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LAKH SUPERIOR DIVISION. 
ee _ 

INSTRUCTIONS. 4 

1. Ordinarily at least two pages of this book will be devoted to one section. On 
the left-hand page, place a map of as much of the section as has actually been seen. | 
Denote rivers, lakes, marshes, etc., by the-tisual topographical signs. Denote the | 
ledges of rock, when no structure is madeout, by cross-hatching, making the cross- f 
hatching cover as nearly as possible the areas occupied by the exposures. If the e 
rock is a massive one, but still more or less plainly bedded, use the same sign with 
a dip arrow and number attached, showing the direction and amount of the dip. } 

* Denote ashaly or other yery plainly bedded ledge by right parallellines,andaledge  } 
having asecondary structure by wavy parallel lines running in the direction of the af 
strike, with dip arrow and number attached as before. The greatest care must be | i 
taken to avoid confusing slaty or schistose structure with bedding, and in all cases (4 
where there is the least doubt about the true bedding direction, indicate it by a i] 
query. To each exposure on the face of the map attach the number of the specimen 
representing it. In mapping the section count each of the spaces between the blue | 
lines as 100 paces, and twenty of these spaces to one mile, or 2,000 paces. Usually ih 
the southeast corner will be placed at the bottom of the page, or at the first black it 
line above the bottom of the page, and at the right-hand side. If, however, for any 
reason, it is desirable to show portions. of an adjoining section, the southeast corner | - 
may be shifted up, or the map may be turned around and the north placed at the left- 
hand side of the page. The ruling of the left-hand pages is also arranged so that, 
if desirable, a larger or a smaller scale can be used, eight inches, two inches, one ie 
inch, or one-half inch to the mile. With the two-inch scale, the squares outlined 
in black represent sections, and those in red, quarter sections and “‘forties,” while 
the space between the blue lines is 200 paces. — 

2. On the right-hand page place the notes descriptive of the exposures. Begin in i 
each case with the number of the specimen, placing the number on the left-hand i] 
side of the red line, after which give in order on the right of the same red line the . 
position of the ledges as reckoned in paces from the southeast corner of the section lt 
and the dip and strike when observable, the latter always being expressed from the lh 
north; for instance 4025, 250 N., 300 W., Strike, N. 78° B., Dip 50° S. Then follow i 
with a full description of the ledge. When topographical maps are used for i 
locations this paragraph applies only in part. ir 

3. Collect a specimen from every ledge, or wherever there is a change of rock on Ie 
any one ledge, taking care to get fresh material, unless for a special purpose the \ 
weathered surface is desired. In case of trips made on foot or in canoes, for long ir 
distances, neighboring ledges, unquestionably of one kind of rock, need not be IF, 
specimened. The position and extent of the ledges not specimened should be ik 
marked on the map, with notes that each is of a rock identical with specimen i 
so-and-so. Under the same conditions small-sized specimens, trimmed to a uniform en 
size of 2 x 2} x # inches will be allowed, but in all other cases large-sized specimens, 

trimmed to a size of 3x 4.x Linches, must be selected, in accordance with section 3, 3 
chapter IV, p. 44, Regulations of the U.S. Geological Survey. Specimens should i 
not be placed together without protection in the collecting bag, as the fresh surfaces, ik 
important in determining the character of rocks, are thus destroyed. They should | 
be damaged by no temporary mark, but the numbers should be at once marked in 
at least two places upon the inclosing paper or cloth bags. Specimens may be | 
permanently marked in camp by painting the numbers upon them in white upon a 
black background, using Silver White and Ivory Black oil tubes for color, with | 
turpentine as a diluent. A) 

4, On the last twenty-five pages of the book give, as may seem desirable, a general wah 
account of the examination of the region mapped in the previous pages, correlation 
of observations, sketches, cross sections, etc. ri 

5. Forward this note book assoon as filled as registered mail matter to C. R. Van * 
Hise, U.S. Geologist, Madison, Wis. 6747 F
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In the ean ae. aiso 

found a number of slate pebbles and 
their source has not been very satis— 
factorily accounted for. If we ac— 

cept the presence of the sediments, 

mentioned aLlfew paragraphs above, ena 

found lying in a position between the 

jasper and the greenstones as indica- 

tive of a fragmental sedimentary hori- | 
zon underlying the jaspers, then these 
slates are accounted for as they occur 
in conglomerates younger than the: jas— 

pers and containing fragments of the 

jaspers. Such conglomerates would 
of course likewise contain some frag-= 

= ments of the sediments undérlying the 
jaspers. Going N. across the ridges 

| of greenstone we pass, in a number of 

| places, very good exposures of breccia 

zones. Such zones in these grgen— 

stones and also the numerou¢“frac-— 
tures which traverse the greenstones 

we think have been caused by its sub- 

| jection to great stresses, These 

have not, however, been sufficient to 
4 produce a very noticeable schistosity 

| in them, the greenstones on the whole 
being very massive. The movements in 

the rock have taken place for the most 

part by fracture. Shearing has oc-— 

| curred in places, especially in the 

asia ellipsoidal greenstones. Moreover 
| some of these seem to have been more 
| sheared than others. It is among
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these ellipsoidal greenstones that we 
find numerous cases of good friction 
breccias, 

40002 At one place upon the N. face of the 
high greenstone ridge, just before we 

reach the overlying greenstone con— 

glomerates, I notice a number of de- 

pressions in this ridge; depressions 

which can be spoken of almost as 

troughs. At first I supposed that 

they were due to glacial action, rep— 

resenting troughs dug in the rocks. 

At one place, however, in following 

x one of these troughs I noticed that 

: there remained in it still some rock 

40002 represented by spec. 40002, Further 

f search showed a’ number of places upon 

this ridge where this rock occurs. 

Does this rock represent an igneous 

flow which having overflowed the el- 

lipsoidal greenstone filled depres-— 

sions in its surface or does it repre- 

| sent a cryatal tuff which, being de— 

: posited upon an ellipsoidal greenstone 

T flow, filled the depressions in its 

| surface? Or is it possible that 

: these are remnants of dikes which 

have followed glong depressions in 

the greenstone? Crystal tuff, I use 

} this term having reference 40. a turt 

— made-up for the most part of crystals. 

Such a tuff is of frequent occurrence 

in the vicinity of Vesuvius and other 

~moedern..volcanoes,
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Continuing N. over the greenstone 
I find a dike of very micaceous maultLhe 

i pote — snoxjf- A specimen was taken as 
noth¥ng exactly similar to this had 

been previously noted. This speci- 
men was given one of Leith's numbers. 

Just S. of the portage from Moose 
lake into Wind lake and on the WW 
shore of this bay there are a number 
of exposures of green schist which 
followed W. join on to a massive el- 
lipsoidal greenstone which forms a 
high hill at this place. fhis Hilti, 
being surrounded by sediments to the 
N., S., and E, at least, should be put 

| in as a greenstone anticline similar 
i to those S. of the lake. Examine¥ 
| carefully the runsof previous years in 

order to see whether or not this is 

cut off to the W. by sediments or is 4 
connected with greenstone running 

into Pine lake area. 4 
! There should°also be put on the map | 

| a greenstone anticline lying N. E. 

