

fe fp 5 Ke rock.” Immediately | 
SS | YY i— beneath this is a hori- 

Te P= ep zontal opening caused 
=O paar bla — i) = by the separation of 
SS ee the beds. This may. 
SSS a have a width of sev- 

————————— _enty-five feet or 

_ Pts Somos on “Fuags ano Prronss.” Soxrwaat Dretoanzy MOTs and @ vertical epth varying from 

a few inches to one, two, or three feet, very rarely exceed- 

ing the latter. The ores in this part customarily adhere to both 
upper and under surfaces, and often nearly or quite fill the whole 
space, forming a rich deposit. This constitutes the “upper flat.” 

Conceive this to terminate on both margins in a fissure passing down 
obliquely across the underlying bed for three or four feet, more or 

less, until it intercepts the next lower bedding plane, when it follows 
this horizontally for a few feet, usually nearly equal to the previous 

| descent, and then again breaks down across the beds, only to again 

flat, and so continues to pitch and flat until it reaches the soft, thin 

beds and shaly layers of the Trenton limestone, with which, so far as 
my observation goes, the zig-zag system terminates. Instead of a 
single oblique fracture on each side, there are often two or more, one 
of them, however, being usually largest, and carrying most of the 
ore. At the angles along the stair-like declivity, a minor sheet of ore 
frequently projects a little distance along the bedding plane, as shown 
in figure 24. Besides the upper flat there is sometimes a second one 
only a few feet below it. In such cases the vertical fissure usually 
passes down to it, but is not traceable beyond. Sometimes vertical 
fissures come down from above at the sides as well as center of the 
upper flat, but they are close crevices, save that there are local gaps 
and enlargements—“ chimneys” or otherwise. When the diverging 
zig-zag crevices reach the thin-bedded Trenton limestone, interleaved, 
as it is, with partings, and intercalated beds of carboniferous and 
clayey shales—the “calico rock ” of some localities—and the pipe-clay 

| opening, they often become connected with each other by a wide flat, 
stretching from foot to foot, sometimes in and sometimes a little |
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above the pipe-clay opening. This flat, unlike that above, is seldom 
formed along a uniform parting of the beds, but traverses them more , 
irregularly, sometimes splitting up much and occupying small frac- 
tures, or not uncommonly taking the form of an impregnation of the 
soft rock, as in the case of the “speckle jack’? and “ strawberry- 
blende”’ of Mifflin and analogous deposits elsewhere, presently to be 
described. ; | 

Such deposits as occur at lower horizons usually take the form of 
irregular horizontal sheets or impregnations of the rock. Vertical 
crevice deposits, like those that characterize the upper portion of the 

| Galena limestone are rare. , 
| Spucrat Descriprions. The foregoing constitute types of the more 

common phases of fracture and opening which the strata have presented 
| for the reception of the metalliferous deposits. The general manner 

in which the ores have been implanted in these and the aspects assumed 
by the whole as the result of decay have also been incidentally indi- 
cated. Prepared by these generalized views, we may, the more con- 
veniently, consider individual deposits and special features. 

It was my original purpose to reproduce here all the important defi- 
nite descriptions and figures that have been published by preceding 

| observers, but to do this would greatly extend a discussion already in 
| danger of being too prolonged, and I am quite reluctantly compelled 

to abandon the attempt to present a detailed description of the entire 
mass of facts that have been trustworthily observed. The descriptions 
of. Percival, Whitney and Strong are, therefore, commended to suchas 
may desire a greater mass of details than can here be given. 

Breccia and Honeycombed Openings. Among crevice-opening 
mines, those of Muscalunge have been more actively worked, during 
the progress of our investigations, than others and fairly represent one 
phase of this general type. | 

. The Atkinson range may best be taken as a standard example, not 
only because it is one of the great ranges of the region, but because, 

, being entered horizontally from the hillside, and being dry and venti- 
lated, it is, and doubtless long will remain readily accessible to | 
examination. Crevices descend from the surface developing in the 
upper horizons the “twelve foot opening ’—named from its height 

_ or the thickness of its cap— and, in the lower, the “sixty-five foot 
opening,”’ lying that distance below the former, with a “false open- 
ing” between. Ore is sometimes found in the descending crevice, 
but it is of little consequence save as a leader. The “twelve foot 

_ opening ” was not accessible to satisfactory examination at the time
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of my visit. On approaching the “sixty-five foot opening” the 
crevices usually close to a mere seam and pass through a solid bed 

which forms the cap rock. This is, however, broken at intervals by 

“chimneys ” which rise to considerable heights and sometimes bear 
considerable ore. Below the cap rock, the beds, for a depth of about 

four feet, are much honeycombed and softened by decay, after the 
fashion above described as “honey-combed openings.” This structure 
affects the rock for a varying width, the average of it in the Atkinson 
range being about three feet. The next bed below this is firmer and 
less modified, so as nearly to close across the opening, forming what 
is known as the “ middle rock.” Below this the rock for five or six 

Fig. 25. | ‘Fig. 26. 
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SECTION OF DEPOSIT IN AT- THE SAME AS IT APPEARS 
KINSON RANGE. ' WHEN MINED OUT. 

feet is decomposed and honey-combed more freely than above. At the 

base of this lies a bed studded with flint nodules which terminates the 

mined portion, but not at all points the softened rock. As it ap- 
proaches this flint bed, the opening often divides into two branches 

which diverge somewhat, leaving a ridge (“horse” or “hog’s back ”’) 

rising in the center between them. The whole structure may be 

apprehended from the accompanying figure. On the sides there is 
no sharply defined wall rock although the softened limestone graduates 

somewhat abruptly into the firmer form and the miners sometimes . 
term this the wall rock. The bottom of the excavated opening is said 

to be soft along a considerable portion of its length, indicating a descent 
of the fissure and decomposed rock, but the lower levels have not 

| been proved here. In two or three mines in this vicinity, consider- ; 
| able streams discharge precipitously downward with gurgling noise, 

indicating an open passage way below. ‘The inference, from this and 

other data, that there is another plane of openings below, is fully justi- 

fied. It is said to have been actually reached and found to carry ore, |
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but the rock was reported much broken up, leaving masses weighing | 
several tons with little support, rendering mining dangerous and lead- 

' ing to its abandonment. This difficulty cannot be presumed to be a | 
general one, but as the plane of this opening lies mainly below the 

| water level, the question of sufficiently economical drainage is the | 
main practical one. | 

The ore here is nearly pure galenite. Iron pyrites is quite rare, 
but seams of rust and the ochery nature of the decomposed rock indi- 

cate that it was originally quite abundant and that its decomposition 
| was one of the agencies that produced the disintegration of the asso- 

ciated rock. Zinc ore is even more rare. The Galena is sometimes 
_ above the “middle rock,” sometimes below, and sometimes on both 

_ sides. Occasionally the crevice bars up, i.e. solid rock replaces the 

decayed so that there is only a slight communication near the top of 
the opening random. In such cases it is asserted that the ore makes 

heavy just above the bar, i. e. at the point where drainage through the 

opening would be dammed back. 
The ore is formed in the cavities of the honeyecombed rock or in the 

loose sandy material derived from its decay and is of the coarsely erys- | 

talline, “chunk mineral” variety. It is itself, however, much worn, on 

the surface, a fact which speaks of much corrosive change since its 

deposition. | 

It is of course impossible to restore from positive knowledge the 
precise conditionsat the time of deposit, but it appears highly proba- 

ble that, in the operations by which the crevice was formed, these beds — 

already of irregular conglomeratic texture — were crushed near the 

fissure, and, instead of subsequently opening into a definite crevice, 
formed a fragmental mass, in the interstices of which lead and iron 
sulphides were deposited. On the access, afterwards, of atmospheric | 
agencies, decomposition and corrosion ensued, giving rise to the 
modifications of both rock and mineral that are now observed. 

‘The bars are simply portions less affected by these changes because 
_ originally sounder and less impregnated with mineral matter prone to 

decom position. | 
He who seeks an exhaustive explanation of these special deposits, 

: will not fail to be impressed with the uniformity and persistence 
_ with which they take place at given horizons. The profile on Mr. 

Wilson’s map of Muscalunge diggings—Atlas Plate XDL—shows 
this vividly. The same plane embraces the “sixty-five foot openings” 

for the whole Beetown district. It is, therefore, evident, that the
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oceasion of this must lie in the nature of the stratum itself, and, 
waiving a full diseussion till we reach the consideration of the origin of 

the crevices and the attendant phenomena, it may be here suggested _ 
that the irregular conglomeratic texture of the rock would render 

it peculiarly liable to fracture whereas more homogeneous beds might 
either resist successfully or become simply compressed. 

In further illustration of the same type, Genth’s lode, at Hazel 

Green, an unimportant but instructive deposit, may be selected. A 

fissure descending through the Galena limestone, develops a narrow 

‘opening ”’ at a depth of forty-five feet. This appears to have origi- 
nally consisted simply of broken rock, probably a disrupted breccia, 
between the fragments of which the ore was deposited. The seams . 

and cavities were largely first coated with iron pyrites — which | 
appears to have also impregnated the rock to some extent — and then | 

the galena partially, or wholly, filled the remaining space. At some 

points, however, it appears to be directly adherent to the rock without 

. any interposed film of iron sulphide. After the cessation of metallic 
growth and after the lowering of the water-level had brought the 
deposit within reach of atmospheric action, the iron sulphide was 

oxidized, a portion being removed, and the rest remaining as the iron 

oxide, which, in the form of a reddish ocherous layer, lines the 

cavities and stains the sandy residuum of the decomposed rock. The 
galena has been less affected, though its angles have been rounded 
and its surface much eaten. The decomposition of the rock is, doubt- 

less, partly due to the direct action of atmospheric waters, but largely 

to chemical reaction between the decomposition-products of iron 

pyrites and the limestones. Thus the result is a softened rock lined 

and stained with ocher, containing corroded lumps of galenite, form- 
| ing an “opening,” in miners’ parlance. 

The galena is disposed mainly, in a rude vertical belt, near the 
line of the crevice, and is sometimes, but not at all properly, termed 

a sheet. The decayed rock extends but one or two feet back from the 

crevice on either side, beyond which the rock becomes more firm, 
forming the “wall,” improperly so ealled. At fifty-seven feet and 

sixty-nine feet depth, respectively, on the erevices, essentially the 

same phenomena are repeated, making three planes of openings. | 

Tumbling Openings. Closely allied to the foregoing type, in its 
nature and origin, is the “tumbling opening,” a good example of 

which is found in the Bobbins’ mine (Davison & Co. range) at Platte- 
ville, as illustrated in the accompanying figure. .
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ay canis Prey From the soil there descends a fissure — two . 

a a or three inches in width where I observed it — 

a i filled with dark “joint clay” vertically Jami- 

__ oe = nated. This clayey earth was, undoubtedly, 

aos |i” s earried down into the erevice from the surface 
wee) Ss «qe | , 
a=} and indicates the descent of a gentle oozing 

oe pS stream of water. At the depth of about fifty 

ape feet, this reaches the “opening” near one side, 

“TSF S = and terminates. This “opening,” which the / 

~ fe jET— ~~ novice will remember is not an opening at all, 

: Page a 2 ~ or at least only a slight one formed by the sink- 

| eG ing down of the filling, consists of rounded 

FER -masses of limestone, mixed with clay and cal- 

ERS FS) OL careous sand, taking the place of the original 

“ Le yaa ~ rock for a few feet in width and height along 

Bren eee De Ienvinul, the line of the fissure. When excavated, such 

“TUMBLING OPENING. openings take the form of irregular horizontal 

tunnels and this artificial condition too often constitutes the concep- 

tion of the incautious observer and finds its way into treatises on the 

subject. The rounded masses of rock are “ tumblers,” in the graphic 

phrase of the miner. They are the undecomposed nuclei of blocks 

of the original rock. In this mine, they have not even lost their 

original position, but still permit the distinct tracing of the original 

‘bedding across the opening. Their rounded form is not at all due to 

rolling, but simply to solution and decay. They are “ tumblers ” from 

present disposition, as the miner well knows, but not from past his- 

tory. In other cases where the decomposition has proceeded farther 

| and the whole mass has settled down from loss by solutiva, the bed- 

‘ding is more completely obliterated. These “tumblers” have a soft, 

sandy exterior and are imbedded in dolomitic sand, the residue of 

their own disintegration. Along what were originally the joints of 

the rock, there are seams of clay. These are more often horizontal 

than vertical, but may be found in almost any attitude; the horizontal 

ones corresponding to the bedding joints, and the others to vertical, 

oblique and irregular fractures. Lumps and pockets of clay also oc- 

cur. The seams of clay, especially the horizontal ones, are often lam- 

inated. It is not easy to satisfactorily determine, in many cases, 

whether the horizontal clay seams are due to deposition in an open : 

erack, as is the case of the vertical fissure, or whether they are the 

residue of original shaly layers and partings in the Galena limestone, 

since both forms occur. The vertical and oblique seams and the 

| pockets evidently belong to the former class. Bands of clay and
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. sandy material, mutually interleaved, are common. The most of the 
ore observed in this mine lies imbedded in close, clayey and sandy 
seains in the form of small crystals of galena. These exhibit a nota- 
ble proneness to truncated forms. This may plausibly be attributed 
to the resistance of the earthy matrix in which they grew, since 
such forms involve a less unequal ‘radial displacement of the sur- 

| rounding matter. All doubts that they formed in yielding earth may 
be dispelled by observing the displaced lamine of the inclosing clay, 
pushed aside by their growth, as well as their complete forms, and 
the entire absence of points of attachment. Some of the ore here, 
aud probably the larger part of that formed in similar openings, | 
shows evidence of attachment on one side and of unresisted growth 
on the other, such as would occur in an open cavity. The imbedded 
crystals form layers, or “leads,” in many cases, but, in others, they 
are aggregated in bunches or pockets. These “leads” lie in various 
attitudes, but mainly horizontal. . | 

Lvindred Comples Forms. There is a class of very important 
mines, allied somewhat closely to the preceding in the implanting of 
the ore in broken and brecciated rock, but somewhat analogous to 
flats and pitches in the general form of the deposit. These from 
their great richness and adaptation to mining were early worked out, 
and precise details can now only be obtained from testimony and the 
evidence afforded by the mine vaults and the dump pile. But these 
are essentially satisfactory. Crazg’s lode, at New Diggings, from the 
unusual neatness and order with which the mining has been con- | 
ducted, its amplitude and large yield, as well as the intelligence of 
the testimony of its owner, furnishes the best available example. 
Lhe mine, in its several parts, exhibits considerable complexity of | 
deposition, Flat sheets are common. At some points the galena is 

scattered in lumps through the interstices of a decomposed brecciated 
rock, similar to that of the Muscalunge mines, already described. At , 
other points vertical sheets occur. But that which especially claims 
attention here is the great swell of the opening of the main range in 
its central portion, where it reaches a width of thirty-five feet and a 
height of twenty to thirty feet. The roof is formed of a massive. 
cap rock which maintains its position without support. Beneath this 
the ore lay in a grand massive arch somewhat as represented in the 
accompanying figure. The central portion is occupied by massive 

| blocks of brecciated limestone, some of it essentially in place and 
some of it much disturbed. Near the middle line, huge, rough 
piers of rock are left unexcavated. Associated with these are mas- 
sive blocks tilted at high angles. It is not entirely clear how much
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of this displacement may be due Fie. 28, 
to disturbance and how much to a ve | 
settling from above. The first con- _ a 
servative tendency is to attribute all We Ee 
to the latter, but a more careful gS 
consideration makes it quite evident “ ae _ “es VS 
that more forcible mechanical ac- = ' Mined (S\ out ‘ ea 
tion has been suffered. Perhaps the _% rou a . . > Of EKo > clearest evidence of this is found A. [FX sek - 
in an associated range lying parallel ae TE SS OT 
to this onthe north. Here the ‘7 ~~ a 
drift-like excavation is on the hori- Cross SEction or Crate’s MAIN Lopz, New 
zon of a thin layer of clayey, carbon- DiaGines. 
aceous, gray shale. This enters the drift from the north near its 
upper portion and curves sharply downward, leaving it from its lower 
portion, as shown in the accompanying figure. 

| Fre. 29. Immediately below the shale there was de- 
| posited a sheet of galena, reaching a thickness 

ePee of fourteen inches. Toward the eastern ex- 
Po tremity of the workings, the warp in the beds 
LS t, fs becomes very slight. It is evident, there- g Meng E fore, that here is.a local flexure of the strata 

2 * “Ssaé,, and that the main range is on the depressed 
A side, in harmony with the general rule before 

. Sa Ke established. The solidity of the adjacent rock, 
as shown by the connecting drifts, leaves no 

Cross sEcTion of ALaTERar, 2€280N to suppose that this flexure is due to the 
Naw Digainas,suowinemen, Settling of decayed strata, but rather to the 
URE OF THE STRATA. yielding of beds already somewhat depressed 
under the influence of lateral pressure. And to the same cause may 
be attributed some at least of the displacement of the blocks in the 
master range. | , 

Besides the great arch of ore, the mineral is variously scattered and 
insinuated among the material of the opening ground. The rock has 
suffered much decay, resulting in the common calcareous sand, or 
“opening dirt.” The ore is exclusively galena, but ocherous stains 

_ imply the former presence of iron pyrites. Where bars of undecom- 
posed rock close up the soft ground, the bar rock is seen to be a very 
hard gray-blue dolomitice breccia with angular geodic cavities lined 
with pyrite and occassional erystals of galena. 

, Cavernous Channels. South of Mr. Craig’s house, a drift was 
being driven along an interesting water way, of which the accompany- 

° Vou. IV.— 380 |
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Fig. 80.  ~— ing figure represents a cross section ex- 

| Se posed at the time of my visit. It was 

ee ae less than three feet in width, by one in 

| SE tah ties and of irregular and constantly 

Ely Get changing form. The interior was lined 

- =e {o> with iron sulphide, mainly marcasite, 

wy oross, SECTION OF A cavernous with a little galena at some points. 

AT Crata’s, New D1aGrnas. Among the excavated material at the sur- 

face, copper carbonate was observed as a coating, doubtless derived 

from copper pyrites, associated with the-iron. The adjacent rock was 

of mineralized irregular structure. The channel was partially occu- 

pied by a small stream flowing rapidly eastward. In connection with 

the direction and descent of the stream, it is worthy of note that ox- 

idation is much more marked at the west, or higher, end of the drift. 

It is asserted that when the wind is in the east, air, capable of prompt- | 

ly extinguishing a candle, issues from the small lateral openings. Sim- . 

ilar phenomena are reported elsewhere. Probably the real cause is | 

the reduction of barometric pressure [often accompanied by an east ~ 

wind] which causes an expansion of the air and carbonic acid in the 

| crevices and cavernous spaces of the rocks and consequently an out- 

ward flow. 

A similar cavernous channel occurs in connection with a workable 

deposit on the flat of Fever river, east of Benton (S. W. cor. Sec. 3 

and S. E. cor. Sec. 4. T. 1, R. 1 E.). The horizon is the carbonaceous 

layers above the green shale, or pipe clay, the strata consisting of al- 

ternating layers of carbonaceous shale and limestone closely and 

somewhat irregularly interstratified. The water-way is a small irreg- 

ular branching channel, through which a small stream flows. It is | 

lined with blende, pyrite and large crystals of calcite. 

Closely associated with this metallic water-pipe is a considerable 

| deposit of blende with much pyrite and calcite and a little galena. 

The ores take the form of flat or inclined seams that often wedge out 

in both directions, while at higher or lower points corresponding sheets 

| wedge in, i. e., this is the appearance as seen in the working face of 

the mine. Doubtless if all the intervening rock were dissolved out, 

the whole would still stand as a single interosculating group of irreg- 

ular, tapering sheets of ore. The ore bands often pitch, or “roll,” 

from one level to another, yet always confining themselves to the ear- 

bonaceous stratum. The ore is usually heaviest on the roll. The 

order of deposition of the ores is not alike at all points, but most 

commonly the iron sulphides line the walls, with blende next and often 7 

calcite or pyrite following, forming the center of the banded vein.
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Galena when present is later than the blende. At one point the or- 
der was (1) pyrite, (2) blende, (8) pyrite, (4) calcite, (5) pyrite. | | 

Geodie Caverns. Following in the line of cavernous deposits, ref- 
erence may be made to a huge geode described to me by J. H. Evans, 

_ Esq., of Platteville, as occurring near Hazel Green. Its dimensions are 
given as from two to three feet in height, three to five feet in width and 

seven to cight feet inlength. The uneveninterior was incrusted with 
Fig. 31. 7 pyrite studded with black 

. | erystals of blende forming 
| | Ss a beautiful combination. 

~ = ta. A similar cave deposit is 
/ a ) we = d ‘bed og 
Tu Sree tye escribed as occurring at 

end es Buncomb. Next — the . 
| rh VS wall lay marcasite to 

a es which, usually, blende was 
= % na Fy attached, but, at some 

a ee points, galenite seems al- 
ee are so to have begun its 

SH growth upon the marca- 

Gropic CavERN NEAR Haze, Green, Pyrire NEXT THE site. Usually the galena 
Rock To WHICH BLENDE CRYSTALS ARE ATTACHED. reposed upon the blende 

and both were speckled with adhering crystals of lead carbonate. 
Professor Whitney describesa cavity at Shullsburg three or four 

feet in diameter, studded with very large crystals of galena firmly at- 

tached to its walls. 
It is needful to observe, however, that true cave deposits are rare, = 

and are probably in all cases quite limited enlargements of small 

water veins. The great caves, that are not uncommon, were formed 

| subsequently to the deposition of the ore, and, in astudy of the meth- 

ods of deposition, must be sharply distinguished from the few cases in 
which the strata were eaten into caves and tunnels beforehand offering 

| their walls for the attachment of the ores. | 

|  Stockwerk. Of those deposits which approach a “ stockwerk ”’ 

in character, the mines of Preston Point—better known under the — 

less euphonious name of Dutch Hollow— Fia. 82. 

are our best examples. Instead of a few ~ 4 BOC 

pronounced fissures or horizontal separa-  —>s iS 

tions between the beds giving rise to ver-  S¥ FREES A Le 
| tical or flat sheets, or localized openings, ERE Cf, 

the limestone has been more generally = AoA - , 

and minutely riven and seams and floors eee ies | 

of lead and zine ores permeate it exten- Snorron Across Preston Pornt, 

sively, from near the surface as low as ATED AND MINERALIZED RCE.
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mining has penetrated. In addition to this network of sheets, the 
| body of the dolomite is widely impregnated with scattered lumps of 

lead and zine ore, the former as usual predominating in the upper 

levels, and the latter below. The exceptionally fractured condition of 
the rocks here is doubtless closely related to the unusual narrowness 
and sharpness of the stratigraphical depression in which they lie, 

which would naturally result in more concentrated and intimate erush- 

ing and fracturing of the beds, under the force of lateral pressure, 

than would take place in the broad shallow basins of most districts, 
and there would likewise be less opportunity for the gaping of the 
crevices on the relaxation of the pressure. 

Flat Openings. Of the numerous horizontal flat deposits, those 

of Dodgeville are the most abundant and interesting. While vary- 
ing in their special features, they consist essentially of a separation 

of the limestone beds to the extent of a dozen or a score of inches, 

more or less, in height, for a width of a hundred or two feet, and for 

a known length varying from a few hundred to two or three thousand 
feet, filled with ore. They are usually thickest in the central portion 
and thin ont toward the edges. The thin marginal portions are, there- 
fore, not usually mined, and the exact width of the deposit is seldom | 

accurately known, except at occasional points where mining has been 

extended for the sake of testing its extent. In most instances, it is 
perfectly clear, from the nature of the ore filling, that the separation 

of the beds took place before the implanting of the ores and was not 
due to any intrusive or crystalline force, inherent in the deposit itself. 

Some, however, instead of being simple sheets between well defined 

layers of rock, split and reunite, forming between and about eracked 
and riven layers of rock, leaving it less clear that all the mechanical 

action preceded the deposition of the ores. In other cases, “ dice min- 

eral ” and blende impregnate soft beds of rock in sheet-like belts, in 

which instances it is quite evident that the metalliferous crystals dis- 
placed the yielding rock, in the process of their growth. 

These flat deposits are connected with crevices descending from the 

surface. There is usually at least one such fissure that is marked and 
persistent and, in the wider and stronger ranges, three crevices are not 
uncommon, one near the center and one near each lateral margin. In 

eases where oxidation has taken place, it is most advanced in the | 
vicinity of these crevices and has evidently proceeded thence. It is 
very common here and elsewhere for the central portion of the sheet : 
to be somewhat depressed, forming a very shallow trough. | 

The great flat of the Sobey and Davey mine exhibits most of these 
characteristics and will be taken as an illustration, though the mine, 
as a whole, belongs to the flat and pitching class. A surface plot of
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| the sheet is mapped by Mr. Strong in Volume II., page 731. Near 

| the center there is a crevice, descending from above, which is quite 

persistent along the course of the range. At the sides are less notabie 

Freq. 33. seams, not everywhere ob- 

: servable in the mine. The 

_ j= 4 Se _ sheet sags about two and 

- SESS =r a half feet near the mid- 

| ee ———— =~ dle, where also it is the 

SSS thickest. The ore here is 

— — nearly all blende, changed 

SECTION or Firat Deposit or THE SoBEY AND Davey Ming, More OF less, on the wings 

DoDGEVILLE. and near the central crev- 

ice, into smithsonite. Pyrite is but feebly present, except near the 

margins, where it is more abundant. Calcite is disposed in a similar 

manner. As the ore is mined westward toward the summit of a 

ridge it “pinches up,” and on the west side, the south half of the 

sheet is said to have been galena, while the north half was blende. 

The opening is generally filled solidly with ore, but at some points 

there is a small space between the upper and lower half of the sheet, 

and vecasional geodic cavities — “ vuggs ”— are found. In this vicinity 

the flat sheets show a singular tendency to curved forms, as may be seen 

by a glance at Atlas Plate No. XXXIL, and, what is further remark- 

able, there is a seeming tendency to follow the brow of the main ridge 

or hill on which the range may be situated. If this occurred in fewer- 

instances, it might be dismissed as a mere coincidence, but it is diffi- 

cult to escape the conviction that there is some genetic connection be- 

| tween the topography and the ore deposits, either direct or through 

some common agency, to which they are both related. While I have 

thus far been unable to find an explanation that, in its details, is satis- 

factory to myself, the general principles to which this discussion will 

lead will relieve the phenomenon of much of its strangeness and sug- 

gest an explanation of most of the difficulties. 

The great majority of the flat openings are associated with ore- 

bearing vertical crevices, or with some system of flats and pitches, 

indeed it may be questioned whether they do not all belong to some 

such system, the other portions of which are seemingly absent by 

reason of denudation, feeble development, or lack of discovery. 

Flats and Pitches. The most eurious and significant form of de- 

posit is, beyond question, that of the flats and pitches. Among the 

numerous examples, a few must suffice for special description. In 

some respects the Loberts mine, near Linden, though not the most 

important, furnishes our best initial example. The following typical
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| section was made under the direction of Captain John Poad, and 
verified by personal observation so far as the accessibility of the mine 
would permit. These crevices descend from above, one near the 
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SECTION OF FLATS AND PircHeEs oF RoBERtSs Minx, LinpEN. Upper flat sheet, 1 ft. thick; lower, 
2 ft. thick; on the pitch 2 in. to 8 in. thick; sag of lower flat, 3 ft. 

center and one each on the north and south margins of the upper flat, | 
the trend of the range being east and west. These crevices termin- 
ate in a fine flat opening about forty feet wide and one foot in depth. 
On either side this descends by slopes and steps through the lower 
beds of the Galena limestone till the stratum, known locally as the 
“ blue-bed,” is reached, at which point the divergent sheets are found 
to be seventy-five feet apart. On the pitches the ore is from two to 
eight inches thick. It usually follows one main erevice, but some- 
tines branches into minor seams, reuniting below, as indicated in the 
figure. Through the “Blue-bed” and what is here termed “ Quarry 
rock” (not to be confounded with the Buff limestone below, also known 
as “ Quarry rock ’’), a narrowed seam descends nearly vertically. On. 
reaching the “ Brown rock ” the crevice reverses its pitch, and on en- | 
tering the “ Glass rock ” forms an extensive flat, two feet in maximum 

a, Fie. 35. thickness, having a cen- 
_ —_ ie = tral sag of three feet. =a —- - ee =~ ——~ oo ~ . ° | pet ee = hn ee Below this point. the 
SS Se =, —=: disposition seems to be : TT oe a a cceg ant SSS SSS SEES . . . Se NGO ees toward impregnation of 

Set ye > the rock rather than the Se eee cnn SS SS formation of well de ~ ATS = WED we OT = - oo — - ah te Vo bo ay cs. ° ° US SES fined veins. The depth 
SecTION OF CavERNOUS Fiat Deposit, Roperts MINE, from the upper to the 

LinpEN. Order of deposit: 1, rock; 2, pyrite aud marcasite; . 
3, blende; 4, galena. lower flat is about fifty 
feet. Figure 35 illustrates the nature of an opening exhibited on one 
of the flats at the time of inspection. :
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Next the rock, both above and below, lay iron sulphide, in the 

forms, pyrite and mareasite. To this was attached a layer of blende, 
over the inner surface of which were large detached aggregates of 

galenite crystals, leaving a low cavernous space unoccupied. At one 
point a portion of the roof-crust has become detached at one side and 

fallen, leaving the other side still essentially in position. At other 
points, not figured, considerable masses have fallen entirely. In some | 

, similar instances there is evidence of deposition since’the fracture and 
displacement. Some of the galenite crystals are coated with the lead 
carbonate, cerussite. Ata number of points in the mine there are 

seams from which ooze forth red oxide of iron and black oxide of 

manganese coating the rocks down which they flow, showing that 

active decomposition is in progress. The order of deposits given 
above, (1) iron, (2) zine, and (8) lead sulphides, is that common to the 

mine. The carbonates and oxides are all due to subsequent changes. 
There are many individual exceptions to this order, however, if at- 

tention is confined to a circumscribed point or to hand specimens, 

owing, it would appear, to the fact that the ores were in some measure 

laid down simultaneously. 
One of the most remarkable mines of the whole region is that of 

Messrs. Ross and Henry, near the village of Linden, formerly known 
as the [Zeathcock range. For its salient features, reference is made 
to the description and plot of Mr. Strong, Volume II, page 726, and 

only those points immediately bearing upon this discussion need be 

cited here. This deposit begins as high up as the flint beds of the | 

Galena limestone. In its earlier history, it appeared to consist simply 

of three parallel crevices making ore in sand and tumbling openings, 

a after the habit of that horizon, and, as such, proved exceedingly rich. 

| But on being traced downward the veins were found to join a com- 

mon wide flat sheet. On either margin, this sheet turned down and 

on the north side, dipped quite uniformly to the lower flat in the 

Glass rock opening. But on the south side, the more common habit 

of alternate pitches and flats was found to prevail, complicated by 

subordinate sheets, which unite with it and join the common flat 

below. This lower flat lies in the Glass rock opening and has been 

worked mainly in connection with the south pitch, but has been 

proved to stretch across to the foot of the north pitching sheet, a dis- 

tance of 180 feet. This flat, as is common, is depressed along the 

eenter. The essential features, therefore, are three descending verti- 

eal crevices, bearing ore according to their usual methods, uniting at 

their base with a common flat, which pitches down on both sides and, 

at a lower level, forins a second wide flat; in other words, the same
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salient features as those of the simpler Roberts mine, but stronger, 
richer and more varied. Figure 36 illustrates an irregular method 

of branching shown by one of the pitching veins. The walls are 

thinly lined with iron pyrites on which the main filling of blende 

Fra. 36. . 
| a et Se 

oe a Se oe" = oe 

a 
== ail pir i A piles —_ 

J 
= Se pS SS 

ereoRT  yock; b, iron pyrites, e bende; d, calcite. 

| lies, in the occasional partings between which calcite occurs. Occa- 

sionally a cavernous opening occurs lined almost exclusively with cal- 
cite. In the main lower flat a crust of iron pyrites usually lies next 
the wall rock and is overlain by a sheet of blende, to which is attached 

calcite, when present. Galena, when it oceurs in the lower horizons, 

is sometimes imbedded in the blende and sometimes mounted on its | 

Fra. 37. / surface. It is usually older 
om,” r j= | ul cr | in deposition than the eal- | 
= t oT ut dnp | i a \ cite, and, on the whole 
eso = : ee au aly younger than the blende. 
Moo RAD e Caleite is sometimes euri- 

he oon NS ae Go oe agi Ay ously intermixed with the 

= blende, as shown in the ae- 
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oSeaTgN muon Unpen Mine Snowixe, maz Fasc also illustrates the fractured 
SOCIATION OF BLENDE AND CALCITE. eondition of the rocks, and 

the apparent envelopment of a block of it im ore. 

The mining record of this lode, which is one of the most complete | 

and aecurate in the lead region, as well as one the highest in point 

of yield, furnishes some very interesting and valuable data in refer- | 
ence to the vertical distribution of the lead and zine ores. Previous 
to 1854 the mines were owned by the Messrs. Heatheoek, by whom | 

40,000,000 pounds of lead ore were asserted, under oath, to have been | 

raised. This was all obtained, essentially, in the upper horizons, above 
the water level. Zinc ores, not being then valuable, were rejected. 
The Linden Mining and Smelting Company, on coming into pos-
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session, mined and cleaned up the old burrows, wash places, dumps 

and drifts and obtained 2,850 tons of blende and 150 tons of smith- | 

sonite, together with 1,500,000 pounds of galena — or, in other 

words, 6,000,000 pounds of zine ore, against 1,500,000 pounds of lead. 

But probably a part of this zinc ore was associated with the lead ore 

previously mined, though undoubtedly in less relative proportion. 

But as the correct distribution cannot be made, the whole may be put 

together, from which it will appear that 41,500,000 pounds of lead ore 

were taken out in the first two stages of mining, against 6,000,000 

pounds of zine ore, a ratio of nearly 7 to 1. 

Since 1874, Messrs. Ross and Henry have owned and operated the 

mine and have raised only 1,500,000 pounds of lead ore to 36,000,000 

pounds of zine ore, or twenty-four times as much of the latter. But 

_ taking the whole together, there are. 43,000,000 pounds of lead ore 

against 42,000,000 pounds of zine, a very near equality of totals; or, 

if the ores that may fairly be said to be “in sight” be reckoned, the 

zine will fully equal the lead, and if the probabilities of the future be 

estimated, the zine undoubtedly would predominate largely. We 

have therefore here a somewhat definite mathematical expression of 

the fact, so widely observed, that the lead ore greatly predominates in 

the upper portion of the lode and zine in the lower, and that there is 

a gradual transition from the predominance of the one to that of the 

other. 

Among the mines noted for their endurance and large steady yield, 

| those of Mifflin ave among the foremost and furnish added instances 

of the dominant character of the type under consideration. There is . ; 

here a closely associated group of ranges; indeed, recent mining has | 

shown that the Black Jack and Penitentiary ranges are connected, and 

this involves in the union some, if not all, the collateral ranges. The 

relation of the Penitentiary to the collateral Nicholson range on the 

northeast and the Smith on the southwest, as shown in the lower or 

main working flat, is very interesting. The Penitentiary range lies 

Fie. 38. 

PrRorite SECTION OF SMITH, PENITENTIARY AND NicHoitson RANGES, MIFFLIN, SHOWING SAG 

oF BEDS AND PECULIAR RELATION OF ORE DEPosITs. 

in a depression between the two side ranges, so that they are drained 

by its level. The sag of the strata and the singular disposition of the | 

| ore is illustrated in the accompanying section across the three ranges.
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This relationship is made the basis of the claim that the Penitentiary 
is the “mother range.” The stratum here represented is the Pipe 
clay. In the Penitentiary range, when visited, the ore was seen to lie 
mainly, in its usual form, as a flat sheet, near the top of the stratum, 
but in the Smith range, it assumed pronounced peculiarities of an ex- 
ceedingly interesting and instructive kind. It is to be remarked, in 
preface, that the stratum involved consists, in its upper portion, of a | 
banded and laminated, soft, clayey, calcareous rock, and in its lower, 
of a minutely granular and slightly porous, but not close and compact 
clay, and that the range is terminated on the northeast, adjacent to the 
Penitentiary range, by a vertical fissure. Starting from near this 
fissure, in the upper part of the stratum, there extends a belt of im- 
pregnated rock, aptly styled “speckle jack,” across the range, curving 
downwards and widening in the middle so as to present a hammock- | 
like outline in cross-section. Upon close inspection the soft, gray rock 
will be found to be thickly inset with scattered crystals of black 

‘Fig. 39. __ blende, giving to the frac- 
| ee tured rock a_ beautiful 

SS | speckled appearance. 
af Ses Looking still closer it will 
SSS be seen that the laminz 
SSS Se of the rock curve around | 
Ba SS the particles of blende, 
=@ © 644 22 showing that they were 
Se eee displaced by the growth i Se eee 5 
———————S=E—S of the blende erystals. 

SECTION OF A PorTION oF “SPECKLE JACK,” SHOWING See Fig. 39. We have in 

Fe ee Ciao eyeronsornaebig this and the next instance 
Ina About THEM. just as clear cases of the 
forming mineral making room for itself by its own accretionary force, 
as in some preceding cases, it is evident that the receptacle was first 
formed and the ore subsequently implanted. 

A little below this bed of disseminated ore is another of very anal- 
ogous origin. The matrix, instead of being a yielding laminated 
rock, is a bed of clay. In this, with greater freedom of accretion, | 
there formed larger aggregations of ore in ‘the form of burr-like 
nodules, from a half inch to an inch in diameter, that are ealled, with 
the habitual expressiveness of miners’ phrases, “strawberry Jack.” 
These metalliferous berries are completely imbedded in the clay and 
show no points of attachment, but present small modified crystalline 
points and facets on all sides, demonstrating that they grew inayield- 
ing matrix. The berries are not, however, always simply blende, —
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but very frequently galena and blende together unite to form a nodule, 
the two interlocking and modifying each other, as they grew, leaving 

_ no doubt of their simultaneous formation. Pyrite is occasionally 
associated in a similar way. The clay bed is too soft to cohere in 
lumps and is hoisted as a shapeless mass, from which the ore is 
washed with ease. “Strawberry Jack” occasionally occurs in scat- | 
tered specimens elsewhere, but it is only in this gang of ranges that 
it is known in such notable quantity. “Speckle Jack” is of more 
frequent occurrence, but it also finds its maximum development here. 

The direction of drainage here is shown by the fact that these beds 
are most decomposed on the flanks near the limiting fissures where 
much iron oxide and other products of decomposition issue and accu- 
mulate on the sides and floor of the excavation. 

In the Penitentiary range, the blende of this horizon takes mainly 
the more common massive form, filling a flat seam or fracture. Above 
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this lower flat there is the usual series of flats and pitches, that char- 
acterize this class of mines. The pitches are very short and unim- 
portant, compared with the flats, and if much further reduced or less 
filled with ore, would not be mined at all, and to casual observation 

the deposit would seem to consist simply of superposed flats; and it is 
probable that some mines, recognized simply as horizontal deposits, 
really occupy a fracture system of the same order as the typical flats 
and pitches. | 

In the upper flats, as usual, much galena was found but it is almost 
entirely replaced by zine ore below. 

Another of the more remarkable mines of the lead region is Jfzlls’ 
Lode, near Hazel Green. The location, associated topography and 

superficial aspect are shown on Atlas Plate XXXIX. In respect to 
the latter point, it is just to remark that it is impracticable to ade- 
quately represent such a deposit by surface mapping. Indeed, it is |
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none too easy to create a true mental conception, by the aid of sec- 

| tions and full descriptions. 
Along the central line of the mining ground, there runs a fissure 

descending from the surface through the cap rock of the mine proper. 
This fissure has an average width of only about two inches and carries 

a little lead ore, with considerable iron rust. On passing through the 

cap rock, the fissure terminates in the main upper flat of the mine, 
the ore sheet of which is somewhat thickest beneath it, so that 

the crevice is said to act as a “feeder”? to the flat sheet. The form 
of this summit flat is not unlike that of a domestic flat-iron, the 

sides gradually approaching each other and uniting in a point di- 
rected northward. This sheet is said to have reached a maximum | 

thickness of three and one half feet of solid galena—a bonanza of 
its kind. It dips moderately to the north discharging its drainage in 

. that direction. On the east, west and north, i. e. on the sides and 
point, this flat breaks down into pitches that decline about 45°— 

that on the west being somewhat the steepest. 
These pitching sheets sometimes consist of a single large vein, and 
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at others divide into several smaller ones united by obliqne cross- 

veins or by parallel pitches and flats, forming a plexus of veins, as 
represented in the accompanying figure. As a general rule these 

minor veins confine themselves discreetly to about the width that 
would necessarily be mined out, so that they are usually easily 

wrought as a gang. In their descent the pitching sheets are inter- 
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rupted by frequent short flats, giving the characteristic zigzag descent 

already sufficiently described. The accompanying sections illustrate 

its double transverse pitch and its northward longitudinal pitch. The 

__«. _ Wa45 ore is accustomed to make 

aT. are a aS heaviest on the “roll,” 

ee eo i.e. on the turn from the 

pommel ag an flat to the pitch, or the 

a ES pitch to the flat. At the 

“Sede | oe angles, where the sheet 
a ate ee Se . 

aaa = = - =e ; i a turns trom the bedding | 

a ee joint into the transverse 

SS a ee am, fracture, a little orc is apt 

ee ee TS to lead onwards along the 
ONGITUDINAL SECTION OF Miuzs’ LODE, SHOWING THE . —— a 

PITCHING AND FLATTING To THE NORTIAWALD. bedding joint. Oftimes 

| this connects with an oblique seam farther on and joins the main | 

sheet below, but perhaps oftener, it wedges out within a foot or two. 

There is frequently a reéntering projection opposite this. Some- 

times they develop into considerable flats. This deposit, as thus far 

mined, is wholly within’ the Galena limestone, and the product has 

been mainly galenite. In accordance with the general rule, however, 

zine ore gains on the lead, as the mining is carried down. The hori- 

-gons in which the main zine deposits elsewhere occur have not yet been 

reached, and the further progress of mining here will be a matter of 

much interest, if it shall determine whether the pitching sheets join 

a great flat stretching under the whole series, and predominantly zine- 

bearing, as is the case in the mines above described and others of 

this type. | 

Iron sulphide, or its decomposition product, the oxide, lines the 

wall of the mine generally and at some points formsa notable deposit. 

Next this, fur the greater part, lies zinc sulphide or carbonate, and the 

lead ore rests upon this and constitutes the main filling of the fissure _ 

| in the upper part of the mine. But this general order is subject to 

local modification. 

Tt will not be amiss in this connection, to describe some of the salient 

features of the Marsden lode, south of Galena,’ since it is at present 

the most important mine of the lead region outside of Wisconsin; es- 

pecially as definite data can be given in respect to certain features, 

which, though present in Wisconsin mines, are not commanded by 

precise information. 
| Fp 

1 On the general crevice map, Atlas Plate XXXI, this lode is marked ‘‘ Illinois Zinc 

Company’ to avoid possible confusion with two other lodes, southwest of Galena, 

mapped by Prof. Whitney as “ Marsden,” in Illinois Geological Report.
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Figure 46 is a rude sketch of the ground plan of the mine, reduced 
from the measurements of an underground survey, kindly furnished 
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by the officers of the Illinois Zine Company. By comparing this with 
the longitudinal profile (figure 47) and the cross section (figure 48, 
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_ larger scale), some aid toward a conception of this peculiar deposit 
may be derived. From the surface, there descend two or more ver- 
tical crevices, which trend north 45° west. These carry some lead 
ore in the usual forms of a crevice deposit. At one point a considera-
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ble chimney was observed. Atdepths varying from thirty to eighty 

fect below the surface, according to position on its slope, these crev- 

ices encounter the two main upper flats. From all sides of these, 

: the sheet pitches down. On the sides parallel to the vertical crevices, 

the pitches descend below the limits of present mining and correspond 

to the similar declivities of the mines heretofore described. But 
along the axis of the lode, between the two main flats, the pitches 

descend about thirty-five feet and form a lower connecting flat, lying 

between the two main ones, as seen in thelongitudinal profile. At the 

northwestern extremity the sheet drops down into an undulating flat, 

while at the opposite extremity it pitches down to the bottom of the 

present mining. What may yet develop to the northwest remains 
to be seen. a 

At the points where the main flats break down — which are identi- 

cal with the insets in the outline of the ground plan —the lode is 

traversed by east and west fissures to which the depression and con- 

traction of the sheet has been assigned. It should not be understood, 

however, that there is any displacement of the strata. The main 

upper flats have a width of about seventy-five feet anda length of 

about one hundred feet. The pitches are mined to a vertical depth of 
sixty feet and are separated at their bases from seventy-five to two 

hundred feet, according as they belong to the wider or narrower parts 

of the mine. The character of the pitches is essentially similar to 

those described above, save that the walls are sometimes more sepa- 

rated, leaving a cavernous space between the ore sheets on either side, 

as illustrated by figure 49. Similar caves on the flats occur, attaining, 

‘Fra. 49. _ in one case, eighteen feet in width, 

“os “=A I= seventy-five feet in length, and from 

aH =e pa eighteen to twenty-four inches in 

| —= 1 <j 77 height. Next the walls there is usually 
re LS PI. hh — . . . . . 

=a He a thin coating of iron sulphide (pyrite 

| _ = FS —— or marcasite) on which is laid a sheet 

= WS —&- of blende to which the cubes of gal- : 

= ty _ enite are attached, the whole, usually, 

<= _ BY _— overspread beantifully with pyrite, 

» SEOTION OF CAVERNOUS OPENING gait to which is sometimes attached cal- 

(1) pyrite, (2) blende, (8) galena. cite crystals, sometimes again over- 

laid with pyrite, the whole subject to interesting variations of form | 

and succession. 
It is from such geodic caves, particularly those occurring on the 

flats, that the beautiful specimens, for which this mine is renowned, 
are derived. :
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_ Both stalactites and stalagmites of the ores are found in them, not 
only those of a single mineral, as pyrite or calcite, but composite ac- 
cretions. One form consists of an irregular reticulated core of galena, | 
surrounded by from one to three inches of blende, in radiant crystal- : 
lization, coated on the exterior with pyrite, sparsely studded with 
small modified crystals of galena. In other cases the core contains 
calcite as well as galena. 

These stalactites sometimes attain a diameter of six inches, and a 
length as great as the height of the cavern will permit, in fact, they 
sometimes form columns stretching entirely across the opening. 
Stalagmites, bearing galenite on their summits, are said to have 
occurred here. | oO 

On the west pitch, for a horizontal distance of about seventy-five 
feet, iron pyrites in thick botryoidal ageregations has almost entirely 
replaced the more valuable ores. | 

The beds of the country rock are nearly horizontal. When there is 
any dip, it is usually toward the center line of the range. At one 
point on the upper flat the beds dip slightly to the east. Near the 
upper flats the rock is quite brecciated and the ores are distributed 
through the cracks and small cavities. Some features of the frag. 
mentary structure seem due to original deposition, while others | 
are clearly referable to fracture subsequent to solidification. This 
may be held as proven by the fact that nodules of chert are fractured 
and the crevices filled with sulphides. The evidences of crushing and 
fission are most marked near where the pitches join the upper flats 
and near the vertical crevices. A shaly layer occurs about twelve feet 
beneath the upper flat, which is quite extensively impregnated with 
minute metallic erystallizations, : | 

As evidence of recent changes, stalactites of calcite and limonite, an 
inch or more in length, were seen, which have formed since the space 
in which they occur was mined out. The waters of the mine are 
highly mineralized and make abundant red oxide deposits. | 

One-sided Pitches. In the foregoing mines the sheets pitch down 
on both margins, forming what has been called a “saddle ” deposit. 
But occasionally only one pitch is discovered. The other may exist, 
as a fissure, but being close and unfilled with ore is not exploited. 

Parallel Pitches. Crow Branch mine, according to the figure of 
_ Professor Whitney! and the testimony of others, presents an interest- 

ing variation of the system of pitches, in that both descend parallel 
to each other, instead of diverging in the customary manner, i. e., the 

eee 
"Geol. of Wis., 1862, p. 362.
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sheet on one side instead of sloping downwards and outwards from the 
flat, pitches wnder it and so keeps parallel to that on the opposite 
side. This mine was not accessible to satisfactory examination at the 
time of my visit. 

The data for the following diagram are kindly furnished by W. T. 
| Henry, Esq.: 

: | Fie. 50. 
| Shaft , , ; | VMUMUIIS Stde Crevices every 6° to 10 , 

Redopening % Tie LLL Galena Bar Blende Blende 

Blue Clay opening TT ret ee 
DraGRaM oF Crow Brancu MINE. a, Galena and blende opening. b, Blende opening. c, Blende 

_ and barite opening. 

Patch deposits consist of ore distributed through the earth above | 
the solid rock. Originally they undoubtedly were formed within the 
rock in the usual manner, but by its decomposition they have been 
left at the surface imbedded in the residual clay. They are mainly 
significant in indicating the large amount of denudation which has 
taken place since they — not necessarily all the ores of the region — 
were formed. 

General Observations. It isa somewhat significant fact that no- 
where in the lead region, during the time of my investigations, has 
mining on vertices] sheets been in progress. In earlier days they were 
worked with profit, especially where clustered, as they sometimes | 
were, so that two or three could be mined together. But, partly 
owing to their thinness and want of horizontal continuity, and partly 
because they have been worked down to the water level, beyond which 
it is not profitable to follow them, very little mining has been done _ | 
on this class of deposits for years. The fact that they cannot be 
wrought profitably below water is less suggestive than the fact that 
they have not been followed up horizontally above water, beyond a 
limited extent, which indicates a want of persistence and strength in 
the vein as such. 

As this is the only form of deposit in this region that approaches 
deep-seated fissure veins in its form, this fact should be duly weighed. 

It is further to be observed in this connection that the vertical 
sheets, for the greater part, occupy the north and south crevices, the 
feebler of the two sets. However, a considerable number, notably 
those of ILazel Green, belong to the east and west, or to the oblique 
class. | | 

It is an equally significant fact that the largest mines now wrought 
belong, with some important exceptions, to the type of flats and 

Vou. IV. — 31
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pitches, and, if the testimony of the history of mining be taken with- 

ont qualification, this would seem to have proven the master type. | 

Something of the force of this evidence is lost, however, when it is 

considered that these are mainly zinc-producing mines, and for that | 

reason were little wrought in the earlier years, when zine ores were 
unmarketable. But notwithstanding this statement, it still remains 

| an incontestable fact that this class ranks among the dominant types. _ 

The only form that can, perhaps, dispute its supremacy is the crevice 

opening, of which the Muscalunge mines are, at present, the leading 

examples. If the entire amount of ore raised, since mining was com- 

menced, could be accurately referred to the several classes of deposits 

—a quite impossible thing —I judge it would appear that much more 

lead ore has been mined from crevice openings than from any other _ 
form of deposit, and that more zinc ore has been derived from flats 
and pitches, and that combining the two ores, the largest aggregate 

has been raised from crevice openings. But in abatement of this 

judgment, it is to be remarked that some of the richest so-called 
crevice openings are really intermediate forms between the true crev- 
ice opening and the flat and pitching type of deposit, and further, that 

there are reasons for thinking that some of the crevices connect below 
with flats and pitches, as some of the latter may be supposed to have 

originally connected with crevice opening deposits above, which have 

been lost by surface denudation. So that the two classes often really 

form one connected complex system, as illustrated by Fig. 9, and do 

not admit of intercomparison. | 

That which is most important to be observed here is, that the master _ 

types are not of the sheet pattern, with its something of likeness to 
true fissure veins, but are forms notably differing from them and pos- 

sessed of peculiarities manifestly dependent on the special conditions 

under which they were formed. 
But it is not sufficient, on the other hand, to dismiss the whole group 

as gash veins, since, albeit many are truly of this type, some, as the 
flat and pitching forms, are neither defined nor explained by the term ~ 

even by remote implication. 

, VIL How were tue Crevices AND OTHER CAVITIES FORMED? 

Tt has been heretofore shown that aconsiderable number of the ore 

districts occupy slight depressions in the strata, and the general tenor | 

of such evidence as can be gathered with reference to the remainder | 

indicates a like fact in regard to them. It has also been: pointed out 

that none of the “centers of elevation” or noticeable swells of the
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strata are occupied by mines. It is, therefore, a fair inference that 
the ore deposits as a rule occupy stratigraphical depressions. This | 
may not be an absolutely universal rule. There may, furthermore, 

| be apparent exceptions which are not really so, since subordinate un- 
_ dulations sometimes form the bed of a general depression, and mines 

might be supposed sometimes to occupy a minor swell in a more gen- 
eral sag. This is rendered probable in afew instances, though the 
evidence is of a feeble and uncertain character. | | 

But proceeding upon the well sustained general conclusion that the 
ore districts lie in stratigraphical basins, and that these, as heretofore 
indicated, existed as'such at the time the rock sediment was deposited, 
it remains to be considered what effects the rock beds of such basins . 
would suffer from the forces which are known to have been brought 
to bear upon the strata. | 

It is a well ascertained fact of geological history that the strata of 
the region have not only been once elevated from their original sub- 
marine position, but that they have undergone repeated oscillations, of 
moderate magnitude, in the course of the ages. While, in the earlier 
geological eras, the average position of the strata was lower than at pres- 
ent, there is evidence, reaching well nigh to demonstration, that in the 
later ages the strata were elevated to somewhat greater altitudes than 
they occupy at present, and that, therefore, their present position is, | 
ina certain sense, one of relaxation from former greater elevation. Let 
it be clearly understood, that these are very general and, comparatively 
speaking, moderate movements of the earth’s crust, that they are not | 
violent or extraordinary manifestations of mechanical action. 
Nevertheless, they were movements which caused a moderate amount 
of flexure, compression and fracturing of the strata. Now we are at 
no loss to determine the character, or direction of action, of these : 
elevatory forces. Attention has already been called to the fact that, 
extending north and south through the center of the state, there is a 

_ broad low stratigraphical arch, and that, extending east and west, 
there are more numerous and abrupt undulations of the strata. 
Those of the latter which belong to the Archvean rocks constitute 
folds of the most prononneed character, and are indicative of mechanical 
action of the most unequivocal nature. That these folds were pro- 
duced by pressure, acting upon the strata horizontally from the sonth- 

ward, antagonized by corresponding action from the northward, will 
| hardly be questioned by geologists fully conversant with the facts. 

The east and west folds that were formed in later geological ages con- 
form in general direction to these earlier ones and there is no room 
for rational doubt, as has already been shown, that they were likewise
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produced by lateral force, acting according to the general law of ele- 

vation, from the Interior Sea lying to the southward, resisted by the 

ancient nucleus on the north. So true and beautiful is the applica- 

tion of this general law, that in the earlier geological ages, the folds 

have a northeasterly-southwesterly direction, in the main, facing the 

deeper part of the Interior Sea, lying to the southeast and the parallel 

lines of folding of the Appalachian region which were in those 

ages receiving the forcible impress of horizontal thrusts from the 

Atlantic; while in the later ages, after the eastern portion of the In- 

terior Sea had become essentially filled with rock and settled into 

. stable repose, the foldings of the upper Mississippi region shifted toa ) 

northwesterly-southeasterly course, so as to face more nearly the 

western portion of the Interior Sea and the Cordilleran ranges, which 

were then the great theaters of dynamical action. That which especially 

concerns us here, however, is the fact that the strata of the lead 

region were acted upon by a horizontal force having a general south- 

erly direction. It is evident, that, if the strata were absolutely plane, 

they would oppose a great resistance to this force and would simply | 

be compressed by it, until, at some weakest point, they gave way. 

But the strata, being undulatory from the nature of their original de- 

position, would more readily yield to such horizontal force. Where 

they were naturally arched upward they would, under the action of 

the lateral thrust, arch still more highly, and would be most fractured 

upon the swell of the arch. Where they were bent downward, as in 

the case of the ore-bearing basins, the horizontal force would cause 

them to bend more deeply, and these would likewise be most fractured 

along the bed of the depression. In each case the fractures would 

gape mainly on the outer curve of the strata, i. e. on the upper side 

of the arch, and the under side of the sag. 

When a movement took place in the opposite direction the strata | 

would settle back toward their original position. The result would be, 

the closure of the fractures upon the outward curve of the arches, and 

the opening of the fissures in the depressions. 

Fie. 51. 
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Let us examine more critically the necessary character of the frac- 

turing of the strata of the depressions. Let figure 51 represent the 

original position of the strata, while figure 52 represents the position 

which they assume under the action of the horizontal thrust. 

— It is quite evident that the effects produced by this bending will be 

dependent upon the character of the rock. If it be like the Hudson 

| River shales, that overlie the Galena and Trenton limestones, of a 

soft, pliable nature, it will be merely compressed and molded to the 

new form required. Little or no evidence of fracture will be apparent | 

except in the more rigid portions of the formation. Quite in con- 

trast with this, the granular rigid character of the Galena dolomite 

would cause it to fracture extensively. But all parts of the Galena 

limestone would not be affected equally, nor indeed alike, because of 

their differences in texture. The more homogeneous, even-textured, 

portions would doubtless simply suffer compression and regular trans- 

verse fracture. Those portions that were originally of an irregular 
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texture, honey-combed with pulverulent or cavernous spaces, or comi- 

posed of imperfectly cemented fragments, would be more or less 

crushed, or be irregularly riven at the points of greatest strain. The 

highly siliceous layers, with their rigidity, would offer great resistance, 

and by the yielding of adjacent less firm rocks,.be caused to suffer a 

large portion of strain, and thus be liable to crushing or to displace- 

ment by arching upward or downward, causing a separation from the
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adjacent beds of the nature of flat openings. And the same pheno- 
mena might occur in the case of any bed that, for any reason, was 
more resistant than its neighbors. 

Below the Galena limestone the shales of the upper Blue limestone, 
especially those of the “ pipe clay opening,” being, like the Hudson 
Ktiver shales above, a yielding stratum, would adjust itself to the 
strain and suffer comparatively little fracture. This stratum, there- 
fore, bounds on the under side as the Hudson River shales do on the 
upper, the limits of the rigid stratum of rock liable to pronounced 
fracture. Now it is a well known principle that, in the bending of a 
body, the cracks tend to diverge towards the convex side, because that 
portion is most stretched. So we find toward the bottom of the 
Galena limestone the crevices diverging in the peculiar form known 
as “flats and pitches.” 

It is quite evident that the zigzag direction assumed is simply an | 
| example of fracture along the line of least resistance. 'The tendency 

to break obliquely across the strata was in part satisfied by the easy 
| separation of the beds, leaving the rest to be accomplished by break- 

age more directly across the beds which would require the expendi- 
ture of less force than simple oblique fracture. The frequency with 
Which these flats and pitches occur does not leave us at liberty to pass 
them as merely anomalous, exceptional phenomena. They must be 
due to some prevalent circumstance connected with the formation of 
the metalliferous crevices in general. That they were formed as here 
indicated by the necessary fracturing of the bent strata on the outer : 
side, is, I think, placed essentially beyond question by a consideration 
of the significant circumstances, (1) that they lie in stratigraphical 
depressions, (2) that both their upper and lower flats habitually sag, 
(3) that they lie almost wholly in the basal beds of the stratum bent, 
and (4) at the base of a line of general fracture, which, in its higher 
parts, develops the openings common to the upper horizons. 

_ The rigid stratum being limited below by the “ upper pipe clay,” | 
fracturing below that would proceed in the main independently of 
that above, and would tend to assume the simply vertical order, which 
is the prevalent fact. The Buff limestone is not sufficiently thick nor 
rigid, interstratified as it is by shaly layers, to permit of the develop- 
ment of any pronounced system of fissuring, and hence the com para- 
tive absence of large crevices or openings, or rich deposits. 

The St. Peters sandstone below, being little more than a half solidi- 
fied bed of sand, would yield somewhat readily to a compressing foree, 
and hence large, or open, or regular fissures could not be expected in 
it. It might become somewhat fractured, or indurated, at the points
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of greatest pressure, and, as a matter of fact, at Mineral Point, where 

it occupies a depression, and at “Red Rock,” where it is bent into a 

conspicuous arch, it is noticeably harder and firmer than is its wont 

in ordinary situations. It is usually an exceptionally friable rock, 

scarcely suffering handling without crumbling to sand. But at these 

localities, and some others similarly situated, it is sufficiently hard to 

be a very serviceable and durable building stone. This may fairly be 

attributed to the stress the strata have suffered at those points. 

The Lower Magnesian limestone below is even more rigid and un- 

equal in texture and thickness, and apparently more pronounced in 

undulation, than the Galena limestone above. It was presumably, — 

therefore, at least as extensively fissured as the Galena limestone. Its 

- more siliceous nature has doubtless rendered subsequent chemical 

action less marked, so that, in its present state, it may be less cavern- 

ous than the higher formation, but concerning its real nature beneath 

the metalliferous basins, we, of course, know very little, but to the 

north of the lead region, where it is more fully exposed, it gives indi- 

cations of having undergone similar action with similar results. 

Concerning the Potsdam sandstone, that which has been said of the 

St. Peters may be repeated. Lines of indurated, fractured rock are 

reported as occurring along certain metalliferous belts. As these lie 

almost wholly without the lead region they have not fallen beneath 

my personal observation, save in a single noteworthy instance. The 

iron mine at Ironton, Sauk Co., the most notable iron deposit in the 

southwestern portion of the state, lies in a belt of Potsdam sandstone 

which has been so far hardened that it has lost, for the most part, its 

| regular cleavage along the lines of lamination, and assumed an irreg- 

| ular fracture. The outlying blocks of this belt, instead of assuming 

the rectangular forms common to the formation at large, usually pre- 

sent pyramidal shapes which have resisted the erosions of time with 

great success, while the adjacent rock has been much eaten and worn. 

This indurated belt is furthermore characterized by a line of fine 

springs, indicating that it furnishes an open passage- way for drainage | 

waters. The ore of the mine is an infiltration, occupying the inter- 

spaces between large angular blocks of this indurated sandstone. The 

whole presents strong evidence of being a line of compression and 

fracture beneath a metalliferous belt which has subsequently concen- 

trated its ore within the fractured zone. On Hagerman’s Hill, near 

La Valle, similar ore is associated with indurated and brecciated rock, 

which is also impregnated with some copper ore. 

Numerous circumstances of detail confirm these general views as to 

the method of formation of the crevices. It is evident that, since the
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horizontal pressure, which caused the alternate elevations and depres- 
sions, acted from a general southerly direction, the flexures produced 
by it would be at right angles, or east-westerly, and that therefore the 
main crevices and openings would trend in that direction, and this | 
would be true, in considerable measure, without regard to the form of 
the basin. But it is also clear that local variations in the character of 
the strata, yielding at one point and resisting at another, and, in some 
ineasure, the attitude presented to the force tended to give variations | 
from an exact east and west course. The north and south crevices, on 
the other hand, were not in general opened, because tliere was no 
great force brought to bear upon the strata either from the east or 
west. ‘The beds were therefore merely fractured in those directions 
and did not, in the main, open more than was perhaps due to the 

| shrinkage of the rocks. In exceptional cases, force may have been 
exerted in such a way as to cause more considerable north and south 
openings, but the prevalence of open east and west crevices and of 
Closed north and south ones is, in fact, not only accordant but con- 
firmatory of the explanation here offered. Another general circum- 
stance deserves notice. It is a conspicuous fact, in many mining 
districts, that the openings occupy the same horizon throughout the 
entire area, a fine illustration of which is to be found in the “ sixty- 
five foot opening,” and less noticeably in the “twelve foot opening” 
of the Muscalunge and Beetown districts, as may be seen by consult- 
ing the map of the Muscalunge mines, Atlas Plate XL. That the ore 
should be deposited throughout a district at a given horizon might 
perhaps be otherwise explained, but that the strata should furnish a 
suitable receptacle for the ore at a given horizon and not above or 
below, is clearly indicative of some general physical cause. The pre- 
cise cause in each individual instance may not be at ones evident, but, 
in general, it may be found in the character of the beds involved and 
their relation to each other, viewed in’ the light of the conditions 
already considered. 

VIII. Rerattons or tuz Ores to Eacu Orner. 

In the preceding descriptions references have been made to the rela- 
tions of the ores to each other, and facts have been incidentally stated, 
which have prepared the way for this topic. It remains to specially 
consider the subject. 

A. Revative Vertican Disrrreurion. It isa law to which no note- 
worthy exceptions have yet been authentically reported, that lead pre- 
dominates in the upper beds, but relatively decreases in the lower,
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while the zinc ores are very scant in the upper horizons, but relatively 
increase and often predominate below. It is not only true that mines 

confined to the upper beds of the Galena limestone bear mainly lead 

ore, while those lying wholly in the Blue limestone are chiefly zinc- 

bearing, but, more especially, that a given lode which ranges through 

botk horizons carries lead in its upper part, which is gradually re- 

placed by zinc in its descent. This is accomplished almost invariably 

by overlapping sheets, or intermingled deposits, so that there is no 

sudden or sharp transition. 
The dividing plane at which the dominance of lead yields to that of 

zinc may be loosely stated to be the upper face of the Trenton limestone, 
but such a statement is rather a convenient generality than a reliable 
basis for either practical or theoretical deductions, for a considerable 

number of mines yield almost exclusively zine in the lower meas- 

ures of the Galena limestone, while in others, the predominance of lead 

is continued into the Trenton limestone. While, therefore, the 
| dividing plane between the Galena and Trenton limestones lies near the 

transition of predominance between the ores, it does not mark it in any 

sharp, definite way, as though the transition was immediately depend- | 

ent on the change of the adjacent rock, and we ought not hastily to 

conclude that the nature of the embracing stratum determines the 

character of the deposit. 

The question of the relative amounts of these ores in the same lode 
| is one of much practical, as well as theoretical interest, for if it could 

be determined that there is any approximation to a definite ratio be- 

tween them, then, knowing the amount of lead that has been taken 

from the upper portion of lodes, not mined in depth, some estimate 

of the probable profitableness of pursuing mining below the water 

level might be made. It is hardly to be expected, however, that any 
| trustworthy guide of this kind ean be determined. It is quite certain 

that present data are altogether inadequate. Yet, however improbable 

any very uniform ratio may be, the question is one of importance. 
The best record bearing on the subject is that of the important Lin- 

den mine, that has given a yield of about 85,000,000 pounds, almost 

equally divided between lead and zine ores. It is to be regretted that 
many such records cannot be adduced as data. But in their absence, 

some general statistics are not without suggestiveness, since in 

. almost no mine is zinc found without lead, although the converse 

is less true. The total production of lead ore is estimated at about 

1,416,000,000 pounds and that of zine at about 400,000,000 pounds. 
Less than one-third of the ranges have been mined down to the zine 

horizon. 

- When allowance is made for this and for the undoubted fact, that —
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more of zine than lead remains unmined, in those that have yielded 
both (confining attention, of course, to the Galena and Trenton lime- 
stones), it would appear that the ranges that have been developed in 
both horizons have proved nearly equally rich in the two ores. 

_ 4ine ore first came into market in 1860. Waiving imperfections in 
the statistics, it appears that since that time the lead ore raised‘in the 
whole region amounts to about 320,000,000 pounds against 400,000,- 
000 pounds of zine ore. For the last ten years, the production of | 
zine ore has more than doubled that of lead . for the whole region and, 
in more recent years, has more than trebled it, Confining attention , 

: to the region tributary to Mineral Point, and collating the statistics 
as well as may be since 1860, when zine came to have value, it appears 
that about 70,000,000 pounds of lead ore have found shipment at that | 
point against 280,000,000 pounds of zine ore, aratio of 1 to 4. Itis 
impossible to obtain anything like an equally approximate estimate of 
the lead ore produced previous to 1860, but it seems quite clear that 
it would not be sufficient to render the total yield of lead equal to 
that of zine. 

Without overlooking the qualifications to which such general and 
imperfect computations are subject, the broad conclusion that from . 
the mines which have been worked in both lead and zine horizons, as 
much of zinc ore as of lead has been raised, is probably not wide 
from the truth. Among the qualifications to be observed is the fact 

_ that in many zine-bearing mines a considerable portion of the plum- 
biferous beds has been removed by denudation. This is in some 
measure offset by the fact that in many of these the lower zine de. 
posits largely remain yet unmined, while the lead, being in large part 
above water, has been, more largely, mined. A doubt may also arise 
whether, granting the primal source of the ores to be equally abund- | 
ant, the conditions of concentration have been as favorable beneath 
the fuller thickness of Galena limestone, that prevails in those regions 
that have thus far been only lead-yielding, as in the more superficial 
situations, whence zine has thus far been mainly derived. This doubt, 
of course, depends upon the agencies that are held to have caused the | 
deposition, and may be waived till that central topic is discussed. | 

Some service will have been rendered by the introduction of the 
question of the relative amounts of Jead and zine in lodes bearing 
both, if it shall in any measure lead miners to accumulate the proper 
data for its solution, which they, alone, are well prepared to do. 

The vertical distribution of the iron is very similar to that of the 
zine, except that it is more widely present. The highest lead deposits 
are rarely free from pyrite, or its ocherous decomposition product, 
but it is much more abundant in the lower Galena and the Trenton
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_ beds, and at some points zine yields to it in depth, as lead does to 

zine. ‘There are not sufficient data, however, for the assertion of this 

as alaw. Copper also selects the lower horizons and, so far as its 
limited development permits of judgment, tends to the same range as 
zine. Its comparative frequency in the Lower Magnesian limestone, 
north of the lead region proper, where iron also abounds, but zine 

has not yet been found, may be regarded as lending support to the 

view that its distribution accords more closely with iron than zine, 
though it may be quite unsafe to draw conclusions from another 

region and a different formation, however similar, especially as lead 

7 ore occurs, at some points in this formation, quite free from a-soci- 

| ates and in form very similar to that of the upper Galena limestone. 

Calcite is peculiarly frequent in the brown rock, but otherwise 
mainly abounds in the lower beds. 

Barite occurs only in the lower beds, so far as my observations ex- 

tend, and seems usually to have replaced calcite. 
B. Revattve Orprer or Dervosrrion. In the upper beds of the 

Galena limestone there is often, to casual observation, but a single 

ore, galenite, and apparently no opportunity to raise the question of 

relative order, but closer examination will usually show a coat of iron 

oxide —the decomposition product of iron pyrites — between the 

Galena and the rock, and by examining the undecomposed bars of the 

lode, the pyrite and galenite may sometimes be seen in their unmod- 
ified relations, pyrite first and galenite upon it. A later deposit of 
pyrite sometimes coats the lead ore, making the order (1) pyrite, (2) . 

galenite, (8) pyrite. Probably marcasite sometimes replaces the 
pyrite in such situations, as it certainly does in lower beds. Some- 

times the galenite is directly adherent to the wall rock and the pyrite 

is attached to adjacent surfaces, in which case there are no means of 
judging which was antecedent, if, indeed, they were not of simulta- 
neous formation, as is not improbable. Doubtless there may be true 

cases in which only lead ore was deposited, but I have seen none. 

Fi. 54, Descending to lower horizons, blende 

appears as a third mineral, and, in the | 

oye eee large sheet deposits, usually takes the 
We middle place, so that the order stands (1) 
Satin caagg OO at q pyrite (or marecasite), (2) blende, (8) ga- 

| es lena. Dr. Percival states that he found 

=f 57- STa this order invariable. While extended 

observation shows that it is not absolutely 

| universal, it yet correctly expresses the 
SEoTIoN suowiNe THE UsuaL on. Prevalent law for massive sheets. At 

e blended galena PY some points, the iron sulphide may be ab-
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sent and the blende attached directly to the rock, or the blende may be 
locally absent, bringing the galena onto the pyrite as before, or the 

order may otherwise be seemingly changed by the absence of one or 
two of the ores. But the main complexity arises from reduplication. 

It is not uncommon to find a second deposit of pyrite overlying the 
blende and galena, beginning, as it were, a second series, which is 

sometimes feebly carried out by small crystals of blende or galena, 

implanted on it. Occasionally layers of pyrite occur in the midst of 
the sheet of blende, and pyrite, blende and galena are often much 

mingled, their crystalline forms modified by interlocking, clearly indi- 

cating a contemporaneous growth. Some interesting examples of 

these complications will presently be cited. 
Calcite enters most commonly as a fourth mineral, and usually 

takes the fourth place. It has, however, a careless habit of appearing 

in almost any situation, sometimes next the rock, sometimes in the 
midst, or between, the ores. It is quite prone to alternate with pyrite 

in the secondary series. Ore issometimes wholly imbedded in the spar: 

Chalcopyrite is not sufficiently distributed with other ores to make 

its relations altogether certain. At Mineral Point, where it 1s now 

being mined, profitably it is claimed,-it occurs mainly in small cracks 
and cavities permeating a breceiated dolomite, in which it lies next 

the rock with iron pyrites planted on it. J’rom some specimens re- 
cently mined in Spensley’s lode, Mineral Point, and kindly sent me 
by Mr. Henry, it appears that the copper ore is either much mingled 

with or more recent than the blende and galena. 

The discussion thus far has had reference to the original sulphides. 

Where these have undergone chemical transformation in place, their | 

residuary products indicate the primal order, and no further consider- | 

ation is necessary, save the obvious remark that the ores resulting 

from the change may have become such, much subsequently to the 

completion of the given series, and that the order in which they 

stand is no index to the order in which they arose from the change. | 

But the decomposition and recomposition of the original minerals 

gave rise to new deposits. These, as a whole, are much later than the 

primal series —— as both their origin and position testify. Smithson- 

ite and hydrozincite are the most common and important of these. 

They coat indiscriminately all the earlier minerals, and, in some cases, 

displace them by pseudomorphous processes. Cerussite occurs in 

crystals planted on galena. | 

Barite appears to be a late deposit, replacing calcite, but I cannot 

prove that this is invariably the case. In not uncommon instances, it 

incloses galena, and if not, in such cases, a secondary formation must 

have been essentially contemporaneous with the inclosed mineral.
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In support and elucidation of these ordinal laws: of deposition, 

many facts have already been given in connection with the description 

of the special forms of deposit, and others will incidentally find a 

place in the course of the discussion. Some special examples, illus- 

trative rather of complexity and contemporaneity, than of the preva- 

lent, simple, orderly succession, merit attention. They are mainly | 

specimen fragments from the linings of the cavernous openings in 

the lower horizons, and show the result of prolonged deposition under 

favorable conditions. 

The originals are largely in the fine collection of W. T. Henry, 

Esq., of Mineral Point. The first four numbers are from the Mars- 

den lode. | 

1. Our first example shows an argillaceous shale, as its base rock. 

To this is attached, without the usual seam of pyrite, a layer of blende, 

composed of alternating lighter and darker shades of radiant struct- 

ure, tending toward mammillary forms. Through this are scattered 

some pyrite and galenite. Traced laterally, pyrite forms layers inter- 

Jeaved with the blende which becomes less abundant, suggesting that 

in an adjacent portion, the pyrite may become the predominant ore, 

an instance of which I have seen in the Linden mine. The upper 

surface of the blende is formed of crystalline points, and over most of 

these, lies calcite, taking at its base the form of the blende crystals, 

and terminating above in crystalline forms of its own. At some 

points, however, pyrite rests directly upon the blende, conforming 

to it below, but assuming a erystalline surface of its own above. 

Pyrite, likewise, extends over the calcite, conforming to it below, but 

forming its own proper surface above. At some points, however, the 

pyrite does not cover the calcite, which has grown up through and 

spread out above and upon the pyrite, moulding itself to it beneath, : 

showing that it was formed later than, at least, some of the pyrite, 

| while it is directly connected with the main layer of calcite which is 

older than the main layer of pyrite. The succession of formation 

seems then to be as follows: At first the principal deposit was blende 

with a little contemporaneous lead and iron sulphides. Calcite fol- 

lowed as the main formation, though at some points, pyrite may have 

been forming at the same time, since it rests directly on the blende. 

This is uncertain, but, at least, before calcite ceased to be formed, pyr- 

ite grew abundantly, so much so as to nearly shut off the growth of 

| the calcite. The latter, however, continued to form at certain points, 

| and at length overspread the adjacent pyrite. Whether the latter 

ceased forming, or was simply overrun by the faster forming spar 1s 

not clear. : | 

At some points the blende and shale are cracked and calcite fills the
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seams, showing mechanical action, of a quiet sort, during the growth | 
of the mineral group. . 

On the opposite side of the shale of the specimen and apparently 

occupying a fissure between it and its fellow rock are scattered ecrys- 
tals of galena, pyrite, blende and calcite, among which may be found, 

: (1) blende on galena, (2) pyrite on galena, (3) pyrite on blende, (4) 
calcite on pyrite, while the calcite layer of the opposite side laps 
round and covers some of these. It is evident, therefore, that while 

there was a succession in the predominant deposit, there was not a— 
complete suspension of one formation while another was taking 
place, in other words, there was more or less synchronism of’ deposi- 
tion. 

2. In this instance, the first deposit was marcasite in radiant 
mammiform crystalline aggregates, upon which lie concentric lighter 

Fia. 55. and darker layers of blende somewhat 

exiiabinissnn.. intermingled with crystals of galena 

ook and pyrite. The galenite crystals, 

. CE eae ° beginnin g low down in the blende, 
Pee ¢ run in irregular strings outward to 
YY 4 4 AW Neb AU p. 

ee i e- the surface of the layers of blende, 
oe ra te ee aE it i Mall ‘ eter aL and there connect with large well- 
ee ee | 
aoe SS formed cubes that spread ont upon 

: | and overhang the surface of blende. 
SECTION OF SrprcIMEN FRomM MARSDEN pry . 

Ming, Suowwye OrvER or Deposition— ‘Lhe upper surface of the latter is com- 
: a, Rock. b, Marcasite. ccc, Concentric . . . 

layers of blen‘e, dd, Inserted Galena. eee, posed of erystalline points and where 
Crystals of Galena, conforming to blende , : 
below. ff, Enveloping Crust of Pyrite. the lead crystals enlarge upon If, 

they conform to it beneath, in the main, showing that the lead was 
formed last at those points, while it is evident that the included galena 

was formed, at least, as early as the blende, and, from its half regu- 

lar, half irregular interlocking forms, there is little room to doubt, 

that the two ores were formed simultaneously, the blende predominat- 

ing, at first, but mainly ceasing earlier than the galena, which then 
formed in shapely cubes on the surface. Subsequently the whole was 
coated with pyrite, which is now oxidized on the surface. 

3. The wall rock in this in- Fig. 56. | 
stance isa granular dolomite 

. 2 ma etl bespangled with pyrite. To AOR ee i ae a 

this is attached pyrite, cal- oS PRB SREP AT as 
| :; , a AAO //MERITICAR OUTER = Aa 2 7G cite and blende, interspersed ii GOS SO Oi Opp Nes | | 

° ° , il =e . " . . — een | , 

In an irregular way some- aha it ZT BoM — = hig “Nin ff = EL = oo 
what as represented in figure | 

56. A little distance from SECTION oF SPECIMEN SHOWING ORDER OF DEPosrrion, 
a, rock; b, ; ite; ;f the rock the blende predom- Marcasite. 7) % Dende; & Pyrite; e, galena; f, |
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inates, but is still mixed with calcite and pyrite, to which galena is 

added. The latter gradually increases and soon becomes the leading 
| ore, forming beantiful clusters of cubes. The surface of these cubes 

is incrusted with a thin layer of minutely crystalline pyrite. At 
most points this rests directly upon the galena, or blende, but ata | 
few points it is based upon pink calcite formed at an earlier date and 
possibly continuous with the earlier calcite above mentioned. On the 
surface of the pyrite are scattered crystals of transparent calcite of | 
later date than the pyrite. Atone point a thin layer of pyrite lies 
between the pink and the transparent calcite, showing its intermediate 
deposition. The superficial pyrite is lightly coated with zine carbon- 

ate over a portion of its surface. Before the formation of the super- 
Fra. 57, ficial pyrite, and after the cessation of the 

pereesehene de deposit of the blende the latter was fractured, 
, and its fragments somewhat displaced, and sub- 

‘ f sequently pyrite coated the fractured edges and 

1 Ff f filled the cracks. The order of formation may 

b oc ma be shown in the diagram, figure 57. 

Diaeran tuvsrramne mm  uother specimen of identical structure, 
GROWTH OF ME MINETALS. OF shows small, hemispherical aggregations of 
¢, blende; d, pyrite; e, galena. marcasite under the coat of pyrite, and; still 
another shows such miniature domes of marcasite, wholly inclosed in 
the layer of blende. 

4. One of the most remarkable and instructive forms of these de- | 
posits is found in the composite ore-stalactites, for which the Marsden 
mine is celebrated. The specimen we select for study is six inches in 
diameter and fifteen inches long, though its original length was greater. 
The outline in cross section is oval. Instead of Fic. 58, 
the usual cylindrical opening, extending along | 

| the axis, its core consists of a very irregular por 
space, surrounded and interrupted curiously, by FS SD J : 
reticulated galenite. The interior surface of the fs Ww ’ 

latter, in part, presents a bright specular surface pice bye 
2 1 Pally PEESGIES @ ONZE Specular | , | Eee 

and for the rest, has a dull leaden, but still 4 2 c 

fresh, appearance. Around this core has : ni eg 
, gathered about two inches of blende in concen- a 

tric layers of radiant, fibrous structure. The 

whole is crusted with pyrite, on the outside of c 
ROSS SECTION OF AN ORE 

which are clustered some small crystals of ga. Arak AcgTE From MAnsDEN 
Jena, partially imbedded in it, and these are S12. m galena; b, blende; 
again bespangled with minute pyrite crystals, open space. 
The surface of these little galenite crystals is dull leaden in luster, but
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otherwise clean and fresh. Some of these penetrate the superficial 
pyrite crust and attach to the blende beneath. 

| Tn other specimens there is calcite as well as galena in the core, and 
the lead ore is sometimes more sprangled out into the blende. In one. 
there is a ferruginous layer next the interior galena, probably the 
remnant of pyrites. In some cases the small exterior galenite crys- 
tals conform at their base to the pyrite coat, showing their later form- 
ation, while their minutely studded surface of pyrite shows a still 

| later deposit of that mineral. — 
| : 5. At Linden mine the usual order, (1) pyrite, (2) blende, (3) ga- st 

lena, is predominant, but there is often much mingling of the ores, and 
| calcite is frequently much distributed through them. An interesting oc- 

currence of the latter consists of large cream colored crystals of “dog 
tooth” spar, having a rough, much corroded surface, over which are 

scattered white tabular crystals of calcite, having clean, smooth, perfect 
surfaces, showing a deposition of later calcite on earlier with a period 
of corrosion between. 

Another interesting specimen consists of white “nail-head” spar, 
on the decomposed surface of white dog-tooth spar, which, in turn 
incloses a crystal of pink calcite, also of the dog-tooth form. 

6. A specimen from Marsden mine shows both fracture and corro- 
sion, within the period of formation. The basal portion is blende, 
which was fractured after its formation and on the broken side there 
formed a creamy colored crystal of calcite. 

This has an eroded surface and, upon it, are white crystals of 
smooth fresh surface. There is also present lamelliform pyrite, | 
which appears to have been simultaneous, in part, with the later calcite 

| in formation and in part older, but wholly subsequent to the earlier 
cale spar. 

7. The deposits of Mineral Point have generally undergone much 
modification, but the original nature and order are usually determin- 
able without uncertainty. The general. succession is in accord with 
the prevalent law, with considerable modification arising from simul- 
taneous growth. As an illustrative instance, the specimen we select 
shows a base of mixed pyrite and blende against the rock. These 
grew up together to some extent, the blende however, soon leading. 
At a later stage, some galena and marcasite were deposited, and over 
all these calcite and pyrite. These seem to have completed the origi- | 
nal growth or first period of formative history. The second period 
consisted of decomposition and redeposit. The chemical change was 
essentially that of desulphurization. The pyrite became iron oxide, the 
blende, the carbonates of zinc, smithsonite and hydrozineite. The oxide
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_ was left mainly in the former place of the pyrite, except that portion 
which was carried away hy solution. The zine earbonate, on the 
other hand, left a residue of “dry-bone” in the room of the blende 
and, in addition, coated the whole adjacent surface, including galena, 
pyrite, marcasite and calcite. The latter largely gave way to replace- - 
ment, affording pseudomorphs of smithsonite after calcite. The 
galena suffered superficial change into lead carbonate, but has not 
usually been deeply affected. These changes lead us on to the subject 
of the following section. | 

| To the general laws of succession we now need to add the fact of 
local variation, and, more especially, that of simultaneous deposition. 
The fact of growth, side by side, is clearly demonstrated in the case 
of interlocking mutually-modified crystallizations, and is rendered | highly probable in many other cases by relative position. The con- 
ditions of growth must, therefore, have been such as to permit of the 
formation of galena, blende, pyrite, marcasite and calcite, and, pre- 
sumably, chalcopyrite, simultaneously. 

TX. Tse Cranczs Wuick tus Ores nave UNpErconn sinoz 
| Turir Derosrrion. 

It is broadly evident that the deposition of the ores was a secondary 
process, secondary to the formation of the strata which now bear 
them, and secondary in the history of the ores themselves, since they 
must have been derived from an earlier metalliferous formation. To 
bring them into their present position and deposit them, some change 
of place and, probably, some change of chemical relations were jn- 
volved. Precisely how the ores were brought from some other source 
and placed where we now find them, and by what changes of physical 

| state and of chemical combination it was effected, are among the 
. most vital questions of our discussion. Our truest method will man- 

ifestly be, to consider the changes that the ores are now undergoing and 
those which they have recently suffered, and from these we may the 
more safely reason in respect to the transportations and transforma. 
tions that may have taken place in the more remote history of the 
formations. _ | 

L. Physical Changes. (a) Surface Erosion since Ore Deposition. 
The productive crevices, openings, and metalliferous beds quite often 
come ont to the surface in ravines and the sides of bluffs. Immedi- 
ately below where the lode thus comes to the face of the slope, there 
often lie, imbedded in the soil and residuary clay, detached pieces of 
ore. These are almost invariably worn and corroded on the surface, 

Vou. IV.— 32 a
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and are scattered along the line of wash from the outcropping lode, 

| and, in many cases, have served the sagacious prospector as a guide to 

its discovery. That these loose bits of ore were derived from the 

lode by decay and wash does not need discussion. Its obviousness 

finds expression in the miners’ name “ float ore.” In some cases a 

lode appears at the surface on opposite sides of a ravine, as though 

formerly continuous across it, and float ore may be traced from the 

one outcrop to the other, but, instead of stretching directly across the 

Fig. 59. valley, it has been carried down a greater or _ 

% less distance, as illustrated in the accompany- 

EZ ing cut. | 
=% 
st From the multitude of facts of this and simi- 

« Bi % lar nature, it is evident that since the original 

26% formation of the deposits, the surface has 

=. 4 been much changed by drainage erosion, and 

“my y ws | Zs . ’ | 
IK that some of the ores have been mechanically 

transported, and, to some extent, wasted by 

, SEBtCH SHOWIN ee oF wear and corrosion. But this is less to our 

“Float Ore.” purpose than some of the following facts: 

(b.) Physical changes within the openings. From what has already 

been said in respect to the methods of occurrence of ores within the 

strata, it is manifest that, since deposition, they have, in many cases, | . 

‘been loosened by fracture, or disintegration, from their attachments 

and precipitated to the bottom of the cavity, or imbedded in the 

products of decomposition. In other cases, the ore, without having 

been detached, has been fractured and subsequently healed by metal- 

lic sulphides or calcite filling the seams, showing that the fission oc- 

curred before deposition had entirely ceased. It, therefore, appears 

that, since the ores were first formed within the cavities, which they 

now occupy, they have been subjected to some slight mechanical and 

to certain, much more important, disintegrating agencies. What 

these latter were claims our attention in detail. 

Il. Recent Chemical Changes. (a.) In Galenite. Through the 

kindness of W. T. Henry, Esq., Iam in possession of a fine cluster 

of pseudomorphs of zine carbonate after galena. An inspection of 

the specimen makes it evident that the eubes of galena were first 

coated with zine carbonate after which they were gradually removed 

and the smithsonite deposited in their place. This was not done by a 

uniform displacement of particle by particle, as in the higher type of 

pseudomorphs, for the molecules of smithsonite do not have the same 

arrangement as the displaced galenite, indeed, they do not fill the 

entire cavity, but, on the interior, assume the irregular, cellular strue-
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ture characteristic of “drybone.” Such psendomorphs after galena 
are comparatively rare, but specimens are somewhat common in which 
the galenite crystals are simply coated with zinc carbonate, the incip- 

ient stages of change only being visible. It would thus seem to be 

indicated that this is a transformation barely inaugurated. 
Another change, which the galena has suffered in recent times, and 

is undoubtedly undergoing at present, consists of an alteration from 

the sulphide to the carbonate. Galena may be found, not infrequently, 

which is coated with a white layer of carbonate, the whole mass still 

retaining the original form of the galena and showing on fracture 
that the junction of the carbonate with the sulphide is not regular 

and sharply defined as though the former were laid down over the 

latter, as an added coating, but thatit penetrates the galena irregularly 
along the crystalline planes of cleavage. Specimens may be found in 

which the carbonate penetrates the galenite through and through, 

Jeaving, however, laminee of the latter unchanged. 
Fie. C0. These specimens universally show imperfect 

____ outlines and a tendency to disintegration, demon- 

hil strating that it is a destructive process and not a 

ihe method of growth. This is further shown by 

; ji - the fact that the carbonate has an open, porous 
af texture and does not represent all the lead there 

oe : - was originally in the galenite crystal, a portion 
| LENA at ix cuaNenD 20 having been carried away, and by the further fact 

Sea nee it laniae that in some instances nearly all the substance of 
of galena. the ore has been removed, leaving only a little 
pulverulent matter very aptly styled “ mineral ash.” It is made still 

more evident, if possible, that this is a process of decay, as well as 
transformation, by the decomposed condition of the rocks and miner- 

als with which it is associated, and the general aspect of decay pervad- 
ing the whole lode. It may be further added that the carbonate is 

not in its appropriate crystalline form. though, in other situations, it 
is found perfectly crystallized after its own nature, the result of con- 
structive action. It would be unnecessary to even cite at length these 

| evidences of degeneration, so familiar are the phenomena, were there 

not still some lingering belief among miners that “mineral ash ”’ is 
ore in process of formation. In the description of galena, at the 

outset of this discussion, mention was made of the occasional exisi- 

ence within its crystals, of singular cavities conforming, in a measure, 
to the crystalline planes and axes, and within these, sometimes small 

| crystals of lead sulphate or carbonate. These cavities, in part at least, 

are due to the removal of the galena and are, of course, subsequent
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in origin, to its formation. There are then, leaving out of consider- 

ation mere mechanical erosion, three classes of phenomena that 

indicate recent and presumably present changes in the galena. (1.) 
Its removal and the substitution of zine carbonate, forming pseudo- 
morphs of smithsonite after galena. (2.) Its replacement by lead 

carbonate accompanied by partial removal, and (3.) Its removal and 

partial replacement by lead sulphate and erystalline carbonate. 
What is the rationale of these changes? Under favorable eireum- 

stances oxygen has a greater affinity for the metals under discussion 

than sulphur and when the sulphides, galena, blende, pyrite, marcasite 
and chaleopyrite are subjected to the action of moist oxygen, they 

tend to undergo slow oxidation by which these sulphides are changed 

to sulphates. In the present instance, the lead sulphide galena be- 

comes lead sulphate, which occurs in the interior cavities of the 

galena instanced above. This lead sulphate, while it possesses the 
property only in a low degree, is yet sparingly soluble and hence suffers 

some loss from being carried away by percolating waters. In the 
interior of the crystals, where there is very little access of water, we, 
however, find it, and, it is worthy of note, in this situation alone in 

our region. | 

But where the changing ore is exposed freely to the common drain- 

age waters, the reaction does not stop here, for these waters contain 

lime and magnesian bicarbonates, and these exchange acids with the 

| lead sulphate, giving rise to lead carbonate and lime and magnesian 
sulphates. The latter is very soluble and passes away and we find no | 

further trace of it. The lime sulphate occasionally crystallizes in the 7 

form of gypsum and remains as a talisman of the reaction, bnt, for 
the most part, it also passes away with the drainage, or is subsequentl 
reconverted by decomposing organic matter, or other agencies, into 
lime carbonate, which occurs abundantly in the lower metalliferous 

beds. The lead carbonate formed is highly insoluble bnt not abso- 

lutely so, from which it results that it remains, for the greater part, 

where it is first formed until, by the slow solution of ages, it is, at 

length, removed, but a portion of it will at once be carried away to 
| crystallize as carbonate elsewhere, or be again reduced to the sul- 

phide, or else lost with the drainage waters. It appears, therefore, 

demonstrably evident, not only that chemical decomposition and re- | 

composition of lead compounds are now in progress, but that a cer- 
tain small content of lead is carried onward by the percolating waters, 

either to be again reduced, or, at length, lost to the strata. It does 

not concern us here that this is exceeding small in amount. We are 

now but noting the facts and principles of present changes.
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Ts galena now being formed? It has just been implied that the 

lead held in solution may be again reduced, which is equivalent to 

implying a belief that galena may be now forming. Is there any 

direct evidence that such is the fact? It is certainly a very rational 

belief. If a lead compound, however infinitesimal in quantity, is 

being borne downwards by the descending drainage, it is only neces- 

sary that it should come in contact with decomposing organic matter, 

or sulphuretted hydrogen, to be again restored to the condition of sul- 

phide, and, by crystallization, form galena. Now the water that — 

descends directly through the main channels carries down consider- 

able organic matter from the surface and from the roots of plants that 

penetrate the upper crevices of the rocks. A number of instances are 

reported on credible testimony where bones are carried down into 

the lead bearing crevices, and some of these contain galena in the 

interior. These must have been introduced into the crevices from 

| above after they were opened to the surface, for nothing of the kind, 

of cours, exists in these early Silurian rocks. It is evident, there- 

fore, that in these cases the galena has formed at a comparatively late 

date, for the overlying Hudson river shales do not, from their nature, 

permit open crevices and, in some districts, they have been but 

recently removed, geologically speaking. Iam informed by a wholly 

. trustworthy gentleman that the antler of a deer, found in the allu- 

vium of a stream, contained galena. This would seem to imply not 

only that the ore was quite modern, but that the water of the stream, 

or the alluvium, was its source, but without fuller knowledge and 

verification of the facts, it is best to hold this very lightly. A con- 

siderable number of cases have been reported where tools, as gads, or 

old shovels, which have been buried in the mines for a long period, 

have been exhumed bearing small adhering particles of galena or blende. 

