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PREFACE 

| The following report deals with the physiography, hydrography, and 

| morphometry of the inland lakes of Wisconsin. Its purpose is to pre- | we 

sent in a convenient and readily accessible form the main facts per- 

taining to any or all of these subjects, which have been ascertained 

| about the various lakes up to the present time. So far complete and de- | 

tailed information of this character has been obtained for only fifty- 

four lakes. In addition to such data, however, enough soundings have 

been made on one hundred eighty-five other lakes to determine approxi- 

mately their maximum depths, but detailed studies have not been made: an 

on them yet. In spite of the large number of lakes which have been: 

studied more or less in detail a very large number remains still un- : 

touched. , | 

The hydrographic survey of the lakes of southeastern Wisconsin, | 

made by the Geological and Natural History Survey, was begun in the - 

| winter of 1897-98 and was continued more or less regularly for about CO 

five years. Since that time only one additional lake has been sounded, | 

namely, Rock lake, in the summer of 1912. Most of the soundings were 

made, however, during the winter of 1897-98 and in the following sum- : 

mer. Ina number of lakes the main lines of soundings were run in the , | 

| former season and additional soundings were made in the summer of oo 

1898 in order to trace out the shoal areas more carefully and to check 

some of the previous results. Also during the summer visit to many 

of the lakes, an accurate survey of their outlines was made for the pur- 

- pose of making such corrections on previous maps as were found neces- 

sary. One group of lakes, namely the Chain O’ Lakes at Waupaca, 

| was surveyed entirely during the summer of 1898. The locations of 

: the various lakes and lake districts of the southeastern quarter of the 

| | state, are shown in Fig. 3, p. 8. : —— | 

: The positions of the soundings which were made through the ice in 

| winter were carefully determined by means of chain and transit, and , 

the general plan was to run a line of soundings through the middle of | ,
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So the lake along its main axis. At certain intervals along this line, other mT , 
| lines of soundings were run out to the shore on either side. Whenever | 

necessary, also, additional soundings were made for the purpose of as- 
_ certaining the size and shape of offshore shoals or of the deeper basins.  _ 

- In summer the locations of the soundings were determined either by | 
| means of stadia observations or by: the use of two transits. - | 

co The total number of soundings made during this survey amounts to | 
: about 11,500. Mendota and Monona lakes were more thoroughly 
: sounded than any of the others, the average number of soundings in | | 
oe - them being about 115 per square kilometer (300 per sq. mi.) of surface. 

a ‘In the other lakes, the number of soundings varied from 23 to 30 per | 
| square kilometer (60 to 78 per sq. mi.) in the larger ‘bodies such as 

co Green and Geneva lakes to as many as 72 to 122 per square kilometer 
a | {190 to 315 per sq. mi.) in such small bodies as Otter and Beasley lakes. | 
= The results of this work on all except three lakes were embodied in 

ten hydrographic maps which have been published within the past fif- 
teen years. Some of these maps show the hydrography of but a single 
lake, while others include the lakes of an entire district. The hydro- | 

| graphic maps of Kegonsa, Waubesa, and Rock lakes have not been pub- 
lished hitherto. With one exception, the hydrographic work done by 7 | 
the Wisconsin Survey has been in charge of Professor L. S. Smith of 

a the College of Engineering of the University of Wisconsin. The sur- | 
veying and mapping of Green lake were in charge of Dr. C. Dwight 
Marsh. - 

| The hydrographic maps of two of the lakes shown in this report, are 

| | based on data which were not obtained by the Wisconsin Survey. These | / 
a are Devils lake and lake Winnebago. (Maps VIII and XXVI.) Mr 

F. T. Thwaites, together with three assistants, surveyed Devils lake and | | 

| prepared a hydrographic map of it in 1908. Lake Winnebago was 

| | sounded by the U. 8. War Department and the results were embodied | 

in a chart which was published by that department in 1908. 

| The six maps showing topographic features (I, VI, IX, XVI, XX, and | 

| | XXIT) are reproductions of maps which have been issued by the United 

- | _ States Geological Survey. | 
The maps showing the northeastern and northwestern lake districts | 

of the state (maps XXVIII and XXIX) are based chiefly on county - 

| maps. For the northeastern district, however, data were also obtained . | : 

| ° from individuals residing in this section and from maps which were 

o ‘published by the Chicago, Milwaukee, & St. Paul railroad and by ‘the } 

Chicago & Northwestern railway. A special acknowledgment is due the
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Chicago, Milwaukee, & St. Paul railroad’ for furnishing a blue print © oo 
oe | map showing the latest extensions of that line in the district. | 

| | | The Milwaukee Light, Heat & Traction Company kindly furnished oo 
be a map showing the location of the trolley line which it has recently con- | 

structed through the Oconomowoec-Waukesha lake district. , 
a The physiographic portion of this bulletin is based chiefly upon Pro- oe 

| . fessor N. M. Fenneman’s report on the physical geography of the lakes 
) of southeastern Wisconsin, and to this the reader is referred if he de- — 

sires a more detailed discussion of this phase of the subject. The first : 
7 : edition of this report was published in 1902 and a second edition, re- - 

: | vised and enlarged, appeared in 1910, (Bull. No. VIII, Wis. Geol. and | 
| Nat. Hist. Survey). The geography of the Devils lake region is fully 

| diseussed by Salisbury and Atwood in Bulletin No. V of the Wisconsin 
Survey, which appeared in 1900, but is now out of print. 

: During the summers of 1907, 1908, and 1909, more than one hundred 

twenty lakes, situated in northeastern and northwestern Wisconsin, 
| _ were visited for the purpose of making investigations with respect to _— 

the gases dissolved in their waters. In the prosecution of these studies | - 
many soundings were made in the various lakes, enough, in fact, to de- 
termine approximately the maximum depth of each lake, and the great- | 
est depths that were found are shown in appended tables. (Tables 3 . : 

. and 4, pp. 126 and 1380.) . 
Re Soundings have also been made in a number of unsurveyed lakes in 

| southeastern Wisconsin for the purpose of determining approximately ot 
their maximum depths and the results obtained are shown in table 2, _—- Oo 

| p. 124. Most of this work was done by Mr. L. G. Steck during the | 
summer of 1912. The lakes listed from Waushara county were | Oo 

Oo sounded by Mr. N. Fasten in the summer of 1912. | oe 
. Such, in brief, is the history of the material upon which this bulletin | 

is based. It will be noted that a large portion of the data has already | 
been published, but these publications have appeared separately and at 

| various times, the whole covering a period of at least a dozen years. So : ; 
it has seemed desirable to present in a single volume the greater portion | 
of this published material and to add to that, the data which have not . | 
been published hitherto. The latter consists of (a) three hydrographie : | 
maps, (b) all morphometrical data, and (c) data relating to the depths 
of many lakes in southeastern, northeastern, and northwestern Wiscon- | 

| gin. (Tables 2, 3, and 4.)
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| INTRODUCTION 