= of the above mentioned portage in- 

| cluding the amygdaloidal and massive 

ereenstones which have sediments to 

the E., S., and N. of them. 

| 
=



4 

From the camp on Moose lake we 
moved the entire outfit to Ely making 
the trip comfortably in one day. The 

| following day discharged some of the , 

| men and with the remainder moved to 
Tower by train and established a camp 

on Stuntz island at the mouth of 
Stuntz bay in Vermilion lake. Profes-— 

, sor Van Hise, Leith, and I went down 
the railroad to study the rocks in 
the vicinity of mile post 92, specs. 

| 40002 40003-7. These rocks have been studid 

1 7 upon a previous occasion early in the 

1 season and some specimens were then 

i taken. We find here a clear case of 
interbedded sediments, graywackes, 
and slates, represented by specs. 

| 40003 40003, 40004 and 40005, and also specs 
) —4—5 taken by Professor Van Hise, to show 

some coarser phases. These rocks 

| are cut by dikes,represented by specs, 

40006 40006 and 40007, which are taus extreme— 
—-7 +4 ly metamorphosed. There can be no 

| 5’ question of the dike character of these 
rocks. Both of them appear to be 

: basic in character. 40006 is an off- 

i shoot of a large E. and W. trending 

mass about 20 paces in width. A num 

| per of these off shoots were noticed 

| . cutting across the sediments from N. 

| tO. Se The dikes represented by spec. 

{ 40007 are for the most part narrow, 
rarely more than 3 feet in width and 
more commonly from 6 to 8 inches. 
These last mentioned dikes show a very
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marked zonal arrangement. The center 
is of a dark green and appears to con— 
sist chiefly of chlorite. On each 
side of this between the center and 
the sediments there is a zone of much 
lighter colored rock which is very 
much more feldspathic than is the cen- 
Dex, Is this the result of differ— 
entiation in the dike, or endomorphic 
contact action in the dike? As these 
sediments are examined from the S. to 
the N. we find that theyjincrease in 
coarseness to the N., coarse conglom— 
erates occurring on the exposures at 

the N. end of and E. of the railroad 

cut. The dip of the beds is from 45° 4 
£0 60" i. This conglomerate has al- 
ready been described as consisting of 

pebbles of granite, greenstone, and 
“ jasper,with some sedimentary slate frag— 

40003 ments. Spec. 40003 is a specimen of 

rock occurring with the sediments and 
which I am convinced is a graywacke 
but which Professor Van Hise believes 

occurs in pebbies in the conglomerate. 
He has a number of specimens which 

should show the identity oF dissimiklar— 
ity of these rocks. If this graywacke 

| oceurs in the conglomerate then the 
| succession would be sediments to the S. 

| aipping N. with an overlying conglomer-— 

ih ate. I am not so confident that this 
relationship is the true one. To the 
N. of this exposure I have observed upon 4
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previous occasions sediments which are 
practically identical with these and 
having a dip to the N. slightly steep- 
er than these have. Moreover to the 
N. of this point occur the greenstones | 
and other rocks which we find in peb— 
bles in-the conglomerate whereas they | 
are not known to occur to the Ss. I 

am rather inclined to consider this 

conglomerate as a basal one, the sedi- 
ments to the S, belonging abdéve it and 
owing their present northern dip to an 
overturn. This is a question which 

j it is impossible to determine with opr 
present knowledge of the distribution 

: of these rocks. It had best be left 

for the work of the following season | 
which may disclose relations between | 

them and other rocks somewhere E. of | 
here between the railroad and Birch 
lake. | 

Near the county road which runs S.E, | 
only a short distance E. of the expo- 
sures near Ahe railroad there is a ‘ 
gzo00a outorbFOHHY just Ss. E. from Fee | 

: there is a good exposure of a rock | 

which looks like a greenstone tuff or 4 
a conglomerate. It appears to me to | 
be identical with thagg exposed almost | 

due W. in an outerop on the railroad 
right of way and which is there inter- | 

a bedded with the normal sediments. The | 
outcrop here is separated from the | + |



‘é 

other sediments although they occur 

in exposures around it. yOod expo— 
sures showing the characters of these 
rocks occur on the hills E. of the 
caunty road and separated by a narrow 

: swamp from it. Upon the exposures on 

the railroad the sedimentary charac-— 
ters are unmistakable. Upon some of 
the exposed surfaces of the graywackes 

one can see as beautiful cases_of cross 
bedding as can be seen in the Kecent 
or Zertiary sediments. It is to be 
noted, however, that in these cases, 
although macroscopically the sedimen— 

tary structures,such as bedding, are 
clearly preserved, the rocks themseives 
have been extremely metamorphosed, 
For instance, the false bedding lines 
are marked by the accumulations of cer-— 

tain minerals and upon Utatiaasen > oy 
stand out from the rest of the surface. 

In many cases the rocks appear mac— 

roscopically to be mica-schists. The 

origin of such schists it would be im-— 

possible to determine in the field if 

they occuredn small exposures. How— 

ever, here thejrcooriginal characters 

are unmistakably shown. 

The country to the S. E. of these 

large exposures just mentioned is cov— 

ered with the drift of a great moraim 

' Bxposures are therefore wanting over 

+ the greater part of this area. 

| j 

AS ees
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0008 Continuing N. along the railroad an i 

exposure is reached in the first cut / 
N. of mile post 92. his is the near. i 

est exposure to the sediments described | 
above and shows the character of the / 

4 rocks lying to the N. This seems to | 

me to be practically identical with 
the graywackes in the railroad cut to 
the S. of us and of which a specimen 
was taken upon my previous visit here. } 
In this spec., 40008, as in the one 

taken before, bluish grains of quartz | 

can be readily recognized as forming 

an important part of the rock. 
On the whole I am inclined to be- 

’ lieve that these sediments, a number 
. of exposures of which we can see as we 

go N. along the railroad, have suffered 
a less and less intense metamorphism, 4 

{ the farther. N. they lie, This is 1 
probably due to the fact that the: dis-— 

tance increases from the red granite 

to the S. whose intrusion may be the 
partial if not the complete cause of 

their metamorphism. Regional metamor— 

3 phism has of course affected them as | 

} it has all the rocks of this region. 