One of these has come into my possession, but the adhering ore seems 

to have been “wash-dirt” fragments cemented to the gad by the rust 

of the too!, rather than a new growth upon it. This may not be true 

of all reported cases, but very likely is. Nails and bits of iron, with 

attached ore, are also reported as found in streams near mines, but 

these are probably to be explained in a similar manner. 

In digging over old rubbish heaps from the mines much small ore 

| is often found, and many miners accept this as evidence of its recent 

formation. But this is probably to be explained by the fact that the 

earlier miners did not usually separate the fine ore from the crevice 

dirt. It would be easy to determine, by inspection, whether this is 

new ore or old fragments, or crystals that grew in shale, but no oppor- 

| tunity has been afforded.
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It is further reported that there sometimes occur in clay, once 

worked over, thin knife-blade sheets of galena occupying cracks in 
the clay. This would, indeed, be good evidence, if the facts had been 
carefully and critically verified by an observer of known skill and 

trustworthiness. | | 
But leaving in doubt these cases there yet remain two other pre- 

sumable sources of redeposition. The lower lead-bearing beds, pre- 

eminently the Blue limestone, are pervaded with shaly layers and 

interleaved partings, which contain much organic matter, as does also 

some of the adjacent limestone. These shales check the descending 

currents and cause them to soak throngh slowly, and of necessity 

come in contact with the contained organic matter. The fact that the 

carbonaceous shaly leaves are often thickly studded with erystals of 
galena and blende demonstrably formed there, is good ground for 

believing that the organic matter was the precipitating agent. This | 
argument is deficient in that it does not determine whether the 

organic matter is still competent to precipitate the passing metallic 

compounds, but it is yet, at least, so far oxidizable as to burn with 
flame, and sometimes so abundant as to be burned in heaps for the 

purpose of separating the disseminated ores. 

The other possible precipitant is sulphuretted hydrogen, which is 
evolved in a variety of natural processes, as is well known. The , 
phenomena of our numerons artesian fountains indicate that it is 
very widely prevalent in the deeper strata. I have thought that the 
facts justified a broad classification of our natural waters into the 

superficial ones which are oxygenated and the deeper ones whicb are 

sulphuretted, designating the horizon of the former the zone of oxy- 
genation and of the latter the zone of sulphuration. In strata widely 

impregnated with sulphides, like those of the lead region, the sources 

for the development of sulphuretted hydrogen are prolific, and this 

distinction has more than its broad general application. The lead 

compounds, developed as above indicated in the zone of oxygenation, 

descending into the zone of sulphuration, would, I am confident, be 

redeposited as galena, so that, in part, what is lost above is saved 

below. In evidence of this, we may recall the facts given in detail 
in regard to special cases of succession in the order of deposition, 
notably the specimens from Marsden mine. It there appeared that, 
while there is a prevalent order for the main primary deposit, there is 

also a secondary series in special cases of prolonged deposition, and 
that lead is sometimes one of the most recent of these formations, 
being associated with calcite and pyrite in the constitution of stalac- 
tites, even forming one of their latest deposits. When we add to this
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| the bright fresh surfaces of the minerals, some of them especially 
prone to change, as marcasite, so strikingly in contrast with the aspect 

prevalent in the zone of oxidation, the belief that the ores are now 

growing and are in reality, as well as appearance, fresh, is more 

rational than the alternative view that they have remained unchanged, 

even untarnished, through the lapse of ages. It is difficult to believe 

that these minerals could have stood for any long period on the nar- 

row neutral line between the destructive and constructive processes in 

ceaseless activity in the earth’s crust, situated as they are in the drain- 

age channels between the upper and nether zones. It is, therefore, 

| my confident conviction, that, as the ores are being wasted by oxida- 

tion in the superficial horizons and borne down by the descending 

| drainage, they are caught and redeposited at lower depths through 

the agencies that have been indicated, and possibly others beyond our 

ken. To be sure, the loss of substance from oxidation above and the 

somewhat less gain from redeposit below, are trivial matters in their 

effects upon our resources in any limited lapse of time, when atten- 

tion is confined, as it has been here, to the ores aiready deposited in | 

the lodes, but when the more vital question is raised, Are ores being 

deposited from the source whence the existing masses were derived ¢ 

it assumes more importance, not so much from the value of the accre- 

tion, which is presumably very slow, as from the practical principles 

and methods, as well as theoretical deductions to be drawn from it. 

This question I shall aiso answer in the affirmative, but its discussion 

belongs to the second division of our disquisition. 

Recent Changes in Blende. It is common enough to break open a 

‘rough mass of zine carbonate in the form of dry bone and find the | 

interior blende, and a close inspection of a multitude of these leaves 

no room for doubt whatever that the blende has been changed, and 

presumably is still changing into “dry bone.” Associated with this 

there is often much of the hydrated zine carbonate, hydrozincite, 

which manifestly had a similar origin. It is to be noted that the 

zine carbonate not only does not habitually retain the structure and | 

crystalline outline of the blende but assumes a new and commonly 

more bulky form, characterized by a very irregular, eellniar structure 

that perhaps could not be better briefly defined than by its common 

name “dry bone,” derived from its likeness to the vesicular interior 

of a bone, the similarity being often enhanced by a coating of smooth 

compact hydrozincite on the exterior representing the outer osseous 

layer. To the mineralogist, however, the likeness to calcareous tufa 

is more obvious. It hence appears that there has not only been trans- 

formation but also transporiation over a small space. An inspection
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of the specimens shows that not only does the carbonate grow inward, 

replacing the transformed blende, but also grows outward by accretions 

on the surface. The hydrated carbonate enters quite largely into this 

latter growth, assuming concentric layers and a botryoidal surface. 

It has already been noted, in connection with theehanges of galena, 
that the zine carbonate, in certain instances, formed coatings over 

galenite cubes, which were subsequently removed and replaced by the 
zinc conpound. Tere, therefore, also the ores have been both trans- 

formed and transferred. 
It is further evident that the zinc formation began earlier and con- 

tinued at least as late as the action upon the lead, because it firsteoated 
and then replaced it. But we have instanced reasons for believing that | 

the dissolution of the lead ore is still in progress. It, therefore, is in- | 

ferred that the alteration of the zine is likewise continuous still. In 

| added support of this, the zine ore itself presents ample evidence 

as will presently appear. | 
Not only does the smithsonite coat and replace galena, but much 

more commonly it forms psendomorphs after calcite in a precisely 
similar way. In the fine collection of Mr. Henry, as well as among 

| the many specimens he has generously given me, every stage of the 

process is beautifully shown. There are specimens of calcite covered 

with but a thin, closely adherent film of zine carbonate; others with a 

thicker crust; others in which the surface of the ealecite beneath the 
crust is slightly eaten away and projecting points and plates on the in-— 
ner surface of the coating show the commencement of inward growth, 

following up the dissolving calcite; others, in which the ealeite is 

more and more reduced and the zine more and more advanced; others, 

at length in which there is only a crumbling remnant of the calcite in 
the center, and, finally, those in which it has entirely disappeared, 
leaving simply a shell of zine carbonate in the form of the original 
ealcite with an interior of reticulate plates. In no specimen observed 
was the interior entirely filled with solid smithsonite, but, on the other 

hand, the ore is disposed in plates correspondent to the cleavage lines” 
of the calcite. In many instanees, when the calcite is only partially 

. removed, the smithsonite plates may be seen advancing along the 
cleavage cracks of the ealcite. The latter mineral evidently dissolved 
most readily along certain erystalline planes and cleavage crevices and 

the zine deposition followed closely in the abandoned space. In the 
Mineral Point region, psendomorphs of this kind are quite common, 
especially in the Hutchinson range. They take all the prevalent forms 
of the calcite. The precise method by which these transformations 
took place seems to be as follows: Antecedent to the alteration there
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existed the original deposit of blende, associated with crystals of cal- 

cite, the latter usually adherent to the surface of the former, being a 

later deposit. Usually galenite and pyrite, or marcasite, were also 

present, but that does not concern us just here. The blende, zine 

sulphide, underwent oxidation, as in the case of galena before ex- 
plained, and the result was zine sulphate. This is a highly sol- 

uble compound and would be promptly borne away but for two circum- 
stances. In the first place, this reaction does not take place habitually a 

| beneath water, but in moist situations above the water level, and hence 

is not exposed to copious drainage. In the second place, zine sulphate 

| and lime carbonate coming together mutually exchange partners and 

become zine carbonate and lime sulphate, the former of which is only 

slightly soluble, while the latter is moderately so. When, by the 

oxidation of the blende, zine sulphate is formed, it creeps over the 
inoist surface of the calcite crystals and the above reaction takes place 

. between the lime carbonate of the crystal and the zine sulphate, by 

which zine carbunate is formed and deposited as a film on the crystal, 

while the lime sulphate passes on with the capillary moisture. When 

the coating has once been formed, there is little or no farther action 
on its surface, and so the form of the calcite remains essentially un- 

| changed, but the zinc sulphate, penetrating between the coating and 

the calcite, continues its action on the latter, at the same time adding 

to the growth of the former on the inner side. This capillary action 

would naturally take place most readily in the cleavage fissures of the 

calcite and thus give rise to the reticulated plates of zine carbonate 

: above described. It is to be noted, however, that the entire space 

occupied by the calcite is not filled with smithsonite, or in other 

words, the calcite is wasted faster than the deposition of the zine carbon- 

ate demands. Without entire confidence as to the adequacy of the 
_ explanation, the following will satisfy, at least, part of the demands of 

the problem. 

It has been stated that, in connection with the blende, there is usu- 

ally present iron bisulphide in the form of pyrite or marcasite. 

Some is also intermixed with the blende as an impurity. This like- 

wise undergoes oxidation, but, containing two atoms of sulphur to one 

| of iron, gives rise, on ultimate oxidation, to an extra equivalent of 

sulphuric acid, which will remove part of the calcite without re- 

siduum. Furthermore, when the reaction between iron sulphate and 

the lime carbonate takes place, the carbonic acid, instead of forming 

an iron carbonate, is set free and passes off, leaving only the iron 

oxide, whose volume is less than that of the iron sulphate, from which 

it was derived, or of the lime carbonate it displaced. Between the
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calcite removed by the extra acid and this shrinkage in reaction, there 

would result a considerable unocenpied space. The fact that the in- 

terior of these pseudomorphs are peculiarly ferruginous and the cal- 

cite sometimes coated with iron oxide, sanctions this explanation. 

Probably, also, the freed carbonic acid assisted in carrying away in 
the passing moisture some of the calcite, as bicarbonate. 

The reactiun which gave origin to the formation of “drybone ” from 
blende was essentially the same as that involved in the production of 

the pseudomorphs, the reduction of the sulphate being due to earthy 
carbonates in the capillary moisture derived from the adjacent lime- 
stone. 

In regard to the question whether blende is being now formed, 

essentially the same arguments and answer may be offered as in the 
case of galena. It probably is forming in the lower horizons both 

from the waste of the blende above and from the original source oe 
whence that was derived. | 

Recent Changes in Pyrite and Marcasite. As these are both iron 
bisulphides and underyo like changes, they may be conveniently con- | 

considered together. ‘These minerals also show in the clearest light 
the chemical and pseudomorphous changes which they undergo. 

A series of specimens may be readily gathered which show all stages 
of the process. First, there are those which are barely tarnished on 

their crystalline faces, then those coated with a thin film, and then 

others with a deeper crust of iron oxide, whose junction with the sul- 

phide shows that it is not a supperadded coating, while its texture 
demonstrates that it is not a produet of accretion but of alteration. 

Then there follow specimens, in which the oxide penetrates deeper and 
deeper until the sulphide has been entirely displaced. But we are not 
left even to this class of evidence, however convincing. Fresh masses 
of these minerals, especially the marcasite, may be placed on a shelf 
in the open atmosphere and will shortly begin to disintegrate and a 
bitter, efflorescent salt will appear on the surface, which examination 
will show to be iron sulphate. But these are bisulphides, and, in the 
change to the sulphate, but one of the equivalents of sulphur is needed, 
The remaining equivalent may form sulphuretted hydrogen and escape 
as a gas, or by oxidation give rise to free sulphur or sulphuric acid, 
according to the conditions. The latter would, of course, at once 
unite with the earthy carbonates to form ealcic and magnesic sulphates. 
But the iron sulphate formed, coming in contact with earthy carbon- 
ates, either in the rock, or in solution, gives up to them its sulphurie 
acid, which displaces their carbonic acid. In the case of lead and zine 
we have seen that the carbonic acid thus displaced united with the.
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metal forming a carbonate. With the iron, however, this does not 
usually take place, but the carbonic acid is set free, to the discomfort 
and danger of the miner, to whom it is known as “the damps” or 

“bad air.’ The iron takes to itself more oxygen, and usually water 
also, and becomes a hydrated sesquioxide, in most cases, known to the 

miner as ocher or rust. Occasionally, however, the iron sulphate is 

not removed by solution and does not undergo this reaction, but re- 
mains as a whitish, bitter salt, or organizes itself into pale greenish 

crystals, identical with our common copperas. This, of course, only 

occurs when there is very little percolating water and is not a stable 

or permanent product. Indeed it shows on the other hand the insta- 
bility of some of the constituents of our mineral lodes under certain 

natural conditions and illustrates the relative rapidity of their changes. 

The limonite, produced by the oxidation of these sulphides, very 

commonly retains the form of the original mineral, and, in some of 
the radiating varieties, presents very interesting, and, to the miner- 

alogical sense, very beautiful forms. 

— Recent Changes in Chalcopyrite. As might now be easily con- 

jectured, this mineral, a double sulphide of copper and iron, suffers 

alteration in a manner precisely similar to the foregoing. Oxidation 

gives rise to copper and iron sulphates and these, in turn, are reduced 

to copper carbonate and iron oxide by the action of the earthy car- 

bonates. The copper carbonate may take either the form malachite 

or azurite. Both are not uncommon in the same specimen. 
Recent Changes in Calcite. Mention has already been made of 

_ the changes which calcite crystals suffer, in certain instances, through 
the agency of the decomposition products of blende where it is quite 

clear what the agencies of alteration were. In many other instances, 

this spar has manifestly suffered much corrosion and, from the fore- 

going considerations, it is clear enough what might have been, and, in 

large measure, probably were the agencies. Any one of the sulphuric 
products of the oxidation of the sulphides was competent to destroy 

its integrity. But, in addition to this common corrosion, calcite not 
unfrequently sustains a relation to barite that appears to show that it 
is being replaced by that mineral. The barite occurs in patches in 
what would seem to have been otherwise a continuous seam or mass 

of calcite. ‘The ragged interlocking edges, at their junction, forbid 

the idea that they were originally deposited in this juxtaposition. 
The crystalline planes of the calcite are interrupted by the barite in a 
way scarcely accordant with the view that the barite was present when 
they were formed, while the structure of the barite is very irregular 

as thongh assumed under conditions adverse to symmetrical crystal-
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line devolopment. Neither have the outline they would have as- 

sumed had they formed either before or after the other, or indeed 
simultaneously, without corrosion or substitution. 1t seems, therefore, 

quite clear that the barite is replacing the calcite. Precisely how this | 
is being done is not so clear as in the preceding instances of substitu- | 
tion. If the barium was brought into contact with calcite in the 

highly soluble form of barinm sulphydrate (presumed to have been 

formed from barium sulphate by the action of decomposing organic 

| matter), simple oxidation and recombination would form both barium 
and lime sulphates, the former remaining because of its extreme 
insolubility and the latter passing away in solution. While possible, 
it is not highly probable, that the barium comes into action in this 

form, but rather in that of the carbonate, since it occurs in this 

| form in springs and the deposits from them, and is also found in the 
lead regions of Lexington, Alston Moor, Silesia, and elsewhere. 

Barium carbonate is soluble in water charged with free carbonic 
acid and, in this form, it would be carried into the minute fissures | 

and capillary crevices between the calcite and the metallic sulphide 

with which it is associated, usually blende. Here it would meet 

either a metallic sulphate, formed from the direct oxidation of the 
sulphide, or with lime sulphate, due to the secondary action of the 

metallic sulphate on lime carbonate. Jn the former case, there would 
be a simple exchange of acids, resulting in barium sulphate and a 
metallic carbonate, usually smithsonite; in the other case, there would 

be a similar reaction between the barium carbonate and lime sulphate, 

yielding barium sulphate and lime carbonate. This latter in the 

abundant presence of free carbonic acid will pass away in solution. 

In either case, the final result is the removal of the calcite and the 

deposition of the barite. It is not altogether improbable that all of 
the foregoing reactions take place under different circumstances. 

Recent Changes in the Inclosing Lock. In addition to the recent 

transformations in the minerals of the lodes, it is worthy of note that 

the adjacent rock participates. The walls of the fissures have, in 

many cases, been extensively disintegrated, giving rise to the clay and 
calcareous sand that now fills the crevices. The outer portion of 
blocks of rock have been much eaten forming “ tumbling rock,” caves 
have been formed, and, in general, the whole upper portion of. the 
formation has been changed from its original blue or gray color to its 

present buff hue and, at the same time, corroded in various degrees, 
This action is due partly to the dissolving of the rocks by drainage 
waters, carrying free carbonic acid and other solvents brought down 

from the surface, partly to the action of corrosive substances derived
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from the rocks themselves, and partly to the reagents arising from the 

chemical reactions of the minerals of the lodes. 

The last two agencies arise mainly from oxidation. The descending 

surface waters carry down oxygen not only through visible fissures 

| but by means of capillary crevices and minute pores and thus oxygen- 

| ate all substances whose affinities are not already satisfied. The main 

results are the peroxidation of protoxides, the decomposition of 

organic matter, and the change of sulphides to sulphates. The at- 

tendant secondary results are the solution and removal of a portion 

of the rock and a change in the composition, coherence, and color of 

+ the remainder. © | a 
That portion of the strata that has been subjected to this action has 

been designated the zone of oxidation. The superficial region above 

the permanent water level most obviously belongs to this zone, and 

there the results of oxidation are most conspicuous. The most active 

portion of the zone lies just at the water level where chemical trans- 

formations are relatively vigorous. Below this line, the free oxygen 

of the water is gradually consumed and its activities correspondingly 

lessened and the zone shades away to the neutral line, beyond which, 

in our view, the oxygenated compounds are robbed af oxygen by com- 

pounds of stronger affinities and there is, in large part, a return to the 

former state, the metallic compounds again becoming sulphides. 

| X. Orn Derosrts 1x TuHE Lower Formations. 

Our attention has thus far been confined to the ore deposits of the 

Trenton and Galena limestones, in which are situated all the lead and 

zine mines that have been thus far profitably wrought for any consid- 

erable period of time. It is a matter of supreme practical and the- 

uretical interest to determine whether the formations lying below 

these are productive or barren, a question upon which there has been 

much diversity of opinion. Theoretical views and financial interests 

alike are affected by this important problem. It is more important, 

however, to ascertain the probable facts than to sustain a theory or be 

led into false practical conclusions. It is manifestly, therefore, our 

first duty to gather all the trustworthy evidence within our reach con- 

cerning the actually observed occurrences of ores within these forma- 

tions. 
Ores in the St. Peters Sandstone. 

Concerning the metalliferous character of this formation Dr. Owen, 

writing in 1851, in the midst of the earlier mining explorations, says: 

‘This sandstone formation appears to be destitute of other minerals foreign toiis
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composition. Its structure is unfavorable for the retention of metallic ores for reasons 

previously enlarged upon.” ! | 

Dr. Percival, in his report of 1855, says: : 

‘‘The Upper Sandstone, so faras I have been able to ascertain, has not yet been found 
to contain mineral either in crevices or openings; but a sheet of zinc ore and iron pyrites 
at Mineral Point, already referred to (p. 55), is said to have been traced 2-3 feet into 
that rock, in the line of a crevice bearing mineral to the base of the blue limestone. 

Copper ore is also said to have been found in the sandstone at the depth of several feet, 

in the same vicinity. It is thus not improbable that if the mineral is interrupted in the 

sandstone, ores of zinc and copper may be found there in its place.”’? The passage 
referred to is as follows: ‘‘I have not yet had an opportunity of tracing such a vein 

lower than the upper bed of the blue limestone; but I have been informed by J. 

Bracken, Esq., that such a vein, in the Victoria range (Mineral Point), was followed 

down to the base of the blue limestone, and that the accompanying zinc and iron ores 

were even traced into the upper sandstone.”’ | 

Prof. Whitney, in the report of 1862, speaking of the Crow Branch 
mines, says, p. 363: | 

‘Up to that time no ores had been observed in the sandstone, although the mineral- 
ized deposit was thus brought down nearly into contact with that rock. I have recently 
(August, 1860) learned from A. K. Johnston, Esq., that in a visit made to these dig- 

gings, in July preceding, he ascertained that ‘ two distinct veins of Galena had recently 
been discovered running through the sand-rock.’ Of the size of the veins, or depth to 

| which traced, no information was given. At all events, the fact is an interesting one, 
as itis the first authentic occurrence of lead ore in this rock, so far as Ihave been able - | 
to ascertain. It is not probable that these veins will be found penetrating to any con’ ~~ | 

| siderable depth; but, of all the localities in the lead region, this was the one where it 
might be most naturally expected that, if anywhere, the ore would be found making 
in the sandstone.”’ . 
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I received from Mr. Henry, to whom I am indebted for many similar 

favors, a specimen of St. Peters sandstone from Crow Branch contain- 

ing galena, of which Fig. 61 is a sketch, natural size. The most 

interesting feature of the specimen is that the ore, instead of accom- 

panying a seam, is an infi/tration into a thin layer of the sandstone, 

somewhat coarser and more open than the adjoining. The grains of 

sand are inwrapped and bound together by the galena. In passing : 

through the specimen, which is but three-fourths of an inch thick, the 

dimensions of the little vein, if it is worthy to be so ealled, are re- 

dueed one-half. | 

To these there might perhaps be added a few similar observations, 

less well authenticated, but they would add nothing to the character, 

but only somewhat to the number of instances. The St. Peters sand- 

stone is well exposed at several localities, notably that of Mineral 

Point, closely beneath rich lead deposits, and is conspicuously barren 

and there is no sufficient reason for supposing the formation to be in 

| any noteworthy degree metalliferous. | 

Ore Deposits in the Lower Magnesian Limestone. 

As early as 1848, Dr. Owen collated the following evidence con- 

cerning the occurrence of lead ore in this formation.? After referring 

to the existence of trappean and metamorphic rocks in the region 

northward, he says: 

‘There can now be little doubt that the whole mining region of the Mineral Point 

and Dubuque districts of Wisconsin and Iowa is based upon a sienitic and granitic 

platform which would, in all probability, be reached by penetrating to the depth of 

from one thousand to two thousand feet. 

“These facts, taken together, may be considered as favorable to the metalliferous 

character of F. 2. [Lower Magnesian limestone.] Fortunately, I am able to bring 

several actual discoveries in corroboration of this inference. 

‘Near the base of a bluff composed of F. 2, on the west side of the Mississippi, 

some ten or fifteen miles above the mouth of Turkey river and ‘just above the French 

village, from seven to ten thousand pounds of lead ore were obtained from openings in 

the rock by Dr. Andros. More or less galena 1s found here, in all the horizontal open- 

ings, for the distance of half a mile to a mile. 

“Near the mouth of the Kickapoo, on the southeast quarter of section ten, township 

seven north, range five west of the fourth principal meridian, pieces of lead ore, 

weighing from half to three-quarters of a pound, have been obtained from cherty beds 

of the inferior part of the lower magnesian limestone. A company has lately com- 

menced exploring there, and has obtained some hundred pounds of galena. 

‘On the opposite side of the same valley Hearn and Ward obtained about four hun- 

dred pounds of galena; some masses weighed fifteen pounds. On section fifteen, town- 

ship seven north, range five west of the fourth principal meridian, some lead ore has 

been found. 

_ 1Executive Document, No. 57, first session, 80th Congr2ss, page 23.
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“In the hills at the first great western bend of the Kickapoo, a little balow the mouth 
of Plumb creek, Hearn and Miller discovered some lead ore. 

‘Half a mile south of the aforementioned valley, on the south half of section fifteen, — township seven north, range five west of the fourth principal meridian, Burns and Miller procured about a hundred pounds of lead ore. | | ‘Kast of the first locality, Hearn and Miller dug sixty feet, and followed an east and west lode, in which they obtained a small quantity of lead ore. 
‘‘ All these discoveries were made in the lower magnesian limestone, F. 2. 
‘In the same vicinity, on the south half of sections thirty-three, thirty-four and thirty-five, township eight north, range five west of the fourth principal meridian, there are vestiges of ancient diggings wrought by the aborigines. : | | | “ Between Yellow river and the upper Iowa, Mr. A. L. Martin found several pieces oe — | of lead ore on the surface, weighing four or five ounces, and observed a place where - | the Indians must have excavated the hill in search of this ore. | ‘On the upper Iowa river in several places east and west, crevices were observed in the lower macnesian limestone, presenting symptoms of being galeniferous, especially ata bend of that river where the stream flows over solid ledges of lower magnesian limestone with bold bluffs of the same on the south side. This place is eight or ten miles below the Big Spring, and by water about sixty miles above the confluence of the upper Iowa with the Mississippi. 

/ Cn the Nazi Oju, Mr. B.C. Macy, of the geological corps, saw a vein of lead ore of : four inches in width, bearing nearly east and west, and ranging apparently for the dis- tance of half to tirse-quartars of a mile through the lower magnasian limestone. 

In his final report of 1851, he supplements the above by the fol- 
lowing remarks; page 63. : 

“*To the above may be added some interesting discoveries made in this formation, | between Plum and Pine Creeks, tributaries of the Kickapoo. Between these streams in the southwest corner of section 26, township 8 north, range 5 east of the 4th princi- pal meridian, on the southeast slope of a hill, copper ore, associated with hematite, was found and traced into a crevice traversing the lower cherty beds of this formation. On the opposite side of this hill no copper ore has yet been noticed; but, four miles be- a | | yond, in a north-northwest direction, on the slope of another hill of about the same ele- vation, similar copper ore was picked up. 
| ‘‘ About twenty miles north of the mouth of the Kickapoo, four miles west of it, and seven miles east of the copper range heretofore mentioned, in the valley of Hale’s Creek, ~ leadore has been obtained, apparently connected with an east and west lode. ‘A heavy lode of lead ore. is said also to have been discovered on the Ilalf Breed tract near the Wazi-oju, by Joseph Bison. This vein is represented as being from ten inches to a foot wide, and filled with galena embedded in the usual matrix of red, ten- acious clay. . 

‘Two miles below Bad Axe river, Mr. Pratten, of the geological corps, found lead ore attached to calcareous spar, which evidently feil from the cliff of the Lower Magnesian limestone above the spot where the specimen was picked up. 
‘In the Winnebago reservation, not far from the Iowa river, and a few miles north- west of the small town of Lansing, lead ore was found, in small quantities, chiefly in pockets and cavities. . 
“The above instances abundantly prove that the Lower Magnesian limestone, as well as the Uppsr, is lead-bearing; whether productively so, or not, cannot be fully determined until the rock is scientifically mined. Ib is certain that, at many of the above localities, the rock is exceedingly cherty, and is consequently hard and difficult and expensive to.
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work, and near the surface the ore is much scattered and disseminated through the rock, 
rather ir horizontal openings than in vertical veins; still, if this surface ore should be 
connected with deeper-seated lodes, as there is some reason to believe it may be, then 
these would be well worthy the attention of the miner. 

“Under present circumstances, however, and with the uncertainty attaching to the 
last hypothesis, I have not considered it my duty to recommend lead mineral reserva- 
tions where this formation prevails. 

** As to its copper ore, the Department will recollect that, on the 23d of November, 

1848, I reported certain sections, and fractional sections, which were regarded as min- 
eral lands, but added, that, until the chemical analyses of the various samples of ores 
taken from different crevices were completed, I could not decide upon their productive- 

' ness. ‘These examinations have now been made and their results, together with other 
considerations, do not, in my opinion, justify their designation as productive mineral 

| lands. Some of the richest portions of the copper ore have yielded, it is true, as much 
as twelve per cent. of copper; and, it is possible, by the outlay of a large sum of money 
veins might be followed and finally yield a profit to the miner; but. the average per- 
centage of all the ore and copper-earth which I have analyzed will not amount to more 
than four or five per cent., and a great deal of it to only one per cent. In anew country, 
distant from a market, ores of this description are not worth working.” 

Dr. Percival, in his report of 1853, makes the following additional 
contribution to our knowledge of the subject, page 66: 

“Tf the mineral is interrupted in the upper sandstone it reappears in the lower mag- 
nesian. Numerous instances are stated of the occurrence of mineral in the lower mag- 
nesian in Owen’s reports (1847, 1852), and several other localities have been mentioned — 
to me by different individuals, near the Mississippi, and in the country between it and 
the Kickapoo, north of the Wisconsin. I shall, however, confine myself here to my 

own observations. I have not yet had time to explore the country occupied by the lower 
magnesian to any extent, and have visited no other diggings in that rock, but those in 

the vicinity of Blue river, known as Ohlerking’s Diggings. “These, however, furnish 
satisfactory evidence that the mineral occurs in that rock, in as proper openings, in as 
large masses, and arranged as regularly as in the upper magnesian. The diggings are 
in the sides of a ravine, 60 to 70 feet deep, leading to the Blue river, about three miles 
west of Franklin village. The lower magnesian occupies the sides of the ravine nearly 
to the summit, where it is overlaid by a low bluff of the upper sandstone. About 
three-fourths of the descent below the sandstone is occupied by a steep slope, formed 
by the softer upper bed of the lower magnesian, below which is another low bluff 
formed by the harder middle portion of the same rock. Three successive openings, one 

above the other, appear to oceur here in the lower magnesian; one 8 to 10 feet below 

the sandstone, another just above the harder middle bed, and a third below the bottom 

of the ravine, in the latter bed, and at a depth of about 70 feet in the lower magne- 
sian, The openings appeared partly narrow and vertical, partly wide and flat, with 

appearances of decomposition and stain in the rock, deposits of clay and ocher, and 
arrangements of the mineral, similar to those in the upper magnesian. Flint, such as 

is peculiar to the lower magnesian, is found in the openings, and is connected with the 

mineral in the same manner as has been noticed in the flint openings in the upper mag- — 

nesian. ‘The mineral in these openings generally appeared in more or less detached 

masses (chunk mineral), often very large, weighing more than 100 tbs.; a few even | 

more than 500 ths. It was what is called pure mineral, free from iron and zinc ores, 

and strongly resembled that found in the upper vertical openings in the upper magne- 

sian. After examining this locality, I could not doubt that the lower magnesian is a 
good mineral-bearing rock.” 

Vo. IV.— 33
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| The following is Prof. Whitney’s review of the evidence bearing 
upon the subject (pp. 408-413): 

‘‘The advocates of deep mining bring forward several instances of the occurrence of 

lead ore in the Lower Magnesian, where this rock is exposed on the surface to the north 

of the Lead Region, from which they infer that it can be profitably mined in, by con- 

tinuing the workings in the regular lead-bearing rock of the district down into the 

underlying formations. Now it might be that the Lower Magnesian could be profita- 
bly worked in when it lies next to the surface and yet that it would not pay to sink to 

it through a thickness of one hundred feet or more of unproductive strata, when neces- 

sarily expensive machinery would be required to keep the mines free from water, in 

addition to the increased expenditure for the machinery required for hoisting from a 

considerable depth. We will go farther, and make the assertion based on pretty ex- 

tensive observation in the region, that if the present lead-bearing formation, the Galena 
limestone, were covered by one hundred feet of unproductive rock, as difficult to sink 

through as the Upper sandstone; the deposits of lead which it contains could only in 
very exceptional cases be worked with profit; and as these cases could not be known 

beforehand, the result, on the whole, would be unsatisfactory. Therefore even if it be 

admitted that the Lower Magnesian does contain, beneath the Lead Region, as large 

and valuable deposits of ore as the Galena limestone, it could not be mined with profit 

| except where it crops out in the valleys, or is overlaid by only a thin stratum of other 

| rocks. This statement is made, of course, with reerence to the present condition of 
prices, wages, etc., in the Lead Region. | 

‘* But, on the other hand, we are not prepared to admit that the Lower Magnesian ever 

has been, or is likely to be, profitably mined in for lead, either when it comes to the 
surface, or when it is overlaid by other rocks. For the purpose of determining this So 
point, we have examined all the localities where galena has been reported as having 

been found in any noticeable quantity, and are able to affirm that, at the present time, 

no profitable mining is carried on in the Lower Magnesian, and that none ever has been 
for any length of time; -and, farther, that no well developed crevices, or such as could 
be followed to any distance, have ever been found in it. 

| ** The princ:pal localities which have been quoted and relied on as affording evidence of 

the productiveness of the Lower Magnesian are the Kickapoo, and Ohlerking’s or Moosan’s 

diggings, near Franklin, although neither of these has yielded as much ore, or been as 
worthy of notice, as those at New Galena, on the Upper Iowa river, in lowa. The last 
named diggings are thus described by me in the Iowa Report: | 

‘** Along the face of the bluff, in which a thickness of 120 to 150 feet of the Lower : 

Magnesian limestone is exposed, a number of drifts have been extended into the rock, . 

a little below its juncture with the sandstone, and considerable galena has been taken 

out. The limestone, at this point, is brecciated in its structure, appearing as if it had 

been rartially broken up after its deposition, and then re-cemented; portions of the 
rock have also a concretionary structure, and its whole appearance is that of a mate- 

rial which has been subjected to both mechanical and chemical disturbances. The ore 

appears to be associated with irregular strings and bunches of calcareous spar, ramify- 

ing through the rock, but nowhere assuming a regular form, like that of a vein, or 
. appearing to occupy a well-developed fissure. Sometimes a little decomposition of the 

rock has taken place, which has given rise to a sort of opening, but none were ob- 
served which were more than a few inches wide and a few feet long. It is said that 

between fifty and one hundred thousand pounds of ore had been obtained from these 
diggings; but it seems hardly possible that the operation should have been, on the | 
whole, a profitable one; and, taking into consideration the hardness of the limestone, 

and the very limited extent to which it has undergone decomposition in the vicinity of 
the mineral deposits, we see little to encourage farther expenditure at this point.’
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| “Since the above was written, we have had no further news from that quarter; but 
/ consider ourselves safe in presuming that all thoughts of doing a profitable business in 

_the vicinity have been abandoned. Probably over five dollars were expended there for 
every dollar’s worth of ore taken out. 

| “The Little Kickapoo diggings were visited by Dr. Kimball in the sprine of 1860, 
and from his notes I learn that they are occasionally worked by one person, but with no 
favorable results. A great number of shafts have been sunk for the purpose of proving 
the ground, some of them to the depth of forty or fifty feet, and, as there is no trouble 
from water, there is no difficulty in the way of following down the ore, if there were 
any to follow. ‘There are fissures‘in the rock without a uniform direction, which lead 
down to a sort of opening, in which the ore is found disseminated in large masses of 
flint. The material of the opening is ferruginous, and sometimes soft, the whole ap-. | 
pearance resembling that of the openings in the Galena limestone. ‘The quantity of 
ore, however, which is found here, is too small to repay the labor required to get it out; 
only about 20,000 pounds have been taken out, in ten years that the locality has been 
worked over — or about $60 worth a year. It appears, also, from descriptions given me 
by intelligent miners who had worked at these diggings, that the opening-like charac- 
ter of the rock only extended for a short distance into the bluff, and that, on following 
the deposits beyond the point to which atmospheric agencies have had an opportunity 
of reaching, the strata became hard beyond all hope of profitable working. ‘There can 
be no doubt that the locality in question is not one which can be adduced in favor of 
profitable mining in the Lower Magnesian. 

‘* More recently, the occurrence of lead ore in this rock, near Franklin, has been made 
the subject of much comment, and given rise to unbounded hopes of profitable deep 
mining. ‘These diggings, which are known as Ohlerking’s or Moosan’s old diggings, 
are situated about two miles southwest of Franklin, on a branch of Blue river, the 
valley is narrow and inclosed by bluffs, which rise with a steep but grassed slope to the 
height of 230 to 250 feet, of which the lower seventy belong to the Lower Magnesian, 
and the next eighty to the Upper sandstone, which is overlaid by seventy to eighty feet | 
of Blue, with thin outliers of the Galena limestone on the summit. Dr. Percival says 
that three successive openings here occur; one eight to ten feet below the sandstone, 
another just above the harder middle bed, and the third below the bottom of the 
ravine, in that bed, and at the depth of about seventy feet in the Lower Magnesian. 

_ He further adds; ‘The openings appeared partly narrow and vertical, partly wide 
and flat, with appearances of decomposition and stain in the rock, deposits of clay and 
ocher, and arrangement of the mineral, similar to those in the Upper Magnesian (Ga- 
lena limestone). The mineral in these openings generally appeared in more or less de- 
tached masses (chunk mineral), often very large, weighing more than 100 pounds, a 

| few even more than 500 pounds. After examining this locality, T could not doubt that 
the Lower Magnesian is a good mineral bearing rock.’ 

‘‘On visiting this locality in 1859, I found only one person at work there, from whom 
a very dismal account of the prospect of mining in the Lower Magnesian was obtuined. 
He had sunk a shaft twenty-five feet deep, from which he had raised about ten pounds 
of ore; but I was unable to detect any sign of crevice or opening, in the excavation; 
and as no other was accessible, my impressions were necessarily very unfavorable in re- . 
gard to the prospects of mining in this formation, especially after listening to the vehe- 
ment objurgations of this solitary miner against his own stupidity in continuing to 
‘prospect’ in so barren a rock. According to this individual, the ore obtained here , 
was all taken out ‘in the grass roots’ —i. e., close to the surface — and no crevice had 
ever been found leading down to anything workable, a statement which agrees with all 
I have myself observed in the Lower Magnesian. 
“Qn the whole, it will be safe to say that no profitable mining has ever been carried
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on in this rock, and that it is entirely wanting in well developed crevices, or openings 

promising enough to justify expenditure in proving them. Of course, it is not impossi- 

ble that some locality may hereafter be discovered which shall be worked for a time 

with profit; but that the Lower Magnesian can be ealled, on the whole, a ‘good metal- 

liferous rock,’ is what we are not, in view of the above facts, disposed to admit. 

Mr. J. Murrish in his report on the lead regions for 1871 makes 

the following observations: : 

‘“T have visited several places to the north of the lead district, where the lower mag- 

nesian becomes the surface rock, and where lead ore in small quantities has been found. 

At Orion, in Richland county, where a small range of fissures crouses the north and 

south axis near the fourth principal meridian, very fine specimens of lead ore are 

found. At Rio, also, in Columbia county, on the eastern extension of the Barabo. 

range of hills, very good specimens of lead ore are found in the lower portion of the 

lower ma:nesian limestone, which for quality and form of erystallization are equal to 

anything we find in the lead district proper. 

It is true these deposits in the lower magnesian, out of the lead district, do not com- 

pare with the very heavy deposits of ore in the upper magnesian in the lead district, 

and it would be unjust to draw a comparison between them, from the fact that the 

same evidences of the action of physical forces from beneath are not found. Yet 

when compared with similar places in the upper magnesian out of the lead districts, 

under similar conditions, the lead bearing qualities of the lower magnesian are equally 

apparent.” 

On pages 72 to 78 of the present volume Mr. Strong has reviewed, 

more fully than any previous observer, the facts at present ascertain- 

able in relation to the occurrence of lead in the Lower Magnesian 

limestone of the region lying immediately north of what is recog- 

nized as the lead district proper, and to this the reader is referred. On 

pages 66-72, he has described the copper deposits of the same region, 

which should be studied in connection with the lead, since they belong 

to the same class of deposits, and occur in essentially similar situa- 

tions. Since Mr. Strong examined the region, Mr. Ohlerking, of 

Highland, has renewed, upon a more systematic basis, mining opera- 

tions at the well known locality, near Highland, with the purpose of 

developing the real value of that much discussed deposit. In my 

annual report for 1877, I gave the result of observations made during 

that year, as follows: 

‘“Mining operations having been recently prosecuted in the Lower Magnesian lime- 

stone, near Highland, by Mr. Ohlerking, an examination of the locality was made by 

the writer in September, and subsequently the drifts were carefully surveyed by Mr. 

. Wilson, who located them upon the surface of the ground, and made a topographical | 

survey of the vicinity. 

The mine is located on the slope of a ridge, the summit of which is formed by the _ 

Trenton and Galena limestones, the steep slope by the St. Peters sandstone, and the 

base by the Lower Magnesian limestone. The shaft penetrates 45 feet of the sandstone, 

and about an equal depth of the Lower Magnesian limestone. | 

hp. 42. .
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| From near the base of this shaft, a drift has baen extended along an opening in a 
somewhat irregular course, as follows: in a direction N, 1° E., a distance of 8 ft. 8 

in.; thence N. 454g° E, 17 ft.; thence N. 824¢° E., 31 ft. 8 in.; thence N. 6774” 

| E., 14 ft. 8 in., where it divides, one portion continuing on in a course N. 80° 
E., for 16 feet 6 in., where the working terminated at the time of our visit, The 

other portion extends N. 28° E., for 15 ft. 4in., where it terminates. 

A branch drift commences at 30 feet from the shaft and extends N. 50° E., for 15 

feet 4 inches, when it turns to N. 131° W., and continues 14 feet 8 inches, when if 

changes again to N. 16° E., for a distance of 16 feet, the limit to which it had been 

worked. An older drift has a direction, through about 90 feet of its course, of N. 16° E., 

connecting at its southern end with one extending 30 feet in a direction N. 6314° W. 

The entire extent of the drifts was about 280 feet. The opening was largely filled with 
clay and decomposing rock, and contained considerable quantities of the reddish, slightly 

cohesive substance, known among miners in some localities as ‘joint clay.’ The wall 

| rock is not well defined, the clay and decomposing material apparently graduating into 

the modified strata. Atthe extremity of one of the drifts, there was an irregular space | 
between the unmined clay and the arching roof of the opening, and I was informed 

that this was a common fact. That which is regarded as the cap rock, consists of a 

layer of silicious dolomite about one foot in thickness, over which lies a stratum of 

greenish blue clay shale of somewhat irregular thickness, averaging perhaps six inches. 

The openings probably had their origin in fissures around which the rock has decom- 

posed, giving rise to the present clay filling. The lead ore was mostly taken from 

within the clay, being neitherat the bottom nortop. I extracted w piece, however, that 

was firmly imbedded between two undisturbed layers of rock. The ore seen was chiefly | 

in large cubes, considerably worn or corroded on the surface, and often coated with the 

carbonate of lead.” 
Subsequently Mr. Ohlerking sunk to the depth of 175 feet developing some 

further openings not well defined containing small quantities of large ‘* chunk 

mineral.’ From the bottom of the shaft, a boring with a common drill, was extended 

downwards to a depth of 84 feet where the Potsdam sandstone was reached. Mr. . 

Ohlerking is of the opinion, judging from the pulverized drillings, that oxide of man- 
ganese occurs in considerable quantity at about 35 feet from the bottom of the shaft, 

toadepth of about 12 or 14 feet. The first 35 feet of the boring seemed to pass 
through a mass of limestone and flint irregularly mingled. Below this, down to the 

Potsdam, the formation secms to be limestone. in regular layers from one to two feet 

in thickness. The entire amount of ore produced up to 1880 is given at 10,000 pounds. 

The foregoing constitute all the reliable data within my command 

relating to observed occurrences in the Lower Magnesian limestone, 

not only within the recognized lead district itself, but in the adjacent 

region on the north, which, from its more than usual metalliferous 

character, I embrace in the general ore region of southwestern Wis- 

consin. » 

It will be observed that these quotations include observations rang- 

ing over about a score of years, and that the observations were made 

by investigators who, if biased at all by theoretical considerations, 

were, in part, predisposed to a favorable interpretation, and in part to 

an adverse one, so that the evidence now presented is not open to the 

charge of being ew parte testimony. My own conclusions are re- | 

served to the general discussion of theoretical inductions.
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On pages 69-72 of this volume, Mr. Strong describes the copper de- | 
posits of this formation found in the metalliferous area immediately . 
north of the lead region, from which it appears that this ore, though 

not attaining, so far as past developments have demonstrated, in- 
dustrial importance, yet has a development altogether exceptional in 
the formation in which it is situated; for, although the Lower Mag- 

nesian limestone is fully developed and extensively exposed both to 

the westward and northwestward, eastward and northeastward from 

this region, it does not there present any noticeable traces of cuprifer- 

ous ores. These localized deposits, therefore, fall in the same category 

with the ores that have formed the main subjects of our present dis- 

cussion, and it is evident that this area is to be added to the hereto- 
fore recognized lead region, as forming one general mineral district. 

) The foree of this conelusion becomes more especially evident when we 
consider the fact that copper occurs at several localities in the heart 

of the lead region and that, at Mineral Point, in particular, it develops 
mines of economic importance. | 

Metallie Deposits in the Potsdam Sandstone. 

While the Potsdam sandstone is exposed within the recognized area 

of the lead region, it is nowhere open to direct inspection immedi- 

ately beneath any of the productive areas. What, therefore, may be 
its nature in such sitnations is purely a matter of hypothesis. In the 

| metalliferous area lying north of this region, regarded as a part of the 
district, when considered in its totality, this formation develops locally 
unusual metalliferous character. Mr. Strong, on pages 40-56 of this 
report, describes no less than twenty-two localities wherein noteworthy 

deposits of iron occur. To these a few others, lying without the dis- | 

trict falling under his inspection, or that have been developed since 

his examination, may be added. The occurrence of a small quantity 

of iron, a metal of almost universal distribution, would not be thought 

worthy of special consideration, were it not comparatively absent in 

the wide range of the formation on either hand. In so barren a for- 
mation, the occurrence of sufficient quantities of iron ore to attract at- 
tention on account of economic importance is a phenomenon entirely 
worthy of consideration. A number of these deposits have been ex- 

ploited and, to a limited extent, mined, but altogether the most notable 
is that of Ironton, Sank county, which has supplied a furnace with an 
excellent quality of ore for the last twenty years, without having de- 

termined, or given any reliable indication of its full extent. Since 
this deposit is the most pronounced of its class, and has been the sub- 

ject of some diversity of opinion, and is, withal, an exceedingly
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peculiar and interesting formation, it may properly here be made the 

subject of description, so far as its peculiarities relate to the general 

subject of our discussion. _ 

The exposed portion of the deposit lies from one to two hundred 

fect below the upper face of the Potsdam sandstone. It is situated 

| within a belt of rock from ten to thirty rods in width having a north- : 

easterly-southwesterly strike, which is indurated to such an extent as 

| to be readily distinguishable from the adjacent friable sandstone. 

This induration does not reach a degree that would ordinarily be 

| called metamorphic, though it is unquestionably a step in that direc- 

tion. It has been so far compacted that its original regular cleavage 

into slabs has been largely replaced by an irregular fracture, render- 

ing it difficult to shape it conveniently into dimension stone. Its 

natural outlying blocks assume the form of pyramidal masses quite 

notably distinguishable from the rectagular blocks derived from the 

adjacent unmodified sandstone. These pyramidal blocks further show 

their modified character by their successful resistance of weathering, 

| while the unmodified masses on either hand present the worn and 

eaten surface common to the exposed outliers of the formation. 

Along the line of this belt are a few springs of really magnificent ; 

proportions. The ore, as developed within the mine, is intimately inter- 

mixed with large angular blocks of indurated sandstone. But the 

manner of this association is peculiar and at first inspection not readily 

explicable. The prevalent professional judgment seems to have been 

that it is an aqueous accumulation which formed on the flank and base 

of a precipitous sandstone hill, from the upper portion of which 

| bowlders, loosened from time to time, fell upon the accumulating 

deposit and became ;mbedded in the forming ore. A fatal objection to 

| this hypothesis is the almost total absence of earth, sand, soil and organic 

debris, that would inevitably have become mingled with the forma- 

tion under such cireumstances. Furthermore, critical inspection of 

the sandstone blocks and their precise relations to the ore, renders this 

hypothesis unsatisfactory. The only rational conception of its forma- | 

tion which I have been able to frame is that the ore accumulated by 

aqueous deposition among the fractured blocks, while they still occu- 

pied a subterranean position within the indurated belt, which [ con- 

ceive to be a line of local breakage, analogous to the fissures of the 

lead region. Cavernous spaces are thought to have been developed 

between the fractured blocks on the relaxation of the pressure which 

caused the original fissuring, and ferruginous solutions deposited the 

| ore in these cavernous interspaces. During its accumulation, slight 

movements of the formation are supposed to have caused fractured
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blocks to fall from above into the accumulating deposit, so that cer- 
tain of them are completely enveloped within the ore. 

That the ore was a deposit from solution is entirely beyond ques- 
tion, since it is not only hydrous in character, though not largely 
limonite, but takes characteristic botryoidal forms, pipe-like accre- 
tions, with hollow interiors, mammalary embossments, with radiate 
interior structure, and stalagmitic and stalactitic forms, displaying in 
the most marked manner their aqueous origin. That the solutions 
were descending is conspicuously evident from the pendent forms of 
the accretions. 

The other iron ore deposits of the region have not sufficiently fal- 
Jen under my personal observation to enable me to determine whether 
they are attended by similar associated phenomena, except that on 
TTagerman Hill, a mile and a half southeast of La Valle, a similar 
ore of aqueous deposition occurs associated with indurated and brec- 

| ciated rock. The sandstone of this latter locality is also impregnated 
with malachite and chalcopyrite, doubtless the original form of the 
whole. 

Mr. Strong also notes ! a small horizontal sheet of copper pyrites 
about an inch thick, somewhat mixed with iron, in the bank of the 
Wisconsin river, in the 8. E. 4 Sec. 35 T. 9, R. 1 E. 

Lhe Probable Character of Rock below the Potsdam Sandstone. 
Unfortunately for our information, no artesian well has yet been 

sunk within the hitherto recognized lead district to the crystalline 
rock beneath the Potsdam sandstone. But within the extended met. : 
alliferous area to the north, a well was sunk at Oil City which reached 
and slightly penetrated granite. The artesian well at La Crosse, some- 
what further to the northwest, likewise penetrated granite. The 
Tomah well, immediately to the north, reaches chloritic and micaceous 
rock. It would appear, therefore, in a very high degree probable that 
that region is underlain by the granitic and gneissoid rocks of the 
Archean series, presumably the Laurentian. Immediately on the , 
northeast border of the area there stand forth the Huronian quartzite 
ranges of Baraboo. It is not improbable that the formation of 
which these are an obtruded portion underlies a portion, or all, of 
the lead region proper. 

Both these series are metamorphic sediments which were indurated, 
thoroughly cooled and extensively eroded before the deposition of the 
Potsdam sandstone, and immensely before the formation of the strata in , 
which the main portion of the known lead and zine ores are found. 

‘Page 56 of this volumne.
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There is no evidence whatever of any igneous eruptions within the 
whole region, and from the nature of the formations overlying it is 
highly improbable that any exist, or, if they do, the strong presump- 

tion is, that they belong to the Archzean ages, and were thoroughly 

cooled and solidified before the accumulation of the Potsdam sand- 
stone. : 

These granitic and quartzitic rocks that probably form the floor on 
which the sandstones and limestones of the lead region were imposed 
do not, in themselves, offer any strong presumption that they are rich 
in lead, zine or copper ores. While they might be the source of thermal 

springs and metalliferous solutions, there is nothing in the nature of 
the forinations to render it inherently probable that they really are. 

And before any hypothesis involving the conjecture that they are such 

a source can attain the sanction of probability, independent reasons 

for such a belief must be rendered. It is not sufficient to appeal to | 
the existence of such rocks as affording presumption that they are the 

source of the metalliferous deposits, since their known character fails 

to justify it.



| CHAPTER II. 

THEORETICAL DEDUCTIONS. | 

The characteristic facts relating to the associated lead, zine, iron 

and copper deposits of southwestern Wisconsin, having been now de- 
scribed, it remains to consider what theoretical views can be held con- 

sistently with the facts, what explanations can be offered for the 

special phenomena presented, and what practical inferences may be 
drawn. 

| While there may not be, at the present time, any marked disposition 
: among competent geologists to differ widely as to the origin of these 

ores, a somewhat greater diversity of views was entertained by earlier 

investigators; and, among parties financially interested in these resour- 

ces, a still wider range of belief yet prevails. It is felt to be obligatory, 
| therefore, to briefly consider such views as are rejected, and assign 

reasons for so doing. ) 

I, Resecrep Hypornesss. | | 

| 1. Hypothesis of sublimation. According to this theory the ores 
in question were deposited by heated vapors rising from below. Its 

advocates appeal to the fact that galena is sometimes found in the 

erevices of smelting furnaces and similar situations, where, it is 

claimed, with undoubted correctness, that it must have been formed 

from the penetration of gases; and to the wider range of facts ob- 

served in connection with volcanic vapors and steam vents. That ores 

are formed, in certain situations, from vapors is admitted as scarcely 

debatable in the present state of knowledge. But the vital’ question 
is, whether those under consideration were so formed — whether the 

whole assemblage of facts now before us, will sanction such a view. 

Tt is essential to an affirmative answer to suppose (1.) that the whole 

group of mingled ores were vaporized, (2.) that this was done to 
: some considerable extent simultaneously, (3.) that these hot vapors 

arose through all the strata lying between their present situation and 

_ their source in rocks heated to the temperature necessary to volatiliza- 

tion, (4.) that they were then condensed in the manifold forms and
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phases of deposition now presented, and (5.) that the deposition was, a 
in some measure at least, simultaneous. 

The volatilization of the whole group of minerals presents great | 
difficulties. The galena, to which attention is too apt to be confined, 
may be vaporized, without decomposition — at least, can be volatilized 
and recondensed as galena —and the same may seemingly be accom- 
plished in the cases of pyrite and blende, but not of calcite. It isa - | 
familiar fact that, at a very moderate temperature, calcite (limestone) 
decomposes to caustic quicklime and that, then, not even the oxy- 
hydrogen blow-pipe is able to fuse, much less volatilize, it in appre- 
ciable quantity, and to this property it owes its utility in the calcium 
light. To suppose that calcite is a product of sublimation is to se- 
verely tax credulity without the sanction of the slightest evidence. 
To the uninstructed objection ‘that calcite ig not an ore, it may man- 
ifestly be replied that it is as truly a metallic carbonate as smithso- 
nite, and that it is only this immeasurable resistance to the decompos- 
ing effects of heat, that prevents its more frequent reduction to the 
metallic state, and possible use as a metal for certain purposes. 

The relations of the ores in the lode are such as to require their 
deposition at the same time, in many cases,! and they must, therefore, 
have been supplied simultaneously and maintained in coéxistence, 
till deposited. 

, This is a very hard thing to believe, since there are such wide dif- 
ferences between their temperatures of vaporization and condensation. 

It is easy enough to form a vague, general conception of the va- 
porization of metallic substances by the mysterious power of the un- 
known interior of the earth, but to form a precise, detailed view of 
just how galena, blende, pyrite, and calcite, or the elements from 
which they were formed, volatilized simultaneously in the face of the 
fact that their temperatures of volatilization are immensely separated, 
presents Herculean difficulties, but these are dwarfed to Lilliputian di- 
mensions in comparison with those encountered in attempting to 

7 imagine precisely how these several substances could have been con- 
densed so as tu form, within the space of a hand specimen, a group of 
regular, large-faced crystals that grew up together. A temperature 

| that would admit of the deposition of one would be quite incompati- 
ble with the formation of another. Let any theorist who fails to ap- 
preciate this make the attempt to volatilize together all the ingredi- 
ents of a specimen from the Linden or Marsden mine, containing the 

four named minerals formed with interlocking crystals, remembering 

. 1 Ante.



524 THE ORE DEPOSITS OF SOUTHWESTERN WISCONSIN. 

that the temperature of volatilization and condensation are the same, | 

He will, of course, find some ingredients easily sublimed, while others | 

: will transcend his utmost powers. Nor will the force of this objec- 

tion be escaped by supposing the minerals to be formed by gaseous 

combination, for the temperatures of combination and disassociation 

are likewise widely diverse. | 

If it is imagined that the aid of steam will remove these difficul- 

ties, we may, without attempting to prove the negative of assumed 

possibilities, whose nature is, for the most part, unknown, pass to 

other conditions of the problem that must be satisfied. These sur- | 

posed vapors must have arisen through the underlying strata, and 

maintained themselves against all adverse conditions of the passage. | 

Now, in the first place, neither observation nor a judicial considera- 

tion of the nature of the case, warrant the belief that the nearly four | 

thousand crevices of the lead region, or any smaller number into 

which they may be supposed to unite, extend as open passages down 

through the one thousand to fifteen hundred feet of limestone, sand- 

stone and soft shales, and onward into the Archean rocks to some 

supposed heated source of gaseous emanation. Abundant observation 

shows that the erevices close up, and the yielding nature of some of 

the rocks makes it quite sure that this must be the case even beyond 

the reach of observation. Furthermore, hydrostatic evidence has a 

grave argument to interpose. Artesian wells demand, among their 

essential conditions, an impervious stratum lying above the water- 

bearing one. Artesian flows are derived from the Potsdam sandstone 

on both sides of the lead region, and even within the general metallif- 

erous area, and this is essentially a demonstration that the strata 

overlying the sandstone are intact. If open fissures extended from 

the lead deposits down to the Archean rocks, it would altogether 

change the hydrostatic conditions of the region. We are, therefore, 

forced to the conclusion that such fissures do not exist. 

But waiving this point and granting open fissures of indefinite 

depth, very grave difficulties arise from the water-bearing character of 

the formations. 

In impervious strata the hypothesis of a fissure of indefinite depth, | 

unfilled with water, may perhaps be tenable, though I fear the prob- 

lem has not received due attention by the advocates of the sublimation 

theory, even under such circumstances. But to suppose a fissure to 

traverse a thousand feet of extremely porous sandstone, saturated with 

water, and still be an open passage way for heated gases or steam is a 

supposition whose extreme improbability seems not to have been duly 

weighed. The Potsdam sandstone is preéminently water-bearing, as
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amply demonstrated by the copious artesian fountains derived from it. 

Some conception of the amount of water likely to be encountered may 

be formed from the fact that from alittle circular opening five and five- 

eights inches in diameter, at Prairie du Chien, on the very border of 

the district, indeed within the more comprehensive ore area, 869,916 

gallons are discharged daily, and some conception of the amount of 

heat necessary to change this into steam, i. e., to keep this little ori- 

fice open for the passage of vapors may be obtained by a little com- 

putation, which would show that, if all the lead ever taken from the 

, whole region were melting hot, it would not contain heat enough to 

maintain an open passage for three days. But this little orifice is but 

a fraction of an average crevice in capacity, and there are nearly four 

thousand crevices in the region. The expenditure of heat, therefore, 

| necessary to maintain open crevices is emphatically enormous. In the 

very nature of the case it is incredible that open fissures, such as are 

a necessary condition of the sublimation theory, in any of its forms, 

| could have been maintained under these conditions. 

, But, if this be not convincing, there is a supreme difficulty in the 

demonstrable evidence that no such heat as this theory supposes has 

ever been brought to bear upon the rock in which the ores are depos- 

ited. The lower Galena and Trenton beds contain, as already repeat- 

edly stated, notable quantities of carbonaceous matter, a portion of 

which is volatile and would be driven off by a very moderate heat. 

. The fact that it remains is proof that the beds have never been heated, 

and, as the ores are intimately mingled with this volatile matter, there 

. is no appeal or escape from the force of this fatal cireumstance. 

This, of course, as well as the preceding, is equally fatal to any theory 

of igneous injection, but, as Tam not aware that this is seriously enter- 

tained by any one, and as it is thoroughly inconsistent with the nature 

of the deposits, it has not seemed worthy of discussion. 

Theory of Thermal Waters. This hypothesis has two aspects. In 

the one, the ores are thought to have been brought up through fis- 

sures from metamorphic or igneous rocks below the Potsdam sand- 

stone by hot water, and deposited where they now are. In the other, 

thermal springs are supposed to have issued from the bed of the ocean, 

at the time the sediments of the metalliferous beds were being de- 

posited and the metallic substances, thus injected into the ocean, were 

soon thrown down, by cooling and chemical reaction and mingled with 

the rock-forming sediment, to be subsequently segregated in the 

crevices and other convenient receptacles. The former is the accepted 

phase with most who advocate thermal agencies. 

But we here meet with the main objections raised against the
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vaporous theory; first, the absence of open continuous fissures from 

the Galena limestone down into the Archeean rocks. It will be ap- 
parent upon a little consideration that a simple seam will not answer. 

If warm waters are to rise a thousand feet through beds of sandstone, 

: traversed by such floods of water as fill the Potsdam, they cannot ooze 

slowly through it, but must have free passage, as well as inherent - 

force enough to occupy and maintain their channel. But, as previ- 

ously remarked, the hydrostatic conditions forbid belief in any such 

open passages. But, if they existed, they would certainly be occupied 
by the waters traversing the Potsdam sandstone, for they are both 

more abundant and under stronger pressure than any known or pre- | 
sumable waters from below, and, so far as geological evidence goes, 

must always have been so since the formation of the fissures. Indeed 
the belief in springs rising from the metamorphic rocks below has 

evidently been entertained in this instance without considering the 

hydrostatic conditions of the problem at all. Such springs will not 
rise without a water supply and a fountain head, hor without a passage- 
way down to the supposed heated and metalliferous region, nor with- 

out an adequate and unobstructed channel upwards and an exit at a 

point lower than the fountain head. Simple infiltration and reflec- 
tion, on the principle of convection, are not adequate to the condi- 

tions of the problem, however sufficient they may be elsewhere. 

To assume that such conditions are, or have been, presented in the 

| lead region is to ignore the facts and principles of hydrology as ap- 

plied to the subterranean water currents of our region, which have 

been a special subject of study, and our conclusions submitted to 
| severe and repeated tests, through the demand for prognostic opinions | 

in regard to artesian wells. Theoretical considerations and practical 

tests combine to show that the Archean rocks are, in a very low de- , 
gree, water-bearing and that their stratification and system of frae- 
turing is such as to render it in the highest degree improbable that — 

water entering from the Archean region of northern Wisconsin | 

should have free passage to and exit beneath the lead region in any 
quantity competent to cope with the immensely greater volume that 

| traverses the Potsdam. | 

I estimate roundly that a trillion and a half of gallons of water fall | 
annually upon the collecting area tributary to that portion of the 
Potsdam sandstone that underlies the lead region, and both collecting 

area and rainfall were probably greater, rather than less, in the past. 
Making the most generous allowances for evaporation and surface | 

drainage, compatible with the porous, absorbent nature of the sur- 
face, there is still left an enormous quantity of water pressing for en-
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trance and passage-way through the sandstone, a considerable portion : 

of which does, and a considerably larger portion of which would, pass 
through, if the sandstone were only extensively fractured in some lower 

region to give it exit, as this hypothesis assumes, necessarily, was the 

case in the lead region—an assumption in itself not free from difficulties. 

I have been able to frame but two hypotheses by which the force of 
‘this objection to the theory of thermal waters can be escaped and | 

they are both extremely improbable. For the first, if we could as- 
sume that, while the sandstone was extensively fractured so as to per- 

| mit passage for the hot waters from the deeper regions, the surround- 

ing sandstone was rendered impervious, then the incursion of the 
cold waters from the formation might be shut out. Now there is 

, some slight evidence, drawn from the region north of the Wisconsin 

river, that the sandstone was somewhat indurated along the crevice 

| belts, due, as I suppose, to the force exercised in their production, but 

there is no evidence that it was sufficient in degree to render the coarse 

lower Potsdam beds impervious, while, on the other hand, the evidence 

of induration is accompanied by coextensive evidence of intricate 

fracturing, so that the belt becomes a drainage zone, instead of an 
impervious barrier. This hypothesis is therefore quite untenable. | 

Or, if, again, we could suppose that a mass of igneous rock were 

thrust into the lower part of the Potsdam sandstone, beneath the lead 
region, it might heat the whole body of water in the surrounding 

strata, and thus give rise to warm springs, if the formations above 

were open for the ascent of the heated waters. But the artesian wells 
within or immediately adjacent to the metalliferous area entirely tra- 

a verse, or deeply penetrate, the formation and yield no evidence of 
such intrusion, and all geological data are either antagonistic to it or, 
at best, negative. So that this suggestion is but a mere hypothesis 
without evidence, framed to meet a difficulty and therefore without 

inherent weight. 
But, at the best, neither of these hypotheses more than makes it pos- 

sible for thermal currents to exist under the adverse conditions im- 
posed by the strata. They do not meet other objections to the general 

: theory. Among these may be noted the fact that neither the form 

nor the contents of the lode accords well with the theory. If 
. the thoughtful reader will call to mind the details of the deposits pre- 

| viously described, it will, I think, seem at-least very strange (1) that 

the ores should be deposited in such a variety and peculiarity of 

| forms, not common to acknowledged thermal deposits; (2) that they 

, should be localized in openings, flats, side fissures, pockets, etc., in- : 

stead of lining the main passage way of the depositing waters; (8) that |
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the lead ore should be so strangely separated from the remainder in 
the upper beds; (4) that quartz, so widely prevalent in hot springs, 
should be absent; (5) that calcite should be no more common and 
should be rare in the upper beds, where it ought, seemingly, to be 
most freely deposited; in short, that the whole of the special phe- 
nomena of deposition should be so far at variance with thermo- 
aqueous lodes in general. 

The existence of volatile hydro-carbonaceous matter in the lower 
| beds, while not so fatal an objection as in the case of the sublimation 

theory, because the temperature of the waters is not necessarily so 
high, yet renders it highly improbable that these beds have been trav- 
ersed by currents of water of even moderate warmth, for any con- 
siderable period of time. 

The combined force of the preceding considerations is such as to 
_ render this phase of the thermo-aqueous theory wholly untenable. 

Turning to that form of the theory that assumes that mineralized 
thermal springs issued in the bottom of the Silurian ocean, impreg- 
nating the accumulating rock-sediment with metallic precipitates, 
which were afterwards leached out and concentrated in the crevices, 
I may be pardoned for remarking that if, before the commencement of 
the present investigation, I was in any slight measure predisposed 
toward any theory, as such, it was this one, not from any evidence in- 
dicating that any such springs existed, but from the simple fact that 
it alone among hypotheses, then within my cognizance, seemed to 
offer a ready explanation of the salient features of the deposits, es- 

: pecially the two great facts (1) that the very nature of the deposits 
points to their segregation from the surrounding rocks, and (2) the local- 
ization of the deposits, pointing as clearly to the fact that certain 
arcas were impregnated while adjoining, as well as remote, reaches 
of the formation, were left barren. If springs issued at several points— 
suppose one or more within each district — this localization would be 
readily explained. Yet it is but small merit in a theory to explain 
that for the explanation of which it was expressly framed. Before it 
can command any just confidence it must present evidence that the 
facts and processes it assumes were historical realities. When submit- : 
ted to this criterion this theory is found fatally weak. There ap- 
pears no trustworthy evidence at all of such springs, nor any circum- 
stances that make their existence probable, but, on the other hand, 
much that renders it extremely improbable. However much we may | 
be drawn toward the theory, because of the accommodating way in 
which it disposes of a serious difficulty, it must be set aside for want 
of inherent evidence of its truth. | |
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_ JI. Tuzory or Oczanto Deposrrion. | | 

We have seen that there are grave, if not fatal, objections to the 
preceding theories of the derivation of the ores from beneath. It is 
scarcely necessary to observe that there are no suflicient reasons for : 
presuming that the metalliferous deposits were derived from forma- 
tions lying above the strata in which we now find them. The im- 
mediately overlying formation is the Hudson river shales, a stratum 
of soft clayey rock, perhaps 200 feet in average thickness, which, from 

| its nature, is a very forbidding source from which metalliferous solu- 
tions could be derived, since it is highly impervious, and, aside from 
the presence of occasional pyrites, gives little indication of a metal- 
liferous character. Overlying this, the N ilagara limestone presents no 
indication of metallic richness, and, if it did, the interposod impervi- 
ous shales would present a barrier to the transference of metalliferous 
substance to the Galena limestone below. We are, therefore, practic- 
ally shut up to the conclusion that the ores now found in the crevices 
and openings have been derived from the Galena and Trenton lime- 
stones themselves, that is, from the rock embracing the lode. But 

. the ulterior question arises, Whence did this rock derive its metallifer- 
ous substance? The only rational answer appears to be that it was 
deposited contemporaneously with the sediments that formed the rock 
itself, or, in other terms, that it was derived from the Silurian ocean. 
But, at this point, arises the objection already urged in our preface, 
that the ores are not uniformly distributed through the lead-bearing 
limestones, that it is only in certain circumscribed regions that the 
formations are highly metalliferous, and that, within these areas, only 
local sub-districts are productive, between which lie barren intervals. 
Our lead region, in common with those of Missouri and elsewhere, 
presents a group of metalliferous districts, standing in marked con- 
trast to the barren character of the formation as found elsewhere. It 
has already been shown that this cannot be regarded as an illusive 
generalization from limited knowledge, but must be accepted asa 
well demonstrated reality. We have further insisted that there can 
be discerned no such detinite and specitic relation between the general 
lead regions and an exceptional abundance of organic matter, with 
corresponding absence elsewhere, as to make any such supposed dis- 

_ tribution of organic matter a sufficient cause in déself of this peculiar | 
localization of deposits. 

We have, further, given reasons for doubting the adequacy of any 
explanation which supposes that the productive regions have fur- | 
nished exceptional facilities for segregation, and that their present
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richness is due simply to exceptional concentration and not to any 
special inherent richness. 

We have further insisted, in our preface, that the facts of lead de- 
position comprised within our widest knowledge do not sanction the 

| belief that the oceanic waters were exceptionally impregnated: with 
lead and zine salts at the beginning of geological history, and were 
robbed of them in the early geological ages by organic matter, and 
thus escape the supreme difficulty of this hypothesis growing out of 
the fact that, although organic matter is extremely abundant in the 
medieval and later formations, lead and zinc deposits are not widely 
prevalent, thongh locally occurring in richness. We must, therefore, 
frankly face, at the outset, the gravest objection which has yet been 
urged against the theory of oceanic precipitation, namely, the localiza- 
tion of the deposits. 

Preliminary to a definite answer to this problem of localization, 
there should arise the more primitive question, Whence did the oce- 
anic waters derive their metalliferous salts? According to the accepted 
hypothesis regarding the earth’s early history, the oceanic waters | 
originally existed wholly as vapor in the atmosphere, held there by 
the heated condition of the earth. With the progress of cooling they 
were gradually deposited on the surface of the earth. At this stage 
in their history they were obviously free from metallic substances and 
saline matter, though highly charged with carbonic acid and such 
other substances as might remain in a vaporous state under the con- 
ditions then existent. Oceanic history starts, therefore, with waters 
essentially free froma metallic substances. But coming thence down 
the history of the ages, lead and zine deposits are found in the Lower 
Magnesian limestone, in the Trenton and Galena limestones, in the 
Upper Silurian limestones, in the Devonian beds, in the Subcarbon- 
iferous limestone preéminently, in the Triassic and Tertiary strata. 
And furthermore, the residual ocean of to-day contains the several 
metals, in minute quantities, of course. It appears, therefore, that 
since the origin of the ocean it has both gathered and deposited, and 
that it still retains a residue undeposited. 

In the course of our discussion it has been shown that the ores are 
being wasted, and a portion borne away by drainage and, presumably, 
lost to the strata and carried into the ocean, and, therefore, that the 
ocean is gathering metallic substances at the present time. It has 
been shown by chemical analysis that the sea weed of the present 
ocean contains the metals in question. This, accumulating in certain 

| localities on the bottom of the ocean, is being buried by sediment | 
constituting the impregnated material of a slightly metalliferous rock |
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now forming. Sulphuretted compounds and possibly other agencies 

are doubtless assisting in present precipitation. It, therefore, appears 
morally certain that the ocean is both accumulating and depositing at 

the present time. What it is doing now it, presumably, has been 

doing throughout the ages. Its metallic salts were undoubtedly de- 
rived from the universal source of its saline substances, the leaching 

of the land. They undoubtedly have been deposited during the past, | 
as in the present, by being taken up into the tissues of marine plants 
or animals, or by being thrown down by sulphuretted gases or solu- 

tions arising from organic decomposition, or by other agencies, whose 

efficiency has been less definitely determined. Each individual metal- 

lie particle, therefore, remains a constituent of the ocean only until 

it meets with a precipitating agent; and the whole history of oceanic 
metalliferous deposition is but an aggregation of the history of indi- 

vidual particles. 
If any portion of the land surface yields more richly than else- 

where to the ocean, the waters of that portion will necessarily become 
richer in metallic salts. As such contributions are made, year after 

year, and century after century, they will presumably follow each 
other in a common course, borne by oceanic currents, and be brought 
within reach of depositing agencies in the same areas, being thrown 
down where first they came in contact with a competent reagent. 

Viewed in this light, in contradistinction from the idea of an ocean 

throughout which the metalliferous substances are uniformly diffused, 
the fact of localization is a necessary inference, instead of being a 

phenomenal enigma. 
Our true method will, therefore, be to search (1) for the sources 

whence the ocean in the early Silurian ages derived its metalliferous 
contents, (2) along what courses the currents bore their metallic burden, | 

and (3) where first they yielded to extractive agencies. Manifestly, 
therefore, Silurian geography and oceanic currents claim our atten- 

tion. The accompanying lithographic map, Plate ——, may serve to 
convey a general impression of geographical outlines at the time of 

the formation of our metalliferous strata. To the northward lay the 
Laurentian continent, stretching its arms northeastward and north- 

westward to unknown limits. On our northwest border, it thrust 

out to the sonthwestward an extended peninsula, which we may con- 

veniently designate Minnesota Point. In what is now northern Wis- 

consin and Michigan arose a large island, which we may style Isle 

Wisconsin. Southward from this there extended a shoal area to the 

limits of our mineral region. Between Isle Wisconsin and Minne- | 

sota Point there was a shallow strait, if my discriminations are cor-



532 THE ORE DEPOSITS OF SOUTHWESTERN WISCONSIN. 

rect. This point, however, may be thought open to question. From 
a careful consideration of all the data bearing upon the subject, it 
seems most probable that the Silurian seas swept through from the 
Lake Superior basin to the main Interior ocean, but the matter is not 
sufficiently vital to our present discussion to justify entrance upon its 
full consideration, which would necessarily be somewhat prolix. 

. Between Isle Wisconsin and the main Laurentian continent on the 
northeast, was a broad channel connecting the Lake Superior basin 

| with the Interior Sea to the southeast. In the distance, in that direc- 
tion, lay the Archean Appalachian Highlands stretching from the 
bounds of Alabama northeastward to an unknown limit. This ap- 
pears, from present data, to have been disconnected from the main 
Laurentian continent by the Laurentian straits occupying the general 
position of the Champlain and lower St. Lawrence basin. In respect 
to the disputed geology of New England, I have followed the map- 

ping of Prof. C. H. Hitchcock, rather because of its definiteness and 
availability, than from any disposition to indicate a judgment upon 
the questions in debate. But even if a much larger portion of New 
England was submerged, it would not, in my judgment, affect the 
general direction of the oceanic currents, though it would modify 
their relative volume. The Adirondacks constituted an island, or 

possibly, by a narrow connection with the Laurentian continent, a 
peninsula. On the west of the Interior Sea lay the Cordilleran Archi- 

4 pelago, occupying the general position of the same series of to-day, 

leaving a broad strait extending indefinitely northward and sonth- 

ward between the Laurentian and Cordilleran lands. In the Missonri 
region there were several islands which may be conveniently desig- 

nated the Missouri Archipelago. Southwestward from these, lay 

other islands in the present territory of Arkansas, Indian Territory, 
and Texas. | 

Thus much rests, in its general features, upon substantial geological 
evidence. Our mapping of the oceanic currents of the day is neces- 

sarily hypothetical. That some direct evidence drawn from the dis- 
tribution of organic remains may, in time, be made applicable to the 

problem is not improbable; but the collocation of such evidence is a 
task for the future. There is little reason to doubt, however, that the 

fundamental facts of oceanic circulation were essentially the same 
then as now, that there was a general system of warm currents flow- 
ing northward and of returning cooler currents seeking the equator 
that the northward flowing currents were diverted eastward, and the 
southward flowing currents westward by the rotation of the earth. 

The same general facts may safely be assumed in relation to the winds.
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Applying these general principles to the Interior American Sea, we 

deduce that a broad, strong current entered it from the south, a part 

passing on northward, but probably the larger part, flowing between 

the Missouri Archipelago and the Appalachian Heights, swept north 

eastward along the flank of the Appalachian belt, and, had it been 

unobstructed, would have pursued a general northeasterly course, an- 

alogous to that of the gulf stream of to-day. But the Laurentian 

straits were altogether inadequate to give it exit. Although a por- 

tion of it is presumed to have escaped in that direction, the main 

body must have been reflected along the southern shores of the Lau- 

rentian continent, and have entered the wide mouth of the Lake Su- 

perior basin, wherce a portion of it would be reflected, because of the 

want of capacity of the western strait, and return on the east side of 

Isle Wisconsin, while another portion is presumed to have passed on- 

ward through the basin of Lake Superior, and thence southward on 

the west side of Isle Wisconsin and the east of Minnesota Point. If 

this strait was not open, the whole would recurve upon itself in Lake 

Superior and flow along the eastern side of Isle Wisconsin. But pre- 

suming that it passed westward of the Isle, it would, it is conjectured, 

encounter a portion of the northward current that was caught and 

inflected by the projecting Minnesota Point, and would be forced by 

this current to the eastward along the flank of Isle Wisconsin and the 

southward-projecting shoal, and so be caused to traverse the lead dis- 

trict. In that region, it is also conjectured that it would be joined 

from the east by the current descending from Lake Superior on the 

east side of Wisconsin Island and would perhaps be affected by the 

reflected currents of the Interior Sea, so that a gyratory motion is not 

improbable (see plate). This would perhaps give rise to an accum ula- 

tion of floating sea-weed analogous to our present Sargasso Seas." 

This last suggestion, though very helpful to our views, is not deemed 

at all essential. 

The Missouri-Arkansas archipelago and the intervening shoal 

would doubtless, in a measure, divide the broad current entering from 

the south, the main portion, as heretofore stated, passing to the east- 

| ward, pursuing the course already traced. The other portion passing 

on the west and resisted by the reflected current of the Interior Sea, | 

a 

' This hypothesis of a Sargasso Sea is not original with me, but I am unable to state 

to whom it should be accredited. I derived it independently from a verbal suggestion 

of Prof. R. P. Whitfield to an assistant, and from a passing reference of Prof. R. 

Pumpelly in the article on Ore Deposits in Johnson’s Cyclopedia. Both, however, 

came to my attention after my general conclusions had been arrived at, and the currents 

hypothetically sketched. | |
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would be kept more nearly northward, passing by Minnesota Point | 
and, hugging the northwestern arm of the Laurentian continent, flow 

on to the arctic regions. A portion of it, however, would be liable 
to be caught and inflected by Minnesota Point as before mentioned. 
It is not improbable, also, that the Missouri Archipelago would become 
the center of a rotating current, produced partly by its own influence 
as an obstruction and partly by the reflected currents of the Interior | 

sea, as shown on the plate. Probably a counter current returning 

from the north would flank the Cordilleras, and if, as our present 
knowledge seems to indicate, this was rather an archipelago than a 

continuous belt of land, this arctic current doubtless threaded its way 
among the constituent islands and occupied the broad straits between 
its ranges, flowing with comparatively feeble current on the eastern 
flank. , 

Probably the most potential agent in determining these currents 

was the winds, which at that time, as now, were the return trades 

whose prevalent direction was from the southwest. These would drive 
into the open southerly mouth of the Interior sea a much larger quantity 

of water than could find ready exit through the narrow northeastern 

straits, and this would be made to impringe upon the Laurentian con- 

tinent nearly at right angles, and, being resisted by the already aceuin- : 

| ulated waters on the east, must necessarily be diverted to the northwest 
. and enter the Snperior basin whence it would return in the lee of the 

Minnesota Point and the Wisconsin Island. The same southwesterly 

winds acting upon the ocean off Minnesota Point would assist in driv- 
ing the superficial water northeastward within the point, and also 

compel the current coming out from lake Superior to hug Wisconsin 

Island and so assist in producing the currents we have already pre- 

sumed would be produced by the general laws of thermal oceanic cir- 
culation independently of winds. 

Some of the details of this mapping of the ancient currents of the 
Interior American sea may seem somewhat too hypothetical, but the 

general features have too firm a foundation in well ascertained law to 
be open to serious question. While, perhaps, hypotheses differing 

from this in some details might be framed in general conformity to the 
laws of oceanic circulation, which would be less evidently harmonions 

with our views of deposition, yet it is not apparent to me how any 

consistent hypothesis can be framed that shall be antagonistic to the 

theory here advanced. 

Now it is evident that, whatever gain of saline matter the ocean 

makes in the Interior, it must derive in the main from the exposed 

land, partly through the decomposition of its general surface, and partly
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through penetration of surface waters into the earth’s interior whence 

they subsequently come forth in springs more or less mineralized, in 

short, from the leaching of the land. Observation has shown that the 

ores in question are present, some or all, in the ancient rocks of the 

Appalachian lands, of the Adirondack Highlands, of the Laurentian 

Continent, of Isle Wisconsin, of the base at least of Minnesota Point, | 

and of the Missouri Archipelago. The waters which came down from 

the Appalachian Highlands bearing these ores, however intinitesimal 

in quantity, were borne along on the right margin of the adjacent 

oceanic currents —as ‘superficial waters, being fresh — until they 

came into contact with organie matter capable of taking them up in 

its tissues; or with the products of organic decomposition, as sul- 

phuretted hydrogen and ammonium sulphide, when they were changed 

to insoluble sulphides and soon settled to the bottom; or with other 

less well known extractive agencies. Now it is a significant fact that 

all along the flank of the Appalachian Highlands there is a scattered 

chain of lead and zinc deposits stretching from Alabama to New 

| York. It is also noticeable that at the foot of the Adirondacks there 

are similar deposits stretching westward, and that along the base of the 

Laurentian Continent in Canada some similar deposits occur. The 

broad Laurentian land area should contribute a comparatively large 

measure of mineral matter to the adjacent sea. The lands bordering 

the Lake Superior basin, from their exceptional metalliferous character, 

should yield a contribution of more than usual richness. At the time 

of the formation of the Lower Magnesian limestone a considerable por- 

tion of the copper-bearing series was exposed, and it is a note-worthy 

fact that the copper deposits of southwestern Wisconsin lie mostly 

within the Lower Magnesian horizon, and the lower portion of the 

Trenton-Galena group. But toward the close of the formation of the 

Galena limestone, the major part. of the copper-bearing series had 

become submerged and the contributions from this formation were, 

therefore, comparatively small, but on the northwest shore of Lake 

Superior very considerable quantities of blende and galena are found 

‘1 veins in the Archean rocks.! From this general north shore area, 

a large contribution relatively of lead and zinc salts should arise from 

the disintegration of the veins, or possibly, from the issuance, at the . 

surface, of the waters which supplied the veins with their metallic ma- 

terial, since it is uncertain at what period of geological history the 

veins of that region were filled. So that the waters in the Lake Su- 

perior basin must, we reason, have received an exceptional contribu- 

nD 

7  1Geol. and Nat. Hist. Surv. of Minn. 1878, pp. 14-21.
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tion of metallic substances, although, at any given time, it was, of 
course, extremely small. 

Furthermore, the contemporaneous sedimentary formations of the 

Lake Superior region, so far as any indications of their nature are 
left to us, were not of a character to furnish a ready precipitant of 

the metallic salts thus carried into the ocean. Nor is it probable, 
from the little deposits along the Laurentian continent, that the sea 

| adjacent to it furnished very favorable conditions for the extraction 

of metallic salts. And hence there was, presumably, borne along into 

the Lake Superior area a residue to be added to the special contribu- 

tions of that noted metalliferous region. And hence, the waters pass- | 
ing outward from the Lake Superior area and flowing over the lead 

region of the upper Mississippi were exceptionally impregnated with 
metalliferous material. 

This material was doubtless precipitated along the southwestern 

side of Wisconsin Isle in the Galena and Trenton limestones of that 
region, as it certainly was in the Lower Magnesian limestone in some 
degree, but the denudation which the strata have suffered has, of | 
course, swept them all away. But on reaching the lead region these 

waters encountered ample agents of precipitation. The rocks | 

of the Galena limestone carry abundant evidence of luxuriance of 
seaweed, while in its lower beds and the Trenton limestone carbon- 

aceous shales, as well as fucoidal impressions, indicate an exceptional 

accumulation. While the Galena limestone, in its present granular 

condition, is comparatively barren of well preserved remains of ani- 
mal life, numerous fragments indicate that it may have been abundant, 
notwithstanding the want of preservation. The Trenton limestone, 
however, is exceptionally prolific in well preserved animal remains, 
indicating a luxuriant fauna. If the suggestion of a gyratory current 
in this region is true, then the accumulation of floating organic mat- 
ter, probably mostly seaweed, would be a special source from which 
precipitating agents might arise. 

But this organic matter, living or dead, would not be, from the nature 
of the case, and was not, as observation, in part at least, shows, distri- 
buted uniformly over the region. Reasons have already been assigned 
for the belicf that the bottom of the ocean was undulatory, and that 
in certain areas there were moderate, though notable, depressions. 
It has also been shown that, from the nature of the Galena limestone, 
it is a necessary inference that it was formed in a comparatively shal- 
low sea. It is, therefore, apparent that the undulations of the bottom 
would be important elements in determining the place of growth, 
aud, more especially, the. place of accumulation of dead products of
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life. The depressions, we judge, would be more favorable to the life 
and growth of average marine species than the more exposed ele- 
vations of the sea bottom. But, however that may be, it is altogether 
certain that the movable remains of dead organisms would be mainly 
accumulated in the depressions, and that all floating material would 

find lodgment there. So that the depressions of the original ocean 

bottom were the areas in which were concentrated the organic matter, 

to whose agency the removal of metalliferous solutions from the ocean 
is to be attributed. 

This removal may have taken place in different ways. The seaweed 

of the present ocean, as before remarked, is found to contain within 

itself all of the metals in question. Certain marine animals contain | 

copper in their circulating fluid. So thata portion of the metallic con- 
tents of the waters was undoubtedly abstracted by the direct secretory | 
action of life. On the death of all organisms, decay ensues, and the 
waters coming into contact with this decomposing matter would be 
robbed of their metallic contents, which would take the form of insol- 

uble sulphides. Decay would also give rise to free sulphuretted hydro- 

gen and ammonium sulphide, which would be absorbed into the waters 

and diffused through them, or rise in the form of gas, in either case 

precipitating whatever of the metallic salts in question they came in 
contact with. Now this precipitate would be in the form of exceed- 
ingly fine particles suspended in the water. These would gradually 

_ settle to the bottom and be incorporated in the accumulating sedi- 
ment, but they would rarely find a resting place elsewhere than in the 
quiet waters of the depressions. So that we have here an additional 
circumstance which tends to produce concentration of metallic depos- 
its in the depressions. 

We have, therefore, in the circumstances now named what I con- 
ecive to be a true explanation of the localization of these metalliferous 
deposits. The general areas within which the deposits took place were 
due to circumstances of geographical position and geological relation- 
ship, which gave rise to special impregnations of the oceanic waters 
with metalliferous salts derived from the leaching of adjacent lands, 
and to oceanic currents which bore those specially metalliferous 
waters over areas competent to extract them. The special’ localization 
of productive areas within the general metalliferous region is attrib- 

utable to the condition of the oceanic bed as to the distribution of 

organic life upon it, and especially the accumulation of dead organic 
matter as well as the precipitated metals within depressions. 

The metallic substances thus precipitated from the oceanic waters |
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would of necessity be intimately mixed with the sediment that formed 

the country rock, and would, therefore, in that condition, be wholly 

unavailable to mining industry, not only, but scarcely more than 

detectable by careful chemical analysis. For, if the amount of ore 

that has been mined from our richest districts, increased by the 

amount that can fairly be estimated to be still left unmined within» 

the Trenton and Galena limestones, were distributed uniformly 

through the rock of the district, it would constitute but an extremely 

small percentage of the entire mass. 

At my suggestion, Mr. I. M. Buell made an estimate of the amount 

of impregnation of the rock that would occur, if the entire quantity 

| of ore taken from the Potosi district were uniformly distributed 

through the adjacent rock. This district was selected because (1) it 

has been one of the most productive, (2) has definite outlines, (8) a 

somewhat uniform distribution of crevices, and (4) is withal one of 

the most concentrated districts of the whole region. In determining 

the limits of the district, a margin outside the outermost crevices was 

allowed equal to half the average distance between the crevices, 1. 

the outside crevice was supposed to draw only as much from the ter- 

ritory outside as from that between it and its neighbor crevice. As 

the basin occupied by the district extends some distance on every side, 

this is a very moderate assumption. Furthermore, it was assumed 

that only 100 feet in depth had been leached in the derivation of the 

ores, although probably twice that amount of rock originally lay | 

above the baseof the deposit. The result was one fourteen hundredth 

of one per cent., or a little more than seven-millionths part of the rock, 

a quantity that may seem surprisingly small to those who, by dwell- 

ing on the relative value of the ores, magnify their relative quantity, a 

quantity certainly small enough to answer certain inconsiderate objec- 

tions to the theory of derivation of the ores from the inclosing rock, 

based on the want of ocular evidence of their metalliferous character. 

Before, therefore, this metallic material can become an available 

resource, it must be gathered into lodes, and the methods by which 

this was accomplished now claim our attention. These embrace two 

processes somewhat diverse in their nature: the one consists in the 

formation of the crevices and cavities which become the receptacles of | 

the concentrated ores, the other, in the taking up of the ores from 

their disseminated condition in the rock, their transportation into the 

crevices and cavities and their redeposition there. ‘The formation of 

the receptacle has already received consideration and explanation in 

harmony with the views here maintained.
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| 1. Solution of the Disseminated Ores. 

| Two leading questions are here presented, (1) How were the ores 

taken up from their disseminated condition and carried into the crev- 

ices? and (2) By what means were they redeposited in the openings! 

1. Assoonas the metalliferous beds were in any measure exposed by 

the wearing away of the overlying formations, and, to some extent, 

even before that, they would be subjected to the action of surface 

waters, charged with such substances as could be gathered in their 

descent through the atmosphere, their contact with the surface of the 

earth and their percolation through the soil and superficial rock. 

From the atmosphere there would be derived oxygen, nitrogen, car- 

bonic acid, ammonia, nitrous and nitric acids, and occasional ingredients 

that do not need consideration here. From the organic matter upon 

the surface of the earth, and from that within the soil, there would be 

derived additional quantities of carbonic acid, ammonia, nitric acid and 

organic material in a variety of combinations, which are usually em- 

braced under the comprehensive phrase “extractive matter.” Of 

these nitrogen is habitually inert and, under any circumstances which 

we shall have occasion to consider, will probably be entirely inactive, 

of itself, and may therefore be dismissed with this mere mention. In 

its composite state, however, as a constituent of ‘ammonia, nitric and 

nitrous acids, it is a highly active and important agent, proportionate 

to its amount. The ultimate form, in which it will enter into activity, 

will usually be nitric acid. This is not only an active chemical agent, 

but is, abstractly considered, peculiarly competent to accomplish the 

work of solution and removal because the nitrates of all the metals in 

question are highly soluble. That the amount of nitric acid derivable 

from these sources is not inconsiderable, is demonstrated by the fact 

that one important source of commercial nitrates is nitriferous soil, . 

as found in Hindostan, Persia, Egypt, Hungary, Spain, Chili and else- 

where,! and, by the further fact, more pertinent to our present dis- 

cussion, that the earth of many caves, especially of the Mississippi 

valley, becomes, in a comparatively short time, impregnated with 

nitrates, as those of Indiana, Kentucky and Tennessee, several of 

which have been worked for niter. The earth in many cases nitrifies 

itself sufficiently for extraction in eight or ten years. The niter- 

bearing chalk of the basin of Paris and the nitriferous caves of Cey- 

Jon are remarkable in that the surface of the rock is impregnated with 

nitrates, which, on removal, renew themselves twice or more @ year. 

These are especially instructive in showing the rapidity with which 

ny ‘Annual Report Smithsonian Institution, 1861. Article on Nitrification, by Dr. B. F. 

Gray:
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mineral-forming agencies, so trivial as to be commonly overlooked, 
may, under favorable conditions, accumulate valuable deposits. 