Over about three-quarters of the area of Wisconsin, inland bodies of 

| water are numerous enough to constitute an important element of the — 

| landscape. (See fig.1.) The total number of such bodies probably | 

| reaches well into the thousands. They vary in size from ‘small ponds ; 
and lakelets to lakes as large as Mendota, Poygan, and Winnebago, 

whose areas are respectively 39 sq. km. (15 sq. mi.), 44 sq. km. (17 | 

sq. mi.) and 557 sq. km. (215 sq. mi.), the latter being by far the lar- | 
gest inland lake of the state. For the most part, however, the lakes | 7 

are comparatively small, less than 10 per cent. of those given in the 

tables having an area equal to or greater than 10 sq. km. (3.8 sq. mi.), 

but 62 per cent. of them have an area of 1 sq. km. or more. 

The land surface of the state is given as 143,113 sq. km. (55,256 sq. | 

| mi.) and the water surface as 2,098 sq. km. (810 sq. mi.)* which makes 

the ratio of the former to the latter about 68 to 1. This estimate is un- oe 

doubtedly considerably below the actual amount of water surface with- a 

in the state since it includes the meandered streams as well as the lakes. 

| Ihe area of the lakes considered in this report, which is only a com- , 7 

| paratively small portion of the total number, approximates 1,400 sq. km. oe 

(540 sq. mi.). In view of this fact, it seems probable that twice the 

amount of water surface given by the United States Geological Survey 
would be more nearly correct. : 

These lakes are glacial in origin and are not very deep, since the 

maximum depth of the deepest one, Green lake, is only 73 m. (237 ft.). | 

Only a very few of them exceed 30 m. (100 ft.) in depth. Very few, | 

| | of them possess comparatively large affluents, while by far the greater | 

| portion of them are fed either by ground water or by relatively small | 

affluents, or by both. : 

: The inland lakes of Wisconsin lie between 87° and 93° west longitude 

and between 42° 30’ and 47° north latitude. Speaking roughly they 

may be regarded as belonging to three of the four quarters of the state, . 

- 7U. S. G. S. Bull. 302, 1906, Series F, Geography 653, p. 8. | |
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viz., the southeastern, the northeastern and the northwestern, but it 7 
| must be borne in mind that these rather arbitrary divisions are made 

‘ | chiefly for the sake of convenience in the discussion of the various | 
us | - groups. The southwestern quarter of the state possesses no lakes, since 
. it comprises the driftless area. (See fig. 1, p. 2, and fig. 2, p. 4.) 

oO Since not only the lake basins but also the more superficial topo- | 
| _ graphic features of those portions of the state in which lakes are found, 

| are of glacial origin, it may be well to give a brief account of the glacial ' 
. _ history of Wisconsin in so far as it is known at the present time. 

- _ During the Pleistocene or Glacial period, the greater portion of Wis- 
consin was covered with a thick mantle of ice which moved southward . | 
from certain accumulation centers in northern Canada. These ice inva- 

- sions were repeated at intervals and they were separated by long inter- 
| : . vals of mild climate, so that the whole of the glacial age extended over a 

| considerable period of time. While the ice, during some of the inva- 
: sions at least, extended far beyond the southern boundary of Wisconsin 

as well as beyond the western boundary, yet the southwestern quarter | 
| of the state was not invaded; as a result it does not contain any lakes or 

other features that are characteristic of a glaciated region. The great 
majority of the lakes, as well as the greater part of the other features 

of glacial origin in the other three quarters of the state, date their ex- 
7 istence from the close of the last or Late Wisconsin ice period. But 
, some of the lakes in northwestern Wisconsin, more especially some of 

those in Barron and: St. Croix counties, were probably formed before 
| the Wisconsin glacial epoch. It may be suggested here also that some 

7 | of the deeper lakes, such as Geneva and Green lakes, may have been 
. | formed before the Late Wisconsin period and may have had their basins 

preserved during this invasion without very great modification. | 
| It seems very probable that the ice which invaded the state during the . 

| last or Late Wisconsin glacial epoch constituted a portion of the great 

Oo Labrador ice sheet. The position of the terminal moraine in this region 

indicates that the direction of ice movement was governed largely by 

the basins of lakes Michigan and Superior, the ice being deflected into 

| them and then flowing out over the adjacent regions. As a result of —- 

| a these deflections the portion of the last ice sheet which invaded Wiseon- __ 

sin was deeply and distinctly separated into several lobes. (See fig. 2, 
p. 4.) The larger lobes occupied the basins of lakes Michigan and : 

Superior, while smaller ones between these two were deflected through 
_ Green bay and the large bays of lake Superior. The most easterly lobe oe 

_ which touched the state was that which oceupied the basin of lake ~
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oo __ Michigan, known as the Michigan glacier. To the west of this lay the | _ 
- - Green Bay lobe which advanced through the valley now occupied by os 

| Green bay and lake Winnebago and moved far down toward the south- 7 
ern boundary of the state. Next in order were two small lobes, the 

os Langlade and the Wisconsin Valley, which did not advance very far | : 
| into the state. To the west of these was the Chippewa glacier which | 

| advanced about a third of the way across the state and covered a fairly | 
| large area in northern Wisconsin. Beyond this was the Superior glacier ; 

which covered a comparatively small portion at the northwestern cor- | a 
ner of the state. . | 

= These lobes were in more or less intimate contact along their lateral | oe 
margins, but each possessed the features of a distinct glacier in that the - 
ice moved outward from their centers at all points. As a result drift — 

. accumulated at both sides along the common margins of the various | | 
| lobes, forming rugged ridges which are known as_ kettle moraines. | = 

These kettle moraines are simply the combined terminal moraines of oe 
two glaciers. They consist largely of kame gravel because the zone of 

| accumulating drift between the lobes formed the only drainage outlet | 
for the large amount of water derived from the adjacent. glaciers. 
Hence the deposit was pretty thoroughly worked over by the escaping . 
water. The longest moraine of this character within the state was —— 
formed along the adjacent margins of the Michigan and Green Bay | a 
glaciers. (See fig. 2, p. 4.) It has a length of about 240 km. (150 | oe 

| mi.), reaching from the place at which the lobes became distinct on the 2 
| Green bay peninsula to a point south of the city of Whitewater. The oo 

broken and irregular character of this long kettle moraine makes it a as 
favorable region for lakes and lakelets and they are found in varying | 

| numbers throughout its whole extent. They are most numerous in or 
adjacent to this moraine toward its southern end. The irregular char- | 
acter of terminal moraines also makes them favorable places for such oe 
bodies of water. , 

| . The deposition of drift was not confined to the margins of the various _ 
. _ glaciers and glacial lobes, but it also took place beneath the ice, thus , 

| forming the characteristic ground moraine. This ground moraine is : 
_ substantially coextensive in area with the glaciated portion of Wis- 

consin and it varies in thickness from only a few meters in some plases | 
_ toa maximum of 100 m. or 130 m. (328 ft. or 425 ft.) in other localities. 