. There is on’ thing to be noted, and 

that is if the red granite to the S. 

or the gray granite there is the cause 

of the metamorphism of these sediments, 

S it has not produced the staurolitic
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rocks and others containing metamor-— 

phic minerals which are so common in 

the contact zones of granit« At 
least none of these minerals have been 
recognized macroscopically as being 

| present
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September 27. | 
Professor Van Hise, Leith, and I 

visited various points on Vermilion 
lake in order to check up certain re- 4] 
lationships which had been determined 

r in the earlier part of the season. | 

We visited the Burnt Forties and noted | 
| there the fine grained quartz porphyry 

which we agreed was cut.by the big | 

eyed quartz porphyry. pon this same 

hill included in the porphyry there is 

/ an exposure of jasper very much plica- 
| ted, which has interbanded with it 

material of a greenish color and slatfy 
| character, which may possibly be frag-— 

7 mental in nature. The minute folds 
| here show be utifulv@ctures. Speci- 
t mens were taken illustrating the mate | 

Pial and showing some of these ic~ 
tures. See Professor Van Hise's 
books for supplementary notes. Upon 

the point N. of the Burnt Forties 

which was next visited the big eyed 

quartz porphyry is exposed and not 

very far from it there are outcrops 

5 of the normal. Stuntz conglomerate. 

Close examination convinced me that 
this quartz porphyry is contained in 

fragments in the conglomerate as is 

: also the fine grained quartz porphyry. 

Hence the conclusion that they must 

be older than the conglomerate.
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40009 In the Stuntz conglomerate wherever 
seen upon Vermilion lake there is a | 
rock which occurs with pebbles in it ; 

forming perhaps the most striking con- 
stituent among the eruptive fragments. 1 | 

} This has very large quartz phenocrysts ! 

lying in a dense: matrix. This dense 
matrix weathers to a white or cream | 

color;°although upon fresh fracture 

it is finely granular or afinanitic, or 
of a greenish gray tint. Thus far | 

no such rock has been found in situ | 
in the region. pee tee | 

Visited now the point S. of Mud | 
Creek bay. Professor Van Hise was 

convinced that the mapping was in er-— 

ror here and that there are no sedi- 
mentary rocks upon this point. con— 
vineed him, however, of the sedimen-— 
tary characters of a number of areas : 
of the rock exposed here. Doubt re- i 

mains as to certain of the rocks 
- which may be porphyries: or’ graywackes. 

This area will be remapped in detail 
and doubtful rocks specimened. 

q Visited also the E. end of Ely is-— 
land and here was able to discriminate 

easily between the eruptive rocks and 
; the associ ated sedimentaries, These 

relations are very intricate due to 

infolding of the porphyry in the later 

| sediments derived from it. Visited 

~ next the small islands between Ely and
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Otante dealayr Tt naAak AF 1am 
oPuUllv|s’ Islana,. Ne MOSt Of VNose 

ever, on one smali ane re was | 

found the orphyry from which the peb- | #% 
i 0009 bles ike 400092 were derive n > | 

Exposure Nere LOWS Ssnomena aes— i 

eri bec y Smythe in his paner for the | 

| American Institute of Mining Engineers | J 
in which he attz t he conglomera— 

1 on Stuntz lake tc she ring his is i 

true for this particular instance and } 
to a less degree in the case of some 
of the other porphyries on the lake. 

He made, ever, the mistake of gener- 
alte) 400 mich and avylied essentioae 

ay his explanatior o rocks which are 

unquestionably true conglomerates and 
not sheared orphyry: i 

On the $. side of this island I founc 

a hitherto overlooked small area of 

extremely plicated jasper and slate 

exactly like that observed this morn— ; 

ing on the Burnt Forties and there | 

j thoroughly examined. See specs. in 

Leith's series and Professor Van Hise's 

| notes. This is here the top of a 
small anticline o he iron formation 

coming up through the sediments and 

porphyry. Porphyry lies to the N.; 
| aan ntac to > a Possiblv it mav 

~ 9 included in the porphyry. Stiil
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| 

| its structure is anticlinal. 

i 40010 On the way in to camp got out on N. i | j side of Stuntz island and there took 
6 another specimen of the rock formerly I 

taken to be a graywacke but which I | 
| am inclined fo congider as a micro— 
| rranite, Br hid over this 1 come } 

to the small dyed quartz pol yry suc— 
| ceeded to t! >. by théy¢ same rock } 

| like, 40010 again which in—i+s—+een is } 
sd by a t@pographical depression | 

on the S. side of which lies the Stuntg 
conglomerate, containing fragments de— 

5 rived from these various po rphyries. 
As the result of to-day's work I get 

the following chain of evidence of 
the relations of the various porphyries 
which I am now convinced form the base— 
ment from which the Stuntz conzlomer— 
ate was derived _ and on which it rests. 
First Ghe big eved quartz porphyry is 
obsery sie Rihieeaane smali éyed quartz 

Re borphyry in the Burnt Forties. Then / 
‘ this small eyed quartz porphyry cuts 

the microgranite or feldspar porphyry, 
as we have called it.in the field, on 
the point S. of Mud Creek bayton the | 
island E. of Stuntz island and N. of 
Jasper point. The relations of the 

j felgsitic porphyry to these others is 

eee
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not known. This seems to be a pretty | 
| clear case of the porphyry underlying | 
| the Stuntz conglomerate. The relation 

on Ely island on the point S. of Mué@ 
Creek bay cannot the Pore be explain- | 

7 ed as due to intrusion but must be } 
aque to complicated infolding. 

| 
} 40011 While upon Otter Track lake I noted | 
| on the Canadian shore occurrences of 
| a dense greenstone containing large 

‘ porphyritic individuals 6f feldspar. i 
In one place these feldspargy ghow a | 
peculiar alteration. The Weveg 

. seems to have been altered into a basex | 
chloritic mineral. This greenstone 
containing this altered feldspar lookga #7 

in places strikingly like a conglomer-— 
2 oe ple ‘eldspargs representing peb- 
ple’ of slate. Of course when broken 
their characters could be readily seen. 
The specimen taken and to which this 
number has been given represents the 
fresh forms of the feldspar and that 

“i with the zonal weathering. 

| 
+ | 

a
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September 28th. 
Wan mac NYreENn27 jonas to vieait th Had made preparations to visit the | 

jasper in the vicinity of Walsh's | 
property near Tower, Upon getting | 
out of 1¢ tents found 2 inches of } 
Snow on the ground, the first eel | 
anow of +7) eeagqaqn fimnqace Otintg | snow of the season, Crossed Stuntz | 
bay in a howling ale. It was im- it 
possibi to do the work which it was | 

intended to do so remained to-day in 
the hotel. Continued to snow almost 
all day. 

Was not well enough to accompany ! 

to Walsh's property in the fé6renoon, | 
althers} Y ried to go on Tower hill 

en biAdicen Sey Ne aPtoermnann bit we 
Wit! chem in th afternoor ut was 

forced to turn back. 