Beyond this general lesson, however, nitric acid probably renders. 
little aid in the solution either of the metals, or our problem, except 
that it is the agent of some disintegration of the rock. For, while 
in itself highly competent, its affinities are probably always satisfied 
by the stronger alkaline and earthy bases, which it meets in the strata. 
This theoretical conclusion is supported by negative observation in 
that, while nitrates of potash, soda, lime, and, perhaps, magnesia, are | 
widely distributed, nitrates of the common metals are not even recog- 
nized in standard works on mineralogy. This is not explainable by 
differences in solubility. 

In considering the possible agency of organic matter, grave difticul- 
ties are encountered from the imperfection of present knowledge. 
Organic, especially vegetable, matter, when the mysterious forces of 
life are removed, begins to undergo slow or rapid decomposition, ac- 
cording to circumstances, giving rise toa group of new, volatile, or 
soluble compounds, and leaving a residuum of dark organic matter 
(leaf-mold, peat, etc.), to which the term humus is applied, more for 
the convenience of a comprehensive name than from any precise 
chemical signification it possesses, for the composition of humus varies 
with its source and the conditions of its accumulation. Indeed, it 
may be regarded as a transition stage of organic matter, passing with | 
extreme slowness into permanent inorganic forms. The decom posi- 
tion of humus gives rise to numerous organic acids, whose precise 

_ characteristics and natural reactions are largely yet undetermined. 
Among these are humic, ulmic, geic, crenic, apocrenic, nitro-humie, 
silico-nitro-humie acids and others, less well known. To these are to 

| be added acids derived more directly from vegetation, as citric, malic, 
tartaric, tannic, gallic, oxalic, formic, acetic, propionic and others, and 
those arising from animal products, as uric, hippuric, ete. All these, 
on ultimate oxidation, give rise to carbonic acid, with or without at- 
tendant products. It is impossible, at present, to trace the transitory 
history of these acids individually, and determine what changes they 
affect and what reactions they severally undergo on penetrating the 
earth. Until this intricate subject has been more fully elaborated, we 
must be content with general vies as to the prevalent effects of these 
agencies, In an elaborate essay read before the Amerian Association 
for the Advancement of Science at Saratoga,! Mr. A. A. Julien has 
discussed the geological action of the humus acids at much length 

eee 
' Proceedings American Association for Advancement of Science, 1879, a
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and referred with great fullness to the scattered literature of the sub- 

ject. He maintains that these organic acids are very important 

agencies in the disintegration and solution of rocks and of their 

constituent and contained minerals, as well as in reduction. Heurges 

their great efficiency for corrosive attack and the production of 

solvent compounds. Of the portions of this treatise most specially 

applicable to the present problem, the following may be quoted: 

_ “The depressions of the surface of the ground, along the course of a vein or elevated. 

bed of soft or erodable ore, have generally invited the gathering of surface waters, the 

formation of swamps, rich in humus, and the consequent concentration of solutions of 

its acids. The steep inclinations of the crevices, especially along the planes of contact 

| with the strata traversed, have allowed these solutions to penetrate to enormous depths. 

The gossan, whose formation as a cap to the vein must be largely due to these erosive 

agents, does not exceed fifty or sixty feet in depth, according to the books, but appar- 

ently reaches at least 230 to 800 feet in many of the Western mines, sunken on well- 

drained fissure veins; and the ocherous selvage along the walls, and scattered films and 

bunches along the more continuous and dry fissures, certainly reach to a still greater 

depth, e. g., 1,500 feet in the Eureka mine, in northern Nevada. The material of the 

gossan has certainly been the seat of a most complex series of chemical reactions, per- 

haps unsurpassed elsewhere in nature; and in these the acids of humus have played a 

very important part. This seems to be indicated by the remarkable decomposition and 

softening of the wall-rock and of refractory sulphides, the deposition of limonite 

and hyalite, the evidences of strong reduction, as well as intermittent oxidation, the 

separation of the native metals (copper, silver, gold, etc.) in forms which must have re- 

quired a strong reducing agent and solvent, the abundance of carbonates and even of 

combinations of other humus-acids with oxide of iron, etc.” 

‘‘ Senft finds by experiment, that through the action of the humus solutions, silver- 

chloride becomes soluble, that the zeolites and simple feldspars dissolve more or less, 

and that even compound silicates (e. g., oligoclase, mica, ordinary hornblende, and 

augite) are at least partly decomposed. His later experiments have shown him a great 

difference in the solvent power of the agencies —the ammoniacal and other alkaline 

combinations of the humus-acids — which he believes most efficient in the decomposi- 

tion, alteration, and transport of mineral substances. This power is least in the ul- 

mates, which can dissolve only carbonates: it is stronger in the humates, which dissolve 

both carbonates and phosphates: and it is strongest in the crenates, especially that of 

ammonia, which dissolve carbonates, phosphates, sulphates, simple silicates, and fluor- 

ides. ‘Ihe salts thus dissolved remain in solution only in inverse proportion to the 

degree of their subsequent conversion into carbonates: the latter separating, in crystal- 

line condition, in proportion to their insolubility in carbonated waters. 

‘“ When the walls of a vein ave composed of avery soluble material, like the lime- 

stone-strata which inclose the ore-deposits of [linois, Wisconsin and Missouri, the pe- 

culiar erosion of the walls into ‘chimneys,’ etc., and the enormous quantity of limonite 

ocher which fills up the interstices of the breccia as a cement, seem to indicate the in- 

fluence of stronger agents besides aerated and carbonated waters. The conversion of 

| chalcopyrite into malachite, azurite, etc., of sphalerite into smithsonite, and of galenite 

into cerussite and anglesite, imply strong chemical action; and it has been suggested 

that ‘smithsonite may even now be forming in the ground to quite a large extent.’ 

The known solubility of the lead sulphate and carbonate in solutions of citric and other 

nnn nnn cae 
1 Loc. cit., 382-383, 384~385.
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organic acids adds to the probability of the natural agency of the latter in such veins. | 
The concentration of certain ores, especially limonite, often auriferous, as a solid cap 
(eisenhut) to a vein just below the gossan, or as a cement to a breccia made up of frag- 
ments of the walls, is a further consequence of the superficial chemical changes which | 

have been caused or assisted by organic acids. The contact-deposits, which in Europe 

are often of great economic importance, also represent such a concentration, e. g., the 

iron-ores of the Northern Banat. These consist of ferruginous clay, containing nodu- 

lar masses of limonite and hematite, inserted between mica-schist and curiously eroded 

limestone, and in part of a limestone-breccia cemented by iron-ore and calcite.” | 

Without claiming precise knowledge as to the form or amount of | 
the action of the complex organic acids, the conviction that they are 
efficient agents of solution, within their sphere, is sanctioned by the 

investigations thus far made, the growing tendency of whose results 
is to magnify their importance. | 

Concerning the remaining constituents of atmospheric waters, more | 
definite knowledge is at command. The surface drainage enters the 

pores and crevices of the rocks, well charged with oxygen and ear- 

bonic acid. The content of the latter enables the waters to dissolve 
and bear along with them, lime and magnesian carbonates, so that the 
waters, by virtue of these and the more soluble alkaline salts, found 
in small quantities in the rocks, soon become slightly mineralized. | 

It has already been maintained that the metallic material was dis- 

tributed thronghout the rock as sulphides, by original deposition. 
The action of oxygen on reaching these sulphides would be to change 
them into sulphates and there would thus arise, iron, lead, zine and 
copper sulphates, All of these are quite soluble except the lead com- 
pound and that is slightly so. These sulphates must of necessity, it 
would seem, at once come in contact with the mineralized drainage 
waters and a reaction would take place between the metallic sulphates 
and the earthy and alkaline carbonates, giving rise to metallic carbon- 
ates and earthy and alkaline sulphates. Although the solubility of : 
the metallic compounds is somewhat reduced by this reaction, yet they 
would be still sufficiently soluble to be borne away —in the minute 
quantities that would at any given time be subject to such action — 
by the drainage waters. These waters would find their way through 
the cracks, crevices and capillary pores of the rocks into the greater crey- 

ices that were the main channels by which the waters passed onward 
and downward through the strata. By this comparatively simple 

method, it would seem that ores were brought from their disseminated 

condition throughout the strata, into the crevices where they are 

found deposited. This action was probably much aided by the humus 
acids in attacking and rendering soluble the obdurate sulphides. 

If it is objected that the action of any one of these agencies must
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be very slow and limited, it may in like manner be replied that the | 

deposition was a very slow process and, in evidence, the size of the 

crystals, the succession of the mineral layers, the cracking and healing 

of the ore and other phenomena of deposit may be cited, and it may 

be observed, further, that the action of the penetrating oxygen and 

the percolating waters, at any one point, would have but a minute 

particle of ore to dissolve and remove and hence a very slight and 

feeble action, if it were constant and prevalent through the strata, 

would, in not immeasurable time, affect the removal of the diffused 

ore. 

It should be borne in mind, that if the ores now found in the lodes 

were distributed throughout the adjoining rock, they would scarcely 

yield more than a trace to chemical analysis, and it is only necessary 

to find an agent that, acting on exceedingly minute particles of ore, 

through long ages will dissolve and remove them. 

It is quite improbable that the solvent waters would, at any time, 

contain enough lead or zine to be detected, except by very critical 

search. For suppose the rainfall to have been on the average, the 

same in the past as now, thirty inches per annum, and that only one- 

tenth of this descended throngh the superficial strata. Now, if prev- 

alent estimates of gcological time are to be at all trusted, it is almost 

certain that some millions of years have elapsed since these strata 

began to be subjected to this kind of action. In the course of one 

million years, at the rate assumed, a column of water nearly fifty 

miles in height would pass through the beds. Now, by estimate, it 

would be found that if all the ores from an average district were 

ground to a fine powder and spread over the surface of the immediate 

productive area, it would scarcely more than blacken the surface, and 

even in the most concentrated diggings, it would only form a thin 

layer. Now, if this metallic material were distributed through the 

amount of water indicated, it certainly would be an exceedingly dilute 

solution. From such an estimate, however crude and however much : 

anyone might be disposed to modify it, it is apparent that only a very 

feeble solvent power is demanded by the problem. 

It may be further remarked, in this connection, that the question 

of the relative solubility of compounds, within certain limits, is not 

as important as might appear, without consideration, as may be shown 

by an illustrative example. One grain of lead sulphate is soluble in 

92816 grains of water, according to Fresenius, while one grain of zine 

sulphate is soluble in scarcely more’ than two grains of water — an 

+ mmense difference. Now suppose that a small particle of galena and 

of blende each give origin to one grain of their respective sulphates,
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by very slow oxidation, and suppose that, in the meantime, only a half 
gallon of water, or 29,159 grains has slowly passed over each, it is 
evident that, if the theoretical conditions have been fulfilled, both have 
been completely dissolved, and the extreme solubility of the zine gives 
no advantage over the very feeble solubility of the other. If the pro- 
duction of the compounds be very slow, the solvent agents may be 
competent for their removal without regard to maximum possibilities. 

2. Deposition in Crevices, Openings, ete. 
oe If the foregoing views are correct, the ores were concentrated by 

, | drainage waters percolating through the metal-bearing beds and issu- 
| ing into the receptive fissures in their way onward and downward. 

Let us consider attentively the precise situation. 
It has been previously shown that the ores were deposited in slight 

depressions of the strata, and that the traversing fissures cut the beds 
nearly vertically in their upper portion, but towards their base take 

. the form of flat and pitching openings, and the reason for this has also — 
been explained. Now it is evident that the water which enters the 
fissure at the surface will pass directly down it and will not be de- 
tained, like that on either side, in percolating through the rock or in 
threading its close joints and minute fissures. It will not, therefore, | 
be subject to the same chemical action, and when it reaches the lower 
portion of the crevice will be in a different condition. It is important 
to note what that condition is. The vertical seam sometimes becomes 
partially choked up with earth and clay, and this, sometimes, is highly 
charged with carbonaceous matter derived from the surface. Even the , 
clay that partially fills the lower openings frequently contains organic 
matter. Still more significant is the fact that bones have been intro- 
duced into these fissures, in not infrequent instances, and that, in some 
cases, galena has been found in the cavities of the bone. It is, there- 
fore, evident that the waters entering the fissures directly from the 
surface carry down organic matter in notable quantities, and that this 
was done before the ore was deposited, in some cases at least, as dem- 
onstrated by the galenite in the bones. A special source of organi¢ 
matter may be worthy of consideration. Before the revion was much 
cultivated and pastured, and the native vegetation thereby destroyed , 
or modified, one of the prospecting signs of the miner consisted of 
lines of peculiar, or especially luxuriant, vegetation. These were often 
found to correspond with crevices, and, doubtless, the latter were the 
cause of the unusual growth, bécanse they furnished a ready means 
by which the roots could penetrate deeply into the earth and thence 
derive moisture and nourishment. Certain kinds of plants, even of
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the herbaceous class, send roots to great depths and, although I have 
ne specific information as to the class of vegetation that customarily 
assumed the linear arrangement, it probably consisted of those plants 

which were especially favored by the facilities for deep root penetra- 
tion furnished by the fissures. However this may be, it is quite cer- 

tain that roots extensively penetrated the crevices. These furnished 
organic matter to the descending waters, not only by their decay when 
dead, but also by such exudations and exfoliations as may take place 
while living. | 

| Another of the prospector’s “indications” consists of a slight sag 
in the surface, and this is undoubtedly due to the removal of a portion 
of the subsoil which is carried away beneath, into and through the 
crevices. ‘This sometimes goes so far as to form a “sink-hole,” in the 
bottom of which the open fissure may be seen. Itis clear from an 
inspection of these sags and sinks, that they could have originated only in 
a soil somewhat readily permeable by water and which would, hence, 
permit organic matter to be carried in solution, if not mechanically, 
into the crevices. This is further sustained by the fact that the prev- 
alent soil is a loam derived from the decomposition of the rock, a 
“residuary clay,” owing its own origin to percolating waters. 

It appears from the foregoing considerations, if, indeed, it was not 
inherently evident, that the water that enters the metalliferous crev- 
ices at the top, or reaches them through open side fissures, will carry 
more or less organic matter, and that this will be, in part, at least, in 
an unoxidized condition, and that it will slowly pass downwards and 
mingle with the common volume of water that fills the openings. At 
the time the ore deposition took place, the openings in which the : 
metals were deposited were being continually supplied with water from 
the two sources above indicated, viz.: (1) that which entered directly from 
the surface-opening of the fissure and was charged with organic matter 

and (2) that which penetrated through the minute pores and fissures 
of the rock on either side of the crevice, and, becoming mineralized, 
found its way into the crevices. There thus came together (1) water 
slightly charged with metallic substances and (2) water slightly 

charged with organic matter. The result would be the reduction of 

the metallic compounds to sulphides, by the deoxidizing action of the 
organic matter. 

It would only remain for the metallic sulphides to gather on the 

walls of the crevice in their appropriate crystalline forms to produce 

the galenite, blende, pyrite, marcasite and chalcopyrite that formed 
the original deposit. 7 

Vou. [V.— 980
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But this is not, presumably, the only method of deposition. There 

is a considerable amount of organic matter in the rock-beds them- 

selves. This is especially true of certain layers of the Trenton lime- 

stone, wherein there is a sufficient amount of carbonaceous matter to 

give rise to combustible gas when heated. These carbonaceous beds 

are sometimes impregnated with scattered crystals of galena, blende, 

and pyrite, thickly or sparsely distributed through their mass, so 

much so that the ore is sometimes separated by burning out the car- 

bonaceous matter, when the residual earthy rock crumbles and per- 

mits the easy separation of the included ore. It has been previously 

shown that, in this kind of deposition, the type of which is known as 

“speckle jack,” the dispersed crystals of ore were formed after the 

shaly rock, in which they are imbedded, was deposited, for they have 

forced aside the lamine of the shale in their growth within it. There 

is, therefore, good reason for the conviction that the deposition in 

: these instanves was due to the reducing agency of the organic mat- 

ter in the rock itself. A similar explanation may be assigned to the 

frequent small and scattered deposits in the interior of beds, or in 

situations removed from all direct connection with open fissures. In 

some of these instances, probably the metallic substance and the or- 

ganic matter were deposited near each other originally, and whatever 

reactions have taken place have involved little transportation. But 

that this is not the case with the rich beds of “speckle jack” and 

allied deposits is placed beyond reasonable doubt by their limited ex- 

tent, linear arrangement, local richness and definite association with 

crevices and crevice deposits above. In all this class of deposits, it 

| seems much more than probable that the metallic substance was 

brought down from above by the descending mineralized waters, and 

that in slowly soaking through the carbonaceous shale, the lead, zine, 

and iron were reduced by the organic contents of the rock. 

But a third ageut of reduction deserves attention. With the waters 

that enter the crevices directly from the surface, there will be carried 

down oxygen, and this will attack the organic matter conveyed by the 

same water, or that held in the rocks, according as it is brought 

into relations with either favorable to action. Among the products of 

such oxidation there would arise sulphuretted hydrogen and ammonia, 

or their compound, ammonium sulphide. These will either remain 

in solution, or, rising through the water, escape owing to their volatility, 

unless they reénter into combination. But these are the very sub- 

stances most familiar to the chemist as precipitants of lead, zine, iron 

and copper, indeed of the metals generally. The ultimate source of
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reduction by this method is of course the same as in the preceding 
cases, viz.: the organic matter carried down the crevice from the sur- 
face and that implanted in the strata by original deposition. 

If it be objected that the amount of organic matter carried into the 
crevices, and consequently its reducing action, either directly or by 
means of its oxidation-products, is small in amount, it must doubtless 
be conceded, if the amount present at any given time only be consid- 
ered, but it may be observed in full offset, that the amount of metallic 
matter brought into the crevice at any given time, by waters penetra- 
ting the beds, is exceedingly small and there is need for only so much 
as will precipitate the infinitesimal metallic ingredient that may be 
present. And if, as in the case of the leaching out of the metallic 
substance from the rocks, the possibilities of the enormous lapse of 
time, during which the deposits, according to our hypothesis, have been 
taking place, are duly considered, the quantity of organic matter car- 
ried into the fissures will appear quite otherwise than insignificant. 

But, in addition to the above methods, sulphuretted hydrogen may 
| arise either from the decomposition of sulphides, or the reduction of 

| sulphates, in ways too familiar to need discussion here. While the 

latter derivation, so far as applicable to this problem, is largely de- 

pendent upon organic matter, it is not confined to that which enters 
the fissure or originally belonged to the contact rock, but may arise 
from the more abundant supply of the adjacent or underlying strata. 
But, since it is prone to oxidation, this gas cannot be more than a 

transient product in situations freely accessible to oxygen, indeed the 

reduction of the sulphates implies absence of oxygen. It, therefore, 
should be a characteristic of the deeper, rather than the more super- 
ficial strata. This theoretical inference is sustained, in a general way, 
by the testimony of our deep artesian wells in whose waters it is gen- 

erally prevalent, though it does not appear in the analyses, none of 
which were made on the ground with special reference to gaseous in- 
gredients. It is on this basis that we have already made a broad 

classification of our subterranean waters into a superficial zone char- 

| acterized by oxygenated waters and a lower one marked by slightly 

sulphuretted waters. The amount of the latter, in the deeper zone, 
is perhaps too small, in general, to warrant so pronounced a general- 
ization, considered in any other attitude than that towards chemical 
changes, when an almost infinitesimal quantity, with the absence of 
free oxygen, will be sufficient to change the whole aspect of chemical 
action. 

The main features of my conception of the mode of deposition . 
may be illustrated in connection with the following ideal section,
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which represents a crevice descending from the surface, and taking the 

customary form of flats and pitches in the lower beds below which it 
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encounters the yielding clays and shales of the Trenton formation. 

As the crevice is the main passage for the drainage that descends to 

the deeper strata the subterranean water-surface will incline toward it 

on both sides and the water that works its way through the interrupted 

jointage of the rocks, or percolates through their pores and capillary 

crevices, will gradually join it by oblique and lateral flowage, some- 

what as indicated by the arrows. The descending waters may be dis- 

tinguished into three general types: 1st, those that descend the crevice 

directly from the surface and carry atmospheric ingredients and or- 

ganic matter; 2nd, those that more slowly penetrate the rock on either 

hand and carry in oxygen, carbonic acid and organic solvents (but not 

to any extent unoxidized organic matter which would be arrested and 

decomposed before penetrating far). These oxidize and dissolve the 

rock and its metallic contents and bear them onward in solution into 

the crevice. The greater part of this will pass laterally through the 

more open (because more acted upon by solvents) rock near the water 

level and join the main crevice in its upper portion (see figure), fur- 

nishing the possibilities of deposition near the water level. But a 

part will descend more nearly vertically and will constitute the third 

- lass. This portion will penetrate beyond the sphere of oxidation 

(having meanwhile also lost its own free oxygen), and will then dissolve
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such soluble substances — as entrapped oceanic salts, ete. — as it may 

come in contact with, becoming more and more saline — however small — 

the totality — as it proceeds, suffering reactions, if any of these prove 

incompatible with its previous contents, and, coming in contact with 

organic matter, or other highly oxidizable compounds, suffer the re- 

duction of its sulphates — mainly lime — to sulphides, these again, at 

least the calcium sulphide, to be decomposed by carbonic acid and water 

into lime carbonate, the calcite so common in these situations, and 

sulphuretted hydrogen which is borne onward until it shall be fixed in 

an insoluble compound by union with a metal, as in the occasional 

crystals of pyrite, blende and galena, in the midst of the rock, or 

mainly, at length, to reach the main crevice and there, mingling with 

the waters that have come along the two other courses, become a pre- 

cipitating agent, or suffer oxidation, according to circumstances. It is 

probable that the ores, even as sulphides, are very slightly soluble in 

these impregnated waters, and that some— probably very small — 

amounts may be also carried out to the crevice to be there segregated.’ 

3 ooarton or Derostts IN THE CreEvicEs, Erreots oF FEEDERS, ETc. 

All these lateral waters will, of course, mainly reach the master 

fissure through cross crevices, bedding joints, or porous beds. Atsuch 

points of union, the effects of commingling ought to be observed, but 

not uniformly or universally so, since both the physical and chemical 

conditions of the two currents will affect the result. If the one con- 

tains metallic salts and the other a prompt precipitant, deposits will 

take place, at once, at their junction and the cross crevice will be said to 

“feed” the lode, and this is the most common case. But, if the pre- 

cipitant be of the tardy sort, such as decomposing organic matter, the 

commingled waters may drift some distance away before action will 

be taken and the lode will be poor at the crossing but richer beyond, 

as often occurs. Again, if the flowage through the side crevice be 

strong, while that in the main opening be slack, because of its capa- 

city, or for some other reason, the water issuing from the minor crevice 

may push back the waters from the former, and, instead of mingling 

at the junction, do so at some distance. On the other hand, if the 

flowage of both be very slight, as is probably the case usually, the 

waters would mingle, on the principle of diffusion, on each side of 

the crossing along both crevices, so that the deposits would extend 

some distance into the cross fissure, which is a common occurrence. 

In the cases of bedding joints, flat sheets would wedge out between 

ee 
iComp. Bischof’s Chemical Geology and Hunt’s Chemical and Geological Essays on 

these and preceding reactions.
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the beds for a distance, and in the case of brecciated or cavernous 

rock, the deposits would extend laterally into them a certain distance. 

It is further evident that better opportunities for the mingling of 

the waters and, especially for the action of organic matter, and the 

segregation of the precipitate in crystalline masses, will be afforded 

in the cavernous openings, or the interspaces of crushed layers, than 

in the more contracted portions of the crevice, and hence the tendency 

to accretion in such situations. Moreover, such openings are almost 

universally connected with a stratum that favors the bringing of the 

waters of the different channels together. 
In addition to these sources of variations of a physical nature, it is 

evident that the chemical contents of the waters of the crevices will 

add others. The cross crevice may extend to the surface, like the 
principal one, and bear the same kind of water and hence no reaction 

take place on their mingling. Or its contents may be solvent, in nature, 

rather than precipitant. 
It is quite common for the cross crevices — usually the norths and 

souths — to be found filled solidly with a vertical sheet of ore of a 

somewhat finer grain than that of the easts and wests and so distin- 
guishable to the expert, even inthe ore pile. Withont insisting very 

much on the value of the explanation, I offer the following, conso- 

nant with the above views: These north and south crevices, being 

narrow, offer little facility for the introduction of organic matter, or 

even of much water, directly from the surface, so that they are mainly 

subject to the action of the two remaining classes of water. That 

from the zone of oxidation carries in the metallic salts in solution, 

while, below, there enter sulphuretted waters and the two, mingling, 

deposit the ore. This being a direct and prompt chemical action in a 
confined space, the precipitate attaches itself, at once, to the wall 

against which, in the initial instance it was probably formed, and so 

makes a compact sheet instead of aggregating in more massive crys- 

talline form, as might happen in more indirect and deliberate forma- 

tion in ampler space, as in the case of the reduction by decomposing 
organic matter in a cavernous opening. | 

4, Is rue Process stiti 1x Procress? 

In treating of the changes in the ores of the lodes now in progress, 

reasons were given, somewhat in detail, for the conviction that the 

metallic deposits of the upper part of the lodes are being oxidized, 
dissolved and borne downwards into the depths, and are there being 

redeposited, and that therefore both waste and deposition of the lode 

minerals arein progress. The same general principles of action, the
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same forces and agencies, essentially, may fairly be presumed to be 

active in their effects upon so much of the disseminated metallic ma- 

terial as may yet be involved in the strata. In that portion of the 

rock in which oxidation has proceeded to its full length as indicated 

by the change of color from the original blue or gray, to the present 

buff or yellow, it is not presumable that there remains any consider-_, | 

able amount of metalliferous substance, other than the iron oxides. 

But in the more deeply seated beds, where oxidation has not yet even 

accomplished the change of color, there is, demonstrably, a residuum of 

metallic substance, which may furnish material for the continuance 

of ore deposition. As oxygenation penetrates deeper and deeper, thee 

disseminated ores are taken up, in infinitesimal quantities to be sure, 

borne into the crevices, and there finding, as before indicated, a suit- 

able precipitate, are redeposited. 

In support of these theoretical considerations, we may recite the 

facts to which attention has previously been called, viz.: that ores 

have certainly been deposited since the opening of the crevices to the 

surface and the introduction of the bones of mammals, since lead is 

found within their cavities; that the lead and zine, as well as iron 

compounds, are intimately associated with calcite in the formation of 

stalactites and stalagmites of very youthful appearance; that the crys- 

talline ores in certain situations present an untarnished and unmodi- 

fied appearance, not to speak of the more questionable evidence cited 

in the chapter previously referred to. It is therefore our conviction, 

an almost necessary one from our theoretical views, that the ores are 

now growing by accretions derived from the original source of the 

deposits 

5, Verticat Distripution oF THE ORES. 

It remains to assign reasons, if possible, for the vertical order of 

the ores. 

Since it is maintained that the ores were derived from the embrac- 

ing strata, a seemingly natural explanation may be assigned by 

assuming that lead sulphide predominated in the higher sediments 

and the other ores in the lower, substantially in the same order in 

which they are found in the lodes. 

This would,of course, involve the ulterior question, Why were the 

sediments impregnated in this order! which would be nearly equiva- 

lent to asking, Why were the waters of the ocean mineralized so dif- 

ferently at. times so little removed from each other? The considera- 

tion of this question renders the suggested explanation as apparently
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improbable as before it seemed natural, for it appears incredible that 
the oceanic waters of the Trenton period should carry so large a rela- | 
tive amount of zine while those of the Galena period should be almost 
exclusively enriched by lead. But still there may be some truth in 
the hypothesis. If the metalliferous solutions were derived in large 
measure from the leaching of the Lake Superior region, the extent to 
which the met illiferous formations of that region were exposed would 
be an important factor. During the Potsdam and Lower Magnesian 
periods, the iron- and copper-bearing formations were much more ex- 
tensively exposed than in the later Galena and hence a larger contri- 
bution of copper and iron would be the result, and this is consonant 
with the larger relative amount of those ores in the lower horizons. 
But the absence of zine and the paucity of lead, so far as present evi- — 
dence goes, weakens the force of this coincidence, for they ought to 
have been contributed as abundantly as in the later date for aught 
that appears in the circumstances of the case. 
When the accumulating sediments had encroached upon the region 

to an extent measured by 200 feet or 300 feet vertically and had 
buried the copper- and iron-bearing series to that extent, as in the 
Galena period, it is clear enough that they would contribute less to 
the ocean, but this does not afford a satisfactory reason why the 
deposits at this time should be so exclusively lead ore, nor do I 
know of anything in the geological conditions then prevalent that 
does. 

While, therefore, the degree and nature of exposure of the eontrib- 
uting metalliferous area to leaching may cause some general variations 
in the metalliferous character of the depositing waters, they do not 
seem to offer any satisfactory solution of the marked distinctions 
observed in the order of the lode deposits. | 

There is a further fact that renders an explanation on any such 
basis improbable, viz.: that it is a very common circumstance for lead 
to yield to zinc in the lower parts of lodes. The general fact of one 
ore giving place to another in depth is well known. 

Moreover, the special methods of occurrence of the ores in the lodes, 
while they do not perhaps afford very tangible objections to this hy- 
pothesis, yet do not seem well accordant with it. 

The true explanation is to be sought, I apprehend, in selective 
chemical afinity. Picture an interrupted vertical crevice filled with 
water, into the upper portion of which are being introduced the several 
metallic solutions and at the same time precipitating agencies. The 
latter, however, are insufficient to reduce all the former, a statement 
sanctioned by the amount of ore that is found in the lower earbon-
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aceous beds, having escaped precipitation above. The result would be, 
the selection of the metal for which the precipitant has the strongest 

chemical attraction, while the others would pass downward until, the 
favored metal having been extracted, they in turn are reduced by pre- 

cipitants generated below, either from matter there embodied, as the 

| hydro-carbonaceous constituents of the shales, or from organic matter 

from above that failed to sooner decompose and so become efficient, 

or from sulphates reduced, or from other sources. Although it is not 

quite certain what would be the precise condition of the precipitants 

in the upper horizons, there is thought to be sufficient ground for as- 

| suming that lead would be first selected, zinc next, and iron last of 
the three prevalent metals; and this is the predominant order of verti- 
cal arrangement. 

But iron, from its prevalence and the easy decomposition of its sul- 

phides, would doubtless enter the crevice at an earlier stage than its 
associates, and hence it extensively lines the walls of the openings. 

On the other hand, from the obstinate nature of its oxides, it will be 

likely to outlast its rivals and be the last to enter in quantity, and so 

frequently coats the other ores with a late deposit. More or less of 
mingling of the ores is, of course, inevitable under such conditions. 

As denudation gradually carried the surface and the zone of oxida- 
tion and. solution downward, the horizons of deposition of the several 

metals would descend correspondingly, and hence would overlap and 
the galena would at length overlie the zone of the previous zine and 

| iron deposits, so as.to appear third in order as seen in the vein —so 

that while first in vertical order, it becomes last in lateral order in : 
the lower portions of the lode. 

This, though lacking much in precision and detail, is thought to 

einbrace the essential circumstances that determine the vertical distri- 
bution of the ores, the central principle being selective chemical 
affinity. 

: This selective action doubtless played an important part in the ex- 

traction of the ores from the oceanic waters and so influenced the 
original impregnation of the strata. 

The results of some experimental studies are reserved till greater 
fullness, precision and a closer imitation of the conditions of nature 
can be commanded. |



CHAPTER IIL 

PRACTICAL CONSIDERATIONS. 

Deep Mining. The long mooted question of the probabilities of 
profitable deep mining in the lead district presents itself for foremost | 
consideration. In the history of opinion concerning this subject, it is 
to be observed that the earlier investigators, with large unanimity, in- 
cline to the affirmative belief, maintaining that the deposits would re- 

| main productive and probably increase in richness as traced into the 
lower formations, especially the Lower Magnesian limestone. The 
tendency of later opinion on the part of investigators of unquestioned 
ability has been decidedly in the opposite direction. 

Dr. Percival, whose views have already been sketched, in outline, 
may be taken as a representative of the former; Prof. Whitney of 
the latter. 

Dr. Percival believed that the Lower Magnesian limestone was “a 
good mineral-bearing rock.” Prof. Whitney’s views, expressed some- 
what at length in his report of 1862, are summed up partially in the 
following words: “ We are not prepared to admit that the Lower Mag- 
nesian ever has been, or is likely to be, profitably mined in for lead, 
either when it comes to the surface, or when it is overlaid by other 
rocks. or the purpose of determining this point, we have examined _ 
ail the localities where galena has been reported as having been found 
in any noticeable quantity, and are able to affirm that, at the present 
time, no profitable mining is carried on in the Lower Magnesian, and 
that none ever has been for any length of time; and, further, that no 
well-developed crevices, or such as could be followed to any distance, 
have ever been found in it.” 

It is evident that the conclusions at which an investigator arrives 
concerning this question are necessarily dependent upon the views he 
entertains as to the methods and processes by which the ores were 
deposited. 

Inasmuch as our views upon this subject differ quite radically 
from those of Dr. Percival, and, in some important particulars, from 
those of Prof. Whitney, our answer to the question here proposed 
must be divergent in like measure.



PRACTICAL CONSIDERATIONS. 555 

Instead of assuming, with the latter, that the Silurian ocean was 

generally rich in metallic solutions and that, therefore, the whole ques- 

tion of deposition depended upon the richness of the strata in organic 
matter, and that hence the ores cannot safely be presumed to have 

begun to be deposited before the appearance of a rich fauna and flora, 

and, hence, being led to an adverse opinion concerning the Lower 

Magnesian limestone, in which the remains of organic life are not ~ 
abundant, we maintain that the essential circumstance of deposition 

is to be found in the local enrichment of the early seas by solutions 

derived from the disintegration and drainage of contiguous metalli- 
ferous territory. We assume that there was, in general, a sutliciency 

of organic life in any of the Silurian limestones to extract the metal- 
lic salts had they been present in abundance, and had favorable con- 

ditions for the extraction, retention and accumulation of ores been 

present. 

And in support of this view, we appeal, not to cite other examples, 
to the existence of rich deposits of these ores in the neighboring 
Lower Magnesian limestone of Missouri, which is equally destitute of 

the remains of animal life; we say of the remains of animal life, not 
of its existence, for the limestone itself, in our judgment, bears testi- 

mony to the fact of abundant organic life, the remains of which, in- 

stead of retaining their organic structure, have passed into the form 

of granular dolomitic limestone. 

The important circumstance upon which our judgment, in respect to 
the Lower Magnesian limestone, must rest is involved in the answer 

to the question, Were the seas of this region fed from the tributary 

lands in the Lower Magnesian epoch, in a similar manner and with 

similar richness to that which obtained in the Trenton and Galena 
periods? The answer to this question will obviously depend upon the 

probable course and character of the oceanic currents of that epoch. 

For it is evident, upon a moment’s consideration, that the crystalline 

rocks in the Laurentian and Lake Superior regions were even more ex- 

posed to decomposition and drainage in that period than subsequently. 

The only circumstance that I can conceive of, as probably lessening 

the amount of metalliferous substance carried down into the sea, would 

arise from possible variations in the deep-seated waters arising through 

fissures, such as may possibly have been connected with metalliferous 

fissures of the north shore of Lake Superior, which contain lead, zine 

and other metals. These, for aught we know, may have been less or 

more important factors in this age, but as this is a wholly uncertain 

element, upon which we do not, in any essential respect, rest our 

views, or conceive that the deposits are, in any very large degree, de- 
pendent, it may be dismissed with this remark. :
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The contribution arising from the general decomposition and leach- 

ing of the Archeean areas, being at least equally great, the question 
reverts to that of oceanic currents. The general circumstances con- 

trolling these were manifestly essentially the same. No noticeable 

upheaval or subsidence, emergence or accumulation in the whole con- 
tinental area has yet been discovered which could modify the contour 

or bed of the ocean to such a degree as to affect the general course of 

the currents, nor is there evidence of any climatic change that might 

have affected either its circulation or that of the winds. | | 
The only known geological cireumstances which could affect the 

case are the slow subsidence and slight oscillations of the land which 

permitted the progressive accumulation of the Silurian formations. 

These might be presumed to be competent to change the local features 
of the currents, but not their general course. | 

The main circumstance that seems to us important relates to the 
question whether the Archean island of northern Wisconsin was con- 
nected with the Archzan axis of Minnesota at this period, as it cer- 

tainly was in the earlier Potsdam. Without entering upon a full dis- 
cussion of the data, which would require more space and a wider con- 
sideration of geological cireumstances than are here permissible, we 
must content ourselves with the simple expression of our conclusion 
that near the close of the Potsdam period, the connection between Wis- 

consin Island and Minnesota Point was severed; that the later Pots- 
dam seas swept through a shallow strait connecting the Lake Superior 

basin with that of the Mississippi river; that this strait was some- 
what widened and deepened in the Lower Magnesian epoch, and that, 

therefore, oceanic currents entering the southeastern mouth of the 

Lake Superior basin (see Plate——) in part found exit through this 

strait, essentially as in the Trenton and Galena periods that followed. 
So that metalliferous solutions were borne from this northern region 
southward over the district under discussion from the later Potsdam 

period onward to the close of the Galena period, after which, we sur- 
mise, their courses changed, due to the new oceanic conditions which 
gave rise to the Hudson river shales. | 

These views are in perfect harmony with the facts before cited in 
reference to the occurrence of ores in the Lower Magnesian limestone 
in the area lying immediately north of the lead district where the 

formation is abundantly exposed to observation. The existence of 
these metalliferous deposits, north of the recognized lead region, 

whatever may be their ecdnomic importance — which is neverthe- 

less greater than has sometimes been assumed —demands a rational 
explanation, since they are not common characteristics of these for- 
mations in their general distribution. |
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Now, it is a somewhat suggestive fact that the ores found in these 

beds are those of iron and copper. At the time that the strait, before 

mentioned, is believed to have been first opened, the copper-bearing 

| formation of Lake Superior was still exposed over a considerable 

area, although much more buried than it is to-day, hence there would 

be derivable from it both cupriferous and ferruginous solutions, the 

latter being of course also derivable in abundance from other sources. 

And hence it is not remarkable that the oceanic waters of the vicinity, 

receiving drainage from these rocks, should have been unusually im- 

pregnated with these salts, and that the formations to the southward, 

that offered extractive agents, should have received notable ferrugin- 

ous and cupriferous contributions. 

But before the close of the accumulation of the Galena limestone, 

the copper-bearing series was probably nearly buried beneath Silurian 

sediment, and, therefore, yielded a feebler contribution. 

It is perhaps worthy of mention, though we lay no great stress upon 

the fact, that the copper deposits found within the lead district lie 

mainly on its eastern margin. Now the copper-bearing rocks have 

their greatest elevation, as well as greatest area on the southern shore 

of Lake Superior, and it was mainly this portion probably that remained 

exposed during the Galena period. And hence the drainage from it 

would mingle with the waters on the south margin of the Lake Su- 

perior basin, and, as they found exit southward, would lie upon the 

eastern margin of the current, and so pass over the eastern tract of 

the lead district and be there precipitated. 

While, therefore, the general conditions of deposition were essen- 

tially the same in the Lower Macnesian as in the Galena period, three 

circumstances may be mentioned which probably tended to render 

the ore deposition less rich. 

In the first place the outlet from Lake Superior was probably nar- 

rower and shallower than in the later period, affording less free exit | 

to the currents entering the lake basin, and causing a larger propor- 

| tion of what water entered Lake Superior to re-curve upon itself and 

find exit from the southeasterly mouth. This also being narrower and 

shallower, less water would enter Lake Superior. In the second place, 

the agencies of extraction and precipitation may have been somewhat 

less abundant, and hence the deposition more prolonged and scattered. 

In the third place, the conditions of segregation appear to have been 

less favorable. In the upper group there was a thicker bed of purer 

magnesian limestone, and below this there lay a more compact lime- 

stone interstratified with clay and carbonaceous shales, which served 

to check and limit the downward flow of the solutions, and thus gave
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time and opportunity for deposition, and at the same time contributed 
organic matter and other extractive agencies. This latter cireum- 
stance may be an important consideration, for while. it might be 
granted, that it took as much organic matter to produce the material | 
of the Lower Magnesian limestone as an equal quantity of the upper | 
limestone, though, from its more siliceous nature, this is not probably 
true, yet, if the organic substance was largely retained in the upper 
formation, but lost in the lower, there might be, in the latter instance, 
a lack of precipitating agencies adequate to the complete segregation 
and secondary deposition of the ore; so that, if it were granted on 
theoretical grounds that the Lower Magnesian limestone was equally 
impregnated with metallic substance originally, it might still fail to 
be retained when once leached out, for want of a stratum below to 
check too free drainage, and the want of organie and other agencies : 
of precipitation. But it is, of course, an open question whether the 
agencies for the extraction of ores from oceanic suspension were as 
efficient in this northern region as they were in the lead region 
proper. 

Concerning the probabilities of ore in the latter region, which is , 
really the mooted question, the foregoing considerations lead us to 
these conclusions: First, that, if ore deposits exist, they are proba- 
bly located beneath the present productive districts, for in our view, - 
the depressions of the strata which were influential in localizing the 
deposits were depressions of the original ocean bed and had their 
primal origin in the irregularities of the Archean floor, modified, of 
course, by the circumstances of oceanic accumulation, as heretofore, in 
part, indicated. This conclusion, based, as it is, upon definite reasons, 
would, of course, be of great importance in determining the points at 
which shafts should be sunk were an attempt made to test, by actual 
exploitation, the metalliferous character of the Lower Magnesian lime- 

| stone, and the general principles upon which this conclusion is based 
would be of service in selecting from the numerous districts the one, 
or the few, which might offer the greatest probabilties of success. 

In the second place, it is hardly probable that such deposits would 
be found relatively as rich as those of the upper horizon, for reasons: 
similar to those assigned in reference to the deposits north of the lead 
district. 

But the difference in the conditions of the two areas adds other 
elements to the already complicated problem, which render conclu- 
sions somewhat less certain than might be desired. But, we deem 
a fair estimate of the influence of known and definite circumstances, 
to be a vastly better basis for the formation of a trustworthy judg-
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ment, however complicated the problem may be, than vague gen- 

eralizations based upon some assumed general law of ore deposits, 

where no such general law exists. 

The first additional circumstance finds expression in the question 

whether the Lower Magnesian limestone might not be enriched by 
solutions descending from the formations above. Under the topic, 
Changes in Progress, evidence was cited to show that the ores of the 

| Galena and Trenton limestones were being corroded, chemically 

changed, dissolved and carried away in the drainage waters. The 

general course of these waters is downward. In so far as such solu- 
: tions are not arrested and deposited in the lower beds of the Trenton 

formation, they presumably penetrated deeper, for, notwithstanding 
the obstruction which the shales and close rock of the Trenton opposed 
tothe descending drainage, it cannot be successfully questioned that the 

waters descend, at length, to the formation below. The St. Peters 

| sandstone, however, intervenes between the Trenton and Lower Mag- 

nesian limestone and is a highly porous water-bearing formation. In 
general, the waters are passing through it in the direction of its dip 
which is here generally southwesterly. It is by no means certain, 

therefore, that metalliferous solutions, entering it from the Trenton 
limestone would pass directly downward through it into the Lower 

_ Magnesian limestone; on the contrary they possibly and in some 

situations, undoubtedly, would be borne away laterally in the direc- 

tion of the dip of the formaation. 
Notwithstanding this, however, I deem it highly probable that a 

portion of the metallic salts borne down from above do enter the 
Lower Magnesian limestone. But this may also have taken place in 

the Highland district and in the region north of the Wisconsin 
river, and a portion of the ores there now found may possibly have 

been derived from the Trenton and Galena limestones that once over- 

: lay them. 
Another element of the problem to be considered relates to the 

conditions of segregation. It is of no present practical consequence 
to believe that the Lower Magnesian limestone is rich in ore dissem- 
inated minutely through the rock; it must have been gathered and 
deposited in veins and lodes to be of any practical service. In our 
consideration of the method of concentration of the ores in the crev- 

ices, it was maintained that the solution of the disseminated ores was 

due to the action of oxygen, carbonic and humic acids, and other 

agencies derived from the atmosphere and organic life on the surface, 

and that the action of this was mainly within the zone of oxidation. 

Now, in the case of the Lower Magnesian limestone, buried 100 or
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200 feet, at least, beneath the water level and not directly exposed to 
the easy penetration of organic matter to act as a precipitant, it is 
evident that the conditions that we have supposed to be efficient in the 
upper horizon, will be, at least, less effective here. These agencies, 
however, are not the only ones competent to concentrate ore. We 
apprehend, however, that a less proportion of whatever metallic sub- 
stance exists in the Lower Magnesian limestone, where deeply buried, 
will be found to be concentrated in veins than in the more superficial 
formations. | 

On the other hand, the ores of the Lower Magnesian limestone at 
Highland and on the north of the Wisconsin river have been subject 
to considerable corrosion and loss from oxidizing and solvent agencies, 
and, therefore, they, on their part, do not fully represent the ores once 
present. 

Gathering all these circumstances together and balancing their rela- 
tive influence, as well as we may, we arrive at the general conclusion, 

| above indicated, that the deposits in the Lower Magnesian limestone 
beneath the productive deposits of the lead region would not be found 
as rich as the latter. 

There arises, then, the practical question, whether, under these cir- 
cumstances, it is probable that mining in the Lower Magnesian lime. 
stone could be made profitable. One of the circumstances to be taken 
into consideration is the necessity of penetrating the St. Peters sand- 
stone, a soft, friable, easily removed formation, in general, but, from 

its porosity, very highly water-bearing, so as to present, on this score, 
a grave obstacle to its penetration in most situations. The extent of 
this obstacle may be understood by anyone who chooses to refer to 
the chapter on artesian wells, in Volume IL. pages 149 to 170, where 
it will be seen that at many localities there enter the sides of a bore 
of very moderate diameter very large supplies of water. It would be 
necessary in most situations to tube the formation, or, by other device, 
shut out the ingress of water. | 

The Lower Magnesian limestone, not having been exposed to dis- 
integrating agencies, in its deeper situations, would present a very 
hard and difficult rock to work, a rock essentially like that of the 
average bar rock. Under these circumstanees, it is quite improbable 

: that mining in the Lower Magnesian limestone could be made prac- 
tically profitable. 

Practical Suggestions as to Prospecting and Mining. While 
many of the signs and rules current among miners are doubtless gen- 
eralizations from a very narrow range of observation, or mere arbi-- 
trary inferences from associated phenomena that have no genetic 

’
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connection, yet, to class all such rules, or even the more prevalent 
ones, thus, would be doubtless to do great injustice. It will, there- 
fore, perhaps be serviceable to discuss some of these miners’ maxims 

| and determine, if possible, the rationale of their truth, and found 
them upon it. 

(1) One of the most serviceable guides in prospecting, locating | 
shafts, and in anticipating richness within the deposit, is held to be 
found in slight depressions of the surface. A little sag, which, per- 
haps, might not be noticeable except in the early morning or evening, 
when the slanting rays of the sun develop it by its deeper shadows, 
or the merest linear hollow, is looked upon as a favorable indication. 
The reason for this is not far tosearch. Decomposition of rock along 
the line of crevices, and the carrying down into it by drainage waters 
of the surface soil, very naturally gives rise to slight depressions. 
Wherever the disintegration is more marked than elsewhere, or where 
the drainage has concentrated and carried more material into the cav- 
ities below, there will be a more considerable indentation of the sur- 
face. It will be observed that these circumstances are precisely 
accordant with our views as to the method of deposition, that the 
very circumstances of decomposition and ready drainage-entrance 
into the crevices are those which have facilitated the filling of the 
the crevices by virtue of the precipitating agencies which have been 
thus carried in. This guide, of course, primarily points to a fissure 
and cavities below, and, in some cases, of course, may lead to nothing 
more, the crevice and opening being barren for the want of some other 
essential condition of deposition. Too great a depression, as in the 
instance of pronounced sink holes, is a less certain guide, probably 
because it indicates too opena passage way for the drainage, in conse- 
quence of which the waters pass rapidly through and no opportunity 

| is allowed for the slow process of deposition, and, if such deposits 
have taken place, they have been subjected to too powerful corrosion. 
Pronounced sink holes, however, occasionally lead to deposits. 

(2) Lines of peculiar vegetation of any sort, or a more vigorous 
growth along a narrow belt, are regarded as signs of crevices, and with 
good reason, since it is quite evident that the crevices offer greater 
depth of soil, and, what is probably more influential, a uniform supply 
of moisture; and further, being along the line into which the drain- 
age gathers, the roots are somewhat fertilized by waters entering the 
crevices from the sides. This guide is, of course, less available since 
the cultivation and pasturage of the region than in its former native 
condition. 

(3) The color of the soil is a subject of study to the prospector. 
Vou. IV.— 36
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In the lead region, with the exception of the alluvial deposits, the 

soil is entirely derived from the disintegration of the under-lying rocks, | 

is merely the residue of their decomposition and contains whatever 

they may have contained that has escaped disintegration. If any por- 

tion of the rock, therefore, was highly ferruginous, as that associated 

with the deposits often is, from the dissemination of iron pyrites, 

there would result from its disintegration, a soil of ocherous color. 

This might also result from the iron deposit of the lode itself. Belts 

of soil, therefore, notably marked by red or yellow ocher often indi- 

cate the position of a lode. 

(4) The color of the crevice dirt is also looked upon as indicating 

favorable or unfavorable prospects, as it is encountered within the 

openings. If it is of a bright red color, it is regarded as an untavor- 

able indication, the ore having been “ burnt out,” as the miners phrase 

it. If of a more subdued yellowish color it is looked upon with more 

favor, but is subject to many local modifications and complicated with 

other rules for which the reasons are not evident, so that it is uncertain 

whether any of these possess much value. 

(5) The presence of fragments of calcite in the soil sometimes 

points to a lode, the calcite, of course, being the undissolved portion 

of the gangue of the lode, and, in that respect, analogous to float 

mineral, as an indication, though of course less trustworthy, since the 

crevice may be mainly full of calcite and lean of ore. _ 

(6) Float ore, that is, ore which has become detached from its origi- 

nal position and carried to a greater or less distance by water and 

other surface agencies, is, of course, the most direct and trustworthy 

indication of the near presence of a lode. As this region has never 

been swept over by the drift forces, loosened ore will rarely be trans. 

ported by any other agency than water, and its attendant meteorologi- 

cal agencies, and except in a ravine subject to floods, it will not usu- 

ally be drifted far from the parent lode, and, therefore, the finding of 

loose ore usually directs the prospector to the lode, whence it was derived. 

(7) The drainage phenomena often afford valuable suggestions, 

though such indications are less direct and trustworthy than those above 

indicated. ‘The lines of the crevices, as we have attempted to show, 

are lines of fracture toward which the adjacent strata slope, and, 

therefore, they become important drainage lines, and, after being cut 

across by the valleys of the region, naturally become the passage-way 

of under-ground veins of water which issue in springs and thereby 

indicate the location of the crevices. Manifestly, however, many 

springs rise independently of such association, and therefore, this is a 

gnide which must be followed with much circumspection.
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(8) The relations of deposits to the surface contour isa fruitful vein 

of miners’ wisdom. While I allow no one to surpass mc in impatience 

with the oft-repeated dictum, “I should think dy the lay of the land 

that there onght to be mineral here,” and, while the general surface 

contour in the lead region is no means of distinction, whatever, be- 

tween the productive and barren areas, since both are in all discerni- 

ble respects alike, yet the productiveness of crevices in their different 

parts is held, and, seemingly not without reason, to be correspondent 

to the nature of the overlying surface. 

It is commonly asserted by miners that a lode does not “make” 

well because it is too shallow, or because it is running too much 

under the hill. The general conviction of miners, doubtless the re- 

sult of their experience, is, that the crevice “makes” better at medium | 

depths and under the receding portion of the brow, than at the sum- 

mit or at the foot of a hill. In other words, in entering a crevice 

from the side of a hill, it is not, we are assured, usually very rich in the 

shallow ground, bunt develops best under the brow of the hill and 

generally pinches up under the summit. If traced onward to the 

opposite slope, the phenomena are often reversed. If the lode runs by 

easts and wests and quarterings alternately along the side of a ridge, 

as in the case of the Atkinson range at Muscalunge, so that, at times, 

it is running parallel to the level line drawn on the surface above and 

at others running toward the summit of the hill, it is claimed that it 

will usually be most productive in the parallel portions, that is, that 

portion of the erevice which, if mapped out upon the sloping surface 

of the ridge, would run along it “like an eave-trough.” The 

wide unanimity of the testimony of miners to these rules, or essen- 

tially the same differently stated, leads to the conviction that they 

represent broad generalizations from facts. 

Recurring to our views of the method of formation, it will be evi- 

dent the crevices, so situated, are those in most favorable position for 

: the reception of ores. Those crevices which come to the surface par- 

allel to the side, “like an eave-trough,” catch the drainage and carry 

it below. Furthermore, the water level within the ridge almost uni- 

formly conforms, in a measure, to the surface contour, in other words, 

the water-level is higher under the summit of the ridge than along 

the flanks, or in the adjacent valleys, and the tendency of the subter- 

ranean water is, of course, seeking its level, to flow towards the sides 

of the ridge, and thus the drainage that enters the summit and de- 

scends deeply through the beds, turns outward, and entering the crev- 

ice, there mingles with that caught at the surface and carried down- 

ward, thus furnishing one of the conditions of ore concentration pre- |
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viously described. On the other hand, if the erevice runs into the 

ridge at right angles to its axis, it is universally traversed by cross- 
seams, which run parallel to the sides, and which, in like manner, 

collect both the surface and the deeper waters and carry them into the 
main fissure, to which they act as feeders. Thus heavy deposits do 

occur in crevices running at right angles to the ridge. If, however, 

both systems are much oblique to the face of the ridge there is greater 
hability of the waters to escape in divergent courses without being 
brought together in asituation suitable for deposition. These rules 
do not seem, however, to be universally applicable, and could scarcely 
be supposed to be so, since numerous other circumstances modify the 

internal drainage of a hill, and drainage, not contour, is really the 

influential element. The special rules, here stated, may be included 

in a more general one, namely, that whenever the conditions are most 
favorable for bringing together (1) waters derived directly from the 
surface, and (2) waters that have penetrated considerable depths of 

rock, there rich deposits are most likely to occur, other things being 
equal. | | 

While these rules, therefore, find a rational explanation in the 

theory of ore deposition here advocated, and, in their turn, lend some 
additional testimony to its truth, it is evident that they are quite with- 
out explanation on any theory that looks to deep-seated causes, since 
thermal springs and gaseous emanations can have been in no es- | 
sential respect affected by the surface contour. 

This will be especially evident when it is considered that the present 

topography could not have been assumed at the time of deposit, if 

that was due to either of these agencies, particularly thermal springs, 
for these crevices often come out to the surface at lower levels than 

that at which the deposit takes place, as for instance the “65 foot 

opening” of Muscalange Diggings comes to the surface in the side of 
a bluff at heights of 15 feet above the bottoms and downward, while 65 
feet above this lies the “12 foot opening.” Now itis quite evident that 
springs rising from below and reaching the “65 foot opening ” would 
flow out to the surface, as the drainage waters do now, and it would 
be utterly impossible under hydrostatic laws for them to rise to the 

“12 foot opening” and produce a deposit there. To explain these 

deposits by thermal waters, it must necessarily be assumed that the 
“12 foot opening ” was formed before the valley of the Rattlesnake 

was cut down below it. Similar facts are common throughout the 

whole region. It is, therefore, incredible that the topography should 

have modified the ore deposit, or that any rule based upon surface 
contour should have any trustworthy application, at least, in a case
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like this where the ore deposits themselves have had no appreciable 

effect in producing surface contour. 

(9.) According to testimony received from various sources, the influ. 

ence of valleys istwo fold. If the valleys are very deep, the ores are cut 

away and the openings in the face of the bluff often bar up and be- 

come feebly productive. Where lodes cross small ravines near their 

head, the ore is said generally to “ make strong,” presumably due to 

the concentration of drainage. The rock beneath the valleys, espe- 

cially that occupied by water courses, is often very hard or, in miners’ 

parlance, barred. In the Hazel Green district this appears to be con- 

spicuously so. See section on Atlas Plate XXXIX. The accompany- 

: ing figure may serve to illustrate the probable explanation of this: 

Fia. 63. 

Surf 
x, 

Water Level gler Leves 
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Diagram ILLUSTRATING TENDENCY OF UNDERGROUND CURRENTS. 

The water level beneath the ridge rises to a greater or less height 

above that of the valley according to the amount of obstruction inter- 

posed by the rock. The tendency of this water is to flow in the direction 

marked by the arrows, except so far as it may be modified by inequal 

obstacles imposed by the rock. The descending waters are charged 

with oxygen, carbonic and humic acids, and other solvents, and tend 

to disintegrate the rocks through which they pass, until these chemical 

agencies are exhausted. The rock, therefore, traversed by the de- 

scending currents 1s softened. In the valley, however, there are no 

descending currents, but rather the opposite, as demonstrated by the 

frequent occurrence of springs rising in the bottom of the valley or 

the stream. These ascénding waters having been already charged in 

their descent with lime salt, and, perhaps, some metalliferous sub- 

stances will be disposed rather to deposit, and, therefore, harden the 

rocks, than to dissolve and to disintegrate them. As they are rising 

from greater to less pressures, their solvent power will be reduced, 

though the effect of this may be very slight. At the least, however, it 

appears that the rock beneath the stream will be less softened than that at
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the same level in the interior of the hill. If this conclusion be correct, | 
and it seems to correspond with observed fact, it is one of no little 
importance in the driving of adits for the unwatering of mining ter- 
ritory. It is quite customary to drive the adit up the valley for some 
distance before striking in beneath the bluff, under the general impres- 
sion that the labor of excavation will be less. Precisely the opposite 
method of procedure is indicated, for, besides the greater ease of 
driving the adit, there is the possibility of crossing new leads along 
its course. 

| We apprehend, however, that under the summit of the ridge the 
rock would likewise be found hard, and that the greatest probabilities 
of encountering soft rock, and of making new discoveries of ore, | 
would be found beneath the brow of the ridge, and that, therefore, 
whenever practicable, it is best to drive the adit neither beneath the 
bed of the valley, nor the summit of the ridge, but at the interme- | 
diate position indicated. 

10. Llow to follow leads. It is a not uncommon occurrence that, 
in following a lead, it is lost. A common case is that in which a 
crevice ceases at the intersection of across crevice and the lode is 
transferred to a fissure on the one side or the other, and must be sought 
for either at the right or the left, the phenomena being known as a 
“shift,” “throw,” or “heave.” It is, of course, of much practical 
importance to the miner to know in which direction to search for his 
lost lead. It should be understood that these “ throws,” or “ heaves,” 
in our region are not of the same nature as those to which these terms 
are properly applied, namely, to cases in which the rock has actually 
been shifted by fault and the identical crevice has been shoved to one 

| side. Ours are simply cases in which the fracture ceased at a crossing 
and another fracture, at one side or the other, took its place. It is 
manifest, theréfore, that no definite rule as to the distance at which | . 
the lode may be found can be laid down, as in the case of regions 
where the shift has been caused by faulting, for the extent of a fault, 
when once determined, is found to be practically uniform for the dis- 
trict, but the point at which the fracture may occur would be uncer- 
tain. In the case of faulting, the direction of the shift is absolutely 
uniform and certain for any given system. It is not so certain that 
any absolute rule is applicable to our mines. Yet the current testi- 
mony of miners, so far as we have been able to gather it is, that the 
shift is to the left.. The real guide, however, in these cases is the di- 

rection of the original drainage since the subterranean waters are the 
source of the deposit.. The course which that pursues can generally 
be determined by close inspection of the phenomena of the lode.
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Oftentimes, where there is no copious drainage, the oozing of moist- 

ure on one side rather than the other, or greater dampness, will sug- 

gest the line of drainage, though these indications may occasionally | 

prove fallacious. Again, leads are sometimes lost because they drop 

below or ascend to a higher stratum. To these cases the same 

rule derived from the drainage is applicable. In general, the vertical 

shift will be in the direction of the dip of the strata, for the manifest 

reason that this generally controls the direction of descent of the de- 

positing waters. Oftimes the course which a lode has taken will be 

indicated by little sheets of ore that have branched off on one side of 

the lode previous to its giving out. These will be found to mark the 

channels through which the water has passed to a parallel lode which 

takes the ore. Of course, in no case is there a better guide than to 

follow seams and strings of ore, where such can be found. 

To these are to be added local rules of doubtful application in 

general. 

Probabilities of ore below given horizons. Where lodes have been 

mined in the upper measures of the Galena limestone, and work has 

been suspended by reason of water or other practical difficulties, there 

is strong presumption of valuable deposits below. These may be 

shifted along the crevice or to one side, according to the drift of sub- 

terranean drainage. The relations of the “twelve foot opening” de- 

posits to the “sixty-five foot opening ” at Muscalunge may be studied 

with profit on this point. | 

In the middle and lower portions of the Galena limestone where 

lead ore alone has been found at higher horizons, we deem it alto- 

gether probable that mixed lead and zinc ores occur. The progress of 

mining seems to indicate that zinc ores are more widely and abun- 

dantly distributed in the lower beds than has been heretofore supposed. 

It may be quite unsafe to assume that beneath all the lead deposits 

there is a corresponding formation of zinc, and that every crevice that 

is lead-bearing in its upper reaches will develop zine below, but such 

is the general tenor of evidence, and the general presumption is in 

favor of this as arule. It would manifestly be of the greatest im- 

portance, if it were possible, to determine any definite ratio between 

the amount of lead in the upper beds and that of zine below. In our 

previous discussions, pages 472, 488, we have alluded to this subject 

and have given some facts bearing upon it, facts which, we think, have 

not been generally known, or appreciated, in their bearing upon this 

important practical question. If the results of experience in a few of 

the most important mines of the whole region, from which the most 

of reliable statistics have been obtained, are to be taken as fair repre-



568 THE ORE DEPOSITS OF SOUTHWESTERN WISCONSIN. | 

sentatives of the general fact, which may be doubted, we shall be jus- 
tified in concluding that an amount of zine equivalent to that of lead 
might not be far from the general rule. But I must say, candidly, 
that I deem such a deduction too uncertain to be much trusted. But 
that greater richness in zinc in the lower beds is being, and is likely 
to be developed, than has heretofore been indicated by some of my 
official predecessors seems to me scarcely questionable. I incline to 
the judgment, therefore, that this region, in which the annual zinc 
product already far surpasses that of lead, and which should rather be 
called now the zine district than the lead region, will continue to de- 
velop an increasing relative importance in the latter resource.
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STATISTICS OF COPPER PRODUCTION AT MINERAL 
POINT. 

———$ 

Quite recently some old memoranda relating to copper production 
at Mineral Point have been found, and Mr. W. T. Henry has kindly 
collated the following items: | 

COPPER MADE AT “ PRESTON & CO.’8"? FURNACE AND SHIPPED EAST. 

Pounds. 
1841. First lot, shipped via Galena, IIls.........ccesccccececcecccee 6,982 

Jan., 1842. Second lot, shipped via Milwaukee, Wis......ccees cesccocce 13,505 
Jan., 1842. Third lot, shipped via Milwaukee, Wis.....cssecccccccccesce 10,000 
Nov., 1842. Fourth lot, shipped via Galena, Ills........cccccecccccceccuce 21,604 
May, 1843. Fifth lot, shipped via Galena, Ills........csccee cocccccceces 43,278 May, 1843. Sixth lot, shipped via Galena, Ills......c.ccccsvcccecceces oe, 3, 000 
Oct., 1843. Seventh lot, shipped via Galena, Ills ....scccccee cocececcese, 21,043 
Nov., 1843. Eighth lot, shipped via Galena, I!ls . ......cccececec cee cocy © , 494. 
Feb. 15, 1844. Sent to Galena, Ills., to A. C. Davis....ccccccceccecee, eee 14,866 
June, 1844. Sold to Smith & Carter, Galena, Ills ..........cceccecesees 11 O15 
Aug. 18, 1844. Sent to A. C. Davis, Galena, Ills.........c.ccccccececccece 6,206 
Aug. 23, 1844. Sent to A. C. Davis, Galena, Ills.....cccccececsccccceecce, 1,623 Oct. 23, 1844. Sent to A. C. Davis, Galena, Ills......cccccecccccccecccec, 5,444 
Nov. 23, 1844. Sent to A. C. Davis, Galena, Ills. cece ose ccecerccccccese vos 6,021 Nov. 23, 1844. Sent to A. C. Davis, Galena, Ills.........cccecsceccceccue, 7,699 June, 1845. Sent to Smith & Carter, Galena, Ills .....cccccccececcccce, 11,502 July 15, 1845, Sent to Smith & Carter, Galena, Ills .......cccccecccee.... 4,242 
Sept. 17, 1845. Sent to Smith & Carter, Galena, Ills .........secccccecees, 8,740 April, 1846. Sent to Smith & Carter, Galena, Ills ........ccscecc.es,.., 9,135 
Oct. 21, 1846. Sent to A. C. Davis, Galena, TS. .ceccccccvccccccccccscess 1,389 
Oct. 30, 1846. Sent to A. C. Davis, Galena, Ills...... ssccccccevccces., «. 4,459 

Metallic copper COC OHHHHH SESS OHHH HEHE ESO EEHH SEE HET E HEE EEO eree®e 217, 702
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COPPER ORES RECEIVED FROM CHARLES BRACKEN. 
Per Cent. 

Pounds. Yielded. 
Sept. 8,5, 1842. First pile ....... ccc ees cereeesecccreccsevcsess 40,000 
Sept. 3, 5, 1842. Second pile of smalls .....cevereceseccccceeree 107, 200 
Sept. 3, 5, 1842. Second pile of prills ...coececcccccseccsecsees 20,486 : . 
Oct. 10, 1842. Prillg... .ccccecsscecsccccccccscsvscsssecsses 22,500 30 
Oct. 11, 1842. Smalls... cc ccecccccccccccccesvccsccscsccsees O1,707 9 
Nov. 28, 1842. Smalls ..cccccccreccccce soccrscsssccsccseses 94,084 12 
Nov. 28, 1842. Prilly ..ccccccec-cccoscecccscccseccsccsseveses 18,720 32 
Feb. 15, 18438. Prills ..ccccsscccccccscccccceccccssssscecsess 17,692 291¢ 
March 16, 1848. Prills ..ececcccccrccccccresccccccccecsceces ¢ 3 200 ¢ 30 
April 6.1848. Prills ...cccccccccccccccccccccce csccceseesse dB, 000) 
May, 1843. Smalls ..ccccscccccccccccvcccscccscccscecsses 32, 054 10 
July 21, 1843. Smalls ...cccecccccccscccceccsessscccsssssees 160, WI 101g 

~ July 24, 1848. Prills .. cc cece cece cecccc ccc ssecessscseses 34,510 o4 
Oct. 23, 1848. Smalls ..ccccceccccccccccs ccecceresscesesces 80, 850 105 
Oct. 28, 1843. Prills .cevcccccccccccsccccscsccscvccesseceses 19,617 2016 
April 24, 1844. Smalls... cccccsscsccccsecessccvescesececese. O1,224 11 
April 24, 1844. Prills 2... cc cece ccc cccccscccscectccecscsssees 11,520 2816 
May 27, 1844. Smalls ....cccccccccccscccsecsscessecsenerses 39,998 We 
May 27, 1844. Prills ..... ccc cece cee c ar eeeccces sovseseeee 11,400 3246 
May 27, 1844. Prills (mixed with galena) ......c.scccsccereee 3,686 13 
Nov. 7, 1844. Smalls ...cesecccsccccsccccceccsccsscsessseess 28,861 7 
Nov. 7, 1844. Prillg ....cccccccccccccccscccesccsccsccesses 14,644 24 

COPPer OFES.--ccevescccccce: cocccesersccvccecccscseess O10, 244 

COPPER ORE PURCHASED IN 1844. 

Per Cent. 
Pounds. Yielded. 

From James Wasley & Co., prills ..... cccccsccccccsceccseccess 6,708 80 
From James Wasley & Cvu., ZOSSANS .ecccccccccccscccccssescreee 48, 600 10 
From Sterling & Phillips, gossans ....ccccecscccsceccsececsceses 2,916 10 
From Sterling & Phillips, prills ...ccccsccccsccscccvcccccceecses 6,720 30 
From 8. B. Ballard, prills.......,.ccccccecccccsccscescesvcsess 3,060 2954 
From 8. B. Ballard, prills...-....ccccescecseccee sevccvecesess 9,000 17% 
From James Wasiley & Co., prills ......ceccerecccccscccseevrees 142, 285 30 
From Towa Copper Co., prills.......cccccccssccces sevccscccecs 805 8 
From Jowa Copper Co., 20sSans......2. cecsscccesiecccceee ove 520 91 
From James Wasley & C0., QOSSANS..+-ecccccccccccscccsscesees Sl), 955 10 
From James Wasley & Co., gossans...-ccsceccesccsccccsesevecs 25,575 10 
From James Wasley & Co., prills......cceccccccsececesceecscee 10,815 30 
From Stephen and J. Prideaux, prillg ........cccecescecescccses 7,985 30 
From Stephen and J. Prideaux, gossans ......--ssecsccesesceses 25,095 9 
From Iowa Copper:Co., prills and gossans mixed .....eesceseeeess 5,836 11% 
From Johnson Glanville, prills..........ceeccceccveecccesescess 5,050 16 
From §. B. Ballard, prills and gossans mixed .....seeccerceveees 25,000 8 
From John Pridewux & Co0., ZOSSANS.+oeseccecvevccccccscsscoves 8,040 9 
From John Prideaux & Co., prills .....-cecccvcccscsccccccccvece 390 26 

- From Iowa Copper Co., gossans.....esceccscccseccscccsccerees 2,775 8 
From lowa Copper Co., prills.........cccccscccccecsecsvccccecs 500 91 
From John Prideaux, prills and gossans...cccosescese esceveceses 9,950 114 
From Johnson Glanville...scee.ccceee soecrccercccssccsesesese 1,066 4ig 
From Kenall & Co... .ccesecccccee secccccccccrecccces sscssse 2,880 2846 
From Kenall & Co... .eccsccccccccsccccccccccceccsescvesccsese 10,245 1534 
From Kenall & Co... .ccccscecces coccsccccccccccccssescccecss 9,017 984 
From Kenall & Co....ccec. ccccccccaccce vecccccccccccesecucs 810 10 
From Kenall & Co... .ccccccccccccvcccccccscccsssescessccssese 2,403 241 
From Kenall & Co ...ccccccccccccccsccccccecs sees. e eoveseee 5,600 934 

COPPer OF ..ccccccccccevccvcsvcccccvccccesccssscscereves 295,471
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COPPER ORE PURCHASED IN 1850. | 
Per Cent. 

Pounds. Yvielded. 

From Joseph Stevens, May 20, 1850 ...cccceccccccccscccccseses 3,020 45 
From Joseph Stevens, May 20, 1850 ....sccsccccccscsceeee cove 13,923 15 
From Robert Richards, June 8, 1850 ...ccc cccccce coccseccseee 1,158 3l : 
From Robert Richards, June 8, 1850 .....e..ececcee cocccceseses 1,709 lly 
From George and Richard Odgers, June 10, 1850 .....ce.-eeeeee 1,906 2014 
From George and Richard Odgers, June 10, 1850 .......e.eee00-- 6,820 5 
From George and Richard Odgers, June 17, 1850.......sescccece 610 2334 
From George and Richard Odgers, June 17, 1850 ......ceseseeee- 3,904 8 
From Woodman, June 17, 1850... ..cccccccccccccccccccsecceses§ § L,al2 22 
From: Woodman, June 1%, 1850. . cccccccccrreccrcccveccvecesece 0,809 olg 

From G. Odgers, July 1, 1850... ..cccecvccccecccccccesesserseee 10,407 11 
From G. Odgers, July 1, 1850... ....ccccccrccccccnscccccccsees 2,090 27 
From Joseph Stevens, July 3, 1850 .......ccccccsccsccccseee see BF 490 154g 
From Joseph Stevens, July 3, 1850 ......ccccccccecccsccscecsees 1,125 46 
From C. Beach, Sept. 16, 1850 ......cccccscccccerecsccoreersees 11,438 19 
From C. Beach, Sept. 16, 1850 @eeeesevesneeeeeeoovoese eeeoveeenseee e208 21,3873 q 

From Joseph Stevens, Oct. 2, 1850 ....c.cccccccscccccccccscceee 1,957 39 
From Joseph Stevens, Oct. 2, 1850 ..cccscccscccscce sccsesesees 3,018 15 

Copper O10... ..scceccaccccscccccccecccccccsccoccucecceses 99 ,475 

. COPPER ORES SHIPPED BY TOAY & SPENSLEY TO POPE, COLE & COMPANY, 
BALTIMORE, MD. 

Oct. 15, 1875. 18,852 ibs. produce 7 1-10 per cent; price, $2.80 per unit.... $208 48 
Freight. ....sscccssccecccccccccccscscccecseee 93 80 

Net ...- Cee CORO O Coe eH EROS HEHHE- 2 eee $114 68 

Nov. 2, 1875. 15,877 ibs. produce 21 6-10 per cent.; price, $2.80 per unit.. $531 43 
Freight ......cccsccccccccccececcses cosseess 102 00 

Net .ccccses eeeereoeeveneeeorsvaneceeeeae OGvaeeoene $429 43 

Jan. 18, 1876. 19,050 tbs. produce 20 8-10 per cent.; price, $2.80 per unit .. $633 98 
Freight eeeteeeeeeeveeeereeoor eevee eevee ee eeeesvene seed 120 00 

Net eeeoeveoe-e eeaeev0d 8 eeeeovoeveaeseoeaeea ee eon eoee $513 98 

Apr. 28, 1880. 82,826 ibs. produce 7 3-10 per cent.; price, $2.80 per unit... $846 48 
ee Freight... .2ccscccscccccvcccccrsccscccsssssces 560 11 

Ores ...- 185,605 -_—— 
————— aoe , Net ..ccccccccccccccrcccscccsecesseeses $221 OU 

COPPER ORE SHIPPED BY WM. T. HENRY TO RANEY, CHASE & CO., CHICAGO, ILLS. 

Nov. 4, 1880. 21,033 tbs. assay 24.02 per cent.; price, $2.30 per unit. 
Nov. 4, 1880. 2,260 tbs. assay 9.75 per cent.; price, $1.80 per unit.
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PART VY. 

THE QUARTZITES 

BARRON AND CHIPPEWA COUNTIES. 

COMPILED FROM THE NOTES OF MESSRS. STRONG, SWEET, 
| BROTHERTON AND CHAMBERLIN.





QUARTZITES OF BARRON AND CHIPPEWA COUNTIES. 

Out from the prevalent drift of the region there stand forth a few 

ridges and domes of quartzite which portray the existence of a forma- 

tion which might otherwise be wholly unsuspected in the region in 

which it occurs. Of these, a single massive ridge lies south and west 

of the great bend of the Chippewa river (T. 32, R. 7 W.), and it is 

doubtless this resisting mass lying athwart the course of the Chip- 

pewa river that has caused the notable deflection of its course at this 

point. The remainder of these quartzite protuberances are closely 

clustered in the eastern margin of Barron county, in the townships of 

| Suenner and Rice Lake. (T. 34 and 35, R. 10 and 11 W.) A single 

low outcrop in Sec. 16, T. 88, R. 8 W. indicates a northerly extension 

of the formation, and completes the meager means of information at 

our command. To the eastward, in close proximity, lies the great 

central area of the Laurentian granitic series. To the south and west, 

in equally close proximity, lies the Potsdam sandstone as the preva- 

lent superficial formation. To the northwest lies the Keweenawan or 

copper-bearing series. These relations, together with the lithological 

character of the rock, lead to the presumption that these are but 

points on the outcropping margin of the great Huronian series which 

here comes forth to the surface on the margin of the Laurentian area, 

being buried on the southwest by the Paleozoic, and on the northwest 

by the Keweenawan series. 
If we search for similar outcropping marginal portions, we may find 

them by passing southeastward over an interval of 140 miles to the 

quartzites of the Baraboo region, or southwestward, about an equal dis- 

tance, to the quartzites of New Ulm, Minn., or still farther to the south- 

west, to the Sioux quartzites of Iowa. The probable geological equiva- 

lent of this may also be found in the Penokee range, distant only about 
thirty-five miles to the northeastward. And again in the Menominee 

range, directly across the Laurentian area, 130 miles to the eastward. 

Or, taking the Laurentian nucleus asa point of view, the quartzites 

in question border it on the west as the Penokee range does on the 

north, the Menominee range on the northeast, and the Baraboo ranges
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onthe south. The reference to the Huronian age is sanctioned by this 
relationship to the Laurentian area and the Paleozoic formation, and 
by the lithological similarity to the quartzites of the areas already 
mentioned, and, more remotely, to the Huronian of Lake Superior. 

The quartzite range of the great bend of the Chippewa was first de- 

scribed by Mr. E. T. Sweet, in 1875." The following is his descrip- 

tion: | 
“ A new quartzite locality was discovered on Sec. 6, T. 32, R. 6 W.., 

during the descent of the Chippewa. It forms a hill about three 
hundred feet in height, and three or four miles in circumfer- 
ence. ‘The lowest stratum of the formation is reddish metamorphic 
conglomerate, having a thickness of three hundred feet. The pebbles 

are seldom over an inch in diameter and are either jasper or amor- 

phous quartz. The matrix consists of reddish grains of quartz. 
Above the conglomerate is a bed of reddish quartzite four hundred 

feet thick. The grains of quartz of which the layers are composed 

are much more distinct than in specimens of quartzite from the 
Baraboo Hills of Sauk eounty. A depression in the side hill one 

| _ thousand feet across, comes in above this quartzite upon which ex- 

posures were not found. The space is probably occupied by some 
softer rock than quartzite. Above this arises the main hill of the 
quartzite. In every respect the rock is similar to that mentioned 
above. The entire thickness of the formation is not far from five 
thousand feet. Both the conglomerate and quartzite are distinctly 

and heavily bedded. The strike is north twelve degrees west, and the 

dip sixty degrees to the west. Careful observations were taken with 

the dip compass, and also with the magnetic needle, with a view to 
| discovering magnetic ore deposits. No undue attraction, however, 

was observed. | 
“One and three-quarters miles from the exposures of quartzite, 

syenitic granites which may be assumed Laurentian in age were found 

in the banks of the Chippewa striking north fifty degrees east, and 
dipping high to the north. From the persistency of the strike here 

| and at Little Falls, two miles below, it may be assumed that the quartz- 

ites and conglomerates unconformably overlie the Laurentian granites 
and syenites.”’ _ 

Mr. Strong visited this range in 1877, and described an outcrop of 
quartzite on the S. KE. $ of the 8. E. } of Sec. 2, T. 32, R. 7 W., the 

rock of which is of a light red color, very hard, and composed of in- 

1 Notes on the Geology of Northern Wisconsin. Transactions of Wisconsin Academy 

of Sciences, Arts and Letters, Vol. IIT.
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durated sandstone, the individual grains of which were sometimes 
perceptible. The mass is intersected by numerous veins and irregu- , 

| lar patches of milky white quartz. One series of joints has a strike 
of 8. 50° W., dip 90°. Another series bears N. 60° W., and dips 77° 
southwest. Still another series of planes dip 387° S., 60° E. These 
Mr. Strong regarded doubtfully as the planes of bedding. Some por- 
tions of this quartzite are conglomeratic, the pebbles varying in size, 
but always small. On the N. E. 4 of Sec. 1, T. 32, R. 7 W.,, the hill 
reaches the greatest altitude of the region, being about 500 feet above 
the Chippewa. This portion is composed of quartzite, like that already 
described, the planes of bedding and occasional lines of stratification 
being at one point very plain. The strike is N. 88° E., and dip 64° 

N. W. About 100 feet eastward of this, Mr. Strong notes the strike 
as varying from north and south to north 18° E., and the dip 60° to 
N. W. The mean of a large number of observations subsequently 
taken on this ridge gives a strike of N. 10° E., and a dip of 60° N,, 
80° W. | 

The writer visited this locality in 1879, but with too little time at 
command to add much to the foregoing description, further than to in- 
crease the observed variations in dip and strike, which indicate con- 
siderable warping of the formation, and suggest the vicinity of an 
anticlinal axis. 

In Barron county, the quartzite exposures lie southeast of Rice 
Lake, and east and northeast of Sumner, and are nearly all inclosed 
within an area of about six miles in diameter. The most northwest- 
erly and one of the most conspicuous consists of a high prominent 
ridge starting in the N. W. 4 of Sec. 31, T. 35, R. 10 W., and stretch- 
ing thence northeasterly. The southeast face is steep and covered . 
with a vast multitude of loose blocks which have fallen from above 
and almost completely concealed all the undisturbed beds. The range 
exposes this talus-covered face for over a mile along its southeasterly 
front. Near the summit of the range, rock 7m situ shows a dip 
nearly due north of about 17°. The north slope of the range is more 
subdued, and is concealed by ordinary soil and drift. From the dip 
and brittle, though resistant, nature of the rock, it is not difficult to 
understand the abrupt and broken southeasterly face, it being but the 

| fractured edge of the obliquely protruding strata. A similar and 
nearly parallel range commences at the N. E. 4, Sec. 31, T. 35, R. 10 
W., and continues along a general trend of about N. 30° E., for nearly 
four miles, with frequent outcrops of quartzite along its course. 
These exposures are quite numerous along the old Court Oreilles In- 
dian trail, and on all the small ravines cutting down to the creck. 

| Vou. IV. — 37
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The quartzite of these two ranges, and, indeed, of the whole region, 

with trivial variations, is a hard, red, well metamorphosed rock de- 

rived from quartzose sandstone, the constituent grains of which are 

often clearly discernible. The original bedding planes, lines of lam- | 

ination, and occasional ripple-marks remain as witnesses to its origi- | 

nal sedimentary origin. The induration has been such, however, as 
to obliterate, in many cases, its original granular structure, and, in al- 

most all cases, to hare destroyed its original cleavage and given to it 
the irregular glassy fracture common to homogeneous, vitreous rock. 
Its brittle character and great endurance of meteorological agencies 
have undoubtedly given rise to its conspicuous tendency to cover all its 
precipitous slopes with immense accumulations of bare, angular 

blocks thrown down by water, frost and other meteorological agencies. 

These are the accumulations which are appealed to by the awe- : 

struck tyro as manifest tokens of some great volcanic eruption by 
which these were hurled up on the sides of an evident crater. 

To the northeast both these ranges coalesce in the general rolling 

heights of that region, but become concealed by drift soil and only 
indicate their presence by quartzite fragments mingled with the 

soil. 
| At a few points among the quartzite ledges small seams of hema- 

tite appear. 
Somewhat to the east of these lies the pipestone belt, embracing the 

locally celebrated catlinite locality. The pipestone appears at several 

7 localities, but the renowned Indian quarry is located in the 8. E 4 of 
| the 8. E. £ of Sec. 27, T. 85, R.10 W. The pipestone here is very 

dark red, soft, sometimes ripple-marked, seamed and banded with 
. light colored quartzite. This stone also graduates into a siliceous, 

schistose rock unfit for pipes. At the quarry, which occupies the sum- 

mit of a hill, the Indians have broken up the surface layers over an 
area of about twenty-five feet square, but nowhere have they dug 

more than three feet below the surface; so that the quarry is rather 

one of renown than of extension. The upper layers are the more 

schistose, the interior beds being less so and softer. The catlinite is 
easily and successfully wrought when fresh, but hardens somewhat on | 
exposure to the air. | 

In the S. E. 4 of Sec. 25, T. 35, R. 10 W. is a very dark red, sili- 

ceous rock, somewhat harder than the pipestone (hardness about 2.50), 
but quarries in large regular pieces often three or four feet in length, 
and one tosix inches in thickness. Its surfaces are beautifully ripple- 
marked. It seems to have a constitution closely similar to the pipe- 

stone, but is harder and contains very small scales of white mica. It
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would form a very handsome building stone. Its entire thickness | 
was not exposed. It is underlain by the usual quartzite. 

| Near the center of Sec. 29, T. 35, R. 9 W. occurs a small ledge of 
red quartzite in the valley of the Pokegoma creek. To the eastward 
of this no exposures have been actually observed by us, though from 
the constitution of the drift there is little doubt that it extends east- 
ward, 

Quartzite is reported on the Soft Maple ereek, a tributary of the 
Chippewa, and in the vicinity, lying four or five miles west of the 
Chippewa river, but this has not been verified by us. 

In T. 34, R. 11 W., on the west side of the Pokegoma creek, there 
is a conspicuous ridge of quartzite about three miles in meridional 
diameter, and about two in width, the rock of which, so far as. ex- 
posed, presents the characteristics above described. 

| To the east of Sumner, the N. E. 4 of See. ol, T. 34, R. 10 W., 
are outcrops of a singular and interesting conglomerate. The frag- 

| nents are composed of light red quartzite in angular or very slightly 
rounded forms. These masses lie closely but very irregularly disposed 
toward each other, with numerous joints, fissures, and irregular angular 
interspaces between them as though they were the talus of an adjacent 
cliff of quartzite, though no such cliff is now to be seen. The frag- 
ments in general are conspicuously angular, though some have been 
somewhat rounded, indicating moderate attrition at the time of their 
accumulation. The matrix consisted originally of sand, somewhat 
lighter in color than the quartzite fragments, This is notably less 
indurated than the inclosed quartzite, and yet is quite solid and firm. 
Its constituent grains have not, however, been obliterated. In indur- 
ation and compactness it lies about midway between the quartzite and , 
the Potsdam sandstone, which is reached in wells in the immediate 
vicinity. The induration of the matrix seems to the writer to be 
rather due to cementation, than to thermal or mechanical metamor- 
phism. Its hardness was such, however, as to lead Mr. Strong to the 
conviction that it should be classed with the Huronian. My own in- 
clination, however, is to regard it a Silurian conglomerate formed along 
a beetling cliff of quartzite standing forth in the Potsdam scas, and, 

| of course, contemporaneous in origin with the adjacent Potsdam sand- 
stone, its exceptional induration being due, as before suggested, to 
cementation. No simple quartzite, however, was observed in the 
vicinity, though the extent of the exposure was not such as to make 

this negative observation of much weight. : 
The above descriptions are based mainly upon the notes of Mr. 

Strong. Beyond question other exposures than those here noted
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might be discovered upon a more minute search, but the dense cloth- 

ing of the forest, the resulting vegetable debris, and the general 

concealment by the drift, render miscellaneous search tedious and 

unprofitable. With the clearing away and settlement of the region, 

and the excavations incidental thereto, additional details, among 

| which the junction of the Potsdam with the Huronian will very 

likely be developed. | , 

| An attempt to trace the northward extension of this formation, | 

made in 1877 by Mr. Brotherton, resulted only in the discovery, in- | 

Sec. 16, T. 38, R. 8 W., of a ledge of red, granular, and in part con- 

glomeratic quartzite, in every respect resembling that of the pipestone 

region, and undoubtedly belonging to the same series, indicating that 

the outcropping portion of this formation has a north and sonth extent | 

of about forty miles, with a probable width of not more than twelve. 

It is by no means certain that there is a surface connection between 

the quartzite range near the big bend of the Chippewa river and those 

in the vicinity of Rice Lake, nor between these and the last named 

outcrop to the northward. It is not impossible that the Potsdam 

sandstone reaches across to the Lanrentian between these and conceals 

the connecting portion of the Huronian quartzite. That it once did 

so is rendered more than probable by the occurrence of the sandstone 

on Elder Creek in the N. W. £ of the N. W. 4 of Sec. 29, T. 35, Rh. 

7 W. The formation here occurs in a low exposure in the banks and 

bed of the stream, and consists of a gray sandstone, streaked in places : 

with red; hard upon the exterior, but friable within. No fossils were a 

discovered, but, from its position and character, it is referred with 

: confidence to the Potsdam period. | 

Though possibly therefore incrusted with Potsdam sandstone, the 

fact that, between the known exposures of quartzite, high rolling 

ground, in general, intervenes, leads to the presumption that quartzite 

immediately underlies the drift thronghout most, if not all, the inter- 

mediate region. It has been therefore so mapped, but, except in the 

vicinity of the exposures described, the outline is to be regarded as | 

entirely hypothetical. 
| 

The main circumstance to which this general concealment of a 

formation which, from its resistant character, is wont to be notably 

protuberant, is due, is the fact that the belt is overlain by a great 

moraine, whose location here may perhaps have been in some measure 

* determined by the high quartzite rim of the Chippewa basin, which 

was already presented as an obstacle to the ice stream descending the | 

valley. The moraine, which is continuous with the kettle moraine of 

eastern Wisconsin, crosses the Chippewa just below the quartzite
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range at the great bend, and shortly curves to the northward, running 
near the line between Barron and Chippewa counties, and so over- 

| lying the supposed connection between the quartzite on the Chippewa 
and that in Barron county which lies on the west side of the moraine.' 
On either flank of the moraine, the bowlder clay and lacustrine and 

fluviatile modified drift extensively occupy the region, being rarely 
interrupted except by the protuberant domes and ridges of quartzite. 

1See Plate XXXVII, Vol. III, p. 883. |
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| INTRODUCTION. 

What might have been presented in the place of the following 

report had not that fatal accident occurred which closed the labors of 

the lamented Moses Strong can only be conjectured; as it is, the work 

that has been done in the upper Flambeau valley can be looked upon 

as little more than a reconnoissance of its two main streams. The 

small amount of time which circumstances left available for this work, 

| the large amount of wholly uninhabited territory to be traversed, 

unfavorable weather, low water in the streams, making it necessary 

often to drag or carry the canoe over considerable distances, the inac- " 

~  euracy and incompleteness of the government survey throughont 

| much of the region, all conspired to make anything like complete 

work impossible. 

The ticld work was done during the fall of 1877, and was taken up 

October 4th, at Flambeau, where Mr. Strong had dropped it. From 

Muskalonge Falls, at Flambeau, the ascent of the North Fork was 

made to the mouth of Turtle Creek, and the latter stream then fol- 

lowed to its source in Turtle Lake. After returning to the mouth of 

Turtle Creek, the course of the Manadowish was pursued through 

Cross, Island and Boulder Lakes to Sec. 16, T. 42, R. 7 E., where a 

portage of four miles was made to Trout Lake. Trout Creek was 

then followed to Sec. 8, T. 41, R. 6 E., where a second portage was 

made to Swamp Lake. Pokegama Lake was next reached, by two 

portages and an intervening lake, from which we passed to Lake 

Flambeau; and here another portage of some eight miles was made, 

toa sinall lake in T. 39, R. 4 W., from which a small stream leads 

through Squaw and Pike Lakes into the Dore Flambeau. It had been 

our plan to descend the Dore to its mouth, and then return to Flam- 

beau by the North Fork; but a log jam about four miles in length, 

beginning at the center of Sec. 17, T. 37, R. 2 W., made a change 

desirable, and we returned to Fifield and crossed to the North Fork 

- at Flambeau. On the night of November 5th, when we had reached 

the center of Sec. 22, T. 39, R. 2 W., the river closed with ice. ‘This 

necessitated the abandoning of the canoe, and the packing of speci- —
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mens, provisions and camp equipage, and rendered it desirable to 
avoid all travel not absolutely essential to the work before us. As it 
appeared probable from the heavy drift accumulations that few, if 
any, exposures of rock would be found along the “ big Bend” of the 

. lanibean in T. 39, Rs. 2 and 3 W., the course of the stream was aban- 
doned at a point in Sec. 19, T. 39, R. 2 W.. and taken up again in Sec. | 
26, T. 39, Ik. 3 W., and pursued to its confluence with the Dore. On 
reaching the mouth of the two streams, a considerable fall of snow 
made it necessary to close work, and left but a single day for the 
examination of the unexplored portion of the Dore Flambean. This | 
stream was examined, therefore, only as far as the center of Sec. 27, 
T. 36, R. 3 W., and there still remains an unexplored gap of about six 
miles, along which several outcrops probably exist. 

While it is not probable that any considerable number of rock ex- 
posures exist between the two forks of the Flambeau away from the 
Immediate vicinity of the water courses, silence in regard to this 
territory is due to the fact that, with few exceptions, no excursions 
were made back from the streams more than half a mile; and 
throughout the report which follows, all statements, unless otherwise 
indicated, are to be regarded as based upon such observations as were 
made from the canoe, or from the banks of the streams. It is to be 
understood, too, that no tributary to either of the two main branches 
of the Flambeau was examined except where mentioned. 

| In regard to previous literature relating to the geology of the region 
under consideration, there is to be mentioned the « Report of a 
Geological Reconnoissance of the Chippewa Land District,” by 
David Dale Owen, made to the senate in 1848. 

Some of the lithological specimens collected were of so fine a 
texture as to require microscopic examinations for satisfactory descrip- 
tions and classification ; and of these, thin sections were prepared by 
Julien, and described by Prof. Irving. His descriptions are added as 
an appendix to this report. 

It is due to Mr. Mark Stevens, an expert woodsman of Eau Claire, 
who acted as assistant and guide, to say that he did all that could be 
expected of a faithful and willing servant. 

Fr. H. K. 
River Faris, Wis., November, 1879.



GEOLOGY OF THE UPPER FLAMBEAU VALLEY. 

THE ARCHAAN ROCKS. 

The rocks here considered probably all belong to the Laurentian 

series. ‘These, for convenience of treatment, will generally be taken 

up in the order of their discovery. 

About twenty rods above the Wis. C. R. R. bridge which crosses 

the North Fork of the Flambeau river, the stream breaks over a 

rather heavy exposure of Gneissoid Granite (1), forming a long, 

steep rapids known as Muskalonge falls. The great bulk of this 

exposure, lying mainly on the north side of the river, is a coarse, 

faintly pinkish and bluish white rock, which has so resisted disinte- 

gration as to retain upon its surface some of the glacial scorings. 