In general, the surface of the ground moraine is not as broken and 
irregular as those of the terminal and kettle moraines, so that, rela- _ 
tively, it does not possess as many undrained depressions; taken as a :
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| whole, however, the ground moraine area possesses a very considerable | 

number of lakes. | : 

The inland lakes of Wisconsin constitute one of the most important . 

| and most valuable elements of the state’s water resources and their im- 

a portance as an asset of the state will undoubtedly be enormously en- 

a hanced by future development. So far comparatively little has been 

| done to develop their latent resources but it is only a question of time 

| when they will be made to contribute their full share to the material, 

cultural, and scientific phases of the state’s progress. 

- Many of these lakes are now used as storage reservoirs, but hundreds 

: more have such possibilities still undeveloped. The storing of surplus 

waters not only helps to prevent destructive floods by regulating stream 

| flow, but the stored water also serves as an important source of power. 

The great diversity of character possessed by the various lakes and 

| the variety of their surroundings add greatly to the scenic features of 

| _ the different sections in which they are situated. Thousands of summer 

residents and visitors seek their shores each season, where bathing, boat- 

| ing, fishing, and out-door life may be enjoyed to the fullest extent, thus 

| making them important centers of recreation. This feature is of great 

importance, not only from the standpoint of the conservation of health, 

| but also from an economic point of view, because a very large amount of 

money is brought into the state each season by summer residents and 

| visitors from other states. This source of income is large enough to 

: give it a high rank with some of the great industries of the state. 

| Our lakes possess still another economic possibility of no small im- 

a portance, viz., the production of good, wholesome food, more especially | 

the various food fishes that thrive in such waters. While the great ma- 

| jority of them do not now rank very high as producers of food fishes, 

| yet this does not mean that they are not capable of producing many 

times the present amount under proper care and management. We | 

know almost nothing of the science of aquiculture and until this prac- 

: tically unknown realm is much more thoroughly explored, we can 

scarcely hope to add greatly to the present production of our lakes. 7 

| But it seems probable that if aquiculture received its due share of atten- 

tion and were placed upon a scientific basis, similar to the one that agri- 

eulture has now attained, the lakes would show gains in food produc- | 

tion entirely comparable to those shown by the land. | 

: | But the scientific aspect of our lakes is no less interesting and im- 

| portant than the others. In fact, the development of some of their 

| latent assets is entirely dependent upon an exhausive study of the many
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physical, chemical, and biological problems which they present and | 7 

about which we now know g0 little. Likewise~ their geologic, physio- 7 

graphic, and hydrographic features, with which this report is concerned, 
are equally as interesting and important; in fact, a knowledge of them 

is prerequisite to the consideration of some of the other limnological 

problems. 

4
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| THE INLAND LAKES OF WISCONSIN 

—————_—_____, 

CHAPTER I. | oe 

Oo — ORIGIN, EXTINCTION, AND SHORE MODIFICATIONS OF oe 
LAKES. _ | 

| Origin. In general, the basins occupied by the various inland lakes 
| of Wisconsin were formed in four different ways. 1. Some of them are 

| pits formed by the melting of blocks of ice which became embedded in : . the glacial débris. These blocks of ice may have been stranded icebergs: | 
where the front of the glacier was bordered by a lake, or masses of ice 

| buried in a terminal moraine. More often perhaps, they were portions a of the lower zone of the glacier, which carries the débris, Since the oe , upper zone of the glacier carries little or no detritus, it might retreat : , 
rapidly and leave a mass of the lower ice embedded in drift. The slopes | | of the basins belonging to this group are generally very steep. All but Lo 
one of the Oconomowoc-Waukesha lakes belong to this class. 2. Some | os 
basins were formed by the damming of preglacial erosion valleys. | : 
While such valleys were subject to partial or entire obliteration by the s | drift, yet some of those which were more favorably situated with respect . | to the direction of the ice movement escaped filling and were dammed 

| by local deposits, thus forming basing which were subsequently occu. | : pied by water. Green lake and lake Mendota are good examples of | a _ this class. 3. In a few localities, the material composing the terminal - 
moraines was deposited in a series of parallel ridges with more or less - | prominent valleys between them. Some of these intervening valleys: 

| were blocked with drift at either end and became lake basins. The best. a | example of this group is Big Cedar lake whose basin was formed not | , entirely but mainly in this manner. 4, The fourth class of basins owe. 
their existence to the inequalities in the ground moraine. Just what 

1Fenneman, Bull, VIII, Wis. Survey, pp. 4 and 18, 1910. |
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| caused these inequalities is not definitely known. Such lakes are com- 

paratively shallow and the slopes of their shores are usually gentle. 

| Both of these characteristics are due to the fact that the curves of the 

- | ground moraine are gentle when no other conditions are prominent. 
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| Fig. 1. Sketch map of Wisconsin showing principal lakes and lake districts. Ap- | 

-proximate scale, 1 mm. = 4.5 km.,, or 1 in. = 70 mi. 
\ 

Extinction.—Even the larger and deeper lakes are but fleeting fea- | 

| +ures of the landscape from a geological point of view, because they are 

, all doomed to extinction sooner or later. Many examples of basins 

7 which were once occupied by water, but which have been filled in and : 

converted into swamps or grassy meadows, are now found in the various 

7 lake districts of the state. The smaller and shallower basins were the
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first to be obliterated. Three factors are involved in the extinction of oe 
lakes: (1) The down-cutting or deepening of the outlet when such a 
bodies of water possess a stream outlet, (2) filling by detritus derived 
from the shore or brought in by affluents, and (3) the accumulation of | a 
vegetable or animal remains. 