} 

| 

} 

os
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September 30th. 
Returned to camp this morning and | 

with Leith began mapping in detail the |} 
E. end of Fly island. The map used | 
was upon the scale of 16 inches to | 
the mile, a scale which will enable I 
us to put down very nearly the smallest || 

2Y NC 1 mea : 

| 
40012 The N. E. point of the island is a ) 

most intricately folded complex of 

quartZ-porphyry, conglomerate, and gray. 
wacke. The graywacke, spec. 40012, 
and quartz-porphyry when looked at | 
casually resemble each other very 

strongly. ixamined closely, however, 
one can readily distinguish them, 
The quartz-porphyry is the small ‘eyed 
juartz-porphyry ich weathers with @ 
very rough surface. The graywacke | 
has grains of auartz in it which in has grains o { tz in which in 
many cases are clearly the phenocrysts 

derived from the porphyry and are very 

slightly worn in some cases. However , 
the rock weathers with a smooth sur- 

face and this difference in the weath— 

ering will usually enable ane to dis-— 

tinguish them. As a rule the quartzes 
‘ , — Nici ARiShe ana Ewer ee 
in the quartz-porphyry are larger than |} 

* + sia ces amen ey ue ea s | 
are Ape quartzes in the graywacke, et 
ra Z / 

treaen the phenocrysts stand out some-— 

what more pro in itiy from the main )
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mass and are not so much rounded as 
in the case of those in the graywackes 
In general the grains in the graywacke 
are of a more uniform size, 

40014 This is a specimen taken from one 
of the graywackes which in the field 
can be traced grading down into a con— 
glomerate and up into a slate. There 

4 can be no question as to its sedimen— 
tary origin in the field, This is a { 
specimen of the graywackes which by 

a casual observer might readily be 

mistaken for a sheared quartz—porphy— 

ry. Compare the sections of the 
quartz-porphyry and graywacke derived 

from them and reproduce some of them 

as illustrations upe one plate show-— 

ing the resemblance of a sediment de- 

rived from,the porphyr} c ] orphy- 

ry itselr/ Upon this N. FB, point 
the infolding of the porphyry and of 

the sediments is very complex. Flut- 
ings are very common between them,the 

«| direction of this fluting running to 
th ind W. he plane of contact 

petween the porphyry and the sediments 
varies very much. In most cases the 
porphyry is below but in some cases 
the contact is overturned so that the 

conglomerate lies apparently under the 
porphyry. Between these any dip of 

this contact from very flat lying ones 
to those which are vertical can be 

a
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obtained, The schistosity continues 
through both the porphyry and the sedi- 

i ments cutting across these flutings. 
It agrees in a general way with the 
bedding of the sediments. This last 

varies from N. 80° E. to E. and W. The 

dip varies from 75° to the N. to ver— 
tical, Continuing S. across the E,. 
end of the island I find that the 

iE . southern point is made up chiefly of @ 
dirty white to grayish weathering rock j 

40013 like 40013. his is very evenly 
5, &rained and weathers with a smooth 

ut surface. Quartz phenocrysts are not 
Seen in: 2h. Occasionally a feldspar 

saa is large enough to stand out as a 
phenocryst but usually even these are 

absent. The rock appears to be very 

feldspathic and is probably a micro-— 
| granite which becomes at times por- 
| phyritic, the feldspargs being the 
| phenocrysts. This rock contains 

scattered through it,though relatively 
scarce, small areas of yellowish green 

which evidently represent inclusions 

“7 of some kind of rock. These yellow-— 

ish green inclusions are usually about 
3 inches in length by a half inch to 
an inch in breadth. They look like 
pieces of sericite schist, possibly 

presenting mich altered fragments of 

This porphyry has been sheared along 

| two planes at about 45° to each other
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| and the reswit Hae Khesn tha saan | shi Pesuit has been the uncing 
| or the areas between these planes 

In continuation ths weathering gives 
tne rock at times a pseudosconglomera— 
tic character, All the pebbles are 

aa 2yQRt+ Tey fb In cy ae "24 ~ 4 + L or exactly the same cl} iTacver, hence 
! the rock can be readily distinguished 
| from the hormal congior lerate, To the 

S. and S, E. of this porphyry making 
up the main part of the §s, point of 

| the island there occur the sedimentary 
rocks. These sediments consist pre-— 

| dominentliy of graywackes and slates 
with conglomerates in minor guant itys 

! Moreover the slates lie along the 
y shore, They occur apparently far-— 

| thest from the porphyry which accord— 
ing. to my idea of the structure aye 

| near the crust of an anticline. The 
graywacke shows very commonly a pecu— 
liar ri r reatheringe whieh ir 4 4iar ridgy weathering which in most 
cases enables us to readily separate 

| it from the massive even grained er— 
uptives, At times, where the gray— 

i wacke is in very massive exposures 
j and where it has been sheared as has 

the porphyry the fact that both of 
them have a somewhat ridgy, weathering 
as the result of the shearing and sub-— 

| sequent weathering might cause them 
to be confused. In no case was this 
ridgy weathering so noticeable upon 

wild the porphyry as upon the graywackes.
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j aa ies ag 
| The schistosity observed on these 

| sediments had a strike of N. 70° E. 
The slates on the S. side of the point 
are greenish and grayish in color. 

| The strike of the interbedded series 
7 is -N, 70° BE. with a dip of 75° tothe 

| N. All gradations from the conglom 
erate into the slate can be traced on 
these exposures. Here where these 

gradati ons can be tracec on can see 

how striking the resemblance +o 

seme of these graywackes is to some 

of the porphyries. The discrimina— 
| tions at first are difficult but be- 

4 come easier after a while. Moreover 
f I believe 1at the separation can be 

easier made ai fith greater certainty 

| in the field than in the laboratory 

owing to gradations which can there 

| be studied, which the sections cannot 
show. In 1897, on visiting this same 

: point with Professo Jan Hise and Bay- 
ley it was thought that the interband-— 

ing which I now recogni 3 that of 
graywackes and slates was due to para— 

* jell intrusion of porphyry along the 

é parting planes of the slates. When 

the bands presumed to be porphyry were 

examined it was noticed that they grow 

finer and finer grained as the slates 

were approached. This was then taken 

ofl for a Ssaalbane of 1€ likes. Tt 136 

now clear that this is a pseudo-saal— 
band representing merely the gradation



q 

‘ 
| "0 the graywacke into the slate | 

| We traversed this point a number of 
| times at short distances apart az 

* various rocks here exposed. On the 
> of the island the quartz—por- , 

place being taken by the feldspathic : 
40013 rock, 40013. This continues out to j 

the W. along th rest..of the hill, 
There is more of it « sed than there 

} is of the quartz—porphyry. [ts re- 
lat Ane er +he sediments w nat <BeEn 
La ons to the sediments were not seen 

in as many cases as were those between 

the quartz-porphyry and the sediments. 
A The quartz-—porphyry is found fo1 / 

] the most part on the N. side of the j 
| island and the contact between it and | 

the sediments was seen i 24 number of 

places. The field relationship be- 
tween these two kinds of ks is 
especially well shown ween—tkhe—peist 

first xint W. of the extren east— 
ern part of Ely i: . Rei he re- 

j lations exhibited in the accompanying 
1 tch @ e seen, This sketch 

represents as accurately as possible 
SA as Saeki yc > +h nonke 1 > moat the rel tons oO she cS. if most 

ninuté« khang mations it was tees 

to combine and join. whey ation 

* which it was possible to reproduce 

upon the scale here used has been re—
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produced. he solid line represents y 
the actual contact which v observed. i 
WY aa Siete tne de wanting ar << R Where this line is wantin the actual 

contact h not 2n seen, p fi 
rocks f ng rated by 1e distances ii] 

shown on the map. The stri of the t 
| bedding where ohserved o > se . i 

1 3 jus OF ths sontact line 
. which is between tt songio anc 

> the porphyry is E. an ; | 
tice The schistosity runs i 

N. 80 Fe it is pr nt both in the 

sediments and in the porphyry and is 
sntinuove aarones the lin > anntact contim s a oss the line of contact. ‘ 

ixamining the contact between the rocks 
; ver" clos 1 it was noticed that oc— | 

casionally a pebble from the congiom— 
i eR an Rin + cal aceon abs | erate was present in the prophyry. | 

This was never far fro th contact. | 

At one place, see map, an irregular 

area oO € conglomerate was seen 

completely surrounded by the porphyry. 