- The granite beds are composed of feldspar, presenting both plain 

and striated facets, those of the former being sometimes 6 ¢. m. 

across and occasionally imbedding quartz crystals of considerable 

size; irregular bunches of smoky and limpid (rarely greenish) quartz; 

and ferrite-stained muscovite, irregularly and sparingly distributed in 

thin plates, sometimes 5 m. m. or 10 m. m. in diameter. 

Associated with the above are masses of coarse, light, flesh-red 

Pegmitic Granite (2), which possesses a nearly uniform texture and 

| slightly jointed fracture. It is composed of large cleavable, ferrite- 

stained orthoclase crystals; lengthened, sometimes irregularly paral- 

lel, bunches of dusky quartz, and a few flakes of muscovite. 

Adjacent to the granite masses are bands of gneiss, showing 

decided close contortion, and thinner bands of Mica Schist (8), 

which present a shimmering suriace, finely speckled with black, 

brown and white. This schist is composed of about equal parts 

of evenly scattered, limpid and dingy, small rounded and somewhat 

angular grains of quartz, and small plates of black and brown biotite 

averaging about 1 m. m. in diameter. 

The strike is not accurately determinable, but is evidently north of 

east, and probably lies somewhere between E. 15° N. and KE. 25° N. 

Passing up the stream, from Muskalonge falls to the center of See. 

13, T. 40, R. 1 W., a second exposure of Granite (4), lying on both
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sides of the river, is reached. The outcrops on both sides of the. 
stream are small and low, presenting no bedding planes; but the one 
upon the east bank lies farther north, suggesting a strike to the east 
of north, and an intervening bed of softer rock, which has been cut 
away by the stream. This granite has a very coarse texture, deep, 
flesh-red color, mottled with black and light, and an irregular frac- 
ture. Orthoclase, varying in color from bluish white to deep flesh- 
red, and presenting facets 4¢. m. to 5 ¢. m. in diameter, comprises , 
about two-thirds of the rock mass. The deep red color is due largely 
to deposits of ferrite upon and between the cleavage planes. Large 
and small bunches of dingy and limpid quartz are scattered between 
the crystals of orthoclase, and are sometimes imbedded in them. Dis- | 
seminated sparingly and irregularly, are also to be seen large and 
small plates of dingy yellowish and silvery muscovite. 

A little west of the N. E. qr. of Sec. 18, T. 40, R. 1 W., up the 
| stream from the last exposure and on the west bank of the river is 

another low, small outcrop of Granite (5), differing from the last 
only in having the quartz and mica relatively more abundant, and _ 
the orthoclase crystals smaller and more uniformly of a deep flesh- 
red color. 

Crossing the principal meridian, there occurs at the N. E. corner 
of Sec. 32, T. 41, R. 1 E., a low small exposure of Silicious Horn- 
blende Schist (6), whose dark, weathered surface is deeply and 
profusely pitted with small, conical cavities. The rock has a fine- 
grained, uniform texture, and yields with difficulty to the hammer, 
breaking with an uneven fracture. The fresh surface is black, glisten- 

| ing and closely but vaguely dappled with white, which becomes 
yellowish on weathering. Small plates and blades of hornblende, 
which are both greenish and brown by transmitted light, make up 
about seven-tenths of the rock, the remainder being composed largely 
of small, irregular and rounded, limpid and stained grains of quartz, 
uniformly scattered through the mass, and small bunches of shalite, 
from 1 m. m. to2 m.m. in diameter. To the latter the dappled ap- 
pearance and pitted, weathered surface are due. A few small patches 
and bands, more exclusively hornblendic than the mass of the eX pos- | 
ure, and composed of larger, lengthened, sometimes greenish needles, 
are crossed occasionally by small, indistinct, light streaks bearing a 
few grains of iron pyrites. Specimens 2 e and 8 of the appendix are 
from this exposure. | | | 

| A short distance up the stream from the last, in the S. E. corner of 
the N. E. qr. of the 8. W. qr. of Sec. 33, T. 41, R. 1 E., there is another 
exposure of Silicious Hornblende Schist (7), rising scarcely above
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the bed of the stream. It differs from (6) in being less micaceous in 

strneture, finer grained, and more brittle, in having a somewhat 

jointed fracture, and in wanting the peculiar aggregations of shalite. 

. Some portions of the exposure, too, apparently contain some mica. 

Specimen (4) of the appendix is from this outcrop. 

| Where the river passes southward a little to the west of the center 

of Sec. 33, T. 41, R. 1 E., its channel is divided by an outcrop, and 

before the two branches meet again, an island of about 25 or 30 acres 

: is inclosed. Across and up the stream, in the bend and on its south 

bank, in a direction E. 50° N. from the head of the island, is another 

| exposure, rising some 15 feet above the bed of the river, and extend- 

ing but a few rods back. The rock of the two outcrops is essentially 

the same,—a grayish white, darkly-blotched, coarse-grained Granite 

(8), which has a very uneven fracture, and weathers almost white. 

A grayish white feldspar, with facets from 2m. m. to 6 m. m. In 

diameter, some of which are striated and present a somewhat vitreous | 

luster, comprises about six-tenths of the rock. Both dusky and 

translucent quartz are present in large and small irregular bunches. 

Muscovite plates, sometimes 12 m. m. in diameter and 2 m. m. thick, 

are scattered abundantly through the rock. Biotite plates are also | 

present, but they are smaller and less numerous than those of the 

muscovite. : 

In the granite upon the island there occurs a mass of handsome 

light flesh-red Pegmatite (9), which weathers lighter, and possesses 

a somewhat jointed fracture. The quartz is arranged in long, wavy, 

wedge-shaped, nearly parallel blades, which have most of their bases 

looking in the same direction, and some of them split so as to clasp 

portions of the orthoclase which constitutes about seven-tenths of the 

rock. Only a few flakes of muscovite are seen in the specimen. 

Upon the east (%) side of the island there is a small patch of slightly | 

arenaceous, glistening, thickly-speckled, black and gray Silicious 

) Mica Schist (10), which weathers duller, and in which the biotite | 

plates average 1 m. m. iu diameter. It appears to be the remnant of 

‘a bed that has been cut away by the stream. The biotite plates are 

often perforated with holes resulting from decomposition, and are asso- 

 giated with a considerable amount of muscovite. 

The fourth and last exposure noted in See. 33 is situated near the 

N. W. corner of the N. E. qr. At this point the river breaks over 

the outcrop, forming a long rapids, at the foot of which is a 

small, rock-fronted island. Eight rods above the island in the bed of 

the stream, and barely rising above low water, is a mass of glistening, 

vacuely-mottled black and gray, coarsed-grained Mica Schist (11),
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which assumes a dark, pitted and warty surface after weathering. It 

contains an abundance of black mica whose very brittle plates vary in 
diameter from 1 m. m. to 3 m.m. Colorless, sometimes rose-tinted, 

grains of quartz from 1 m. m. to 2 m. m. in diameter are plentifully 
scattered through the mass or aggregated in bunches to which a part 

of the vague mottling is due. Kyanite crystals of considerable size — 

and often much altered are abundant, and there is a greater abundance | 
of what may be smaller, silvery — sometimes greenish — alinost 

foliaceous crystals of the same, the two together equaling the quartz 
inabundance. Imperfect crystals of staurotide also occur. Scattered 

through this schistose rock at irregular intervals are numerous large : 
masses of yellowish and dusky Quartz (12), resembling large nodules 

or rudely imitating veins, in which may occasionally be seen mica 
plates and dusky oval masses. Congregated about these masses of — 

quartz are numerous small, impure garnets, together with crystals of 
kyanite. 

Across the stream from the exposure now considered, on the east | 

bank, is another Mica Schist (13), whose structural and lithological 
features are very similar to (11). It differs, however, in the absence 

of large quartz masses and in the uniform distribution of garnets. 

No staurotide was observed in (13). The Mica Schist (14) upon the | 

island presents a glistening, mottled, black, gray and brown fractured 

surface, and an extremely warty and weathered appearance. It differs 

from (11) in possessing a much greater quantity of stanrotide, in the - 

smaller amount of garnet, in the larger kyanite crystals and in the , 
absence of large quartz masses. : 

The stanrotide has a dark brownish-red color, and though some- 

times presenting well defined angles and occasionally displaying the 

crosses, usually it is little more than a mere aggregation of that ma- 

terial. ‘The staurotide crystals appear to have formed last, and, if we 

may judge from appearances, under the greatest difficulties. So tardy 
was their beginning that the molecules, obliged to elbow their way 
among the already rigid material, have only been able to huddle 

around the centers of crystalization without having the power of defi- 

nite arrangement, or of expelling foreign elements. The result is that 

quartz, garnets and mica are included in these staurotide masses. 

Where, however, the molecules were able to combine their energies to 

better advantage, there has been an evident displacement of quartz 
and mica, for these materials are now arranged in contorted layers — 

about the crystals of staurotide. 

Across the channel from the head of the island, on the east side, 

there is an exposure of mica schist differing from (14) only in pre-
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senting evident bedding planes which dip 56° E. 36° N. and trend N. 

36° W. | 
From the north line of Sec. 33 to near the center of Sec. 22, T. 41, 

R. 1 E., slight rapids follow one another at short intervals, and at sev- 

eral of these small outcrops of mica schist barely protrude from the 
banks above the water’s edge. These schists, so far as observed, differ 

| from those just described only in the absence of staurotide and in 

| being coarser grained. At two points, however, well defined, light 

colored feldspar crystals were observed standing in close proximity to 

large masses of quartz. 

Just N. E. of the center of Sec. 22, T. 41, R. 1 E., there is another 

exposure of rather fine-grained, slightly arenaceous, glistening, black 

aid gray Mica Schist (15), whose texture is firmer along certain 

- planes than others. This has resulted in the formation of nearly ver- 

tical ridges in the rock where it is worn by the water. LBiotite is the 
characteristic mineral, and its plates rarely attain a diameter of more 

than 2m.m. Limpid colorless grains, partly quartz, but I think 

largely kyanite, are only less abundant than the mica. If a portion 

of this rock is abraded with the point of a knife and the powder ex- 

ainined under the microscope after being mounted in Canada balsam, 

many of the light colored grains are seen to be distinctly crystalline 

plates, rather than rounded or angular grains. These plates in po- 

larized light exhibit colors very similar to those of kyanite, and in 

- some instances the characteristic cleavage planes of that mineral were 

| observed. 

At this exposure the bedding planes trend E. 27° N.,and dip to the 

northward 89°. | 

At the point where the river crosses the west line of Sec. 14, T. 41, 

R. 1 E., there is another exposure of Schist (16), whose essential 

characteristics are the same as those of (15), the only observed differ- 

ence being a little firmer and less arenaceous texture. 

| Some 40 rods above the last exposure there occurs another, whose 

lithological features, as indicated by my field notes, are identical with 

the last. Jlere thestrike is E. 27° N., and the dip to the northward 86°. 

The third and last outcrop of mica schist, observed in See. 14, lies 

just west of the center of the section on the south bank of the 

stream, where it presents an exposure about 20 feet above the bed of 

the channel. No specimens of it were taken, but it was observed to 

differ from the others only in being the finest grained and most dura- 

ble rock of the three. Strike, E. 25° N. Dip, south, 68° to 72°. 

The exposure which is situated near the center of the north line of 

Sec, 14 takes on features different from those presented by the out-
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crops lower down. It isa bunchy, hornblendie and micaceous accumu- 
lation, of varying texture and durability. On the bank the rock 
yields. with difficulty to the hammer and presents a tolerably even sur- 
face; but in the bed of the stream where it is washed by running 
water the micaceous portions have been abraded so as to leave the | 
surface covered with deep, cavernous holes and pockets of the most 
varied and irregular contours, showing to good advantage the bunchy 
grouping of the two classes of material, and suggesting that a simi- 
larly heterogeneous arrangement of debris has contributed to the pres- 
ent crystalline structure. The hornblendie portions of this rock are 
represented by Nos. 17, 18, 19 and 20. 

| The first is a faintly glistening, finely speckled, fine-grained , 
Silicious Hornblende Schist (17), which presents a uniform texture 
and irregular fracture, and weathers gray. Small amphibole needles, 
green by transmitted light, sometimes brought together in bunches, 
comprise about six-tenths of the specimen, the remaining portion of 
this rock being mainly quartz. A little mica, and perhaps some feldspar, 
is also present. The next is a Hornblende Rock (18), differing from > 
(17) in being coarser-grained and in possessing a greater proportion 
of amphibole. No. 19 is also a Hornblende Rock which contains 
more biotite than (17), but has a similar texture. The last of these 
specimens is a dark, dappled and speckled, glistening, rather coarse- 
grained Micaceous Hornblende Rock (20), which has an uneven frac- 
ture and weathers grayish. The quartz is present in small, limpid, 
somewhat angular grains. That portion of the exposure in which _ 
hornblende is wanting is a Garnetiferous Mica Schist (21), essentially 
the same as (18), except that kyanite may be absent. No. 17 is speci- 
Inen 23 of appendix. 

| After crossing the line into T. 41, R. 2 E., near the west line of 
See. 7, a heavier exposure than the last is seen rising, in places 25 feet 
above the bed of the stream. Although a mica-bearing rock like the 
last, it contains more hornblende, which is distributed in bands or 
beds rather than in bunches, and for this reason the river-eroded por- | 

| tion presents long, hornblendic ridges separated by micaceous troughs, 
instead of the cavernous pockets of the last. The micaceous portions 
are essentially like those just described, while the hornblendic beds 
differ mainly in presenting patches of longer, coarser, and often 
radiating, needles than any found below. Specimens (22) and (23) 
are from this point. Strike, E. 830° N. Dip, 72° §. 

Between the S. W. corner of Sec. 5, T. 41, R. 2 E., and the mouth 
| of Turtle Creek, the mapping of the stream upon the plat does not 

conform to fact. A corréction of the plat so far as it was possible
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was attempted, and while the following outcrops may be assigned 

positions not rigidly correct, it is believed that they will be found 
approximately true. Along the portion of the North Fork just limited, 

six rock exposures were observed, all of which are low and small. 

The first occurs near the center of Sec. 4., and, considered as a whole. 

is a micaceous hornblende rock, which breaks with difficulty where 
unaffected by the water. ‘The portions in the bed of the streain, 

. however, soften and show a decided schistose structure. Considered 
in parts, a considerable variation in texture and composition is to be 

noted. One portion is a dark green, rather coarse-grained Horn- 

blende Schist (24), having an irregular fracture, and composed . | 
| largely of lengthened, dark green, glistening crystals of hornblende. | 

Another portion is a dark, fine-grained Diabase (25), having a 
slightly conchoidal fracture, a slightly rusty-brown, even weathered 

surface and a faintly glistening, finely-speckled, fractured aspect. 

The rock contains angite, altering to uralite and a “ plagioclase feld- 

spar, optically near labradorite.” 
A third variety is a cryptocrystalline, slightly schistose, dark, finely | 

and densely speckled, even-grained Hornblende Rock (26), having a 
conchoidal fracture, a dark-brown, weathered surface, and much exter- 

| nal resemblance to the last. In the place of the plagioclase crystals of 

the last, however, there are numerous semi-angular, light grains, 

which change from a slight orange yellow to a deep clear blue under 
the nicols, and which cleave in thick, brittle plates as hard as kyanite. 

_ The rock has a specific gravity of 2.91. At this exposure the bedding 

planes trend, in different portions, from KE. 85° N. through E. 45° N., 

to E. 50° N., and dip about 82° to the northward. 
About 200 feet southeast from the last exposure, along a line at 

right angles to the strike, there is another schistose rock containing | 

more mica than the last. There are also thin beds of granite bearing 

much quartz which is often aggregated in large masses. Here the 

bedding planes dip to the northward and strike E. 45° N. 
, About forty rods west of the east line of Sec. 4, and just south of 

| the quarter line on the south bank of the stream, there is a low, small 

outcrop of light-colored, faintly-pinkish, highly silicions, rather fine- 
grained, even-textured Gneiss (28), which weathers darker and frac- | 

tures evenly. In it, the predominating ingredient is quartz, which 

exists in large, distinct, rounded and angular, colorless and dusky 
grains. White and faintly-pinkish, sometimes iridescent, often 

strongly-striated feldspar, presenting cleavage planes 1m. in. to 2 
m. m. in diameter, and lengthened bunches of black mica composed of 

Vou. IV. —38
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scales equalling in size the feldspar facets, are the principal remaining 
ingredients. : | 

A little S. W. of the center of the N. W. qr. of Sec. 3, T. 41, R. 2 

Ii., there is a considerable exposure of dark, rather coarse Mica Schist, 
containing rather heavy beds of granite, gneiss and large, irregular 

bunches of quartz. A portion of the Gneiss (29) is almost identical 
with the one just described — the only difference being the absence of 

the pinkish tinge. Another portion (30), though essentially the same 

| rock, appears quite different. Itis black, dotted and blotched with 

pinkish and grayish-white, coarser than 28, the weathered surface 
being uneven. Black mica is abundant and combines with the darker, . 

often striated, more strongly iridescent feldspar, to produce a gneiss 

| in appearance unlike the one with which it is associated. At one 
point on this exposure there was observed a large cluster of black: 

tourmaline crystals imbedded in quartz, with which was associated : 
both feldspar and green tale. Some of these crystals were an inch : 

long and three-tenths of an inch thick. An interesting feature pre- 

sented by one of them was that of being bent nearly at right-angles 

without, being much fractured, showing that a considerable amount of 

motion has taken place since the formation of the tourmaline crystals. — 
At this exposure the dip is again northward and the bedding planes 

strike east 45° N. | 
About seventy rods nearly due N. E. from the last exposure is the | 

sixth one referred to above. The greater part of this rock is a dark, 
speckled, yellowish-gray, rather coarse-grained Silicious Mica Schist 

(31), in which there is much of a white, cleavable mineral, having a 
hardness of 5. This may be kyanite. 

Associated with this schist are fine to medium-grained Granite and | 

Gneiss (82), which are speckled and banded, and contain much pla-_ : 

gioclase feldspar, having striated facets. The gneiss closely resembles 

(28) and (29). | 

At the rapids in Turtle creek, near the center of the N. W. qr. of | 

Sec, 34, T. 42, R. 2 E., there is, on the east bank, what appears to bea 
nearly submerged ledge of uniform, rather fine-grained, even-weath- 

ered, light red and white Granite (83), scantily flecked with black. 

In this granite there is a small amount of mica, and possibly some 

: plagioclase. : | 

Near the §. E. corner of Sec. 34, T. 42, R. 2 E.,. there is an outcrop 
just above the mouth of the Turtle on the North Fork, presenting 

along a line at right angles to the strike, a width of 110 feet, in which 

four quite distinct beds are readily distinguished. These beds, begin-
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) ning with the most northern and passing toward the south, are as 
follows: (1) A black, finely speckled with white, uniform, even- 
weathered, indistinctly laminated, somewhat splintery, much fractured 

Hornblende Gneiss (34), composed of about six-tenths of hornblende, 
much feldspar and some quartz. (2) A dirty, resinous, gray, very 
uneven, easily and irregularly fractured Granite (35), which, in some 
parts, is very coarse, in others fine and sometimes almost schistose. 
It is composed largely of a dull resinous-gray feldspar and quartz. | 
Mica is not abundant, except where the rock is schistose. (3) A rather 
fine-yrained, even, somewhat shaly, mottled, vaguely green-tinted, 
reddish-gray Gneiss (36), having a slight plumbaginous luster on the 
fractured surface, and which is composed largely of much-altered 
orthoclase and quartz, together with some plagioclase and “ veridite.” 
Its sp. gr. is 2.69. (4) A yellowish, glistening, gray-and-black, rather 
coarse-grained, uniform, somewhat friable Mica Schist (37), com- 
posed of yellowish-brown and black mica, with quartz and a little 
feldspar. | | | | 

The bedding planes at this exposure are not very readily deter- 
mined, but they appear to strike E. 22° N. and to dip southward 

| about 68°. 

Specimens 75 and 77, described in the appendix, are (34) and (36) 
: respectively. | 

Leaving the North Fork for the present and passing up Turtle 

creek to Turtle falls, a little east of the center of Sec. 6, T. 42, BR. 

3 E., the stream is seen to make a short, steep descent across the 
bedding planes of a hornblende bearing rock, whose general appear- 
ance is very different from any that has been described. The bedding 

planes are usually not evident, and where they can be seen they are 
| greatly obscured by a confused network of fissures, cn account of 

which much of the rock is broken into small chips of varying sizes 
and shapes. At one point where the bedding planes are better made | 
out than elsewhere, they strike E. 55° N., and have a southward dip of 
about 89°. Assuming that this measured strike is possessed by all of 
the exposures in the vicinity, a total thickness of about 192 feet was 
observed. Within this belt there may be distinguished six variations 
sufficiently marked to merit special descriptions here. 

The first and southernmost occurs at the foot of the falls, and is a 

_ rather fine-grained Hornblende Rock (88), containing considerable 

mica, and breaking with difficulty into irregular fragments. The 

~ next bed is a dark greenish-black, distinctly crystalline, uniform, 

vaguely-mottled Hyposyenite (39), which after weathering presents
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a dark, reddish-brown, vaguely-mottlod surface. It is about three- , 
tenths hornblende in the form of small, slender, greenish needles, sep- 

arately visible only in thin sections, and six-tenths feldspar, which is 

rather coarse and of yellowish-brown color. Associated with the 
feldspar, and having a similar color, isa rather soft mineral, which 

blackens and becomes slightly magnetic when heated, dissolves in hot 

| nitric acid, and gives the reaction for iron with borax. It appears to 

be chalybite. Small grains of iron pyrites are of frequent oecur- 

rence, and the seams in the rock are often thinly coated with calcite. 

This rock is described in the appendix under 42. | : 
About 100 paces from the river, on the south side, there occurs an 

exposure of very fine-grained, dimly-sparkling, greenish-black, even 

Hornblende Schist (40), which weathers to greenish, and is com- 

posed of small, slender dichroitic needles of hornblende, among which 
are disseminated grains of iron pyrites. A little feldspar is also pres- 

ent. The bedding planes are not readily determined, but assuming 

that they trend as indicated above, they cross the river about 10 paces 

above the bed last described, but are not there exposed. About ten 

paces north of the last exposure is another vaguely-banded Horn-— 

blende Schist (41), which differs from (40) only in containing a few 
small, scattered masses of quartz. Itis described in the appendix 

under (44). Sorae 40 paces above the foot of the falls and 50 paces 

from the stream, in the direction of the strike, on the south side, there 
is a large quantity of light-green, fine-grained, uneven, splintery 

Hornblende Schist (42), which, if not in place, has not been moved 
far. In some portions of the rock the hornblende needles can be seen 

with the naked eye, while in others the one-fifth objective is required 
to resolve them. A little mica is present, and some of the hornblende 

appears to be passing into chlorite. The sp. gr. of one of the speci- 
mens is 2.97. The rock is described in the appendix under specimen 
45. About 95 paces above the foot of the falls there is a short rapids 

caused by bowlders, which may be lodged upon the submerged portion 

of a ledge lying 60 paces from the stream on the north side. The 

exposure is a banded, light-green, somewhat shaly-fractured Horn- — 

blende Schist (48), containing.a little quartz. The rock, except in | 
certain bands, is very fine-grained and has a sp. gr. of 3. It is here 

that the measurements of strike and dip were obtained. Specimen 

46 of the appendix is from this onterop. Following the line of strike 
from the last exposure southeastward, it crosses the rapids mentioned 

above and leads to another outcrop, situated about 100 paces from the 

river on the south side. The rock is a Hornblende Schist (44),
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. which differs from the last only in being Jess distinctly banded, and 

rather more shaly, in containing some iron pyrites and in presenting 

upon the weathered surface, in places, rather large reddish spots. 
We have now to return to the North Fork. Whatever indurated 

rocks may exist above Turtle falls beneath the heavier drift accumula- 

tion of that region, the less swiftly flowing streams, opposed by the 
forest growths, have not laid them bare. The waters of the Flambeau, 

too, come leisurely down to the mouth of the Turtle, through a long 

and tortuous channel, only hastening occasionally over small and 

' widely separated bowlder rapids. At one of these rapids, a little 
west of the center of Sec. 29, T. 42, R. 3 E., the first resemblance of 

an outcrop occurs. The rock is a dark, coarse mica schist, which, 
| where it is washed by the river, is worn into parallel ridges, trending 

KE. 58° N., and dipping to the southward. It appears to be a gigantic 

| bowlder, partly uncovered. | | 
Near where the river crosses the east line of Sec. 34, T. 42, R. 3 E., 

there is another doubtful mass of rock protruding from the northeast 

| side of a low knoll into the stream. The rock is a rather coarse- 

grained, light colored @neiss, whose bedding planes trend E. 36° N., 

and dip some 89° to the northward. The exposed portion of this 
mass is 20 by 30 feet. About 40 rods up the stream there is, in the 

bed of the river, a bowlder whose dimensions equal those given above. 

Not far from the center of the 8. E. qr. of Sec. 35, T. 42, kh. 3 E., 

and on the north side of the N. W. qr. of Sec. 33, T. 42, R. 4 E., there 

are exposures of a light colored, banded and speckled-with-black, 

uneven textured, coarse grained, irregularly fractured Garnetiferous- 

Kyanitic Gneiss (45), which weathers lighter, and is sometimes 
slightly schistose, closely resembling the kyanitie schists already de- 

scribed. Quartz is abundant in this rock in large, usually colorless, 
angular grains, aggregated in bunches and layers. Plates of biotite 

from 1m. m. to 4m. m. in diameter are grouped in irregular layers 

or scattered plentifully through the mass. The feldspar crystals are 
usually small, light colored, sometimes striated, and occasionally 

faintly irised. Small, impure garnets are numerous, and often im- 

bedded in the crystals of kyanite, showing that the kyanite was last 
formed. The kyanite crystals vary in color from nearly white to 
bluish gray, and in size, from small, to those an inch or more long 

and a quarter of an inch wide. They are usually impure and imper- 

fect and often abundant. 
At the first exposure a strike E. 10° N. was measured, and at the 

latter one E. 12° N. The dip at the former is to the south. It 
should be mentioned in this connection that several large angular
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| bowlders of a rock almost identical in composition with that just 

deseribed, oceur in the stream at the mouth of Island lake, 80 rods 

~ north of the center of Sec. 13, T. 42, R. 5 E., and it is, perhaps, a 

significant coincidence that these bowlders, which evidently have not 
been moved far, and the two outcrops just considered, lie nearly 

in the line of the strike of the two exposures. 
The portion of-the route included between the last two exposures 

and the 8. E. corner of the 8S. W. qr. of Sec. 29, T. 40, R. 3 E., on the 
Dore Flambeau, presents no outcrops that were observed. At this 

latter point, on the north bank of the stream, there is a low exposure 

of light evlored, blotched, black and grayish, coarse, uneven fractured, 

uniform, rough-weathered Syenite (46), composed of slender. needles 

of black hornblende grouped in bunches; evenly scattered small grains, 
and large, compact bunches of colorless and dusky quartz; and large 

| | and small crystals of light feldspar, some of which present striated — 

facets. | 

A few rods‘back from the stream is what may be an exposure of.a 

| rock very similar to the one just described; it is, however, surrounded 

’ with erratics of a different kind, and may itself be a large bowlder. 
This Syenite (47) differs from 46 only in containing rather larger | 

feldspar crystals. 
Passing down the river into the S. E. corner of the next township, 

there is, about 80 rods east of the center of Sec. 35, T. 40, KR. 2 E., 

a second low exposure of syenitic rock lying on both sides of the 
stream. This rock presents considerable variation in texture and 

composition, and in places rather large aggregations of quartz. 
Some portions are rather coarse grained, thickly and coarsely speckled 
with black, grayish and reddish-white, and composed of about five- 

tenths glistening, black, fibro-micaceous hornblende, three-tenths 

| bluish-white and faintly pinkish crystals of plagioclase, from 1 m. m. 
to3 m.m. in diameter, some of which present striated facets, and 

two-tentlis dusky crystalline quartz aggregations, in which horn- 
blende is sometimes imbedded. This portion is the Diorite (48), | 

specimen 133b of the appendix. Another portion is fine grained, 

black, faintly and finely speckled with light, weathering gray toa - 

depth of 4 m. m., the inner portion being lightest and in sharp con- | 
trast with the unaltered portions. It is composed of about six-tenths 

hornblende, three-tenths light feldspar and one-tenth quartz. There 
are also to be observed small, indistinct seams of quartz, containing 

iron pyrites and a few bunches of quartz scattered through the rock. 
This portion is the Hornblende Rock (49), specimen 133c of the ap- 

pendix. A third variation is lighter, coarser, and less uniform in |
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| texture than (49) and more irregular in fracture. The weathered por- 

tion is darker, too, and confined wholly to the surface. Hornblende 

is less abundant, and is sometimes thinly scattered in lengthened 

needles. A few faces of feldspar show striated faces. The rock 1s 

: the Syenite (50), specimen 133e of the appendix. A fourth and last 

variation is the Quartz Schist (51), specimen 133f of the appendix. 

It has a light, ashy-gray color, finely specked with black and indis- 

tinctly dappled with white, weathering lighter toa depth of 2 m. m. 

It is fine grained, having a slightly arenaceous texture. It is com- 

posed of numerous very fine grains of quartz, which may be removed 

‘by rubbing with the finger and relatively small amounts of biotite, 

hornblende and feldspar. A small amount of magnetite, in rather 

large particles, sometimes octahedral, is also to be observed. 

| On the bank of the river, where it flows north through Sec. 34, T. 

40, R. 2‘E., there are four very large bowlders situated from 10 to 

- 90 rods apart, about which are scattered smaller fragments of the 

| sane kind. They are all highly silicious, compact Syenitic Rocks 

(52), (53), closely allied to those just described. One of them pre- 

| sents much the aspect of a quartzite; all contain iron pyrites and 

inagnetite, and one of the specimens of 53 sparkles with the latter | 

mineral. It appears probable that a bed of this rock exists not far 

to the northeast of these bowlders, perhaps in Sec. 6 of the same 

town. 

. Near the S. E. corner of Sec. 15, T. 40, R. 1 E., there is an expos- - 

ure of very coarse granite, with alternating beds of gneiss, which 

measures along a line at right angles to the strike 450 feet. The 

| strike cannot be readily determined with accuracy, but 1s not far 

from E. 40° N., and the dip is to the northward some 50°. It was 

possible to make out four beds of granite, varying from 40 feet to 

- 140 feet in thickness, with as many much thinner alternating bands 

| of gneiss. | , 

The Granite (54) is all extremely coarse, and composed of large, irreg- 

ular masses of colorless and dusky quartz, broad, thick plates of black 

and silvery mica, and coarse crystals of red and pink feldspar, 

grouped in widely varying proportions. The Gneiss is both horn- 

blendice and micaceous, always much finer grained than the granite, 

- and composed of pink feldspar, quartz and mica alone or hornblende 

alone (56), specimen 143 of the appendix, or with both combined (55). 

At the center of the S. E. qr. of the 8. E. qr. of Sec. 2, T. 38, R. 

1 W., there is on the north bank of the stream a low exposure 

of Granite (57), (58), (59), in which no bedding planes are seen, but 

_ which presents two systems of fissures trending N. 28° W. and N.
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85° W., respectively. The rock is medium grained, but presents con- _ 
siderable variation in texture and color; 57 is rather coarse grained, 

and composed of about six-tenths pink feldspar, three-tenths quartz, 

in which are imbedded large bluish-white crystals of striated feldspar 
and a few scattering plates of black mica; 58 differs from the last in 

being finer-grained, in possessing smaller crystals of striated feldspar 

and a greater abundance of biotite, and consequently in having a | 
darker color; 59 has the finest grain and darkest color of the three, 

and like the other specimens contains striated feldspar. The three 

specimens were taken within three feet of one another. 
A little below the center of Sec. 9, T. 38, R. 1 W., is Rocky Carry 

rapids, one of the longest and roughest on the Dore Flambeau. | 
And it is appropriately named, for it is literally one bed of almost | 

naked gigantic bowlders, about 20 rods wide and 50 rods long. In 

the midst of this confusion there are five masses of granite, whose 

magnitude suggests that they are rock in place. Their close proxim- 

ity to one another, their diversity of shape, and their much-rounded 
or much-fractured condition suggest that some of them may have 

been dislocated at least, if not carried bodily over a considerable 
distance. . | 

The most eastern and smallest mass is an uneven, coarse-grained, 

flesh-colored Gneissoid Granite (60), having an irregular fracture, and 
weathering light. eldspar in large crystals is the predominating 

ingredient, black mica being scanty and least abundant. Here the 
bedding planes appear to strike E. 75° N. A short distance north 

of the last, there is a mass of warty-weathered, coarse-grained — finer 
than 60 —rather dark Porphyroid Granite (61), which weathers 
lighter. Feldspar is the prineipal ingredient; biotite is abundant. 
The porphyroid character and warty, weathered surface are due to 
large erystals of striated feldspar scattered through the rock. The 
next mass lies some 800 feet west of the first, and presents an ex- _ 

| posed area about 100 feet square, in which bedding planes trend N. 
5° W., and dip some 88° to the southwest. It is a coarse-grained, 
rather light colored Gneissoid Granite (62), very similar to 60, and 
contains little or no striated feldspar. At the foot of Rocky 
Carry there is a mass of medium-grained, yellowish gray, thickly 
flecked with black Gneissoid Granite (63), which contains striated 
feldspar, whose facets are much smaller than those of 61. At this : 
point the bedding planes appear to strike E. 75° N. . : 

A little S. E. of the eenter of Sec. 17, T. 38, R. 1 W.,on the south ~ 
side of a peculiar bend in the stream, there is a low exposure of 
rather coarse-grained, even-fractured, uniform Granite (64), which is
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flesh-colored and thickly flecked with black. Orthoclase, much of 

which presents glistening, rectangular facets varying from 3m. m. to 
10 m. m. in diameter is by far the most abundant ingredient, and biotite 

plates from 1 m. m. to 2 m. m. in diameter are plentifully scattered 

through the mass, some of which may also be seen imbedded in the 

larger feldspar crystals. Three systems of fissures were noted at this 

- exposure, trending respectively, N. 20° W., N. 66° W., and N. 75° W. 
About 70 rods from the last exposure near the center of the 8. 

W. qr. of Sec. 17, there oceurs another exposure of Granite (65), 
which differs from 64 in being finer-grained, and in containing, be- 

sides orthoclase, striated feldspar. Here a close system of fissures 

trending N. 15° E. and dipping some 86° southward were noted. : 

On the same quarter section with the last exposure and about 30 
rods from it, there is a Granite (66), identical with 64 in its main 

features, except that it contains a little striated feldspar. 

| Near the center of the N. W. qr. of the N. W. qr. of See. 20, due 
| south from the last exposure, for the stream is not laid correctly upon | 

the plat, there is a mass of @ranite (67), forming the east bank of 

the stream for 12 rods, and rising about 20 feet above its bed. The 
rock differs from 66 only in containing a large amount of striated 

feldspar. Where the rock has been blasted to clear the channel, the 

large blocks show a quite regular fracture. Two tissure systems trend- 
ing respectively N. 50° W., and N. 70° W., occur at this exposure. 

In the N. W. qr. of Sec. 25, T. 88, Rh. 2 W., there is another series 

of granite outcrops, four in number, all of which are low and small. 
The most northern of these is crossed by the north line of the section 

and is a medium-grained, fragile, white Granite (68), thickly flecked 
with black, and stained yellowish. It is composed of about equal 
parts of irregular, colorless grains of quartz and white feldspar, which 
stains yellowish. Mingled with these is evenly scattered an abund- 
ance of black mica. The exposure possesses less uniformity of text- 

ure than is indicated by the specimen. 
The second outcrop lies on the east bank of the stream, about 12 

rods below the last. It is but a small, low exposure from which no . 

| specimens were taken, and of which no other notes appear to have 

. been made. 
Near the 8. E. corner of the N. W. qr. of the N. W. qr. of Sec. 25, 

| the third outcrop referred to above is found. ‘The rock varies from a 

medium to a very coarse-grained Granite (69), almost destitute of 

mica and containing far more feldspar than quartz, which gives to the 

rock a flesh-red color. One system of fissures at this point trends | 

, N. 70° W. . | ,
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The last exposure is situated near the S. W. corner of the N. W. 
qr. of Sec. 25, and appears only in the bed of the stream. It isa 
Granite (70), very similar to 66, from which it differs only in being 
slightly finer grained. | | 

_ In the N. W. corner of Sec. 17, T. 37, R. 2 W., there are two ex- 
posures of granite and gneiss, about 20 rods apart. The direction of 

| the upper outcrop from the lower is E. 40° N.; this is also the strike 
observed at both places. The bedding planes of the northern expos- 
ure dip toward the S. E. 

If the heavy masses of very coarse, red @ranite (71), composed of. 
large irregular bunches of quartz and feldspar crystals, some of 
which are from 2 to 4 inches in diameter, and which contain but little 

: mica in rather large plates, represent beds, five may be made out at | 
_ the lower and three at the upper exposures. At the upper outcrop 

| the easternmost bed isa rather fine-grained, flesh colored Granite (72), 
containing but little mica (muscovite), and both orthoclase and white 
striated feldspar, the latter presenting the larger and more glistening 
facets. The second bed is a pinkish gray, medium-grained Porphy- 
roid Gneiss (73), containing black mica, and both kinds of feldspar 
mentioned above. The striated facets are in this case large and bril- 
lhant, giving to a fresh surface a neat, mottled appearance. The third | 
bed (%) is the coarse Granite (71), already described. ) | 

At the lower exposure the most eastern bed is a Granite (74), in 
no essential respect different from 66. Next to this bed lies a dark 
colored, medium grained Hornblendic Gneiss (75), which contains | 

| some biotite and is somewhat schistose in places. The specimen is — 
more especially typical of the schistose portion. The third bed is a 
Gneiss (76), differing from 73 only in the smaller erystals of striated 
feldspar, which renders the porphyroid aspect of the other rock very 
indistinct in this. ‘The next bed (?)—the fifth — which is separated 
from the fourth by a space where the rock has been cut away by the 
stream, 1s a coarse-red granite not different from 71. | 

It was below the last exposure that the long “log jam ” referred to in 
| the introduction began, and at this point we turned back to do the re- 

maining portion of the river from below. Unfortunately, however, 
circumstances forebade the ascent of the Dore from its mouth beyond 
the center of Sec. 27, T. 36, R. 3 W. There is, therefore, between 

this point and the center of Sec. 17, T. 37, R. 2 W., a portion of the 

river which has not been examined, and along which itis probable that 

several exposures of rock exist. 

A little south of the center of Sec. 27, T. 37, R. 3 W., there oceurs, 

on the south bank of the stream, a rough-fractured, rather coarse-
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grained, grayish-white, thickly flecked with black @ranite (77), in | 

which striated feldspar forms the greater part of the feldspathic ma- 

terial. The rock is quite similar to portions of (67). 

| From the N. W. corner of Sec. 34, T. 87, R. 3 W., to the S. E. cor- 

ner of Sec. 33 in the same township, the river dashes southward over 

an alinost continuous granite bed, making in its course three some- 

what precipitous leaps, of between 20 and 30 feet each. Much as it 

| was desired to give this section careful study, circumstances permitted 

only a hasty walk overit. A few specimens only from different points 

of the exposure were obtained. A little south of the center of the N. W. 

qr. of Sec. 34, quite a large portion of the rock isa very neat gray,me- — 

| dium-grained, firm, regularly-fractured Hornblendic Gneissoid Gran- 

| ite (78), in which the feldspar is the bluish-white, striated variety. The 

brilliant feldspar facets, together with the duller quartz grains, among 

: which are scattered a profusion of black mica and very dark horn- . 

blende, give to the rock a handsome variegation. In its lithological 

features the ro¢k closely resembles 60, from which it differs mainly 

in being coarser grained, and in containing hornblende. The bedding 

planes strike E. 15° N. and dip to the southward about 88°. 

At the South falls, on the west side of the S. W. qr. of theS. W. qr. 

of See. 34, the Granite (79), (80), (81), (82) presents a considerable 

variation in texture and color. All specimens, however, are alike in 

| containing striated fieldspar; 79 is a white granite, variegated with 

black, medium-grained and crumbly, having an irregular fracture, 

and a dingy, yellowish-white, weathered surface. It is very similar to 

68, being only a trifle coarser and containing a little more biotite; 

80 is intermediate between 64 and 77, bearing the strongest resem- 

blance to the latter; 81 stands close to 70, but contains a little more 

mica; $2 is faintly pinkish-white, medium-grained, has an irregular 

fracture, and contains less mica than any of its associates except the 

last. F 

About 40 rods south of the center of the N. E. qr. of the N. E. qr. of 

Sec. 4, T. 36, R. 3 W., there is, on the east bank of the stream, a 

Granite (83), varying from a little more than medium-grained to very | 

coarse, and containing no striated feldspar. It is flesh-colored, con- 

‘tains much more feldspar than quartz, and a small amount of biotite, 

in rather large plates, scattered uniformly through the mass. No : 

very closely allied rock was observed on the South Fork. | 

Near the center of the north line of the N. W. qr. of Sec. 9, T. 36, 

R. 3 W., there lies, on the east side of the channel, an exposure of 

| rather fine-grained, slightly-porphyroid, reddish Granite (84), con- 

taining a considerable-amount of biotite. The porphyroid character,
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not possessed by the whole exposure, is due to a sprinkling of larger 
: crystals of striated feldspar through the orthoclase mass. The por- 

tion which is not porphyritic contains less orthoclase and is very 
similar to (64). 

Not far from the center of the N. W. qr. of Sec. 9, thereis a small 
exposure of rather coarse, flesh-colored Granite, containing biotite, 
from which specimens were taken, but they appear to have been lost. 
_ The last exposure observed upon the Dore Flambeau lies a little 
west and south of the center of the north line of the N. E. qr. of 
Sec. 8, T. 36, R.3 W. It isa light colored — sometimes pinkish — | | 
rather fine-to-medium-grained, irregular, roughish, fractured, darkly 
variegated Granite (85). - Ali portions of the rock contain striated 
feldspar, the pinkish parts only containing orthoclase. At one point 
a band of gneiss exists whose bedding planes strike E. 11° N. and dip 
about 55° to the southward. 

Returning again to the North Fork near Flambeau crossing, -and 
not far below Muskalonge falls, in the 8. W. corner of the S. W. qr. 
of Sec, 24, T. 40, R. 1 W., there occurs, upon the east bank, and in 

| the bed of the stream, an exposure of coarse-grained, uneven, irrey- 
ular, fractured Granite (86), closely resembling that at Muskalonge 
falls, but differing from it in being less gneissoid in structure. It 
is composed largely of feldspar — both orthoclase and the striated vari- 
eties, the latter bluish white, the former flesh-colored — muscovite 
in large plates, sometimes 2 ¢. m. in diameter, sparingly distributed, 
and large, subtranslucent bunches of quartz in considerable abund- 
ance. ‘lhe gneissoid portions show evidence of decided contortion. 
The bedding planes cannot be made out with accuracy, but they dip 
toward the northwest and appear to strike not far from E. 40° N. | 

At the center of the N. W. qr. of Sec. 25, T. 40, R. 1 W., there are 
two outcrops of very uneven, coarse-grained, irregularly-fractured, flesh- 
colored Granite (87), a portion of which is pegmatitic (88), and iden- 
tical with (2) and (9). The greater part of the exposure is very | 
closely allied to (4) and (5). The two outcrops are about 20 rods apart, 
the lower being 8. 26° E. from the upper. Muscovite is the only mica 
present, and adjacent to the larger aggregations of quartz it presents 
plates an inch or more square. 

| At the S. W. corner of the N. W. qr. of the N. E. qr. of Sec. 35, 
T. 40, R. 1 W., there is an exposure of mica and hornblende schists, 
the two being arranged in irregular, alternating beds, a foot or two in 
thickness. Those in the bed of the stream are rendered strikingly 
distinct by their varying resistance to erosion. The Hornblende 

_-‘Schist (89) [184 of the appendix] is rather fine grained, nearly uni-
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form, greenish and grayish-black, often vaguely mottled with rusty 

spots. It is composed of lengthened plates and blades of hornblende, 

minute erystals of orthoclase and plagioclase feldspar, together with 

small, angular and rounded grains of quartz. This rock finds its 

closest observed ally in the exposure in Sec. 7, T. 41, R. 2 E., from . 

: which (22) and (23) are taken. The strike here is E. 11° N. and the 

dip to the southward 7 9°. | 

WN Uttle N. E. of the center of Sec. 35, T. 40, R. 1 W., there are 

some large, dislocated, angular masses ‘of coarse granite, piled one | 

upon another, and rising about 20 feet above the bed of the stream. 

One portion of the rock is a very coarse, flesh-colored Granite (90), 

similar to (87), and may have been moved from that point. Another 

portion is a compact bluish-gray Granite (91), composed largely of 

plagioclase feldspar showing striated facets, which bears a close | 

resemblance to (86). Thése blocks, which are very large, lie upon 

masses of rock similar to themselves, which may possibly be in place. 

After leaving the last point no rock in place was observed until : 

near the confinence of the two streams. It should be borne in mind, 

however, that below See. 20, T. 39, R. 3 W., the work was done on 

foot. This made it impracticable to examine the banks as thoroughly | 

as would have been possible could we have floated down the stream 

| +n our canoe. It is believed, however, that few if any exposures 

| exist at present upon the North Fork which are not mentioned in this 

| report. | 

At the §. W. corner of the N. W. qr. of Sec. 30, T. 37, R. 3 W., 

there is arather coarse grained, uneven, irregularly fractured Syenite 

(92), which is thickly and coarsely blotched with black and often 

stained yellowish, becoming lighter as it weathers. It is composed 

of coal-black hornblende in masses sometimes 2 ¢. m. long, bluish- 

white striated feldspar, whose facets are usually indistinct, and com- 

prising about one-third of the rock, together with quartz in large, 

irregular, dusky, glassy bunches. In places the exposure presents a 

| slight gneissoid structure. . About 30 rods above this outcrop, on the 

opposite bank, there is another which could not be examined. 

In the N. W. corner of the N. E. qr. of Sec. 31, T. 37, R. 3. W., 

there is an exposure of coarse red granite and gneiss, in which the - 

| bedding planes strike E. 11° N. and dip about 70° or 75° west of 

north, The outcrop presents a total thickness of over 300 feet, 250 

feet of which is the coarse red Granite (93). It is closely similar 

| to (4), (5) and (87), and like them contains a meagre amount of mus- 

covite and a small amount of quartz. The Gneiss (94) is rather fine 

grained, light, pinkish-white, striped and banded with black, and
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contains both biotite and silvery muscovite in somewhat separate 
bands. | _ 

The facts which were obtained regarding the indurated rocks of the Upper Flambeau Valley have now been presented. It would be especially desirable to correlate these observations and limit the | several much denuded folds that probably exist in the valley. The facts that have been gleaned, however, appear to be too meagre and the exact location of the outcrops too uncertain to warrant any but provisional statements regarding the subject.. There will be an at- 
tempt, therefore, to point ont only a few features that may possess 
more or less significance. 

| I. There are no outcrops observed in the valley of either fork 
that suggest the existenze there of Huronian beds, unless it be the highly silicious and very slightly magnetic syenitic rocks observed : in T. 40, Rs. 2 and 3 E. : | 

2. Rocks containing little or no hornblende are the most common and characteristic in both valleys. 
8. Plagioclase feldspar with striated facets is quite abundant and 

more characteristic of the rocks than orthoclase. 
| 4. Biotite is the most abundant and most common mica, and occurs | wherever plagioclase feldspar is found, unless hornblende takes its | place. | | | 

| 5. Muscovite is the chief or only mica found where plagioclase feld- 
spar is wholly wanting. 

6. Kyanite, staurotide and garnet are of frequent occurrence in the | biotite schists and gneisses and are associated together. 
7. Sahlite is found in considerable abundance at two exposures not far distant from each other on the North Fork. It also occurs in the | rock at Turtle falls. | 
8. Other accessory minerals are tourmaline, augite, chlorite, viri- dite, pyrite, apatite, calcite, magnetite, hematite, ochre and titanic iron. 9. Granites and syenitic rocks, or gneissoid variations of them, are the only rocks observed on the Dore Flambean. 
10. So far as observed, rocks of a schistose structure are character- istic of, and peculiar to the North Fork valley, the less common gneisses being schistose and the still less frequent granites being gen- erally gneissoid. This fact doubtless accounts, in part, for the greater 

depth of the valley. 
11. With two exceptions, one of which is doubtful; the bedding | planes of all exposures which have been determined strike between east and east 56° north — magnetic, 
12, Ihe greatest number of strikes fall between EK. 40° N. and
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E. 50° N., and the next greatest number between E. 10° N. and EK. 

ISON. 

13. There are two valley systems to be hereafter pointed out which 

trend approximately in the direction of the average of the two pre- 

| vailing strikes, and the largest and deepest valleys take the average 

direction of the commonest strikes. 

14. All of the most nearly east and west strikes lie either in or look 

| up nearly east and west valleys. 

15. Regarding Turtle creek as the beginning of the North Fork, : 

there are upon that stream four clusters of exposures looking up as 

many more-or-less marked and continuous eastward-trending valleys. 

The only other exposures observed upon the stream are situated in 

T. 41, R.1 E. | | 

- EHYDROLOGY AND TOPOGRAPHY. 

The Flambeau river and its tributaries, as a central channel, with 

the East Fork of the Chippewa on the north and the Jump river on 

the south, drain an area whose topographical features appear pecul- 

a iarly interesting, and, could they be worked up in detail, would no 

doubt be found highly instructive. Its river and lake systems are. 

equally peculiar and suggestive. 

The most general feature of the Flambeau slope, as limited above, 

is its gently but irregularly undulating surface, sloping rather rapidly 

nearly due southwest, for more than 90 miles, and maintaining 

throughout a nearly uniform width of half its length. If a curved 

line, convex to the southwest, be thrown across this incline, extending 

from Turtle falls a little to the south of Pike, Squaw and Squirrel 

| lakes, it will mark a division of the slope into two portions. -That 

portion upon the upper side of the line is, in its general aspect, more 

nearly level than the remainder, and will be denominated the Upper 

Lake Region. The portion lying on the south side of the curved 

_ jine, and having a rather strong southwest slope, will be spoken of 

. hereafter as the Lower Valley. | 

It will be seen by a study of the rivers of the region that the 

| Flambeau slope is ribbed and furrowed longitudinally by four nearly 

straight, parallel, and more or less continuous valleys with their three 

dividing ridges. The upper portions of the axes of the four valleys 

are indicated upon the map and designated AA, BB, CC and DD. 

The axis of the northern valley lies along a line drawn from See. 22, 

T. 44, R.1E., through the center of Sec. 14, T. 39, R. 6 W., and is 

crossed or touched by the East Fork of the Chippewa eight times in
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the course of 40 miles, and the stream departs from this line in a single | 
case 3 miles. The axis of the Flambeau valley lies along a line about 
93 miles in length, extending from the N. W. corner of Sec, 24, T. 
44, R. 4 E. to the center of Sec. 30, T. 34, R. 7 W. Regarding the — 
Flambeau river, the North Fork to the mouth of Turtle creek, and 
Turtle creek as one stream, for. such they really are, it is seen to cross 
the axis 19 times, and in no ease to depart from it more than 5 miles. 

, The axis of the Dore Flambeau valley lies along a line stretching | 
from See. 24, T. 44, R. 5 E., through the N. W. corner of Sec. 34, T. 
383, R.7 W. The Dore, excluding that portion which comes from 
the eastward and then sweeps northward through See. 24, T. 40, R. 1 
E., and including the small stream which comes in where the Dore 
bends to the southwest, and Deer Tail river, lie along this axis, and 
the two streams, in the course of 75 miles, touch the line 25 times. 
It may be mentioned also, in this connection, that Mud creek, on the 
other side of the Chippewa, comes in from the southwest along the 

| same line. This third valley is continuous below the Upper Lake 
District, except just below the mouth of the Dore Flambean, where it 
is choked by an accumulation of drift which deflects the stream from 
its course into the main channel. The southern valley, whose axis lies 
along a line stretching from See. 33, T. 44, R. 3 E., through Sec. 19, 
T. 31, R. 6 W., is not so evident and continuous; but near its axis, 
and trending in the same direction, lie portions of Maine, Fisher, 
Elk and Dore Flambeau rivers. | 

Another parailelism in the drainage system of this slope deserves 
attention here, and has already been referred to; it is, however, less 
marked than the last. The Elk river, the upper portion of the Dore | 
Flambeau, and the upper portion of the North Fork, including the 
Manadowish, all flow in the same general direction, deviating a little 
from east and west lines, and it may be mentioned that the South 
Fork of Jump river, including Silver creek, approaches the fourth 
valley in nearly the same direction. These must be regarded as 
minor valleys leading into the more profound ones that have been 
pointed out. | 

It remains now, in regard to the direction of the streams of the 
_ slope under consideration, to call attention toa quite marked and prev- 

alent system of similar bends which occurs to some extent in all of 
the valleys that have been pointed out. It will be noticed where there | 
is a strong departure of the streams from the direction of the main 

: valley axes, that the flow is oftenest to the northward in a direction | : 
| nearly at right angles with that of the valley axes, and that the return 

to the southward is along lines more oblique to the axes of the valleys,



| HYDROLOGY AND TOPOGRAPHY. | 609 

As types of these bends there may be mentioned the two strong 
flexures of the Chippewa in T. 42, Rs. 1 and 2 west; the two similar 
bends of the North Fork, and those of the Dore Flambeau and 
Skinner creek, all of which lie in a line trending a little west of south; — 
the same feature is again repeated by the Elk river near Phillips in 
the south valley. Other examples may be found by referring to the 
map of the region, and these features will be reverted to when the 
glacial deposits of the region are considered. | . 

In regard to the two branches of the Flambeau, it may be said that 
they make their way southwestward over a series of steps, most fre- 
quent in the lower valley, caused usually by bowlder dams, but also by 
ledges of indurated rock. Over these dams the water forms numer- 
ous lengthened chutes and rapids which probably average 8 feet or 10 
feet in height, and furnish in the aggregate an almost unlimited 
water power. At present they are serious obstacles to lumbermen, 
causing log-jams whenever there is low water. | | 

Mr. Price has attempted to avoid the jamming during low water _ 
by putting ina dam at the mouth of Round lake on the Dore Flam- 
beau, in order to hold the water for a time and use it at pleasure. 
How successful his effort has been I am not informed, but it would 
appear that were there a series of dams put in at the mouths of several : 
lakes on the two forks and on the Turtle, and these worked in concert, 
there would be no difficulty in carrying out all of the logs that might 
be put in during any year. | 

The water is soft and carries but little sediment, but is colored dark 
during wet periods by the leachings from forest leaves. When the 
North Fork began to freeze in November of 1877, there was first no- 
ticed a coating of ice upon the stones and sticks below the water as | 
it broke over the rapids. At the same time there were forming upon 
the surface a profusion of ice stars, often an inch or two across, which 
were tossing about making fruitless endeavors to join one another. 

_ As these crystals tumbled down into the stiller water they formed | 
floating sheets of ice, which drifted on to the next rapids, forming 
ice jams which in a few hours, in some places, extend back several 
miles, covering the quiet portions of the stream. 

A careful study of the distribution of lakes in the region under 
consideration reveals a grouping of them quite as marked and exten- 
sive as is the symmetry of arrangement that has been shown to exist 
among the rivers. Considering the long valleys that have been 
pointed ont as extending from the Michigan line across the Chip- 
pewa to the lakes beyond, it will be seen that nearly all of the lakes 
of the region cluster in linear series along the four valley-axes, and 

| Vout. IV, —39
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that there is such a grouping of lakes along these lines as to throw 

them into three rather broad belts, stretching across the valleys 

nearly at right angles to their axes, which are convex toward the 

south and concave toward the north. There lies, then, in the valley 

, before us, an Upper Lake Region,a Middle Lake ‘Region, and a Lower 
Lake Region, the first two lying above the confluence of the two forks 
of the Flambeau. These land archipelagoes are highly suggestive, 

and the upper two are divisible, it is believed, into minor concentric 

bands, which are shown upon the map and will be pointed out in an- | 

other place. - 

Nearly all of these lakes, so far as observed, possess the character- 

istics peculiar to those of broad, morainic belts. They are beautiful — 

sheets of water, clear, soft and deep, encircled by bold, fantastic rims, 

and dotted with tree-clad island cones of such varied beauty in the 
autumn season, that as one toils in unexpectedly upon them up the 
rapids of the narrow shaded rivers, he forgets his fatigue and revels 

in an exquisite garden of foliage plarits. Sometimes a fringe of 

white cedar lies upon the water’s edge; higher up a wreath of white 

birch, then a belt of poplar, and, capping the rounded hill-tops, maple 

and yellow birch, throughout all of which there is a generous setting 

of rich green white and Norway pines. Gravelly beaches and weed- | 

less sandy bottoms are the rule, and small marshes are of rare occur- 

rence. Muskalonge and yellow pike-perch are common, and it is said 

that the lake trout is found in Trout lake. If the State Park were put 

in communication with railroads, hotels built upon it, and the lakes | 
stocked with choice fish, there appears to be no reason why it would 

not be one of the finest pleasure resorts in the northwest. 

: Fantastic as are the contours of many of the lakes, especially in 

‘the Upper Lake Region, there is, after all, something of regularity in | 
the distribution of bays, capes and islands, as well as in the positions 

of the longer axes of many of the lakes. The majority of those lakes 
which are longer than wide have the longer axes generally trending  . 

N. E. and S. W., or in the direction of glacial movement, and the 

stronger land and water indentures often lie in pairs, and trend in the 
same direction. In Trout lake there is a chain of islands trending N. 

E. and §. W., and in Island lake another trending nearly at right 

angles to the last. The lakes in the Upper Lake Region appear to be 
. but the deeper portions of a once continuous sheet of water, in which 

the hard-wood ridges referred to above stood as so many islands. ‘As 

| this lake gradually drained over its curved southwestern rim, the finer 
argillaceous material moved off with the water or dropped into the 

deeper basins, thus leaving the keitles more or less obliterated, and
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spread with a mantle of sand through which but few bowlders pro- 

trude. The tamarack swamps and cranberry marshes in this region 

are but ancient lake beds, over whose sandy bottoms is spread a very 
shallow stratum of peat, through which an occasional large bowlder 

is seen. 

GLACIAL FEATURES. 

| | While at only two points in the Flambeau valley ice-scorings were | 
noted, and at these points not sufficiently marked to furnish accurate 
data as to the direction of movement, yet the other evidences of 

glacial action are so numerous throughout the region that there can 

be no doubt but that a gigantic ice stream moved across this portion 
of the state, from the northeast toward the southwest. Above the 
confluence of the two forks of the Flambeau, about twenty-two areas 
showing distinct kettles were noted, and sixteen areas showing parallel 

drift ridges or isolated knolls. Their position is shown upon the map. 

The extent of the kettle areas in a direction at right angles with that 

of the valley axes can only be conjectured at present, but their ex- 

tent along the line of the streams, so far as observed, is never more 

than a mile or two, and is usually less. Occasionally the kettle knolls 

— attain an elevation of 100 feet, but they are seldom more than 20 feet 
or 80 feet in height, and very often the merest hollows and hills. In | 
the Upper Lake Region they are usually nearly obliterated, and are 

generally covered with a mantle of rather fine, yellowish sand, con- 

taining a little gravel, which hides most of the bowlders except where 

the kettles are cut by the streams or washed by the lakes. A few of 

the kettles appear to be mostly composed of sand and gravel. Those 

kettles in the Upper Lake Region which are not coated with, or com- | 

posed of sand, appear to stand above the general level of the country; 
they are steeper and more strongly marked than others of the region, 

and are clad with a dense growth of maple, elm, hemlock and yellow 

birch; woodmen speak of them as “ hardwood ridges,” and the Indians 

appropriate them for sugar bushes. One of these areas north of Tur- 

| tle lake has points 100 feet above the water level, and about Pokehama | 

lake there are kettles of this sort 60 feet in height. In the Lower 

Valley, however, the reverse of what has been said is true; there the 

kettles, though generally small, are more marked and rarely sand 
capped. In See. 10, T. 88, R. 3 W., there are hills rising 80 feet and 

100 feet above the Flambeau, which flows at their feet. Occasionally 

long bowlder-ridges and isolated knolls are seen standing in the 

marshes, or other generally level tracts. These elevations attain a 

height varying from 20 feet to 110 feet, and trend from S. 40° E.
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through due north and south to 8. 40° W. The highest ridge of this 
sort noted trends north and south through Sec. 34, T. 38, R. 2 W. 
Along the east side of this flows the Dore Flambean, 110 feet below 

its crest. Some of these knolls and ridges are evidently “ hog-backs,” 
like those in Jefferson county and other portions of the state, but 

others I am inclined to regard as portions of transverse drift accumu- 
lations, homologous with terminal moraines. — 

The till of this region, if we may judge from appearances along the 
river beds, contains a very large amount of very coarse material. 
Many of the bowlders are so large as to be readily mistaken for rock 
in place, when partially covered with earth. On the north shore of 
Bowlder lake there is a large erratic, 48 feet long, 24 feet wide and 

20 feet high. If the masses of rock at Rocky Carry rapids, and those 
below Flambeau, which have been referred to are bowlders, some of 

them have two dimensions more than double the largest given above. 

This very coarse material does not present an even upper surface, but 
appears to be thrown into lengthened ridges trending generally N. W. 
and S. E., across which the streams break usually after having flowed 

some distance parallel with them, forming the bowlder rapids that 
have been referred to, and of which about thirty prominent ones have 

been noted and their positions indicated upon the map. It should be 
said in this connection, as suggesting a considerable linear extension 
of these bowlder ridges, that the bowlder rapids often lie in pairs on 
the two forks on lines not far from vertical to the valley axes. A 

further proof of the linear distribution of these bowlders is found at 

Bowlder lake, whose north shore trending W. 40° N. is one continuous 
wall of granite blocks, piled as steeply as they will lie and extending | 

more than a mile. The lake itself is deep, free from islands and 
wholly without bowlders upon its southwest shore, even at the water’s 
edge, while a mile and a half to the southwest, at the mouth of the 

lake, there is a bowlder dam which holds back the water of this lake; 

a line, too, drawn from the rapids parallel to the north shore of the 

lake, cuts across the kettle area between Sandy-bottom and Trout 
lakes. 

It will be well here to attempt the correlation of some of the facts 

that have been presented, and in what follows it will be assumed as 
probable that the marked kettle areas which have been noted, the 

bowlder rapids, the peculiar stream-flexures and most of the lakes in 
the region under consideration indicate more than usual accumula- 

tions of drift material where they occur. Indeed, most of the strong 

bends of the North Fork and of the Dore Flambeau are due to 

morainic deposits, along the bases of which the streams flow until
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they can finally break over them and return again to their respective 
valley axes; and from what has been said in regard to the bowlder 

rapids, it would appear that those piles of coarse blocks are but the 
remnants of larger accumulations of debris, from which the finer | 

material has been removed by the streams and deposited so as to pro- 

duce slack water at the head of the rapids below them. 
It has been shown that the lakes of the Flambeau slope, including 

_ the four clusters west of the Chippewa river, form linear series lying 

along the axes of the four valleys that have been pointed out, and 

that they are further grouped into three broad concentric belts, convex 
to the southward and extending across the valleys nearly at right 

angles to their axes. It is now to be shown that the upper and mid- 

dle lake belts are divisible into minor concentric ones which are also 
convex to the southward, and approximately perpendicular to the 
valley axes; and, that in these belts are found most of the kettle 

areas and bowlder rapids, observed by the writer, as well as many 
of the peculiar stream-flexures that have been referred to. These 
features are indicated more clearly and concisely upon the map than 

they can be described. It will be seen that these belts are eight in 

number, and that they appear to span the four valleys, except in the 

Upper Lake Region, where they lie further to the south. These eight 
belts are further divisible, it is believed, so as to make in all at least 

twelve or fourteen, though a larger map of the region than the one 

accompanying this report would be required to make the subdivisions 

| apparent, and more detailed work would be necessary to establish them. 
It is not affirmed that the facts in regard to topography, lakes, 

rivers and glacial deposits here presented, and correlated as they have 

been, amount to demonstration, but it is believed that they strongly 
support the following propositions: 

(1.) A broad and probably continuous sheet of ice moved south- 

westward through a four-grooved valley with the central portion 
usually keeping the lead. 

(2.) The front of the ice-sheet made a long oscillating halt during 

which were developed the morainic deposits in the Lower Lake 
Region, and probably by similar causes, though less pronounced, the 

accumulations of the Middle and Upper Lake Regions took place. 
(3.) The three stages at least indicate three periods favorable to 

glacial accumulation upon the Flambeau slope. 

(4.) The eight transverse belts that are indicated upon the map are 
believed to be morainic in character. 

(5.) These morainie belts are regarded as indicating so many minor 

periods of glaciation embraced within the three periods referred to 
above.
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SOIL AND VEGETATION. 

As the Upper Lake Region and the Lower Valley are diverse in their 
glacial and drainage features, so they are as regards soil and vegeta- 
tion. As might be inferred from what has already been said, the soil 
in the Upper Lake Region is a rather fine, nearly uniform yellowish . _ | 
sand, containing very little argillaceous material, and but a small 
amount of vegetable mold; even in the tamarack swamps, where . 
peat is found, so far as observed, it is only a foot or two deep. Those 
kettle areas, however, in this region, which have never been sub- 
merged, possess a soil that is a warm, argillaceous, sandy and gravelly 
loam. Passing down the Lower Valley the transition appears grad- 
ual from a very sandy soil containing but little mold through a | 
warm sandy loan to a more substantial soil containing much reddish | 

clay mingled with sand, gravel and bowlders. It should be borne in 

mind, however, in regard to these statements, that so much of washing 
has taken place along the river bottoms that the features there pre- 
sented are not likely to be characteristic of the generally higher land 
a half mile or more from the streams. At one place on the South 

Fork, in a heavy forest of pine, hemlock and yellow birch, forty rods 
from the river, so much of erosion has been acvomplished since the 

present forest occupied the soil, that now yellow birches may be seen | 
standing upon their roots four feet above the ground. Often the river 
bottoms are little more than bowlder beds, upon which the trees obtain. 
so insecure a footing as to be easily overturned by the heavy winds 
which sweep up the valleys. 

Considering now the vegetation in the two regions, the contrast is 

a seen to be strong. In the Upper Lake Region the trees are small, 

stunted and scattering; in the Lower Valley they are large, vigorous 

and dense. Norway and scrub pine prevail in the former; white pine 
and hemlock in the latter. White cedar in the swamps of the latter 

are replaced by stunted tamaracks in those of the former. The paper: 
birch stamps the strongest feature upon the face of the Upper Lake 
Region, while the yellow birch is found mainly in the Lower Valley. 
Spruce and balsam are found in suitable places over the whole slope, 

| but the latter is most abundant and most vigorous toward the south. 
Upon the unmodified kettle summits at the north, and over much of 

the high land further south, maple, elm, ironwood and basswood are 
found. A few small butternuts were observed near the mouth of the 
Dore Flambeau, and serub black oaks were seen growing about the 
southern portion of Pokehama lake. Black alder and. kinnickinnic 
fringe the streams, and upon some of the flats small black ash, elm
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and soft maple grow. The wild grass and sedge marshes are few and 
small, extending usually in narrow strips along the streams; the 

largest of these occur on Turtle creek below the falls, and on the 

~ North Fork between the mouth of Turtle creek and Sec. 19, T. 42, 

R.4E. The latter marsh attains in places a width of a mile or more, 

and through it the river takes a very tortuous course, often making 

new channels for itself. Many of the small, open swamps: in the 
Upper Lake Region bear a few cranberries, and it is said that J. 8. 
Hoxey owns a cranberry marsh in Secs. 1 and 36 of T's. 41 and 42, 

R. 7 E., which he thinks of improving. 

The aggregate amount of choice pine land in the Upper Flambeau 

slope is considerable, but it is confined mostly to the Lower Valley, 

there being but little in the Upper Lake Region. More than 60,000 

7 acres of this land is owned by the Cornell University and offered for 

sale. Comparatively little of the choice pine lands lie in immediate 

contact with the main channels, a “haul” of half a mile or more be- 

ing the rule. The amount of pine that has been wasted in this region | 

by injudicious cutting probably exceeds that which has been marketed. 

| It has been the practice of lumbermen to go through their pine and 

select only the largest trees, leaving much really valuable timber 

| standing. The result is that fires get into these choppings and destroy : 

what trees have been left standing, and often spread.over untouched 

sections. 

It is interesting to note how long the trunk of a large white pine 

will withstand disintegration when it falls in a damp, shaded forest. 

On the North Fork, there was seen a yellow birch sixteen inches in 

diameter, growing with its roots astride a white pine log more than 

two feet! in diarneter and 50 feet long, which still retains its outline | 

sharply. Of course the seed of the birch must have fallen upon the 

pine log after it had become moss-clad and had decayed sufficiently to 

| furnish nourishment and support for the young birch until its roots ~ 

could penetrate the earth.
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APPENDIX, 

MICROSCOPIC EXAMINATION OF A SUITE OF SPECI- 

MENS FROM THE FLAMBEAU RIVER COUNTRY, WIS. 

CONSIN, BY R. D. IRVING. 

The collection submitted, eighteen specimens in all, includes horn- 
blende-schist and hornblende-rock, syenite, diorite, diabase, quartz- 
schist and gneiss. Most of the specimens belong to the first named 

kinds; the remaining kinds being represented by only one specimen 

each. 4 a 
HlornBLENDE-Scuist AND Rock. | 

Here belong numbers 2e, 3, 4, 23, 42, 75 and 184, which are black 

and very fine-grained but still macroscopically crystalline schists; 44, 

45 and 46, which are dark grey, aphanitic schists, as also 133¢ and 
143, which are black, minutely crystalline hornblende-rock. In nearly 
all of the schistose specimens here included, the groundmass is pre- 

dominatingly quartzose, usually making up but a small portion of the 

rock. In this respect, however, the groundmass varies somewhat, as | 

also in the coarseness of its constituent granules, which are commonly 
very minute. The hornblende, always the main, and in nearly every 

case the greatly predominating constituent, is of the usual greenish 

variety (as seen in the thin section), and is present in minute blades, 
often distinguishable by the naked eye, which commonly lie with the 

foliation of the rock. In some sections there is also a general tend- 

ency to an arrangement of the hornblende-needles with their longer 

axes in one direction. Other sections show this mineral in radiating 

tufts, and others again in interlacing blades. Orthoclase is present in 

nearly all of the specimens, but is generally much less abundant than 
the quartz, though in a few slices equaling it in quantity. The fol- 
lowing accessories were noted in the several sections: plagioclase, 

biotite, augite, sahlite, garnet, chlorite, magnetite, titanic iron, a white 

decomposition product of titanic iron, hematite, ochre, apatite and 
calcite. In most respects these hornblende-schists resemble those 
described by Dr. Wichman in Vol. III of these reports, as occurring 
largely in the Huronian of the Marquette and Menominee regions.
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The last two specimens mentioned above, Nos. 188¢ and 1438, from 
their more massive appearance and lack of arrangement of the horn- 
blende prisms — which are, moreover, much larger than in the schistose 
specimens — would seem to belong to hornblende-rock, the first named 
specimen having a feldspathic base, the latter a predominatingly 
quartzose one. 

The following are brief descriptions of the several thin sections: 

. Specimen Ze. A nearly black, very fine-grained, but macroscop- | 
ical by minutely crystalline, compact schist. Minute shining needles 

of hornblende appear to make up most of the rock. Round whitish 
patches, sth inch in diameter, are studded over the fracture. 

U. M. Hornblende, in minute blades, greatly predominates. The 
blades appear mostly to lie in the plane of the section, a few only : 
showing the prismatic cleavage. There is also evident a tendency of 
the blades to arrange themselves with their longer axes in one general 
direction. Quartz, with some orthoclase, both in minute particles, 
makes up the groundmass. The whitish spots above alluded to as 
seen macroscopically are made up of clusters of brilliantly polariz- | 
ing particles of sahlite. These particles are evidently in many cases 
fragments of larger single crystals, as shown by their corresponding : 
optical orientation and cleavage directions. Magnetite is present 
in a few minute crystals and in fine dust. 

Specimen 3. Both macroscopically and microscopically similar to 
the preceding specimen. In this case, however, the hornblende 
prisms are cut for the most part transversely by the plane of the 
slice. | 

The groundmass is finer than in 2e, and the sahlite is not so plenty. 
Specimen 4. Macroscopically this rock resembles the two preced- | 

ing, having, however, a much closer grain. 

U. M. Minute blades of hornblende, in a ground mass of guartz, 
with some orthoclase. A few patches of calcite. 

Specomen 23 (17). A black, minutely crystalline, very fine-grained 
rock, not showing any schistose tendency in the small fragment sent. 

U. M. Greenish hornblende greatly predominates, its blades inter- 
locking and at times excluding the base. In other parts of the slice 
are large patches of the groundmass of quartz and orthoclase. 

BHiotite, in numerous small blades, apatite, in many minute rods and 
hexagons, and a little magnetite are also present. 

Specimen 42 (39). A nearly black, very fine-grained rock, showing 
_ minute whitish and reddish spots. | 

| U. M. Hornblende, in radiating tufts of pale greenish blades, is | 
the main constituent. The white patches of groundmass are chiefly
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orthoclase, with some plagioclase, and but very little guartz. A few 
clusters of magnetite particles are to be seen. 

Specomen 44. A dark grey, aphanitic schist, mottled with minute 
white patches. | 

U. M. Chiefly a network of interlocking fibres and fibrous erys- 
tals of hornblende. The very sparse groundmass is composed of 
orthoclase and quartz, which are occasionally aggregated into white 
patches of some size. A few of the orthoclase particles exhibit the 

characteristic twinning. Sahlite is present in brilliantly polarizing 
: blades and irregular particles. Clinodiagonal sections of this mineral 

show an angle of 39° (augite angle) between vertical and elasticity 
axes. Besides the imperfect prismatic cleavage of augite, the charac- 
teristic basal and orthodiagonal cleavages of sahlite are well marked. 
A very little magnetite is present. 

Specumen 46 (42). A dark grey aphanitic schist. | 
| | U. M. The slice is almost altogether made up of minute inter- 

locking needles of green hornblende. A little of the usual ground- 
mass, magnetite and sahlite are also to be recognized. 

Specimen 46. A schist resembling 44 and 45. | 
| U.M. Almost completely made up of interlaced microliths of 

hornblende. A small quantity of the usual guwartz-orthoclase ground- : 
mass, sahlite or augite, and hematite are also to be seen. 

| Specimen 75. A black, very fine-grained schist, sparkling with 
minute hornblende blades. | 

U. M. The hornblende lies mostly in the plane of the slice. The 
_groundmass is of quartz and orthoclase, some particles of the former | 
exhibiting cavities with minute fluid inclusions. Augite, titanic iron 
or magnetite, and apatite are the accessories. 

_ Specimen 8%. A black schist resembling 75. 

U.M. The hornblende, which lies mostly in the plane of the slice, 
is much less abundant than in any of theforegoing rocks. The ground- 
mass is chiefly of guartz with a little orthoclase. Chloriteis present in 
bluish-green, non-dichroitic or feebly dichroitic scales, as large as the 
hornblende particles. Pinkish garnet appears in a few clusters of ir- 
regularly outlined particles, .045 m. m. to .140 m. m. in diameter. 
Titance tron is abundant in more or less distinctly hexagonal shapes. 
Hematite and very rare apatite are also to be recognized. 

Specimen 184 (89). A black, fine-grained, highly crystalline schist 
resembling 75 and others of the above described rocks. 

U. M. The greatly predominating horndlende needles, averaging 
.45 m. m. long, lie wholly in the plane of the section. The interven- 
ing white matter is chiefly guartz, but orthoclase and plagioclase are
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both recognizable. MMaynetite appears in a few clusters, and ochre. 
stains are to be seen at a few points. 

Specimen 133s (49). A black, highly erystalline rock, not so very 
fine-grained as the preceding. With the lens can be recognized 

hornblende, quartz, pyrite and a white feldspar. _ - 
U. M. Hornblende makes up most of the slice. It does not show 

any tendency to a single direction, the blades presenting all sorts of | 
sections and lying in all directions. The blades have the usual jagged 

edges and are often as nuch as .65 to 8 m. m. wide. The other in- 

gredients are: orthoclase, much altered to kuolinite; raver quartz; 

tetanic tron, largely altered to a greyish white substance; and apatite. 

Specimen 143. A black, highly crystalline, fine-grained, non- 
schistose rock. 

U.M. Hornbdlende, in crystals often 0.75 m. m.in length, and not 
lying in any definite direction, is the main ingredient. In the inter- 

vening white spaces guartz predominates, but with it may be recog- 
nized afew plagioclase particles. There are also present titanic tron, | a 

with its characteristic white alteration-product, and apatite. 

| SYENITE. 

Specimen 133e (50). A black-and-white-mottled, moderately fine- 

grained rock. Both hornblende and orthoclase can be recognized 
macroscopically. 

U. M. Interlocking blades of hornblende, and much kaolinized 
orthoclase, in larger particles than those of the hornblende (sometimes 

3 to 4 m. m. across), are the main ingredients. There is also present 
: chlorite, resulting from an alteration of the hornblende. 

The lack of any fine groundmass, and presence of large orthoclases, 
make this rock properly a syenite. | 

| Drorirte. 

Specomen 1335 (48). A moderately fine-grained, massive, black 
rock. The hornblende and feldspar can both be recognized macro- 

scopically. The powdered rock effervesces quite briskly in hot hy dro- 

chlorie acid. 

U. M. The hornblende is in quite large crystals, compared with 

those of the hornblende-schists, and exhibits very intense absorption 

and dichroism. Plagioclase appears in large, much altered crystals. 

Traces only remain of the characteristic banding in the polarized 
light, a few grains, however, showing it plainly. There are algo 
present secondary calcite in quite large grains, guartz, augite and 
magnetite. The rock is a “ quartz-diorite.”
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| Drasase. 

Specumen 26. A fine-grained, compact, very minutely crystalline, 
| massive, black rock. . 

_ U. M. The constituents are: Augite, largely altered to wralite, 
| which is met with surrounding cores of the augite, and penetrating 

| it along fissures; plagioclase optically near labradorite, and often 

much altered, yielding then an aggregate polarization; and magnetite, 
which is abundant and often in distinct crystals. The rock is a 

“ uralitic diabase.”’ | 

, —- Quartz-Scurst. 

7 Specimen 133 f (51). A very fine-grained, arenaceous, light grey 
schist. The particles can be crumbled apart with the fingers. 

U.M. The greatly predominating sandy groundmass is made of 
minute quartz-granules. In this groundmass are numerous very 

narrow blades of biotete, hornblende and chlorite, named in order of 

relative abundance. Sparsely scattered magnetite in distinct octa- 

hedra, and single rolled quartz-grains, much larger than the constitn- 
ent grains of the groundmass, are also to be seen. 

GNEISS. | 

Specimen 77. A fine-grained, dark-greenish-gray, schistose rock, in 

| which quartz, pinkish cleavable orthoclase, and a soft, bright lustred, 

dark greenish grey micaceous mineral can be recognized macroscopic- 
ally, the last named constituent coating the schist plane. 

U.M. The main ingredients recognized are: Much altered ortho- . 

clase; quartz, like the quartz of granite; with numerous liquid-filled 

cavities, many showing a bubble; plagioclase; and a greenish chloritic 
substance (viridite). The latter ingredient cannot be assigned to any 
known mineral. It occurs for the most part in quite large areas hav- 

ing an imperfectly fibrous structure. Faint traces of dichroism can 

be observed in some of the fibres, but nearly all of the greenish areas 

remain wholly dark in all positions between crossed nicols, or are dark 

with a few minute patches of light. A very few of these areas show 

traces of cleavage and then a more distinct dichroism. A few of 

them show no inclusions, but most contain numerous brown, opaque 
needles, crossing each other, and radiating, but on the whole appear- 
ing to emphasize the cleavage of the original mineral. This would 

seem to have been hornblende. Minute particles of hematite and 
biotite and a few good sized apatite crystals were noticed.
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PREFACE, 

In Vol. II of this series of reports, I have described briefly the _ 
crystalline rocks of the Wisconsin river valley so far as the field ex- 
plorations then completed made it possible. The lithological descrip- 
tions were based upon the older methods, being only in a few instances 
reinforced by incomplete microscopic examinations by C. E. Wright. 
Subsequent to the publication of that volume, further explorations 
in the region about Wausau, and thence northward, were made by A. 
C. Clark of that place. Mr. Clark’s note books and specimens were 
placed in my hands in the early part of 1880, with the request that 
I should examine his collections microscopically. The opportunity 
was then taken to include in this study all the specimens which I had 
myself collected in this region in 1874, and thus to prepare a report 
which should embody all the material collected up to this time. 

In the summer of 1880, after having made a first general examina- 
tion of most of these specimens with the microscope, I found my hands 
bo full of other work that it became necessary for me, in order to | 
complete this study, to call in the aid of Mr. ©. R. Vanhise. Mr. 
Vanhise’s work has consisted in the detailed examination of all the 

) sections for the tables of microscopic descriptions of the following 
pages. My own share of the work has consisted in the constant 
supervision of the microscopic work, in the correlationof results, and 
in the preparation of the maps and text of this report. 

Many rock exposures in the Wisconsin valle}.remain yet unex- 
amined; so that what is here given can be regarded only as a record 
of results to date rather than as a complete presentation of all of the 
obtainable facts with regard to the erystalline rocks of the region in 
question. This report, then, being so largely in the nature of a sim- 
ple record of progress, I have thought it more appropriate to group 
the descriptions so as to correspond to the accompanying series of 
sketch maps. The numbers used in the tables of niicroscopie descrip- 
tions are the original collection numbers, the specimens corresponding 
to which will be found in the cabinets of the State University, and of 
the Wisconsin Academy of Sciences, and, less completely, in those of 
the State Normal Schools, of Beloit, Racine, Ripon and Milton Col- 
leges, and of Lawrence University. R. D. Irvine. 
- 1 See Vol. IL, p. 637. | 
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| CRYSTALLINE ROCKS OF THE WISCONSIN VALLEY. 

ROCKS OF THE VICINITY OF GRAND RAPIDS. 

, SKETCH MAP I. 

| The crystalline rocks of the area represented upon Sketch Map I | 
make their principal exposures in the bed of the Wisconsin river from 
Point Bass almost continuously to the eastern line of the map. In 
the southern half of this map, everywhere away from the river, they 
are buried beneath a rather thin covering of the Potsdam sandstone. 
In the northern half of the map, the Potsdam sandstone presents itself 
in detached and as yet ill-defined areas, which grow smaller and 
rarer towards the north. In the intervening spaces, the crystalline | 

rocks appear everywhere to be near the surface, the small cuttings, 
for instance, upon the line of the Wisconsin Valley Railroad, strip- 

ping them continually. Althongh so near the surface in these areas, 

they nevertheless make but few and unsatisfactory exposures, being 

either covered with marsh peat or weathered down into soil. 

The general characters of the rock exposures of the Wisconsin 

river above and below Grand Rapids. haye been given somewhat fully 

in Vol. IL! oo 
The descriptions there given: represent these rocks as a series of | 

micaceous gneisses, trending fromeN. E. by E., to E. by N., and often ° 
decomposed into kaolin, with a very high northerly or southerly dip; 
interstratified with which, in subordinate quantity, are hornblende 
schists, and intersecting which are masses and veins of granite and 
granitell. Our subsequent microscopic study modifies this descrip- 
tion only so far as to include intrusive masses of black olivine-diabase, 
which, at the: time of the original examination, were not separated | 

from the macroscopically similar hornblende rocks.? The intrusive 

1 Geology of Central Wisconsin, pp. 466-477. See, also, for description of sandstone 
of this vicinity, pp. 529 to 530, 63 to 565. 

* The hornblende rock of Figs. 7 and 8, p. 473, Vol. II, is an olivine-diabase. Both 

the diabase and the red granite-like rocks of these figures are to be taken as intrusive. 
The rock mentioned at the bottom of p. 475 (884) is also olivine-diabase, asis also that 
of Bed 10, Grand Rapids section, p. 473.
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granite, also, is all rather in the nature of a granitell, often tending 
towards a granitic-porphyry. In the following tabulations, the results 

| of the microscopic study are given separately for the gneisses, 

schists, granitells, hornblende schists, and olivine-diabases, in the 

order named. 

The gneisses are coarse-grained to fine-grained. In color, the coarse 
kinds are commonly mottled white and black, or pink, white and black, 

while the finer kinds tend to a more uniform gray or pinkish-gray 
color. The feldspar, quartz and mica are generally recognizable, the 

feldspars including both flesh-colored and white kinds, while the mica 

is either or both of black biotite or silvery muscovite. In kinds 

holding much chlorite, that mineral is perceptible in minute greenish 

particles, or produces a general greenish hue. A schistose structure 

is always strongly developed and is emphasized by the aggregation of 
the mica along certain planes. 

Under the microscope the feldspars and the quartz of these gneisses 
always make up the larger part of the rock. The former commonly | 
predominates, although in some sections the quartz forms as much as 

| four-fifths of the whole. Of the feldspars, orthoclase, except in one sec- 

tion, is the predominating one, and occasionally excludes entirely the 
triclinic kinds. It is nearly always more or less clouded and whitish 

from alteration, the alteration being not unfrequently carried very 

far. Its common inclusions are apatite, in the usual needle-shaped | 

crystals, and augite or epidote in rounded particles. Oligoclase 
nearly always accompanies the orthoclase, but is commonly subordi- 
nate to it in quantity. As to appearance and inclusions it closely re- 

sembles the orthoclase, from which it is commonly indistinguishable 
in ordinary light. 

The quartz commonly makes up from a fourth to a half of the 

section, only occasionally running up to three-fourths or four-fifths 
of the whole. Its most usual mode of occurrence is in large irregu- 
larly shaped interlocking individuals, which bear such relations to the 
other ingredients as to indicate its relatively late crystallization. In 
some sections, however, the large quartz areas seen macroscopically 

| resolve themselves into aggregates of minute rounded particles. The 
most common inclusion in the quartz is the apatite, in the usual 
needles. Itutile needles, rounded grains of augite and liquid-filled 
cavities —in some sections of unusual size —are also found. 

The micas, which come next in order of abundance, are always in 
quite subordinate quantity, the biotite being much more common 
than muscovite. The ordinary mode of occurrence is in aggregates of 
irregular blades, these aggregates in some sections including rounded
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grains of augite, which mineral, either in a fresh condition or more 

or less altered to chlorite, is a very common accessory in all of these 
rocks. Other accessories are hornblende, seen only in two sections; 

titanite, which is quite often met with in the usual wedge-shaped or 

rounded pieces, sometimes with a border of grayish material; titanic 
iron, surrounded by the usual decomposition product, in which at 

times titanite is found as if a secondary crystallization from the gray 

substance; chlorite, in small particles, probably always as an alteration 
product of augite; ochre, in small brownish particles, often resulting 

_ from the alteration of biotite; and bright-red hematite particles. 

The granitell veins and masses, which penetrate the Grand Rapids 
gneisses, present two kinds of rock. The most common of these is 

very fine-grained and compact, and of a pinkish color. Under the 
microscope, it is seen to be composed almost entirely of quartz and 

orthoclase with some microcline and oligoclase, in addition to which 
are minute quantities of muscovite, apatite, magnetite, hematite and 

ochre. In this rock we have an intermediate phase between the 
aphanitie felsites and the coarser granites. The other kind is exter- 

nally of a bright red color and shows numerous large sized, deep red 

facets of feldspar and translucent quartz. Under the microscope the 

feldspars are found to predominate. They are orthoclase and oligo- 

clase, both much decomposed and reddened. Quartz occurs in large 

) patches as well as in smaller areas within the feldspars. There are 
also present between the feldspar crystals patches of a finer-grained 

matrix-like substance also charged with quartz, much if not all of 

which mineral through the section is of secondary origin. Minor 

ingredients are augite, chlorite, titanic iron. In many respects this 

rock bears a close resemblance to the red granite-like rocks of the 
Keweenawan series of Lake Superior which I have elsewhere described 
under the name of augite syenite.! 

The hornblende schists which are interbedded with the Grand 
Rapids gneisses present a very fine grain and a black color. Under 
the microscope, hornblende and orthoclase are seen to be the chief con- 
stituents. In addition to these occur as accessories: augite, in numer- 
ous small grains; apatite, in very abundant crystals; quartz, filling a 
few corners; biotite; hematite; and ochre. An analysis of one of these 

| hornblende schists by Mr. M. Swenson yielded the following results: 
silica, 52.39; alumina, 16.13; soda, 2.59; potassa, 1.42; iron sesqui- 
oxide, 1.64; iron protoxide, 1.44; iron in sulphide, 0.34; lime, 8.76; 

ee 

1“ The Copper Bearing Rocks of Lake Superior," Publications of the U. 8. Geolog- 
ical Survey, 1882. |
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calcium in phosphate, 0.815; magnesia, 4.70; manganese oxide, 0.89; 
sulphur, 0.89; phosphoric acid, 0.28; water, 0.17; chlorine, trace; 
fluorine, trace=100.085. These constituents Mr. Swenson, from a 
study of the thin section, distributes as follows: hornblende, 65.21; | 
orthoclase, 19.19; oligoclase, 9.13; apatite, 0.405; biotite, 2.04; mag- 
netite, 0.41; pyrite, 0.73; limonite, hematite and water, 1.27; quartz, 
1.70=100.00. Augite did not occur in the section examined by Mr. 
Swenson, and does not therefore appear in his analysis. It is to be , 
regarded as quite a common constituent of these rocks, which furnish, 
however, only one instance of the all but universal presence of augite 
in the hornblende-bearing rocks of the Wisconsin valley region. 

The intrusive diabases of the Grand Rapids gneisses are externally 
fine-grained, black and heavy. Under the microscope, they are seen 
to consist chiefly of triclinic feldspar (labradorite) and augite. The 
erystals of the latter mineral, as so common in similar rocks from 
regions, inclose many feldspar individuals. Both feldspar and augite 
are commonly quite fresh. Olivine occurs in numerous irregularly 
bounded particles which are sometimes quite fresh, but in other cases 
are completely altered to serpentine, with which occur magnetite and 
hematite in such a way as to suggest that they also are alteration | 

| products of the olivine. Magnetite also occurs abundantly as an orig- 
inal ingredient. Apatite crystals are abundant in both feldspar and 
augite, though much more plentiful in the former. This olivine dia- 
base resembles many of the finer grained olivine-diabases of the Ke- 
weenawan series of the Lake Superior region, presenting, however, a 
rather more confused section.
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864 | 467 Muscovite-biotite- Point Bass. 10 | 21/|5E.| Coarse-grained; Orthoclase predominant, much decomposed,— 3 
gneiss. | - pink-white-and-black- | while the mass of the crystals show a uniform | 

mottled; compact. | color, a considerable portion is kaolinized; much , 3 
Flesh colored feldspar, | oligoclase, also decomposed; quartz; biotite, abun- 
quartz and black mica | dant; muscovite, m a few patches; apatite; limo- < 
are recognizable. nite; titanic iron, in large quantity, largely de- Ww 

composed to the ordinary gray alteration-product. 5 

868 | 468 Biotite-gneiss. Whitney’s Rapids. | 8. W.) 21 | 5 E. Orthoclase and oligoclase, both decomposed; +4 
10 quartz; biotite; very little muscovite; apatite; 

magnetite; hematite. S 

869 | 466 Augitic biotite- Whitney’s Rapids. 15 | 21|5E.| Fine-grained; white- | The feldspar chiefly orthoclase; some oligoclase; 2 
gneiss. and-black-mottled;| quartz; biotite; augite, partly altered to chlorite; x 

massive; strongly | much apatite as an accessory in both the feldspar Be 

| . schistose. Feldspar, | and quartz. c 
quartz and mica | Bs 
flakes, recognizable. i 

rg 

879 | 468 Augitic biotite- | Edwards’ and Clin- 25 | 22 | SE. Coarse-grained; Feldspar and quartz make up almost the entire cS 

gneiss. ton’s mill, foot of pink-light-gray- and- | mass of the rock. Orthoclase, decomposed; some “% 

Grand Rapids. black-mottled; mas- | oligoclase; quartz, the grains holding numerous 
, sive. Pink and light | large vapor-, and liquid-filled cavities, many of 

gray feldspar and dark | the latter containing bubbles, which are so large 
colored quartz recog- | that they are plainly visible when magnified 73 
nizable. diameters; biotite; augite, and its decomposition 

: | product chlorite, present in small quantities; > 
. | patches of hematite and limonite; apatite. mS
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882 | 469 Augitic  bioti t e- Edwards’ and 20 | 22,5 EH.) Medium-grained; Very like the above; chlorite more plenty; cav- ES 
} gneiss. Clinton’s mill. pale pink, light gray} ities in the quartz larger, some being .04 mm. 

and dark green mot- | across, 3 
| tled; massive. Feld- 

spars, quartz and lus- x 
trous chlorite, recogni- — a 

. zable. A 

833 | 472 Augitic biotite-| Section at Grand 8 | 22|6HEH.} Fine-grained; light Orthoclase, the chief feldspar; some oligoclase ; S 
| oneiss. Rapids. Station 1.} pink to greenish gray; | quartz, bearing little apatite and much augite as . 

compact. Feldspar, | inclusions; biotite and augite abundant, commonly = | 
quartz, and mica, the} packed together; ehlorite as a decomposition pro- & 

: latter concentrated in | duct of augite; apatite; brown stains of limonite. 
) layers along the schis- = 
| , | tose planes, are recog- 2 

| nizable. : S 

836 | 472 Augitic  bioti t e- | Section at Grand | 8 | 22) 6E. Coarse-grained; Orthoclase'and oligoclase both present, former & 
gneiss, : Rapids. Station 2. | white and black mot- | in much the larger quantity, both bearing as in- ZA 

| ‘ | tled; massive. White | clusions numerous rounded grains of augiteor < 
| feldspar, pellucid} epidote, and many of apatite crystals; quartz, > 

| { quartz, and black lus- | containing a few grains of the above mentioned CT 
trous mica, recogniza- | minerals as inclasions, and black needles of rutile; & 

| ble. biotite, very abundant; augite, hornblende, little 
| chlorite, apatite, titanite in few large brownish- 

yellow individuals, in some cases surrounded by a | 
. gray decomposition product. which is apparently 

| | | identical with that formed by the decay ot titanic 
} j { iron.