, 
The relative effectiveness of each of these factors varies greatly. | : When the outlet stream flows through loose drift, it may cut down into 

| this material very rapidly and thus lower the surface of the lake with 
corresponding rapidity ; but if the outlet flows over bed rock, the down- 

| cutting will be much slower. It has been estimated that previous to , 
the construction of dams, the outlets of lakes Geneva and Mendota 
through downcutting had lowered their surfaces enough to decrease the 

| original volumes of the former one-eleventh, and of the latter one- 
seventh. Dams, however, have restored the greater part of this loss in 
both instances. | 

In most of the Wisconsin lakes, the detritus brought in by affluents 7 
is not very important, relatively speaking. This is due to the compara- oO | 
tive newness of the land surface, and hence to the small amount of dis- / 

_ section by streams. The shores contribute a much larger proportion of — . 
the detritus. They are generally composed of loose drift material which | 

| is easily eroded and the youth of the shoreline is such that a very large - 
proportion of them is still in the cutting stage. ; | 

— | In many lakes, the accumulation of vegetable material is a very im- | 
portant factor in the process of filling. It is most vigorous in the shallow 
bodies of water and the deeper lakes with wide, shallow margins stand 

| next in order. In the deepest lakes the larger aquatic plants are con- | 
fined to the shallow regions around their margins, but even in such a 
cases they contribute their quota of material to the deposits in deep | | 
water because these plants become detached and are carried out to deep | : 
water by currents.’ As the lake passes into the more advanced stages - 
of its existence, the vegetable accumulation is accelerated, so that a a 
“‘dead’’, lake presents the appearance of a grassy meadow, with peat = 
taking the place of the water. This peat is often several meters ‘deep oo 
and is usually underlain with marl or clay. Thus the peat represents 

| the final or closing stage in the life of a part or the whole of a lake. | 
The marl and clay represent depositions in much earlier stages of the | 
process of filling. Sometimes, however, the final extinction is due to : 

| drainage or sedimentation. | 
7 _ Some lakes contain large marl deposits, a large percentage of which - 

consists of the calcareous shells of animals. In such instances these ani- | | 
mal accumulations are no small factor in the process of extinction. -
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| Shore modifications. In the first stage of their existence these lakes | Os 
possessed shorelines which were more irregular in outline than at pres- os 7 

ent, those belonging to the pitted plain class generally having the maxi- 
} mum shore development. Many of these irregularities were ill adapted 

| to the movements of the water and a process of simplification was insti- ae 

tuted which has continued down to the present time. Those sinuosities 
- which offered most resistance to the free movement of the water, such a 

as the boldest headlands and the sharpest reentrants, were attacked : 

first. Two factors are involved in this process of simplification, viz., 

waves and currents, both of which are caused by the wind. These lake a 

: waves belong to two general types which are known respectively as 

- waves of oscillation and waves of translation. The simple waves that 

| : are found on deep water belong to the former class and in them the par- 

ticles suffer no transfer; they simply rotate in eireular orbits and come —_ Oo 

to rest again in their original positions after the wave has passed. In 

| waves of translation, however, there is an actual transfer of water. The os 

particles are carried forward in semi-elliptical paths and do not return 

to their former positions. | oo 

The waves of oscillation are subject to various modifications. The Oo 

- wind which causes them may also set up currents, thereby causing a 

transfer of the water particles. In such instances, the particles rotate | 

in a spiral orbit rather than in a circular one. Strong winds tend to oo 

| form waves whose crests are steeper than the surface water can assume; | | 
but even before the limit of theoretical steepness is reached, the crests : | 

7 are blown over by the wind, thus forming the familiar whitecaps. The - 

most radical change, however, takes place in the shoal waters along the | 

| shore. When the depth of the water is so small that the wave agitation - 

reaches the bottom, the lower part of the wave is retarded and the water te 

) particles, even at the surface, no longer move in circular orbits but in - 

ovals resembling ellipses. | 
As the wave advances into pregressively shallower water its form. - 

| changes. (1) It increases in height because the motion is transferred : 

continually to a smaller quantity of water; (2) owing to friction on 

the bottom, the wave-length is diminished; (3) the crest becomes . 

steeper and shorter in comparison with the trough; (4) the front of | 

the wave becomes steeper than the back, thus making it asymmetrical. | 

. As a result of these changes the crest finally breaks and the wave be- a 

| comes the familiar ‘‘breaker.’’? The distance from shore at which break- 

- ers form depends upon the size of the wave and the slope of the bottom a 

along the shore. In its final stage the wave makes a plunge on the a 

shore but there is no true wave motion beyond the point at which the
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plunge begins, merely an outrush and an inrush of the water. When 

| no current is present and where the bottom near the shore has a gentle 

slope, the oscillatory wave may be transformed into almost a pure 

| translatory wave at the point where it breaks and it continues as such 
7 thence to the shore. . | | 

| The shoreward movement of waves is accompanied by an outward 

movement of water along the bottom. The latter is known as the un- 

dertow and it is produced mainly in three different ways. (1) The | 

| ' incoming breakers are frequently accompanied by an onshore surface | 

| current, thus making a return undercurrent necessary. (2) The waves | 
may be of the translatory type thus necessitating a compensatory return _ 

of the water carried shoreward by them. (3) Even common oscillatory 

, | waves on a shallow bottom carry more water forward under their crests 

| than backward under their troughs because the motion of the crests is __ | 
| less interfered with by friction on the bottom. The volume of the un- 

| dertow is greater some distance out than near the water’s edge because | 
- _ some of the water turns back before reaching the extreme limit. | | 

| In addition to causing waves a wind blowing from a given direction 

| for a few hours produces currents in the waters of alake. The surface _ 

water drifts across the lake with the wind, but when it reaches the lee 

- side, it is forced to return. Some of it turns to one side or the other and 

| returns along the sides of the lake; some turns down and returns below 

the surface as an undercurrent. The exact depth of the returning un- 

| | dercurrent depends upon the temperature of the water. In spring and 

| autumn, for example, during the periods of complete circulation, it may | 

return along the bottom even in very deep lakes. But in summer, when 

; the lake is thermally stratified, this return current is confined to the 

. epilimnion, or the region above the thermocline. 

The simplification of the shoreline is brought about by two processes, 

. viz., cutting and building, and the agents concerned are the waves and 

| : the currents. Waves are chiefly responsible for the shore-cutting pro- 

| cess, but they also possess a building function. In its final plunge, a 

wave makes an attack upon the shore, a large part of its energy being 

expended above the usual water line. The vigor of this assault depends | 

upon the offshore slope of the bottom and the size of the wave. If the 

bottom slope is very gentle, the wave will break some distance from | 

| shore and lose much of its energy before reaching the water’s edge; . 

when the offshore slope is steep, the wave suffers little loss of energy | 

before reaching the shore. The size of the wave is largely a function 

| of the area of the lake and the strength of the wind. Likewise the effect 

of the assault is conditioned by the vigor of the attack and the character
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| of the shore. When the shore is composed of fairly resistant bed rock, | | 

it will require a long period of time for the waves to effect much of a a 
| change in the shoreline. But, when it is composed of uncompacted | 