The conglomeratic nature of this rock 
| was not questioned as it oontains in 

adéition to the fragments of porphyry 

+ those of jasper and of veined quartz. 
i The irregular contact and-the presence 

| of these pebbles in the porphyry,would i 

be sufficient in most ase .t ge, Le | 

deseriptten—ef this contaewn as an erup- § 

‘ tive one and the porphyry woul®hence i 
; be adjudged as younger than the sedi- 

7 7 ae tha ranne - | 
: ments. A clue to the occurrence of il 

| 

|



this fragment in the porphyry was 
found eviderntty not very far from it | 
at the place on the sketch located by 

the arrow. At this place we have a | 
small area of the conglomerate pro- 

jecting into the area occupied by the 

porphyry and connected with the con— 
fZlomerate only by a narrow neck. Let 
this neck be severed and we have a 

pebble of conglomerate in the porphyry. 
In the ease of the pebble like area 
it was observed further that the plane 
of contact between the conglomerate 
and the porphyry is very flat. Clear- 
ly the conglomerate covered up this 

/ porphyry and has been gradually eroded 

away from it, leaving in one place a | 
small mass still upon the eruptive. 

A cross fold might in this particular 

case or in a similar case, by folding 

the conglomerate in the porphyry, pre- 
serve such an area and make it look 
much like an inclusion. 

| 
| 
i 

it 

| i 

a
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October 2nd. 

Rested yesterday as that was the | 
first day for a good while that we 

have not been on the move. ‘To-day 
we went to the point S. of Mud Creek 

, bay and began detailed mapping there. 
Used a scale of 40 inches to the mile. 
The map contains the results of the 
work, the following notes having ref-— | 
erence only to special things. The 
infolding of the sediments and the | 
porphyry is clearly shown in a number 

; of cases. In one instance, for 
example on the S. slope of the hill 

I find a long EB. W. face of the por- 
phyry with conglomerate on the HE. and 
Ww. ends. At both of these places 

fingers of the conglomerate and por- 

phyry are interlaced. Clearly but 

for erosion the conglomerate would 

have been continuous over this por- 

phyry. Erosion now has removed some 

of the conglomerate leaving at each 

ena the small areas of conglomerate 

infolded in the porphyry. 

40015 Near the S. crast of this ridge H 

running through the middle of the | 

point there is a dense rock which } 
does not show very distinct sedimen— | 

tary characters. I believe that it H 

i is a sediment from its association 1 

Hi 
iW 

Pwr l
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with other sediments here but the séc— 
tion in this case will have to afford 
the final proof. 

40016 Here again on the top of the hill 
there is a mass of white weathering 
dense massive rock which I believe to 
be a sediment but of which I am not 

1 sure, 

. Yb0/> Yo tvreed as 
40018 Upon the“top of the ridge there oc— 

curs in a number of exposures a uni- 
formly coarse grained rock which seems 

to consist for the most part of feld— 
spargs. This rock we have called 
in the field a feldspar- porphyry, 

although strictly speaking it is nota 
porphyry. It seems to me that it 

aiffers’ chiefly in coarseness from 
40015 the microgranite, spec. 40013 on Ely 
A0040 island and spec, 40010 from Stuntz 

island, This feldspathic rock is 

found in a number of places one hill 
and in a few placéesSitself in direct 
contact with the sediments. Here 
infolding of the sediments and of this 
rock was seen with no gradation between 
them hence my belief that it is an 
eruptive rock belonging with the com 

plex below the sediments,
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As will be seen from the map the 
: greenstone is the rock which occurs 

in the most numerous exposures on the j 
hizi. This greenstone varies from 
fine to coarse in grain. It is pre- 

y dominently massive but in a few places 
shows@schistose character. It also | 
shows in places traces of ellipsoidal i 
parting. One curious feature of this 

greenstone is that it contains a great 
number of round areas which look strik- 
ingly like pebbles or fragments. I fim 
among these areas a great variety of 
greenstoneschiefly those of coarse 
grain. There are some of the areas 

7 which look like granite pebbles and 
twnere ar thers which are unauestion— 

ably jasper fragments. Where this | 
Grud yasper is found in association with 

A the sediments and porphyries thus far 
© described it. seems to be infolded with 

them. Whether or not it is the base— 
ment upon which the sediments rest | 

could not be determined for in no case 
was the greenstone found in pebbles | 

4 in the sediments y ‘Shese sedinents 
being made up almost entirely of por- 

phyry fragments with some jaspers and 
quartz fragmentsy consequently tkey- 
have a very white weathering surface, 

The greenstone must certainly be young. | 

er than the jasper since it includes | 

pebbles of it. It is possible to in- gy
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terpret this greenstone as an Zhire> 

i sive, the fragments of jasper*faving 
been obtained from the spherulitic 
greenstone he asue-Unt- treme wre 

} This rock is itself intplaces spheru-— 
Sy litic ang resembles very strikingly 

the HESt“Heenstones in this region 
The fragments other than the jasper 
might have been obtained from the 
greenstones of which it practically 

| forms a part and through which it was 
| intimided. This may be in other words 

‘| a dike possessing in places the char- 
| acter of an eruptive breccia, due to 

| the inclusion of such a large number 
Sih of fragments@adjacenk from thegrocks 

| through which it was forcéeq. Possi- | 
| bly some of this mass of PE a 

flow of essentially the same age as 

| the jasper and ellipsoidal greenstones,. 
As it was poured forth it incorporated 

| within itself fragments of the jasper 

and also fragments of its own cooling 

surface and from the adjacent lavas 

thus being a flow breccia, I could 

a not reach a definite conclusion con- 
| cerning this greenstone. 

On the top and extending some dis- 

tance down the N. flank of the hill I 

find a big eyed quartz porphyry trend— 

ing a little to the S. of E. and N. of 

: W.. This porphyry undoubtedly cuts
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this greenstone The contacts be- 
tween them are syarp but—teresuiar 

the one projecting into the other. 
om Near the - end this interlocking of 

these two rocks is shown on a large 

seale. This is clearly due to the 

infolding of the two rocks and is in 
all respects similar to the infolding 
of the sediments and the porphyry w= 

%s~n the W. end of this ridge. The 

true relations of these two rocks are 

shown by the presence in the porphyry 

near the contact of more or less 
oe rounded greenstone fragments which 

have clearly been derived from the 

adjacent greenstone, githough intru- 
sive in tt or nstone the porphyr' 

does not show a dis net selvage. 
This dike was traced by a practically 
solid outcrop for a considerable dis— 
tance BE. and W. as shown on the map. 