838 | 472 Augitic gneiss.!| Section at Grand | 8, 22/6EH.| Fine-grained; light; Feldspar much decomposed; quartz, grains 
| Rapids. Station 3. yellowish gray; com- { very small; augite as chief accessory, and as de- 

pact. Feldspar, | composition product; chlorite; apatite; limonite. 
quartz and mica, rec- 

| ognizable. 

839 | 472 Chloritic augite- | Section at Grand 8 | 22 | 6E. Fine- grained; light- Feldspar much decomposed, probably for the 
gneiss. Rapids. Station 2. pink to yellowish | most part orthoclase; quartz in aggregates of & 

green; massive. Feld- | small grains; little biotite; muscovite; augite in 2 
: spar, quartz, and shin- | every part of the section in small rounded grains, 

ing mica, recognizable. | many in part altered ta chlorite; chlorite in con- #7 
siderable quantity; apatite; hematite; limonite. 9 

- 840 | 472 | <Augitic biotite Section at Grand. 8 | 221 6E. Fine-grained; uni- Orthoclase and oligoclase both present, very ‘3 
| gneiss, Rapids. Station 38. form dark gray; very | fresh, the last predominant; quartz composing = 

compact. Quartz, feld- | four-fifths or mo-e of the entire mass of the rock; 
I spar and mica recog- | biotite; augite often in aggregates of rounded <x 
| nizable. grains; chlorite as an alteration product of augite; © 

, | | apatite; titanic iron abundant, often decomposed, ‘4 
: being changed in one place to its common gray ;3 

| decomposition product (titanite of calcium), which 
| has been further changed by the addition of silica co | 

- | to sphene; limonite. o>) 
q2 

844 | 472 Augitic biotite- Section at Grand 8 | 22 | 6E. Fine-grained ; bright The feldspars, quartz, biotite, augite and the & , 
muscovite-gneiss. Rapids. Station 5. gray to black; com- | accessories, limonite and chlorite, occur precisely B 

pact. White quartz, | as in 840; muscovite is rather abundant, but there 6 
| teldspar and mica in| is no titanic iron or sphene. 
| light gray shining = 
| flakes are recognizable. a) 

847 | 473 | Chloritic biotite- Section at Grand 8 | 221 6E. Coarse-grained; More than half feldspar, orthoclase and oligo- a 
| gneiss. Rapids. Station 15. massive; pink. Flesh- | clase; quartz containing little apatite; little biotite ; 

. colored feldspar, clear | a good deal ot chlorite; limonite stains. | 
quartz and greenish oe 
black chlorite are rec- 

| ognizable. 

1 These stations are 50 feet apart, measured on a jine running N. W. from the shore of the r.ver near the Rablin House, Grand Rapids. See Vol. TI. p. 009. ©
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850 | 473 Gneissoid biotite- Section at Grand 8 | 22] 6E. Coarse-grained ; Orthoclase and oligoclase predominant, consid- © | 
: granite. Rapids. Station 19. massive; pink andj erably decomposed; biotite, greenish and often ei 

| . white. Feldspar, ! changed in part or wholly to chlorite; a little aza- iD 
| | | quartz and black mica, | tite; decomposed titanite, one large wedge-shaped 

recognizable. piece 1.4 mm. long; other smaller pieces rounded; bd 
: limonite; titanic iron; very little muscovite. Oo 

. 853 | 474 | Biotite-gneiss. Section at Grand 8 | 22|)6E.| Verycoarse-grained;| Orthoclase and oligocluse; quartz, compara- a 
Rapids. Station 21. massive; white-pink- | tively free from apatite; a good deal of biotite ; o : 

. | and-gray-mottled. } little chlorite; magnetite or titanie iron. , rey 
| 7 Feldspar, quartz, and 4 

| greenish black mica, br 
recognizable. es 

856 | 474 Biotite-muscovite- Section at Grand} 8 | 22 ,6E. Medium-grained; Orthoclase; migrocline ; oligoclase; quartz; bio- = 

gneiss. Rapids. Station 30. texture not very com- | tite, abundant; muscovite; chlorite; little apatite ; f 
. pact; pink to greenish | magnetite; hematite; limonite. Oo 

: | gray. Large teldspar . A 
crystals, white quartz, iS 

| and black mica recog- A 
| | | nizable. | <d 

858 | 474 Augitic biotite- | _ Section at Grand) 8 | 22/6E.| Differs butlittlefrom | Thisrock is not different from the above, except BS 

482 | gneiss. Rapids. Station 38. 856. that it bears augite while 856 does not; the other SS 
| minerals are the same. re 

860 | 475 | Biotite-muscovite- Section at Grand) 8 | 22 /6K. Fine-grained; com- | _ This rock contains the same minerals as 856. It 
gneiss. Rapids. Station 44. | pact; pink to greenish | differs from it only m being much finer grained 

| gray. Feldspar, quartz, | and containing more apatite. 
| | and mica, recognizable. i.



885 | 475 Chloritic bioti te- Centralia. 8 | 216K. Ortheclase in large crystals, partly decomposed; 
gneiss. | | quartz in numerous small rounded granules, many 

making up a grain as seen macroscopically; biotite ; 
chlorite; apatite. abundant in the quartz; a few 
minute scales of muscovite; magnetite; hematite ; 
limonite. 

965 | 477 | Biotite-muscovite- Ten miles south of } 29 | 23 | 6E. Orthoclase; microcline; oligoclase; quartz most ©& 
gneiss. Junction City on line abundant mineral; biotite; less muscovite; scat- 5 

of Wisconsin Valley tering grains of augite; little chlorite; apatite © 
Railroad. very plenty, some of the crystals of unusual size; © 

ochre stains. a 
ei 
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880 | 468 Granitell. Edwards’ and Clin-| 25 | 22 | o#. Orthoclase and oligoclase, the latter predom- © 

ton’s mill. inant; quartz; very small quantities of the fol- 7% 7 
lowing: muscovite, magnetite, hematite, limonite. eS 

. ae 
859 | 474 Granitell. Section at Grand 8 | 22 | 6E. Fine - grained; very Composed almost wholly of feldspar, and quartz, S . 

Rapids. Station 36. compact; bright pink. | the latter predominant; orthoclase; microcline; 5 
Feldspar and quartz | very litttle apatite; magnetite; hematite; limonite. & 
recognizable. 2 

894 | 473 Granitell. Grand Rapids. 8 | 22 |6E. Very coarse-grained; | Orthoclase and oligoclase,both much decomposed, .4 * 
massive; bright red. | the latter predominant; little biotite; chlorite; au- = 

| Large deep-red feld- | gite; titanic iron in a few large patches, shown to 
| " spar crystals and | be this by its gray decomposition product; apatite; = 

. : patches of translucent | oxide of iron staining the feldspars; quartz in F 
quartz are visible. large patches, in part secondary. Beside the or- © 

dinary quartz and feldspar, there are present 2 
Oo ° ” masses of a matrix-like substance which contains 7 

smaller crystals of feldspar and secondary quartz. © 
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870 | 466 Augitic horn-| Whitney’s Rapids. 15 | 21)5E.| Fine- grained; very Orthoclase the predominant feldspar; oligo- s 

| blende-schist. compact; black; uni- | clase; hornblende, very plenty, this and orthoclase Fy 

form in appearance. being the chief constituents; numeroussmall grains, , 
of augite; apatite plenty; little quartz; titanicor 
magnetic iron; hematite. ts 

881 | 469 | Augitic horn-| Edwards’ andClin-|N. W.| 22 |95E. Like 870. Differs from 870 only in containing considerably = 

blende-schist. ton’s miil. 36 more augite. 5 

846 | 472 Augitic horn- Section at Grand 8 | 22 | 6E. Differs from the two Groundmass composed of orthoclase, oligoclase Kd 

| blende-schist. Rapids. Station 11. preceding only in that | and quartz, all in some quantity; hornblende the ‘< 

the specimen shows a | most important constituent of the rock; augite in oO 

| finely schistose struct- | some quantity; biotite; magnetite or titanic iron; = 

. ure. apatite. g2 | 
paw) 
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848 | 473 Olivine-diabase. Grand Rapids. 8 | 22/6E, Fine-grained; of a Olivine, in numerous patches, commonly with 5 close, even texture; | fresh cores, but many particles completely altered < black; uniform in ap- | to serpentine, magnetite and hematite; numerous 
pearance. | large crystals of apatite, both in feldspar and au- = . 7 gite, though much more plentiful in the former: S : labradorite, much magnetite, in part only formed & 

as a result of decomposition of olivine; augitein © , | large areas, a single one often enclosing many S : 
individuals of the other ingredients; hematite : 
biotite. By 

874 Olivine-diabase. Grand Rapids. 8 | 22/6EK.| Differs from 848 Finer grained than the preceding; the olivine | only in being finer | very fresh, the only alteration occurring in narrow = grained. bands along the fissures and outer surfaces. With & : these exceptions the rock is precisely like 848, eS - ea , , Zi 884. Olivine-diabase. Centralia. 8 | 22/6E.| Same as874, So like 848 that the section would not show & : - 
they were from different specimens. A | 

893 Olivine-diabase. Grand Rapids. 8 | 22/65. Very fine-grained; Crystals smaller than in any of the preceding = otherwise same as the] numbers; otherwise in no way different from 874. OS preceding. . Bs 

EEE
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- ROCKS OF THE VICINITY OF STEVENS POINT. 639 

ROCKS OF THE VICINITY OF STEVENS POINT. 

: SKETCH MAP II. : 

| The rock-exposures of this map are for the most part confined to 

| the bed of the Wisconsin river, and the line of the Wisconsin Cen- 

tral Railroad west of the river. The rocks secn in these exposures’ 

are plainly merely a continuation — with reversed (N. W.) dip — of 

the Grand Rapids gneisses, the anticlinal, as I have previously shown, 

, lying not far from the great bend and the long southwestward stretch 

of the Wisconsin river in southern Portage and Wood counties. Be- 

tween the Grand Rapids gneisses and those of the vicinity of Stevens 

Point, there are no essential differences. The latter tend to become 

rather more micaceous and more coarsely grained than the former; 

and to have the oligoclase a more prominent constituent, it being at 

times even the predominant feldspar. Hornblende is also rather 

more common in the sections of these gneisses than in those of the 

Grand Rapids rocks.” 

1 Vol. II, p. 481. : 
2 For further descriptions of the exposures of the Stevens Point region, see Vol. I, 

pp. 478-481, where the supposed mica-schist of Fig. 13 is in fact hornblende-schist.



TABULATION OF MICROSCOPIC OBSERVATIONS ON GNEISSES OF THE VICINITY OF STEVENS POINT. | ie nn SRT memes On eB . s | - | 
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| mw | 
| . " | > Name. Place. s “ é Macroscopic descriptions! Constituents as determined by the microscope. QO ® 

oma 
. SF, & 8 |e] 8 : r A} a mn |] & | : a oa! | poten | oon). oto Bi 814 | Biotite-gneiss, ‘*’'Yellow-Banks,”’ 10 | 23 | 8E. Medium-grained ; Orthoclase, predominant feldspar; oligoclase ; me ! Wisconsin river. dark gray; compact. quartz, chief constituent ; biotite, abundant.in small A light pink feldspar, | Hakes; chlorite; apatite; magnetite; hematite; & i : quartz,and black mica, | limonite. by | i recognizable. © 778 | 481 _ Hornblende#bio- | Conant’s Rapids. | N. E.| 23 | 88. Coarse- grained ; Orthoclase and oligoclase, the former predomi- tite-gneiss, 17 dirty white and black | nant; quartz; biotite and hornblende abundant, 7 mottled. Feldspar, | crowded together along the schistose planes; all © | quartz, shining flakes ; of the above chief constituents occur in large in- 7 | | 

of mica, and black | dividuals, many of each being from 1 mm. to 2 te . . hornblende are recog- | mm. across; little apatite. be nizable. 
779 | 479 Granitoid biotite- Conant’s Rapids. 8 | 23/8. Medium-grained; Orthoclase; microcline; oligoclase; quartz, the = gneiss. compact; massive; {| largest constituent of the rock; biotite ; few grains oe light gray, speckled | hornblende; numerous sharply outlined crystalsof | with black. White | apatite visible with low power. A porcelanous feldspar, we pellucid quartz, shin- : Z ing flakes of mica, and <i a few grains of pyrite a are recognizable. Ee 782 | 479 | Chloritie biotite. |  Conant’s Rapids. | S.E./ 23|8E.| Coarse-grained; very | Little orthoclase; oligoclase and quartz com- rd | " gneiss. 8 compact; bright pink | pose the larger part of the rock; biotite abundant; ! | to black. Red feld- | the crystals of the above minerals are large, being : spar, translucent! often from 1 mm. to2 mm. across; some augite, : | quartz, mica, and} largely altered to chlorite. | green chlorite are rec- | . j 

ognizable. |



783 | 479 Chloritic biotite- Conant’s Rapids. 8 | 23.18 Be Fine-grained; of an Orthoclase and oligoclase, both much decom- gneiss, ‘ . even texture; light- | posed, the former predominant; guartz, compos- . | | gray; quartz, feldspar, | ing about nine-tenths of the rock; biotite; chlorite: | : and mica,recognizable | much apatite in large well-outlined crystals as in- . S | 
| clusions in the quartz; brown stains of limonite. = . 

| 
t 

| 
ee ' 

. <780 479 Biotite- gneiss, | Conant’s Rapids. 8 | 23 18H, Medium-grained; of Orthoclase, the predominant feldspar; little oli- | | | a uniform compact | goclase; quartz; rock composed almost wholly of < * [ 
: texture; white to light | the above minerals; very little biotite; chlorite ; B | : 

pink. Dark colored apatite; and limonite. ve | 
translucent quartz and oO | feldspar recognizable. = | : 

497 | 480 Augitic horn- Conant’s Rapids. |S. W.} 23 | 85. Differs from 782 only Orthoclase and oligoclase, the latter predomi- = blende-biotite- : 3 in that, beside the min- | nant; quartz, unusually full of cavities and con- gneiss. erals there seen, black | taining little apatite ; biotite and hornblende, quite | crystals of hornblende plenty; augite, in some quantity, most individuals @ | | are visible. in part altered to chlorite; limonite. This rock is 2 . very like 782, the only differences being aslightly [5 | finer grain, and the presence ef hornblende. rj 
©. 785 | 480 | . a. a Hornblende - bi 0- Stevens Point R. |S. W.| 24 / 8B, Mediu m-grained; Orthoclase and oligoclase, the latter in larger mm tite-gneiss. R. bridge. o2 dark gray to black. | quantity; quartz; biotite and hornblende abun- cS Pink feldspar, trans- | dant; augite in some quantity, many grains in = , 

lucent quartz, and | part altered to chlorite; chlorite, besides occurring I 
mica in lustrous flakes | with a core of augite, exists in a few. individuals A | | 
are recognizable. where the change is complete; few small crystals | ; 

of apatite; numerous rounded grains of magnetite - ~ po | or titanic iron, | | = | | | Z ! 

786 | 481 | Hornblende-bio-| R. R. bridge. S.W.| 24 |8E.} Coarse-grained; mass-| — Coarser grained and the feldspar more decom- tite-gneiss. 32 ive; white-pink-and- | posed than in 785; otherwise not different from it. 
black- mottled. Quartz, 
feldspar, mica and 
hornblende, recogniza- | 

ble. 
z 
peach



TABULATION OF MICROSCUPIC OBSERVATIONS ON GNEISSES OF THE VICINITY OF STEVENS POINT. = 
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e 3 = Name. Place. s 3 3 |Macroscopic descriptions} Constituents as determined by the microscope. 3 

st] & S151 3 | 5 
© 6 o . oa 

a a mn |e | | 4 

| | | $a | I SE 
787 | 481 |  Biotite-gneiss. k. R. bridge. S.W.| 24 |8E.} Coarse-grained; mot- Orthoclose and microcline in nearly equal quane = © 

32 tled white, pink and | tities; little oligoclase; biotite abundant in large Z, 
black. Recognizable | flakes; magnetite; hematite. 

| ingredients: feldspar, BS 

quartz and black mica. S 
| = 

788 | 481 Biotite-gneiss. Stevens Point. S.W.| 24 |8 E. | Orthoclase; microcline ; little oligoclase; quartz; & 

| o2 much biotite; chlorite; large crystals of apatite © 
both in the quartz and feldspar; little magnetite. 3 

800 | 481 Biotite-gneiss. First cut wes t of Medium-grained, Fresh orthoclase and microeline; quariz; biotite = 

Stevens Point. even and compact in | in numerous large flakes; apatite. 
texture. Pink feld- = 
spar, translucent]. TR 

| quartz, lustrous black Oo , a, | S 

: biotite the recognizable 7 > 
| ingredients. 2 

806 | 481 Biotite-gneiss. Plover river. 8. E. | 24 )8 EH. 7 _Orthoclase, microcline and oligoclase, allsome- _, 

1 what decomposed, microcline predominant; quartz 
in large grains, containing many small crystalsof © 

| | apatite; biotite plenty; a few minute scales of Ss 
| muscovite; ochre stains. a



TABULATIONS OF MICROSCOPIC OBSERVATIONS ON GRANITELLS OF VEINS IN THE STEVENS POINT GNEISSES. | 
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a | 3 
“ot gi - Name. Place. g - é Macroscopic descriptions} Constituents as determined by the microscope. 

stl § Ss \E| & 
A | A , mn | | & Q 
we} a 

T17 | 478 Granitell. Conant’s Rapids. | N.E.| 23 | 8E.| Very coarsely Rock composed almost wholly of quartz and © 
17 grained; uniform in| feldspar in nearly equal proportions, the latter 7 

texture. White and | mostly orthoclase; some oligoclase; quartz con- tS 
pink feldspar, and | taining a little apatite; biotite, augite, chlorite and = 

. translucent dark quartz | magnetite are each found in small quantity. 
are recognizable. / a 

7993) 480 Granitell. Conant’s Rapids. |N.W.| 23 | 8E.| Medium-grained; Orthoclase; oligoclase ; microcline; quartz com- es, 
: 8 very compact; white | posing the chief part of the rock; a few small & 

to pink.  Feldspar | scattering grains of the following minerals: biotite, <4 
and quartz recogniza-| chlorite, apatite, magnetite, limonite. Oo 
ble. . rn] 

. | | | . uw! 
798 | 480 Granitell. Conant’s Rapids. |S.W.| 23 | 8E.| Differs from 79914 Orthoclase; microcline; the former predomi- = 

dD only in showing a lit- | nant; quartz; very little biotite, apatite, hematite << 
tle biotite. and limonite. B 

794 | 480 Granitell. Conant’s Rapids. |S. E.| 23 | 8E.}| Very coarsely Orthoclase and_ oligoclase, the former predomi- Ns 
| 6 grained, some of the] nant, both considerably decomposed; quartz n oO 

| crystals of feldspar | large grains, some of them being 2 mm. across; 2 
po | being an inch in| others of the large grains of quartz as seen 1 

| length; compact. Pale | macroscopically are composed of numerous minute, ~ | 
pinkish feldspar, and | rounded ones; very little apatite, biotite and mag- 
pellucid quartz the rec- | netite, 

, ognizable ingredients. 
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TABULATION OF THE RESULTS OF A MISCROSCOPIC STUDY OF THE HORNBLENDE-SCHIST OF VICINITY OF STEVENS POINT. 2 

‘ . | 

8 H | | 

me ci = _ Name. Place. : g . a |Macroscopic description.| Constituents as determined by the microscope. 
; Sg s|- 6 

Se) & S12) 8 S 
Va | AY an |e | o | r | am - 

981 | 479 | Augitic horn- Conant’s Rapids. {8. E. 8} 23 | 8 E. Fine-grained; very Groundmass composed of plagioclase and quartz, B | 
blende-schist. compact; black; schist- | in about equal proportions; hornblende the most = 

} ose. Quartz, feldspar, | important constituent of the rock, most grains a 
- and lustrous horn- } lying with their greater length in the schistose di- 

blende the recogniza- | rection; few bunches of augite grains; apatite; x 
a , ble ingredients. , | little magnetite. : S 
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ROCKS OF YELLOW RIVER. 649 

ROCKS OF YELLOW RIVER. 

SKETCH MAP III. 

The upper part of Yellow river north of the line of the Green ~ 
Bay & Minnesota Railroad is bedded on erystalline rocks for many 

miles. These rocks have been but very imperfectly examined; enongh 

| is known of them, however, to make it plain that gneiss and granite 

a are the prevailing kinds, and that they are, in all probability, but the 

continuation westward of the gneisses of the region about Grand 

Rapids. The trend, however, is changed now to a northwesterly one, 
a direction which holds as far west as the valley of Black river and , 

beyond. The interstratified bands of hornblende-schist characteristic 

of the Grand Rapids gneisses are present here also, and the same is 

| true of the intersecting veins and masses of granitell. As points of 

difference between the Yellow river gneissic series and that of Grand 

Rapids, may be mentioned the presence in the former of intersecting 

masses of true quartz-porphyry, the absence so far as known of dikes 

of olivine-diabase, and the very large proportion upon Yellow river 

of granite without parallel arrangement to the ingredients. 
So far as the thin sections examined are concerned, the Yellow river 

gneisses present no essential differences from those of Grand Rapids. 

| Unaltered augite has not been observed in any of these sections, but 

— in all probability it is represented by the chloritic ingredients. The 

7 interbedded hornblende-schists yield sections precisely like those of 

the Grand Rapids series. | 

The granites of Yellow river are chiefly mica granites, often of a 
pinkish or red color, and not unlike in general appearance the well 
known Scotch granite. The quartz-porphyry noticed intersecting 

_ gneisses up Yellow river presents the usual characters of such rocks. 
The structural features of the Yellow river rocks so far as made out, 
aud the appearance of all exposures examined, have been previously : 
described." 

‘Vol. II, pp. 490-492.



TABULATION OF RESULTS OF MICROSCOPIC STUDY OF THE GNEISSES OF YELLOW RIVER. 2 
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973 | 491 Biotite-gneiss. Yellow river. N.% | 2313 E. Medium-grained; Orthoclase and oligocluse, the former predomi- ‘4 
14 compact; evenly schis- | nant, both much decomposed; guartz abundant; m 

) tose; pink-and-gray- | biotite in flakes which have a decided greenish tint; © 
: | mottled. Feldspar, | chlorite; magnetic or titanic iron; hematite. a 

quartz and greenish ts 
mica the recognizable bg 
ingredients. © 

Q 
| : & 

974 | 492 Epidotie chlorite- Mouth of Rocky 21 | 23/3 E. Medium-grained; A highly altered rock. Oligoclase, and oriho- o 
gneiss, Run. | , green-and-pink-m ot- | clase, the former predominant, both much decom- ‘= 

tled. Epidote and | posed; epidote very abundant in large crystals 4 
feldspar are recogniza- | and aggregations of small rounded ones scattered 

. ble. Running through | all through the section; chlorite plenty; quartz; © 
| | the rock are large | titanic iron surrounded by its gray decomposition = 

veins of pink colored | product. a a 
substance, which dif- OQ 
fer from the mass of | o 
the rock in being on 
chiefly composed of | a 

| feldspar. : 
| <j 

* . = 

977 Chloritic Dbiotite-| Woodworth’s, Yel-| 21 | 23 |3E.| Fine-grained;strong- Orthoclase; quartz in grains, varying in size © 
gneiss. low river. ly schistose. Pink | from medium to minute, composes the larger part - 

feldspar, quartz, green | of the rock; chlorite quite plenty in large irregular ° 
| : chlorite, and lustrous | fibrous patches; little biotite; tew grains magne- , 

mica aakes are recog- | tite and hematite; limonite stains. | : 
nizable.



S67 { 491 Epidotic gneiss. Hemlock creek. S. E. | 22 |4 E. Rather fine-grained;| Orthoclase; microcline; oligoclase; qiutariz, 

5 evenly textured; light | bearing apatite; epidote abundant; little chlorite ; 

| pink. Feldspar and | some muscovite; magnetite or titanic iron. This 

quartz recognizable. rock has the same constituents as 974, but it is not 
oe so highly altered, and contains much more quartz 

. and less epidote. | 

969 | 491 ‘Augitic horn-| Yellowriver, three- 22 |3E. Fine-grained; mass- A groundmass of orthoclase, plagioclase and 

blende-schist. fourths of a mile ive; uniformly dark-| quartz; the grains of the latter are very smail; 

north of Houston’s gray. Mingled with | hornblende the largest constituent of the rock; 

mill. the hornblende are a| augite very plenty in aggregates of rounded : 

few small flesh-col- | grains; magnetite or titanic iron; little apatite. : : 

| : ored individuals. bY 
. | = | 

971 | 491 Augitic horn-| Yellowriver, three- 22 |3 E. Like 969. Hornbdlende the most abundant constituent of os 

blende-schist. fourths of a mile the rock; labradorite the chief remaining one, wm 

: north of Houston’s much decomposed, but a few crystals freshenough o 

mill. f , to give the banding in polarized light; aug#eas ‘J 

| in 969. This rock is very like the preceding. | 
& 
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an | os | : -_ | wy & - Name, i Place. g r é Macroscopic descriptions} Constituents as determined by the microscope. OQ rs) a 2 be s5] | 2 18] & me 

| —_— 8 
980 | 492 Chloritic granite. Yellow river, 3} 23 3K. Very coarse-grained; Orthoclase and oligoclase, both much obscured c 

feldspar from white to | by decomposition; large grains of quartz; chlo- ‘2 
flesh-colored, the crys- | rite, rather sparse in green fibrous patches; hema- © : | tals large, some show- | tite; limonite; titanic iron and gray decomposition & | ing cleavage surfaces | product. Oo : one-half inch in | = 
length; quartz grains uA 

| large; green chlorite. O 
ke 981 | 492 Biotite-granite, : Big Bull falls, 15 | 24 |3E. Medium-g rained; Orthoclase; microcline; oligoclase ; quariz; all 4 Yellow river, massive; uniform; | the above in coarse grains; biotite in flakes at in- | pink; feldspar, pellu- | tervals so much decomposed as to be scarcely rece © | cid quartz, dark green | ognizable; hematite; titanic or magnetic iron, = | grains of mica, recog- oD 

| nizable. G3 

= | Mucovite- granite. | Below Pitt’s mill, o4 | 23/3 E. Exceedingly coarse- A 
j Yellow river, grained; orthoclase in . 5 . pale pink masses, 

some of them two = 
inches through; quartz | i— . grains often three- is 
fourths of an inch in a 

. diameter; large ° 
| bunches of muscovite. .



| RESULTS OF A MICROSCOPIC EXAMINATION OF QUARTZ-PORPHYRY OF ‘YELLOW RIVER. 

ou | 
[a _— 

. 2 | 3 | ue al = Name. Place. S “ ¢ |Macroscopic description.| Constituents as determined by the microscope. 3 > 2 B 
Ss] & BEI 8 A | a | ma |a| 

970 | 491 Quartz-porphyry. | Yellow river, 22 | 3K. Light gray, apha- The porphyritic ingredients are orthoclase, olig- 
three-fourths of a nitic, hard rock with | oclase, and guartz; the feldspar crystals large, = 

| mile north of Hous- conchoidal fracture; | some being 244 mm. across, well defined, but S | ton. carrying in the matrix | with the corners frequently rounded; they ar2 © 
numerous grains of | somewhat decomposed, the oligoclase, however, PX 

, pellucid quartz, and | showing distinct banding. The quartzes show O 
many crystals of flesh- | the usual doubly terminated forms. The ground- & 

| colored feldspar; scat- | mass shows nicely with a low power a spherulitic Hd 
tering grains of pyrite | structure, being entirely made up of numbers of 4 : 
are visible. these radially fibrous masses about 35 mm. in & . 

‘ diameter. When magnified 350 times, small S 
areas act uniformly in the polarized light. These = 
particles are, however, much decomposed, but are 
probably, for the most part, feldspar. Quartz & | 
also is present. There is in the section one ag- < 
gregate of pleochroic chlorite, containing titanic ES 
iron and its gray decomposition product. Parti-  ° 
cles of hematite and augite are also recognizable. 
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650 CRYSTALLINE ROCKS OF THE WISCONSIN VALLEY. a 

ROCKS OF THE WISCONSIN RIVER VALLEY FROM | 

JUNCTION CITY TO MOSINEE. 

SKETCH MAP IV. 

' The rocks exposed in the low cuttings on the Wisconsin Central — 

and Wisconsin Valley railroads in the vicinity of Junction City, 

and thence northward to the bridge across the Wisconsin river at 

| Knowlton, are evidently but a continuation of the gneisses with in- 

terstratified hornblende-schist and granitell veins that are so largely 

exposed in the vicinity of Grand Rapids and Stevens Point! From 
Knowlton north to Little Bull Falls,* although plainly the underly- 

ing rocks are near the surface, but few exposures were noted at the 

time of my examination.? 
The few small exposures which were noticed in this distance are, 

however, of especial interest. They present a quartz-schist at times 

| highly magnetitic, which is often so closely allied to the quartz- | 

schists occurring in the vicinity of Marshall hill, north of Wausau, 

that both must be taken as belonging to the same formation. The 

general lithological characters of these schists are again so closely 

similar to those rocks of the Huronian of the whole Lake Superior | 

region that little doubt can be entertained as to their Huronian age.. 

The hornblende-granite of Little Bull Falls seems to limit these 

| Huronian schists again on the north, so that we have here apparently , 
the southwestern end of a narrow tongue of the great Huronian belt, 

which stretches from here northeasterly to and beyond the Menominee 

river. | 

So far as the dips and strikes of the rock beds shown in Sketch Map 

IV are concerned, it is to be said that the gneisses from Knowlton 

south trend northeasterly, with a dip which varies a few degrees upon 

either side of verticality; that the bedding of the quartz-schist 

between Knowlton and Mosinee was not satisfactorily made out on 

account of smallness of exposure; and that, while there are in the 

| Little Bull Falls rocks many joints in places trending west of north 

and dipping upon either side of the vertical, so as to produce an 

apparent anticlinal structure, these joints are upon the whole too un- 

reliable and abnormal to be accepted as indications of bedding. | 
Since the gneisses in the vicinity of Junction City and thence 

northward are merely the continuation of those of Grand Rapids and | 
Stevens Point, it is only necessary to note here the one point in 

| which they differ from the rocks of those places. There are included 

| 1 Vol. II, pp. 481-483. *Vol. II, pp. 488, 484. 31874,
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ROCKS OF THE WISCONSIN RIVER VALLEY. 651 

| here in them, certain bands which are peculiar for a porphyritic 
development, large feldspar and quartz particles being buried in a 
matrix-like mass, of which quartz and biotite are the principal con- 
stituents. 

The siliceous schists lying between Knowlton and Mosinee being 
precisely like those of Marshall Hill need also no especial mention here. 

| The rocks of Little Bull Falls, however, deserve some further atten- ~ 
tion. The principal rock at this place! is hornblende-granite,? with a 

| grain varying from quite coarse to rather fine, the coarser kinds pre- 
_ senting a white and black or green and black mottling, the finer kinds 

tending to uniform black or greenish black colors. Under the mi- 
croscope, the thin section of this rock shows the feldspar commonly 
predominating, orthoclase and oligoclase presenting themselves in 

| about equal proportions. Hornblende and quartz usually follow 
next; the hornblende is of the common green variety, the individuals 
generally presenting cores of augite. Accessory ingredients, several 

| of which are present in the rock section, are biotite, apatite, magne- 
tite, rutile—in needles in the quartz,— calcite and epidote; some 

: sections show the last-named mineral in large proportion, the whole 
rock having undergone an epidotic decay. 

| Imbedded in the hornblende-granite just described are here and 
| there to be seen irregular and limited bands and nests of a very fine- 

grained and compact black rock.? This rock proves in the thin section 
to be made up almost wholly of hornblende and labradorite, with 

| which is mingled a little magnetite or titanic iron. 
| The black rock of a large dike, which may be seen cutting the horn- 

blende-granite of Mosinee, shows in the thin section what appears to 
be a very much altered diabase. Much altered minute plagioclases 
make up most of the section. Orthoclase, quartz, magnetic iron 
are also present in the groundmass, which is traversed by numerous _ 

| reticulating bands of epidote and chlorite. The large porphyritic 
feldspars are orthoclase and oligoclase. 

| Numbers of large veins of white quartz cut the Mosinee granite. 
The thin section of the rock from one of these shows only large grains 
of clear quartz interlocked with one another into a solid mass, with- 
out the intervention of any other mineral. The only inclusion 
noticed in the quartz is oxide of iron in minute particles. 

‘Vol. IL, p. 483. | 
* Rather than syenite, which is the name given to them by Mr. C, E. Wright, Vol. IL, 

p. 638. 

’Vol. II, p. 484. 
“Vol. II, p. 484.



TABULATION OF RESULTS OF MICROSCOPIC STUDY OF THE GNEISSES OF VICINITY OF JUNCTION CITY AND KNOWLTON. & 
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801 | 481 Muscovite- gneiss. Wis. Cent. R. R. 1 | 24 /6E. Coarse-grained; very Oligoclase; orthoclase; quartz; these minerals A 
| cut, one mile 8. E. compact ;white-yellow- | occur in well-defined medium-sized crystals, and ‘~ 

of Wis. Valley R. R. an d-black mottled. | also in very numerous small ones thrown together & 
Portage county. Feldspar, quartz and | in confused patches; muscovite in numerous small 2 . . 

, mica are recognizable. | scales, stained with iron, usually many collected FR 
- | together, all the scales having their greatest “ | 

| : length in the same direction; little augite; mag- © | 
| netic or titanic iron. a 

be 

| = 
804 | 481 Muscovite-gneiss. Same place as 801. 1 | 24 /6E. Coarse- grained ; Orthoclase much decomposed and obscured by < 

mottled white and | oxide of iron; minute brilliantly polarizmg flakes © | 
| | pink. Feldspar,quartz, | of kaolin and limonite now occupy most of the & 

and mica,recognizable. | space originally taken by the feldspar; augite; S 
| muscovite as in 801; magnetic or titanic iron. This JZ 

| | rock is altered more than 801, otherwise itis 4 | 
: | . much like it. Z SO 

961 | 482 Augitic biotite-| 1140 rails south of 26 | 25 |6E.| Fime-grained;strong-: The background of the rock is chiefly guartz; © 
640 | schist. | | railroad bridge at ly schistose; black. | orthoclase is present; biotite composes the larger = 7 

| Knowlton, Portage Shining flakes of mica, | portion of the rock, most of the grains lying with + 
pe | county. and large cubic crys- | their cleavage lines and greatest lengths parallel; 
ho tals of pyrite are recog- | augite quite plenty in aggregates of rounded 
| nizable., . | grains; titanic or magnetic iron most often occur- 
| ! | ring in connection with or in the center of an 
| | . | | augite aggregate; little chlorite and calcite.



959 | 482 Porphyritic bio- Two and one-half 26 | 25 (6 E. Fine-grained, with Orthoclase in large, ill-defined crystals, much 

tite-gneiss. miles north of Junc- the exception of the | decomposed, and part replaced by secondary 

| tion City, on W. V. porphyritic crystals of | quartz, which is arranged about and through the | 

| R. R., Portage feldspar ; white-and- | feldspar; quartz the predominant mineral in me- 

: county. black-mottled. Rec- | dium-sized grains and in innumerable minute 
ognizable ingredients:| ones; biotite abundant, the flakes uniformly small; 

: feldspar in large | little muscovite; titanic or magnetie iron; one 
rounded erystals, some | large fissured crystal of titanite 1.4 mm. long; a 

| of them half an inch | crystalline aggregate which probably represents x | 

in length; quartz; mi- | an andalusite individual; augite. oe 
ca; a few large, black A 
lustrous crystals, prob- : ~ 

| | ably also mica. gS 

960 | 482 | Porphyritic bio- Same placeas959.| 26 | 29/68. Like 959. - Differs from 959 only in containing no musco- = 

: tite-gneiss. | vite and in carrying epidote. Two large crystals & 
of titanite, each somewhat larger than that of 909, 

| are seen. These two rocks, 909 and 960, having = 
| large crystals of feldspar and quartz in a matrix- & 

| | like mass of quartz and biotite, present a decid- 6 | 
edly porphyritic appearance. A | 

996 Augitic biotite-| Cut on W. V.R. 12 | 25|6E. Orthoclase; microcline; quarte as in 959; biotite A 

oneiss. R., Portage county. very plenty; a good deal of muscovite; augitein = | 
numerous clustered grains; chlorite; magnetic or 

: titanic iron. . te . 
, ev 

889 | 483 Muscovite-biotite- Cut on Wisconsin} 29 | 26;7E.} Medium- grained; Orthoclase and oligoclase, the latter not plenty; < 

augite-gneiss. Valley Railroad at evenly textured; white | quartz; muscovite in some quantity; less biotite; > | 

| Knowlton. and black mottled. | a good deal of augite in aggregates of rounded BS 
Feldspar, quartz, and | grains; very little apatite; one large crystal of & 

, | mica, recognizable. sphene. as) 
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RESULTS OF A MICROSCOPIC STUDY OF THE HORNBLENDE-SCHISTS OF THE WISCONSIN VALLEY RAILROAD. R 

oh O 
| wa e - Name. Place. p g | 3 é {Macroscopic description.| Constituents as determined by the microscope. 9 

cB) 2 | 2 18| 8 4 
A} | om |e | 4% 

963 | 482 Hornbtende-schist. 1410 rails south of 3) | 25 |6E.} Fine-grained; strong- Orthoclase and guertz form the groundmass, C 
640 | | | railroad bridge at | lyschistose; black with | the latter in grains varying from those ef minute 3 

| Knowlton. light mottlings. Small | size to quite large ones; hornblende is the ehief © 
lustrous grains of horn- [| ingredient. . a 
blende, and dirty white S 

. feldspar, recognizable. el | . ] on 

| el 
| = 

| cD 
© | | Z, . a. us 

Z, 
| | | a 
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TABULATION OF RESULTS OF A MICROSCOPIC STUDY OF HORNBLENDE-GRANITE OF LITTLE BULL FALLS. 

“a om 
(ad) e 2 a | | 

al Name. Place. st . a |Macroscopic descriptions; Constituents as determined by the microscope. 
os! = ¢ ep | 

6 8| # 3 | 
za | & B tea] & rd 
——— —_—_ aD —_— —_— : QD 

96 | 483| Hornblende-| Little Bull Falls, | 29 27|7E.| Coarse-grained; very a 
granite. Wisconsin river. compact; mottled- O 

| | white-and-black. Rec- re 
| ognizable ingredients: rH 

: large brilliant-black fo 
crystals of hornblende, ns 

| white feldspar, trans- . = 
parent quartz. D 

S 
898 | 4838 | Hornblende- Little Bull Falls, 29 | 27) 7E. Differs from 896 only Oligoclase and orthoclase mm about equal pro- 4 

granite. Wisconsin river. in having quite numer- } portions; hornblende abundant in large crystals, & 
ous erystals of pyrite. | some individuals containing cores of augife; ‘14 | 

| | | quartz not very plenty; little biotite; apatite; ry 
| magnetic or titanic iron; in the quartz numerous aS 

. black needles of s utile. . br} 

903 | 484 Epidotic horn- Little Bull Falls, 29 | 27 | 7K. Fine-grained; com- Orthoclase, oligocluse, and quartz are allfound < 
blende-granite. below the dam. pact; black horn- | in some quantity; hornblende in irregular patches = 

blende, veins of epi- | of varying size compose the larger part of the . 
; . . | dote, and a few patches | rock; epidote is scattered through the mass of the & 

. - | of pyrite, are recogniz- | rock, beside which there are veins composed en- rs 
: able. tirely of epidote; magnetite or titanic iron; few 

. needles of rutile in the quartz; little calcite. : 

, 900 | 483 Hornblende- Little Bull Falls. 29 } 27 | 7 E. A trifle finer grained Orthoclase ; oligoclase ; quartz abundant; horn- 
| granite. - | than 896, otherwise | blende; a few large scales biotite; a few augite 

| precisely the same. cores in the hornblende; apatite plenty; magnetie 2 
or titanic iron; rutile in quartz. Ge



TABULATION OF RESULTS OF A MICROSCOPIC STUDY OF HORNBLENDE-GRANITE OF LITTLE BULL FALLS — Con. & 

ons pod. 

2 | 
: “ < > Name. Place. d . ¢ {Macroscopic descriptions} Constituents as determined by the microscope. oO SE] & B/E) g = © cs 

D> Oo mR . 
KK A A QM || zi || OO | | |] |] -—-——— —— = 

902 | 484 Hornblende- Little Bull Falls. 29 | 2717E. |. Like 898, Precisely like 898. be granite. 
a1 | 

905 | 484 Epidotic granite. Little Bull Falls. 291 27 17K. Fine-grained; even- Orthoclase, oligoclase, quartz, in about equal 44 | ly textured; uniform | proportions; chlorite ; epidote in veins runningin © light green. Feldspar, | all directions through the section, and in numer- SS quartz, epidote, are / ous clustered grains, this mineral being presentin & recognizable. larger quantity than any other; magnetic or Oo | titanie iron; little apatite; innumerable minute | | | needles of rutile included in the quartz. __ = : ee ees ~ 7 | 4 . . 
; m | | 

S 
Z | | 
TA 
pd 

A . 

<j 
> 
i | | o 
es 
x



TABULATION OF RESULTS OF A MICROSCOPIC STUDY OF DIORITE OF LITTLE BULL FALLS. : 
m
R
 

® ° 
; are 

Sa | S , we . . , , 
S s| > Name. Place. si . = |Macroscopic description.| Constituents as determined by the microscope. 

Pal | 8 la} & | ~ 
m-a| oD 8 3 | SR OD 

bo 897 | 484 Diorite. Little Bull Falls 29 | 27 | 7H. Fine-grained; very Labradorite and hornblende in nearly equal pro- Oo | 

633 (in nests). compact; black. Horn- | portions compose almost the entire mass ‘of the 
blende, and feldspar, | rock; the labradorite in general well preserved nm; 4 : 

recognizable. crystals of quite uniform size, the average length’ Eo 
being about 25 mm.; the hornblende isin indefi- ™ 

| nitely outlined patches from very small size to = 
: quite large; little titanic or magnetic iron. re 
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, TABULATION OF RESULTS OF A MICROSCOPIC STUDY OF ALTERED DIABASE (?) OF LITTLE BULL FALLS, & 
oo 

ss a a 

e ) 2 
: we | = Name. Place. g . ¢; |Macroscopic description.| Constituents as determined by the microscope. 3S - oo = S Sy 

OQ se] & : 8 || 3 : ra : 
ae 

rn 
TS 

= : : 899 | 484 Altered porphy- Little Bull Falls. 29 | 27 | 7E. Fine-grained; dark Plagioclase in minute grains, much decom- ©& . ritic diabase. | greenish black; brown | posed, is the most important mineral; orthoclase a | weathering. and quartz are also found in some quantity; titanic & 
or magnetic iron in numerous minute specks, 7 
These minerals are the only ones recognizable in 
the groundmass, running through which are 2 
numerous reticulating bands composed of epidote . and chlorite. The many large porphyritic crystals “ . | 

, are orthoclase and oligoclase. o TY 
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TABULATION OF RESULTS OF A MICROSCOPIC STUDY OF VEIN QUARTZ OF LITTLE BULL FALLS. 
rr eee ees 

ai | © Name. Place. s . é Macroscopic description.| Constituents as determined by the microscope. 
o ® > eg | 
sal & 3 |8| & 
Z Au mn |e | . | x 
——| oo S 

901 | 484 Vein- quartz. Little Bull Falls. 29 | 27 18 E. Composed entirely of | Large grains of clear quartz the only mineral & 
. white translucent! of account. These dovetail into each other, mak- o 

quartz. ing a solid mass without the aid of any othermin- © 
eral. Hence there is no trace of a clastic origin, 4 
and in this respect the rock is precisely similarto & 

. the quartzites of Rib and Mosinee hills. As inclu- el 
: sions there are present numerous minute specks of = | 

oxide of iron. | a 
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TABULATION OF RESULTS OF A MICROSCOPIC STUDY OF THE HURONIAN SCHISTS LYING BETWEEN KNOWLTON AND = 
MOSINEE. 2 

B|s } 
52 - Name. Place. g 3 a |Macroscopic descriptions} Constituents as determined by the microscope. £3 

Sel & | & |B g | A 
7 cs} D & r 

AY wa os > 
mr err er | rene nses cements | mene | ewer | eee | eee REE ceeenenenemeeneneene® Cone | cep OS CAESARS Re TNPNNSETEPS NY gr snryenenrs aceruninernerpuisteecevenneep e 

892 | 483 Magnetic siliceous Two miles north 29 | 26 | 7E.| Aphanitic; very hard; Excessively fine, apparently fragmental, largely & 
schist. of Knowlton. conchoidal fracture; | composed of kaolinized feldspar; chlorite, mag- © 

uniform dark greenish- | netite, and probably quartz; contained in this ‘9 
| gray. matrix are a few larger grains of quartz and feld- © 

| spar, one of the latter being several mm. long. = 
. as CO 

968) 483 | Magnetic siliceous| Roadside five 26 17E.| Precisely like 892. Like 892. O 
640a} schist. miles south of Mosi- These rocks resemble the Marshall hill schists, 

nee. but differ from them in containing a larger pro- 4 
| portion of magnetite, in having a finer-grained [GH 

matrix, and in containing but few fragments el 
| | coarser than the matrix. = 
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ROCKS OF THE WISCONSIN VALLEY IN THE VICIN ITY 

OF WAUSAU. 

SKETCH MAP V. 

The rocks of the district included within the area of this map are 

of a number of different kinds. They are described in the tables 

given below in the following order: 

GRANITES. 

, 1. Hornbiende-granite of the immediate vicinity of Wausau. 

2. Granites west and north from Wausau. | 

| PorPuyRizs. 

3. Quartziferous Porphyries, east and north of Wausau. 

Nonrires. 

4. Norites of the Eau Claire river. 

. Scnistosz Roos. | 

5. Gneiss of Wausau. 

6. Quartz-schists of Marshall hill. 

7. Augite-schists of Trapp river. 

QUARTZITES. 

8. Quartzite of Mosinee hill. 

9. Quartzite of Mib hill. | 

10. Quartzite of Little Rib river. 

The structural relations of these rocks are for the most part quite 

obscure, while at the same time they present a problem of consider- | 

able interest. In some of the schistose rocks here included we have 

plainly the southwest termination of the belt of Huronian schists 

which is so strongly developed and well known in the iron district of 

the Menominee river; but how far the associated rocks are Huronian 

or not is a much more difficult question, and one which cannot as yet | 

be decided. For the present, therefore, we must content ourselves 

with recording what is known as to each of the several rocks here 

developed. | 

Granites. Yall descriptions of the large exposures of coarse horn- 

blende-granite in the vicinity of Wausau have already been given in 

| Vol. IL of this series, pages 486 to 488. Of these descriptions I have 

no modifieations to make, unless the statements there given with re- 

gard to bedding might be taken to indicate a belief in the metamor- 

phie origin of this granite. The jointing occurs as there stated, but 

“3 not now believed to indicate the original aqueous deposition of this
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rock, which is on the contrary regarded as of eruptive origin. The 
term syenite, used for the Wausau rock in Vol. II, was designed to 
represent the same mineral combination for which the term horn- 
blende-granite is here applied, in accordance with the better and well , 
established usage of the present day. 

This granite is medium-grained to very coarse-grained, and mass- 
ive, being commonly without any perceptible linear arrangement to 
the mineral ingredients. In all phases the feldspars, which are from 
yellowish gray to red in color, and at times as much as half aninch | 
in length, are always the predominating.ingredients. In subordinate 
quantity, but always recognizable, are crystals of black lustrous horn- 
blende, sometimes reaching a fourth of an inch in length. Underthe « 
microscope, the main constituents of this granite are seen to be ortho- | 
clase, oligoclase and microcline. Along with these, hornblende, dial- 
lage, magnetic or titanic iron and quartz occur as principal constituents; 

| ‘and, as accessories, biotite, apatite, garnet and hematite. The two 
latter are comparatively rare, and occur always as inclusions of, or at 
least associated with, the diallage or amphibole. The following sum- 
mary description of the microscopic characters of this granite, pre- 
pared after a study of a number of thin sections, is by Mr. Vanhise: 

“ These rocks are all very much alike in their chief characteristics. 
The feldspars, which are always a good deal decomposed, are in <all 
cases the dominating constituents. The three species — orthoclase, 
oligoclase and microcline — are always present, the latter being usu- 
ally the most abundant one. The colored cross-banding of the 
microcline, as seen in polarized light, presents various degrees of dis- | 
tinctness; the distinctness lessening with the increase in amount of 
decomposition, until finally only irregular bands of color, running in , 

| a single direction, are apparent. In this condition, in the ordinary 
light, the kaolinization is seen to have taken place chiefly in streaks. 
which are coincident in direction with the colored bands seen in the 
polarized light. Apatite is present in all the sections, though vary-_ . 
ing greatly both as to the size and number of crystals. Itisacon-  . 
stant inclusion in the feldspars, and is also often to be seen in the 
quartz, diallage and hornblende. The quartz, except in two or three’ 
slices, is a subordinate ingredient. Both primary and secondary 
quartz appear to occur. Apparently primary are the large integral 
grains filling interstices between the other ingredients; but in some - 
sections a portion of the quartz is arranged within the feldspar in | 
such a way as to suggest its secondary nature, or at least its deposi- | 
tion after a certain armount of decomposition had affected the 
‘feldspars. | |
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“The augitic ingredient in most cases is plainly diallage; all that 
does not show the characteristic cleavage of diallage is much decom- 

| posed. The diallage occurs both independently, and even quite with- 
out any associated hornblende in the slice (944), and also in the shape 
of cores to uralite or hornblende individuals. It appears probable 
that all the amphibole is an alteration product of the diallage. In 

support of this position are the following facts: The hornblende 

occurs both as greenish fibrous uralite (926), enveloping centers of 
diallage, and also in the shape of ordinary basaltic hornblende with- 

out included diallage, and with the characteristic color, cleavage, and 

| dichroism. Again, the latter kind of hornblende occurs as a mere 

border about a diallage center, and from this condition in every stage 
of replacement up to the complete disappearance of the diallage.' 
Finally, both uralite and basaltic hornblende are found, not only with 

a single core of diallage to each crystal, but with several or many 

spots of the original mineral. 
“Titanic or magnetic iron, biotite, garnet and hematite occur with- 

out any unusual characters. The order of crystallization of the sev- 

eral minerals appears to be as follows: apatite, feldspar, titanic or 
magnetic iron, biotite, diallage, hornblende (alteration of the diallage) 

and quartz. The only one of these minerals whose position is doubt- 

ful is the quartz, which may have preceded the diallage, in part at 

least. It is within the possibilities that the quartz is all of a sec- 

ondary nature, in which case the original rock must have been an 

‘augite syenite.’ ”’ 
| This coarse granite, which is very strongly contrasted with any of 

the other granitoid rocks of this region, is found along the course of 

the Wisconsin river for a distance of upwards of five miles in a 

north and south line, and with a width from east to west of some- 
thing over a mile. There can be little doubt that the several expo- 

| stires within this area form part of one intrusive mass. 

North and west from Wausau, within the area of Sketch Map IV, 
are a number of exposures of granite, for the most part quite unlike 
that just described. A peculiar, thin bedded, fine grained, feldspathic | 
granite is described in Vol. II (p. 489) as forming the side of the 

ridge in the 8. E. + Sec. 21, T. 29, R. 7 E., and as occurring again 

near Single’s mill, 8. E. $ Sec. 30 of the same township. .The thin 
section of this rock shows that in some respects it is nearly allied to 

Wausau granite, from which it differs, however, in lacking the horn- 
blendie alteration of the augitic constituent. Orthoclase, oligoclase 

' See also G. W. Hawes’ Lithology of New Hampshire.
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and microcline are the principal constituents, the latter predominat- 

ing. Other constituents are quartz; augite in some quantity; chlorite 

as decomposition product of the angite; abundant magnetite and 
ferrite. - 

A sixteen-inch vein of fine-grained granite is described in Vol. II 
(p. 488) as intersecting a dark gray schistose rock on the west bank 
of the Wisconsin river near the N. line of Sec. 26, T. 29, R. 7 E. 
The rock of this vein proves to be a biotite-granite, or granitell, the 
biotite being in very subordinate quantity. The constituents are 
oligoclase and orthoclase, the latter the predominant feldspar; quartz 
in large grains; and, as accessories, biotite, hematite, magnetite and 
epidote. 

According to Mr. Clark, a fine-grained pinkish granite appears to 

prevail throughout Sec. 238, T. 30, R. 7 E., and, to judge from loose 
fragments, to extend northward from there well into Sec. 21. This 
rock is again a biotite-granite, with the biotite in very subordinate 
quantity. Oligoclase and orthoclase are the chief constituents; both 
are much decomposed, stained with oxide of iron, and often replaced 
by a secondary quartz, which is found in groups of radiating lines 
within the feldspars. Quartz also occurs in distinct roundish grains 

| between the feldspars; biotite, chlorite and ferrite are accessories. _ 
Large outcrops of a coarse-grained granite show on the east side 

of the Wisconsin river, over a considerable area in the N. E. 4 See. 
26, T. 30, R. 7 KE. This is a rock in which pink feldspars and quartz, 
the latter in large proportion, are the only macroscopically recogniz- 
able ingredients. In the thin section, the feldspar is seen to include 
microcline and orthoclase; quartz occurs in very abundant large clear 
grains, while biotite and hornblende occur together in a very few 
large sized patches. 

Along Trapp river, in the central part of T. 30, R. 8 E., Mr. Clark 
reports a number of granite exposures. The light-gray granite 
showing on the bank of the river in S. E. $ Sec. 18, T. 80, R. 8 E, is 
an augitic biotite-granite, in which are recognizable, macroscopically, 
a pinkish feldspar, a little quartz, and numerous small black mica 
flakes. Much decomposed orthoclase and oligioclase are seen in the 

| thin section to be the principal constituents. The quartz is crowded 
into the spaces between the feldspars, and contains a little apatite. 
The mica is biotite. Chlorite and uralite are quite plenty among the 
minor ingredients, and now and then contain cores of augite, from 
the alteration of which mineral they have evidently been derived. 
Magnetite is also present. Scattered promiscuously through the body | 
of this rock are angular fragments, sometimes a foot across, of a
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olack hornblende-biotite-schist, which remain as proofs of the erup- 

tive origin of the granite. A rock closely similar to the last described, 

but containing much more unaltered augite, is exposed upon the river 

bank about a mile further down the stream. The granite on Trapp 

river, near the corner 13-14, T. 30, R. 8 E., has not been examined | 

under the microscope, but appears to resemble closely the other 

granites of the same stream. Mr. Clark reports that this granite 

occupies a large portion of T. 30, R. 8 E. 
Porphyries. Felsitic porphyries form numerous exposures on the 

east side of the Wisconsin river in Secs. 24 and 25 of T. 29, R. 7 E., 

and in the adjoining Secs. 19 and 20 of T. 29, R. 8 E. Exposures 
of similar rocks occurs as far north as See. 8, T. 29, R. 7 E., and as 

far south as the vicinity of Kelley’s lower mill on the Eau Claire 

river in Sec. 16, T. 28, R.8 E. To judge from the numerous loose 

angular fragments scattered over the ground, this rock, which is 
readily decomposable and therefore not likely to make exposures, ex- 

cept upon an abrupt hill-side, underlies a large area in the western 

parts of T. 29, R. 8 E., and T. 28, R. 8 E., besides extending well to 

the southward of the Eau Claire river. No distinctly outlined belt 

of the porphyry, parallel to the common N. E. cleavage directions of 
the surrounding schists, is to be made out. The ledges all present a 

deep white or pinkish White weathering, which is also often carried | 

well into the rocks along the lines of the numerous joints. In many 

cases there is also a brown iron stain, due to the oxidation of pyrite. 
These porphyries present two types; the predominant one being a 

true quartziferous porphyry, with the usual blackish quartzes, and 
a very abundant pink feldspars, imbedded in an aphanitic brownish | 

gray or drab matrix. The other type is non-quartziferous, carries but 
few porphyritic feldspars, and has an excessively dense black matrix, 

with semi-conchoidal fracture. Both kinds decompose very readily, 

the decomposition being plainly assisted in much of the rock by the | 

presence of pyrite. Throughout most of the area under which 

this rock evidently lies, although there is but little superficial drift 

material, it makes no outcrops, but has crumbled down into a clay 
soil with very abundant imbedded angular fragments of the porphyry. 

These angular fragments also clothe much of the ledges that are to be 
seen. This mode of weathering is one which is very characteristic of 
such felsitie rocks, and which is due to the setting up of decomposi- 

tion along the planes of the numerous close joints which intersect the 
rock. These rocks present no appearance of bedding. Occasionally 

an irregular, wavering linear arrangement of the porphyritic feldspars, 
and of lighter colored spots in the matrix, is to be noted. Often,
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along with the general softening due to decomposition, there is pres- 
ent another decomposition-product in the shape of minute interlacing 
veins of greenish or brownish material, which in many cases is plainly 
epidotie. | : 

_ These porphyries are microscopically similar to some of those of 
the Fox river region, of Marquette and Columbia counties, the first | 
of the two types resembling closely the brownish-gray quartziferous — 
porphyry of the town of Marcellon, Columbia county (Vol. II, 
p. 518); while the second type is close to the black porphyry of Ob- 

-servatory Till in the southern part of Marquette county. The Wan. 
sat. porphyries differ, however, from their more southern allies, in 
having for the most part a far less distinctly crystalline matrix. Com- 
pared with the porphyries which form so marked a feature of the 
Copper-Bearing Series of Lake Superior, these of Wausau differ } 
macroscopically in lacking the red color which is so characteristic of 
those of the Lake Superior region; and microscopically in having a 
more distinctly crystalline matrix. a . 

Under the microscope, the Wausau porphyries present a matrix 
| from which isotrope material ig for the most part completely absent; 

it being impossible, in fact, to assert its presence positively in any case. 
But while for the most part of a distinctly crystalline nature, a large 
proportion of the matrix in many slices is not resolvable into miner. 
alogically recognizable particles; that is, is what Rosenbusch calls 
crypto-crystalline. With this, in greater or less proportion, is always 
some matter which is plainly composed of minute quartz and feld- 
spar particles, to which are sometimes added particles of biotite. In : 
nearly all sections this matrix has undergone a decomposition in the 
nature of kaolinization. In many, this decomposition has taken place 
in such a way as to emphasize a flowage texture in the original rock. 
In addition to containing more distinctly crystalline matter —as al- 
ready indicated —than does the matrix of the Lake Superior porphy- 
ries, this matrix differs also in completely lacking the general red 
stain,due to diffused particles of iron oxide, and the coarser brown | 
ferrites which are so completely characteristic of the Lake Superior 
rocks, 

The porphyritic quartzes present all the usual characters of the 
quartzes of similar rocks from other regions, viz.: the doubly termi- 
nated (dihexahedral) crystalline outline; the club-shaped embayments 

: and inclusions due to corrosion by the matrix; and dihexahedral in- | 
clusions of devitritied glass, in which respect these quartzes are iden- 
tical with those of the Lake Superior region. The feldspars include 
both orthoclase and oligoclase. ‘They are commonly rather irregular
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in outline, having apparently been eaten into by the matrix. In most 
sections, also, they are much clouded by decomposition. They are 
nearly always larger and more abundant than the quartzes. Most sec- 
tions show a number of small, perfectly outlined sections of octahedral 

crystals of magnetite. 
The minute veins, which, as above indicated, are often seen macro 

scopically, are also seen in many sections. They are at times made up 
largely of epidote, and again of a nearly opaque gray substance which 

behaves isotropically between the crossed nicols. Most of the veins 

have a central line composed of numerous brilliantly polarizing grains 

, of water-deposited quartz. | 
In all respects these porphyries present the characters of eruptive 

rocks of the acid class. The nature of the matrix; the doubly termi- 

nated quartzes; the corrosion of the porphyritic quartzes and feldspar 
by the matrix; the existence of a finidal structure, both macroscop- 
ically and microscopically visible; the presence of glass inclusions in 

the quartzes; the complete absence of anything like stratification — 

all point to the eruptive origin of these rocks. They are in fact the 
ancient equivalents of the modern rhyolites. : 

Norite. Unless the small black veins to be seen cutting the 

hornblende-granite of the vicinity of Wausau are of that nature, 
basic eruptive rocks have been observed at one place only within the 

| area of Sketch Map V. Their existence further south, in the vicinity 

of Grand Rapids and Stevens Point, has already been noted, and other 

occurrences to the north of the area of this map still remain to be 

described. 
The place referred to is at Kelly’s upper mill on the Eau Claire 

river, S. W. + Sec. 13, T. 28, R. 8 E. 

Here are a number of low outcrops on the banks of the river, and 
again in the river-bed, forming the barrier rock of the dam. Irregular 
joints traverse the exposures, trending N. 30° E. and N. 40° W., and 

a standing nearly perpendicularly. Macroscopically this rock presents 

a grain rather below the medium degree of coarseness, has a dark ' 
gray color, and appears to be made up of lustrous gray crystals of a 

diallage-like mineral. In the thin section, the principal constituent 

is found to present the appearance of diallage, but to be orthorhom- 
bic in crystallization; it is therefore hypersthene or enstatite, and is 

probably the former. The other constituents are labradorite, which _ 
is for the most part much altered, and titanic iron. Apatite, chlorite, 

and orthoclase are present in less quantity. According to Rosen- 

a busch’s nomenclature, this rock is a “norite,” or gabbro with a 
“ rhombie pyroxene.”
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Gneiss. Gneiss is reported by Mr..Clark asin place under the 
river alluvium at the city of Wausau, though nowhere observed at the 
surface, and not known elsewhere within the area of Map V. The sev- 
eral specimens forwarded by Mr. Clark present a rather fine-grained, 
light-gray, highly schistose, micaceous gneiss; in which quartz, feld- 
spar, and black lustrous mica flakes are macroscopically visible. In 
the thin section, the feldspars — orthoclase and oligoclase — and biotite 
are seen to be the chief ingredients. Quartz is also abundant, how- 
ever, occurring in the areas which are characteristic of gneisses, and 
charged with abundant needles and curving, hair-like lines of rutile, 
and also carrying a little apatite. Rather plenty particles of mag- 
netite and a few round grains of augite are present as accessories. If 
this rock is actually in place as stated by Mr. Clark, it is worthy of 
note as limiting the distribution eastward of the coarse hornblende- 
granite which forms the bedrock of the Wisconsin river at Wausau. 

Argillaceous quartz-schists. On the east side of the Wisconsin 
| river, about four miles north of the city of Wausau, is an area of 

about three square miles, underneath which the rock is an argilla- 
ceous quartz-schist of a somewhat peculiar character. The area occu- 
pied by this rock appears to be a restricted one, being bounded upon 
the northwest by granite, while to the east and southeast the country 
rock is the quartziferons porphyry above described. Macroscopically, 
this rock presents a fine grain and dark gray color, having at times 
the appearance of a slaty quartzite with the characteristic sharp-edged 
fracture; while in other places there is a dense aphanitic texture, the 
rock presenting then much the appearance of the matrix of some of 
the porphyries above described. It is often very strongly banded 
with lighter and darker shades, which are plainly to be connected 
with the original deposition of the sediment of which the rock is 
composed. In some places a strongly conglomeritic appearance is 
presented, lighter gray fragments being buried in a darker gray 
groundmass. The natural exposures of this rock are very poor, though 
the district underlaid by it is very thickly strewn with angular frag- 

, ments from its disintegration. On the line of the Wisconsin Valley 
Railroad, however, several deep cutting have exposed the rock on a 
large scale. In the cuttings the strike is from N. 35° to 85° E., and 
dip from 10° to 20° to the N. W. 

Under the microscope, the Marshall Hill schists, although they have 
plainly passed through more or less alteration, are still recognizably 
of a fragmental origin. More or less rounded grains of quartz, with 
less abundant ones of orthoclase or oligoclase, are buried in an argilla- 
ceous matrix. ‘The latter appears to be also of a fragmental nature,
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and to consist largely of kaolinized feldspathic material. Chlorite and 

epidote are often present as alteration products, while magnetite and 

ferrite are to be seen in many sections. 

The Marshall Hill schists are strongly suggestive of some of the 

quartz-schists of the Marquette region, but are especially close to 

the argillaceous quartz-schists which form a large proportion of 

the so-called “ Animikie” group of the north shore of Lake Superior. 

Augite-schist. In the bank of Trapp river, in the N. E. 4 of Sec. 

| 21, T. 30, R. 8 E., near the section corner, is an outcrop five rods in 

| length and three to six feet in height, of a dark gray schistose rock. 

In the thin section, this rock proves to be of a very peculiar character, 

inasmuch as while the principal constituent is augite in a fresh state, 

there is a large proportion of original quartz in the groundmass. 7 

The augite occurs both in irregularly outlined separate particles im- 

bedded in the groundmass, and in larger crystals often including 

areas of the groundmass, which contains, besides quartz, numerous 

particles of orthoclase and triclinic feldspar. 

Quartzites. The appearance in the field of the vitreous quartzites 

of the Mosinee and Rib Hill, and in the vicinity of Single’s mill on 

| the Little Rib river, south and west from Wansau, have already been 

described.! These quartzites are essentially pure vitreous transparent 

quartz, being composed of closely interlocked grains. They are quite 

without any trace of fragmental origin. The quartz grains, in all 

respects like the quartz of granite and gneiss, interlock with one. 

another in such a manner as to render certain their original deposi- 

tion where now found. ‘The relations of these quartzites to the sur- 

rounding rocks were not satisfactorily determined. In one place 

only, near Single’s mill, was any evidence of bedding perceptible. So 

far as the structure of the other masses is concerned, they might be 

merely great veins of quartz left standing by the decomposition and 

erosion of the surrounding rocks. 
OS 

1 Vol. II, pp. 484-489.
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907 | 487 Hornblende- Section at Big |S. E. | 29 | 7E. Medium-grained; Aputite abundant; orthoclase; microeline and < 633 | granite. Bull Falls. | 26 of a uniform texture. | oligoclase, the microcline predominant, and much © | | 

Recognizable ingredi- | of it so decomposed as only to show irregular al- 4 ) ents: pinkish feldspar, | ternate strips of bright and dull colors ina single © | , and black hornblende; | direction; magnetic or titanic tron; very little bi- & : 
these minerals give the | otite; hornblende abundant; quariz in few large, 2 : 
rock a mottled appear- | clear grains, and in numerous small ones,some of " | ance. | the latter certainly being secondary. we | 

908 | 487 Hornblende- Section at Big |S. E.| 29 |7E. Medium-grained; Apatite in numerous large crystals, many of = . 6838 | biotite-granite. Bull Falls. 26 massive; uniformly | which are 0.12 mm. in length; orthoelase, micro- 4 , | 
dark gray. Recogniz- | eline and oligoclase, all fresh; magnetic or titanie 3 : | : able ingredients: feld- | iron; biotite plenty; little diallage as cores of © | | spar, and hornblende. | hornblende; much hornblende > quartz in numer- 3 : | : 

ous small rounded grains. be 
909 | 488 Hornblende- Big Bull Falls. N.E.| 29 |7E. {| Coarse grained; of an Differs in no important respect from 910 and & : granite. 30 even texture; chiefly | 941. A composed of dirty yel- : of lowish-gray felds p ar, | ra; | 

in whieh the large lus- a | | : 
trous crystals of horn- | b> | blende stand out ES | 

| prominently. | 
ey : 944 Hornblende- Wausau. S. E. | 29 | 7E. Like 908 in appear- This rock differs only from the typical hornblende - , granite. | 26 ance and recognizable | rocks of the series in being much finer grained. | 

ingredients; differs | Aratite, Jeldspar, magnetic or titanie iron, dial- from it only in having | luge, hornblende and quartz occur in the sama a yellowish ,tint, and | way as before, both as to position and proportion. | 
in being finer grained. | Particularly like 908. |



910 | 487 Hornblende-gran- Big Bull Falls. N.E.( 29; 7E.) Very coarse-grained; Little apatite in the feldspar; orthoclase, micro- 
ite. oo : massive. Dirty drab | cline, and oligoclase in nearly equal proportions, 

colored feldspar pre- | all much decomposed and containing secondary : 
dominant, some crys- | quartz; titanie or magnetic iron in a few large 
tals being above half | grains, one 4 mm. long; very little biotite; horn- 
an inch long. There | blende abundant in large crystals, many crystals 
are also récognizable | containing so much quartz as to appear in the 

| lustrous black horn- | ordinary light to be composed of many small 
| blendes, many one- | ones, but cleavage and dichroism show the con- 

fourth inch in length. | trary; patches of intermingled quartz and horn- & 
blende grains are also foumd, in which the latter S& 

) | _ | particles are independent crystals; guartz, some- fF 
| times in large grains, but mostly in small ones, “& . 

: ) | occurring in interstices between the feldspar, wad iD 
In crevices in the hornblende. Two or three . 
greenish patches, which, though rounded at the = : 
corners, show a rectangular form; they are min- & 

| | eral aggregates, each perhaps representing an < . 
| andalusite individual. = 

— 

911 | 487! Hornblende- Section at Big Bull | 8. E. | 29 | 7E. The specimen varies Very little apatite; orthoclase, microcline, and 
biotite-granite. Falis. 26 from very coarse- | oligoclase, quite fresh in some places, in others 

ft grained to medium- | decomposed and including secondary quartz; 
grained; massive. | magnetic or titanic iron; little biotite; hornblende, So 

| Pale pink feldspar is | very abundant, containing in some cases coresof ™ 
. predominant; from | diallage; quartz, plenty, occurring in medium- Ss 

| this background of | sized grains, and in small ones included in the > 
: , feldspar the black lus- | hornblende. qo 

trous crystals of horn- > 
| blende stand out prom- , cq 
: mently. : 

912 | 487 Hornblende- Big Bull Falls. 8S. E. | 29 | 7E. Resembles in every Apatite in crystals varying from above 0.25 
biotite-granite. : 26 particular the finer| mm. in length and 0.04 mm. in breadth, to those 

portions of 911. so small as only to be visible with a high power; 
. orthoclase; microeline; oligoclase; titanic iron; 

biotite, sparse; hornblende, in some crystals con- 
| } taining cores of diallage; quartz, not plenty, in & 

! part at least secondary. an .
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941 | 487 Hornblende - bio- Big Buil Falls. N. E.| 29 | 7 E. Like 910; it has not, The description of 910 will answer for this e tite-granite. oD however, any of the} specimen, except that biotite is much more abun- © 
very large crystals of | dantin 941, and the hornblende, besides having 
feldspar which areseen | the inclusions of 910, his aso large blood-red & 
in 910. +» 4 pieces of hematite and ofteg&tores of diallage. no 

“~ | . 3 Oo 943 | 488 | Hornblende-gran-| Big Bull Falls. |N.E.|29|/7E.| The feldspar is much | _‘This rock contains the coarse grains of feldspar fe ite. 30 finer, grained than in| which characterize the other rocks of the serles, @ 
any ofthe preceding, | but the greater part of it is composed of much 6 
of a light brownish | finer grains of intermingled quartz and feldspar. | | yellow.ting. The quartz Apatite; feldspars of the'’same species as here- 43 
1s so pignty as to be | totore; magnetic or titanie irgn; little biotite: horn- 1 
visible with the mag- | blende, in large crystals $n 910 and 941,asingle © 
nifier. The hornblende | crystal often including s@§nuch quartz as to ap- = 
is arranged in parallel | pear broken into many-pitces; biotite, garnet and — 
planes,*giving the rock | magnetic iron included in the hornblende ; quartz, & 
a stroiig schistose ap- | much more abundant than in any of the preced- © | pearance. ing rocks of the series. - | A 

— 
942 Hornblende-bio-| Wausau. N.E.| 29 | 7. Coarse grained uni-| Apatite very plenty in the feldspar, not present 7 tite-granite, 35 formly greenish grey. | or sparse in, the quartz; feldspars as heretofore; <3 

Differs from the other! magnetic or titanie iron; biotite, diallage, and - 
Wausau rocks in the | hornblende less abundant than in any of the pree © 
prominent position as- | ceding; quartz very plenty; in this respect like S 
sumed by the quartz, | 943; hematite; chlorite. : 

: and in the disappear- 
ance of the large lus- , 

| trous crystals of horn- : | 
; | blende. | | 

i : ‘ | 

‘ |



926 | 486 Hornblende-gran- Haseltine’s mill. 7 {28 ,8E. Like the coarse part Apatite crystals few and small; feldspars as be- ite. of 911. ' | fore, both as to species and inclusions; magnetic 
or titanic iron; little biotite; diallage as cores of 

, uralite, and in unaltered grains; uralite, plenty and a each crystal containing a core of diallage; horn-  & | . blende; quartz very sparse, that present being | - certainly in part secondary; garnet, in a few crys- r Lo tals included in the diallage and uralite. . 
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937 Augitic granite. , S. E. | 29 | 7 E. Rather fine-grained; Orthoclase, oligoclase and microcline, the latter 

21 somewhat friable;| predominant, all much decomposed; quartz; © 
mottled brownish yel- | augite, in some quantity, and as a decomposition 

| low. Recognizable in- | product; chlorite; magnetite, abundant; ferrite. © 
gredients: feldspar, | This rock seems to be merely a peculiar phase of Ee : 

quartz, and minute | the Wausau granite. TD 

greenish-black _ parti- O 

cles of chlorite. be 

| | Ke 
= | 

916 | 489 Biotite-granite or West bank of | N.E.| 29 | 7H. Fine-grained; com- Oligoclase and orthoclase, the latter predomi- <= 

granitell. Wisconsin river. 26 pact; light pink. | nant; quartz, in large grains; small quantities of + 
| Shows feldspar and | biotite, hematite, magnetic or titanie iron, and os 

quartz, and scattered | epidote. | Cc : 

through these a few A 

dark flakes. — 
A, 

< 

3469 Hornblende- Hill near Wiscon- | N. E.| 30 | 7 E. Coarse-grained ; pink Microcline; orthoclase; quartz in large, clear P 

biotite-granite. sin river. 26 feldspar is the chief | grains, making upa large proportion of the rock; © 
constituent; quartz in | biotite and hornblende occurring in large patches S 

oe large pellucid grains is | together. . 

prominent; a few 
greenish black flakes 

| of mica and hornblende 

: are scattered through 

| | : the rock.



Oued Biotite-granite. Wisconsin river. { Near] 30 | 7E. Differs from 8469, Microcline; orthoclase; oligocluse; quartz, asin 
cent. only in having the feld- | 3469, unusually full of cavities, both vapor-filled 

26 spar of a little hghter | and liquid-filled, many of the latter containing 
tint. bubbles; bictite; a little hematite and magnetite. 

This rock probably contains hornblende also, 
. although the small section shows none. _ 

3465 Augitic biotite- Trapp river. N. W.| 30 |8E.} Medium- grained; Orthoclase and oligoclase, in large clouded 
granite. 19 easily crumbled. | grains, containing bright shining grains of a de- 

White to pink feld- | composition product (kaolin); quartz; biotite 
spar, clear quartz, and |. plenty in large crystals; augite in large unaltered 2S 
biack grains of mica, | crystals, and also in many small grains, sur- - 
are easily recognizable. | rounded by chlorite as a decomposition product; © 

uralite in small quantity; titanic or magnetic iron. = — 

3468 Augitic biotite- Trapp river. 8. E. | 30 | 8 E. Mediu m-grained; Orthoclase and oligoclase — much decomposed, = | 
granite. 18 compact. Light pink | the crystals often showing no bright colorsunder & 

feldspar, alittle quartz, | the crossed nicols; quartz, not plenty, crowded < 
and black lusterless ; into the spaces between the feldspar crystals,and | 
mica flakes are visible. | containing but little apatite; biotite, plenty. © 
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3452 Felsitic porphyry. Near Wausau. N.E.| 29 | 7 E. Consists of a light drab, The porphvritic ingredients include numerous & 
| 24 aphanitic groundmass, | rounded grains of orthoclase differing much in © s 

7 | whichis mottled by numer- | size, and considerably decomposed, although many & 
: ous indistinct and illy de- | show in polarized light bright colors; also a few R 

fined lighter feldspar crys- | large crystals of oligoclase. The kaolinized con- 6 
tals of varying size | dition of the matrix much obscures its original 

| Parallel dark lines running | nature. It is excessively fine, and consistsof a Us 
through the specimen give | light gray granular mass. With a high power A 

‘it a schistose appearance. | some minute areas act nearly uniformly with re- <_< 
spect to polarized light, mdicating that the © 
matrix in part at least is composed of minute & 
crystalline individuals, the larger part, however, © 

| | being cryptocrystalline. The dark lines visible 
macroscopically resolve themselves into veins con- 
taining quartz usually as a middle line along with 

. | : | some epidote and a grayish, largely opaque, iso- 
- trope substance, the latter being the predominant | 

one.



3455 Quartz-porphyry. Near Wausau. S. W.{ 29 (7 E. Aphanitic; hard, show- The porphyritic quartz is in large clear grains, 
| 24 ing arough fracture. Dark | some of them showing a rhomboidal form due to 

| . translucent grains of | a vertical section, or nearly so, through a rhom- 
: | quartz, and light pink feld- | bohedron or hexagonal pyramid. <A few apatite 

spar crystals are abundant- | inclusions are seen in the quartz, as also many 
| ly scattered through a dark | eavities which frequently contain bubbles. Often 

: pinkish-drab matrix. The | the fine felsitic matrix cuts deep bays into the 
| —— : pink porphyritic feldspars | quartz individuals, within which apparently iso- 
| | are more abundant and | lated areas of the matrix are also found, but these 

larger than the quartzes. | areas were probably connected with the matrixby & 
! In the arrangement of the | necks perpendicular to the plane of the. section. = 

| feldspars and the lighter | If this‘were the case the above appearance would WF 
colored streaks in the ma- | be given. Porphyritie oligoclase and orthoclase “% 

| trix, there is often to be | are plenty. Both are eaten by the matrix, consid- ©& 
seen a tendency to linear | erably decomposed, and include secondary quartz. 
directions. The matrix of this rock is greatly decomposed = 

: | and its nature thereby isa good deal obscured. It tg 
appears to consist, however, for the most part of _, 
cryptocrystalline matter, along with some micro- © 

: felsitic and a good proportion of microcrystalline c3 
| matter, the latter in the shape of particles of 4 

feldspar and quartz, the feldspars, indeed, ap- 4 
; 7 pearing to grade upwards in size to the large por- K 
ff phyritic ones. The whole matrix has undergone © 
: a decomposition akin to kaolinization, and in ™ 

some cases the decomposition has been carried on = 
. in irregular linear directions, which possibly tb 

results from a flowage texture in the unaltered a 
7 ; | | rock. SS 

3496 Quartz-porphyry. Near Wausau. S.W. | 29 | 7E. Differs from 3453 only in Very much like 8455. The groundmass, how- 
24 having lghter colored | ever, compcses a larger portion of the rock than in : 

| porphyritic feldspars. 3490; also, besides the regular porphyritic quartzes, 
| there are considerable areas which are aggre- 

: gates of many small quartz individuals, averag- 
ing about 0.07 mm. in breadth. Otherwise op 

| this rock is the same as 3405. =
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3457 | Quartz-porphyry. Near Wausau. S.W.| 29 |7E.| The matrix is of the| Like 8455; the appearance presented by the & 

20 same appearance as 3459 | porphyritic ingredients is precisely the same. The 2 
and 3496. _ Gut porphyritic only difference in the matrix is that it is present mA crystals of feldspar have | in greater proportion and sh eu 
the same dark drab color | -a distinct flowage texture. svows i many places 2 
as the matrix, and are diffi- eA 
cult to distinguish from it. — w 

© 
3570 | Quartz-porphyry. Near | 29 |7E.| Exactly like 3455. _ The only thing which distinguishes this sec- center, tion from that of 3455 is the fact that some of ‘S , | 24 the quartz areas, instead of being composed of Bi ; | a single grain, are made of several grains, fit- , ting each other perfectly and entirely filling up = | fo. the space. These areas look the same as the @ = quartz areas of a granite. This rock is much S | less decomposed than the preceding, and itis 2 | plainly to be seen that its matrix includes a @ . large proportion of micro-felsitic matter. The ‘2 feldspars are also relatively fresh. The quartz < | | 

aggregates of the foregoing description are not > | . prominent characteristics and are in the nature of © | fillings of geodic. cavities, o 
| . ae 

3079 Quartz-porphyry. Near | 29 | 7E. In no way different from In regard to having areas made ti ° center, 3570. | of quartz, it is intermediate betwen 36 Nee 94, 3510, the granules not being so numerous and 
minute as in 3456, nor so few and large as in 3570: | | oo otherwise it is the same as 3570. .



3568 Black felsite. | _ Wisconsin Valley |N. W.| 29 | 7 E. Very hard, black, apha- The porphyritic crystals of feldspar are oligo- 

Railroad, Station 69. 24 nitic matrix, with a smooth | clase and orthoclase, very small and sparse, the 

semi-conchoidal fracture. | former in greater abundance. No quartz is seen. : 

Specks of pyrite and small | The matrix, which is excessively fine, is composed 

indefinitely outlined erys- | of an intimate mixture of micro-crystalline and 

tals of feldspar are scat- | crypto-crystalline matter, the former consisting 

tered thrcugh the matrix. | of biotite, feldspar, and quartz. A portion of the 

The porphyritic ingredients | feldspar is triclinic. The biotite shows its charac- _ 

are much smaller and rarer | teristic optical properties plainly with high power. 

than in any of the pre- | Some of the quartz grains are considerably larger eS 

ceding. than the average particles of the matrix. Bril- 

, | liantly polarizing specks of kaolin asadecompo- FF | 

sition product of the feldspar are scattered thickly a 
through the rock. Square magnetic crystals at = 

| intervals. ° 
| = 

uartz-porphyry. Near Wausau. S. E./ 29 | 8E. Numerous small crystals The porphyritic ingredients are quartz and or- rs 

3162 Quartz-porphyry f 8 of quartz and feldspar in a thoclase, the former more plenty; the feldspars 4 : 

| light to dark gray aphantic | are a good deal decomposed. The quartz often 

: matrix; matrix very hard, | includes portions of the matrix. The fine veins Q 

with a, conchoidal fract- | seen macroscopically cut directly through the sec- 4 

ure, and cut by fine veins. | tion and are seen to be composed of numerous 4 

: grains of evidote. The porphyritic crystals are a 

clearly defined. The matrix shows no distinctly Cc 

unindividualized material, although crypto-crystal- 7 
line matter is present. It is composed largelyof <= 

7S minute particles of feldspar, which is considerably > 

kaolinized. Quartz is present, also brown parti- CG 

cles which are probably biotite and ferrite. es 
a 

iartz - porphi Kelley’s lower |S. W.| 28 |8E. Medium to fine-grained; Large iily defined decomposed porphyritic crys-  ~ 

868 or nite eorphyry. mill. y 10 7 even texture; mottled pale | tals of feldspar are mixed in a confused matrix, 

| pink and gray. coarser than usual. This matrix is composed of 

: : feldspar, quartz, magnetite, and biotite, all con- 

fusedly mingled together. Chlorite and a few 

| 
o> 
= 

‘ 
ar)
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3366 Norite. Kelly’s upper mill. 28 |8E. Dark-gray; medium- Plagioclase, and hypersthene or enstatite are © : grained; made up chiefly | the predominant minerals. Large, clear hexag- % : of lustrous: hypersthene | onal crystals of apatite, beside small needle-like © , crystals crystals, are present. The feldsparis labradorite ‘2 | ; 

, and largely decomposed, but in some places show- S | fe | | ing the twin lamillation distinctly. There are a bs | 
few small grains of ortheclase. Titanie iron ig 
seen in numerous large patches. Hyperstheneor O ) | 1 : | enstatite (probably the former)is the chief constit- = : . uent of the rock; its cleavage in one direectionis 4 | : | | , | very distinet. Another faint cleavage nearly at ‘S | right angles to this is shown by lines of brown © oe | Inclusions. Chlorite is present as a decomposi- = | | | tion product of the hypersthene and perhaps of rp | 

| the plagioclase also. . Q 
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930 Argillaceous| Jenny road. N.line| 29 | 7 E. Aphanitic; of a subcon- Fragmental. Fine grains of quartz and Sa 
| quartz-schist. 12 choidal fracture; closely | feldspar, the former predominant, occur plenti- @® 

| banded light and dark gray;| fully scattered through a dense matrix. - The 
argillaceous odor when | feldspar is in part oligoclase and part orthoclase. A 
breathed upon; quartzite-| The above constituents are all in disconnected, 

| like. rounded to subangular grains, presenting no sharp = 
. a angles, and thus clearly showmg the fragmental 

| origin of the rock. The matrix is excessively fine, . 
: seems to be of a fragmental character, and ap- © 

. , pears to be decomposed feldspathic material. %& 
Throughout it are seen many brightly polarizing 

| | flakes of kaolin, much chlorite and some mag- KK 
| | netite and ferrite. Oo 

ty . 

| 932 Argillaceous Marshall hill. S.W.| 29 | 7E. Like 930. One-half of the section precisely like 930, the = . 
quartz-schist. | 1 other being somewhat finer grained and contain- @ 

| ing a large preponderance of matrix. Thisrock @ 
| | and 930 are evidently the same. = : 

3552 | Argillaceous| Wisconsin Valley|S.E.|29/7E.| A trifle coarser-grained| Like 980. 
| quartz-schist. railroad, station 24. 2 than 932, otherwise differ- | 

| | ent from it in no way. 

3083 Argillaceous Wisconsin Valley 29 | 7E. Like 3552. | | Like 930. os . 
quartz-schist. - railroad, station 207. | . on
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: 3063 Argillaceous Wisconsin Valley | N.W.| 29 | 7 E. The finer part of the The thin section of this rock is seen to be chiefly | . 
quartz-schist, Railroad cut, 24 rock is precisely like 3552} made up of the fine, decomposed, argillaceous 13 

| . - and 3583. But, buried in} matrix already noted as characterizing the fore- & 
this fine, gray, matrix-like | going rocks. Distinctly recognizable fragments © 
material are many sub-an- | of quartz and feldspar occur in clusters through = 
gular to angular, conglom- | the section, but are not so uniformly distributed 

| eritic fragments of sizes! as in the case of 930, and are, for the most part, & 
varying from those so small} much more minute. The angular fragments © 
as to be indistinguishable, | which are so noticeable macroscopically are still A 

‘| to those which are an inch | distinctly perceptible in the thin section, but ap- = 
. or more across. The frag- | pear to differ from the body of the rock only in A 

: ments are lighter colored | their lighter color. <j | 
than the matrix, otherwise 

: appear the same. sa , 
| This specimen shows to ea : 

the naked eye the frag- m4 
| , ; mental character of these 

. x 7 : rocks, which in the cases of 
i ' 7 930, 932, 3552 and 3583 |. 

: | can only be perceived by | : 
| \ the aid of the microscope. . |



0072 Argillaceous Fine-grained; of aneven{ Very like the Marshal! Hill rocks. Presents , 
| quartz-schist. texture; gray; stained with | something of a porphyritic appearance, but the par- 

: greenish epidote; fracture | ticles of quartz and feldspar, in part oligoclase,— 
sub-conchoidal. which, larger than in 980, are plentifully scattered 

through the matrix,— are uniformly rounded and 
| worn, showing the clastic origin of the rock. The 

matrix is the same essentially as 9380; perhaps 
| carrying more magnetite and less chlorite. Differs : 

from 930 in containing quite numerous good- 
sized particles of epidote which is secondary to + 
the matrix. SO 
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ow “ S op 

| 58 5 |B] 8 , S 
| cere perce meee | “ennui: cenemmenemermemmeemenms pence | ween | we fc | ae cc |e CA 

eS 

3467 Augite~schist. Very fine-grained; schis- Fully two-thirds of the rock are composed of - 
tose; light to dark gray; } unaltered augite, a greenish alteration being only c 
in places dark gray ob- | rarely perceptible. The augite occurs in partin 2 
scurely banded with layers ; irregularly outlined, small particles, but also in ©& 

| | of a lighter gray. relatively large-sized areas. The wholly colorless 
| groundmass is made up of very minute, wholly © 

colorless, particles of quartz, along with which is oA 
‘ a smaller proportion of feldspar, a portion of w 

which is banded. The matrix isintermixed with o 
the small augite particles, and also includedin ™ 
the larger augites which occasionally show the 4 

: cleavage of diallage. Magnetite occurs some- & 
- | what abundantly in small, irregularly outlined “© 

7 particles. = 
A —_ 
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- TABULATION OF THE RESULTS OF A MICROSCOPIC STUDY OF QUARTZITES OF VICINITY OF WAUSAU. 

e | ee 
“ i > Name. Place. g “ 3 Macroscopic descriptions Microscopic descriptions. 
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| 

927 | 485 Quartzite. Rib Hill. 9|2817E.| Massive, translucent, Almost pure quartz. Usualiy the grains are of © | ; 
glassy quartz is the| very large size, some of them reaching 77g mm. FA 

. only mineral visible. in greatest breadth, and interlocking after the _, 

| 7 manner of the quartz of gneissand granite. The 
only other minerals present are a little oxideof ,5 
iron, mostly magnetite, and a few minute flakes of 
muscovite. As to cavities this quartz is ascom- © 

| mon in granite, and from the position of the < 
7 grains was evidently crystallized in place. O 

935 | 489 Quartzite. Single’s mill. S. E. | 29 | 7E. Same as 927, except Differs from 927 only in having a little more 4 

- 29 in this a little oxide of | muscovite and oxide of iron. ‘a | 

| iron can be seen. | | 

923 | 484 | Quartzite. Lower Mosinee| 27 | 29|7E. Only different from the above in containing,in- & 
Hill. cluded in the quartz, numerous black needles of 

rutile, and in containing more ferrite and a little S 
chlorite. > 

| a 
936 | 489 Quartzite. Single’s mill. S.W.| 29 |7E.| Like 927. | As in all the preceding quartzites the grainsof - | 

—_ 29 Crystalline rock. The | quartz fit perfectly along their irregular lines of G 

° only minerals distin- { junction. They are of about the same size as in 
euishable are shining | 927 and freer from other minerals and inclusions 
flakes of mica and | than either of the preceding. Iron oxide appears 

. grains of quartz. ‘| to be the only impurity present. In none of these 
| rocks is there any trace of a clastic origin. 

: Chlorite and uralite quite plenty; titanic or 
magnetic iron; apatite present also in the feldspars. 

| Hornblende- biotite-schist. S 

——— 

Cc



686 CRYSTALLINE ROCKS OF THE WISCONSIN VALLEY. 

| ROCKS OF THE UPPER EAU CLAIRE RIVER. 

SKETOH MAP VI. | 

The field observations along the Eau Claire river were made wholly 
by Mr. A. ©. Clark, who found no exposure on or in the vicinity of 

the river above Sec. 27, T. 80, R. 10 E. 

Below this point the exposures are nearly continuous for some ten 
miles along the downward course of the stream. Only two rock belts, 

however, are crossed in this distance. The easternmost of these is 
composed of an exceedingly coarse-grained, pinkish granite, in which 

all of the ingredients, including pinkish feldspars, quartz, biotite, and 

hornblende, are easily recognizable macroscopically. Compared with 

the Wausau granites, this is for the most part of a much coarser 

grain, much more highly quartzose, and carries more mica and less 

hornblende. This granite is quite structureless. | 
The westernmost of the two belts of the Eau Claire river is com- 

posed of mica-schist, dipping constantly to the northwest, at a very 
| high angle (80° to 90°), and trending 35° E. of N. Thetotal width of 

the belt at right angles to the strike is as much as one and one-half 

miles, and the total rock thickness can not be less than 7,000 feet. 

Macroseopically, the rock of this belt is usually very fine-grained to | 
aphanitic, and of a dark gray color, the dark gray being often banded | 

by a lighter gray in a direction parallel to the schistose structure. 
Only rarely are any of the ingredients recognizable macroscopically. 