; drift material, such as constitutes by far the greater portion of the 

shores of the Wisconsin lakes, erosion proceeds with much greater rapid- 

ity. In spite of this more rapid erosion, however, the coastlines. of 7 

many of these lakes are still in a comparatively youthful stage. | 

On a shore which is composed of glacial drift the final plunge of the ) 

wave loosens some detritus and the retreating water carries more or less | | 
of it into the lake where it is disposed of according to the transporting 

power of the undertow and the currents. If the shore drift is unas- | | 

sorted and its particles range in size from fine silt to fairly large boul- 7 

| ders, it will now undergo a sorting process and be laid down in fairly 
| regular sequence. The heaviest portion, such as the boulders, remains . 

| at or near the water’s edge. If the material contains enough boulders, 

they may accumulate in such large numbers at the edge of the water : 

as to form a formidable barrier to further erosion. The smaller rocks, | 
such, as cobblestones, are dragged a little further into the lake so that : 

they form a belt just beyond the boulder line. Still further out comes 7 
the belt of coarse gravel, then finer gravel, and finally the sand. These | 

elements taken together constitute the subaqueous marginal shelf or ter- 

| race. Beyond this the sand gradually passes into the fine mud of which | 

| the bottom is composed in the deeper water. Since the silt is capable of 

. » remaining in suspension for some time, it is carried away by the cur- | 

rents and gradually settles to the bottom in various parts of the lake. | 

The actual cutting of the shore is limited to a comparatively narrow 

horizon which reaches little, if any, higher than the crests of the waves. | 

But the removal of the material in this horizon, called undercutting, | 

leaves the material above unsupported and it falls, thus forming a steep | , 

face which is called a cliff. , 

| If the cutting cliff is composed of unfractured rock, the erosion takes | 

place very slowly. When some fragments of rock have accumulated at. 

the foot of the cliff, however, they become an important aid to the waves — | 

in their assaults, since they may be hurled against the cliff with consid- 

erable force. The rate at which any cliff is worn away depends upon | 

_ the character of the material of which it is composed, the power of the 

| waves, the capacity of the currents which remove the waste, and the 

height of the cliff. If the cliff is high, a small amount of undercutting | 

will cause a large amount of material to fall which will require a pro- . 

portionately long time for its removal by waves and currents. | 

Not all of the work done by the waves on the shore of a lake are de-
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| : ‘structive in nature. Where conditions are favorable they are the 
So -active agents in the construction of the familiar beach ridges along 

a ‘the shore. But currents are more active transporting and building , | 
agents. Some of the materjal which is obtained from the cliffs by the a 
waves is carried away by the currents and deposited in structures for | | 
which they are responsible. Where the shoreline is too sinuous for the 
currents to follow, the most common mode of deviation is for them to - 

| leap from headland to headland, cutting across bays, thus running tan- , 
: gent to the shore on one or both sides. In such instances, some of the 

| material which is carried by the currents is dropped along this path and 
/ ‘eventually enough accumulates to form a subaqueous embankment. | 

| _ Such a structure is composed of sand and gravel. When this ridge so 
rises high enough, waves begin to break over it and the dashing water 

oe piles some of the gravel into a still higher ridge. Vegetation soon takes a 
hold and helps to maintain the structure. The subaqueous embankment - 
thus becomes a spit which assumes all the functions of a beach. This | 
structure may be gradually extended across the mouth of the bay and ho 
‘finally span it, thus forming a bar. This leaves a body of water behind 
the ridge which is eventually filled with débris and converted into dry 
land. In bays which are large enough to permit a fairly free circula- | —— 
tion of the water, only the head of the bay is subject to this eutting-off 

: ‘process. | | = 2 
| The wearing away of small headlands, the filling of small bays, and 7 

‘the smoothing of the inequalities of the marginal bottom constitute the a 
main simplifications along the shore. The net result of the process is to | 
make a path for the shore currents along which they may travel with the / 
minimum waste of energy. The infancy of the shoreline is character- ~ 
ized by irregularity and by lack of adjustment to the movement of the a , 
water. As the various shore processes progress the irregularities are md 

. gradually eliminated until finally there comes a time when no more cut- | 
| offs can be made. The shore may still be subject to adjustment, but : 

a ‘these changes are neither sudden nor radical. . - 
Effect of ice on the shore. These lakes are generally covered with a —_ 

- thick coat of ice each winter and the expansion of this ice under the in- - 
a fluence of rapidly warming weather exerts an enormous pressure on the oo 

shore. Sometimes the ice itself is upheaved in long ridges, but some- So 
times the shore against which the ice is braced yields to the pressure - 
and its materials are pushed up into an irregular ridge called a rampart. 

| ‘These ice ramparts may be recognized by their irregularity and by the oo 
| character of the material of which they are composed, that is, unas- 

| sorted shore material. ,
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As the result of successive pushings of the ice, the shore may have a 

line of boulders just above the edge of the water. Also many lakes in ‘ | 

: | the kame gravels have a characteristic gravel shelf at the foot of their | : 

| | steep banks. These are formed by the ice pushing up successive ridges | 

_ of gravel to substantially the same height. They are called ice-push 

terraces. : |
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| CHAPTER II. | 

LAKES OF THE YAHARA BASIN. 

| In the upper half of its course, the Yahara river traverses a chain of | 

four lakes, and this region is sometimes called the Four Lake district. | | 

(See map I.) These lakes have a northwest-southeast trend, the gen- 

| eral course of the river being southeast and they are but local enlarge- — 

ments of the Yahara valley. Named in order beginning with the one 

nearest the headwaters of the stream, these bodies of water are known | 

as Mendota, Monona, Waubesa, and Kegonsa. A small body of water 

between lakes Waubesa and Kegonsa is known as Mud lake but it is so 

small and shallow that it has not been considered in the following dis- 

eussion. A fifth lake lies within this district but it does not form a part . 

of the chain. This body of water is known as lake Wingra, and is sit- - 

uated a short distance west of lake Monona. oe 

Geology.—The different rock formations found in the vicinity of the 

lakes are four in number. The lowest is the Potsdam sandstone and | oe 

above it in order come Mendota limestone, Madison sandstone, and the | 

Lower Magnesian limestone. The last is found only in the higher hills | 

| several kilometers away from the lakes, and still further away there are 7 

patches of St. Peters sandstone and remnants of Trenton limestone. eo! 