A deep valley has been cut into the N. 

side of this hill and at this point 
| there are no exposures of porphyry. 
— = ares 3 . a eS ao aa 

| W. Of Here in line wit! 16. western 
co inuation of the dike a number of 
conti on of the dike a number of 

BE. W. exposures of a similar porphyry 

were found. These in some cases are 

in the midst of an area occupied by 

| the Pragmentad. The relations of a 
} agri yan ta thoa te by seaj 

—s porphyry similar to this to the sedi— 

ments similar to this on thZg point
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pieces a It was there found that the | 
sediments were unconformably upon the | 
porphyry. Hence these exposures are 4 
not interpreted to mean that this por-— | 

7 phyry is intrusive in the sediments | 

as well as the greenstone but that it | 
was here overlaid by the sediments and | 
that erosion having cut through them | 
in places has exposed the porphyry. | 

From the relationship of the sediments | 
1 + + q 
to the porphyry we are nov ble to de- f 
termine approximately the age of the | 
greenstone, for since the porphyry is | 
older than the sediments and cuts the 

oe greenstone the greenstone must of 
necessity also be older than ie sedi- 

ments. Phis i onclusive although 
no pebbles o th : snston ] n 

found in the sedi its on this hill. ] 
Lying to the N. of this greenston 

which is very rotten and very much | 

broken up.- It is practically impos— | 
sible to get a good hand specimen from 

-" ie The fragments break into irregu- 
lar rhombs. The rock is fine grained |¥ 
ana on fresh fracture one sees scat— | 

tered through it a great number of | 
areas in places more or less quadratic | 
in shane, whic! re eccupied by lang 

nS : nite, This seems to indicate that | 

|



oV 

so i 

devel nas dA 
the rock must have beer ori; Lily 4 

either ef siderite or e€ pvrite.pvrobab— J 

ly the former lis rock extends 1 

over a very large area N. and S$. ane | 

] sure graduall’ ry ) runs i 
out to é "TOW re 1 , t i 

stone here erosio i U rough | 
+h "Nek < my e ei reanogenizebl. 

40019 this depression. Spec. 919 is as i 
Pov ac} ‘ ¥ > to es! ac was Ts i] 
tTresi: ¢ > es vf } Oc! i coulc i 

near thi ylace in 1897 The e q 

rock is exp: a Pa Le 

major part of 1e l ast of here | 
this rool tre the oree - “ is 

sither cut throug by th Le ey ec q 

quartz porphyry 03 e this, if -a | 
sediment, ove es the porphyr The | 
areal distributior S quartz porphyry | 
with this rock around it a syne could 
no Jatarmin + 1 a iv ¢ ¢ not determine the relative ages. 

= ax our fF our tudy of this q 

hiil I have tempted to , & number 
of strikes on t é iments but with | 

} very poor suce ; nm most cases the | 
\ sediments os ar ronglo -ates or | 

2 i 
rravwael : in which rood strikes were | 

“tite not obtai! Lei. here the slates | 
were ¢ ) heads re so crumpled | 

Ure 0 Ss 1 es g ae ¢ , OpDtTaLlNn— 

ed or ! : Th bri} nc ips 
|
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which were observed are inserted ot i 
Cne plat, i l € 

strike of the sediments ma 92 8 ) a 
be abewt a little to the S$. of 

a The strikes of sch sity upo the j 
* vOrDvDhnvrv the massiv A Wr hea ana 4 ee oe an - = . eee ie 33 

also upon the greenstone, sre taken q 
anc é unifor ‘ 20° | 

I interpret the sti t s fc ows | 

With the sedi ents 1 i - , ne 

Piank eel lane +3 Se arian ik ~ 4 flanks7Até along the ores of the 

higner on 1e flank ing on the 

shores. ‘nere ; line 
superimposed unon this antic] 

. Col iGLi 9ccu- 
yied. by the larg ses of sediments j 

which occupy the central part of th | 
yr +h nI17 Phe sides of this | op l bldiche as Ine Ssiaes of this q 

syncline are represented by the green-— 
stone and porphyry which looked < 

- Dro surround these sediments, 
In detail o 1 it will t seen 4 
that small knobs of the greenstone as | 

; wel] O 16 porphyry occur outside, § 
that is, a fro thes so-called | 
Limbs mealy 1h nore nf | 

Bi this anticlinal hill, that is the | 
2a4a + whi at +h <edimente 4 4 

pasement sh «tne seaiments rest, | 

is made up of greenstone predomindgntly |
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porvhvryv ana then the sma eved quartz 

poTpnyry f > porphyry 
40018 of@finite represented b g he 

relations of these t 1 

quartz rpyyr} e¢ in such a posi- 
| bE eee ange ws 4 ‘ tion as to appe . 

i ross UNE ey iIpvt te 3 1% LON 

In the ri 1 

aa ; 1 i wht 1¢ eng neaoea“s4 x7. 

sthe r ime 

4 on the 1 vi. ; L jisiting 

_— . ‘ ; eithia 

; note books. 

4002 h *" microgranite 

jaland Th 19 of Leith’ 0 : 

lare 1 ) hvry is broken into <a 1: i ken into 

rhombs by two sets of parting planes,
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| mar x + mi PF +44 +s ee See ces 
Cl ou - A i , ‘ vi & Lal L i 

5 eee es : : } WuartZ—porvhyry like 40022 oceunvine 

| the centers of the two knobs at the 

| KE. a W. ends of this ridge. This 
3 Pina opained rt z-nornhurvy is eut 

by a Ti a Ke OF basic rock simi- 

lar to that on the island EB. of Stuntz 

| island. See Leith's notes made in 
| the early part of 3 on with ref-— 

F erence to these dikes. I think when 
| visiting these islands with him I mist 
\ have taken a snecine 9 hat fimo 

My recollection is that these dikes 
an atpikinoly lik thnee noten ae € ikingly 1ike those noted as 

a occurring in the sed: its at mile 
i “+ 39 a eer 7 So > 

} se = . * ss ee », > 
oO LS Int has in a nw OL 

| ; on the S. shore exposures of 
big eyed quartz—porphyry. ougnout 

| oceurrence o this porphyry. The 

quartzes are at times clear and vitre— 

| ous. Associated with the vitreous 
| yuartz we frequently find that which 

Tr is white and porcelain like. In this 

Lac} sy occur scattered irregu—- 
lap . } POC) na no reason 

for + : a urrence or distribution 

could. be <¢ ermined. The major part 
of this Land is made up of the sedi-
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nte aa ehavy ¥ +4 an} 1 | ments as shown on the plat, 
| REV isited the Burnt orties to ex— 

| amine th jasper with especial refe ence to + oresence of 4 sen , ence, t ive res Ge Of “a” Se Li nt DE | 4 ioe Wh a oo ; +4 i ene a ae | LOvV ey, eu en Lt nc t greenstone, 

j lear the lake shore the large jasper 
sxposure shows in cross section from 

nT Y + 4 ot mn mates shawn ny b te | 5 ¢ - Lne structure shown on the 

3. nving diagram, fo t) HOF 
it lies the rock which in the early 

| part of e season I was inclined to 
consider as a graywacke shourh owing 
ta a Aoawht air ‘ tm - o> to some doubt took a specimen for 

| determination of the character. Leith 
| showed me the jasper exposures in the 
i. Burnt PFortiesn ana w < ined ~ Jose ‘ irnt es and we examined it close- 

ly for sediments. No sediments were 
i Found nor did these jaspners, for the i most part the hia + ¢ r nav he 