The thin sections show under the microscope a mica-schist in all re- 
spects like that which prevails so largely in the Huronian of the Mar- 

quette and Menomonie regions of Michigan, and the Penokee region | 

of Wisconsin. There is the usual quartz-feldspar groundmass, which 

is only rarely so fine as to prevent the recognition of its mineral 
| character. The feldspar is chiefly orthoclase, although a little oligo- 

_ clase is recognizable. The principal mica is biotite, but with it, in 

most sections, some muscovite is associated. More rarely particles of 

hornblende and angite are met with, while apatite, magnetic iron, and 
ferrite, are frequent accessories.
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3940 Hornblende-b io - Little Rapids of | N.E.| 30 |10 E.| Very coarse- grained; Feldspar crystals are very large. Oligoclase, ™& | 

tite-granite. the Eau Claire river. 27 the recognizable ingredi- | microcline, and orthoclase all are present, the lat- oO Oo 

ents are: pink feldspar | ter in the largest quantity; quartz in large clear a] | 
which shows cleavage pieces | grains, bearing as inclusions very long slim needles 4 
over three-fourths of an| of rutile; hornblende and biotite both occur plen- ce 

7 inch long; quartz in large | tifully in large crystals; little titanie or magnetic 
clear grains; and mica and | iron; apatite. q 

| hornblende in crystals of | ~ 
corresponding size. | e 

3343 Biotite-granite. | Three Rolls, Eau} N. E.| 80 |10 E.| Same as above, except Feldspars samme as in 3340; quartz alsosame, & 

Claire river. 33 | that only here and there a} only more abundant; little biotite and hornblende ; e 
| minute grain of biotite or | no apatite. 

hornblende is visible. © 

. 3345 Biotite-granite. Lower Fall, Three | 8. E. | 80 |10 E. Fine - grained, compact Feldspars of the usual three kinds, orthoclase = 
Rolls, Eau Claire} 33 granite. Pink feldspar, | the chief one; quartzvery plenty, havingasinclu- && 
river, pellucid quartz, and shin- | sions few small apatite individuals, and pierced in by | 

ing black grains are visible. | every direction by innumerable dark, longslender 
needles of rutile, the latter only visible with a S 
high power; biotite very abundant; titanic or 5 

. magnetic iron. ° 

3346 | Granite. Lower Fall, Three |S. E. | 30 }10E.| Red, slightly friable rock. Microcline and orthociase in nearly equal pro- 
| Rolls, Eau Claire} 33 Feldspar and quartz are | portions, much stained with oxide of iron; quartz 

} river. recognizable. in part secondary, having as inclusions few small | 

| crystals of apatite; titanic or magnetic iron; © 
- hematite. , aI
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3348 ; Hornblende-bio- Eau Claire river. vo | 30 10 E.| ‘Differs from 3340 only in Differs from 3340 only in the rutile needles © 
tite-granite. being a trifle coarser- | being much more plenty. Z, 

grained and having a more | ms : 
| | pinkish tint to the feldspar. x | 
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933 Muscovite-biotite- Eau Claire river. 34: | 29 | 7 E. Uniform light gray, finely Quartz and probably feldspar, constituting the PX 

schist. , schistose rock, with a some- | groundmass in excessively fine grains, averaging O 
what lustrous appearance, | not above .02 mm. in breadth; biotite, the sec- & , 

. and greasy feel. ond mineral in quantity, in flakes with their basal |, 

| planes mostly parallel to the schistose ones; a 4 
little muscovite; magnetic or titanic iron; limonite. © 

| Besides the finely crystalline mass of the rock «4 
there are present quite a number of large, appar- ‘v 

. ently porphyritic, crystals of quartz; orthoclase Ss 
and oligoclase. oR 

3337 Biotite-schist. Near Holbrook’s, |S. E. | 29 |9E.| Drab, compact, lustrous, Groundmass guartz and feldspar finer than in me 
in the river beds. 22 aphanitic schist. 933; biotite in numberless exceedingly minute C4 

| flakes; a little muscovite; ferrite. g 

3002 | Biotite-schist. Dells on Eau/S8.W. | 29 |10 E.| From gray to reddishin | Quartz and probably feldspar constitute the e 
Claire river. 7 color; as to grain and | groundmass; biotite as in 993; considerable mag- & 

| schistose characters same | vetic or titanic iron; apatite; chlorite. Porphy- Se | 
as preceding ones of the | ritic crystals of feldspar and quartz. This rock © 
series. as to fineness and general appearance closelyresem- < : 

bles 933. a 

3304 Hornblende-bio-| Dells on Eau|S.W.| 29 [10 E.| Fine-grained, though Much coarser grained than any of the preced- 
tite schist. Claire river. 7 coarser grained than any of | ing. The groundmass is quartz, orthoclase, and a 

the preceding, the black mica | little oligoclase, the grains varying from quite 
and white grains of quartz | small to medium size, the mean being about 12 
and feldspar being distin- | mm.; biotite very abundant as heretofore; consid- | 

oe oO | guishable. erable hornblende; a few grains of augite and & 
. | muscovite; magnetic or titanic iron; apatite. fos



TABULATION OF THE RESULTS OF A MICROSCOPIC STUDY OF THE MICA SCHISTS OF EAU CLAIRE RIVER — Con. 2 
—30<a“_aaj]j_*nvGarouoesSS 

§ 
| 

| 5 Name. Place. Macroscopic descriptions. Constituents as determined by the microscope. re 
a . ; KS 3 Sig] §& : Ei . $ es S| 
S Ble| e 

5 8356 Muscovite-biotite- Dells on Eau Claire |S. W.| 29 |} 10E.| Mica and white quartz Groundmass again quartz and orthoclase in ce 
schist. river. 4 and feldspar visible, the | grains averaging about .07 mm. across; biotite as A | rock being more or less | usual, muscovite most plenty of any so far ob- ° 

banded from alternate lay- | served in the series; augite; magnetic or titanic ry 
ers of mica and the other | iron. = 

| minerals, rr | 
Ee 

a ) = 
8358 Biotite-schist. Dells on Eau Claire |N. W.| 29 | 9 FE. Same as 3956. Groundmass as heretofore. The crystals are & river. 13 however not so well defined, but appear to aver- © | age about the same size as 8356. Biotite is more A 

plenty than in any of the preceding, a very large 
proportion of the rock is made of that mineral; 4 
magnetic or titanic iron. | - 

re 
m 
re 

8360 Biotite-schist. Eau Claire river. |S. W.| 29 | 9E. Fine-grained, black lay- Quartz, feldspar —a portion at least being =~ 
23 ers alternating with white | plagioclase — biotite and magnetic or titanic iron 

ones; layers about one- | compose this rock. Differs from the preceding | fourth of an inch thick. only in having a finer grain and containing much 
magnetic iron. :



3361 Biotite-schist. Kau Claire river. | 8. E. | 29 [9 E. Has a more chloritic look Groundmass for most part very fine and ob- 
| , 20 and is decomposed more | scure, but in a few places the particles are large 7 

than any of the preceding | andclear; in these places the minerals are quartz 
rocks of this series. _ | and orthoclase, the former being predominant. 

The gray obscurity of the larger part of the sec- 
. tion is due to the decomposition of orthoclase; 

this is shown by the fact that considerable areas — 
of the substance, so far as it polarizes at all, give | 

| the same colors. Biotite and magnetic or titanic x 
iron as before. This rock is the coarsest grained © 
one of the series, but it is so much decomposed as FS 
to show macroscopically now but few traces of its : 

_ | original condition. S 

8863 Chloritic biotite- Eau Claire river. | Cen. | 29|}9H.{ Lighter colored, other- | Very fine groundmass, like 933. Biotite and a 
schist. oo wise of much the same ap- | magnetic or titanie iron; the biotite occurs in t& oo 

pearance as 3354. minute flakes and in those of considerable size. cq 
| | Included in the fine matrix are many large por- + , 

| phyritic crystals of orthoclase; chlorite in some a 
| quantity; hornblende. ay | 
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692 CRYSTALLINE ROCKS OF THE WISCONSIN VALLEY. 

ROCKS OF RIB RIVER VALLEY ABOVE MARATHON 

CITY. 

SKETCH MAP VII. | 

- The locations of exposures within the area of this sketch map are 

for the most part from the notes of Mr. A. C. Clark; only one or two 

| references to this district having been nade in Vol. IT. 
. Above Pine river fails the rock seen in Rib river as far as T. 31, 

beyond which exposures were not discovered, are coarse-grained, light- 

colored, hornblendic gneisses, alternating with fine-grained, dark- 

colored schistose beds, and here and there intersected by veins of 

granitell. The layers trend northeast and southwest with a high dip, 

which is, so far as observed, constantly to the north. The gneisses 

are for the most part hornblendic, but black mica is often present, 

while many of them are augitic, the hornblende either being 

quite absent or present in subordinate quantity only. So intimate 1s 

the association here of augite and hornblende, that little room for 

doubt can remain as to the uralitic origin of the latter mineral in all 

of these gneisses, including even those in which no augite remnants 

are visible. 

The schists interbedded with these gneisses are for the most part 

hornblendic, being simply finer-grained phases of the prevailing horn- 

blendic gneisses. Mica is a constituent in all cases. Less common | 

schistose bands are without hornblende, being true mica schists, with 

the mica either biotite or muszovite. Augite in subordinate quantity | 

is present in these mica schists. 

In the N. W. tof Sec. 16, T. —, R. 5 W.., are several structureless out- 

crops of a coarse-grained greeenish rock which would formerly have 

been called a typical hornblende rock. In the thin section this rock 

is found to be much altered, all the recognizable feldspars being tri- 

clinic; while hornblende is the chief constituent, and the quartz very 

subordinate and apparantly secondary, the proper name under the 

accepted nomenclature appears to be diorite. The occurrence of cores 

of angite, and even of strongly marked diallage within many of the 

hornblende individuals, suggests that here again, as in so many of the 

previously described rocks, the hornblende is merely a paramorphic 

product of the augite. If this is a correct conclusion, the rock is to be 

classed with the uralitic gabbros. | 

From Rib river falls down stream to the east line of the map, the 

exposures seen on Rib river are unlike those met with further up the 

stream. The exposures at Rib river falls have already been roughly |
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ROCKS OF RIB RIVER VALLEY ABOVE MARATHON CITY. 693 

: described in Vol. II (p. 489). The place is a puzzling one, and as to 

the structural relations of the rocks here exposed I have nothing now 

to add. Further experience with the rocks of this region teaches rae, 
however, to doubt the connection with true bedding of the parallel 

. planes whose directions are recorded in Vol. II. Microscopically, 
also, the Rib river falls rocks are puzzling. A better understanding 

of them can only be reached by tracing them into less altered forms. 
| As full descriptions of the sections of these rocks as it is possible to 

_ make are given in the following tables. Nothing can be gained by a 
recapitulation of their characters in this place. : 

Still further down stream the rocks seem to be a westward continu- 
ation of the Huronian schists of the vicinity of Wausau, along with 

intersecting masses of gabbro. |
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TABULATION OF THE RESULTS OF A MICROSCOPIC STUDY OF THE HORNBLENDIC AND AUGITIC GNEISSES AND SCHISTS 

- OF RIB RIVER. . . 
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Bs 7 rd 
as Name. Place. Ss . a | Macroscopic descriptions. Constituents as determined by the microscope. 4 
oo 2 S oD > 
oF So |E] & | > 
A mM iw | e — |-_-——_—— Ke] | | eee 

cs 
. oe . . . . ep ge ov | 3371 | — Hornblende - bio- Rib river rapids. | 8. HE. | 31 | 3 E. Fine-grained, schistose Quartz, orthoclase and oligoclase, constituting © 

tite-schist. 20 black rock, the color being | the groundmass, all occurring in uniform, well Ss 
due to hornblende; quartz | preserved grains, averaging about .4 mm. in @ 
is visible in grains of me- | breadth; green or yellow hornblende, the most o 
dium size. | abundant mineral in the rock, grains very large, =‘ 

. many of them above 1.5 mm. in greatest length; 4 
| | biotite, in some quantity; apatite,in the usual & 

crystals penetrating the quartz, feldspar and © 
. | hornblende; brown stains of limonite. = | 

4 
| oR 

| OQ . 
30744; Hornblende-gneiss.| Rib river. Cen.: | 31 | 4 E. Mottled black and white Orthoclase and labradorite, the latter very plenty 3 

| ol rock; medium-grained; | (in this respect this rock is peculiar, beng the {| | 
| schistose; white quartz and | first gneiss in which I have observed labradorite); iD 

| feldspar, and black lustrous | guartz as usual; hornblende, very abundant in 
hornblende are distinguish-. | large grains; a little biotite; apatite; magnetic or = 

: able. titanic iron; limonite. PY | 

| | 
3378 | Hornblende- Rib river. N.W.} 30 | 4 E. Coarse-grained gneiss; Orthoclase, oligoclase and quartz, in nearly “ 

biotite- gneiss. 11 white quartz and feldspar, | equal proportions, the crystals of each varying | | 
and black hornblende rec- | from medium size to large; hornblende and biotite, 

oo ognizable; hardly distin- | in large quantity; apatite; magnetite or titanic 
Me guishable from 3376. iron. |



$076 Horn blende- Rib river. N. E. | 80 | 4 E. Coarse - grained; other- Plagioclase and_orthoclase, in large crystals; 

biotite- gneiss. 14 wise not different from | guwartz,as usual; hornblende, as in 33744 and 

, | 30¢44. 3371, abundant; apatite, unusually abundant, in 

; stout blunt crystals, as well as the usual slender 
ones, in both the quartz and feldspar; biotite; - 

| little augite. , 

3307 Hornblende-| Rib river. N.E. 30 | 4 E. Differing from 33871 only This rock is very like 3371, the only differences 

biotite-schist. 14 in being finer grained. being the presence of a greater proportion of 
magnetic or titanic iron—these minerals being & | 

abundant — and of apatite, and the finer grain. 2 

a 

8889 | Augitic hornblende- Rib river. S, E. | 29 | 5 BE. Light colored, mottled, Orthoclase and some oligoclase, both much de- © 

gneiss. 8 coarse-grained rcck. White | composed, in large grains, some of them3mm.in ™ : 

quartz and feldspar are rec- | length; quartz, plenty, also inlarge grains; horn- < | 

. ognizable, also greenish | blende, the next mineral in importance, mostly if & 

grains of some mineral, | not wholly a result of alteration of augite, that 

which give the rock a tinge | mineral being found in cores in most of the horn- & 

| | of that color. blende crystals; augite,in some quantity. This oO 
rock contains relatively much less hornblende and 

. | augite than the previously described hornblendic < 
rocks, es 

| 
Ed . 

| 
< 

3373 Chloritic augite- Rib river rapids. | N.E.| 81 )3E.! Light gray; fine-grained; Quartz, in small grains constituting the larger = 

gneiss. 20 schistose; quartz in small | portion of the rock; orthoclase and plagioclase, in S . 

| grains is predominant. | some quantity; augite, and its decomposition prod- & 

Greenish black flakes of an | uct chlorite, in numerous grains and_ patches, r< 

undeterminable mineral| the augite often as a core of the chlorite; little 

| are recognizable. biotite. 

D014 Chloritie augite- | ib river rapids. N.W.| 31 | 3. Differs from 3373 only This rock is much like the preceding. Ortho- 

oneiss, 25 in being of a flesh red | clase is more prominent, and more decomposed; 

color. microcline; augite and chlorite as in 3373, but 
more plenty; very little biotite; stains of owideof 
iron. OH



TABULATION OF THE RESULTS OF A MICROSCOPIC STUDY OF THE HORNBLENDIC AND AUGITIC GNEISSES AND SCHISTS o 

OF RIB RIVER —Con. | o 

3 

wn 
se Name. Place. g “ 3 Macroscopic description. Constituents as determined by the microscope. S 

SF 3/3) z | | 2 Zi wm |e | | , | < 
ES 

3979 Augite-gneiss. | Rib river. : S. W.; 30 | 4E. Massive, schistose rock. Ortheclase and. oligoclase, not very plenty; iD 
j o has a light gray ground- | quartz, composing perhaps half cf the rock; au- & 

mass with black crystals | gite, very prominent, being next to the quartz in bx 
| scattered through it. quantity, occurring in medium sized roundedor © 

irregular grains; chlorite and wralite as decompo- © 
| | . | sition product of the augite; hornblende; apatite ; a 

; numerous small rounded grains of titanite, and O 
| |. _} some which show the regular forms of that min- 5% 

Po : eral. | eS 

/ | __. _ & 
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TABULATION OF THE RESULTS OF A MICROSCOPIC STUDY OF THE MICA SCHISTS OF RIB RIVER. | 

a : , 
aa Name. Place. g - é Macroscopic descriptions. Constituents as determined by the microscope. — 

gk 13 12) 2 i 
| A mn |e | o | | 

Bool Buotite-schist. Rib river. S.W.| 30 | 4 E. Light gray, fine-grained, Quartz with a little orthoclase and oligoclase, in x 
13 schistose rock; white] minute grains, constituting the groundmass; bio- © 

quartz and dark shining | f¢ite, very plenty, most of the scales with their basal PA . 
. | small flakes of mica are | plane parallel to the schistose plane; apatite; Oo 

recognizable. magnetic or titanic iron. Fey 

, } . . 3 3383 Micaceous quartz- Rib river. N.E. | 30 | 4 E. Very fine-grained, light Quartz, very greatly predominant in small 1 | 
schist. 24 | gray rock. The particles | grains which show nothing of the rounded ap- © 

| of quartz are so small as| pearance of those of sandstones. Many minute 
to be indistinguishable. | crystals of apatite, included in the quartz; biotite, 

| Scales of mica give the prominent; muscovite in small blades and scales; Kg 
rock, when split parallel | little iron oxide. : | 
to the schistose plane, a | 7 | 

{ lustrous appearance. : : ry 

3384 Mica-schist. Rib river. N.W. | 30 | 5 E. Dark,- gray-white-and- Groundmass consists of quartz and calcite, the = 
30 black-mottled rock of me- | former for most part in minute grains, the calcite & 

dium grain. Decomposesin ; in large quantity; biotite is the prominent mica; SS 
an uneven manner,showing | muscovite is plenty. The flakes of mica lie mostly ;4 
that one ~-mineral~decom- | parallel te the schistose plane. A little augite, * 
poses more easily than the | some magnetite or titanic iron, and apatite, are also 
others. Effervesces in acids.| present. | 

3008 Maegnetitic musco- Rib river. N. E.| 29 | 5 E. Fine-grained, compact, The very fine-grained groundmass appears to 
vite-schist. : 6 finely schistose, lustrous | be made up of quartz and (eldspar. Muscovite 

rock, of a steel gray color, | and magnetite are both abundant, and the individ- 
. varying in places to a flesh | uals. are arranged along lines parallel to the schist- 

red. | ' osedirection. Augie is presentin rounded grains. 3



| TABULATION OF THE RESULTS OF A MICROSCUPIC STUDY OF DIORITES OR UKALITIC GABBROS OF RIB RIVER. 2 

8 | 

e Name. Place. s 3 é Macroscopic descriptions. Constituents as determined by the microscope. a 
os 3 be S wd 

Oo oO a A 

SB & |e| w 4 
$$ | | | | ————- | — Ori 

Bs : iorite. Rib river. N. W.} 29 | 5E. C 
e009 Diorite : 16 Composed chiefly of dark Feldspar, in large crystals, much decomposed ; 4 | 

| green lustrous hornblende | some certainly and all probably plagioclase; kao- ‘* 
" | and coarse crystals of much | din and scales of chlorite, as decomposition products & 

7 decomposed feldspar. of the feldspar; hornblende, the predominant min- 2 | 
- | eral, of a green fibrous variety, and containing -& 

garnets, titanie iron, and often cores of augite; F 
epidote, in fissures running across the section. © 
The hornblende individuals, when they contan ™ 

| cores of augite, are less strongly dichroic, in fact 
: answer to the description of uralite. <A little sec- = 

° ondary guartz, perhaps secondary, and apatite are 
: present. 4 

| oh 

8499 Diorite Rib river. N. W.| 29 | SE. Finer grained than the Labradorite, quite fresh in places, though a por- 
° 16 preceding, and the feldspar | tion is much decomposed, containing rutile and & 

| apparently fresh; otherwise | apatite; hornblende, chiefly or wholly of the vari- 2 
like 3391. ety uralite, most of the crystals containing one or < 

| several large patches of diallage as cores, and 
still retaining the characteristic fibrous structure & 
of that mineral. Other pieces of amphibole, how- CY 

| ever, are true hornblende, showing regular cleav- | 
age, etc. But since the hornblende is found in ~~ 
all stages of growth, from the time it was dial- 

| | lage, it is probable that all the hornblende was 
| formed by the alteration of diallage. Magnetic 

| : or titanic iran and a little quartz, probably sec- 
o ot a ondary, are recognizable.



3094 Diorite. Rib river. 'N. W.| 29 [5 E. In general appearance Hornblende, as in 8392, although a larger pro- | 
21 much like the two preced- | portion contains no diallage cores; diallage and | 

ing, but has a larger pro- | augite, as in 3392; quartz, plentiful in large grains, 
| portion of feldspar than | containing no inclusions; apatite and rutile; 

, either, and as to coarseness | titanic iron, with its gray decomposition product}; 
| | of grain lies between 3391 | titanite, in a few irregular crystals; oligoclase and 

and $392. orthoclase, in about.equal proportions; a few large 
grains ot biotite. | 
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TABULATION OF THE RESULTS OF A MICROSCOPIC STUDY OF THE ROCKS OF LOWER RIB RIVER. a 
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$ | 5 | 
im "S 
Hs ot - Name. ~ Place. g . a; {Macroscopic descriptions} Constituents as determined by the microscope. 
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948 ; 489 Chloritic siliceous Rib Falls. N. E.| 29 | 5 E. Very fine-grained; The groundmass of this rock is composed chiefly & . 
schist. 28 compact with rough | of minute quartz and feldspar fragments, andhas © 

| conchoidal fracture. | astrong appearance of fragmental origin. Thickly 4 
| scattered through the groundmass are minute © 

| greenish particles of chlorite, and some perhaps x 
of hornblende. There are also present goodsized & 
crystals of orthoclase and oligoclase, always A | 
much clouded. The orthoclase crystals carry “ 

| bright greenish epidote, which ingredient.is also © 
present in the groundmass to some extent, infine ™ 

| particles. Quartz seamsand nests appearin one ‘J 
part of the section. | cS 

950 Rib Falls. N.E. | 29 | 5 EB. Light gray to dark} Numerous very large dull crystals of orthoclase = 
| 28 green; mottled; large | and oligoclase are imbedded in a groundmass — 

crystals of white feld- | composed chiefly of small particles of quartz with 4 
spar compose a large | some orthoclase and triclinic feldspar. As seen © 

| portion of the rock; | in polarized light the appearance of this matrix A 
; these are buried in aj often suggests a fragmental origin. Thereare = 

a Se ee . matrix, giving the rock | also present. biotite, chlorite, hornblende, mag- 4 
| a porphyritic appear- | netite, and brown oxide of iron; these five min- <i 

ance. erals being arranged in clusters.in such a manner P 
as to suggest their secondary origin from some & 

a | | | | original large sized porphyritic ingredients.  =§ & 
+ 

| 952 Epidotic _ biotite- Rib Falls. N.E.| 29 | OE. Medium-grained; Orthoclase and oligoclase, predominant; much ~ 
granite. 28 compact. Light pink- | quartz; biotite plenty; chlorite, clustered so as to 

| | ish gray feldspar, | suggest alteration from some other mineral; 
| | | | . oe | quartz and dark green ; apatite; magnetic or titanic iron; little epidote. 

| | mica are visible.  : — 7 |



953 [ Caleitic  chlorite- Rib Falls... N.E.| 29 { 5 FE.) | Apnanitic; foliated ; Very fine grained; composed largely of fine : ) 

schist. | 28 finely lamellar; soft| fibrous chlorite and very small grains calcite; } 

. greasy feel; dark green | quartz, magnetite and ferrite are present. | | 

Oo color; contains pyrite. . 

954 | Epidotic siliceous Rib Falls. N. E.| 29 |5E.! Larger part like 943. | Much epidote, quartz, and considerable chlorite 
schist. 28 Intrusive masses of, are scattered through a very ine matrix which 

light pink granitic| seents 46 be largely composed of kaolin; calcite 
oS material. | and ferrite. | 

955 E pidotic horn- Rib Falls. N. E.} 29 | 5 E. Fine-grained; mass- Hornblende is the chief constituent, in irregu- 

blende-schist. 28 . ive; uniform texture | lar pieces with ragged outlimes varying from 
| and color; black. large size to minute. The larger part of the re- © 

| mainder of the rock is of feldspar, in part cer- PX 
tainly plagioclase, but so much decomposed as | 

| | | to make it impossible to say whether orthoclase gS . 

| ; is present or not; little quartz; epidoteinfissures 

: | cutting through the section. bs 

957 Horn ble ndic Marathon city. 1 | 28 /5E. Mediu m-grained; Diallage, in rounded crystals, the most im- Gl 

gabbro. -| compact; uniform dark | portant constituent; oligoclase; few large & 

| | gray; large black lus- | crystals of hornblende with cores of diallage; Ww 

| | trous crystals of horn- | little magnetic or titanic iron. | by 

| blende stand out prom- : — 

inently in the finer a 
| mass of the rock. Ed 

3395 Argillaceous Rib river. | S.W.} 29 | 6 E. This rock in its general appearance and 

| quartz-schist. | Qo clastic character resembles closely the Marshall . 

| : hill rocks. The fragmental particles are more © 
numerous, smaller, and vary from large ones SS 

: through every grade down to the excessively fine 
| . matrix. In the Marshall hill rocks these crystals ~ 

. ‘| are largely quartz; in this, orthoclase feldspar is 
| | much predominant. Oligoclase and quartz occur. : 

| nn i The matrix appears to be precisely the same, 
kaolin and chlorite probably preponderating, | 

| magnetite and ferrite present. ‘Besides the small 
| . feldspar fragments, there are seen two or three 

| | very large porphyritic crystals of orthoclase, one 
: | of them being a Carisbad twin. | | a 

nn, ————————



FOZ CRYSTALLINE ROCKS OF THE WISCONSIN VALLEY. 

, ROCKS OF THE WISCONSIN RIVER VALLEY FROM PINE 
| RIVER TO GRANDFATHER BULL FALLS. 

| SKETCH MAP VIII. : | 

The principal rocks of the area of this map are hornblende gneiss 
and schist, with interstratified beds of augite-gneiss and schist, and 
mica-schist; the whole group being plainly but the northeasterly | 
extension of the similar rocks of the Upper Rib river, Sketch Map 
VII. Associated with these gneisses, and probably intersecting 
them, are belts of gabbro and peridotite. In the extreme north- | 

| western corner of this area, at Grandfather Bull Falls, granite is 
exposed in a belt of considerable width; but no specimens are at 
hand to represent the rock. 

_ As with the hornblende schists and gneisses of Rib river, so also 
| with their continuations in the area now under discussion, the 

| hornblende is in all cases merely a paramorphic product of the augite 
and diallage, many thin sections in fact being without hornblende. 
As to other ingredients these gneisses are like those of Rib river and 
do not need any further general description. 

From the descriptions in. the following tables it will be seen that 
these gneisses carry mica as a constant ingredient, and that the mica- 
schists interstratified with them are plainly only peculiar phases in 
which the mica predominates over the augite and hornblende. One, 
or both, of the latter minerals is commonly to be seen in the thin 
sections of these mica-schists. 

Along the rapids of Prairie river, for a distance of about one- 
fourth mile, in the N. E. 4 of Sec. 3, T. 32, R. 7 E., a belt of uralitic 
gabbro may be seen in contact with an augitic eneiss. This gabbro 

. is of a dark gray color, and a medium grain. The triclinic feldspar 
and altered diallage are both distinguishable by the naked eye. 

In the thin section, labradorite and diallage, in nearly equal pro- — 
portions, are seen to make up almost the whole of the rock, the 
last named mineral being more or less altered to uralite. Apatite, 
titaniferous magnetite, chlorite and biotite are the accessories. 

A black, rough-textured, often greenish-stained, greasy looking 
rock, which makes large exposures along the Wisconsin river from 
Rocky Island in the N. W. 4 of Sec. 4, T. 31, R. 6 K., to the N. E. 3 
of Sec. 8 of the same township, proves to be a highly altered perido- 
tite. Sections of the freshest portions show a few spots of the 
original chrysolite, but even in these cases the larger part of the sec- 
tion is made of serpentine. The other recognizable ingredients are
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ROCKS OF THE WISCONSIN RIVER VALLEY. 703 

enstatite or hypersthene, and magnetite, along with hematite and 

ochre as decomposition products. Some sections show no trace of the 

7 original olivine. | 
The peculiar gray and greenish gray schists of Pine river in Sec. 

99, T. 31, R. 7 E., in the southern part of the area embraced in 

Sketch Map VIII, are quite unlike the other rocks of this area. 

| Their nature is somewhat obscure, but they seem to be of a frag- 

mental origin, and upon the whole appear to be somewhat allied te 
the argillaceons quartz-schists of Marshall Hill. |
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3410 Biotite-a u gite- Rapids on Prairie | 8S. E,| 32-) 7 E.| Fine-grained; light- Orthoclase and oligoclase; quartz, very plenty, © 
gneiss. river, 13 gray; compact. White! containing apatite; biotite and augite,in some 

feldspar,translucent quartz | quantity; chlorite, often surrounding the augite 2 
: and black grains of mica | as a decomposition product; a little muscovite. 

and augite are recog- cA 
nizable. S 

rr] 

ae 4 | 
3412 Biotite-a u gite- 13 | 32 | TE, Same as 3410. Orthoclase and oligocluse, as in 3410; microcline; 

gneiss. uartz, less than in the above; biotite, very abun- ml 
dant: muscovite; augite, as in 3410, thoughlessin J 
quantity; chlorite; apatite, very plenty, both in 
the feldspar and quartz. 2 | 

, a 
0404 Augitic biotite- Rapids on Prairie , Cen. | 32 | 7E. Differs from the preced- Feldspars, as in 3410 and 3412, but more & ; 

muscovite-granite. | river. 13 | ing in that the feldspar | clouded by decomposition and stained with oxide 
is bright pink instead of | of iron; quartz, biotite and apatite, same as before; = 
white, giving the rock a| less augite; muscovite, im some quantity. tH 

| much redder coior; other- SS 
wise the same. Kd 

. 3415 Augite-biotite-| Copper river. N. E. | 31 | 6E.| | Fine-grained; brick red. Microcline ; orthoclase; oligoclase; quartz; bio- 
gneiss. 6 White quartz, red feldspar | tite; muscovite, in very small quantity; uugite, in 

j and brownish flakes of mica | few small grains; magnetite; limonite; a little 
are recognizable. | apatite. | |



3417 Augite-biotite- Copper river. N. E.{ 31 [6 E. Rather coarse - grained; Orthoclase ; oligoclase; microcline; quartz, con- 
gneiss. 6 mottled. Dirty white crys- | taining apatite; biotite; augite, all through the sec- 

. tals of feldspar, quartz and | tion in innumerable small round grains; magnetite 
black shining scales are | or titanic iron. 

Si visible. 
m 
mq 38422 Hornblende- Copper river. N. E.| 31 | 65. Finely schistose, black, Hornblende, largely predominant, the crystals 

schist. 6 massive rock of uniform | lying in all directions, but most of them parallel x 
be color and appearance. to the schistose planes; quartz, nextin abundance & 
mn to the hornblende, in minute, round grains; mag- - 

- netite or titanic iron, prominent in numerous “™ 
irregular black patches; hematite, in a few red © : 

| scales. , — 

| S 3424 Augitic schist. Copper river. N. E.| 31 | 6 E. Compact; fine - grained; Orthoclase; oligoclase; microcline; quartz; ©& , 
6 schistose. Feldspar in red- | augite,in numerous clusters of particles, also in = 

| dish white grains, quartz, | many isolated small rounded grains; uralite; mus- re 
and mica in small flakes | covite, in a few minute flakes; apatite; limonite; O | 

| are recognizable. titanic iron, with its gray decomposition product. 3 

3427 Augitic biotite- Copper river. N. W.) 31 | 6E. Fine-grained; strongly Augite and biotite, in nearly equal proportions 5 
schist. 5 schistose; of a uniform | are the chief constituents of the rock. The augite 

glistening black color. occurs in small rounded grains scattered very uni- & 
- formly. Quartz, plagioclase, and orthoclase are < 

the most important remaining minerals; magnetite = | " : is present. | = 

3434 H ornblende-bio- Devil’s creek. 8. W.! 381 | 6E. Medium-grained. White Quartz and feldspar constitute the ground- a 
tite-schist. 15 feldspar, translucent! mass. Most of the quartz occurs in small irregular 

quartz, and an abundance | grains packed between the hornblende individuals. na 
of black mica scales are | The feldspar, which is labradorite in part at least,  ° 

: apparent to the unaided | occurs in large areas entirely free from quartz, 
- | eye. The hornblende is much decomposed. Its crystals . 

for the most part lie with their longer dimen- 
sions parallel to the schistose direction, and are 

: | very plenty. <A little augite is included in the 
feldspar areas. Biotite,in abundance; a little = 
magnetite is present. Or
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3432 Hornblende- bi o- Devil’s creek S. W.} 31 |6E. Fine-grained, black, uni- Quartz and orthoclase constitute the ground- 7 
tite-schist. | 45 : form schistose rock. Here} mass, the former preponderant. The grains of 3 

| and there white feldspars | each are small and of uniform size. Hornblende 
are visible. is very abundant, occurring as in 3484; biotite is a ; 

plenty; augite occurs in small rounded grains at 5 
. intervals; apatite occurs as usual, This and the 

| preceding rock very much alike. 4 
wh 

3436 Augitice horn- Wisconsin river. |N. E.| 31 | 6E. Coarse-grained. Large Oligoclase and orthoclase, plenty; quartz, in S , 
blencde-biotite-gneiss. 14 black crystals of hornblende, | small quantity; hornblende and biotite, abundant, 7 

white quartz, gray feld- | the two minerals usually packed together and & 
spars, and shining grains | cutting each other in all directions, biotite beng ‘J 
lot mica are apparent to| later than the hornblende, as one crystal of the 1 

| the unaided eye. former often includes several of the latter; augite, 
in numerous tabular crystals, and as cores of Oi 

: hornblende individuals; apatite; oxide of iron. Ex} 

3439 Chloritic diallage- Wisconsin river. | 8. W.| 31 | 6K. Fine-grained; compact. Oligoclase and orthoclase, in large crystals, com- 
gneiss. 12 White feldspars, translu- | posing a large proportion of the rock; quartz 

cent quartz, and numerous } prominent in large grains; diallage, in numerous 
| greenish-black flakes of} small individuals; chlorite, as decomposition prod- 

. | mica are apparent to the | uct of the diallage, quite plenty; magnetite or 
unaided eye. . titanic iron,



3440, Hornblende- Wisconsin river. {S.W., 31/6 E. Medium-grained white A portion of the feldspars —orthoclase and . 

diallage-granite. 12 quartz and feldspar, and | oligoclase—are in large crystals, some of them 

: black hornblende, in nearly | being 1.7 mm. in length. Other crystals are small 

equal proportion, are appar- | and confusedly mingled together with the quartz. 

ent to the unaided eye. The quartz occurs in small grains. The large 
crystals of feldspar mingled with the mass of 

. rock, which is composed of small particles of 
quartz and feldspar, give it a somewhat porphy- wy 

ritic appearance. Hornblende is very abundant, © 

this mineral composing a considerable portion of © 

the rock. ‘The individuals vary from avery small 3 
size to those which measure more than 3.5 mm. o 

in length. A portion of the hornblende at least 

| ig an alteration product of diallage; for often one 3 — 

| end of acrystal is diallage and the other horn- —& 

blende. The diallage also occurs separately in some es) 

. quantity. Biotite is present in a few grains, as a 

: | is also the usual magnetite or titanic iron. m 

eye ° . ° . 
e 

. 
© 

3441 Chloritic diallage- Wisconsin river. | N. E.| 31 | 6H. Coarser grained than This rock is in every way intermediate between © 

gneiss. 18 3439. The quartz andj 3439 and 3440. The feldspar and quartz have A 

feldspar in many places | something of the same peculiar appearance shown 

are stained with iron oxide; | in 3440; yet it is not so marked, these minerals 7 

otherwise the rock is much | having more of the characters ordinary in 2 

the same as 343. | eneisses, as shown in 3439. Again, the diallage, << 

which in these rocks appears to be the mineral & 

from which the chlorite and hornblende were ev 

formed, is more altered than in 3489, yet notso <i 

much as in 3440. In this rock itis, asin 8439, the F 

. 
most important mineral of the three, yet thereis 

| 
a good deal of chlorite, and some uralite. Uralite Si 

is not present in 3489, and is very prominent in - 

3440. Chlorite is not present in 3449, ana prom- 

ment in 3441. A little biotite, some magnetite 

or titanic iron, and limonite stains are observable. 

ee
 —————————— ~y 
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0425 | Augitie mica- Copper river. N.E.| 31 |)6E. Black; fine-grained; Biotite, composing nearly the whole of the rock, & 

schist. N. E. schistose mica in shining | many scales showing strong dichroism, but the me 
. 6 flakes, most of them par- | greater part cut parallel to the basal plane; mus- 2 

allel to the schistose planes, | covite,present in some quantity; augite,intheusual & 
is the only mineral recog- | clusters of rounded grains; mugnetite, associated by 
nizable. with the augite; quartz and orthoclase, nafew © 

grains. S : 
cA 3437 Quartzose biotite- Wisconsin river. |S. W.| 31 | 6 E. Light gray; finely schis- Quartz, constituting the groundmass in small o schist, 12 tose. White quartz, and | irregular grains averaging only about.08mm.in | 

| mica in lustrous flakes are | breadth; biotite, the second mineral in quantity, 4 , 
recognizable. the flakes mostly parallel to the schistose planes; 

1 augite and hornblende, present in small quantity; © 7 
| plagioclase, in a few small crystals; hematite. a 
i ee 

0436 Mica-schists. Wisconsin river. |S. W.} 31 | 6 E. Fine-grained; gray; | Quartz, as the groundmass, in grains somewhat & 
12 much like 3437, the only } larger than 3437; plagioclase, in small quantity S 

; difference being that the} mingled with the quartz; biotite, the principal 3 | , mica is more prominent | mica, the greater portion of the flakes having o 
| and the quartz less so. their bases parallel to the schistose plane; musco- 

| vite, in some quantity; magnetite; apatite. = 

3442 Chloritic mica- Fine-grained; soft; Quartz and erthoelase, composing the ground- Es 
schist. strongly schistose. Mica | mass, the former largely predominant; biotite and ~ 

in blackish gray shining | muscovite, both very plenty, together forming per- ° 
flakes, quartz, and feldspar | haps half of the rock; ehlorite, quite abundant; 
are recognizable. | magnetite; epidote; apatite.
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3443 Pine river. The color varies from aj The nature of these rocks is somewhat difficult to a 
to : dark, lustrous, greenish | make out, but they appear to be of afragmental o | 

3450 | gray to yellowish drab. { origin, and have been much altered since theorig- 
They all give a strong odor | inal deposition of the particles of which they are 4 
of clay. The matrix is| composed. The groundmass is exeessively fine, | 
aphanitic. In it is seen | is of a tint varying from greenish to yellowish, and “© 

| | fragments of quartz and | seemstobe largely composed of argillaceous matter, = 
: feldspar, and in some speci- | with which is mingled much chlorite, ferrite, con- 
: mens clusters and veins of | siderable magetite and apparently serpentine. Cut- © 

| | quartz grains. ting the matrix are quite numerous minute veins of 3 
| co quartz, which are evidently secondary. Packedin @ 

| nests and scattered through the matrix are very 2 
many quite large broken or rounded fragments of 
feldspar and quartz. The former is much pre- & 

| dominant and is chiefly orthoclase, although plag- << 
| loclase is present. ‘These feldspars are usually a 

quite fresh, but are often replaced in part by 
secondary quartz. = | 
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3405 Altered gabbro. Rapids on Prairie 13 | 82 |7E.| Medium. grained; dark Rock almost entirely composed of labradorite & 
river. gray. Plagioclase and di- | and diallage in nearly equal proportions. Apa- s 

allage are both distinctly | tite, in short, stout crystals; labradorite, but little © 
visible. decomposed; diallage, finely fibrous, altered in & 

| part to uralite and chlorite, in some crystals the O 
change to uralite being complete; titaniferous A 
magnetite, with its gray decomposition product; 4 
biotite, in some quantity. Z 

| > 
3407 Altered gabbro. ‘| Rapids on Prairie | Cen. | 32 | 7E. Same as preceding. Much like the above; the alteration has, how- 5 

river. 18 ever, taken place to a much greater extent. Apa- © 
tite; labradorite; diallage, largely altered to i . 
uralite, the change in some cases being complete, 
while in others there remains a core of diallage; 

| | | biotite, present in considerable quantity; magnetic 
| or titanic iron, probably as a product of the alter- 

ation of the diallage.



£428 Peridotite. 1 Rockyisland, 4) 31 |6E. Black; rough textured, Olivine, in a few remnants which with crossed 

Wisconsin river. greasy rock, showing in | nicols still give bright colors; enstatite or hypers- 

some places large brightly | thene, abundant, somewhat altered, but still re- 

shining cleavage surfaces. taining all the optical properties, polarizing, 

however, less brilliantly than the unaltered min- 

eral; serpentine, as a decomposition product of 

the olivine, and much of it pseudomorphous with 

| 
it, now the chief constituent of the rock; magne- xg 

tite, in very numerous patches of varying size all © 

7 
through the section; some hematite and limcénite. = 

Much of. the three last named minerals, perhaps @ 

most of them, are products of the decay of the o 

| olivine. A few scattering individuals much de- & 

composed which are apparently plagioclase. 3 

3429 | — Peridotite. Wisconsin river. |S. EK. | 31 | 6E. Same as 3428. Same as 3428, the decomposition perhaps car- Ei 

| N. E. 
ried a little further. s 

4 : Z 
Q 

3430 Peridotite. Wisconsin river. |N.E.| 31 | 65. Same as 3428. Same as 3428. o 

4 ! 7 

3430a|  Peridotite. Wisconsin river. |N.E.| 31 | 6E. Light green, no cleavage Evidently of the same nature as 8428, but the A 

4 surtaces, otherwise as above. olivine is completely altered to serpentine, etc., ev 

while the enstatite no longer retains its optical < 

properties. Other minerals as above. Bs 

= b> 
i. 
im 
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SUMMARY OF RESULTS, 

With regard to the broader structural and genetic relations of the. rocks described in the foregoing pages, a study of so restricted an area as the one here covered cannot be expected to afford any satisfactory conclusions. Such concinsions can only be looked for when the whole extent of the crystalline schists of the northwestern states and the adjoining part of Canada shall have been subinitted to a compre- hensive and exhaustive investigation. In these paragraphs, then, it is designed sim ply to sum up in a convenient form for future refer- | ence the observations detailed in the preceding pages. | Setting aside for a moment the peculiar quartz-schists and quartz- ites met with in the immediate vicinity of Wausau, the crystalline rocks of the Wisconsin valley may be described as a great series of schistoce gneisses, Alternating with these are finer grained and more highly lamellar schists, which are plainly only phases of the prevail- ing gneiss. Intersecting the gneiss at long intervals are dikes of dark colored basic material — olivine-diabase, norite, gabbro, peridotite, and 
alteration forms of those rocks,— while structureless masses and areas of granite occur, often plainly, and always presumably, of an intru- sive nature. In some cases we have instead of the granite a typically developed quartziferous porphyry. : 

In trend, these prevailing gneisses and associated schists range | from N. 35 E. in the extreme northeastern part of the area examined, to N. 65 E. midway in its width, and to north of west at the extreme southwest; the whole series thus swinging around more and more to the westward as it is followed along the strike from the northeast. The beds stand nearly always at a very high angle, on either side of the vertical, from which they rarely depart more than 4()°. 
Beginning at the southernmost exposures of crystalline rocks in the 

Wisconsin valley, and proceeding northward, we cross first a belt some five and twenty miles in width occupied chiefly by mica gneisses of a light gray, pinkish gray, or mottled coloring, and very rarely with a general greenish hue. These gneisses are all augite-bearing, and the same is true of the interbedded hornblende schists, Quartz-porphyry 
and black olivine-diabase are met with at rare intervals in intrusive masses. Intersecting granite and geranitell appear much more ecom- monly. | | Next north of this belt is another some ten miles in width, in which the nature of the underlying rocks has been only imperfectly 
determined. At Little Bull falls are structureless masses of a dark
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greenish, or white-and-black-mottled hornblende granite; while fur- 

ther to the east and northeast, on the Hau Claire river, coarse 

grained red granite, and fine-grained dark, colored mica schists in 

immense thickness, are the underlying rocks. 
Still further to the north is an area, some twelve miles in width, in 

| which the different kinds of rocks present a very irregular and no 

longer distinctly belt-like distribution. Of these rocks the argilla- 
seous quartz-schists of Marshall hill scem certainly to belong with 

the so-called Huronian schists which stretch down into this district 
from their well known occurrence on the Menominee river. Possibly, 

also, the quartzites of the lower part of the Little Rib river and of 

the Rib and Mosinee hills belong to the same formation, but this 1s 

much more doubtful; the appearance of these quartzites suggesting | 

strongly their vein origin. The coarse red granite of the immediate 
vicinity of Wausau seems to be a limited mass of eruptive origin, 

and the same appears to be true of the granites which lie to the west 

and north of Wausau, and also of the quartziferous porphyry which 

occupies so large an area to the east of that place. The gabbro in the 

vicinity of Marathon city on the Big Rib river, and the norite of the | 

lower Eau Claire are plainly eruptive. 
Although it is regarded as certain that some of the rocks in 

the vicinity of Wausan belong with the Huronian, the limits of the 

Huronian in this region can only be guessed at. Indeed, the 

whole subject of the relations of the Huronian and Laurentian 

formations of the northwestern states is one still veiled in so much 

uncertainty that it is not possible to assert positively that all of the 

schistose rocks of the Upper Wisconsin valley should not be included 

within the Huronian. Judging from purely lithological data, I have 

surmised that the limit of the Huronian in this region may be some- 

where near the position of the dotted line upon the accompanying 

plate; but that the limit is as thus indicated can be regarded as 

nothing more than an intelligent guess. 

The northern limit of the last belt crossed in our northward jour- 

ney is near a line running through Rib river falls and Marshall hill 

on the Wisconsin. Beyond this line to the northward the country is 

again everywhere occupied, so far as the northern limit of the area | 

examined, by gneisses with interbedded schists and intrusive gabbro, | 

peridotite, and granite. The gneisses of this belt differ, however, from 

those further to the southward in being prevailingly hornblendic in- 

stead of micaceous, in carrying less quartz, and in their general 

tendency to a greenish hue. They are also more highly augitic, some 

of the layers being in fact augite gneisses, without either the horn-
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blende or mica. The same is true also of the associated dark colored 

schists, which are otherwise in no important respect different from 

those imbedded with the more southern mica gneisses. 
Besides establishing the mineralogical nature and relations of the 

various constituents of the several phases of rock presented in this 

region, Mr. Vanhise’s microscopic work has brought out some very 

important facts with regard to the existence of augite in the crystal- 
line schists and of the relations to it of the hornblende of these 

) rocks. It has long been known that hornblende occurs as a para- 

morphic product from augite, this product being known as uralite. 

Since the application of the microscope to the study of rocks, the 
occurrence of uralitic forms of hornblende has been shown to be not 
uncommon among basic eruptive rocks. Hawes first showed that the 

so-called “ basaltic’ hornblende, whose sections are characteristically 

of a deep brown color and very highly dichroic, also oceurs as a rock 
constituent with cores of augite. Later I myself found the same 

thing among some hornblende gabbros of the Lake Superior country. 
Mr. Vanhise’s study shows now that augite, so far from being a 

stranger to such rocks as gneiss and granite, is nearly as common a 

zonstituent, so far at least as this region is concerned, as hornblende 

or mica, and that all of the hornblende of the rocks of this region is 

but altered augite. My own examinations of many hundred sections 

of the eruptive rocks of the Copper-Bearing Series of Lake Superior 
have convinced me that in those rocks also there is no hornblende 
that is not secondary; and while I am not at all prepared to say that 

there is no such thing as original hornblende, in the older crystalline 

rocks, [ am sure that there is far less of it than has heretofore 

been supposed. Many diorites are thus but uralitic or altered dia- 
bases and gabbros; while many syenites, hornblende granites, horn- 

blende gneisses, and hornblende schists are also but altered angitic 

rocks. The existence of this wide-spread alteration, and of another 

equally important one which I have elsewhere shown to obtain widely 

in the rocks of the Lake Superior region, namely, the substitution of 
secondary quartz for primary feldspars, make it very evident to me 

that any one attempting to solve the problem of the origin of the 

crystalline schists must give much attention to the matter of internal _ 
alterations and replacements.
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CUPERFICIAL GEOLOGY OF THE UPPER WISCONSIN. VALLE 

| BASED ON THE NOTES OF A.C. CLARK. EDITED BY T. C. CHAMBERLIN. 

The facts relating to -the superficial geology of the valley of the 

Upper Wisconsin river (Marathon and Lincoln counties), will appear 

in their clearest and most interesting form, if they are sketched with 

reference to the agencies which produced them. The whole region 

lies within the territory covered by the ancient ice-sheet of the first 

glacial epoch, but only partially within that overspread during the 

second glacial epoch. The limit of the glacial advance skirts Mara- 

thon county on the east, following essentially the watershed between 

the Wisconsin and Wolf rivers to town 33, when it curves westerly 

across the southern portion of Lincoln county through the tiers of 

- townships numbered 33 and 34 N., to the watershed between the 

Wisconsin and Chippewa rivers in Taylor county. Thus nearly all of | 

Marathon, and the southern portion of Lincoln county, lie within 

the region covered by the earlier glaciation, but not by the later. 

Valley Flood Deposits. When, however, the ice of the second 

. epoch occupied the territory north of the limit above sketched, its 

melting gave rise to large quantities of water, which issued from its 

margin in innumerable streams that flooded the adjacent land, and, 

gathering into great streams, flowed down the principal valleys, bear- 

ing sand and gravel derived from the glacial drift. The deposits so 

formed, while they lie within the territory of the older glaciation, : 

were really formed during the later epoch, and through ‘the agency 

of its glacial floods. These constitute the deposits that occupy the 

| valleys of the Wisconsin and its main tributaries —the Plover, the 

Eau Claire, the Pine and the Prairie rivers on the east, and the Big 

Rib and the Wood rivers on the west. They also constitute the level 

areas of sand and gravel which border the rough morainic region that 

marks the limit of the second glacier. The sandy plains immediately 

adjacent to the Wisconsin river are striking examples of this deposit. 

The fact that it is strictly a valley deposit of washed material, derived
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| from the north, and not in any proper sense a representative of the 
superficial deposits and soil of the region in general, has been over- 
looked by thousands of transient visitors, whose entrance and exit 
were confined to the valley, and who have therefore borne away an 
Impression of sandiness and sterility altogether untruthful as applied 
to the region in general. 

Earlier Glacial Deposits. As we pass up from the level deposits 
that adjoin the river, into the uplands, a rolling surface, covered with 
drift composed of clay, sand, gravel and bowlders, variously inter- 
mixed and arranged, is encountered. Among the bowlders those of 
granite and gneiss greatly predominate. With these are associated 
various metamorphic schists, diabases, gabbros, porphyries, and other 
representatives of igneous rocks, together with occasional erratics 
from the Lake Superior sandstones. The granitic bowlders are mainly 
of the class underlying the region, and were undoubtedly locally de- 
rived in the main, Some, however, have as unquestionably been 
transported from distant regions, lying to the northward. The same 
may be remarked of the metamorphic schists and of the igneous 
rocks. In the distribution of these bowlders belts seem to be quite 
clearly discernible, having a northeast-southwest trend, which is es- 
sentially that of the underlying formations, and probably also that of 
ice-movement in such localities, though this has not been determined 
by observation of striee. 

The gravel is of essentially the same character as the bowlders, but 
seems to contain less of local and of soft rock, and relatively more 
of that of distant origin. The sand and clay are merely the finer 
products of the glacial grinding, and of the decomposition of the 
drift constituents. The original rock being of the classes above in- 
dicated, it is not strange that a relatively small amount of calcareous 
matter is found in the soils and clays. Of the numerous tests made 
by Mr. Clark in the field, none gave evidence of a notable calcareous 
ingredient. Notwithstanding this, however, the decomposition of 
the lime-bearing feldspars and other silicates furnishes a slow and 
constant supply of lime, competent to support a healthy and vigorous 
vegetation. | | 

A modified portion of the clay, near Wansau, is used for the mann- 
facture of an excellent brick. | 

Morainie Accumulations. The limit of the extension of the ice- 
sheet of the second glacial epoch is marked by a thick accumulation 
of drift, heaped up in an irregular pell-mell fashion, giving a rough, 
ridged surface, characterized by irregular hills and depressions of the 
peculiar type which has been fully described in other parts of the re-
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port, under the head of the Kettle Moraine. To these descriptions 
the reader desiring ampler information of the special contour, struct- 
ure and method of formation is referred. By reference to them 
it will be observed that that portion of the Kettle Moraine which 
marks the western border of the ancient Green Bay glacier, runs 
northward from the point where it crosses the great bend of the Wis- 

_ eonsin river, following (or perhaps rather constituting) the watershed 
between the Wisconsin and Fox and. Wolf rivers across the south- 
eastern corner of Marathon county to town 33. Here it turns quite 
abruptly to the westward, or perhaps it is to-be regarded as meeting 
a portion of the moraine coming from the westward, which curves in 
alow are across the Wisconsin valley, crossing the river in town 34, 
and crossing the western watershed into the Chippewa valley, in towns 
32 and 33, ranges 1 and 2 east. Full details relating to the course 
and character of this moraine in this great forest region have not 
been worked out, but wherever seen it has been found to possess 
essentially the same characteristics that pertain to the formation 
where it has been more critically studied. 

By a glance at any good map of the region, it will be observed that 
many small lakes lie along the course and to the northward of the 
moraine, while to the southward, in the area of the older drift, lakes 
are almost wholly absent. These lakes lie in the depressions formed 
by the irregular heaping up of the drift. The strange and irregular 
forms of many of them reveal in themselves this irregularity. A 
portion of them occupy depressions in the marginal moraine itself, 
in which case the basin is usually deep, and bounded by sharp slopes. 
Another portion occupy broader and less abrupt depressions in the 

: great sheet of drift (the 2/20 or ground moraine of the glacier) that 
spreads over the region north of the terminal moraine. Still another 
class occupy depressions in comparatively level areas of modified 
drift — usually sand and gravel plains. 

Bowlder Clay or Till uf the Second Glacial Epoch. As already 
implied, the region north of the terminal moraine is occupied by a 
broad, irregular sheet of commingled drift, spread out by the ice: 
sheet; in other words its ground moraine. This, on its southern mar- 
gin, graduates into the morainic accumulations, which really constitute 
its edge. The distinction between the wide-spread sheet of till, and 
that peculiar corrugation of it which forms the marginal moraine, 
nowhere very sharp, is here, judging from the observations that have 
been made, more than usually undefined. When we consider that 
this area lies in the fork between the paths of the Chippewa and Green
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Bay glaciers, and near the summit of the Archean highlands, some- 
| thing of unusual complexity is not strange. | 

The Kettle range, instead of consisting of a single morainic ridge 

usually embraces a group of moraines, sometimes considerably sep- 

arated from each other. These give additional complexity to the 
| marginal portion of the jater glacial drift, and hence add to the con- __ 

fusion of the drift accumulation. 

In central and northern Lincoln county, there are considerable | 
areas occupied by high drift hills with rounded tops, some of them 

having a circular form resembling an old-fashioned bee-hive in con- 

tour and proportions. Others are elongated, having an elliptical base. 
while others are extended into ridges. Between them are deep val- _ 

leys, usually dry, and manifestly formed by the irregularities of the 
drift accumulation, and not by post-glacial erosion. In depressions 

associated with these valleys lie many of the beautiful lakes of the 

region. There are other quite extensive areas whose general surfaces 

are level, but upon which have been impressed, as it were, basins — 

some with gently sloping, and others with abrupt margins,— in which 
lie lakelets of clear water. The surface portions of these plains are 

usually formed of assorted and stratified drift. Below this there is, 
without doubt, the original unassorted and unstratified glacial mate- 

rial, though this is not a matter of observation. These level tracts 

were doubtless formed, in the main, by glacial floods and lakes, pro- 
duced during the melting and retreat of the ice. | 

It appears, therefore, that the surface features of this region north of 

the moraine, including the most of Lincoln connty, are due almost ex- 

clusively to the special way in which the drift was deposited; while 

that portion south of the moraine, including nearly all of Marathon 
county, except the valley plains, has a surface whose features are 

mainly due to the contour of the underlying rock, over which the drift 

spreads as a thin blanket, only slightly modifying the rock topography 
and not greatly masking it. The rock contour was in the main due, 

probably, to pre-glacial erosion, modified somewhat by the rasping of 
the glacier of the first epoch. | 

Peculiarities of Drainage. An exceptionally small portion of the 

rainfall of the lake region flows away on the surface. There are large 

areas over which there are no running streams, even at the time 

when spring floods run rampant elsewhere. The waters collect in 

the numerous lakes and perhaps still more numerous small marshes , 
that represent extinct lakes, and is there held and prevented from im- 

mediately flowing away. Many of the lakes have neither visible inlet
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nor outlet. The question of their supply and drainage has frequently 
‘been raised. The fact that their waters are usually exceptionally , 
clear and spring-like in character deserves consideration. We enter- 
tain the opinion that if the truth were fully known it would be found 
to be diverse in different cases. In some instances the supply of the 
lakes is simply the drainage of the adjacent surfaces, increased, in 
some cases, by springs around their margins; and their discharge is 
through the atmosphere by evaporation —that great outlet of all 
lakes, which is too often unreckoned in the study of drainage phe- 
nomena. That there-is no open communication between adjacent lakes 
is demonstrated in some instances by the difference of level of their 
surfaces. But in other instances there seem to be good reasons for 
believing that there are underground channels of communication 

_ through the porous material of the drift, and that through these both - 
ingress and egress of waters take place, and communication is at length 
had with the streams of the region. The most of these lakes are 
abundantly supplied with a variety of fish. This fact harmonizes 
with the hypothesis of an underground communication, sufficiently 
open to permit the fry of fish to make the passage, though the simple 
fact that the lakes are supplied with fish admits of other explanation. 

SOILS. | | 

As previously remarked, the valley drift is largely composed of 
sand and gravel, giving a light soil, and is, in some portions, quite 
sterile. The plains that lie along the margin of the Kettle Moraine, 
and were formed by the escaping glacial waters, are of less uniform 
character. In some instances they were mainly formed of gravel 
derived from the crystalline rocks, which, on decomposition, gives a 
loam of rather light, but yet excellent character. In other instances, 
they are composed quite largely of sand, and have a low degree of 
fertility, while in other cases, almost every ingredient was washed away 

| except purely silicious sand, and the resulting soil is extremely poor. 
This is the character of some of the “barrens.” Some of the so-called 
“barrens,” however, of this and other regions of Northern Wisconsin, | 
are not due so much to extreme sterility of soil, as to successive fires 
which have destroyed not only the growing vegetation, but also the 
vegetable mold, which would otherwise preserve the moisture, and en- 
hance the fertility. 

| Of a similar character are the soils covering the plains in the region 
of later glaciation, north of the Kettle Moraine. Nearly all that 
have been observed are sandy in varying degrees, and covered with a 
light soil. | 

Vou. IV — 46 | .
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The soils covering the older drift which occupies the larger part 
| _ of Marathon county, are, for the most part, clayey or sandy loams. 

The majority of these soils are of good quality, as may be learned 

not only by an inspection of the soils themselves, but also from the , 

heavy forests of hardwood and conifers which they support. The 
more sandy portions are not usually so silicious as to be very poor, 

nor the more clayey portions so argillaceous as to be objectionably — 

cold and stiff. They are, as indicated, loams, verging on the one 

hand toward clayey, and on the other toward sandy soil. In some 
localities, bowlders are so abundant as to render the soil difficult of : 

cultivation without considerable labor expended in their removal, 
| which at this early stage of development is scarcely justified, | 

but which will in time be done profitably, and will give an excellent. 
soil. 

The morainic area and that north of it occupied by unmodified 

drift varies considerably in the character of soil presented. Sandy 

_ loams prevail more largely than other varieties. These grade from , 
those so silicious as to be quite poor into those light loams which are 

. most desirable in this northern latitude. Clayey loams occupy some 

areas, but cannot be regarded as a prevalent soil. On the whole, 
while there is much poor soil in the region, there is also very much 

that is excellent, and, as: before indicated, the common impression 

gained by transient visitors of the region, who see little but the sandy 

tracts of the river plains, is very far from being correct in regard to 

the real fertility of the region, and its agricultural possibilities, when 
its wealth of forest shall have been consumed. | 

The general distribution of these soils may be seen by consulting 

the soil map of the atlas. | 

WATIVE VEGETATION. | 

What has been remarked of the surface deposits and the soils of 
the region leaves little to be said to the reader, schooled in the adapta- 

tion of vegetation to natural conditions, concerning the character of 
the forests that occupy this region. The more sandy tracts are occu- 

| pied by the Red, or, as it is usually termed, Norway Pine (Pinus 
resinosus), and by Black or Scrub Pine (Pinus Banksiana). The 

better class of sandy soils bear White Pine (Pinus strobus), together 

with White Birch (Betula papyracea), and Poplar (Populus tremu- 

docdes ) in the drier situations, while in the moister there mingle with 
these Hemlock (Abies Canadensis), Yellow Birch (Betula excelsa), 

Elm (U7 lmus Americana ), occasionally Basswood ( Tilia Americana ), 
and a variety of others. |
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On the loamy and clayey soils are heavy growths of hardwood and 
Hemlock, with occasional Pine. Among the hardwoods, the Maples _ 
(Acer rubrum and A. saccharinum) predominate, with which are 
associated Elms, Oaks (Quercus rubra), Yellow Birch, Grand-toothed 
Poplar (Populus grandidentatus ), the Balsam Fir (Abies balsamea), 
and others. 

Swamps and semi-paludal situations are occupied by White Cedar 
or Arbor Vitae (Thuja occidentalis), Tamarack (Laria Americana ) 

| and Black Spruce (Adies nigra). Many of the marshes are occupied 
by the Cranberry. | |
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PART IX. 

GEODETIC SURVEY. 

A brief sketch of the geodetic work done in the state since 1874, under the auspices 
of the United States Coast and Geodetic Survey, together with a short outline of the 
principles and methods pursued in the triangulation, accompanied by two maps, one 

; showing the triangulation executed and proposed, and the other the difference between 
the positions of the trigonometrical stations as given by ordinary surveys and the same 
in their true position on the spheroid. 

BY PROF. JOHN E. DAVIES, 
Of the University of Wisconsin, Chief of the Geodetic Survey in Wisconsin. 

[Published by authority of the Superintendent of the United States Coast and Geodetic Survey. ]
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GEODETIC SURVEY. 

| Prof. T. C. Chamberlin, State Geologist: | 
Sir— Although the triangulation work in Wisconsin is far from 

| completion, I forward, at your request, a brief synopsis of the work 
| already done. It may add to the interest of this report to state wherein 

the methods adopted differ from those used in ordinary surveying, 

and I therefore add a brief resume of the methods of the United 

States Coast and Geodetic Survey, adopted in the triangulation of 
Wisconsin. 

(1) In all such trigonometrical surveys account is taken of the 

curvature of the earth; and, indeed, the computed amount of this 

curvature, since it leads to a ratio of the area of the spherical triangle 
included by three distances, to the area of the whole earth, serves, in 

& measure, to give the error of observation of the angles measured at 

| the apices of the triangle; because the area of a spherical triangle 

as the same fraction of half the surface of the sphere that the excess 

of the sum of the three angles of the triangle over two right angles 
is of four right angles. This sphericity becomes first apparent 

when the lines which form the triangle sides are from four to five 
miles in length. 

(2) Such surveys as the triangulation of a large district, are always 

preceded by a careful reconnoissance of the entire country to be cov- 

ered with triangles. The object of this is to select the most advan- 

tageous points for the apices of the triangles, so that these triangles 

may be of the shape most conducive to accuracy of measurement, and 
have proper lengths of sides, which are made as long as the character 

of the country will allow. Due attention must also be paid toa 

proper system of cross lines to afford checks to the estimated lengths 

| of lines. After the stations have been selected, signals are erected 

upon them, of such size and height as best correspond to the distances 

and positions from whence they are to be seen. This requires very 

careful consideration of all the conditions involved. Sometimes the 
erection of a signal of 50, 60 or 75 feet in height, the pole being of 

heavy timber 8 or 10 inches square, is the only alternative to cutting
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long lines in various directions through heavy timber. In such cases, 

when these stations come to be occupied for the measurement of angles, 

the signals have to be taken down, and scaffolds, with tripods of about 

equal height from which to observe, substituted for them. In every 

case, the scaffold on which the observer stands is disconnected entirely 

from the tripod on which the instrument stands. The tripod is made 

of heavy timber, in order to be as firm as possible. In this manner 

no jar is communicated to the instruments by any motion of the 

observer as he moves around upon the scaffold, nor by any ordinary 

jarring of the ground about the scaffold. In spite of their great weight 

these heavy structures are, owing to the severe storms and their gener- | 

ally exposed positions, often blown down during the progress of the 

work, occasioning great inconvenience and extra labor. That at Mt. 

; Pleasant, Green county, was blown down three times, twice the same : 

season; the timbers were wrenched off in spite of the heaviest an- 

choring with green oak posts, four feet in the ground. During the 

season of 1881, the large tripod at Gratiot’s Grove, in La Fayette 

county, was partly occupied a¢ night on account of the length of lines 

to the surrounding stations and the prevailing haze during the day 

time. Lamps with parabolic reflectors were sighted upon for signals. 

One of these was 30 miles distant on a low hill in Iowa, across the 

Mississippi river from the observing station. The angles obtained 

were apparently as guod as those observed by daylight. 

(3) Of course the estimation of the lengths of the various triangle 

| sides requires that the length of some one triangle side should be 

measured with great accuracy, after which the mere measurement of 

angles will suffice. As the sides of the main triangles are far too 

large to be measured directly, they are connected by a system of 

gradually decreasing triangles to a line, selected on as level ground 

as possible, called a base-line, the length of which is ascertained by 

actual measurement with all possible precision. At some favorable 

place, far distant from the starting base, another base-line is measured 

with equal accuracy as the first, and its measured length compared _ 

with its length as computed through the triangulation. The two 

lengths measured and computed should agree to a very small differ- 

ence. 

The latter base-line is called a base of verification. Only the 

starting base-line has thus far been measured in Wisconsin. This 

line is located on the sandy plane bordering the Wisconsin river near 

the village of Spring Green in Sank county. Its length is about 468 

kilometres or 2.91 statute miles. Its termini are marked by massive 

blocks of Joliet limestone, properly engraved, and placed over sub-
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stantial masonry six feet square, sunk six feet into the ground. This 
masonry surrounds at the bottom a hard fourteen-inch cube of lime- 
stone, in which is sunk a six-inch round bolt of solid copper. A 
cross mark on this bolt indicates the real terminus of the line. The 
importance of these monuments and marks would seem to call for 

, some action on the part of the state to preserve them permanently 
from injury and defacement. I recommend this subject to your con- 
sideration, and suggest that you bring the matter in proper shape 
before the legislature or other proper authorities. 

(4) The Spring Green base-line was measured by means of two 
-four-metre standard steel rods terminating in agates. The contact 
was regulated by spring slides; the inclination of the rods measured 
by sectors attached to the wooden boxes in which the steel bars were 
imbedded; and the temperature was measured by thermometers, 
whose bulbs were in contact with the steel rods, and protected from 
the direct rays of the sun by proper covers. The temperature was 
read and recorded for each rod as it was laid down; 60 also the incli- 
nation of the rod. This made a total of over 4,000 readings for tem- 
perature, and 4,000 readings for inclination, as the entire line 
contained a little over 1,169 bars, and was throughout measured three 
times over, and parts of the line four times. Each rod, inclosed in 
its wooden box {the whole called a “ base-bar”’], was supported in 
position by two wooden trestles which had to be very firmly placed 
and leveled before the base-bars were laid upon them. Two men 

_ handled the bars, two the trestles, one watched very carefully the con- 
tact of the agate plates, one read and recorded the temperatures and 
readings of the inclination sector, and one kept in the rear or far 
ahead with a telescope and transit carefully leveled to see that the 
bars were kept in line. This he was enabled to do by small black 
wands standing upright upon the ends of the base-bars, which were 
carefully kept upon the exact direction of the base-line previously 
staked out. One man with a good horse team kept up with the party 
in case of sudden rains or accident. On stopping the measurement 
for any cause, the position of the agate edge of the last bar was 
transferred to a cross mark on a copper tack placed in a firmly driven 
six by six block of wood, well sunk into the ground. This was done 
by placing the transit, carefully leveled, at fifty or one hundred feet to 
one side of the line, and bringing the vertical thread of the transit 
tangent to the agate edge at the end of the measuring bar, and cut- 
ting at the same time the cross mark on the copper tack. The rods 
used in the measurement had their coefficients of expansion by heat 
well determined, and their precise length at a standard temperature,
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both before leaving Washington and after their return thither, was 

ascertained by very eareful comparisons with standard bars in the 

United States Coast Survey Office. Concerning the finally computed 

measure of the Spring Green base-line, and the accuracy of the 

~ measurement, Mr. C. A. Schott, Chief of the Computing Division of 

| the United States Coast Survey, remarks: “It appears plainly [after 

a discussion of the measurements by the method of least squares} 

that the error arising from uncertainty in length of the measuring 

rods is the principal one, that due to the measurements proper being | 

very small, in the present ease only 4.456 3 (= + 7.721) millimetres, 

or soisoe of the length for a single measure.” * * * “We there- 

fore have for the resulting length of the Spring Green Base of Wis. 

consin, the value 4678.6725 metres + 0.0178 metres, and its log- 

arithm 3.6701226 + 17.” [Report to the Assistant in Charge of the 

Coast Survey Office, March 7, 1879.— See the detailed report at the 

close of this article.] _ 

(5) Having a correct value of the base-line, the length of all the 

other triangle sides are dependent upon the accuracy of the measures 

of angles around the apices of the triangles. Every possible care 1s 

| taken to get these angles correct. They are measured with the tele- 

scope direct and reverse to eliminate collimation; partly in the morn- 

ing and partly in the afternoon to avoid one-sided illumin: t on of the 

signals; and on different days to ensure an average condition of the 

atmosphere. In all, a minimum of 72 separate measurements of 

* each angle are made. In some eases on the Wisconsin survey these 

separate measurements of one angle have amounted in all to between 

| 300 and 400 measures. It is doybtful, however, whether with in- 

struments of moderate power, such as the 12-inch Gambey Repeating 

Theodolite for Horizontal Angles, and the 10-inch Vertical Circle for , 

Zenith Distances used in the triangulation of Wisconsin, there is any 

gain in these excessive measures, as, beyond a certain limit, certain — 

| small errors are probably merely repeated and not eliminated. On 

reaching each triangulation station the signal is carefully observed 

with a transit for any leaning or want of proper centering, and due 

| allowance made in case there is any. As the most careful measure- : 

ments of all the angles around a station will not make them equal 

360° precisely, nor tally perfectly among themselves, it is necessary 

to adjust them so as to get the most probable relative values for all 

the angles measured around a station. This is done by the method 

of least squares, which, although not required of observers by the 
NN 

1 There are about twenty-five millimetres in an inch. |
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office at Washington, has been uniformly done on the triangulation 
of Wisconsin. An example of this adjustment will be given at the. 
end of next section. After the angles are adjusted in this manner 

7 around a station, it is still necessary to adjust them so that any given 
triangle side shall have the same length when reached by different 
routes. This is called the adjustment of figure. It can for a given . 
triangulation only be made complete when two base-lines are meas- 
ured—a starting base and a base of verification—as the ratio of 

. these two measured lines enters into the adjustment. Partial adjust- 
ments, however, can be made as the work progresses. An example 
Of this is also added. 

(6) In estimating the lengths of triangle sides the rules of plane 
trigonometry are used — the actually measured spherical angles being 
reduced to corresponding plane ones by proper distribution of the 
error and subtraction of the spherical excess. This latter is computed 

) as follows: | 
Let a, b=triangle sides (approximately known). 

| C= Angle included between these sides. 
A=Kquatorial radius of the earth=6,377,397.16 metres. : 
B=Polar radius of the earth=6,356,078.96 metres. 

| , Be. « e=the eccentricity=4/ 1— EE e’=0.006674872, - 

L=mean latitude of the three apices of the triangle. 
é=spherical excess. 

ab Sin C (1 X e Cos 2 L) . 
EP A Sin | 

_ An example of the computation of the spherical excess in one of 
the average triangles of the Wisconsin survey is here given; also the 
computation of a set of triangle sides. : 

Platte Mds., 
Computation of the spherical excess in the ange Highland, 

: , _ -  \ Harker. 
a=Line Platte Mound—Highland.........ccccccccccccccccececccccce, log. 4.57439 
b=Line Platte Mound—Harker...........ccsccecccccsccesceccecccec. log. 4.48742 
C SING oo eee cece cece cee cence ee weet eect ec eeee cect cece seeseeaeceees log. 9.73082 
MM vseeeecerecereerececeeseeceeneeesaccresereecsesesscesssssssesee, lo, 1.40432 - . 

Spherical excess=1".57....ccccceccscccsecescecccccsecccccceccecce. 0.19695 

| m here denotes the factor Cte Cost L) 

Before giving the computation of a set of triangle sides, an exam- 
ple each will be given, first of the adjustment of angles around a 
station, and second an adjustment of figure. 

The following adjustment, selected on account of its simplicity, 
will serve as an example of the manner in which field adjustments of
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angles around a station have been made on the Wisconsin survey, 

preparatory to passing on to the computation of triangle sides, which 

is in turn preceded by an adjustment of the angles of the diagram con- 

stituting the particular quadrilateral or other figure, the lines of 

which are about to be computed. 

TRIANGULATION STATION, POINT JUDAS, NEAR WISCONSIN RIVER, 

Occupied for Measurement of Angles in July, 1878. 

- ADJUSTMENT OF ANGLES AROUND STATION. 
(FIELD COMPUTATION.) . 

nn 

| 3s | # | 43 
Names of stations. Angles observed. “th D 63 

S| 2 ds 

Quarry and Blue Mounds .....sesseeesee-| 28 41 48.1 7 +.1 48 .2 

Wyoming and Quarry ......eseeeeeceeeee| 70 17 19.4 10 —.3 19.1 

Wyoming and Blue Mounds .......6.----| 41 385 30.9 7 0 30.9 
Highland and Wyoming......-cseeeeeeae-| 53 97 27.6 10 —.3 27.3 

Highland and Quarry......-sseeeeeeeeee | 124 14 46.8 9 —.4 46.4 

Quarry and Highland... ....seseseseeee-} 285 45 14.4 9 —.8 13.6 

ConDITION EQUATIONS. 

Tecccsccseeeee O=—1.2—05—V¢ 
TD eveceeeseeees OF —.24+05—02—04 
TIT ......0-00006 Om +.4—-0,+02—03 

EQUATIONS OF CORRELATIVES. 
eee ee 

72 
Corrrections. | ——|} »v. K, K, | Ks; 

Pp 

0= — Li ccccccccccccevereccces eaeveeonrter 10 ] ooeeececleeseeneve —] 

| Qa | —iBiiilisccccccsecssecvcceerecescee? 7 |[ 2 Lessee] —1 | 41 
0= OLDEST ed? 10 |) 8 feceeceefeeeeeeef AI 
= — Qo car ccc ecw r cae t ec ese ces secsens q 4 |.......| —l |..... 

0—= — Ac cc ce cece cece ieee ene eerseesoes 8 D —l +1 |..... 

0= — Qi vcccrc ccc cc cccccrcvcscccsesesens 8 6 —L jo. eee eafeeeee 

a — wdOOO SOS FHOeTESEE o_o _ 

NorMAL EQUATIONS. 
SNe ————— 

Constants. K, Ky Ks Values. | [3 

0— LQ. cccccccccccscceccocsceees | 1.6 —8 j......-| 0.097 | 0.000 

Om | — 2 cccccceccceccccsccccceese| —S | eevee] —7 0.045 | 0.052 
On: | ELA lle eeee[eeeeeeed 7 | 27 | 0.004 | 0.028 

er 
re ne pn ne pen en enengenrenete onnnonnrnnnennnnn it
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Resuttine Horizontan ANGLES. 

| Quarry......csceccccececcecese 00 00 00.0 | 
| Blue Mounds ..... weeceeseseee = B 4} 48.2 

Wyoming ..cecsesscee 06 cove 70 17 19.4 
Highland ...cs.scsesccsccccsee 124 14 46.8 

Adjustment by the method of least squares of the angles entering 

into the figure Blue Mound, Highland, Wyoming, Platte Mound, 

Harker; the latter station being situated within the figure. 
The adjustment is followed by the computation of the triangle 

sides for the same figure. [For the figure see the maps with sketches 

of triangulation accompanying this report.] 

| 1°, FORMATION OF THE Equations oF CoNDITION. 

| (8). 1. 9. 10. 

| Diff’s for 
i Angles. Logarithms. | one sec- 

: ond. 

8. 10. Diwcevevevecccees. —F+40 46 30 22.18 9.86060.65 +0.20 
B. 1. 10... cee ees c cece elev eeseeeese| oe 3d 04.00 9.73082 .41 +0.33 
1. QD. Bocce cece ee er ec eeeee| Go 73 33 22.90 9.98186 .33 +0.06 

| 9.97329 .39 | 

10. 9. B.cccccceccccceree | vy 104 41 56.73 9.98554.85 —0.06 
1. 10. B..ccccccccrccceeeelesecscesee+| 92 85 42.57 9.99955 .48 —0.01 
BS. 1. Qesccccccccesccccees| —$+9 22 47 40.30 9.58819 .05 +0.ol 

| 9.57329.33 
| | Diff= +0.06 

(10). 1. 2. 9. : 

2. 9. WD. .cceveee cocceees| —P+ 12 76 12 28.53 9.98729 .40 +0.05 
QD. 1. WD. ccccccccceeccccceleoececceeee| 29 45 28.70 9.22907 42 +1.22 
1. 2. 10. .ece eeveeeeneevnseor —t 22 13 52.82 9.57789 .0o +0.52 

| | 8.79425.87 

10. 2. Disseccscccsccccees| +H 21 21 06.58 9.56121 .34 +0.04 
10. GQ. Licsccccccccccccecelescecscveee! SL 08 33.83 9.71363.48 +0.39 
10. Le Qrcccccceccccccseee| —AQ4F 19 18 36.80 9.51941 .16 +0.60 

8.79425 .98 
Diff=—0.11
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2°. Equations OF CONDITION. | 

L..eees O=—3.83—(9) + (H—(S) + (4) , 
II...... Oz —1.77—(8) + (Gis) +) Angle equations. 

TV... 040.004 88 Ca) 80 Ch) 217 )—.06 (3) +-01 Ge). Cera. eoeees O—+0.06+4 .38 —. o)+. —. . - . Le . 
Vi 00.11 41.82 (42) 1.99 (9) —.60 @)—.52 (4) .35 (g) ¢ Side equations. 

| | . | 38°. TABLE OF CORRELATIVES. 

Vv a b c d e | Corr. 

Se NE ee em, | me tes | tee ent | nt: es | eee San oO 

) eeeeeeeeeee seeetttrreefeeceseefeenteee] OL eeeseee | 0.52 | —0.52 
(4) vec ccec cee vevcccrecnvees| #1 seetstaleceressliseserseelecseses ese —1.61 
(h) ceseeeeceeee cee eeseesf —L | 41 |... .-| —0.06 | —0:35 | —1223 
(Ny) eeeveceescenccececeecee{esceees} lL | +1 | 40.01 |.....0..-.1 40.46 
(F) ncccceeer cece ecco sevesl[ecscevelececeee] FL |........-/ —0.60 +1.05 
(8) cecececcrecesee teceeeee] Ll feceecee{ cere | 40017 [.cc..c.e-] —0.96 
(Bj ccccceeesceesescseescees{ $1 | —1 f.cc....| —0.50 | 1299") —o%08 
(Ae) cece ccc c cence cece ree eleceeses] tl —I | +0.33 +1.82 —0.04 

4°. Normat EQuatTIoNs. | 

& a b- c d e g 5 

0=—3.838 1+ 4] — 2]........] —0.61 —0.87 |+1.606 0.0000 
Ili O=4+1.77 |—- 2] + 4)]— 2] +0.76 +2.69 +0.3388 |+0.000: 

Il) O=—2.07 j......., — 2] + 4] —0.82 | —1.90 +0.7650 | 0.0000 
IV) 0=+0.06 |—0.61 | + 76 | —0.82 ; +0.8915 | +1.2816 |+3.8274 |+0.0002 
Vi 0=+0.11 \~ 0-87 + 2.69 —1.90 | +1.2316 | +5.5487 |—0.4802 | 0.0000 

ee 
eee SF eee eee eee 

The values of a, b, c, d, e, derived from the normal equations sub- 
stituted, with the proper coefficients, in the table of correlatives, will 
be found to give the numbers found in the column of corrections of 
that table. These corrections applied to their respective directions 
will give the finally corrected directions as shown by the following 
table, from which the resulting angles are obtained for computation 

, of the triangle sides. With these latter angles the figure will be 
found to close, and the various cross lines will pass through their 

| proper converging points. |
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TABLE OF OBSERVED AND CoRRECTED DIRECTIONS FOR THE FiagurE Harker, 

. - Brug Mounp, Puarre Mounp, HigHLanp AND WYOMING. 

BiuE Mounps— 12 in. Gambey, No. 32, 1775-1876. 

om NM eo 

Stations observed on. Directions. 3 @ & 

| a 

Platte Mound .........cccccecrecceveccccee| 187 19 21.2  fi.ceeeeeeelerscees 
Harker .......... sce eee eee cee e eens cee] 209 33 18.7 40.32 14.02 
Wyoming... cee ce eee e eee ee eee eeeeeeeeee| 230 54 21.0 —0.40 20.60 

| PiaTte Mounp — 12 in. Gambey, No. 32, 1878-79. . 

Highland .......esceccsseccceceseeceeceeee] 0 00 00.0  [..cceeeeeefeveeeen 
WYOMING.... cece ewes ee esee coe ceeeeeee| 22 47 40.3 ve ceececvelececees 
Harker ........ ccc ce cece cee e cc ees cc cncee 32 33 04.0 tee e ce ccalecesees 
Blue Mounds...........ccccccesceccceccens 51 51 40.8 see ec ee ecalererees 

| HiGgHuanpb — 12 in. Gambey, No. 32, 1879. 

| Blue Mounds.......ceeccecececceceseececes| 80 54 09.64 | —0.83 | 09.31 
WyO0Ming. 22... cece cee cer eeneceeveeesess| 36 29 12.01 —().36 11.65 
Harker .....2. ccccccceccesccrcucssccesons 65 16 52.20 +0.92 53.12 
Platte Mound ........c.cccccccecccecceee--| 120 O08 06.06 |.......-..].-.. ees 

Harker — 12 in. Gambey, No. 82, 1878. 

Platte Mound ........ cece eee c esc ccecccnes 0 00 00.0 eee eveeccclececees 
Highland ........ cece cece cree rece ceeeerees 92 385 42.82 —0.25 42.29 
WYomMming......eeecee sevcscesccccrceesees| 139 06 04.87 —(0.12 04.75 
Blue Mounds......-.ccscccccceccccceceses+| 221 32 29.93 +0.37 30.30 

Wyoming — 12 in. Gambey, No. 32, 1878. 

Blue Mounds.....+-cecscccseccscee soccees 0 00 00.00 —1.61 58.39 
Harker ..... ccc cc cccccccccscecsee eeccnee. 76 12 27.06 —Q.14 26.92 
Platte Mound ..........ccceeecececseeceeee] 107 21 00.75 |... 22... de... 
Highland .......cc.ceeeee cece ceeee ceeeees| 180 54 2361 | +0.04 93.65
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_CoMPuTATION OF TRIANGLE SIDEs. 

For the figure — Harker, Blue Mounds, Platte Mound, Highland, Wyoming. 

| v3 a | Qo of 
Denomination. Observedangles.| § = ~ Be & 

| S| al] &la 4 

Highland-Blue Mounds......[.....0ee- cece cel eee close ee eleceesleceees| 4.6290558 
Wyoming ............20+++-/ 179 05 36 36/—1 66) 34.73] 0.00] 34.73) 1.8005242 
Highland..............6.-+-| QO 385 02.37/—0.02} 02.35) 0.01) 02.84! 8.0082703 
Blue Mounds ....... .....--| 0 19 22.94]......} 22.94] 0.01) 22.93) 7.7511261 
Wyoming—Blue Mounds .....f..6. cece e cece elec eeelec eee] © celeseeee! 4.4378503 
Wyoming-Highland.... 0... cfs cece e cece ce leeeeeslec ees cleceecleceees| 4,1807053 

Wyoming—Blue Mounds .....[..-0. 06 cee cceefec eee cleceeccfeeeeeli esses | 4.4378503 
Harker... ...0cceeeeeeeeeee| 82 26 25.06/+0.59) 25.56) 0.23) 25.33) 0.0087912 
Wyoming .......eeeeeeeeee-| 76 12 27.06/4+1.47) 28.53) 0.22) 28.31) 9.9872939 
Blue Mounds .........-.....} 21 21 07.30/—0.72} 06.58) 0.22] 06.36) 9 56129122 
Harker—Blue Mounds.... 0.0]. e cece cece cee le rece ale eee elec eel eee el, 4.4989354 
Harker- Wyoming. ....ecscccleceerecccec ee celeeeeeal eeeeelieeeslsneeeel 4.0028537 

Highland—Wyoming........feccecec cece eccclen ceclteeecelececeleseees| 461807064 
Harker... ...eeeseeeeee cress) 46 380 22.05/4+0-13] 22.18) 0.12) 22.06) 0.1898987 
Highland........... ....6--| 28 47 40.19/+1.27| 41.46) 0.12) 41.34) 9.6827535 

| Wyoming’ ...... .ee..ee-ee-| 104 41 56.55)+0.18) 56.7%! 0 13) 56.60] 9.9855486 
Harker—Wyoming. .... 2... ee] cece cece eee el cece ele ceeeeleceeeleccese| 4.0028536 
Harker-Highland........ cc sfe cece cece cee lee ee eafe rece eleeeecleceese! 462056487 

Highland—Blue Mounds......[..-e.eeceerseecfeeersclecsessleseec(ecceee| 4,6290558 
Harker ......000..-0.0e000+.{ 128 56 47.11) 40.62) 47.73] 0.36] 47.37] 0.1091693 
Highland. .....-:.eeceeeeeee| 22 22 42.56) 41.25) 43.81] 0.35} 43.46] 3.6907102 
Blue Mounds .............-.| 21 40 29.52)......| 29.52] 0.35) 29.17) 9.5674285 
Harker-Blue Mounds........]..cccccee cess ce lecseeefeeececlecevclescces| 4.4289353 
Harker—Highland ...... 0 ccc feee ese c cece es eclec ence] coeeeleceesleeev ee] 4.95096486 | 

Highland-Blue Mounds......]... cee eee cece ele w eee e] eee eleweeelesee es} 4.6290558 
Platte Mound ............-.] OL 51 40.80)+2.01] 42.81] 1.34] 41.47! 0 1042900 
Highland..............+.2--] 84 13 56 75'4+1.61] 58.36] 1.85) 57.01] 9.9977960 
Blue Mounds .............-.] 43 54 22.34/4+0.52/ 22.86] 1.84] 21.52) 9.8410320 
Platte Mound—Blue Mounds .{..............- [eee eee lew wee] coeefeeecee| 4. 7311418 
Platte Mound-Highland .....]......ses cere eefeeeeeefeeeceefeceseleeees | 4,5743778 

Wyoming—Blue Mounds .....]..... cc cece cece freee cles ec eleeeeelecees el! 4.4378503 
Platte Mound ............--| 29 04 00.50/+1.12; 01.62] 0.86] 00.76} 0.3135155 
Wyoming ........+6 «eeeeee/ 107 21 = 2.86/—1.32) 01.04] 0.86/ 00.18) 9.9797763 
Blue Mounds................| 438 84 59.40)+0.52) 59.92! 0.86] 59.06; 9.8384747 
Platte Moand-Blne Mounds.<|..+..s+ssevece.[ setecfesese|ioee oes 4:7311421 
Platte Mound—Wyoming......bivcccecee cocccle rece cleesccclesscedsssce ed 4.5898405
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| . CoMPUTATION OF TRIANGLE SIDES. 

_ . for the figure — Harker, Blue Mounds, Platte Mound, Highland, Wyoming — Con. 

& | |e 
wy a Mo} © Bl 

Denomination. Observed angles.| & Z aiags 5 
BS 2 21 Se = | €] 8 | 6] ez] & 

' mS SG a es} oN 

of Sja|aea | 8 

Harker Blue Mounds. -eces.lsocescsccoseseefeeses “etssl'oo4 see. 4.4289354 | 
Platte Mound.............-.; 19 18 36.80/+1.09} 37.89) 0.46} 37.43) 0.4805845 
Harker.......eeseeeeeeeeeee| 138 27 29.70) +0.46} 30.16} 0.47) 29 69) 9.8216220 
Blue Mound .............--] 22 13 52.80/+0.52) 53.34! 0.46} 52.88) 9.5778908 
Platte Mound—Blue Mounds..|......... ccc ec clee eee elec eee efe ec eeleeeeee| 4. 7311419 
Platte Mound—Harker.......ejic cere cee c cece elec eee tlecceeeleceecleeseee| 444874107 

Wryoming-Harker.....0.. ee clic c cece recs ceeelec eee lees eeeleseerfeeeeee| 4.0028537 
Platte Mound.............--] 9 45 23.70/+0.02) 23.72! 0.17) 28.55] 0.7709276 
Wyoming ...+ee.-...-------| 3L 08 33.83)—1.33] 32.50] 0.17] 32.33) 9.7136296 
Harker ....-....++- .2+++0+-| 189 06 04.75)/—0.46) 04.29) 0.17) 04.12) 9.8160594 
Platte Mound-Harker .......). ccc. cece cece fee ee ele ne eeefeoeeelesseee| 4-4874109 
Platte Mound-Wyoming.....|...c. ee cece ccc efec eee lec eene] cecefeceeee| 45898407 

Highland—Wyoming.........Jeeee cesses ecceleceescleccecelececelecsees| 4. 1807064 
Platte Mound...............{ 22 47 40.80/+0.90) 41.20] 0.48) 40.72) 0.4118074 
Highland..........-.e0-.---| 83 88 54.41/4+1.60) 56.01) 0.48] 55.53) 9.9973263 
Wyoming ...... ....--6.---| 73 33 22.90/+1.38) 24.23) 0.48) 23.75] 9.9818638 
Platte Mound—Wyoming......Jicces cece eee e elec eee cleceecelececslecs eee! 4.5898401 
Platte Mound—Highland .....)... ce cece eeepc eee cfeccceclseeec|se eee] 4.5749776 

Highland—Harker ......... 00]. occ e ccc eee ele nececlene ec elececsleceese| 4.5006487 
Platte Mound...............] 82 33 04.00/4+0.92) 04.92) 0.52) 04.40) 0.2591746 
Highland.....-............./| 54 51 12.94)+1.61] 14.55] 0.53) 14.02} 9.9125869 
Harker ......--2----se00.-.-{ 92 85 42.57/—0.46} 42.11] 0.53) 41.58] 9.9995544 
Platte Mound—Harker .......) . ccc cece elec eee ede eee efeeeeefeceeeal 4.4874102 
Platte Mound-Highland .....J..... 0... cece dee c cele cece cle ceeelece ces) 4.5743777 

The elose coincidence of the logarithms of the sides as computed 

from different bases (for example, the line Harker — Blue Mounds) 

will be noticed. This coincidence could only oceur as an accident, 

had not the errors been distributed in the manner pointed out by the 
Theory of Probability. Indeed, the final adjustment can only be 
made when adi the angles of the whole triangulation are measured, 
and a second base line (or base of verification) has been accurately 
measured. 

When this is done, the whole system of small errors affecting the 
Vou. TV — 47
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measurements of angles, together with those entering into the 
measurements of both base-lines, are so distributed as to render 
the sum of the squares of the residuals a minimum, which is the 
principle of least squares. | 

Of course, it is supposed that the errors alluded to are not mistakes, 
but merely those minute irregularities in measurement inherent even 
in the most refined observations or experiments of a thoroughly 
skilled observer, and generally dependent upon varying conditions, 
entirely beyond personal control, such as the state of the atmosphere, 
degree of illumination of the signal, more or less one-sidedness of 
this illumination on different days, ete. 

The final adjustment of a large triangulation is a work of immense 
labor, and that of Wisconsin, when completed, will be no exception 
tothe rule. Even now, the partial adjustments in some cases, lead to 
the necessity for solving seventeen simultaneous equations, contain- 
ing seventeen unknown quantities. In the reduction by least squares 
of the Spanish triangulation, it has been necessary to satisfy simul- 
taneously more than seven hundred equations of condition; while _ 
the triangulation of India is so extensive as to preclude the possibility | 
of managing it as one whole — there being an aggregate of 955 equa- 
tions of condition, besides the additional ones for the closing of cir- 
cuits. In the triangulation of Great Britain, “the network covering 
the kingdom was divided into a number of blocks, each presenting a 
not unmanageable number of equations. The number of blocks is 21; 
in 9 blocks there are over 50 equations, and in one case the number 
is 77. The caleulations —all in duplicate — were computed in two 
and one-half years, an average of eight computers being employed.” | 

Before undergoing such great labor in compntation, it will readil y 
be supposed that no precantions to secure accuracy in the measure- 
ments are omitted or overlooked. 