. Potsdam sandstone is the general bed rock of the lake basins. It ap- ! 

| pears at the foot of the various rock cliffs of lake Mendota, such as those 

| at Maple bluff and at the foot of Eagle heights. | 

oe A ealeareous zone in the upper part of the Potsdam sandstone is | 

known as Mendota limestone and exposures of it lying 10 m. or more | os 

above the water level are found on the shores of lake Mendota. This | 

stratum dips slightly to the south. It appears that the water’s edge on 

the shores of lake Monona, and at Colladay point on lake Kegonsa. The a 7 

| Madison sandstone does not show conspicuous outerops in the cliffs. It oo 

is softer and less resistant than the Mendota limestone below or the 

Lower Magnesian limestone above; as a result its area of outcrop is . 

usually a gentle slope between the more obtrusive outcrops of the two 

limestones. | |
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 Origin’of the basins —These lakes owe their existence to two factors, . 
_ viz., (a) to the erosion of the stream which produced the preglacial 5 | 

| po Yahara valley, and (b) to the subsequent modification of this valley by we 
ot the glaciers. The preglacial topography of this region is shown on a * 

| map which was compiled by Mr. Frederik T. Thwaites and which was | - 
published in Bulletin No. VIII, second edition, of the Wisconsin Survey | - 

a (1910). This map shows the general course of the preglacial stream | - 
ON that produced the valley in which these lakes are now situated. , Just - 

what effect the ice had on the depth of the basins is not clearly evident. . 

The long axis of lakes Mendota and Monona lie in the direction of the | , 

| ice movement and, at the west and southwest ends of their basins re- . 

a - spectively, there are deposits of sand having a terminal aspect. These : 

| _ facts suggest that the basins may have been deepened by the erosive - 

| oe ' action of the ice, but on the other hand, data obtained from wells seem . 

| to indicate that the channel of the preglacial valley was probably 30 m. 

(100 ft.) or more, deeper than the present lake basins. Another point - 

) in favor of this view is found in the very small basin in which lake Men- : 

| dota reaches its maximum depth. (See map II.) If these depressions os 
| | were deepened in any way by glacial erosion, such an action was most . 

| probably confined to the sides of the original valley, the channel being : 

| 7 filled rather than worn deeper. But the most imporant work of the 

| ice was the formation of the dams of glacial débris which now impound 
the waters of the lakes. | | 

These lakes lie in the Mississippi basin since the Yahara river which | 

a drains them, is a tributary of the Rock river which, in turn, is a tribu- 

| tary of the Mississippi river. (See fig. 3, p. 8.) 

. | Lake MEnpota. : — 

The shores of lake Mendota for about three-quarters of their length  S 

are high and, for the most part, have a steep slope. (Map I.) They ~ - 

| . | rise rather rapidly to heights of 10 m. to 15 m. or more above the wafer. . 

| They reach a maximum height of about 45 m. at Eagle heights and to | co 

_ the southwest of them lie Mendota heights, with an altitude of more than 

| | 00 m. (170 ft.). The most extensive areas of low, swampy shores are | 

| | located at the head of University bay, at the west end of the lake where 

| Pheasant Branch creek enters, on the north side in the vicinity of the © 

” mouths of the Yahara river and Six Mile creek, and at the head of 

| Northeast bay. 

| _ The form and area of the lake (see map II) are such that the wind 

7 produces waves and currents of considerable strength and eroding
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a power, the wave base extending to a depth of 4.5 m. to 6 m. (15 ft. to 20 | 

ft.). As a result of the action of these agents, the banks are being cut — | 

away more or less rapidly along about two-thirds of the shoreline. | 

Much of the cutting is being done in boulder clay and along such shores | 

the work is proceeding fairly rapidly. - 
The more active cutting of the shores of lake Mendota is due in the 

main to the fact that a dam 1.2 m. (4 ft.) high was placed in the outlet 

a number of years ago. The rise of the water raised the horizon of ac- 

tion of waves and currents above the old beach which in time had be- 

come adapted to resist attack, and set these agents to work on a new 

shoreline which was not protected from erosion. As the beach features 

become more fully developed, shore cutting becomes less and less vig- 

orous. 

: | Cutting shores.—Cliff cutting in boulder clay characterizes many kilo- | 
meters of the shores of lake Mendota. That on the northwest side of 7 

oO ‘Pienie point is particularly active. (Map II.) This cliff is nearly © | 

| bare of vegetation and trees standing at the top have been undercut 

several meters. The total amount that this shore has already re- | 
treated amounts to probably 100 m. (328 ft.) or more and the point / 

will eventually be destroyed unless this process is stopped by artifi- | 

| cial barriers. Cutting is much less active on the southeast shore of 

the point because this side is not exposed to such heavy storms. There 

is also a marked difference in the marginal shelf on the two sides. — 

| That on the northwest side is covered with heavy residual boulders, , | . 

| while that on the southeast side is covered with sand and mud, sup- 

porting a dense growth of vegetation. | 
A short distance east of Second point the boulder clay cliffs are char- : 

acterized by deep gullying, and the same is true of the cliff just north | | 

| of Mendota beach. This gullying is formed in each case by a long back . 

slope yielding a large run-off during rains and by an absence of forest. 

A fine rock cliff extends westward from the vicinity of Eagle heights Y. 

| for a distance of more than a kilometer. A comparatively narrow shelf 

is found at its base, indicating that the recession of the cliff has not been 
great. Rock cliffs are also found just east of the mouth of Pheasant | 

Branch creek, at West point, Farwells point, Governors island, and : 

Maple bluff. The one at Maple bluff is wearing away more rapidly 

than that at Eagle heights, due most probably to the longer fetch of the 

- waves raised by the heavier storms from the west. 

A long cliff cut in boulder clay extends from a point a little west of | 

¥oxs bluff to the marsh south of the mouth of Six Mile creek. It has 
a distinet terrace at its base which descends gradually to a depth of
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: 4.5 m. (15 ft.), beyond which there is a steep and sudden descent to deep 

water. It belongs to the cut-and-built type of terrace, probably in 

- large part built rather than cut. Toward the north end this terrace . 

. partakes more and more of the built type and broadens into the exten- 

| sive shallow area situated in and in front of Catfish bay. | 

Beginning just a little southwest of the outlet, a long cliff extends . 

7 thence to University bay. But cutting along this shore is comparatively 

a slow because the waves and currents are interfered with by many piers 

| and other obstructions. Also along the University campus the cliff is 

protected by the trees and the shrubs which cover it. 
Beach structures.—The beach structures which have been built by the 

| waters of lake Mendota are fully as significant as the cliffs which have 

el been cut. The latter are the quarries from which material has been ob- | 

- tained for the built structures. Much of this material has been used in 

building the subaqueous terraces. Though hidden from view these ter- 

races have a very important function. They are so disposed as to make a 

| the paths of the currents smooth and regular and it is only by the perfec- 

: tion of these pathways that the lake is enabled to build the more im- 

pressive features which appear above water. These terraces are com- 

- posed of the coarser material of the cliffs; the clay, for example, is so 

. . easily held in suspension that there is no limit to its distribution. 

The youngest bit of coast is found on the west side of Maple bluff. 