Slaty material in them which was ob-— 
served a few days ago on the jasper 

| VE. of here by Professor Van Hise, 
Leith and I, and of which specimens 
were taken. A number of specimens 
3h a f r and 

= associated cherts were taken from the 

Burnt Forties exposure. See Leith's 

nove LO7 8 cimen Numbers, Returned 

to cam ‘or lunch and then moved across 
the lake with the remainder of the 
camp outfit. 

Ascending the hill from the compres—



sor I noticed in the gravel pit on the 
S. side of the road just beyond the 
first turn an exposure of rock which 
seemed to me unduestionably the same 

7 as the big eyed quartz porphyry with 
| the dense feldsitic matrix represented 

40021 by spec. 40081. Its exact relations 
here to the jaspers and associated 

| rocks could not be seen but its pres— 
ence on this hill clearly indicates 

| that it is intrusive in the jaspers. 
| I have heretofore held the opinion 

very strongly that many of the seri- 
| citic schists with oval to round quartz 
y areas in them which are found apparent- 

ly interlaminated w 1e¢ porphyry 
and green schists were originally 
juartz~porphyry. According to my 

| idea thev hav ie sericite schists 
1s the result of +t treme mashing 

| and shearing to which they have er 
| subjected, Alor this N....810} of 

a ou ni thin a short distance 
ie ee ee oc . . foe aad 

| rravel pit -o since I studied this 
| side of the hill in 1897) there are a 

nul r af exposures of r Oba VeLLOwaen 
| to creen in color and with small vitre. 

| ouB quartz areas scattered through 

- and which may have very readily bee 
derived from acid porphyry by shearing,



quartz eves upon Soudan ar ower 
{| hills, ass , rith the jaspers \| ‘2 Se. Ieee 

\ 1a. $C] itioned. In some cases 

? re t xtremely metamorphose ; os 

daloidal g stones, Is it not : 
possible or in fact highly probable 

intrusives? The green color there 

xr Lj ow ari nl t+ a ing ¢ ue to t] e in~ 

filtration of iron and the production 
of@ferruginous green silicates chlor— 
sin #8 Ce rea ; es F 

¥ ité V LC V U a - GAeLy? OLOT. 
/ 

A004 Just to th — of the in- 
“4 1 ” rayro ¢ sf 1Ou1— 

shows very well tl infolding of 1€ 
. m ane or" schist A nhoto— 

| graph was taken which shows a west— 

ward o I ene U of jasper and ore 

i ereen schi st has scatterec throu2y 4% 

| Way, are not of a single quartz but 

| the appearance 9ken of as saccharoi- 
coal



| 41 

dal. hese quartz eyes are 

| the rock but me hon shed and = iy 

sera Lt ) \ nd more closely the 
) i > amygdw#1lé$das in ar 

erur 1 1 grains of quartz ina 
yea bs eer ria 1 een stanne 

away from this ja Im green ; 

which does have a conglomeratic ap-— 
pearance, lere there are oval to 

| ounded areas of% light greenish to 

r Ss 0 ju a Y ao 

Sad = a 7 1 > > Cc above 

poe e "ter close stu Or Gt 

1 pebbles in a cong] by j 

notice t instead of having a 
smooth rounded oval shape some of 

* them swelled and narrowed veral 

of concretions or 0 reas 

| 2 iced by sl ring t " 14.-0f 
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: General Conclusions, | | 
j As a result of this season's work 

the following general conclusions have 
: been reached. In the Vermilion dis- 

: trict there is from the bottom up the 
7 following succession of rocks. At 

j the bottom and as the basement upon 
which rests all sedimentary deposits 
of later age and through which have | 
been intruded all younger eruptive 
rocks there is a mass of greenstone. 
This may be found from Tower as far 
E. as the vicinity of oat lake. | 
Throughout this area of 47770 miles 
in length, this rock possesses one 
very common feature. I refer to the 
ellipsoidal parting which will be des- 
cribed in detail when occasion offers. 
The greenstone varies from that which 

| is very fine grained to that which is 
very coarse grained. Moreover it 
is in places porphyritic, amygdaloidal 
and spherulitic. These various struc: | 
tures and textures occur in the most i 
irregular way. .0n the whole a mas— | 
sive structure may be said to predomi- | 
nate in these rocks. A schistose 
structure is in some places very well 
developed. It is almost always of 1 

purely local occurrence, however, and 

it would be misleading to speak of | 
this formation as consisting of green
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| schists. It does not —- pre- 
dominently of greenstoné”““In many 

Y Gases’they have been found grading 
= \ over into each other so that we can 

: consider these rocks as belonging to 
\ \ the same eruptive mass, although it 

\ is perfectly possible that certain 
of these forms have been erupted some- 
what later than others,as isyaly : 

-| -| } the onee wee — is yet 
eruptive activity. ince ellip- 

\ soidal parting is so“BS64in these 
rocks and since so far as Known it 

A is totally ahsent in the younger rocks 
BC of this area4G2# oseentiaiiy the 
| same chemical composition, es thése 
i oll inf Pfs nly! Yoon speakgnk of as the ellip- 

soidal greenstone,,7A& will avoid cir- 
cumlocution and @nable the seer to 
discriminate between rocks of/4imilar 
age. It is impossible to make any 

= absolutely unqualified statement as 
to the mode of origin of these rocks 
other than to say that we-setethet 
they are of igneous origin, However 

| it is of great interest to know tet 
) whether thay are the result of vol- 

canic activity or possibly represent 

a great batholite. To my mind there 
is sufficient evidence to show that 
hese rocks are Ritson nature 

4 : . : 
fofana #Wit2e using this term’mst qualify 

a it by stating that by this I do not
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| Lael a mean that the < eee 
erupted upow land. It is be dis— 
tinetly understood Uebin Big Page have 
att been formed under submarine con- 
ditions. By am strongly inclined to 
think that“fs true for the greater 
part if not the whole of these rocks. 
The evidence which I have for the vol- 

= canic character of these rocks may 
briefly be stated to be as follows: 
in the first place an amygdaloidal 
structure is of very frequent occur-— 
rence in them and has been frequently 
noted by +ke various observers. In 
addition to this there is to be noted 

5 the ellipsoidal structure which in my 
opinion, as expressed in Monograph 
36, is indicative to a certain extent 
at least of the result of flowage of 
a viscous lava. There is one further 

— structure in these rocks to which I 
have thus far not called attention. 
Many of the ellipsoidal greenstones 
are made up almost completely of spher- 

ulites. These spherulites have been 
found to have a definite arrangement. 
The small spherulites occur upon the 
periphery of the ellipsoids and those 
of increasingly large size are found 
farther away from the periphery. 
This occurrence points to the fact 
that these ellipsoids have in cases
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where this arrangement is noticeable 
acted as units, and is further evi- 
dence in ue ee published ex— 

: planation of thé mode of origin of 
these ellipsoidal greenstones. The 
spherulitic texture is itself one 
which has been observed so far as I 
am aware only upon volcanic rocks, and 
this fact is further support of the 

ae contention that these greenstones are 

of volcanic origin. 