In case a signal pole is found leaning, even by so much as a frac- 
tion of an inch, the direction of this leaning as well as its amount is 
ascertained, and the consequent corrections calculated forall the angles 
measured upon it, while in this inclined position. So also incase 
frost, or wind, or other causes have slightly shifted the top of a tri- 
pod from the vertical, or if by accident it is eccentrically placed, care- 
ful and oftentimes laborious reductions are made of the actually 
measured angles so as to reduce them to what would be the true 
measure when taken from the real station as marked by an iron bolt 
in the rock below. Severalinstances of this have already occurred 
in the triangulation of Wisconsin. Some provision ought to be made
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to more carefully guard these latter marks from injury or removal, 
or permanent obliteration, as they constitute the real triangulation 
stations, and are supposed to be immovable. 

(7) In order that the direction of the lines on the surface of the 
sphere may be known, observations for azimuth, i. e., for the angle 
between a triangle side and the true meridian, are taken as often 
as time or a peculiarly advantageous position will allow. This 
is done by observations on a close circumpolar star —- either the Pole 
Star, 2 or 0 Ursae Minoris, or 51 Cephew, according to circumstances, 
being most commonly used. A mark is set up at a distance of a couple 
of miles, and illuminated by night. The telescope is directed alter- 
nately at the star and mark, and the astronomical time, and the reading | 
of the azimuth circle of the Horizontal Theodolite, are carefully noted. 
The time, of course, must be independently determined with all the 
accuracy possible by observations with a sextant or transit. In case 
of a sextant being used the method of equal altitudes is adopted. , 

For the triangulation in Wisconsin, Azimuths were taken at East 
Base and Quarry Bluff in 1876.1. The observations were made with 
the 12-inch Horizontal Circle and the Coast Survey Siderial Chronom- 
eter Fletcher 1508. The resulting Azimuth of the line Quarry — Big 
Hollow was 102° 28' 04."06, and of Hast Base — Stewart Bluff 245° 
47’ 21."8. New Azimuths will be measured from time to time as 
opportunity permits. 

The following Azimuths were determined at Shervill Mound, Iowa, 
in 1880: 

EXAMPLE OF THE COMPUTATION OF AN ASTRONOMICAL AZIMUTH OF A DyreEc- 
TION IN THE TRIANGULATION OF WISCONSIN. 

From Observations taken at Sherrill’s Mound A’n Station in October, 1880. 

Deduced Corrections and Rates for Siderial Chron’r (Fletcher, 1598) for Apparent 
Noon of the days on which observations were taken on Polgris Jor Azimuth. Also 
the corrections and hourly rates for twenty hours of chronometer vime on the same dates. 

Date. Corrections. Rate. Date. i Time, Correction. holy 

soon | om og | HV TaE Oct. 4..) +14 02.40 +4.24 Oct. 4..1 20 00 00] +14 83.69 | 0.1767 Oct. 6..| +14 41.47 4.30 Oct. 6..} 20 00 00 14 42.76 | 0 1792 Oct. 12..) +15 9.59 4.41 Oct. 12..| 20 09 00 15 10.84 | 0.1838 Oct. 14..) +15 18.29 3.75 Oct. 14..1 20 00 00 15 19.34 | 0.1563 Oct. 20.., +15 04.20 | +6.26 Oct. 20..| 20 00 00] +15 55.84 | 0.2603 
wo 

1 Likewise at Gratiot’s Grove, Wis., and at Sherrill’s Mound, Iowa, in 1880.
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From Observations taken at Sherrill’s Mound A’‘n Station in October, 1880 — continued. 

Chronometer (Fletcher Siderial, 1508). Times of the Means! of each set with the 

Chronometer corrections for the same, to reduce them to Siderial Time. . 

ee 

Chronometer 24 ym Chronometer Siderial 
Set "Times. AT Siderial Time Set Times. AT Time. 

1880. 
Oct. 4th. Oct. 12th. 

h m a m 8 h m 8 bh m 8 m 8 h m 8 

41990 42 20.9/4+15 11.0/20 57 81.9 

1120 14 24.1)4+14 33.7120 28 57.8)/ 5 j21 18 52.3 11.1121 34 03.4 

2 82 58.2;+14 33.8 47 32.01} 6 121 26 00.6 11.1121 41 11.7 

| Oct. 6th. Oct. 14th. 

1119 56 34.7/+14 42.7120 11 17.4)/ 1 |20 31 52.9/+15 19.4)20 AZ 12.3 

2120 05 58.1/4+14 42.8 20 40.9}) 2 42 54.2 19.4 58 13.6 

3 14 40.1/4+14 42.8 29 22.91) 3 53 44.3 19.5/21 09 038.8 

4 23 07.8/4+14 42.8 37 50.6) 4 |21 19 03.4 19.5 34 22.9 7 

3) RSS Bs 8 he 3 -O| + . 2. 

7| 56 59.7/414 42.9/21 11 42.6 Oct. 20th. 
8 121 04 32.3}/4+14 48.0 19 15.3 
9 11 05.0:+14 43.0 95 48.0) 1 120 49 51.8/415 56.121 05 47.4 

10 19 01.2/4+14 48.0 33 44.21) 2 59 55.7 56.1 15 51.8 

3/21 20 24.1 56.2 36 20.3 

Oct. 12th. 4 29 14.6 56.2 45 10.8 
5 39 600.0 56.3 50 56.3 

1120 17 16.3/4+15 10.9)20 382 27.2) 6 41 13.2 56.3 57 09.5 

2 28 16.9 10.9 43 27.8)| 7 47 34.8 56.3122 038 31.1 

3 34 35.7 10.9 49 46.6 8 54 17.4 56.3 10 13.7 | 

ee 

APPARENT Puacses oF POLARIS. 

Date. a 6 Cosp tand 

h m 8 ° , a 

Oct. A esccccccccreccccccecccssee}| 1 16 1.59 88 40 28.24 31.81056 

Oct. 6 .cccccceccccceccccveccvees 2.21 28 . 94: 31 .81528 

Oct. 12 .ccec cccer cc ccecccee cere 3.25 31.34 31.83124 

Och. 14 ccc ccccccccsccsecsccereee 3.23 32.14 31.83659 

Oct. 20 cre cecercccccccvcccees 3.58 34.26 31.85075 

SO 

1See Field Record Book, where the means are worked out for each set. .
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Sherrill Mound, Dubuque County, Iowa, 1880. 

Hour ANGLES OF PotaRis AT THE MrppLE TIMES OF OBSERVATION FOR Eacu 

. SET FOR AZIMUTH. 

2B 2 | (a—t) 
Date. 3 e — | Siderial Time. e. Hour Angle 

5 8| § t (Polaris.) | “of Polaris. 
ANG i 

1880. h m 8 h m 8 h m 8 

October 4.........cceceeeeee} L 1/20 28 57.8; 1 16 01.6 | 4 47 08.8 
October 4.......ceceeccceeee| 2] 2 47 32.0/1 16 01.6 | 4 28 29.6 
October 6.......ceeee.e-0---) L] 8 Il 17.4/]1 16 02.21) 5 04 44.8 
October 6......e.eeccceee-e-| 2] 4 20 40.9} 1 16 02 21|4 55 21.3 
October 6......ceccescecsees) OF OD 29 22.911 16 02.21] 4 46 39.3 | 
October 6.......cccecee.eees| 4] 6 of 50.6; 1 16 02.21} 4 388 89.6 
October 6........026 eeseeee) OF 7 45 11.2{1 16 02.21) 4 30 51.0 
October 6......cccceeeeeeeeet GB] 8 O44 12.2)1 16 02.21) 4 21 50.0 
October 6...........5.-0----, 71 91 21 Il 42.6) 1 16 02.21) 4 04 19.6 
October 6......c.cceccecveeed & | 10 19 15.3 {1 16 02.21 )3 56 46.9 
October 6..........0266- «e-| 9] Il 25 48.0/;1 16 02.21;3 50 14.2 
October 6......eceecceereee-| 104 12 33 44.2 {1 16 02.2113 42 18.0 

October 12........ce.eeeeeee] I | 13 | 20 32 27.2; 1 16 3.2514 43 36.1 
October 12...........002.---| 2: 14 43 27.811 16 3.25 382 35.5 
October 12.............-002- 39 | 1d 49 46.6} 1 16 38.25 26 16.7 
October 12..................| 4116 of 381.911 16 38.2514 18 931.4 
October 12............-..---| O89 | 17 | 21 34 08.411 16 38.2513 41 59.9 
October 12........ee.eecce0-} 6 | 18 41 11.711 16 3.25 34 51.6 

October 14.........eee06----/ 1119} 20 47 12.811 16 3.23 | 4 28 50.9 
October 14.......cc0.eeeee66, 2 | 20 098 18.6; 1 16 8.2314 17 49.6 
October 14.............66..--| 39 | 21 | 21 09 O3.8)1 16 38.2314 06 59.4 
October 14................--| 4 | 22 384 22.911 16 3.23/3 41 40.3 

October 20.......eeeeeeeeees| 1 | 23] 21 05 47.411 16 38.5814 10 16.2 
October 20.........ecceeceee| 2 | 24 15 51.8); 1 16 3.58] 4 00 11.8 
October 20........e0.0022-6-| 8 | 2D 206 20.38/11 16 3.5813 389 48.3 
October 20.......ccccceceeee| 4 | 26 45 10.8);1 16 3.58]3 30 52.8 
October 20...........ceee00e] 3 | 27 00 56.8! 1 16 8.58) 3 25 37.3 
October 20... ........ee0000-] 6 | 28 ov 09.5|1 16 8.58|3 18 54.1 
October 20.........eceeeceee| 7] 29} 22 O38 81.111 16 38.58}3 12 32.5 
October 20...........--6266-| 8 | 30 10 18.7;1 16 38.5813 .05 49.9 .
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Sherrill Mound, Dubuque County, Iowa, 1880 — continued. 

LOGARITHMS OF THE Hour ANGLE Functions. Hour AneuES REDUCED To ARC. 

T. T. Sine 7. Cos T. Tang A. A. 

Oct. 4th of " Logarithms Loga- Logarithms 1° 43’ 
. . ga. . rithins. g ° * 

4 47 38.8 71 45 57.0] 9.97762956 | 9.49541 8 .4779560 17.989 
4 28 29.6 67 7 24.0 | 9.9644218 | 9.58967 84654582 25; YBS 

Oct. 6th. 

5 4 44.8 76 11 12.0 | 9.9872544 | 9.37796 8 .4868313 25.868 — 
4°55 21.38 | 73 50 19.5 | 9.9824893 | 9.44458 8 .4824339 22.180 

46 39.3 71 89 49.5 | 9.9773699 | 9.49775 8.4776515 13.641 
38 11.6 69 32 54.0! 9.9717244 | 9.54234 8.4723301 58.260 
30 51.0 67 42 45.0] 9.9662790 | 9.57893 ~~ 8.4671626 45.933 
21 50.0 65 27 30.0; 9.95*8788 | 9.61842 8 .4600989 8.447 

4 4 19.6 61 4 54.0 | 9 9421618 | 9.63445 8 .4440182 32.333 
3 56 46.9 59 11 48.5 | 9.93389522 | 9.70936 8 .4360754 48 .500 

50 14.2 57 33 38.0} 9.9263146 | 9.72951 8 .4286649 13.321 
3.42 18.0 55 34 30.0] 9.91638389 | 9.75230 8 .4190044. 11.652 

Oct. 12th. | 

4 43 86.1 70 54 $1.5) 9.9754094 | 9.51483 8 4755885 44.307 
32. 85.5 68 8 52.5 {| 9.9676172 | 9.57079 | 8.4682151 |. 60.594 
26 16.7 66 384 10.5] 9.9626268 !} 9.59948 8 .4634613 54.653 

4 18 31.4 | 64 87 51.0] 9.9559599 | 9.63190 8.4570817 27.287 
3 41 59.9 55 29 58.5 | 9.9159915 | 9.75313 8.4184010 4.141 
3 384 81.6 53 42 54.0] 9.90638799 | 8.77218 8.4090269 8.796 

Oct. 14th. | | 

4 28 50.9 67 12 48.5 | 9.9647049 | 9.58807138 8 .4653698 21.040 
17 49.6 64 27 24.0 | 9.9553314 | 9.6346723 8 .4564050 18.094 

4 6 59.4 61 44 51.0] 9.9449118 | 9.6751898 8 .4463786 3.558 
3 41 40.3 55 25 4.5) 9.9155655 | 9.7540319 8.4179121 58.064 | 

Oct. 20th. 

4 10 16.2 62 34 3.0) 9.9481949 | 9.6634213 84498481 | 43 .089 
4 00 11.8 60 2 57.0 * * * * 
3.39 43.3 54 55 9.5 | 9.9129948 | 9.7593436 8.4152113 24.614 

. 30 52.8 52 438 12.0] 9.9007411 | 9.7822653 8 .4032485 58 .924 
25 7.8 51 16 49.5 | 9.89221538 | 9.7962388 8.38949080 19.693 
18 54.1 49 45 381.5; 9.8824990 | 9.81053859 8.8853877 28 .728 
12 32.5 48 8 7.5} 9.8719955 | 9.8243682 8.3750800 31.293 

3. 5 49.9 46 27 28.5 | 9.8602598 | 9.8881481 | 8.3635493 23.188 

* Rejected. Errors made in recording.
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Sherrill Mound, Dubuque County, Iowa, 1880 — continued. 

Depvuction or Finan AzimutH av SHERRILL Mounp, From SEPARATE MEANS. 

Date. | Azimuth of | Corrections. Angle. | Avimuth mark.) A | A? 

1880. ° ? Ud ° / " a ? " 

Oct. 4.1 181 43 17.98/—1.34)+5.20)—349 42 2&.75)192 O1 18.09) 0.43) 0.185 
Oct. 4.1 181 40 22.27) .95)4+5.20) 10 20 48.75 15.27) 2.39) 5.712 
Oct. 6. 45 25.87} .387/+5.20/—349 44 16.80 14.20] 3.46/11.972 
Oct. 6. 44 92.18! .271/+5.20} 10 16 50.68 17.74] 0.08) 0.006 
Oct. 6. 43 13.64) .26)/4+5.20/—349 41 57.28 91.20] 3.54/12 .532 
Oct. 6. 41 58.26} .22/4+5.20) 10 19 16.18 19.37) 1.71] 2.924 
Oct. 6. 40 45.93 .16)+5.20/—349 39 27.75 * * * 

Oct. 6. 8 98.45) .22/45.20;) 10 22 6.75 20.18} 2.52} 6.350 
Oct. 6. 85 82.838] .21/—5.20/—349 34 8.25 18.67; 1.01] 1.020 
Oct. 6. 88 48.50] .14/—5.20| 10 27 386.75 19.21} 2.25] 5.063 | 
Oct. 6. 82 18.82; = .17/—5.20/—349 30 47.25 20.70) 3.04] 9.242 
Oct. 6. 80 11.65) .18/—5.20) 10 31 9.38 15.70, 1.96) 8.842 
Oct. 12. 42 44.31 .19/—5.20;—349 41 16.138 * * * 
Oct. 12. Al 00.59 .14,—5.20;) 10 20 19.50 14.75} 2.91] 8.468 
Oct. 12. 89 54.65) .18/4+5.20)—349 388 39.00 20.67; 3.01] 9.060 
Oct. 12. 388 27.29 17/+5.20; 10 22 45.00 17.32) 0.34) 0.116 
Oct. 12. 80 04.14, .12)4+5.20/—349 28 52.50 16.72) 0.94) 0.884 
Oct. 12. 2 $8.80} .15)4+5.20} 10 83 4.88 18.73] 1.07) 1.145 
Oct. 14. AQ 21.041 .20|/—5.20/—349 38 58.88 16.76) 0.90) 8.10 
Oct. 14. 38 18.09 .26|—9.20 10 23 02.638 15.26} 2.40] 5.760 
Oct. 14. 86 03.56} =. 25/5. 20/—-3849 84 «35.25 % * * 
Oct. 14. 99 58.06} .18/—5.20) 10 381 25.138 17.81] 0.15} 0.028 
Oct. 20. 36 43.09 .21)—5.20/—849 385 16.88 20.80} 35.14] 9.860 
Oct. 20. 29 24.62 .15;—5.20 1.50 17.77| 0.11} 0.012 
Oct. 20. 96 58.92) .10/—5.20 24.38 18.00} 0.34] 0.116 
Oct. 20. 25 19.69} .11/—5.20 58.50 15.88] 1.78] 3.168 
Oct. 20. 93 28.73) = .18}—5.20 49.88 * * ** 
Oct. 20. 91 31.29; .18/4+5.20 20.63 15.73] 1.93] 8.725 
Oct. 20. 181 19 28.14) —.12}+5.20 46 i3 14.35) 8.31]10.956 

Mean 192° 1’ 17."66 cccccccseccccccccccccccesccesccsscessceresesesscces LLZ.9G51 

= A?=112.951. 
Final Azimuth.... 192° 1'17".66+ .31—=192° 1’ 17".97+.30. Probable error of 0".3 

* Rejected by Peirce’s criterion.
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(8) Latitudes and Longitudes are determined for the principal sta- 
tions astronomically, and all others are computed from them. In 
fact the computations of the triangle sides are followed by what are 
technically termed the L. M. Z. computations, viz.: the computations 
for Latitude, Longitude and Azimuth, that of some starting point 
being known. Azimuths of lines are reckoned in Geodesy from the 
South point round by West and North through 360 degrees, and the 
forward and back Azimuths are different on account of the gradual 
convergence of the meridians towards the poles. That is to say, if two 
stations, A and B, say 20 miles apart, are respectively northeast and 
southwest, then the angle measured at the point A from the south point 
westward to the line AB will not be exactly 180° less than the angle 
measured at B westward and around to the same line BA (as it would 
be were the north and south lines at A and B, respectively, parallel 
lines). As a mere example of this form of computation I append the 
following copy of the computation of the Azimuth of the line Mt. 
Pleasant and Union. It will be seen that whereas the azimuth of 
this line as measured at Mt. Pleasant is 244° 55’ 13”.7 1, the azimuth 
of the same line at Union is not exactly 180° less than this, butis on the 
contrary 65° 07 02”.21, the distance between the two stations being 
26195.3 inetres. |
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L. M. Z. 17 A® 

EXAMPLE OF THE COMPUTATION OF THE GEODETIC AZIMUTIE OF THE LINE UNION 

(In Rock County) to Mr. Pueasantr (IN GREEN CouNTY); THE POSITION OF 

Mr. Pheasant Berne Known. 

Zi weeeseeeeeee++| Mount Pleasant to Fitchburg.........| 188 47 27.45 
Leeoescseseeess| Fitchburg and Union .............+-.{ +96 07 46.26 

Zwsec.eeeeeeee-| Mt. Pleasant to Union...............{ 244 dD 13.71 

Zi ....se004--+-| Union to Mt. Pleasant.............. 65 07 02.21 

Note.—Z denotes a forward azimuth; Z’ a back azimuth; Z an angle. 

Lee] 42 Al 30.246 | Mt. Pleasant.| M 89 29 45.737 
dli....|...... +5 58.515 | 26195.38 Met’s) dM |......} —17 93.922 | 

L’....| 42 47 98.761 | Union.......| M’ 89 12 91.815 

Norsr.— L is the given latitude; M the given longitude; L’ and M’ the required ones. : 

K......| 4.4182282 K? 8.83645].......00-[eeeeeeeeee| [2.5561 
Cos Z...| 9.6272386 Sin? Z 9.91399} (dL)? 5.1122/K? sin? Z|8.7504 
B .....| 8.5106448 C 1.86921 D 2.3917 EK (6.1617 

h......| 2.5561066)........2.---| QO. 11965).......... 7.5089]........17.4682 
Istterm.}| —359.888) 8d term. {[+0.0038 [.......ceeli ccc wee e elec eee cele eens 
2d term. +1.317) 4th term: [—0.008 |... ... ce ele cee cet le eevee eleceees 

3d& 4th t +0.Q006)....cceccccvelece cease A’ 8.5090472| Arg. |...... 

—dL...| —358.515 dM 3.018668 K 44182232) K — 2 
oeees (42) 44° 29.5" Sin 2 9.831673} Sin Z 9.9569941| dMu +19 

WdL ...J......++-.-(Cos 144d L,ar.co} 0.000000/Cos L’ ar.co} 0.1844029)........]..-.-. 

voceccccleccccccsccelscvccseccccee! 2eQO0R41|....0-000-) 3.018668]! Corr. + 7 

eseeceeeeleccvnecvneervrece —dZ —708.5 dM. —1043.922)........ oe ere 0 

Norer.— K is the distance of the two stations; A BC D E are quantities depending 
, on the figure of the earth.
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Posttron or Unton A’n Station as DETERMINED FROM THE OTHER ExTREM- 
ITY OF THE LINE FrrcHBpurG — Mt. PuEeasant, THE Position or Fircupure 
Brine Known. 

LZ vevcveccucsees Peking ot Pann oveee ee 8 49 | 55.74 
Levccecesecseee| Mt, Pleasant and Union .........e.00., —dDO 48 11.58 

Lee veveeeeeee| Fitchburg to Union .....eseeceeeceees| 318 01 44.16 

Zl ..+++.++4 «++.| Union to Fitchburg.........eeceee.e06| 188 11 06.16 

SSSR rn 

L.....| 42 58 45.769 | Fitchbure....) M 89 26 07.637 
dL..|......] —1l 17.017 | 28065.10 Met’s} dM j......| —18 45.816 | 

L’....| 42 47 28.752 | Union.......| M’ |. 89 12 21.821 

a 

K......] 4.4481665 K? 8.89633]..... ccc cleceececees h = ‘|2.8801 
Cos Z...| 9.8712708 Sin? Z 9.65053} (dL)? 0.6601/K? sin? Z/8.5469 
B......| 8.5106237 C 1.37344 D 2.3921 K {6.1680 

h...eee+| 2.8800610).......0e000. 9.92031). 0.6.0.0. 8.0522)....... 17.5450 

Istterm.}| +676.178) Sdterm, [+0.011 |....... cc feececcceeclecccecec|seeces 
2d term. 0.832} 4thterm. [40.004 |[.... cc ccc lece cece ec efe cc ccccclececee 

$677.01). eee ecce elec ee ec cfeseesesccalecseceseceleeeceescleseens 
$d &4tht} + O07 A’ ”|'8.5090479) Arg. [22220 
—dL...] +677.017 dM | 2-916833 K 4.4481665 K —14 
A.......142° 58’ 07.3 Sin A 9.832880! Sin Z 9.8252671) dMu +11 

Yed L...|.......+4../Cos 14d Lar.co| 0.000001/Cos L’ ar.co| 0.1844029]........] — 3 

rte ee ee eleceececccealeceeeeeessee| Oe (ADTB4..........1 2.9168834] Corr, |...... 

Ctesesesfeeeseseeeeed  —-dZ  1—562.°00) GM  |—825."816]........]...... 

The two results for Latitude and Longitude of Union will be seen 
to be almost exactly the same, as estimated from two points which 
are 82335.6 metres apart.
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(9) During those times of the day when the atmosphere is most steady, 

measurements are made for differences of heights of the trigonomet- 
rical stations. ‘These are determined by zenith distances, measured 

_ with a 10-inch Vertical Cercle (separate from the Horizontal Theodo- 
lite), and carefully corrected for level, height of poles and telescope 

above the ground, and computed generally by the formula: 

n—h’'— Sk Sin (4 —4) 
~ Costs(Z'—Z+C) 

where 
C=angle subtended at center of the earth by the distance K between the stations. 

R=radius of curvature of the arc joining the stations. 
| h, h’=heights of stations above sea level. 

Z Z'=measured and corrected zenith distances respectively. 

c= _ 
~~ R S8in 1’ 

The following example of the computation of the difference of 

height between Blue Mound and Platte Mound may not be uninter- 
esting: 

Log. K=4.73115. 
Z'==90° 17’ 51.5” zenith distance observed at Blue Mound on Platte Mound. 
Z =90° 06’ 57.6” zenith distance observed at Platte Mound on Blue Mound. 

Middle latitude, 42° 54’. 

Angle, 56° 57’. 
, " 

Log. K. 4.75115 Z' —Z, 10 53.9 Log. K. 4.73115 
Table 8.509058 16(Z'—Z) 9 26.95 | Sin. 7.20005 

——— 1o(Zi—Z+C)19 57.25 | Ar. Co. Cos. 0.00001 
Log. C 3.24073 _—____ 
C=  1740."6 1.93121 

= 29’ 00.6 = 85.39 

Blue Mound triangulation ground above Platte Mound, 85.35 metres !=280.0248 

feet. 

Some of the most valuable results of the survey thus far have been 

these determinations of the relative heights of such prominent points 
as Blue Mound, Platte Mound, Quarry Bluff, Highland, etc.; and 
by reference to the base line on the Wisconsin river (the height of 

which above the level of the sea has been estimated at 725 feet), the 
height of these points above the level of the sea also is determined. 

For Blue Mound we have: | 
Feet. 

East Base above sea level ........cecccccseccscccccccsscesees 723.979 
Quarry Bluff above East Base.........ecssccccccsecccccesses SF9.02 

Quarry Bluff above level of the sea.......ccerccsscccrcce cee 1095.99 

Blue Mound above Quarry Bluff .......ccseccseccescaccceves, 629.21 

Blue Mound above level of the sea ....se.ecesecescccceeeseee 1725.20 

1(To convert metres into feet, multiply by 3.2809.)
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Platte Mound is found to be 280.02 feet dower than Blue Mound, 

making its height above the sea level 1445.18 feet. 
The height of Quarry Bluff is the average height of all the Wis- 

consin river bluffs above Prairie du Chien, as far as the great Devil’s 

Lake Range, and East Base is but a few feet above the level of the 

Wisconsin river at the old Helena Ferry, near Spring Green. 

The accompanying maps will show the work already done (up to 

date of maps), and the full scheme of reconnoissance as laid out in 
1874. It is greatly to be hoped that nothing will interfere with the 
measurement of a second base-line and the comoletion of the work 

as originally marked out. | 

| Yours respectfully, 
Joun E. Daviss, 

Prof. of Physics in the University of Wisconsin, 
| and Chief of Geodetic Survey in Wisconsin.
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ACCOUNT OF THE MEASUREMENT AND RESULTING 

LENGTH OF THE SECONDARY BASE-LINE NEAR 

SPRING GREEN, SAUK COUNTY, WISCONSIN, IN 1878. - 

[A report made by the Chief of the Computing Division of the United States Coast and Geodetic 

: Survey to the Assistant in Charge of the U. S. C. and G. Survey Office.] 

Comeutine Division C. & G. 8., March 7, 1879. 
“The base-line measured near Spring Green, Sauk county, Wiscon- 

sin, in 1878, had for its immediate object to supply the needed length 

to the sides of that part of the triangulation of Wisconsin which | 
_ follows the course of the Wisconsin river. 

“A preliminary measure was made under the direction of R. D. 

Cutts, assistant C. & G. S., in the summer of 1875, and after the line 

had been fully graded, this was repeated under the direction of Dr. 

J. EH. Davies, acting assistant C. & G. S, on July 7 and 8, 1875. 
Both measures were made with a 60 metre steel wire, kept under a 

constant strain of 80 pounds. The final measure with the subsidiary 
base apparatus was made in June, 1878, by Dr. Davies, of the Uni- 
versity of Wisconsin, and party. : 

“The site of the base is a level, sandy prairie, bordering the Wis- 

consin river and upon its northern shore; it is intersected at two 
points by wooded sand-dunes and hollows, and passes for about one- 

eighth of a mile over cultivated fields. Some sand ridges had to be . | 
graded, which, varying in height from 6 to 15 feet, crossed the line 

almost at right angles; by means of scrapers, the inclination of the 

| line was reduced to about 2°.0 with some exceptions, the maximum 

being 3° 36’. The Milwaukee and Prairie du Chien railroad passes 

- within a few metres of the west end of the base. The ends of the 

line are marked by substantial monuments, set up in 1875. The azi- 

muth of the base at east end is about 115$°, and its length about 
4.68 klm., or about 2.91 st. miles; it was measured with the 4 metre 
contact-slide rods, Nos. 9 and 10. These rods were compared with a 

1The secondary base apparatus is described and figured in Coast Survey Reports for 

1856 and 1857, appendix No. 45, reprinted with amendment in 1876.



750 | APPENDIX. 

standard rod at Washington, D. C., before and after the base measnre. 

The line was subdivided into nine sections, the ends of which were 

marked by a copper tack driven into the top of a pine stub. A sec- 

tion was generally measured in the forenoon, and remeasured in the 

opposite direction in the afternoon. The whole line was gone over a 

| third time and sections one and two were measured four times, thus 

affording ample means of ascertaining the probable error of meas- 

urement. The work was begun at east base June 4, 1878, under the 

direction of Assistant Cutts; after this Dr. Davies took charge of the 

work and completed it June 24th. 

“During this time the highest temperature of rods recorded was 

104° Faht. Special attention was paid by Dr. Davies to secure the 

greatest stability to the trestles, upon which the accuracy of the oper- 

ation mainly depends. The whole number of working days was 15. 

| “A Jine of levels was carried from east base to west base (also to 

station Quarry Bluff), and connected at the railroad bridge over the 

Wisconsin river, with the line of railroad levels from Spring Green 

to Lake Michigan. 

“D. J. Whittemore, Chief Engineer C., M. and St. P. R’y, informs 

Dr. Davies that the height of the grade (rails) at west end of bridge 

is 138.5 ft.+1 ft. above the level of Lake Michigan, as it was in 

1837, which is the datum level for Milwaukee. We have conse- 

quently: 

“Top of monument at east base above Lake Michigan (1837)= 

| 134.82 ft. 
“Top of monument at west base above Lake Michigan (1873)= 

136.09 ft., and at Quarry Bluff triangulation station =505.49 ft. Ac- 

cording to J. T. Gardner’ the mean elevation of the lake may be 

taken=589.15 ft., hence the average elevation of the base-line above 

the ocean, with the consideration that the rods were a little higher 

above the surface of the ground than the tops of the monuments, | 

may be closely estimated at 725 feet, or 221 metres.” 

“Determination of length of 4 metre contact-slide rods Nos. 9 | 

and 10. 

«These rods were agate capped. Pending the determination of cer- 

tain coefficients of expansion referred to in my report of January 

10, 1879, I shall for the present assume such values and probable 

errors as appear to,me most suitable.’ | 

nnn SU 

1The elevations of certain datum points on the Great Lakes, rivers, etc., U. S. Geo- 

logical Survey of the Territories, F. V. Hayden, Washington, 1875. | 

2'This happens to be the same height as the Lebanon base in Tennessee.
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| “Comparisons with standard iron rod Nc. 1, May 13, 1878, by J. 
| Clark: Taking the length of the standard at 0°C=3.9998068 +100, 

resulting from comparisons made by H. W. Blair, February 27-28, 
1877, and assuming the coefficient of expansion of the iron standard 
for Fahrenheit scale=0.00000641+10, and that of the steel rods 

Nos. 9 and 10=0.0000061+1, we find after applying index correc- 
tions to the thermometers: Rod No. 9=4 metres at 33.1° Fahren- 
heit; rod No. 10=4 metres at 31.6° Fahrenheit, with the probable 
error of +1.0° Fahrenheit. 

“Similarly we find from the comparisons of July 9 and 11, 1878, by 

J. Clark: Rod No. 9=4 metres at 31.7° Fahrenheit; rod No. 10=4 
metres at 31.4° Fahrenheit+1.2°. The average values were used for 
the reduction of the base, viz: Rod No. 9=4 metres at 82.4° 
Fahrenheit+0.8° Fahrenheit; rod No. 10=4 metres at 31.5° Fahren- 
heit+0.8° Fahrenheit. | 

“The following table contains the resulting lengths for each section 
of the line and of each measure of a section, together with the re- 
sulting length of the base. It was taken from the office computation 
by Mr. M. H. Doolittle, who had collated his results with those 
given by the observer, Prof. Davies.
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ResuLtine LENGTH OF THE SPRING GREEN BasE-LINE AND OF ITS SUBDIVISIONS. 

s ft | XH be ' S 

s |S] 2 | “2 | 8 BLE 
“oO 3 S Chel 

Sections. z 25 8% Se x ° 3 
et ons 5 6.5 3 Se D a 
° a © & 2"S 2 ep & BS 
S > ee 5.5 oo gs 9 
A sc | 8 o a 4 A 

0 mm. nim, mm. mm. mm. 

T..ceeeees 1to 100 | 71.90 |+ 95.117 |+ 44.872 0} 400.05025 | 3.68 
1to 100 | 63.36}; 74.298 32.006 4.00 | .04574 | 0.83 

100 to 1] 82.15) 120.124 38.726 |—36.00 .04539 | 1.18 
100to 1] 77.02] 107.608 | 41.820 |—21.40 04489 | 1.68 

Mean.....} 73.61 400.04657 

Il..e.ee-] 101 to 220 | 71.77 |4113.775 |— 98.144 0; 480.07565 | 1.22 
101 to 220 | 83.49 | 148.070 46.444 |—22.30 07933 | 4.92 
220 to 101 | 96.80] 187.031 43.752 |—75.60 .06768 | 6.73 
220 to 101 | 72.41 | 115.633 04.716 | 4-14.10 07502 | 0.61 

81.12 480.07441 

: IIL .......{ 221 to 322 | 66.91 |+ 84.619 ;— 29.988 0} 408.05463 | 2.49 
221 to 3822 | 84.46 | 128.275 37.812 |—31.70 -0o876 | 1.64 
022 to 221 | 79.11) 114.976 28.012 |—29.00 05796 | 0.84 

76.83 408 .05712 

IV ....-..| 323 to 460 | 90.12 |+192.574 |— 69.628 0 | 552.12295 | 3.39 | 
323 to 460 | 77.86} 151.343 42.496 |+10.20 -11905 | 0.51 
460 to 823 | 83.40} 169.964 64.376 |+11.10 11669 | 2.87 . 

83.79 002.11956 : 

Viuweoeee-| 461 to 591 | 76.96 |4+140.754 |— 78.736 0} 524.06702 | 1.45 
461 to 591 | 68.46 | 113.608 64.476 |+17.50 .06663 | 1.06 
591 to 461 | 90.41 | 183.741 59.576 |—61.10 06306 | 2.51 

78.61 | . 52406557 

VI.......| 592 to 740 | 80.97 {4.174.638 |—107.652 0} 596.06699 | 5.47 | 
592 to 740 | 72.73; 144.712 96.976 |+ 9.50 05724 | 4.28 
740 to 592 | 90.42 | 208.961 | 113.0382 |—35.60 06033 | 1.19 

81.37 596. 06152 

VIL...---| °741 to 900 | 83.21 |+196.264 |—119.468 0} 640.07680 | 0.91 
741 to 900 | 95.65 | 244.818 | 108.492 |—62.75 97858 | 2.69 
900 to 741 | 92.51 | 232.561 | 107.412 |—52.85 07230 | 3.59 

90.46 | 640 .07589 

1Mean correction, —0.°95 F. Line, Sections I to IX...............- 4,676.64818
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| Resutting LENGTH OF THE Spring GREEN BasE-LINE AND OF ITS SUB- 

DIVISIONS — continued. 

’ a fet t ' 

A Se og ° 3 E 
ro oD a3 ais oc 6 Q 

Sections. B o 5 28 38 os Sg 
an Ong 3 2 0:5 oy Soo De 
o . Sm 2 & DS QR NS i) 

Zi <q o O = pl a 

Oo mm. mm. mm. m. mm. 
| VIII.....| 901 to 1060 | 76.74 |+171.038 |—105.632 0] 640.06541 | 5.09 

901 to 1060 | 89.87 | 222.259 ! 109.604 |—52.26 .06039 | 0.07 
1060 to 901 | 85.04 | 203.407 | 116.612 |—31.65 .05515 | 0.17 

83.98 640 .06032 

IX.......| 1061 to 1169 | 75.22 |4+112.526 |— 27.882 0 | 486.08519 | 2.03 
1061 to 1169 | 90 23 | 152.425 35.524 |—23.75 .09315 | 5.93 
1169 to 1061 | 91.84 | 155.879 33.668 |—38.40 .08331 | 3.91 

| 85.60 | | . ; 43608722 

m. 
West Base in excess of end of bar 1169 ......... ccs cccccccsecccsveccee§ +2.1863 
Reduction to sea-level. ....ccccccccceccccccccccccrsse covsesereccsees —(0. 1620 

Resulting length of Spring Green base, in metres............6222+- 4678.6725 

The separate results by each measure are as follows: 

First MEASURE SECOND MEASURE Toirp MEASURE 
FORWARD. BacKWARD. FORWARD. 

Sections. Average Average Average 
tempera- | Length. tempera- | Length. tempera- | Length. 

ture. ture. ture. 

| oO m. Oo m. oO | m. 

| eee 71.90 400.0502 79.58 400.0451 63.386 400.0457 
Thi........ 71 77 480 .0756 84.60 480.0793 83.49 480 .0713 
IIlL........ 66.91 408.0546 79.11 408 .0588 84.46 403 .U580 
IV ........ 99.12 552.1230 83.40 552.1190 77.86 552.1167 
Vic ew ceeee 76.96 524.0670 90.41 524.0666 68.46 524.0631 
VI ww .e eee SO .97 596.0670 90.42 596.0572 72.73 596.0608 
VII........ 83.21 640.0768 92.51 640.0723 95.65 640.0786 
VIIL....... 76.74 640.0654. 85.04 640.0551 89.87 640.0604 
TX ........ 75.22 436.0852 91.34 456.0833 _ | 90.23 436.0931 

° F, m.. m A. 
First measure, forward ..... Average temperature, 77.1; length, 4676.665 0.017 
Second measure, backward.. Average temperature, 86.3; length, ~737 0.011 . 
Third measure, forward..... Average temperature, 80.7; length, .647 0.001 

. All measures .....ceseescecccceecccscecssees 81:8 4676 .648 
Index correction .....ccescces a covecccceese 1. metres. 

1Tn the first and second section the mean of the first and fourth measurements has 

been introduced, hence certain small discrepancies between Ist and 2d table. 
| Vou. 1V — 48
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“The average temperatures during the measures was 80°.8, and an 

examination of the results show them not todepend upon the temper- _ 

ature, whether high or low, from which we may conclude that the 

temperature corrections are well founded. There is no decided differ- 

ence in the results deduced from the forward and backward measures; 

this might have been expected from the nearly equal height of the 
base termini. 

DETERMINATION OF THE ACCURACY OF THE MEASURED LENGTH. | 

“The probable error of the base measure depends first upon the prob- 
able error of the rods, and second upon the probable error of measure. 

: To estimate the first part, we have at the temperature of comparison of 

rods with standard May 13, 1878, the probable error for each +19.2 mi- 

crons, and at the temperature of comparisons July 9 and 11, 1878, the 

probable error for each +21.6 microns; at the mean temperature of | 

comparison 75°.4 F. the length of a rod was subject to +145 mi- 
crons, and consequently at the mean temperature of measure, 80°.8 

F., it was subject to 414.5 + 9.29=+ 14.7. Hence probable error of 

base from this source +14.7 times 1169 = £17™™.184. The errors 

introduced by the measurement proper are found from the discrep- 

ancies given in the last column of the first table. We have probable 

error of a section y/ Do = a where n = number of measures, hence 
n({n—1) 

probable error of line y/ ele 4") = + 4™™456 and by combina- 
[n(n—1) | 

tion, probable error of the base-line + 17.184 + 4. 456 = + 17™.75, or 

a little over $ of an ineh. In parts of the length of the base it equals 
+ z53807, which fraction compares favorably with the degree of accu- 

racy needed for principal triangulation. It appears plainly that the 

error arising from uncertainty in length of the measuring rods is the : 
principal one, that due to the measurement proper being very small, 

in the present case, only 4.456 /3= £7™™.72, or sovsoo of the length 

for a single measure. 

“This last fraction shows the capacity of the subsidiary apparatus 
for accuracy in a conspicuous way. 

“We therefore have for the resulting length of the Spring Green 
| Base of Wisconsin the value 4678™.6725 + 0.0178 and its logarithm | 

3.6701226 + .0000017.” 
Respectfully submitted, | 

[Signed] Cuas. A. Scnorr. |
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Actinoceras Beloitense, 226. Cheetetes lycoperdon, 206. 

Aglaspis Barrandi, 193. Cheetetes Ortoni, 251. 

Aglaspis Eatoni, 192. Cheetetes quadrangularis, 249. 

Agraulos (Bathyurus?) Woosteri, 189. Cheetetes quadrata, 249. 

Alveolites irregularis, 201. Cheetetes subpulchellus, 250. 

Ambonychia attenuata, 206 Cheetetes tuberculatus, 250. 

: .  Ambonychia lamellosa, 200. - Chonetes coronata, 327. 
Ambonychia neglecta, 292. Chonetes deflecta, expl. Pl. 25 

Amphicelia Leidyi, 292. Clisospira curiosa, 222. 

Amphiceelia neglecta, 292. Clisospira occidentalis, 222. 

Amplexus annulatus, 214. Clisospira infundibula, 222. 

Amplexus fenestratus, 278. Conocephalites calymenoides, 179. 

Arenicolites Woodi, 177. Conocephalites diadematus, 182. 

Arionellus convexus, 190. Conocephalites (Ptychaspis?) explanatus, 

Arionellus (Agi'aulos) convexus, 190. 181. 
Asaphus Suse, 236. Conocephalites? quadratus, 180. 

Asaphus triangularis, 237. Constellaria (Stellovora) antheloidea, 257. 

Astrea mamillaris, 276. Constellaria polystomella, 207. 

Astrocerium venustum, 270. Coscinopora sulcaia, 239. 

Athyris (Pentamerus ) trisinuatus, 291. Crepicephalus? Gibbsi, 184. 

Atrypa capax, 263. Crepicephalus onustus, 182. 

Atrypa hystrix, 333. Ctenodonta Logani, 207. 

Atrypa increbescens, 263. | Ctanodonta nasuta, 207. 

| Atrypa nucleolata, 321. Cyathaxonia Wisconsensis, 277. 

Atrypa reticularis, 333. _{ Cyclonema bilix, 212. 

Atrypa spinosa, 333. Cyclonema percarinatum, 211. 

Bathyurus capax, 202, 203. Cypricardites concentricus, 339. 

Bathyurus Woosteti, 189. Cypricardites megambonus, 209, 210. 

Bellerophon antiquatus, 176. Cypricardites niota, 208. 

| Bellerophon Wisconsensis, 223. | Cypricardites oblongus, 335. 

Bronteus acamas, 311. Cypricardites rotundatus, 208, 209. 

Bronteus Laphami, 310. | Cypricardites ventricosus, 209. 

Bronteus ocassus, 311. Cytherea alta, 323. 

Bucania bidorsata, 228. Cyrtina? aspera, 331. 

Bucania (Tremanotus?) Buelli 224. - | Cyrtina Hamiltonensis, expl. Pl. 25 

Bucania expansa, 224. Cyrtoceras brevicorne, 300. 

Bucania profunda, 224. Cyrtoceras camurum, 231. 

Bucania suleatina, 225. Cyrtoceras infundibulum, 300. 

Buff limestone, see Trenton. Cyrtoceras planodorsatum, 231. | 

CALLOPORA, 209. Cyrtoceras rectum, 319. | 

CAMEROCERAS, 228. Crystostyius, 278. 

Cameroceras subannulatum, 2380. Cystostylus infundibulus, 274. 

Caryocrinus globosus, 280. Cystostylus typus, 274. 

Caryocrinus granulatus, 280. Delthyris audacula, 329. 

Caryocrinus hexagonus, 280. DIKELLOCEPHALUS, 200. 

Caryocrinus insculptus, 280. Dikellocephalus Barabuensis, 201. 

Caryocrinus loricatus, 230. Dikellocephalus Eatoni, 202. 

Caryocrinus mecanoides, 280. Dikellocephalus granulosus, 189. 

Caryocrinus ornatus, 289. Dikellocephalus Lodensis, 188. 

Catenopora escharotdes, 241. Dikellocephalus Minnesotensis, 187, 203. . 

Cerionites dactyloides, 267. Dikellocephalus Pepinensis, 182, 188. 

Cheetetes fusiformis, 248, DIPLOCERAS, 228. .
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Discina humilis, 325. Tileenus armatus, 305. 
Discina Lodensis, 325. Illenus Barriensis, 304. 
Discina marginalis, 325. Illeenus cuniculus, 308. 
Discoceras conoides, 299. Tileenus imperator, 306. 
Edmondia ventricosa, 209. Illzenus insignis, 305. 
Kilipsocephalus eurtus, 191. Illeenus Ioxus, 304. 
Ellipsocephalus Hoffi, 191. Illeenus Madisonianus, 307. 
ENDOCERAS, 228. Illeenus orbcaudatus, 309. 
Endoceras annulatum, 230. Illznus ovitus, 238. 
Endoceras (Cameroceras) subannulatum, | Lleenus pteroacephalus, 309. 

230. Isoarca Logani, 207. 
Eucalyptocrinus asmosus, 284. Lampterocrinus inflatus, 284. 
Eucalyptocrinus cornutus, 280. Leda Barrisi, 336. 
Eucalyptocrinus crassus, 286. Leda nuculiformis, 336. 
Eucalyptocrinus excavatus, var. of cor- | Leiorhynchus Kellogi?, 334. 

nutus, 286. | Leperditia alta, 328. 
Eucalyptocrinus rosaceus, 286. Lepteena Barabuensis, 171, 195. 
Eunema? pagoda, 218. Lepteena melita, 172. 
Evomphalus macrolineatus, 794. Lepteena planoconvexum, 261. 
Euomphalus (Straparollus) Minnesotensis, | Leptodomus neglectus, 292. 

216. Leptodomus undulatus, 293. 
Euomphalus (Straparollus) mopsus, 297. Lingula antiqua, 169. 

. Eumophalus Strongi, 200. Lingula Iowensis, 242. 
Favosites occidens, 313. Lingula paleeaformis, 324. 
Fenestella granulosa, 252. Lingula pinnaformis, 169. 
Fenestella nervata, 253, Iingula quadrata, 242. 
Fistulipora lens, 256. Lingula spatiosa, 324, 
Fistulipora rugosa, 255. Lingulella Iowensis, 242. 
Fistulipora solidissima, 259. Lingulepis pinnaformis, 169. 
Fossils of the Galena limestone, 239. Lituites multicostatus, 303. 
Fossils of the Guelph limestone, 313. Lower Helderberg group, Fossils of, 320. 
Fossils of the Hamilton group, 324. Lower Magnesian limestone, Fossils of, 
Fossils of the Hudson River group, 248. | 194. 
Fossils of the Lower Helderberg group, | Loxonema magna, 317. 

320. Inunulites dactyloides, 267. 
Fossils of the Lower Magnesian limestone, | Maclurea acuminata, 246. 

194. : Maclurea Big'sbyi, 222. 
Fossils of the Niagara group, 267. Maclurea cuneata, 246. 
Fossils of the Trenton group, 200. Maclurea Logani, 223. 
Fossils of the Potsdam sandstone, 169. Maclurea magna, 223. 
Fusispira elongata, 245. Maclurea rotundata, 247. 

_ Fusispira ventricosa, 240. Maclurea subrotunda, 246. 
Galena limestone, Fossils of, 239. Megambonia ariculoidea, 322. 
Glyptaster brachiatus, 285. Magnesian Limestone, Lower; Fossils of, 
Glyptaster occidentalis, 281. 194. 
Glyptocrinus armosus, 284. Merista nucleolata, 321. 
Glyptocrinus nobilis, 283. Meristella nucleolata, 321. 
Glyptocrinus siphonatus, 284. Metoptoma Barabuensis, 195. 
Gomphoceras breviposticum, 939. Metoptoma nycteis, 196. 
Gomphoceras ? fusiforme, 338. Metoptoma perovalis, 211, 
Guelph limestone, Fossils of, 318. Metoptoma recurva, 196. 
Gyroceras duplicostatum, 235. Metoptoma retrorsa, 197. 
Halysites catenulatus, 241, 271. Metoptoma similis, 196. 

| Halysites catenulatus, var. labyrinthicus, | Modiola concentrica, 335. 
272, | Modiomorpha concentrica, 335. 

Halysites catenulatus, var. microporus, | Monticulipora multituberculata, 250. 
272. Monticulipora? Ortoni, 251. 

Hamilton group, Fossils of, 324. 7 Monticulipora punctata, 249. 
Hemipronites Americanus, 243, Monticulipora rectangularis, 249. 
Holopea magniventra, 316. Murchisonia bellicincta, 244. . 
Holopea Sweeti, 174. Murchisonia Chamberlini, 317, 
Ho.Lope.ua, 217. ‘ Murchisonia gracilis?, 217. 
Hudson river group, Fossils of, 248. Murchisonia helicteres, 220. 
Hyolithes Baconi, 225. Murchisonia major, 244. 
Hyolithes primordialis, 175. Murchisonia (Hunema ?) pagoda, 218. 
Illzenurus convexus, 203. Murchisonia percarinata, 211. 
Illenurus quadratus, 204. Murchisonia tricarinata, 219.
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Murchisonia ventricosa, 218. Phragmoceras Hoyi, var compressum, 301. 

Niagara Group, Fossils of, 267. Phragmoceras labiatum, 302. 

Nucula Houghtont, 337. Phragmoceras Nestor, 301. 

Nuculu Iowensis, 387. Pleurotomaria? advena, 175. 

Nuculites constricta, 335. Pleurotomaria ambigua, 218. 

Nuculites emarginata, 337. Pleurotomaria Laphami, 296. 

| Omphvma sp. ? 279. Pleurotomaria lenticularis, 214. 

Omphyma verrucosa, 279. Pleurotomaria Nasoni, 219. 

Oneoceras abruptum, 233, 234. Pleurotomaria Racinensis, 296. 

Oncoceras brevicurvatum, 234. Pleurotomaria subconica, 216. . 

Oncoceras constrictum, 233. | Potsdam sandstone, Fossils of, 169. 

Oncoceras mumiaforme, 232. Pterinea aviculoidea, 322. 

Oncoceras pandion, 233. Pterinea concentrica, 389. 

Ophileta complanata, 173. Pterinea neglecta, 292. 

Ophileta. (Raphistoraa) primordialis, 173, | Ptilodictya fragilis, 253. 

Orthis anomala, 243. Ptychaspis granulosa, 185, 186. 

Orthis Barabuensis, 171. Ptychaspis minuta, 186. 

Orthis callactis, 259. Ptychaspis striata, 185, 186. . 

Orthis elegantula, 520. Pugiunculus primordialis 175. 

Orthis emacerata, 259. Raphistoma lenticularis, 214. 

Orthis flabellum, 209. , Raphistoma Nasoni, 219. 

Orthis hemipronites, 243. Raphistoma Niagarensis, 295. 

Orthis hybrida, 321. Raphistoma (Ophileta) primordialis, 173. 

Orthis impressa, 326. Receptaculites hemisphericus, 269. 

Orthis Iowensis, 326. Receptaculites Owen1, 239. 

Orthis jugosa, 259. | Rbynchonella Anticostensis, 266. 

Orthis Macfarlaui, 326. Rhynchonella capax, 263. 

Orthis multisecta, 259. Rhynchonella dentata, 266. 

Orthis oblata, 320. Rhynchonella increbescens, 263. 

Orthis occidentalis, 260.- Rhynchonella Janea, 266. 

Orthis pectinella, 259. Rhynchonella Neenah, 269. 

Orthis Pepina, 170. Rhynchonella perlamellosa, 269. 

Orthis sinuata, 260. Scevogyra, 198. 

Orthis subcarinata, 320. Scevogyra elevata, 199. 

Orthis sudjugata, 260. Sceevogyra obliqua, 199. 

Orthis testudinaria, 258. Sceevogyra Swezeyi, 198. 

Orthis Tulliensis, 326. Scolithus linearis, 177. 

Orthisina Verneuili, 248. Spheerexochus mirus, 311. 

O:thoceras annelum, 226. Spherexochus Romingeri, 311. 

Orthoceras annulatum, 298. Spirifera angusta, 329. 

Orthoceras (Actinoceras?) Beloitense, 226. Spiritera (Cyrtina) aspera, 381. : 

Orthoceras Carltonense, 318. Spirifera audacula, 329. 
Orthoceras columnare, 318. Spirifera Clio, 332. 
Orthoceras fusiforme, 226. | Spirifera euritines, var. fornacula, 330. 
Orthoceras Laphami, 298. Spirifera medialis, 329. 
Orthoceras nodocostatum, 298. Spirifera mucronata, 328. 

Orthoceras planoconvexum, 228. Spirifera pennata, 330. 

Orthoceras undulatum, 298. Spirifera plicatella, 287. 

Orthoceras Wauwatosense, 297. Spirifera radiata, 287. 

Paleacmea Irvingi, 173. Sperifera? ziczac, 332. 

Paleacmeea typica, 173. Spiriterina ? ziczac, 332. 

Palxoneilo Barrisi, 336. Stellopora antheloidea, 257. 

Paleoneilo constricta, 335. Straparollus (Ophileta) primordialis, 173. 

Paleoneilo emarginata, 337. Straparollus (Huomphalus) Minnesotensis, 

Paleoneilo filosa, 338. 216, 

Palzeoneilo nuculiforme, 336. Streptorhynchus cardinale, 261. 

Palearca ventricosa, 209. Streptorhynchus planoconvexum, 261. 

Paleeophycus plumosus, 169. Stictopora fragilis, 258. 

Pasceolus? dactyloides, 267. Strickiandinia multilirata, 315. 

Pentamerus bisinuatus, 288, 290. Strombodes mamillatus, 276. 

Pentamerus fornicatus, 292. Strombodes pentagonus, 275. 

Pentamerus oblongus, 288. Strombodes striatus, 275. 

Pentamerus occidentalis, 314. Strophodonta demissa, 827. 

Pentamerus trisinuatus, 291. Strophodonta inequistriata, expl. Pl. 25. — 

Pentamerus ventricosus, 291. Strophomena coronata, 327, 

Phacops rana, 339. Strophomena demissa, 327. 

Phragmoceras Hoyi, 300. | Strophomena Kingi, 261.
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. Strophomena planumbona, 263. Trematopora tuberculata, 290, 251. Strophomena profunda, 262. — Trenton limestone, Fossils of, 205, Strophomena unicostata, 262. Treplesia primordialis, 172. Strophomena Wisconsensis, 263. Trochonema ambiguum, 213. Syringopora verticillata, 272. Trochonema Beachi, 213. Syringopora infundibula, 274. Trochonema Beloitensé, 212. Tellinomya nasuta, 207. Trochonema umbilicatum, 213. Lhalliops (Menus) ovatus, 238, Trochus lenticularis, 214, Theca primordialis, 175, Tubipora catenulata, 241. Tremanotus? Buelli, 224. Tubulites, 177. . Trematopora annulifera, 254, Visicularia varilosa, 276. Trematopora granulata, 253. Zaphrentis Racinensis, 277.
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A. Arcadia, 30, 122. 
section at, 122. 

Academy of Sciences, Wis., 576. Archean Formations, 106, 107, 109, 419, 

Adams Valley, 23. 520, 530. 

Adirondack Highlands, 535. folds, 424. 

Adits, how to drain them, 566. rocks of Upper Flambeau Valley, 587; 

Adjustment of figures, 731. 607. 
angle, 731. undulations of, 420. 

Adney lot, 448. of central Wisconsin, 623, 714. 

Adrian, 15. Arches, 428, 424, 425. 

Agaric mineral, 391. of Lead region, 423, 436. 

Agnostis paralis, 117. Areas of lead and associated mineral, 398. 

Agraulos Woosteri, 122. mineral in lead region, 398. 

Akan, 14. Argillaceous quartz schist, 668, 681, 682, 

mine, 79. 
683, 701. 

. Mr. R., 75. Argyle, 402, 428. | 

Alabandite, 391. mines, 402, 440. 

Alluvium Epoch, 94, 96. Arkansas, lead region of, 378, 399. 

section of, 96. Artesian wells, 44, 45, 57, 63, 524, 560. 

Alma, 82. 
of Sparta, 57. 

‘Altitudes, see Elevations. of Oil City, 59, 520. 

Alston Moor, 508. of Norwalk, 60. 

lead deposits, 369. of Tomah, 60, 520. 

Altered Diabase, Tabulated descriptions, of La Crosse, 60, 520. 
658. of Prairie du Chien, 61. 

Gabbro, 710. of Galesville, 62. 

Alum, 394. Ashford, 289, 296, 299, 302. 

American Association for the Advance- Association of ores in Lead region, 377, | 

ment of Science, proceedings of, _ 378. 
540), Atkinson Range, 440, 446, 447, 459, 463. 

Ammonium sulphide, 537, 546. Augite, 606. 

: Analyses of copper ores, 56, 70, 72. Augite schist, 669, 684, 694, 696, 705. 

hornblende schists, 629. Augitic biotite-schist, 652, 708. 

iron schists, 49, 56. Augitic gneiss, 696, 702. | 

lead, 74, 76, 77. Augitic biotite-gneiss, 653, 704, 705. 

of Lower Magnesian limestone, 66. Augitic biotite granite, 664, 675. 

mineral waters, 57, 60, 62. Augitic granite, 674, 

Anatimus, 113. hornblende-gneiss, 695. 

Anders, J. M., 142. biotite muscovite-granite, 704. 

Andrews, E. B., 73. hornblendic biotite-gneiss, 706. 

Andros, Dr., 511. mica-schist, 708. 

Angelo, 17. 
Avalanche, 17. 

Anglesite, 395; see lead ores. Axes of elevation in Lead region, 424, 

Animikie, 669. 438. 

Anticlinal, central, 424, 425. _ disturbance, 424, 426, 438. 

‘Anticlinale of Lead region, 419, 438-444, | Azimuth, 739. 
Antimony, 377, 378. Azurite, see Copper ores. 

Apatite, 606. 
B 

Appalachian Highlands, 535. ° : 

Appendix, 569. Babel diggings, 402. 
Apple river, 131, 141, 237. Bad Axe valley, 25. 27. 

Diggings, 402. Bailey’s Harbor, 276.
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Bald Bluff, 429. Blue and Buff limestone, 412 
Baldwin, elevation of, 188. its fossils, 165, 414. | 
Bangor, 23. its undulations, 421. 
Barre, south half of, 26. Blue Malachite, 397. . : 
Barrens, 721. Blue Mounds, 411, 782, 738, 735, 747, 748. 
Barron county quartzites, 573, 81. Boaz, 11. 

exposures located, 577. Bode, Dr. G., 49, 60, 62. 
pipestone, 578. Bowman’s, 12. , 

Baraboo, 178. section of formation at, 45. 
quartzites, 378, 379, 575. Bowlders, 718. . 
hills, 575. Bowlders. ridges of, 612. 

Barite, 893; see Minerals of lead region. | Bowlders at Island Lake, 598. 
Barium salts of lead region, see Barite. on the Dore Flambeau, 699. 
Barometrical Observations, 5. Bowlder Lake, 612. 
Base Line, 728, 749. Brachiopods, 90, 119, 128, 169, 172, 195, 

measurement of, 749 242, 243, 256, 258, 287, 292, 314, 
Base of Verification, 728. 316, 320, 324, 334. 
Battle Creek, 337, Breccia ore deposit, 454, 459. 
Batavia, 21. Brick, 718. 
Bear Creek, 10. Bristol, 235. 

valley of, 33. British Hollow Diggings, 401, 404, 433, 
Beaver creck, valley of, 30. 443, 447, 
Beach, Horace, 61. Brotherton, Mr., 573, 580. 
Beef river, valley of, 32, 33. Brown Rock, 412. 
Beetown district of minerals, 401, 404, spar, 392; see Dolomite. 

405, 406, 433, 445, 488. Deer, 333, 335. | 
Beloit, 205, 206, 207, 208, 209, 210, 211, hematite, 3894; see Limonite. 

212, 213, 214, 216, 217, 218, 219, Mr., 72. | 
220, 221, 222, 223, 225, 226, 227, | Brush Ridge deposit, 400. 
228, 230, 231, 1232, 238, 234, 2385, | Brookville, 136. 
238, 266, 273, 276. Brucken, J., 510. 

Belvidere, 32. Bruce lot, 448. 
Benton District, 402, 403, 404, 406, 487, | Bryozoa, 252, 258. 

448, Bucania, ]28. 
Bergen, 28. Buell, I. M., 382, 483, 588. 
Berlin, 171, 184. Buena Vista, 10. 
Big Bull Falls, 670, 671, 672. Buff Limestone, 21, 38, 87, 88, 90, 106. 
Big Mound, 126. | lithological characteristics, 88. 
Big Patch Diggings, 400, 403, 439, 449. economical productions, 88, 90. 
Billings, Mr., 194, 240, 248, 275. paleontology of, 90. 
Biotite granite, 664, 674, 675, 687. exposures of, 90. 

schist, 689, 691, 679. surface rock, 89, 90. | 
augite gneiss, 704. ‘ Buffalo County, 4, 65, 80, 86, 92, 101, 119. 

Birch, 614. Town of, 31, 36. 
Bischot’s Chemical Geology, 549. Building stone, 56, 78. 
Bison, Joseph, 512. Buncomb, 405, 467. 
Bitter Spar, 392; see Dolomite. Burlington, 287, 306, 307. 
Bitumen, 378. Burnham, Dr., 51. 
Black Jack range, 473. Burns & Miller, 512. 
Black Jack, 387; see Sphalerite. Byron, 9. , 
Black manganese oxide, 397. 
Black ocher, 397. C. 
Black River, Valley of, 29. : 
Black Tiff, 394; see Siderite. Cabin Rock, 45. 
Blake’s Prairie, 429. Cady, elevation at, 139. . 
Blanchardville, 402. Calamine Mines, 402. 
Blende, 387; see Sphalerite. Calcareous band, 110. 
Bloom, 12. Calcareous deposits of Recent period, 96. 
Blodgett’s Quarry, 305. Calcareous material of glacia! deposits, 
Bloomingdale, 19. _ 718, 
Blue copper carbonate, 397. Caledonia, 29, 30. 
Blue Limestone, 22, 38, 88, 90, 106, 436. Calcitic chlorite-schist, 701. 

lithological characteristics of, 88. Calcite, 65, 66, 391, 596, 606. 
economical productions of, 88, 90. Calcium magnesium carbonate, see Dolo- 
palwontology, 90. mite, 392. 
exposures of, 90. | spar, see Calcite. 
surface rock, 89, 90. carbonate, see Calcite. |
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Calymenoides, 122. Chunk Mineral, 384, 440. 
Campbell, 28. Cincinnati Shale, 105, 410 
Canton, 33. Clark’s Mills, 279. 
Cap Rock, 458. Clark, Mr. A. C., 625, 668, 686, 689, 715, 
Carbonates, their origin, 381. 717, 718. 
Carbonaceous matver in Menominee re- | Clark, J., 7d. 

gion, 372. Clayton, 16. 
Carboniferous, Lower, lead and zinc ore in, | Clifton, 9, 30, 

373. Clinton, 17. 
Cavernous channels in mineral deposits, | Cobalt, 377, 378. 

_ 465. Cog Mineral, 384. 
Carinthia, lead deposits in, 373. Coil, Mr. John, 80. 
Carlton, 314, 317, 318, 319. Columbia, 666. 
Carpenter’s Quarry, 209, 211, 214, 217, | Colleges — Beloit, Milton, Racine, Ripon, 

918, 219, 221, 222, 223, 225, 228, 625. 
231, 233, 234, 235. Conocephalites, 118. 

Castle Rock, 48. Conrad, Mr., 229. 
Cassville Mines, 401. Conglomerate in Barron county, 579. 
Catfish Point, elevation of L. Mag. at, age of, 579. 

128. Conocephalites, see Paleontological index. 
Cato, 241, 271, 274, 279, 292. Coon, 22. - 
Cato Falls, 279, 292. Prairie, 19, 84. 
Cave opening, 456. Cooperstown, 292. 
Cedarville, 305. Copper-bearing series of Lake Superior, 
Centerville mines, 401, 404, 405. 666; see Keweenawan Series. 
Center, 266. Copper creek, 10. 
Centers of elevation, 870, 424, 427, 428, river, 704, 705, 708. 

429. carbonate, 397; see Malachite. 
their relation to ore deposits, 371. Copper mines, 69, 72, 401, 402, 405, 535, 

Cephalapods, 128, 226, 297, 303, 318, 338. 597, 569. 
Cerussite, 394. ores in Potsdam, 56. _ 
Chamberlin, T. C., 68, 180, 189, 365, 573, L. Mag., 69, 72. 

O77, 715, 717. analysis of, 56, 70, 72. 
Champlain, 38, 92, 95. of Lead region, see Min. of Lead 

period, 133, 155. R., 401, 402, 405, 535, 557, 269. 
valley dritt of, 92. their distribution, 400. 

exposed beds of, 93. Pyrites, 72; see Chalcopyrite, 390. 
swamps of, 99. Copper-iron Pyrites, see Chalcopyrite, 390. 

Chalcopyrite, see Copper ores, 390. Copperas, 393. 
Changes of ores since deposit, 497. Coral, 90, 180. ; 

in inclosing rock, 908. Coral, lead, 76. 

Chalybite in hyposyenite, 599. Court Oreilles Indian trail, 577. , 

Chaseburg, 26. Cranberry marshes, 9, 13, 610. 

Chemical changes of ore, 498. Crawford County, 4, 36, 49, 63, 79, 84, 90, 
of galenite, 498. 97. 

Chicago & N. W. R. R., tunnel of, 8. ore in, 405, 406. 
section on, 9, 46. Craig’s Lode, 464. 

‘- Chimney,’’ 458. ° Crepicephalus onustus, 122. 
Chippewa county, 101, 119, 152, 173. Crevices, 439, 524. 
Chippewa Falls, 101, 109. and vegetation, 544, 561. 

section at, 118. how formed, 482. 

elevation, 139. mineral in, 369, 544, 549. 

: river basin, 136. arrangement of, 370. 

valley of, 33, 137. relation to lodes in Lead region, 488. 

quartzites, 573, 581. surface aspect of, 488. . 

Chert in Galena limestone, 408. Dr. Percival’s arrangement of, 442. 

in Magnesian limestone, 69. Mr. Murrish’s arrangement of, 443. 

relation to ore, 293. grouping, 444, 450. 

Caipmuck Coolie, valley of, 28. relation of position to productiveness, — 

Chloritic augite-gneiss, 699. 447, : 

biotite schist, 691. distinction between N. and §8., and 

mica schist, 708. E. and W., 440. 

siliceous schist, 700. origin of, 372. 
diallage gneiss, 707. maps, 439, 440. 

Chlorite in Laur. rock, 600. Crinoids, 130, 280. 

| origin of, 096. Cross, $1, 32. . 

Christiana, 19. stratification, 40, 119. 

i
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Crow Branch District, 401, 404, 406, 484, Diggings, British Hollow, 401, 404, 433, 
445, 449. he : 

Mine, 406, 448, 445, 480, 481, 510, Brush Ridge, 400. 
oll. Council Hill, 437. , 

Crustaceze, 179, 193, 200, 204, 236, 304, Crow Branch, 434, 449. | 
323, 339. Dutch Hollow, 401, 404, 432, 447, 467. 

Cruziana, 115. : Harnests, 437. 
Crystalline rocks, their influence on ore Elk Grove, 400, 408. 

deposits, 370. Fairplay, 411, 448. 
of the Wisconsin Valley, 627. Hacketts, 401. 

Crystals of Galena, 384, 386. | Hunsacker, 448. 
Cumberland, 379. Hazel Green, 403, 404, 437. 
Currents in Silurian ocean, 532. Irish, 402, 449. , 
Cutts, R. D., 749. Kickapoo, 514. 

: Curvature of the earth, 727. Linden, 402, 450. 
Cyrtoceras, 81. : Lower Menomonee, 488. | 
Cyrtolites, 81. Meeker’s Grove, 408, 404, 406, 487. 
Cylon, elevation of, 139. Moosan’s, 514. | 

Muscalunge, 401, 446, 447, 564. 
D. New Diggings, 437, 449. 

Nip and Tuck, 401, 445. 
Dana, Prof. J. D., 48, 66, 94, 135, 156. Ohlerking’s, 513, 514, 515. . 
Daniells, Prof. W. W., 49, 415. Peaslee’s, 437. 
Darlington range, 446. Pigeon, 401, 434. 
Davidson County Range, 462. Pin Hook, 401, 447. 
Davies, Prof. J. &., 725, 748, 749, 751. Platteville, 484, 448, 449. | 
Dayton, 11. — Perter’s Grove, 402. 
Decorah Prairie, 30. . Potosi, 401, 447, 588. 
Deer Tail R., 608. Red Dog, 442, 447, 464. 
Deep mining, 554. Rockville, 401, 447. 
Delafield, 249, 250, 251, 253, 254, 255, 256, Shawneetown, 448. 

258, 259, 260, 261, 262, 263, 265, Shullsburg, 437, 449. 
266. South Mifflin, 401. oS 

Dells on Eau Claire river, 689, 690. Stopline, 402. : 
Denudation of Mississippi Region, Pots- Strawberry, 400. 

dam, 36, 87. Stump Grove, 449. ; 
Deposition of ores, contemporaneous, 388. Upper Menomonee, 448. | 

possible ways, 387. Vinegar Hill, 437, 441. | 
in crevices, 544, Whig, 4C0, 434, 449. 

Depressions of strata in Lead region, Wiota, 429, 450. 
370, 871, 379, 432, 536, 561. Yellowstone, 402, 437, 450. 

Depressions as places of ore accumulation, | Dikellocephalus, 41, 47, 63, 121. See 
Oot, Pal. index. 

Deposit of ore, general discussion, 365- | Diluvian beds, 94. 
ovl. Diorite in Upper Flambeau val., 598, 620. 

Deposition of ores, 522, 549. | Dip and Flexures of St. Croix Dist., 107. 
by sublimation, 522. Displacement in Lead region, 369. 
thermal waters, 525. Distribution of ores in Lead region, 404. 
oceanic, 529. mines in Lead region, 399. 

Descent of ores, 368, 369. Districts, special in Lead region, 399-403. 
Derbyshire, lead deposits in, 369, 379. Beetown, 401, 404, 405, 438, 445, 488. 
Devil’s creek, 705, 706. Benton, 402, 408, 404, 406, 448. 

Lake, 172, 174. Centreville, 404, 405. 
Devonian, lead and zine in, 373. Crow Branch, 401, 404, 406, 445. 
Diabases, altered, Little Blue Falls, 658. Dodgeville, 402, 404, 405, 406. 

intrusive, Grand Rapids gneisses, 630, Dubuque, 403, 405, 406, 511. 
688. _ Elizabeth, 403, 450. 

in Upper Flambeau Valley, 593, 621. Fairplay, 405. 
Diamond Bluff, 35. Galena, 403, 404, 405, 406, 487, 450. 

Grove mines, 402, 448. Hazel Green, 403, 404, 487, 489, 448, 
Diatoms, 66. . 476, 477, 565. 
Dice Mineral, 384, 468. Highland, 404, 405, 406. 
Diggings, 399, 400. Linden, 404, 406, 439, 445, 450. 

Apple River, 402. Lower Menomonee, 401, 403. 
Babel, 402. Mifflin, 404, 4385, 445. 
Benton, 437. , Mineral Point, 401, 402, 404, 405, 406, 
Big Patch, 400. : 435, 449.
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Districts New Diggings, 402, 404, 405, 406, [ Eau Claire, section of sandstone at, 117. 
437, 449. | Trilobite beds, 109, 110, 112. 

Pigeon, 404. Hau Galle river, elevation of, 139. 
Platteville, 400, 403, 404, 484, 445, | Economical Products of Potsdam Sand- 

449, stone, 49, 122. 
. Potosi, 401, 405, 432, 483, 445, 447, Lower Magnesian, 69, 128. 

038. St. Peters, 33. 
: Shullsburg, 402, 404, 405, 406, 487, Trenton, 88. 

445, | HKikey’s Quarry, 164. 
Upper Menominee, 403, 445. Eikey, Mr., 194. 
Vinegar Hill, 403. Elder creek, 580. 
Wiota, 402, 405, 487, 445. Elevations, 138-140. 
Zinc, 404, 405. Baldwin, 138. 

Dodgeville, 428, 438, 468. Bear Creek, 11. 
ore district, 402, 404, 405, 406, 444, Belvidere, 32. 

445, | Bluff on the Kickapoo, 48. 
range, 450. Buffalo, Tp., 31. 

| deposit, peculiarities of, 440. by Barometer, 5. 
Dog-tooth spar deposit, 891; see Calcite. Byron, 9. 
Dolomite, 892, 407. : Cady, 139. 
Dolomization, relations to ore, 407. Chippewa Falls, 189. 
Doukeburn vein, 370. : Cross, 32. 
Doolittle, M. H., 751. | Cylon, 139. 
Dore Flambeau, 608. Eau Claire, 1389. 

rocks of, 606. Elk Mound, 139. . 
, R., 600. Elisworth, 139. 

Dorite, 657. Emerald, 139. 
Dorset, 18, 48. Erin Prairie, 139. 
Drainage of Upper Wisconsin valley, Freeman, Tp., 25. 

720. Genoa, 27. 
indications of crevices, 562, 564, 566. Glencoe, 31. 
of Flambeau slope, 607. Glacial Deposit, 92. 

Dreadnaught mine, 428, 436. Hammond, 139. 
Drift of Mississippi and Wisconsin rivers, Hartland, 35. 

92. Hudson, 139. | 
ridges of Flambeau valley, 611-613. Kinnickinnick, 189. 

Drowley, Wim., 162. La Crosse, 62. 
‘* Dry bone,’’ 395; see Smithsonite. Lower Magnesian Limestone, 108. 
Dubuque, 246. Lucas, 139. 

mines, 402, 403, 404, 405, 406, 450, Martel, 139. 
511. Menomonie, 139. 

Duke’s Prairie, mines of, 402. New Haven, 139. 7 
Dunn county, 101, 102, 106, 119, 137, 145, Pepin, 33, 34. 

148, 151, 157. Potsdam Sandstone, 39, 120, 122. 
Durand, 136. Prairie du Chien, 62. 
Durley lot, 448. Red Cedar, 140. 
Dutch Hollow Diggings, 401, 404, 432, Richmond, 140. 

447, 467. | Ridges of Miss. Valley region, 30. 
Dyson, C. W., 52. River Falls, 189. 

Rock Falls, 139. 
E Rush River, 140. 

° Sherman, 140. 
Kagle, 11. Somerset, 140. 

Cave, 79, 96. Sparta, 62. 
Earlier Glacial Deposits, 718. Springfield, 140. 
Earnest’s Diggings, 437. Stanton, 140. 
Eastland, A. C., 51, 79. Star Prairie, 140. 
Eastman, 21, 24. St. Joseph, 140. 
Easts and Wests, 440. Trenton and Diamond Bluff, 35. 

different from Norths and Souths, Tiffany, 140. | 
550. Trimbelle, 140. 

Eaton, H. W., 188, 193. Troy, 140. 
- Eau Claire, 180, 181, 183, 190. Warner, 140. 

county, 101, 117, 136. Waterville, 34. 
- yiver, 139, 150. Elevation, Centers of, in Lead region, 370, 

elevation of, 139. 424, 427, 428, 429. 
grit, 109, 110, 112. of strata, Lead region, 425.
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Elk Grove Diggings, 400, 403, 449. ] Flambeau river, north fork of, 608. 
river, 608, 609. erosion aiong, 614. 

Elizabeth District, 403, 450. vegetation along, 614. 
Ellenborough, 429. '| Flat openings, 456, 468. | 
Elmore, 288. cause of, 486. 
Elisworth, 87, 90, 137. and pitches, 457-459, 469-481. 
Emerald, elevation of, 139. cause of, 486. | 
England, Lead Mines of, 369, 373. relative importance of, 475. 
Epidotic hornblende-granite, 655, 656. distribution of ore in, 477. 

biotite-granite, 700. tendency to curve, 469. , 
hornblende-schist, 701. Flemming’s quarry, 73. 

Erin Prairie, elevation of, 139. Flexures, see Dip. 
Erosion in Miss. region, 36. Flints, 408. ) 

S. Fork Flambeau river, 614. Flints, relation to ores, 392, 393. 
Ettrick, 29, 30, 122, 181, 183, 190. Fluorite, 379. 
EKuomphalus Strongi, 81, 194, 200. Fluorspar, 377. 
Eureka Mine, 541. Fool’s Gold, 388; see Pyrite. 
Evans, J. H., 384, 467. Fond du Lae, 244. 
Examinations by M. Strong, 3. Formations of Miss. regicn, Potsdam, 

in 1873, 3. . 38-64. 
in 1874, 8. L. Magnesian, 64-81. 
in 1875, 3. St. Peters, 81-87. 
in 1876, 4. Trenton (Blue, Buff and Galena), 
character of, 5. 88-90. 

Excelsior, 14. Quaternary, 92-98. 
. Exeter, 402. Glacial, 92. 

Exposures of Potsdam, 47-49. Champlain, 92-95. 
L. Magnesian, 68, 69. Recent, 95-98. 

at Willow river, 125. of Lower St. Croix district, 103. 
at Rose Lake, 127. Archean, 106, 107, 109. 

St. Peters, 83-87. Paleozoic, 106. 
Champlain beds, 93. distribution of, 107. 
Alluvium, 96. Potsdam, 109-1238. 
Archean rock in upper Flambeau Lower Mag., 123-129. 

Valley, 587, 588, 491, 597, 599, 601. St. Peters, 129. 
Along N. Fork of Flambeau, 593. Trenton, 129. 
of Granite, 663. Quaternary, 131-140. 

Forest, 12, 14. 
. Forestville, 276, 291. 

F. Fossils, see Paleontology. 
; . localities of Miss. region, 63. 

Fairplay mines, 405, 411, 448. Fountain City, 66. 
Fairview, 22. Fox River Improvement Co., 102. 
Farmington, 23, 27, 29. region, 666. 
Fauna of Lead region, 410. Frankfort, 33. 
Faults in Lead region, 369, 371. Franklin, 19, 22. 

Feeders, 440, 049. Ky. ore deposit in, 899. 
Felsitic porphyry, 676. Freeman, 21, 24, 25, 27. 

black, 679. Frieze, F., 53. | 
Fennimore mine, 444. Fucoids, 41, 46, 47, 63, 416. 
Ferric oxides, 394; see, also, Hematite. 
Fire, its effects on soils, 721. 
Fish, 721. G. 
Fish of lakes in Flambeau valley, 610. 
Flambeau valley, upper, 585-621. Gabbros, tabulated description, 648-710. 

ancient lake beds of, 611. Gale, 2), 20. 
drainage of, 607-610. Galesville, 30, 62. 
glacial features of, 611-618. — Galena limestone, 21, 24, 38, 89, 90, 91, 
lakes of, 610. 105, 407-412. 
marshes of, 615. carbonaceous material of, 525. | 
microscopic examination of rocks of, chert in, 408. 

617-621. of lead region, 407-412. 
peat of, 611. paleontology of, 239-247. 
soils of, 614-615. undulation of strata, 419-438. 
topography of, 607-610. city, 477. 
vegetation of, 610, 611, 614, 615. district, 403, 404, 405, 406, 437, 450. 

Flambeau river, 597, 608. Galenite, 73, 77, 158, 379, 880-387, 467.
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(salenite, cavities in crystals of, 384. Graham, M., 59. 
changes in, “85, 486, 498, 500. Grand Rapids, rocks of the vicinity, 627- 
composition of, 380. 638. | 
crystallization, 384, 386. Grant county, 237. 
distribution of, 369, 370, 373, 378, | Granite of Upper Flambeau valley, 587, 

319, 399, 404, 530. 588, 589, 594, 595, 599, 600, 601, 
modified crystals, 586. 602, 603, 604, 605. 
possible origin of, 387. prophyroid, 600, 602. 
present formation of, 501. pegmatitic, 604. 
reticulated galena, 384, 385. | Granites, tabulated descriptions, 648, 664, 

, silver in, 380, 383. 674, 675, 687, 688. 
. surface of crystals, 386. Granitell, Grand Rapids, 629, 636, 643. 

stalactites, 385, 388, 480. Gratiot’s Grove, 720. 
: -  Gangue of lead and zine ores, 378, 379. Gravel, 718. 

Gardner, J., 4, 186, 750. Granulosa, 118, 119, 120. 
Garnet, 590, 597, 606. Gray, Prof. Asa, 142. 
Garnctiferous gneiss, 597, Green Bay glacier, 719. 

mica schist, 592. Green copper carbonate, 397; see Mala- 
Gash veins, 453, 454. chite. 
Gasteropods, 128. Green county, 745. 
‘Genesee, 305. Greenfield, 15, 26, 281, 284, 285, 286, 287, 
Genoa, 25, 27, 28. 292, 305. 
Genth’s lode, 462. Greenockite, 378. 

| Geodetic Survey, 727. Greensand, 8. 
Geography, physical, of Mississippi re- rock, 412. 

_ gion, 7-37. . Green wood, 8. 
Geodic caverns in mineral regions, 467. Green vitriol, 8393; see Melanterite. 
GEOoLoey of the Mississippi region north | Grit, Eau Claire, 109, 110, 112. 

of Wisconsin river, 2-98. Grouping of ores in Lead region, 377- 
surface of, 7-37. 379. 
the Lower St. Croix district, 99-157. | Guelph limestone, 167. 

Geological formations of Mississippi re- palxontology of, 271, 276, 287, 292, 
gion, 38. 297, 313-319, 505. 

Georgia, ore deposit of, 399. | Gutenburg, 401, 406. 

| _ Gibson, 291. . Gypsum, 397; see Minerals, Lead region. 
Gibert creek, section at, 121. Gyratory motion, 533, 536. 
Glacial epoch, 717. 

features of Flambeau valley, 611, : 
613. | H. 

period, 133. 
formation, 92, 180. Hackett’s Diggings, 401. 
drift, 5. Hagerman’s Hill, 487, 520. 
action, 36. Hall, Prof., 176, 177, 185, 240, 289, 292, 
soil, 37. 307, 316. 
formation, 38. Hall’s Branch, 81. 

Glacier movement in Flambeau valley, | Haldeman, Prof., 178. 
613. Hale’s quarry, 7. 

Glauconite, 111. | Halfway creek, 29. 
Glass rock, 413, 421. valley of, 29. 
Glendale, 9. Hamburg, 26. 
Glencoe, 31. Hamaiton, 26. | 
Gneiss of Flambeau valley, 593, 594, 595, group, paleontology of, 167, 324, 340. 

097, 599, 605. Hammond, elevation of, 139. 
kyanitic, 597. Hanchett’s quarry, 206. 

| hornblendic, 602, 603. Haney, 18. 
porphyroid, 602. Harwood river, U. Flambeau valley, 611. 
tabulated descriptions, 631-634, 640- | Harker, 731, 782. 

642, 646, 647, 652, 653, 644-696, | Harmony, 25. 
668, 704-707. Hartford, 253, 305. 

Gneisses, micaceous, 627. Haseltine’s mill, 673. . 
descriptions of, 628. Hazel Green, 403, 404, 437, 489, 448, 476, 

| | Gneissoid granite of Flambeau valley, 477, 481. 
587, 594, 600. Hearn & Ward, 511. 

Goldfuss, 271, 273. Heathcock mine, 428, 486, 472. 
Goslarite, 396. range, 471, 
Gossan, o41. Heavy spar, 393; see Barite. 
Grafton, 305. Hematite, 46; see Iron ores. |
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Hematite accessory in Laurentian rock, {| Hydrology of Upper Flambeau valley, 
606. | 607-610. OS 

analysis of, 50, 56. Hydrous ferric oxide, 394; see Limonite. 
H in Barron county quartzite, 538. H {Calcium sulphate, 397, 

emlock, . ydrozincite, 396. 
Henrietta, &. : Hyolithes gregaria, 115. 
Henry, Ws re sae 487, 492, 4938, Hyposyenite, O95. F ' 509. | 

. 003, 511, 569. ypotheses of ore deposition, . 
Henry, O., 79, 96. sublimation, 522. 
Hess’ quarry 209 BL, 212, 218, 216, 221, thermal waters, 520. 

225, 226, 230, 232, 285, 238. 
Highland, 731, 782, 738, 785. I 

: Highland mines, 401, 404, 405, 406, 445, ° 
0). . | 

| district, 559, 560. Too movements in Pambeau valley, Ol. 

Heights of trigonometrical stations, 747. 569. 370 relation to ore deposits, 
illsboro, 8. Wr ntc land in 
. , Illinois, lead in, 878, 399 Hill, KE. M., 101. | eye ae 

Hirsh, Prof. J. M., 57. Fane vompany, 408. 
Historical Review, 367. | Tndiat ca ions, 578 . 
Hitchcock, Prof. C. H., 532. a tan quany 9° 
se Ho -backs 9 460 612 lowensis, 11, 122. 

Hollan d. 29, ‘99 ° Irish diggings, 402, 449. 

Honey-combed openings, 455, 459. Iron, 49, Ie 6 994 : 
nature of ores in, 461. anal a £5056 

Horizontal sheets of ore, 457. sree of Lead teeion: see Minerals of 
Hornblende schist of Upper Flambeau Ores Lead te sion see Minerals Ol 

vay , 088, 092, 093, 095, 596, 604, in Potsdam sandstone, O18. 

rock ditto, 92, 8 pve, pe Py Lauren tin aks accoseory 606 gneiss ditto, 595, 602, 608. Pyrite x ) yu. 
changing to chlorite, 596. _, tyrite rocks, 099. ao 
granites, tabulated description, 655, Fd ge eee Oe, 292, 253; 260, 26:3, 

626, 651, 655, 656, 662, 670-673. Iphate, 393: see Melanterit | 
Hornblende schists, 629, 654, 702. sD P on d. 379 —_— . tabulated descriptions, 637, 654, 694, ns acement, 81, 22, 88. 89. 112 | 

diallage granite, 707. vitrio’, 393; see Melanterite. 
biotite schist, 689, 694, 695, 705, 706. eee ne thoe nae AS 

ranite 670 671. 672 674 687 its relation to other ores, 488, 

Ss G88.” ? , mow ’ | Iron bisulphide, 888; see Pyrite. 
eneiss, 694. I carbonate, 394; see Siderite. . 

gneisses, 692, 694, 702. ron ore’ at BA AR7 518 

gabbro, (01. Irving's Report on the Crystalline Rocks 
Ho quartz, oF Flambeau valley, 606. of the Wisconsin vailey, 623-714 

uts o . ’ me 

Da adr Irving, Prof. R. D., 586, 617. 

Hudeon, 107” 13%, 134, 182, 185, 191, leabelie, 2. 10 | 
Trilobite Beds, 109, 110, 112, 116. | Jue Wisconcin, 581 | 
section of Potsdam at, 118. it is 8, sin, Ov! 
elevation of, 139. Ithaea, 10. 
paleontology of, 165, 248, 266. aca, As — 

Hunt's Chemical and Geological Essays, J 
549. ° 

Huntsacker’s Diggings, 448. ** Jack,’ 387. 
Huronian age, 650. Jackson County, 173. 

schists, 650, 660. Janesville, 207, 208, 210, 214, 220, 223, 
lead deposits in, 372, 373. 227, 228, 266. 
quartzites and quartz porpbyries, 419. | Jefferson, 17, 22. 

_ in Upper Flambeau Valley, 606. Jenny road, 681. 
age of quartzites, 576. Jewett’s Mill, 126. 

Humus, 540. | Johnston, A. K., 510. 
Hurricane corners, 401. Johnson's quarry, 281. 
Hutchcrott’s range, 446. Jordan Mineral Well, 62. 
Hutchinson’s range, 504. Julien, A. A., 540, 586. : 
Hutchinson's furnace, 433. , Jump river, 608. | : 
Hydrology of Lower St. Croix District, 189. } south fork of, 608.
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K. | Lead mines, Orion, 73. 
Akan, 75. 

Kansas, Lead region of, 399. Little Kickapoo, 79. 
Kaolinite alteration products, 620. deposits in lower ‘formations, 509. 

** Keel,’ 53. St. Peters, 509-511. 

| Keiley’s lower mill, 665, 679. Lower Magnesian, 511-9518. 
upper, 667, 630. Potsdam, 518-520. 

Kendall, 9. rocks below Potsdam, 520, 521. 

Kentucky, lead in. 378, 399. deductions, 522-552. 

Kettles of Upper Flambeau valley, 611. Lead Ore. ‘Iheoretical Hypothesis, 022. 

Kettle Moraine in Chippewa and Barron| theory of derivation by sublima- 

counties, 580. tion, 522-529. : 

| in Upper Wisconsin valley, 719, 721. by thermal waters, 820-528, 

'  _Keweenawan Series, 575. by oceanic deposition, 029- 

Kewaunee, 273, 291, 292. 549. oo, 

Kickapoo, 16. Location of disseminated ore, 

Kickapoo, valley of, 16, 73. ° 539-544, 

Center, 16. deposition in crevices, 544-549. 

river, 47, 511; see of bluff on, 43. location of deposits in crevices, 

Mining Co., 51. | 549, 550. 

Diggings, 514. present deposition of, 550, 551. 

Kilns, 78-80. vertical distribution, 551-553. 

Wallace’s, 80. practical considerations, 554. 

Kimar, Mr., 53. deep mining, 904-060. 

Kimball, Dr., 437, 515. | suggestions as to prospecting 
King, F. H., 585. and mining, 960. 

Knowlton, 650, 651. Lead Ores, 380. 

Kinnickinnick river, 131, 182, 141. derivation from underneath, 370. 

elevation of, 187. general distribution, 399, 404, 535. 

Kunz’s quarry, 294. of Alston Moor, 369. 

Kyanite, 590, 591, 594, 597, 606. changes in, 336. 

Kyanitic gneiss, 597. of Derbyshire, 369. 
of England, 369. 
of Galena, 369. 

L. of Lower Magnesian, 72-78, 417. 

. 
analysis of, 74, 76, 77. | 

La Crosse, 28, 45, 56. of St. Peters, 415. 

well of, 60, 520. origin of, views of Rev. J. Murrish, 

county, 3, 4, 36, 64, 80. 375. 

La Fayette, 17, 18. Dr. Owen, 367. 

La Grange, 9, 13. Dr. Percival, 868-371. 

Lakes, 720, 721. Prof. Whitney, 872-374. 

of Up. Flambeau valley, grouping of, of Iilinois, 378, 399. 

| 610, 613. Lead region, 367 et seq. 
Lake Pepin, 56, 171. — areas within which ores are found, 

beds of Up. Flambeau valley, 611. 398-403. 

Michigan, depth of bed, 423. crevices and cavities, how formed, 

- Lambley ranges, 480. 482-488; see also Crevices. 

| Lamellibranchiata, 205, 292-294, 322, changes in ores since deposition, 497- 

330-0938. 009. : 

Lapham, Dr. I. A., 311, 388. physical, 497 -498. 

Lavalle, 11, 54. chemical, 498-508. 

Lathrop, Mr., 76. diggings, see Diggings. 

Latitudes, 744. distribution of copper in, 404-407. 

Laurentian s hists, 419. disturbance of strata in, 434-438. 7 

| continent, 530. elevation of strata in, 425. 

rocks, 079. fauna of, 410. 

: organie deposits in, 372, 372-3. lodes of, see Lodes. 

axes of elevation in, 424. nature of minerals of, 379. 

Lea, George, 60. of Arkansas, 373. 

Lead carbonate, 394, 499, 500; see also of Kentucky, 378. 

: Cerussite. | of Illinois, 378. 

Lead coral, 76, 410. of Missouri, 378. 

Lead, deposits of, 373. | : ores of, 365-371, 377, 379, 393, 398. 

Lead mines; see also Mines and Lead relation of ores to each other in, 488- 

region. 497, 

in England, 369, 370. situation of ores in strata, 451-482.



768 INDEX. 

Lead region, special ore districts in, 399. Lodes of, 
strata containing ore in, 407-419. Dubuque, 400. | 
surface aspect of lodes in, 438-451. Genth’s, 462. 
St. Peters, sandstone of, 435. Linden, 401. 
undulation of strata of, 419, 438. Marsden, 385, 408, 477, 479. 

Lead sulphate, 895, 500; see Anglesite. Mills, 475-477, 
Lead, total yields, 489. Mineral Point, 486. 

and Zinc, relation and proportions, Spensley’s, 492. 
489. Vinegar Hill, 403. | 

| Leads, how to follow, 566. Lodes, grouping of, 440-450. 
Leon, 20. number of, 441. 

valley of, 17, 20. relation between direction and nature 
Leroy, 9, of mineral, 440. 
Lewis, Mr., 51. surface aspect of, 488. 

valley of, 23. situation and direction of, 489, 440. 
Lexington, 508. , Lodi, 181, 198. 
Liberty, 16. Lone Rock, 56. 
Liberty Pole, 79. Long & Wooley ranges, 448. | 
Liebig, Prof., 98. Longitude, 744. 
Lime, 78-80, 129. Lost Grove mines, 402, 443. . 

kilns, 78. Lower Falls, Three Rolls, Eau Claire river, 
localities of, 79, 80. 687. 
Wallace’s, 80. Lower H-lderberg, 167. 

salts of Lead region, 380. Lower Knapp, 121. 
sulphat:, 397; see Gypsum. ‘| Lower Magnesian Limestone of the U. 

Limestone, Trenton, 18, 24, 64-81, 106-110, Mississippi district, 64-81. 
123-129, 134, 417, 418. age of, 38. - 

Lower Magnesian, 21, 38, 87, 83, 90, building stone, 78. - 
106, 165, 412, 414, 421. chert in, 65. 

Buff, 21, 38, 88, 90, 165, 412, 414, composition of, 66. 
421. copper, 69-72. | 

Blue, 24, 38, 89, 90, 91, 105, 239, 247, economical products, 69-81. 
A407, 412, 421, 525. exposures of, 68, 69. 