There is not only no beach, but, in places, tlieve is no shelf to provoke 

i breakers and support stones within their grasp to be hurled against the 

- cliff. In other words, the cliff is perpendicular, or in places even over- 

hanging. The waves strike this vertical face and most of their force is 

spent in producing a choppy sea, rather than in doing injury to the cliff. 

7 More rapid erosion takes place in the jointing cracks thus forming tri- 

| angular recesses which will hold detritus. These are known as bay head 

beaches and they are the earliest form of beach accumulation. With 

the development of the coast, these bay heads are extended laterally | 

and united across the headlands between them to form a shelf for the | 

| | accumulation of material which may be used by the larger waves in an | 

assault on the cliff. With the exception of Devils lake, no other lake 

in southern Wisconsin possesses a stretch of shore line in so young a 

stage. The south side of Maple bluff and all of the other rock cliffs 

mentioned above show slightly more advanced stages of the same fea- 

a | tures. 
| | A more advanced stage of shore development is seen in the bars which . 

: have not yet been raised above water. Two good examples of such 

| structures are now found in the lake; one spans the large bay on the \



ee jt Z j 

WISCONSIN SURVEY i BULLETIN XXVII. MAP I. 
- a, 

: oe a. 

fy See 
¢ = = 2 Slee I 3 SS 

HYDROGRAPHIC MAP G7 | ro 
wit > 2+.) fay Nae . = 

a we see SN, | sT ee | 

LAKE MENDOTA ge BT oo 
“Ta ~ Ire x fora HoseitaL \C 

(/\Saigee” NE" < \ 
Ya LAS 

ois RAMI ete i mike ih ae e \\ ea iia Xe 

comers Sh = \\ OA \ \N 
é oi \\ SS a De ss | 

Bi fF Nee w y Y a. | 

: (ind Se Ys 
——— A ke Uf y | 1 

Y Lk. | Off 1 (oe | 
J Uf Ls -f 

: os J Y Bos \l 
a ; a a NY 

bes ; Ren BRL = \\ : Ni 
8 4 ro eee 

\ op 

= fay Sp 
; \ } of 

cA le A =), I] 3 LZ 

1 k meee || / | SR 

eu, ane es. im Sy , ws L? Kl VRS 

Vel ey” ACG Sf 
o\ SSSA A e Liege” 

3 cighy NOR HX OSC Bs Z 4 

OW Gee 1 ee =] Cea Ae SS IIE a 
ee ea = ee OBR ORE ge) 

ee a | ere R, Lam MOoZ RNR 7 a 0 

; ae) 2” 6S DSS USSSA AL SAY, fa 

| APT Pe



a | LAKES OF THE YAHARA BASIN. © 15 : 

north side known as Catfish bay and the other spans University bay. 7 . 
| The bar in Catfish bay is more than a kilometer and a half in length and | | 

is covered by about half a meter of water when the lake is at its usual 
level. Its height varies somewhat, probably due to the fact that it has | 
been subject to ice pushing in some places. The material of which it . 
is composed was derived from cliffs in the vicinity of Farwells point 

' and from the long cliff which extends from the west end of the bar 
to the southwest beyond Foxs bluff. The greater part of the detritus 
came from the latter cliff apparently, although some material obtained 
from the bluff at Farwells point, which is easily recognized by its color, 
has been found west of the middle of the bar. But the bar is broken by | 
a channel over four meters deep not far from its eastern end which indi- | 
cates a greater building vigor from the west. This channel owes its ex- - 

| istence to the lakeward current of water from the bay behind the bar, 
- | which receives the waters of Six Mile creek and the Yahara river. It is | 

almost due south of the latter stream. 

The more vigorous currents are deflected by the bar and pass a 7 
along its outer face. But some of the weaker ones pass over it and 
enter the bay. These and the pushing of the ice have built some poor | 
ridges of sand, especially along the west side of the bay. On the east , 

_ side for some distance north of the bar, the waves are still actively 
cutting a cliff in very sandy drift. 7 

: The area of the bay behind the bar was once much larger than at pres- _ | 
ent. This is shown by the old abandoned cliffs which are now some | 
distance from the water’s edge. It is only a question of time, in fact, | 

| when the whole bay will be converted first into a swamp and later into 
solid land. It is now filled with dense growths of vegetation and the 

swamp 1s advancing upon the bay with considerable rapidity. The lat- | 
ter is in part a delta formation of the Yahara river but the upper layers 

are largely of vegetable origin. | SO 
The bar which spans University bay is now covered by only about 

15 em. (6 in.) of water; in fact, portions of it are above water when the 

lake falls a little below its normal level. The cliffs at both ends are | 
actively contributing material for it. This is the second attempt to sim- 

plify the shore line at the head of University bay. In a more youthful 

| _ stage of the lake, a bar was built along the line of the present driveway 

at the head of the bay, thus cutting off a large ‘westward extension | 

| which once formed a part of the lake. 

There are several other bar formations which are now in a much more : 

advanced state of maturity than the submerged ones in Catfish and Uni- 

versity bays. The best example of a bar which has been raised above
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water and converted into a beach ridge is found along the front of the 

. _ swamp at the head of the bay just west of Picnic point. Its form is: 

ideal in vertical cross section and the curve of its shore line is very 

symmetrical. It is about 10 m. (33 ft.) wide and stands over half a 

oo meter above high water. Another beach structure of this sort is found 

| | at the west end of the lake. A ridge extends south from the mouth. 

| of Pheasant Branch creek for a distance of more than a kilometer along: 
a : the front of a swamp which was once a part of the lake. <A similar 

| beach ridge with a long and graceful curve borders the head of the bay 

| north of Maple bluff. | 
a To the east and south of Maple bluff there is a stretch of low cliff } 
: . which is cutting rapidly in a ridge of nearly pure sand. A spit has. 

po been built southward from this cliff in front of a small bay which is. | 

. situated about three-quarters of a kilometer north of the outlet. If not. 
= | interfered with this spit would span the bay as a bar, but the exposure 

to the west winds is such that the point of the spit has been turned 
° sharply into the bay, thus making a hook with an acute angle. These. 

turnings have been made at different stages of the spit, so that there are- 

oe now three hooks on the same trunk. A similar spit growing northward. | 

from the cliff lying south of the bay has been turned shoreward in a 

: curve and united with the mainland, thus forming a loop which encloses. 

oo aswamp. This shore line is probably the most advanced in its cycle of | 

any around the lake. This is shown by the cutting away of these beach. 