4 Next above these greenstones occurs 
r the Tower and Soudan iron formation. 
4 This iron formation is the one which 
i has given to this district its enor- 
a mous economic importance. It is from 

| this that such great quantities of 
i the iron ore of the Lake Superior 

au et aa region is obtained and it is one of 

. the most important of the factors in 
K the economic life of the United States. 

i This iron formation is made up of two 

f complexes each of which is composed 

| of a number of units. These two com- 
leche) i plexes given in their succession from 

| below up are first a thin series of 
i normal fragmental deposits; second the 

fy iron formation proper consisting now 

of interbanded black, gray, and white 
cherts, or as they are sometimes
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called jaspers, red jasper, bands of 
magnétite and of hematite. Associated 
with these are certain carbonateous 

set bands presumably representing remnants 
of the original rocks from which the 

%zerpnyries and jaspers have been de- 
rived. Associated in very small quan- 
tity with these rocks just mentioned, 
which are to some,extent at least of 

pe chemical onisit Webieeibiy ale qustl~ 
fied in attributing this mode of ori- 
gin to all of them, there is found 

i some bands of oe slaty rocks 
which appear to normal fragmental 
sediments. Where we find these 

4 slates associated with the jaspers we 
i may have beds representing the tran- 

sition from the fragmental deposition 
of the series below the jaspers into 
the chemical deposits represented by 
the jaspers and ores. fi be 

we out of place to describé in detail 
the ores and associated rocks, in nts 

piece. Of very great interest is 

the relationship which these rocks 

bear to the greenstones. It has been 

already stated that the greenstones 

— are the base upon which these rest. 

3 In a few cases,to be described in de- 

a tail in the notes and in the proper 

a place in the final report, some frag— 

| mental sedimentary deposits were noted. 

These fragmental deposits lying upon
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the greenstone gave good evidence of 
their derivation from the greenstones. 
Such evidence consisted in the presence 

- of a basal conglomerate consisting es-— 
sentially of greenstone which graded 

upwards, away from the greenstone, into 
finer grained sediments and were final- 
ly overlaid by the chemical deposits 
of jaspers and associated rocks. This 

- is the basis for the placing of a frag— 
mental series between the greenstones 
and the jaspers. In by far the great 
majority of cases in which contacts 
between the jaspers and greenstones 
have been found, and these cases can 
be numbered by scores, the contacts 
were absolutely sharp no gradation 
whatever being found from the green- - 
stone into the jasper. ne est 
indication of any such pteadene” 
existed in the greenstone becoming 

i somewhat more schistose and perhaps 
containing some infiltrated iron in- 
mediately below the jasper and along 
the contact with it. This schis— 
tosity, however, can be very readily 

: explained by the fact that in the case 
= of shearing this movement would take 

; place along the plane of contact be- 

tween these two dissimilar rocks. 
a In previous field seasons a number 

| of cases were observed of jasper, in 

i small areas, lying in the midst of mas- 
Let sive coarse grained greenstone. The
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contacts between these two rocks are 
sharp. Such occurrences were in many 
eases considered as indicative of 

/ eruptive contacts, that is, the jas-— 
(din ter wasvincluaed + the greenstone. 

It must be admitted that in some cases 
this relation probably does exist. 
How long a time elapsed after the 
cessation of the violent volcanic ac— 
tivity which produced the ellipsoidal 
greenstones and the time when the 
chemical sediments were deposited 
fere them cannot be measured. We have 
no criteria whatever in this region 
for even estimating approximately this 

: time. It is not unreasonable to 
suppose that some flows or intrusions 
may have been produced which include 
some of this jasper. This fact would 
by no means detract from the general 
accuracy of the statement that this 
ellipsoidal greenstone formation was 

older than the jaspers. 
At other places in this district 

certain jasper areas were observed 

occurring in the greenstones in such 

a way as to indicate that they are the 

result of secondary infiltration. 

These areas are of irregular shape and 

| ; size. They are found to possess on 

3 the whole a concentric structure with 

| i the bands in the jaspers running parai— 

| : lel with the contact of the greenstone. 

3 :
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: and being ; 103 on 

| It is impossible to make any definite 
statement concerning the thickness of 

this jasper formation. It is in all 
eases extremely plicated and the fold— 
ing has been so intense have 

caused the rocks to be Medea many 
times across the area. Moreover the 
formation is essentially alike through— 
out there being no clearly marked hori- 
zon within it which could serve as 
key-rocks, hence it has been found im— 
possible to trace with certainty the 
bands across the area, and hence also 
impossible to determine the thickness, 
This must, however, be very consider— 
able for in some places we find eon- 
tinuous exposures of the interlaminat— 
ed jaspers exposed over an area of 
tacuee 2OGu SON s., How many more 
feet should be added to this it is in- 
possible to say. From a maximum this 
formation dwindles down until it dis-— 
appears ,in some cases the next higher 
horizon lying immediately upon the 
greenstone basement. : 

Associated with this ni er forma- 
tion occur? all of the ore bodies 
which have thus far been exploited on 

the Vermilion range. The most im- 

portant of these are the ones at Sou- 

dan and those at Ely. At Soudan the 
ore bodies worked by the Minnesota 
Iron Go. have a synelinal form and 
plunge to the W. having greenstone both
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| below and above them. This syncline 
is apparently%subordinate,-e syncline 
within a large anticline, the main 
structure of Soudan hill being anti- 
clinal with this minor syncline near 

, the center. 
The ore bodies,or more properly 

speaking perhaps,the ore body at Ely 

lies in a syncline trending E. and W. 
and lying immediately upon the green-— 
stone. This syncline plunges to the 
E. and narrows down also in this direc— 
tion. At the W. end it is a distinct 
syncline with the sides dipping in 
opposite directions. As we go to the 
f this dip changes and instead of 
dipping on the S. side to the N., it 
is overturned and the dip is to the S. 
No other ore bodies of any extent have 

thus far been observed, Active ex- 

ploration is now going on and if the 

places where the geological structure 

suggests the occurrence of ore are ex— 

plored, it is probable that largek 
ore bodies will be found.
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