Galena, 21. junction with Potsdam, 67. 
Limonite, 394, 507; see also Iron ores. lead m, 69-78, 
Linden, 404, 406, 439, 445, 450, 471. lime, 78-80. 

district, 404, 439, 450. lithological characteristics of, 65. | 
lode, 401. paleontology of, 81, 194-204. 
mine, 391, 404, 406, 486, 450, 472, 473, sections of, 67, 73, 74. 

489, 496. thickness, 9, 16, 18, 21, 24, 28, 31, 
Mining & Smelting Co., 472. 68, 73. | * 

Lingula, 41, 44, 45, 46, 63, 410, 416. unconformability, 68. 
Lingulepis pinnaformis, 114, 115. Lower Magnesian Limestone of St. Croix 
Lincoln County, 717, 720. district, 106, 110, 121, 123, 129, 
Little Bull Falls, 650, 651, 655, 658, 659, 134. . 

712. : composition of, 124. 
Little Bear, valley of, 33. economical products, 128, 129. 

Eau Galle, 136. elevation of, 108, 122. 
Falls, 20, 575. junction with Potsdam, 110. 
Kickapoo, 47, 70. layers, 125. . 
Rib river, 669. origin, 123. 
Rapids of Eau Claire river, 687. paleontology, 194-204. 
Sturgeon Bay, 297. section of, 125, 126, 127, 128. 

Lithology of L. Magnesian limestone, 65, thickness, 125. 
121, 417. : Lower Magnesian Limestone of Lead 

Potsdam sandstone, 39, 110, 418. region, 417, 418. 
St. Peters sandstone, 82-127, 415. ore deposits in, 369, 511, 518, 554. 
Trenton (Blue, Buff) limestone, 128, undulations of, 420. : 

412. Lower Coral beds, fossils of, 271, 274, 279, 
Location of deposits in crevices, 549. 291, 292. 
Localization of ore deposits, 873, 374, 400, Mosinee Hill, 685. 

537, 644, 550. Pipe Clay opening, 414. 
Lodes of, Lower St. Croix district, 105. 

Beetown, 401. : geology of, 99-157. . 
Council Hill, 403. ealeareous band, 110. 
Craig’s, 464, 465. | dip and flexure of strata in, 107, 108. 
Dodgeville, 440. distribution of formations, 107.
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Lower St. Croix district, economic prod- | Meeker’s Grove mines, 487. 
ucts, 122, 128, 129. ore deposit of, 408, 404, 406, 407, 433. 

elevation in, 120, 122, 188, 140. Melancthon creek, 8, 47. 
, Hydrology of, 141-145. Melanterite, 393, 593; see Iron ores. 

Archean in, 101. | Menasha, 266. ) 
Lower Magnesian in, 123-129. Mendota, 169. 
Potsdam in, 109-123. limestone, 110, 111. 
St. Peters sandstone in, 129. Menominee, 139, 157. ° 
Trenton limestone in, 129, 130. range, 575. 
sections in, 1138-123. river, 661. 
soils, 155-159. region, 686. . 
vegetation of, 146-154. . Menomonie, section of Potsdam, 114, 117. 

Lucas, Elevation of, 139. elevation of, 189. 
Lynxville, 21. Menomonee, Upper, mining district, 408, 

ee M. Lower, mining district, 403, 445, 488. 
a : ; Meridian, 137. : | 

| Macroscopic descriptions of gneisses, 631- | elevation of terrace at, 187. 
634, 640-642, 646, 647, 652, 653, | Messersmith, G., 70. | , 
694-696, 704-707. Metals in organic structures, 530, 587. 

granitell, 636, 643. Metallic ores, iron, 49-56; see also Iron 
hornblende schists, 637, 654, 694-696. ores. 

| olivine diabases, 638. copper, 56; see also Copper ores. 
granites, 648, 674, 675, 687, 688. deposits in Potsdam sandstone, 518. 
quartz porphyries, 649, 650. , in Archean rocks, 585. 
hornblende granite, 655, 656, 670- | Metalliferous deposits, 865-567. 

673. Mica schists, tabulated descriptions, 686, 
diorites, 657, 698. - 684-691, 697, 708. | 
altered diabase, 658. Mica in gneiss, Grand Rapids rocks, 628. 
quartz, 659. Mica schist of Upper Flambeau valley, 587, 
Huronian schists, 660. ( 089, 590, 591, 594, 595. 
porphyries, 675, 679. Micaceous hornblende rocks, 592. 
quartz schists, 681, 682. gneisses, 627, 
augite schist, 684, 694-696. gabbros, 698, 710. 

| quartzites, 685. -peridotite, 710, 711. 
mica schists, 689-691, 697. quartz schist, 697. 

Macy, B. C., 512. Microscopic descriptions, 611, 6238-714. 
Madison, 188. Midway, 29. 

beds, thickness of, 121. Mifflin mine, 404, 406, 413, 484, 485, 473. 
Magnesian limestone, 39, 41, 123-129, range, 401, 445, 449. 

407, 412, 417. Mills Lode, 448, 475. 
carbonate of lime, 392; see Dolomite. deposits of, 373, 378. 

Magnetic siliceous schist, 660. Miller & Hearn’s mining, 512. 
Magnetitic muscovite schist, 697. Miller, Mr., 199. 
Magnetite as accessory to Laurentian | Military Ridge, 445. 

rocks, 599-606. Milton, 22. 
Maiden Rock, 34. -| Milwaukee, 275, 271-279, 287, 291, 292, 
Malachite, 40, 42, 397; see Copper ores. 322, 324, 325, 326, 827, 328, 329, 330, 
Manganese ores of Lead region, 380, 391. dol, 332, 334, 338, 339, 340. 
Marathon, 717, 719, 722. Minnesota point, 831, 335. ; 
Marcellon, 666. Mines, distribution of in Lead region, 399. 
Marcasite, 467, 389, 390; see Iron ores. Mines of Lead region, 365-567. 
Manedowish, 608. - Argyle, 402, 445. 
Marietta, 15. Beetown, 406. 
Marquette region, 666, 669, 686. British Hollow, 483, 448. 
Marshes, in Up. Flambeau valley, 615. Brush Ridge, 96, 400, 401. 
Marsden lode, 389, 403, 404, 477, 478, 481, Caiamine, 402. 

493, 494, 495, 502. ~ Cassville, 401. 
Marshall, 12. Centerville, 401, 404, 405. 

Hill, 650, 668, 669. Copper, 69-72; see Copper mines, . 
Martel, elevation of, 189. Crow Branch, 406, 443, 445, 480, 481, 
Martin, A. L., 512. 510. 
Mayville beds, fossils of, 805. Diamond Grove, 402, 443. 
Mazomanie, 188. Dodgeville, 404, 405, 406, 444, 445. 
McGiloray’s ferry, 93. Dreadnaught, 428, 4386. 
Meek, Mr., 240, 268. Dubuque, 402, 408, 404, 405, 406, 450, 
Meeker’s Grove, 427, dll. 

Vou. IV — 49
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Mines of Lead Region, Duke’s Prairie, 402. ] Mississippi Region, North of the Wiscon- 
Elk Grove, 408. sin River, erosion in, 36, 87. 
Exeter, 402. economic products of, 49, 69, 83, 88. 
Fairplay, 403, 405. copper, 56, 69-72. 
Fennimore, 444. ~ jron, 49-56. . , 
Glen Haven, 401. lead, 72-78. 
Glenberg, 401. formations of, 38. 
Hazel Green, 481; see also Hazel Champlain, 92-95. . 

Green. | Galena limestone, 90, 9? 
Heathcock, 428, 486, 471, 472. glacial, 92. | 
Highland, 405, 406. Lower Magnesian limestone, -64—- 
Linden, 391, 401, 404, 436, 466, 472- 80. 

473, 489, 496. Potsdam sandstone, 38-64. 
Lost Grove, 402; 448. recent, 95-98. . 
Marsden, 389, 404, 478-479, 481, 494, St. Peters.sandstone, 81-87. 

493, 502. _ Trenton limestone, 88-90. ‘ 
Meeker’s Grove, 403, 406, 433. fossils of, 638, 64, 81, 90; see Pa- 
Mifflin, 404, 406, 484, 485, 448, 445, leontology, 63, 64, 81, 90. 

AT3. soil of, 36, 37. : 
: Mineral Point, 406, 448, 492; see also timber, 36, 37. 

Mineral Point. Missouri lead region, 378, 399. 
Monroe, 402. archipelago, 530. 
Moundville, 402, 445, 450. lead mines of, 72, 373, 378, 399. 
Muscalunge, 408, 446, 447, 459, 464, | Modena, 32. 

482, 488. Monroe county, 38, 4, 36, 80, 86, 95. 
New California, 448. mines, 402. 
Pin Hook, 443. Moody’s quarry, 306. 
Platteville, 443; see also Platteville. | Moosan’s.diggings, 515. 
Porter’s Grove, 444. Morainic accumulations, 718. 
Potosi, 443; see also Potosi Diggings. | Moraines, 580. , 
Preston Point, 467. Mormon “ Coolie,’’ 80, 93. 
Red Dog, 443. Moundville mines, 402, 445, 450. 
Ridgeway, 444. : Mounds, The, 410. 
Robbins, 462-464, Mount Sterling, 22, 70, 84, 89. 
Roberis, 469, 470, 472. Mt. Tabor, 12. 
Rockville, 443, 447. Mt. Nebo, 48. | 
Shullsburg, 406, 441; see also Shulls- | Mt. Pleasant, 730, 744, 745, 746. 

burg Diggings. Mt. Hellen, section at, 126. 
Sobey & Davey’s, 468,469. - Mud Creek, #22. 
Spring Valley, 444. ‘* Mundic,’’ 888; see Pyrite. 
Swindler’s Ridge, 403. Murchisonia, 410; see also Palaeontological 
Whig, 443. index. | 
Whigville, 401, 444. Murrish, J., 375, 419, 424, 516. 

Mining, suggestions as to, 560. grouping of crevices by, 443. 
Miners’ maxims, 561. Muscalunge, 563, 567. 
Mineral waters, 57-63. mines, 99, 408, 440, 446, 447, 459, 

well of Sparta, 57. 461, 482, 488. 
Oil City, 59. Muscalunge Falls, 581. 
Norwalk, 60, Muscoda, 93. 
Jordan, 62. Muscovite, 606. 

' Mineral Point, 404, 405, 486, 487, 490, 492, gneiss, 652. 
496, 510, 511. biotite-augite-gneiss, 653. | 

mines, 405, 448, 469, 492. schist, 689, 690. 
district, 401, 402, 406, 435, 449. 
ranges, 445, 510. 
copper, 405. N. 

Mineral ash, 497. 
Minerals of Lead region, 877-3893. Nail-head spar, 391. 

Arkansas lead dist., 378. Nelson, 33. | | 
Missourt lead dist., 72, 378, 399. Neenah, 244, 266. 

Mineral areas in Lead region, 398-403. New California, 443. | 
America, 398. Diggings, 402, 403, 404, 405, 406, 
deposits in Missouri, 72, 373, 378, 399. A437, 449. | 

Miniska, 171. Galena, 514. | 
Mississippi Region North of the Wiscon- Haven, elevation of, 139, 

sin River, Geology of, 3-98. Jersey, lead in, 399. | 
building stone of, 56, 78, Lynne, 9. | '
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New California, Richmond, 106, 183. , Ore deposits of Southwestern Wisconsin, 
Ulm quartzites, 515. deposition of thermal waters, 525— 
York, lead in, 379, 399. 528. | 

ore deposits in, 379, 399. Prof. Whitney’s views, 372-874. 
Newton, 25. Order of deposition, 3386, 466, 471, 
Niagara limestone, 410. 472, 477, 479, 491-497. 
*_ paleontology of, 166, 267, 312. derivation of, 367, 368, 370, 372, 466, 
Nicholson range, 473. 529. 
Nickel, 377. patch deposits, 489, 481. 
Nip and Tuck diggings, 401, 445. descent of ores, 368, 369. 
Nitric acid, 539, | Diggings, see Diggings. 
Norites, tabulated descriptions, 667, 680. Districts, see Districts. 
North La Crosse, 22. : distribution of several ores, 404-407. 
Norths and Souths differ from Easts and barite, 406. 

Wests, 440, 550. copper, 409. 
North Wisconsin Junction, 143, iron, 405, 406. 

| Norwalk mineral well, 69. lead, 404. 
Norwegians, 20, 21, 22, 23, 25. zine, 404, 405. 
Nye, Mr., 484. extraction of ores from sea water, 537. 

formations within which ores occur, 
0 407-419. 

° in Lower Magnesian limestone, 373, 
Oakdale, 20. oll-518. 
Oak Grove, 35. : Potsdam Sandstone, 518-520. 
Oak in St. Croix district, 150. St. Peters Sandstone, 509-511. 
Obélella polita, 13, 113, 115. localization of, 373, 374, 400, 537, 
Obright, Mr., 42. 044-500. 
Observatory Hill, 666. modes of occurrence, 451-482. 
Oceanic deposition of ores, 529. breccia deposits, 457. 

thermal springs, 52s. cave openings, 406. 
currents, Silurian, 531. cavernous channels, 465. 

Ocher, 394, 507, 606. flats and pitches, 457-459, 469- 
in Laurentian rocks, 606. 481. 

Ohlerking’s diggings, 413, 514, 515. flat openings, 406. 
Ohlerking, Mr., 516, 517. gash veins, 453. 
Ou City, 44. geodic caverns, 4€7. 

well, 59, 60, 520. honey-combed openings, 455. 
Olivine diabases, 627, 638. horizontal sheets, 457, 
Onalaska, 28, 29. impregnations, 457. 
One-sided pitches, 480. open crevices, 452. 
Ontario, 14. stockwerk, 457, 467. 
Oolite, silicious, 125. tumbling openings, 454, 
Openings, 411. vertical seams, 452. 
Opening, dirt, 465. order of deposition, 471. 
Openings, flat, 456, 468. original source of ores, 531-535. 

| : cave, 456. | ores associated with lead and 
| honey combed, 455, . zine, 398. ; 

' tumbling, 404, 462, organic acids as agents in ore 
. mineral in, 369. deposition, 312, 313, 540, 
Opeu-crevice deposits, 452. present deposition, 550. 
Ore deposits of Southwestern Wisconsin, probabilities below given hori- 

369-567. zons, O67. 
accumulation in depressions, 586, 537. receptacles of ore, 452-481; see 
amount of ore, 489, 490. Modes of occurrence above. 
areas of, 398, 403. relation of ores to chert or flint, 
association of minerals, 377. , 408. 
changes in ores since deposition, 497, to undulations of strata, 419- 

3. JO. 
concentration of ores, 550. to each other, 488. 
depesition, theories of, 867-875, 522- to igneous rocks, 369, 370. 

549, secondary minerals, 393-398. 
Mr. Murrish’s theory, 875. situation in strata, 451, 549, 550; 

7 oceanic deposition, 529-550. see Modes of occurrence above. 
Dr. Owen’s theory, 367. stalactites of ore, 386-389, 480, 

: Dr. Percival’s theory, 368-371. 495. 
In erevices, 544-549, strata within which ores occur, 
sublimation, 379, 522-525. 407-419. |
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Ore deposits of Southwestern Wisconsin, | Pensaukee, 244. 
modes of vertical distribution of ores, | Pepin, 33, 34. 

— 48-491, 551-553. county, 4, 36, 65, 101, 117, 150. 
Ore deposits in Alston Moor, 869. lake, 34, 56. 

Archeean formations, 530. Percival, Dr., 367, 371. 
Arkansas, 378, 399. | investigations in Lead region, 419, 
Carinthia, 373. 427, 429, 433, 436, 441, 442, 459, 
Derbyshire, 369. | 491, 510, 513, 554. 
Devonian formations, 378. | grouping crevices, 442. 
England, 369, 370. Peridotite, 702, 710, 711. 
Georgia, 399, Peroxide of iron, 394; see Hematite. 
Huronian formations, 378. Pewaukee, 271, 281, 292, 305, 309. 

| Illinois, 878, 399. - Phillips, 609. 
Kentucky, 879, 399. Physical changes in ores, 497. 
Laurentian formations, 378. Geog. of Mississippi region, 7. 
Lower Carboniferous formations, 373. | Pick mineral, 386. 
Missouri, 373, 378, 399. Pierce county, 4, 36, 65, 87, 90, 101, 107, 
New Jersey, 399. 145, 151, 158, 157. 

« New York, 379, 399. Pigeon diggings, 401, 404, 434. 
Pennsylvania, 399. Pin Hook, 401, 448, 447. , 
Silesia, 373. | Pine in St. Croix district, 158. 
Tennessee, 399. valley, 86. 4 
Tertiary, 373. river falls, 692, 709, 717. . 
Trias, 373. | forest of U. Flambeau valley, 614. 

Ore deposits, origin of, 367, 372, 531, 585, | Pipe-clay openings, upper, 413, 438. 
Ore receptacles, 452. lower, 414. 
Organic acids, relations to ore deposits, | Pipestone in Barron county, 578. 

373, 540. | Plants, fossil, 169. 
Orion, 7, 73. Plaster, 397; see Gypsum. , 
Orion lead mines, 73. Platteville mining district, 400, 408, 404, 
Osceola Mills, 171, 175, 176. 434, 443, 445, 449. ; 
Oshkosh, 243, 244, 369. Platte Mounds, 411, 731, 747, 748. 
Owen, Dr. D. D., 70, 71, 185, 216, 419, | Plover, 717. 

009, 511, 586. Plum Creek, valley of, 33. 
on origin of ores, 367. Copper mine, 69. 

Oxygenated zone, 547. Poad, Capt, John, 470. 
| Uzaukee, 314. Point Judas, 732. 

.Pokegama Creek, quartzite on, 579. 
P. Pokehama Lake, 611. 

Polycistines, 66. 
Palaeontology, 161-363; see Pal. index. Polk County, 148. . 

of Potsdam, 638, 64, 118-122, 169-198, | Point Bass, 627. 
341-343, Poplar in St. Croix district, 150. 

of Lower Magnesian, 81, 128, 194- | Porphyries, tabulated descriptions of, 649, 
204. 650, 676-679. . 

of Trenton, 90, 129, 180, 205-238, 345- near Wausau, 665, 666. 
347. Porphyroid granite, 600. 

of Galena, 289-247, 347, 348. gneiss, 602. . 
of Hudson or Cincinnati, 248-266. Porphyritic biotite-gneiss, 653, | 
of Niagara, 267-312. quartzites, 666. | 
of Guelph, 318-319. Portage, 652, 653. , 
of Lower Helderberg, 320-323. Porter’s Grove diggings, 402, 444, 445, 450. : 
of Hamilton, 324-340, Port Andrews, 14. _. 

Pelton, A. W., 71. Port de Morts, 289. 
Parallel pitches, 480. Portland, 19. . 
Patch deposits, 489, 481. Potosi, 429, 433. 
Pearl spar, 392. Potosi Diggings, 401, 405, 482, 483, 443, 
Pease, Mr., 51. | 445, 447, 588. 
Peaslee diggings, 437. Potsdam sandstone, former extent of, 580, 
Peat of Upper Flambeau valley, 611 : 627, | 
Peavy’s Mill, 48. hydrology of, 524, 526. 
Pegmatite granite, 587. paleontology of, 163, 164, 169-194. 
Pelton’s quarry, 279. relation to Barron county quartzites, 
Penitentiary range, 473, 474, 475. 575, 
Pennsylvania, lead in, 899, Potsdam sandstone of the Miss. Region, 
Penokee region, 686. ~ ON. of Wis. R., 16, 18, 21, 24, 27, | 

range, 079. 31, 36, 38. .
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Potsdam building stone, 56, 57. _«{ Quartz, scarcity as gangue in Lead region, 
copper in, 56. 377, 378, 392. 
cross stratification of, 40. | veins in quartzite, 577. 
denudation of, 36. oo in gneisses, Grand Rapids rocks, 628. 
economical products of, 49-57. tabulated descriptions, 659. 
exposures of, 47-49. | porphyries, 649, 650, 677, 678, 679. 

. iron of, 49-56. Quartz schist, 521, 599, upper, 681, 682. 
layers of, 44. Quartzites, 665, 669, 685. 
lithological characteristics of, 39. in Barron and Chippewa counties, 577. 
local sections of, 45-47. | origin of, 578. 
paleontology of, 63, 64, 169-194, 341. ripple marks on, 578. 
ripple marks on, 40. veins in, 077. 
sections of, 41-47. | age of, 979, 976. 

at La Crosse well, 60. strike of, 576, 577. , 
at Oul City well, 59. dip of, 576, 577. 

° at Prairie du Chien, 61. of Baraboo, 5795. 
at Tomah, 60. , of New Ulm, 9572. 

stratification of, 39. of St. Croix river, 579. 
thickness of, 41-45. Quartzose biotite schist, 708. 

Potsdam Sandstone of the Lower St. | Quaternary formations of Mississippi dis- 
Croix District, 107, 109-121. trict, 92-98. 

composition of, 111. Glacial, 92. 
cross lamination of, 119. Champlain, 92-95. 
description of layers of, 112. | recent, 95-98. 
economical products of, 122, 123. of St. Croix district, 131-188. 
sections of, 112-123. . surface features of, 151-138. 

at Arcadia, 122. topography, 131. 
, at Chippewa Falls, 118. of St. Croix river basin, 131. 

at Gilbert Creek, 121. of Chippewa river basin, 136. 
at Hudson, 118. elevation of, 138-140. 
at Menomonie, 114. | 
at Somersett, 119. | 
at Wilson, 120. R. 
at Eau Claire, 117. | . 

paleontology of, 63, 64, 169-194, O41. Racine, 210, 277, 278, 279, 281, 283, 284, 

thickness of, 112. 285, 286, 287, 292, 293, 297, 309, 
Potsdam Sandstone of the Lead region, 805, 808, 312. 

418. Limestone, fossils of, 270, 271, 278, 
undulations of, 420. 276, 277, 278, 279, 281, 283, 284, : 
ore in, 518-521. 285, 286, 28/, 291, 292, 293, 294, . 

Prairie river, 717. 295, 297, 299, 301, 305, 306, 3807, 
Prairie du Chien, 24, 45, 78, 83, 418. dll, 312. oo 

artesian well, 61. Raccoon creek, valley of, 28. 

Prairie and terrace vegetation, 147. Radiate, 241, 248, 270-279, 313, 314. 
Pratten, Mr., 512. Ranges, mineral, direction of, 446, 400. 
Precipitating agents in ore deposition, Atkinson, 440, 447, 459, 461, 563. 

536, 537. Beetown, 445. 

Precipitation of ores, 536. Big Patch, 449. 
Present deposition of ores, 550. Black Jack, 478. 
Preston Point, 467. Crow Branch, 449. 
Prescott, 4, 65. Darlington, 445. 
Prospecting, suggestions relating to, 560. Dodgeville, 450. . 
Protozoa, 267-270. Duke’s Prairie, 445, 
Pteropoda, 175, 176, 225. Elk Grove, 449. 
Pumpelly, Prof. R., 588. Linden, 445. 
Pyrites, iron, see Iron pyrites. Long & Wooley, 433, 

copper, see Copper pyrites Menomonee, 449. 
Pyrite, see Iron ores. Mifflin, 401, 445, 449. 
Pyrolusite, 397. Mineral Point, 445, 510. 

iron in hyposyenite, 596. Moundville, 450. 
Co Muscalunge, 440. 

| Q. Nicholson, 473. 
Penitentiary, 473, 474, 475. 

Quarry rocks, 413. Platteville, 445. 
Quarries, Flemming’s, 78. Potosi, 445. 

‘Hale’s, 78. Rapids on Prairie river, 704, 710. 
Quartering crevices, 440. Rattlesnake, valley of, 564.
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‘Recent formations, 95-98. Rocks of the Wisconsin river valley, from 
period, 95, 183-135. Junction City to Mosinee, 650. 

sinks of, 97. vicinity of Grand Rapids, 627. 
calcareous deposits of, 96. Wausau, 661. 

Receptaculites, 76, 81, 410. Rockville, 273, 401, 443, 447. | 
of ore deposits, 452. ‘Roll ” of flats and pitches, 477. | 

Red Rock, 429, 480, 487, 487. Rominger, Dr. C., 279. 
| river, 276. Rosenbusch, 666, 667. 

. Dog, 401, 442, 443, 447, 464. Ross & Henry Mine, 471, 473. 
ocher,'394; see Hematite. Ross lake, exposures at, 125, 

: Dog Bluff, 429. . Rush river, 131, 182, 140. 
iron ore, 394; see Hematite. | valley of, 84. 
‘chalk, 53. | elevation of, 140. 
Cedar, elevation of, 140. 
Cedar river, 134, 137. S, . 

Reedstown, 16, 47. | 
Relative quantities of blende and galena, | ‘‘Saddle’’ deposit of ore, 480. 

472, . Salem, 27, 34. 
position of blende and galena, 472, | Sahlite, 606. 

475, / Salisbury, R. D., 389. 
Relation of ores to each other, 488. Salts of ancient ocean, 372. 
Relative order of ore deposition, 471. Sand creek, section of cliff on, 42. 
Residual clay, 400. Sandstone, 9. : 
Reticulated galena, 384-886. Potsdam, see Potsdam sandstone. 
Review, Historical, 367. St. Peters, see St. Peters sandstone. 
Rhine, 279, 291. Sandusky, 509. | 
Rib Falls, 700, 701. Sauk County, 3. | 

. Hill, 669, 685. = ore in, 406. 
river, 694, 695, 696, 697, 698, 699, quartzite, 576. . 

701, 717. Saukville, 271, 292. 
rapids, 694, 695. Sargasso Seas (Silurian), 533, 

Rice Lake, 575, 577. Scales Mound, 406. | 
Richland Center, 8, 50, 51, 79. Schists, Tabulated description of, 660. | 

county, 3, 4, 36, 48, 64, 79, 85, 97, augite, 684, 694-696. 
200, 405, 408. hornblende, 687-654, 694-696. 

town cf, 7. Huronian, 660. 
Richmond, elevation of, 140. mica, 689-691, 697. 
Richwood, 13. quartz, 681, 682. . 

: Ridgeville, 15. Schistose gneisses, 712. 
| Ridgeway, 445. * | Schmidt, Dr. A., 407. 

Ripon, 266. , Schmidt ranges, 449. 
Ripple marks, 578. Schoonmacker’s quarry, 277, 295, 297, 301, 
River Falls, 69, 87, 182. 306. 

elevation of, 139. Schott, C. A., 730, 754. 
Improvement Co., 53. Scolithus, 716. : 

Roaring river, valley of, 83. | Scott, 15. 
Roberis’ mine, 469, ‘472. Seaweed, metals in, 530, 537. . 

quarry, 253, 255, 256, | Secondary minerals of Lead region, 393. 
stone, 186. Sections, geological, at Woodstock, 96. 

Robbins mine, 462-464, at Arcadia, 122. 
Rock county, 745. at Big Bull Falls. 670. 
Rockbridge, 8. at Bluff on the Kickapoo, 43. 

village, 47, on Mississippi, 44. 
Rockton, 14. at Boaz, 45. 
Rocky Carry Rapids, 600. at C. & N. W. R. RB. Tunnels, 9, 46. : 

Island, 711. at Chippewa Falls, 105, 118. 
Roche 4 cris bluff, 172. at Cliff on Sand creek, 42, 
Rock Falls, 114. at Kastman, 21, 24. : 

: elevation of, 139. at Eau Claire, 117. 
mills, 391. at Genoa, 28. 
Prairie, 151. . at Gilbert creek, 121. . 

Rocks of the Rib River valley above Mara- at Hillsboro, 9. 
thon City, 692. at Hudson, 113. 

Upper Eau Claire river, 686. at Jewett’s Mill, 126. | 
Wisconsin river valley, from Pine at La Crosse, 60. | 

river to Grandfather Bull Falls, of Lower Magnesian Limestone, 125-
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Sections, geological, at Menomonie, 114. South Mifflin Falls, 603. 
at Oil City Well, 59. Spanish Triangulation, 738. 
at Orion Lead mine, 73, 74. Sparta, 20. 

- Of Potsdam of Miss. Dist., 41-47, mineral waters of, 57-59. 
in St. Croix Dist., 109 et seq. Spathic iron ores, 394; see Siderite. 

_ at Somersett, 119. . Speckle-Jack, 388, 449, 474, 475. 
at Star Prairie, 127. Spensley’s Branch, 436. 
at Tomah Well, 60. Spenser's Range, 446." | 
in Dnion, 18. Sphalerite, 387; see also Zinc ores. 
at Willow river, 125, | ° Springfield, 68, 78. : 
at Wilson, 120, 128. elevation of, 140. 

Seeleyburg, 14. Spring Valley Mine, 444, , 
Segregation, 559. Spring Green, 10, 723, 729, 749, 754. 
Segregation of minerals, 542, 544, trigonometrical base, 754. 
Selective chemical affinity, 552. valley of, 12. 
Shawneetown, 448. Stalactites, 96-98. 

| Sheboygan, 271, 314, 816. « of ores, 886-389, 480, 495. 
Shullsburg mining district, 402, 404, 405, of lead, 386. 

406, 437, 445, 449, of zinc, 388. 
Sheet deposits, vertical, 452, | of pyrite, 389, 

horizontal, 457. of calcite, 389. 
‘* Sheet lot,’ 448, Stalagmites, 96, 98. 

mineral, 384. of ores, 480. 
Sheldon, 14. | Stanton, elevation of, 140. . ° 
Sheldon & Graham’s mills, 59, Staurolite, 590, 606. . 
Shelby, 28. relation of its crystals to containing 

| Sherman, elevation of, 140. | rock, 606. 
Sherrill Mound, Iowa, 739. | Star Prairie, section at, 127. 

| Siderite, 394; see Iron ore. elevation of, 140. | 
Siebott, G., 60. State Park, 61. 
Signals for triangulation, 727. St. Croix, valley of, 36. 
Silica, see Quartz. river basin, 131, 133. : | Silesia, 373, 508. county, 101, 106, 107, 119, 121, 151, 
Silurian geography, 531. 157. | 

Upper, lead and zinc ores in, 878. topography of, 131, 
ocean currents, 373: St. Croix District, geology of, 99-159. 

Silver in lead, 380, 382, general geo:ogy of, 105-108, 
creek, 608. Archeein formation of, 109. 

Sirigle’s Mill, 668, 669, 685. Potsdam s:ncdstone of, 109-123.: 
Sinks, 97, 545, 561. Lowvr Magnesian limestone of, 123- 
Sinsinawa Mound, 411, 429. ~ 129, 
Sioux quartzites, 579, St. Peters sandstone of, 129. 
Skinner creck, 609. Trenton :imestone of, 129, 
Smith, J. M., 386. Quaternary formations of, 131. 
Smith’s range, 473. elevations in, 13-140. 
Smithsonite, 395, 469, 492. hydrology of, 141-145. 
Sobey & Davey mine, 468, 469. ° vegetation of, 146-154. 
Soft Maple creek, 579. , soils and subsoils, 155--159, 
Soils and subsoils of St. Croix district, | Sterling, 22, 25. 

155-159. | Sterling, Wm. T., 70. 
origin of, 156. : Sterling, Mt., 22, 89. , 
kinds of, 156. Stevens Point, 650. 

argillaceous, 157, Stevens, R. P., 337. 
calcareous, 157. Mr. M., 586. 
carbonaceous, 158, St. Joseph, elevation of, 140. 
silicious, 156. Stockwerk, 432, 457, 467. 

of Upper Wisconsin valley, 718, 721, | Stockbridge, 264. | 
722, Stopline diggings, 402. 

Soil, its color, a guide to mining, 562. St. Peters sandstone, 81, 87, 106, 107, 129, 
of Upper Fiambeau valley, 614, 615. 415-417, 435. 

Solution of disseminated ores, 539. thickness of, 16, 18, 21, 25, 27,31, 88~ 
Somersett, 119. 83, 129. 

elevation above Lake Michigan, 120, color of, 129. 
140. composition of, 82, 129. 

section at, 120. denudation of, 87, 
South Mifflin diggings, 401. economic products of, 83, 129. 

Galena, 406. | exposures of, 83-87, :
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St. Peters sandstone, former extent of, 87. | Tabulated microscopic rock descriptions, 
of Lead regiion, 435. Merrill, 704-708. 
lithological characteristics of, 82, 129. Pine river, 709. | 
ores of, 509-511. . Prairie river, 710. 
stratification. of, 82. Rib river, 694-701. | 
unconformity of, 82. Stevens Point, 640-644. 
undulations of, 421. Trap river, 684. 

Straight, Mr., 127. ° Upper Wisconsin, 709, 710. 
Stratification of St. Peters, 82. Wausau and vicinity, 661, 670-679, 

Potsdam, 39. | “ 685. 
L. Magnesian, 68. : Wis. river, 652-660. | 

Strata of Lead Region, 407. Yellow river, 645, 649. 
undulations of, 419. - Tamarack swamp, 9, 18, 15, 95. 

due to disturbance, 422. creek, valley of, 30. : 
7 | - deposition, 420. of St. Croix district, 154. | 

Strawberry blende, 388, 459. Taylor, Mr. Philo, 52. | 
: diggings, 400. , Taylor County, 717. 

Jack, 474, 475. Tennessee, ore deposit in, 399. | 
Striz, 611. Territory described in Part I, 4. | 
Strong, Moses, 2, 101, 200, 367, 405, 411, | Thermal-water theory of ore deposit, 525. 

412, 414, 415, 427, 431, 453, 5738. springs, relation to ore deposit, 373, 
Stump Grove diggings, 449. | 374. | 
Sturgeon Bay, 271, 274, 281, 287, 292, 305. in ocean, 528. 

° Sub-Carboniterous, ore deposits in, 379. Three Rolls, Eau Claire river, 687. 
Sublimation theory of ore deposit, 379, 522. | Theories of ore deposition, 522. 
Subsoils, see Soils. sublimation, 379, 522, 
Sugar bush, 61. thermal water, 525. 
Sulphuretted zone, 547, oceanic deposition, 529, — 

hydrogen, 537, 546, 547, 549. requirements of, 374. 
agency in precipitating ores, 372. | Thomas, L., 77. | 

Sulphuret of lead, 380; see Galena. Tiff, 871; see Calcite. 
iron, 388; see Pyrite. Titfany, elevation of, 140. 
baryta, 393. Till, or ground moraine, 719. 

Sulphur, 388, 390, 398. Till of U. Flambeau valley, 612. 
Sulphate of iron, 393; see Melanterite. Titanic iron, 606. 
Sumner, 573. Tomah, 138, 44. 
Superticial Geology of Upper Wis. valley, | Tomah well, 60, 520. 

715. ‘Topography of St. Croix river basin, 131. 
Surface Geology of Mississippi region, Upper Flambeau valley, 607-610. 

: 7-37. Tourmaline, 594, 606. 
aspect of lodes, 438. Towerville, 79. 
erosion of lodes, 497. Towns described in Part I, 4. 
contour, its relation to lodes, 563. Town 4, range 1 east, 7. 

Sunflower Cora!, 410. 10, range 1 east, 7. 
Swamps, 95. 11, range 1 east, 8. . 

tamarack, 9, 13, 15, 95. 12, range 1 east, 8. 
Sweet, E. T., 175, 573, 576. 13, range 1 east, 8. 
Swenson, Mr. M., 629. - 14, range I east, 8. 
Swindler’s ridge, 403. 15, range 1 east, 9. 
Syenite in Up. Flambeau valley, 598, 599, 16, range 1 east, 9. 

605, 620. 17, range 1 east, 9. 
Sylvan, 14. 18, range 1 east, 9. 

Corners, 86. : 19, range 1 east, 9. 
Synclinals of Lead region, 435. - 9, range 2 east, 10. 

10, range 2 east, 10. 
11, range 2 east, 10. 

T. 12, range 2 east, 10. 
13, range 2 east, 10. 

Table of amount of silver in galena, 382. 8, range 3 east, 10. 
Tabulated microscopic rock descriptions, _ 9, range 3 east, 10. 

Grand Rapids, 631-638, 10, range 3 east, 10. 
between Knowlton and Mosinee, 660. 11, range 3 east, 11. 

: Eau Claire river, 687-691. 12, range 3 east, 11. 
Junct. City and Knowlton, 652, 654. 13, range 3 east, 11. 
Little Bull Falls, 655-659. 9, range 1 west, 11. 
Lower Eau Claire river, 680. : 10, range 1 west, 11. 
Marshall Hill, 681-688. | 11, range 1 west, 12.
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. Town 12, range 1 west, 12. Town 17, range 6 west, 26. 
13, range 1 west, 12. : 18, range 6 west, 27. 
14, range 1 west, 12. : 11, range 7 west, 27. 
15, range 1 west, 13. 12, range 7 west, 27. 

. 16, range 1 west, 138. 13, range 7 west, 28. 
17, range 1 west, 13, 14, range 7 west, 28. 
18, range 1 west, 13. 15, range 7 west, 28, 
19, range 1 west, 13. 16, range 7 west, 28. 

9, range 2 west, 13. 17, range 7 west, 29. 
10, range 2 west, 14. . 18, range 7 west, 29. 
11, range 2 west, 14. 19, range 7 west, 29. 
12, range 2 west, 14. 20, range 7 west, 29. 
13, range 2 west, 14. 17, range 8 west, 29. 
14, range 2 west, 14, 18, range 8 west, 30. 
15, range 2 west, 14. 19, range 8 west, 30. 
16, range 2 west, 15. ' 20, range 8 west, 30. | 

| 17, range 2 west, 15. | 18, range 9 west, 30. 
18, range 2 west, 15, 19, range 9 west, 30. 
19, range 2 west, 15. . 20, range 9 west, 30. 
8, range 3 west, 1d. 18, range 10 west, 31. 
9, range 3 west, 15. © 19, range 10 west, 31. 

10, range 3 west, 16. 20, range 10 west, 31. 
11, range 8 west, 16. 21, range 10 west, 31. 
12, range 3 west, 16. 19, range 11 west, 31. 
13, range 3 west, 16. 20, range 11 west, 32. : 
14, range 3 west, 17. 21, range 11 west, 32. - 
15, range 3 west, 17. | 20, range 12 west, 32. 
16, range 3 west, 17. 21, range 12 west, 32. 
17, rang> 3 west, 17. 22, range 12 west, 32. 
18, range 3 west, 17. 23, range 12 west, 32. 
19, range 3 west, 18. 24, range 12 west, 33. 
7, range 4. west, 18. 22, range 13 west, 33. 
8, range 4 west. 18. 23, range 13 west, 33. 
9, range 4 west, 18. — 23, range 14 west, 33. 

10, range 4 west, 19, 24, range 14 west, 33. 
11, range 4 west, 19. 25, range 14 west, 34. 
12, range 4 west, 19. 23, range 15 west, 34. 

, 13, range 4 west, 19. 24, range 15 west, 34. . 
~~, 14, range 4 west, 19. 25, range 15 west, 34. 

15, range 4 west, 19. : 24, range 16 west, 34. | 
16, range 4 west, 20. 95, range 16 west, 34. | 
17, range 4 west, 20. 94, vange 17 west, 35, 
18, range 4 west, 20. 25, range 17 west, 30, 
19, range 4 west, 20. 25, range 18 west, 30, 

. 4%, range 5 west, 21. 96, range 18 west, 35, 
8, range 5 west, 21, 26, range 19 west, 39, 
9, range 5 west, 21. 97, range 19 west, 30, 

10, range 5 west, 21. 27, range 20 west, 30, 
11, range 5 west, 22, Trapp river, 664, €69, 675. 
12, range 5 west, 22. granite, 669. 
18, range 5 west, 22, } Travertine, 97, 98. 
14, range 5 west, 22, { Trempealeau, 30. 
15, range 5 west, 22. | Trempealeau county, 3, 4, 36. 
16, range 5 west, 23, river, valley of, 31. | 

. 17, range 5 west, 238, mountain, section of, 41. 
18, range 5 west, 23. Trenton, 35. 
6, range 6 west, 24. | Trenton limestone, see also Buff and Blue 

| 7, range 6 west, 24. Limestone, 18, 21, 24, 88-90, 105, 
8, range 6 west, 24. 106, 129, 180, 412-415, 

. 9, range 6 west, 24. carbonaceous matter in, 528. 
10, range 6 west, 25. economical products, 88, 89; see also 
11, range 6 west, 25, . Ore deposits. 
12, range 6 west, 25. co exposures of, 89, 90. 
13, range 6 west, 25, former extent of, 90. 
14, range 6 west, 26. lithological characteristics of, 88. 
15, range 6 west, 26. paleontology of, 90, 180, 164, 165, 
16, range 6 west, 26. 205-238, 345, 414.
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Te undulations of, 421. Vernon county, Ben 36, 48, 63, 79, 84, 97. 
rulation, 727. ore in, 405, 406. 

Trine Great Britain, 737, | 730 | Vertical distribution of barite, 491,492. - 
gles, measurement of, . 1 . 

_ estimation of sides, 731. | copper, 491. 
Trigonometrical stations, 747. caleite, 491, 492. Trilobites, 63, 80, 110, 118, 121. of ores, 488, 551. 

in Potsdam sandstone, 163. ore seams, 452. . 
Beds, Hudson, 109, 110, 112. sheet ore deposit, 452. 

Trin ey Claire, 109, 110, 112. Victoria range, ol0. | 
> Ue 1 ry, ° 

Tripsde De of, 140. Vinegar Hill lodes, 403, 487. 

Trout Creek, valley of, 88. Viridite, 606. 
ake, , i Iroy, elevation of, 140. Viroqua, 19, 88, 84, 85, 89. 

‘umbling openings, 454, 462. 
Tunnel City, 15. . W. 
Turgite, 394. Wad, 397. 
Turtle Creek, 595, 608. Wallace, Wm., 369. 

Falls, 595. Warren, elevation of, 138. . 
rocks above, 597. Ward & Hearn, 511. - 

| Washington, 11, 22. 
Uv. Waterfalls, 17. | | 

° watertown, 207. 
. . ° aterloo, 256. . . Undalations of Strata in Lead region, 371, Waterville, 34, sol. 998 | 

were aubakee, 320, » OL | 
cue to deposition, 420. | Waukesha, 270, 271, 281, 284, 285, 286, 
Laurentian Rocks, 494, ei 292, 293, 302, 803, 305, 306, 

Union 2 1k Se dk aS, beds, fossils of, 279, 281, 292, 297, 
University, State, 625. . 302, 305. 

Lawrence, 635. Waumandee, valley of, 32. 

Hencayal ot Strata, 370. Waupan of oe. 

Pe onal bode, fosuily’of, 871, 974, 991, Wausau, 625, 668, 670, 672, 676, 677, 678, 

292. eo | | “tno Diet? granite, 686. 
Menomonee Mining District, 408, 445, | Wauwatosa, 271, 273. 276, 279, 286, 287, , 
Pipe clay openings, 418. W 291, 292, 2938, 294, 302. 

Wisconsin Valley, 715. auzeka, 21. 
Uralite gabbros, 692, 702. | Webster, 16. 

alteration products, 621. ells, 17, 
Utica, 19, 21, 22. Wellington, 13. : ’ West B!ue Mound, 402. 

Westford, 10. . ‘ 
Y. } West Platte Mound, 393 

a . ; i Wheatland, 25, 27. 
\ alley drift of Miss. and Wis. rivers, 92. | Whig Diggings, 400, 484, 448, 449. 

Van Meters range, 445, 450 eee 958, 359, 040 es BM NSE, » OU, 9 VO, 3 . 
quarry, 402. White iron pyrites, 390; see also Marcasite. 

yanhise, C. a 623, 625, 662. | lead ones, 394; see Cerussite. 
getation, 722. 40a, . 

of St. Croix district, 146-154, White Oak springs, 403. 
prairie and terrace group, Lar 10. | Whitfield, pret. K. F 161, 173, 179, 533. 
oak and poplar group, 150-152. hitney, Prof. J. D., 93, 384, 397, 414, 
hardwood and {ponifer group, 152, 153. y 1 Bab ates aa 437, 467, 

? . 'y ’ 7 7 ° 

7 grass and sedge eroup, 154, his theory of ore denosits, 371, 375. 
amarack group, . ° , Ob. 

in relation to crevices, 544, 561. of crevices, 372. | 
of OU p. Flambeau valley, 610, 614, | Whitestown, 14. 

Vej 615, 659 Whitewater, a a eH 247, 
ein quartz, 609. ittemore, J. D., . 

Veins, gash, 453, 454. Wichmann, Dr., 617.
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Willow, 10. Wooster, L. C., 99, 100. 
Falls, 184. Worthen, Prof. A. H., 240, 268,.426, 444. 
river, 181, 141. Wight, Dr. O. W., 3. 
River Beds, 106. Wright, C. E., 625. 

Wilson, section at, 120, 128, - | Wyoming, 732, 733, 735. 
James, 489, 441, 447, 448, 516, | 

Wilton, 13. Y 
Williamstown, 315. ° . 

Winchell, Prof. N. H., 171, 178, 474, 194, Yellow copper ore, 390; see Chalcopyrite. 
Wingville mines, 401, iron pyrites, 388; see Pyrite. 

age aoe Yellowstone diggings, 402, 437, 450 Wiola district, 402, 437. Youne Di WeM. @. 
_ diggings, 429, 445, 450. Younrlot 448. 0° 

Wisconsin Academy of Science, 516, 525, aoe 
Isle, 531. | 
river, course of, 425, 675, 706, 707, ZL. 

Valley, 625, 650. Zinc, associated with lead, 318, 489. 
crystalline rocks of, 628, 627. carbonate, 395; see Smithsonite. 
superficial geology of, 715- bloom, 396; see Hydrozincite. 

119, ores of lead region, 380 et seq. 
Woodland, 10. sulphate, 396; see Goslarite. 
Woodstock, 12, 79, 96. sulphide, 387; see Sphalerite. 
Wood, J. W., 178. total yield of, 489. 

river, 717. | Zone of oxidation, 509.
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 PpLATE 1. PAGE. 

PALMOPHY
CUS pLuMosus

 — W.. eooveeee
e eo oF eccsee

sseeerere
r® & . 169 

Fig. 1. View of the specimen used in description. 

LINGULEPIS PINNIF
ORMIS — OWEN. «eee eeeerererese ee e® seeeeeree 169 

Fig. 2. View of a small dorsal valve. 

3, View of a ventral valve of ordinary form. 

OrTHIS
 PEPIN 

a — Ha
ll so -eeeere

eneener
 ste

er 

170 
; 

Fig. 4. Cast of a dorsal valve. 

5. Cast of a ventral valve. 

. 

LEPTANA BaRABUENSIS — Winch ce ececeseneeesereeereeeeee
s 171 

Fig. 6and 7. Casts of a dorsal and a ventral valve, enlarged to two diameters. 

PALHACHMEA Invinet — W ..-- +: cee ence cece neseeeneeereee 173 

Fig. 8 and 9. Vertical and lateral views of one of the more perfect specimens. 

; OPHILETA (RaPHISTOMA) PRIMORDIALIS — Winch....eseree rete 173 

Fig. 10. Lateral view of a gmall individual enlarged to two diameters, show
ing the elevation. 

11. Upper view of a larger individual, natural size. . 
| 

: 
HYOLITHES PRIMORD

IALIS — Hall ..-- cence eceene seer eerernee 175 

Fig. 12. View of a fragment of rock containing two individuals. 

BELLEROP
HON ANTIQUAT

US— W..
 erceovneovee ere % esos eevose eer e & eosoeoee 176 

Fig. 18 and 14. Back and profile views of a specimen, enlarged to two diameters. 

CoNOCKPHALITES? QUADRATUS —W.--eeseercrserseens
 180 

Fig. 15. View of a glabella and fixed cheeks, enlarged to ten diameters. 

16. View of the under side of a right cheek showing the extent of the marginal rim, en- 

larged to six diameters. 

ARIONELLUS CONVEXUS — Weeecseerrrerse seen nese eee 190 

Fig. 17. View of the glabella and fixed cheeks, natural size. 

ELLtr LQC
EPHALUS 

curtUS— 
W..- e

e 
191 

Fig. 18. View of the he ed, natural size, the movable cheeks being absent. 

AGRAULOS (BaruyuRuS?) WoosTERI — W ceccececeeeeeeecseses 189 

Fig. 19. View of a Hearly perfect cast of the head. 

2), Outline prefile of the same. 

91. Castof a, pygidium. 

CREPICEPHALUS ONUSTUS— W oceeeeeeeestcrettestcess s
e 182 

Fig. 22 and 23. gow of the central parts of the head and an outline prodile of the same. 

— .PrycHASPIS GRANULOSA — Owen SPiveeeeeceeesersesensre
 tense 185 

Fig. 24. View of a head which is destitute of the movable cheeks, and with imperfect pos- 

¢érior limbs. 

PrycHASPI
S MINUTA —

Weeeecec
ceercr errr seers e eee eee eee 186 

Fig. 25. View of a movable cheek, greatly enlarged. 

9g. The glabella and fixed cheeks, greatly enlarged. 

CoNOCEPHALUS (PryCHAsPIs) EXPLANATUS — W --ee) cere cent’ 181 

Fig. 27. View of an imperfect head, natural size. 

93. Outline profile of the same, showing the curvature and elevation of parts.
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PLATE 2, 
. PAGE. 

ARENICOLITES WoOovt — W ....ccccccsccccccvccce 
eee oes ese @G@ansvee 177 

Fig. 1. Vertical section of a layer of sandstone containing the borings, showing their 
irregular character. Near the middle along the upper margin is a series of the 
semilunate borings showing their juxtaposition. 

2. View of the summit of the same block as fig. 1, showing several series of the semi- 
unate borings. «.. <s 

8 View of a part of “the qpper surface of a large block of sandstone, showing the 
little hillocks folin ound the openings on the natural surface, and also the 
trailings and horizontal borings of the worms. 
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PLATE 3. 
PAGE. 

DIKELLOCEPHALUS MINNESOTENSIS — Owen eee oreo erenserseoesene 187 

Fig. 1. View of a smallimperfect pygidium. 

CONOCEPHALITES CALYMENOIDES — W . ....cee ee seeccccesvee 179 
Fig. 2. View of a specimen showing the body and a part of the head, as obtained by gutta- 

percha from the natural mould. Enlarged to two diameters. 
3. View of a glabella and fixed cheeks. Two diameters. . 
4, A segment from the upper part of specimen fig. 2, enlarged to four diameters. 
5. Outline of the segment, showing the elevation of the lobes. Two diameters. 

LEPTAINA BARABUENSIS ~— Winch.......-cercsccccerscereseecee LOD 
Fig. 6. View of a cast of a ventral valve, enlarged to two diameters. 

Scavoayra Swefatiye— Wo... seeeeee eres eee eeee ence ne eeenees 198 
Fig. 7and8. View of the gpi d back view of a cast of the species, very slightly restored 

on the middle eet . 
9. A restored figure‘o£ t perture, from the above specimen. 

SCAVOGRAR A’ BLIQUA — W oom orev eoreneeosreeneees eevee eseeeeeseeenvnene 199 

Fig. 10. Back view of the sfggimen, natural size. 
; 2 Ne 

ScatvOGYRAT ELEVATA — W...... ccc cc eee ere eee ecceeserseerces 199 
Fig. 11. Lateral view of age specimen used in description, restored at the upper part, from a 

gutta-percha cast in the natural mould. ‘ 

METOPTOMA SIMITIS— W .....- sce ccece cesses ecerecereeeesee 196 
Fig. 12 and 13. Dorsal and outline profile views of the specimen described. 

METOPTOMA RECURVA — W ...... cece cccccscecscccscccscccsees 196 
Fig. 14 and 1°. Vertical and profile views of a large specimen, both figures somewhat re- 

stored. 

METOPTOMA BARABUENSIS —~ W ....-cevcccscvesccssvcesssvsces 19D 

Fig. 16and 1%. Vertical and lateral views of a large specimen. 

METOPTOMA RETRORSA — W......e.scerccccceccccocccesces os 19T . 
Fig. 18. Lateral view showing the commencement of the recurving of the apex.
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= r 

EKyom ALUS STRONGI — W........cccccccccccsccsccsceeseceseee 200 

Fig. 1 and 2. , fe nd profile views of a very well preserved specimen. 

. Than RUS CONVEXUS — W “eeecereeor eam eree este ee nee eevee onaenessee 203 

Fig. 3and 4. #iegyer the glabella and fixed cheeks and outline profile of the same. 
5. View? aggysidium of the species. 

“Dale LOCEPHALUS BARABUENSIS — W ......--.cceecccerecesees 201 
Fig. 6. View.of #f glabella and fixed cheeks of a well preserved specimen of full growth. 

7. Outling profile of the same. 
8. View dPaleft cheek supposed to belong to the species. 
9. <A pygfttagim referred to the same. 

10. View oe left cheek of a different form and species from fig. 8, but associated 
with. it. 

. DIKELLOCEPHALUS HATONI — W .... cece ec cccecccccccccsccccees YQ 
Fig. 11. Upper view of a large imperfect head of the species. 

12, Front view of the same, showing the great breadth of the thickened anterior 
marginal rim. 

13. Lateral or profile view of the same, showing the great convexity. 
14and 15. Upper and lateral views of a left cheek of the species. , 
16. Upper view of an imperfect right cheek. . 
17. View of a pygidium found associated with the other parts and supposed to belong 

to the species.
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PAGE. 

InLANUS OVATUS — Conrad 2... cere cere cere eee e cere cetvesrens 208 
Fig. 1. Viewof a small nearly entire cast of this species, from the Buff limestones of Beloit. 

2. View of alarger head, destitute of movable cheeks, from near the same place. 

Asapuus Susai—Calvin ..... cece cece cece eet eect eee rece ees 200 
Fig. 3. Dorsal view of a specimen from the Trenton formation just south of the state line. 

The thorax has been shortened by one of the segments being crowded beneath. 

Asapnuus HoMALONOTOIDES — Walcott.........ceeeee cect cere eee ABT 
Fig. 4. View of the pygidium described. . 

AMBONYCHIA LAMELLOSA — Hall ......c. cece eee e cere eeree cree e WOO 

Fig. 5. ‘View of a cast of a right valve of about the average form. 

: AMBONYCHIA ATTENUATA — Hall......... cece cece eee e cere eeeee es 206 

Fig. 6. View of the left side of a specimen from Hanchett’s quarry near Beloit. 

CYPRICARDITES MEGAMBONUS — W .......0--eeseeerceereeeees 210 
Fig. Yand8. View of the right side and antero-cardinal view of an internal cast from 

Hess’ quarry, near Beloit, Wisconsin. 

CYPRICARDITES VENTRICOSUS — Hall ...... cee cere ccc cece ences 209 
Fig. 9. View of a left valve from Hess’ quarry, Beloit. 

CYPRICARDITES NIOTA — Hall .... 2... sec ee eee ce coerecerewerees AOS 
Fig. 10. View of the left side of a well formed specimen from Hess’ quarry, Beloit. 

CYPRICARDITES ROTUNDATUS — Hall ..........0.0 0: eeeeeerces 208 
Fig. 11. View of the left side, showing the more erect form than that of C. niota. 

TRELLINOMYA NASUTA — Hall...... cc c00 ce ce cee eer e cence ence 207 
Fig. 12. View of aright valve of medium size, Hess’ quarry, Beloit. 

: METOPTOMA PEROVALIS — W ...-ecceesceeetceeseeerceeleesesse Zl 
Vig. 13 and i Dorsal and lateral views of the type specimen. Below Carpenter’s quarry, 

eloit. 

CYCLONEMA PERCARINATUM — Hall ....- +26 see eeere eee ee eens 211 

Fig. 15. Lateral view of a spécimen showing the revolving lines. Carpenter’s quarry, Beloit. 

MURCHISONIA TRICARINATA—Hall.......4. ceeeee cece sere ees 212 
Fig. 16. Lateral view @f a cast of the ordinary size; when the specimens grow larger than 

this the volutions become disconnected and pass into the next species. 

| MuRggISONIA HELICTERES — Salter ..... sees cc eee e cere reeves 220 

Fig. 17. View of the,,cast#of a large individual showing the expansion of the aperture. 
| Hess’ quarry; Beloit. eee 

MURCHISONIA VENTRICOSA — Hall ...-6--eee essere ee ce teeee ves 213 

Fig. 18. Lateral view of @ specimen presenting the ordinary form. Carpenter’s quarry, Be- 

O14. on ae 

MURCHHSONIA GRACTILIS—Hall?....- see seer ee cee ereeeeeeer eee ALT 

Fig. 19. View of a specimen of the form usually referred to this species. 

Murcutsonra (EunEMA?) Pacopa —Salter.......+--2++.+eeee ++ 218 

Fig. 20. View of a specimen of the species as obtained ‘by a gutta-percha cast in the nat- ‘ 

ural mould. . 

CLISOSPIRA OCCIDENTALIS — W....eeeeee rcs eects eeree creer ceee 222 

Fig. 21. Lateral wie enlarged to two diameters, of a specimen from Carpenter’s quarry, 

eloi
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PLATE 6. | 
PAGE, 

PLEUROTOMARIA SUBCONICA — Hall .... cecccccccccseccccedcvee JIG . 
Fig. 1. Lateral view of a very perfect cast, from Hess’ quarry, near Beloit. 

RAPHISTOMA NASONI— Hall .......... ccc cescccccccveccrecesees AUS 
Fig. 2and3.. Lateral and upper views of a specimen showing the usual characters, Hess’ 

quarry, Beloit. 

RAPHISTOMA LENTICULARIS — Sowerby.........ccecceeccceccsces S14 
Vig. 4and5. Lateral and upper views of a cast, Hess’ quarry, Beloit. 

TROCHONEMA BRACHI—W.. ......0..cccccecccccccccevccccvcees ALB 
Fig. 6. Lateral view of a large individual. Hill above railroad quarries, above Beloit. 

| TROCHONEMA BELOITENSIS— W .........c0ccccecccccecceccsces QP 
Fig. 7 and 8. Lateral and vertical views of an entire cast from Hess’ quarry, Beloit. 

| HyOLtTHEs BACONI — W 2.2... cece cece eect eect ee ececesaee JOB 
Fig. 9-11. Back, front and lateral views of a specimen showing the form and remains of 

surface markings. 

| Bucania (TREMANOTUS?) BUELLI— W............-.cccececccee QZ 
Fig. 12 and ae Dorsal and lateral views of a well preserved cast showing evidence of the 

orsal slit. “= 
14. View of a specimen preserving the ifpression of the exterior of the aperture, Hess’ 

' quarry, Beloit. gee 

BELLEROPHON WIgQONSENSIS— W ....... 000s esse eee e erence ees 298 
Fig. 15 and 16. Dorsal and lateral iDwe of a cast from below Carpenter's quarry, Beloit, 

showing the broad dorsa, a ang. | 

Macnurwa Bragbyr— Hall... 2... cece eee e cece c ee ence eee ween ee 999 
. Fig. 17 and 18. View of the flat side and*front profile view of a cast of large size. Below 

Carpenter's quarry, Beloit. . 
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GYROCERAS DUPLICOSTATUM —W.-.eeeseeererersccceceesscsess 235 

Fig. 1. View of a specimen as obtained from a gutta-percha cast in the natural mould. 

Bristol, Dane county, Wis. 

CyRTOCERAS BREVICURVATUM— W ..--eeeeesesteetertcrsstee ss 234 

Fig. 2 Lateral view of a cast preserving some of the chambers. Hess’ quarry, Beloit. 

ONCOCERAS MUMIAFORME — W ..--.00- ceetenerccsses sete stnes 232 

Fig. 8and4, Inner and Jateral views of a fragment preserving the outer chamber and sev- 

eral other chambers. 

5. View of another fragment. showing the crowding of the septa near the upper end. 

ONCOCHRAS PANDION — Hall.....- sessesseesseeecs crteesstees 233 

Fig. 6. Lateral view, of a specimen showing the surface line andthe siphuncle. From below 

Carpenter’s quarry. 

CyrTocRRAS CAMURUM— Hall..---+---seeessssertessscisstet 
es 231 

Fig. 7and 8. ee and dorsal views of a fragment, showing the form, size and rate of 

curvature. 
9. Diagram showing the form of the section in the upper part of the specimen. 5 

CYRTOOERAS PLANODORSATUM — W..--ssesseeererersrsresctses 231 

Fig. 10 and 11. Lateral view of a fragment, and an outline of the section. 

42. View of the inner side of the same, showing the sinus in the margin. 

ORrHOCHRAS ANNELLUM — Conrad ...+--ssssseeerneesresecciees 226 

Fig. 18. View of a cast showing the general form. and also the curvature of the tube. Hess’ 

quarry. 

ORTHOCHRAS PLANOCONVEXUM — Hall...-++-+ss.cee srsrseeces® 228 

Fig. 14. View of the flattened side of a specimen, which preserves also some of the cham-_ 

bers. Hess’ quarry, Beloit. a 

Enpoceras (CAMEROCERAS) SUB: NNULATUM — W . ss esses eee ees 280 

Fig. 15. Lateral view of a apecaee proserving: the fer chamber and several septa, also 

showing a part of the inner tube. Hess’ quarry, Beloit. 

Fig. 16. View of the edge of the lower end ofthessame, showing the relation of the inner ° 

‘tube to the outer, and to the septa; oe 
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PLATE 9. | : 
. PAGE. 

LINGULELLA TOWENSIS— Owen ...-.-seeceeeeeeecesecs socerees 242 
Fig. 1. View of a large specimen showing the general form of perfect individuals. The left 

side of the figure shows the condition of a cast, and on the right is represented a 
portion of the shell. 

FUSISPIRA VENTRICOSA — Hall......ccccescccccosscccscereecsses D4 
Fig. 2 Front view of a specimen from West Jefferson, Wisconsin, showing the form of the 

_ Species. 

| FUSISPIRA ELONGATA — Hall ....0s.cccceccsccccccsscee soveeee 240 

Fig. 3. View of a specimen from Whitewater, Wisconsin, showing the form of the volu- 
tions, ete., but imperfect at both extremities. 

MuRCHISONIA gain giarizcrxcts —Hall ... sc ccc cece ee eseee 244 
Fig. 4. Back view of a largeg{diyjdual"trom Pensaukee, Wisconsin, showing the general 

form of the shellzg,Manygspecimens increase more rapidly in size than does this 
one. A “4 a . ‘ 

Mactugms, oyiteara — Whitf wee eens eee s eer ececcecsescscee JAG 
Fig. 5. View of the Mtgidmof a specimen from Whitewater, Wisconsin. . 

6. Profile view of JMg@pame specimen. 

Maca SUBROTUNDA — Whitf ...... . 20. secre ees e eee eeeeeee 246 
Fig. %. View of the flat surface of a specimen from Whitewater, Wisconsin. 

8. Profile view of the specimen looking on the aperture.
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TRIPLESIA PRIMORDIALIS — W.. eoveecervreee eur esses eeeneeneeeesvers 172 

Fig. 1. View of the specimen described, being a cast of the dorsal valve in sandstone. Fig. 

enlarged to two diameters. 
2. Profile of the same specimen, showing the elevation of the fold. 

Honopra SWEETI— W..-. . cece eee cece cece cere ceereeceeescee ITA 

Fig. 3. Side view of one of the specimens used in description, natural size. From Osceola 
Mills, Wisconsin. 

DIKELLOCEPHALUS EATONI— W .....0- ceeceeec ce creeeseeeseee 192 

Fig. 4. View of amore perfect pygidium than the one originally used, showing two distinct 
rings on the axial and on the lateral lobes. 

5. Profile view of the same, showing the elevation of the middle of the plate. 

FLALYSITES CATENULATUS— Lie cc cece cece cee ee ee ee eees oe cee OAL 

Fig. 6. View of a cast of this species, found in the Trenton limestone at Rockton, Illinois. 

RECEPTACULITES OWENI— Hall... ....e cee eee e eee ee cece see eee Og 

Fig. 7%. View of the upper surface of a fragment, showing the general characters. Galena 

limestone. 

Asaprus Susat—Calvin...... cece cece teen ee eeenesseessenee.« 200 

Fig. 8. Profile view of the specimen given on pl. 5, fig. 3. 

OrrHOCERAS (ACTINOCERAS) BELOITENSE — W......s+-seee-0+- 226 

Ps 9. View of a fragment, showing the cast of the siphuncle and the filling of the same, | 

E° 4: = gs also the thickenings of the septa. 
mt — 10. Rape ire gn of the large specimen, pl. 8, showing the position of the siphuncle 
= hs ea ei ey core or filling. 

~ HERR sys yo — White 192 

Fig. 11. View of thé"speernen, enlarged to three diameters, showing its general form and 
character. The right margin of the head and extremities of the three anterior 

rings are folded under on the specimen, and their outline restored in the figure. 
The tail, spine and smaller segments are somewhat displaced. 

CREPICEPIALUS? GIBBSI — Whitf.........ccce cree cece ence ceeee 184 

Fig. 12. View of a left cheek as obtained by gutta-percha in the natural mould. 

13. View of a pygidium referred to the same, being found on the same block of sand- 

stone., 

DIKELLOCEPHALUS LopENSIS — Whitf ...........0. «e+. 188 and 341 

Fig. 14. View of the right cheek mentioned in the description. 

HEMIPRONITES AMERICANUS — Whiltf ......... ceceeseueeveeeee 249 

Fig. 15. Dorsal view of a perfect specimen from near Oshkosh, Wisconsin. 
16. Dorsal view showing the valve slightly concave on the umbo. 
17. Cardinal view showing the area, deltidium and foramen.
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ALVEOLITES
 IRREGULARI

S — W..-e--ee
eeeeers ~“seoeon et BCoveeoeete

 951 

Fig. land2. View of a fragment, natural size, and a portion enlarged to ten diameters, 

showing the form of cells and maccule. From Iron Ridge. . 

MonrTicuLIPORA PUNCTATA — W...---ssererscrercersecses
sees® 249 

Fig. 3and4. View of a specimen, natural size, and a portion enlarged to five diameters. 

Delafield, Wis. 

FISTULIPORA LENS W...-seeeeeseeccessserss
ersrereceree sree et! 256 

Fig. 5and6. View of the upper surface of a specimen, natural size, and an enlargement 

to ten diameters of a portion. From Delafield, Wis. 

Monricunrpora (?) Orront — Nicholson...---+++e+eersrer
eres 251 

Fig. Yand8. View of the upper side of a specimen, natural size, and an enlargement 

to three diameters. Delafield, Wis. — 

MontTiIcuULIPOR
A MULTITUBERCU

LATA — W. eseeereseoseeosen
eevesere 250 

Fig. 9and10. View of a fragment, natural size, and an enlargement of a portion to eight 

diameters. Delafield, Wis. 

MoNTICULIPORA RECTANGULARIS
 —— W oc ccccccccecceeecevecevsee OA 

Fig. 11 and i. A fragment, natural size, and an enlargement to.eight diameters. Delafield, 

is. 

. 

CH ATETES FUSIFORMIS — W ..-.-+eeeeeresseneerererser
esseess 948 

Fig. 13and 14. View of a specimen enlarged to two diameters and a section enlarged to ten 

diameters. Iron Ridge, Wis. 

TREMATOPORA ANNULIFERA — W..seeereecrsseesesrecerssercc
cs 254 

. Fig. 14, View of.a spgeimen qqlarged three diameters. 

yd 1¥. 4 View of MinothEr specimen enlarged to two diameters, and a portion enlarged 

nko twelv. Gearon’ Wis. 

a ULTPORA SOLIDIS
SIMA — W...-eseesseeereccrscec

eeeseeeeres 250 

Fig. 18. View of a specimen, natural size. 

19. A-section enlarged to eight diameters. Delafield, Wis. 

FisruLreoR
A RUGOSA — W ewe c cnc ec cece seers e aces eres esse reece 955 

Fig. 20and 21. Views of a specimen, natural size, and a section enlarged eight diameters. 

Delafield, Wis. 

TREMATOPORA GRANULATA — W oeeeeeeeeeseenereserresesese
sss 253 . 

Fig. 22 and e. _A fragment, natural size, and a portion enlarged to ten diameters. Delafield, 

is. 

QwICTOPORA FRAGILIS — Billings sp. - cca ce leee ceeeeereveeesees 200 

Fig. 24, An enlargement of a bifurcating fragment showing the arrangement of cells. Tho 

outline above indicates the natural size. Delafield, Wis.
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FENESTELLA GRANULOSA —— W..cccccccccscccecscccscscsecesses JOA 

Fig. 1. View of a frond enlarged to two diameters. 
2. A portion of the same greatly enlarged to show the cells and other features. Del- 

afield, Wis. 

CONSTELLARIA POLYSTOMELLA — W.......cscceereee cecetceerees DOE 
Fig. 3and 4. View of a fragment of a frond, natural size, and an enlargement of a por- 

tion to show the arrangements of parts. Delafield, Wis. 

@RTHIS TESTUDINARIA — Dalm......ccecccccccececerccerceeseee JOS 
. Fig. 5-7. Dorsal, ventral and profile views of a specimen of this species from Delafield, Wis. 

ORTHIS PECTINELLA — Conrad.........2- 00 seccsccceccerccesces 259 
Fig. 8. Ventral view of a specimen of ordinary size from Delafield, Wis. 

STREPTORHYNCHUS CARDINALE — W .....ccccceccceccccrceecees QOL 
Fig. 9and10. Dorsal and profile views of a specimen from Delafield, Wis. 

STROPHOMENA WISCONSENSIS — W.......-ccececceecececceccees 263 
Fig. 11 and 12. Dorsal and profile views of a specimen of large size but of the general form. 

13. View of a more abruptly curved form, with mucronate hinge extremities. Dela- 
field, Wis. 

STROPHOMENA UNICOSTATA — M. and W ......... cece eee ee eee ee 262 
Fig. 14. View of the flat valve of a specimen showing the single strong central rib. Dela- 

field, Wis. 

STROPHOMENA KINGI — W ... ccc ccc ewer cc ccc cece cccesces -eeee %61 

Fig. 15 and 16. Ventral and profilexviews, of aspecimen of the ordinary form. Delafield, 
1s. ~ 3 ge 

ot .° 539? 
ae = 

ORTHIS cogs TPR — Hall coc ceccccccsccccesceesevssesesees 260 
Fig. 17 and 18. Views oft esoepite sides of a large ventral valve from Delafield, Wis. 

He = a ae - = 

RyncHon gag NEENAH — W. eo Ce ea eesreeeoereeenetrersreerseeseseoe 265 

Fig. 19. Ventralvi a a very narrow form. 
20-22. borg and lateral views of a specimen of ordinary form. Delafield, Wis. 

RHYNCHONELLA PERLAMELLOSA — W ...ccecccccccecsserecceces 265 
Fig. 23-25. Worsal, ventral and profile views of a specimen of ordinary form from Delafield, 

is. 

RHYNCHONELLA CAPAX —Conrad.....ccccccrsccsccevecciesesecs 269 

Fig. 26 and 27. Dorsal and profile views of a large and very coarsely plicated specimen from 
Stockbridge, Wis. 

|
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CERIONITES DACTILOIDES — Owen Sp ----eeersecreee seeccteeces 267 

Fig. 1. View of the upper surface showing the cells with the minute pores in the center. 

2. Profile view showing the more crowded cells. . 

3. Lower surface of the same specimen. 

RECEPTACULITES HEMISPHERICUS — Hall... +++ +eeereeeesereees 269 

Fig. 4. Lateral view of a specimen showing more than a hemispherical form. 

HALYSITES CATENULATUS — Lin... ..-- essere ence se ress ceeeerers 271 

Fig. 5. View of aspecimen from Sturgeon Bay, showing the cells and intercellular spaces 

of a medium size. 
6. - View of a specimen of the variety Micropora from Bailey’s Harbor, Wisconsin. 

(See page 272.) 
7? A specimen of H. LABYRINTHICA Goldfuss, from Sturgeon Bay. (See page 272.) 

ASTROCERIUM VENUSTUM — Hall .... co ccececnccccccrscsccccseee AQ 

Fig. 8. View of the upper surface of a weathered fragment from Rockland ledge, Wis. 

9. Enlargement of the surface as it appears under a lens, 

10. Enlarged vertical section showing pores and spines. 
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7ZAPHRENTIS RACINENSIS—— W..-eeereeerceerreeeces 
ceecccecees QUT 

Fig. 1and2. Lateral and basal views of a cast of the cup, as they generally appear. 

Racine, Wis. 

CYATHAXONIA WISCONSINENSIS — W....-eeseeerreersertestre® 267 

Fig. 8. Lateral view of a cast of the cup, showing the lamella which have filled the fossett 

on the right side below. Racine. 

4. Basal view of the same showing the cavity formed by the solid columella. 

5. Outline diagram of the parts as obtained from a gutta-percha cast, from the natural 

cast. 

SyRINGOPORA VERTICILLATA — GOldf....-ee seer eee coerce erecs 272 

Fig. 6. Lateral view of a weathered specimen. Rockville, Wis. 

CysrosTvLUS INFUNDIBULUS— W...-+-:-sereeesererst reer stees 974 

Fig. 7%. View of a specimen showing a vertical section of the tubes with bifurcations. 

cine. 

CYSTOSTYLUS TYPICUS— W .--eeeereecee eee erre sere ceer rests 274 

Fig. 8. Transverse section of a portion of a corallum as seen in the rock, showing the 

cystose structure. Many of the corallites-occur of much larger size. 

9. Vertical section of the same piece as above, showing in the lower part near the center 

a bifurcation of corallite. oa - 

OmpHYMA STOKESI — Ed. and H...-.ceesserseeeceeeree oo cerees 279 

Fig. 10. Oblique basal view of the cast of a cup.
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AMPLEXUS FENESTRATUS — W. ....cccscccccccccccscccscocvece 278 
Fig. 1. View of a specimen showing the cup with the margin partially removed. 

2. Interior view of the cup, showing the fossett. 
3. Lateral view of another individual, showing the apparent fenestrules of the surface. 

OMPHYMA — Sp. undet CoC eee emer ee ere renee eeroeeraeeeseeereeeeoes 279 

Fig. 4. Basal view of a cast of the cup of a large individual. 

STROMBODES PENTAGONUS* Goldf .........ceccecccecvsccecees QU5 
Fig. 5. View of the upper surface of a specimen of the usual form. A portion near the 

upper right hand corner showg'the cystose structure of theinterior. Red River, 
Kewaunee county, Wis. ; ° ™ .
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CARYOCRINUS ORNATUS —— SAY «++ cece ec coneec recs ercesseserees 280 

Fig. 1. Lateral view of an internal cast of the ordinary form. . 

2. Lateral view of one of a broad topped variety. 

GLYPTASTER OCCIDENTALIS — Hall .... 0.60 cece cece nee cence ereee 281 

Fig. 3. Basal view of a large cast showing the features of the species. From Racine. 

4, Lateral view of the same specimen. | 

EvCALYPTOCRINUS COMMUTUS — Hall......ce ee ec cece n eee e ences 280 

Fig. 5. Lateral view of an internal cast. 
6. Basal view of the same. . 

” Exterior of the calyx as obtained from_a gutta-percha cast in the natural mould. 

Copied from the 20th Rept. State Cab. N.Y. 
8. Outline diagram of the upper portion as obtained from a gutta-percha cast. 

GLYPTOCRINUS NOBILIS — Hull asovoteeovnweeer eevee vee ev eee er ttre e ese eo © 283 

Fig. 9. Lateral view of a cast of the interior of medium size. . 

10. Exterior of a body as obtained from a cast in the matrix. Copied from the 20th 

Report State Cab. N. Y. 

GLYPTOCRINUS ARMOSUS — McChesney .......5 sseeeeeeeeee oe 284 

Fig. 11. Lateral view of a small individual cast, showing the downward bending of the tube, 
instead of an upward curving as in G. nobilis.
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SPIRIFERA RADIATA — SOWErDy ..... es ceccccccrcccecccersccnces DOF 
Fig. land2. Dorsal and cardinal views of a cast of the species, from Racine. 

PENTAMERUS BISINUATUS — McChesney ...-......cceeesceseees 290 
Fig. 8. Dorsal view of a medium sized specimen of the species, showing the single process 

of the dorsal valve. 

PENTAMERUS OBLONGUS — Sowerby.......-sseccrecccccerccesces LOG 
Fig. 4. Profile view of a large specimen from Elmore, Wisconsin. 

5. Dorsal view of a smaller specimen, narrow above. 
6. Cardinal view of the last mentioned specimen. : 
%. Dorsal view of a cast in white chert from Port de Morts, Wisconsin. 
8and9. Two views of a peculiarly formed variety abundant at Ashford, in the Upper 

Coral beds. | 

PENTAMERUS OCCIDENTALIS — Hall ......... cece cerns seceeeee Ol4 
Fig. 10. Profile of a specimen from the Niagara beds, Wisconsin, showing the great 

gibbosity of the shell. . 

PENTAMERUS VENTRICOSUS— Hall ......cccscccec eevee cerecreee SOL 
Fig. 11-18. Dorsal profile and front views of a specimen from Pewaukee, Wisconsin, 

showing a less extension of the front and elevation of the fold than is usual at 
other localities.
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: LEPTODOMUS UNDULATUS — W....ccscccceccccccccccsccosecseses 290 

Fig. 1. View of aright valve of the species. 
2. Anterior profile showing the convexity. . 

| LEPTODOMUS NEGLECTUS — McChesney’s sp. .eccccccereccseserees da 
Fig. 3. View of aright valve, showing the surface strize on portions. 

4. Anterior profile of the same individual. 

. EUVOMPHALUS MACROLINEATUS— W ...-..esecccccccvccscceesees OOF 
Fig. 5. View of a specimen preserving the inner volutions only, as obtained by a gutta- 

percha impression. 
6. View of another fragment showing part of the outer volution, also obtained from 

: an impression. 

PLEUROTOMARIA RACINENSIS— W ...-.ccecscccsccccerceecerces 200 
Fig. Y%and8. View of the aperture and summit view of a specimen of the species. | 

PLEUROTOMARIA LAPHAMI— W.....eccceceececeececeeeeeeeees 296 
Fig. 9. Lateral view of a cast of the species. Others have been noticed of much larger ‘ 

size. eo 

' RAPHISTOMA, NIAGARENSIS — W...-ccessecscccsccscccceceeeves ODO 
Fig. 10. View of the aperture of the type. 

11 and 12. Summit and basal Views of thefsame specimen.
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PLATE 19. 
PAGE, 

ORTHOCERAS ANNULATUM — SOW ..-+ssscocsececcscrecsooccvess 298 
. 1, View of a fragment of a medium sized individual, showing the general form and 

mi portions of the shell. Wauwatosa. : 1s 

ORTHOCERAS WAUWATOSENSH— W ......00seeeeceeseeeresceeos 207 
Fig. 2. View of a ote preserving the shell, and surface features, also showing the 

convexity of the septa. 

: PHRAGMOCERAS NESTOR —Hall.....sssseereseres seoesecerere BOL 
Fig. 8, Lateral view of a compressed specimen, showing the general form. Waukesha. 

PHRAGMOOHRAS Hoyr— W .....-eerseeeeceseccncececcceeroowee 800 
Fig. 4. Lateral view of thesp n used in description. 

6, Inner profile view, sho g'the thickness of the specimen, Near Wauwatosa. 
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PAGE. 

PHRAGMOCERAS LABIATUM — W.......cccce coccccecccecceesses BUZ 
Fig. 1. Lateral view of the outer chamber, showing the junction of the lip with the body 

portion. 
2. View of the summit of the same, showing the lobation of the aperture. 

| PHRAGMOCERAS HOYI, var. COMPRESSUM — W....cscecccsccceces BOUL 

Fig. 38. Lateral view of the specimen described. . 

CYRTOCERAS INFUNDIBULUM — W.....c.cceccccsccccecescresecs BUO 

Fig. 4and5. Dorsal and ventral views of the specimen described, showing the expansion 
and curvature of the shell, and the surface marking. , 

DISCOCERAS CONOIDES— Hall ....... cc cccceccsceccccccccsccceecs 299 
Fig. 6. View of a Gomphoceras-like cephalopod containing the D. conoides within in the 

position of a siphuncle. 

LITUITES MULTICOSTATUS — W....ccccccccccccvccccccccessscsecs BUS 

Fig. %. View of the specimen described. 

ILLAANUS MADISONIANUS — W eon ee eee wmeoreeeenee ates eereeeereevrenve 807 

Fig. 8. Dorsal view of one of the larger individuals, showing the general form and propor- 
ions. 

9. Lateral view of the same, showing the elevation. 

ILLANUS PTEROOREWMELUS;#: W bee eeeeeeeeeseeceeseseessenesees BOY 
Fig. 10. Front view of the heag/ showing the’wing-like movable cheeks. . 

11, Upper view of the s¢me, showing the cheeks very short and compressed. 
12. Profile view, showing the rotundity and elevation of the head.
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PLATE 21.0% . 
fg RET PAGE. 

SPHZREXOCHUS ROMINGERI — pat piv enevccceerscseoeessccsces Gab 

Fig. 1 and a Dorsal and profile views of a sp¢timen, preserving the glabella and fixed 
cheeks. ee 

3. Front view of the same, showing.the downward bending of the frontal margin. 

cine. ee, “ 

ILLANUS IMPERATOR — Hall .. oneeeosnee ees cee ee reeee eeen0es eees 806 

Fig. 4. View of a small head, denuded of the fixed cheeks. . 
5. Apygidium of a smaller individual. Both specimens are from Burlington, Wis. 

ILLASNUS INSIGNIS — Hall..... ccc ccc cece cee eececesccerevesees GUO 

Fig. 6. Upper view of a large head, showing the prominent eyes. 
%. Profile view of the same, showing the great elevation. 
8. Upper view of a small pygidium. 
9and 10. Upper and pro e views of a large pygidium associated in the same block 

with the head. The specimens are from Wauwatosa, Wis. 

ILLANUS Joxus— Hall... 2. ccc cece cc crcccscrerccccscv
sesssces 804 

Fig. 11 and 12. Front and profile views of a specimen somewhat above the medium size. 
Fig. 11 shows, below the base, the depression of the under infolded border of the 
head. Wauwatosa. 

. e
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BRONTEUS LAPHAMI .ccccccsecsccccccctecesecccesces cssessees SLO 

Fig. 1. A fragment of a glabella, representing only the middle of the head. 
2. View of a small pygidium, showing the posterior margin entire, but imperfect at the , 

upper lateral angles. 
3. View of a large imperfect pygidium, preserving the entire upper portion‘of the shield; 

the lower part restured from other specimens. 
4. Qutline profile of the specimen, fig. 3.
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PLATE 23. 
: . . PAGE. 

PENTAMERUS OCCIDENTALIS — Hall ..... sce cecececcreccsecerere 314 

Fig. 1and2. Ventral and profile views of a ventral valve from the Mayville beds at Williams- 

. town, Wis., showing the strongly plicated surface, 

‘ STRICKLANDINIA MULTILIRATA — W. eereeeenee seers aeeeeeee eee 315 

Fig. 3and4. Ventral and cardinal views of an internal cast, retaining both valves, the dorsal 

slightly pushed backward from its true position. The latter view shows the cavities 

of the processes of the dorsal and that of the spoon-shaped process of the ventral 

valve. 
5. View of a dorsal valve showing indications of the muscular imprints. 

FAVOSITES OCCIDENS — Wo... seecseeecesereeeececrerscserseee Old 

Fig. 6. Lateral view of a specimen showing transverse diaphragms. 

”. ‘View looking upon the surface, and showing the two forms of cells. The figure is of 

a part of a larger specimen from Ozaukee, Wis. > — 

AMPLEXUS ANNULATUS — W...--eceegeccceeecerecereccsseesees O14 

Fig. S8and9. Lateral and summit view of a fragment of ‘the’ species, showing the annula- 

tions in one and the size of the diaphragm in the other. 

10. Longitudinal section of a fragment showing the diaphragms: 

11. View of the exterior of a small, regularly, anwul ted specimen, as obtained by a 

gutta-percha cast in a natural mould, left by the removal of the fossils by decay. 

arlton.
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| PLATE 24, 
| PAGE. 

LOXONEMA MAGNA — W..csecsceccscccscceccccvecccccesscesses SIT 
Fig. 1. View of the specimen described. 

| HOLOPEA MAGNIVENTRA — W .......ccceeceeecceecsceesccssees 316 
Fig. 2and3. Lateral and basal views of a Specimen showing the general form. 

MURCHISONIA CHAMBERLINI d- W ......0.0.cccceeeseccceecsees 317 
Fig. 4. Lateral view of a specimen as obtained#from a plaster cast made in the natural * 

mould in the rock. ' . 

ORTHOCERAS CARLTONENSIS Wee ec cece cee cee eer ees B18 
Fig. 5. View of a small specimen showing the distant flutings, and the lines marking the septa. 

CYRTOCERAS RECTUM — W 2.0... ccccccccccceeccsccccucccccccce 319 
Fig. 6and% View of the inner side and a profile view of a specimen. The latter figure . shows the curvature of the shell. 

8. Outline figure of the section at the point of greatest diameter, where the sides are 
nearly regularly and less angular than below.
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: | PLATE 25. 
a 

. PAGE. 

OrRTHIS OBLATA —— Hall ...-.ccercccc
ecerencrcvers

ccsvocsecnrer
e BYAL) 

Fig. 1. View of a ventral valve, natural size, obtained by gutta-percha impression in the 

natural mould. 
2, View of a dorsal valve, obtained in the same manner as fig. 1. 

ORTHIS SUBCARINATA — Hall.....c-seeercccesessosccccecscccces 320 

Fig. 8. Cast of.a ventral valve, twice enlarged. 
. 

4. View of a dorsal valve, twice enlarged, from gutta-percha cast. 

MERISTELLA NUCLEOLATA — Hall ...-+secccceccescerccccecceccs 321 ° 

Fig. 5. View of a ventral valve, from a gutta-percha cast. 

| PYERINEA AVICULOIDEA — Hall .....cecsercrcceressscccrsecsers 322 | 

Fig. 6and?. Views of a left and right valve of specimens of medium obliquity among those 

in the collection. 

LEPERDITIA ALTA —Conrad..-oscceseccececcces cccrceccscccces 823 

. Fig. 8 View of a left valve, twice enlarged. 

9. View of a small block containing many worn specimens. 

LINGULA PALATAFORM
IS — Hall... --- ses ceeeercececrccerererces 324 

Fig. 10. View of a dorsal with part of the ventral valve. 

DIscrinaA MARGINALIS 
— Whitf... 0

 eeecccereesee
ecrsccrsseccr

s 395 

Fig. 11. View of ventral valve, the shell partly removed, showing dorsal valve beneath. 

SrROPHODONTA INEQUISTRIATA — Conrad. ...ccsccce ceee coves 

Strophodonta inequistriata (Con.) Hall; Pal. N. Y. Vol. IV, p. 106, pl. 18, fig. 2. 

Fig. 12. View of an internal cast of this species; natural size. 

Orrars IMPRESSA — Hall ... 2... ee eres reese eseeeerresceserees 326 

Vig. 13. View of a cast of a ventral valve showing the muscular imprint. 

14. Cast of a large dorsal valve. 

15. Cardinal view of @ still larger internal cast, showing the convexity of the dorsal 

valve. 

CHONETES CORONATA — Conrad Sp...+-eeee creer eeeeeecrrersess 327 

Fig. 16. View of the imperfect impression, as obtained by a gutta-percha cast in the natural . 

; mould. « 

C@GHONETES DEFLECTA — Hall ....cececcsccscrscvscccssrerscrsecs 

Chonetes deflecta —Hall; Pal. N. Y. Vol. IV, p. 126, pl. 21, figs. 7 and 8. 

Fig. 17. Castof a dérsal valve, twice enlarged, showing the features of this species. 

STROPHODONTA DEMISsA — Conrad SPocereees peeceeeseeeseeveorese $27 

Fig. 18. Impression of a dorsal valve, showing the characteristic stria. 

CyrtinA HAMILTONENSIS, var. recta — Hall... ccccccsce eacecece 

Cyrtina Hamiltonensis, var. recta, — Hall; Pal. N. Y. Vol. IV, p. 268, pl. 44, 

figs. 34-37. 

Fig. 19-21. Dorsal, ventral and cardinal views of antinternal cast of a specimen of this variety, 

twice enlarged. 
. 

 QorRIFER EURUTINES, Var. FORNACULA — Hall....+seeeeersseeces 830 

Fig. 22. View of the dorsal valve.referred to this species. 
. 

SPIRIFERINA ? ZICZAC — Hall sp veoeoeonvneveoeaeee® eoeowmeeer ee eaee 8 peeeense ee 8382 

Fig. 23 and %4. Views of a dorsal and ventral valve of this species. 

SPIRIFERA 
AUDACULA — Conrad..re.sc

oresessccvcnc
cececovccess 

899 

Fig. 25. View of a dorsal valve of the ordinary form, as seen among the New York speci- 

mens. 
26. View of asmaller and more elongate dorsal valve, quite common among the New 

York specimens. 

QPIRIFERA MUCRONATA — Conrad ....e+sseeeeee soerseescoveres 328 

Fig. 27. An imperfect dorsal valve of the shorter form. 

98. View of a ventral valve of the more extended form. Both forms are common in 

New York. The former in the soft shales and the other in the arenaceous beds of 

Eastern New York, 
. 
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SPIRIFERA (CYRTINA) ASPERA — Hall ........0. ccescee coeseee S31 
Fig. 1. View of the front of the ventral valve of an internal cast. 

2. Cardinal view of the same specimen. 

SPIRIFERA ANGUSTA — Hallk...c..ccccccccccccccccccscccsevccseee 3239 | 
Fig. 3. View of an imperfect ventral valve of this species. 

SPIRIFERA PENNATAS— Owen Or OS Oe ec eer esos eneaeevseereetenesnecece 330 . 

Fig. 4. View of a ventral valve, slightly restored on the front margin. 

ATRYPA HYSTRIX— Hall......0.cccccccccccsccccccecccsscccsces 333 | 
Fig. 5. View of a ventral valve as obtained by a gutta-percha cast. 

ATRYPA RETICULARIS — Linn .......cccsccccccccccesccccccecees B33 | 
Fig. 6. View of a dorsal valve. 

ATRYPA SPINOSA — Hall eeeevenevneas eevee 6 a 300 

Fig. Yand 8. Views of a dorsal and ventral valve referred to this species. 

LEIORHYNCHUS KELLOGGI— Hall.........c. sc ces cccccsnccecscee O34 
Fig. 9. View of a dorsal valve of this species. 

MODIOMORPHA CONCENTRICA — COM, SP .seeseccceccccccscccseee BOD 
Fig. 10. View of a left valve of a small sized specimen. 

PATLABANEILO EMARGINATA —COM., 8D...--.scesceeeeccecsececsee B37 
Fig. 11. View showing the impression of a right valve in the rock. | 

PALANEILO NUCULIFORMIS — Stevens......ccecsccccccsecesees 396 
Fig. 12. A cast of the right valve showing the form, and also the teeth on part of the hinge. 

PaLmANErto, CONSTRICTA — CON. SP. eee eeee ce cseevaseceseeseee BOD 
Fig. 18and14. A left valvgof the elongate form and a right one of the shorter form, both 

common in N owe ork. . 
opp 

GOMPHOCERAS .-BREVIPOSTICUM — Whitt ...........e.eeeeeceeeee 339 
Fig. 15. View of the spedtmen described, showing the septa in the lower part, and indica- 

tions of the siphuncle. The sinus of the lip is seen on the right side of the figure. 

GOMPHQGERAS FUSIFORME— Whitf........ ....seeeceeesee esses B38 | 
Fig. 16. View of a specimen showing the general form, and indications of septa, also the 

sinus in the lip. — ; . 

PHACOPS RANA — Green eoerseees estore eeeneeoeereoeneseseeeaeseeenese 339 

Fig. 17. View of an internal cast of a head of the species. 
18. View of the thorax and pygidium 
19. View of a separated pygidium.
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LINGULA ELDERI— Whitf.... coe ese ecco eororcrorceccsccecsees 345 

Fig. -1. View ot the exterior of a dorsal valve, from a gutta-percha cast in the natural 
mould. 

2. Profile view of a cast retaining both valves. . 
mo 3. Dorsal view of a cast, natural size. . 

4. Enlargement of the same. a, a, anterior adductor muscular scars; d, scar of divar- 
icator muscle; ad, adjustor muscle scars; ad, posterior adductor muscle scars; 

ps: track of pallial sinuses. 1, inner ramifications or branches of same; 2, posterior 
ranches of same.. ° 

5. Ventral side of a cast enlarged; ca, scars of central adjustor muscles; p, ad, and aa, 
posterior adjustors and anterior adductors combined; pa, posterior adductors and . 
external adjustors combined; d, position of divaricator muscle. 

LINGULELLA STONBANA—D. SP cocccee cecreecscccccceneccsees O44 5 
Fig. 6. View of a specimen, natural size. 

”%. The same enlarged. 

DINOBOLUS PARVUS—D. SP scecreeoccccsceccesssceesecccsecees 347 

Fig. 8. Dorsal side of the specimen described. 
9. Ventral side. 

10. Profile. view, enlarged, showing the bending upward of the cardinal process. 

~ Honopra OBESA -—N. sp oe eer ww or seer eer er eee eanee ower eanesst near ee @ 848 

Fig. 11. Bagk view of the specimen, natural size, but somewhat restored on the surface. . 

| > ~DixeriocerHatus Lopensis — Whitf................-- 188 and 341 . 
Fig. 12. View of a specimen preserving the left cheek, the thorax and pygidium nearly in 

“+ position. 
13, View.of a glabella and fixed cheeks, presumed to be of the same species. 

> "Dr BLLOCEPHALUS CRASSIMARGINATUS — I. SD .+-+eeseeeseeeeees O44 
Fig. 14. View of a left movable cheek of this species.
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