| | structures. When the cliffs from which they grew held their positions. | 

| further west, these spits were built in continuation of the same line but 

the cliffs have receded so far that these built structures are now wasting 

away. This is especially marked on the one from the north which 

| -_- springs from a cliff of sand; trees which have grown upon this spit are 

oe now undercut and falling into the water. When the line of cliffs and 
| beach ridges has been pushed back a little further, there will be no bay 

and no necessity for spits and bars. This is a good illustration of the- 

transient charcter of such beach structures. | | 
The pushing of the ice is also an important factor in the construction. | 

of beach features at some points. Picnic point is prominently exposed 

| to such action and ice ramparts on its east side rise in places to a height 

of 3 m. (10 ft.) above the level of the lake. Conspicuous ice ridges are- 

| also found on the north side of the lake just east of Governors island and 
smaller structures of similar origin appear at various places for short. 

distances. ‘There are at least three ice ramparts which resemble spits in | 

| that they are intimately connected with cutting cliffs. In origin, how- 

oo ever, they have nothing in common with spits, except that they indicate:
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| the paths of the currents. An ice rampart of this character extends ‘ 

southward from the outlet to a low cliff, cutting in the till, which is [ 

, nearly half a kilometer away. A-part of this distance the ridge origin- . 

ally stood between the lake and a small swamp which was below the lake | oe 

: level, but this swamp has since been converted into a park lagoon. The 

original rampart has been subject to considerable artificial modifica- 

tions, now having an artificial portion at the north end and the entire | 

| ridge having been enlarged to serve as adam. A similar ice rampart 

extends northward on the east side of Governors island and another 

oo heads westward across the mouth of Pheasant Branch creek. | 

Source of Water.—A drainage basin of perhaps 640 sq. km. (250 sq. | 
mi.) discharges its water into lake Mendota. A part of this water 

enters as surface drainage, mainly by the Yahara river and Six Mile : 

| - ereek. Another part derived from the rainfall over the same catch- 
ment basin, enters the soil and reaches the lake as springs. These 

springs may also bring water from beyond the limits of the drainage 

| basin, while ground water from a part of this basin may feed springs 

which issue beyond its limits. The springs are situated almost entirely 

at the west end of the lake, the largest ones being found in the vicinity | 

of Merrill park. | 

The lower lakes of the Yahara basin receive all the water which over- 

| flows from lake Mendota and the drainage from an additional catchment 

basin about equal in size to that possessed by lake Mendota. | 
Lake basin.—The hydrographic map of lake Mendota (No. IT), as well 

- - as those of all other lakes, shows by means of contour lines and blue tints | 

the depth of the water and the general topography of the bottom. The | 

contours are shown in meters, thus 3, 5, 10, and so on indicate the three, Oo 

| five, and ten meter contour lines or isobaths. Where these lines are , - 

close together the slope of the bottom is steep and where they are | 

- far apart the slope is correspondingly gradual. The depths, areas, . 

and volumes of the various lakes are given in English as well as in | 

7 metric units in table No. 1, p. 122-123. 
The soundings in lake Mendota were all referred to a surface eleva- 

, tion of 258.8 m. (849 ft.) above sea.level. This datum plane was es- : 

| - tablished from a certain bench mark on Science Hall, University of 
Wisconsin, whose elevation, according to the United States Geological . 

Survey, is,270.1 m. (886.3 ft.) above sea level. This bench mark con- | 
_ sists of a cross chiseled on the upper surface of a projection on the 

third stone above the ground at the northeast corner of the tower por- 

| tion, of this building, that is, just to the right of the main entrance. 

The hydrographic map shows that the basin occupied by lake Men- os
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dota has fairly steep sides with a large, comparatively flat area in the 

| middle. The slope of the sides of the western half of the basin is 

Oo steeper than that of the eastern; but in both parts the water descends to 
| eonsiderable depths rather rapidly so that a large portion of the lake 

: has a depth of 18 m. (60 ft.) or more. The steepest slope of the bottom 
a is found on the northeast side of the small basin which is situated a 

short distance southwest of Governors island. Here the depth of the 

a water increases 21 m. (69 ft.) in a horizontal distance of about 100 m. | 

-(328 ft.), thus making the slope somewhat steeper than 1 to 5. a | 

: The maximum depth of the water for the lake is found in the above | 

depression, in spite of the fact that it is very small and isolated from the 

main body of the deep water by water which is less than 18 m. (60 ft.) 
deep. The origin of this basin, therefore, is rather puzzling, but it . 

| seems most probable that it represents a portion of an unfilled or but 

| partially filled valley of a preglacial stream. The regularity of the lake 

. ' basin is broken by five detached shoals. Two of these shoals 
| are located in the southeastern part of the lake, one lies just south of 

| Governors island and two are situated north of Second point and 
| HKagle heights. . 

Bottom. Dredgings show that the bottom consists of coarse material . 

| in the shallower water, such as boulders of various sizes, gravel, and 

| sand, and fine mud or marl in the deeper water. This results from 

| the action of the waves and currents on the shore and on the bottom in | 

the shallower water. The materials are assorted according to the 

- strength and carrying capacity of these agents; the material being — 

coarsest at the edge of the lake and gradually becoming finer as deep 

water is approached. The transition from the coarser components, gen- 

erally fine sand, to the fine mud takes place at very different depths in 

| a different parts of the lake owing to differences in the amount of ex- 

| | posure to the wind. In University bay, for example, which is pretty 

well sheltered, the bottom consists of mud in places where the water is 

| only 5 m. to 6 m. (16 ft. to 20 ft.) deep; but along the more exposed | 

| portions of the coast the bottom is kept free of mud to a much greater 

| depth. On the south side of Picnic point, pure mud is not found above 

| a depth of 12 m.; while on the east and northeast sides of the point, | 

which are boldly exposed to north and northwest winds, this depth is in- 

| ereased to 18m. Also in the small basin southwest of Governors island, | 

| the bottom consists of gravel and sand where the water is 24 m. (79 ft.) 

| deep, and a muddy sand at 25m. (82 ft.), pure mud not being found 

| for some distance southwest of the basin. It seems most probable that 

: | southerly, more especially southwesterly winds are responsible for the
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searcity of mud on the bottom of this small depression. Such winds 7 

| drive the surface water northward into Catfish bay and deflect the re- 

: turn currents to the east shore so that they pass southeastward along sv 

| Governors island. During the vernal and autumnal periods of circu- | 

lation when the whole mass of water is kept in rotation by the wind, re- 

, turn currents readily flow along the bottom and may thus remove the | 

deposit of fine mud which is generally found in the deeper water. Dur- | 

ing the summer, however, when the lake is thermally stratified, the re- 

turn currents would not reach the lower water, hence they would not 

affect the bottom beyond the depth of the thermocline. The descent of . 

the thermocline on the leeward side of the lake appears to produce sec- 

ondary currents in the hypolimnion but these currents move so slowly | 

Oe that they have little or no transporting power. It may be added, also, | 

| that the five shoals mentioned above are kept free of mud and their tops 

consist of coarse material, such as boulders and coarse gravel, 

LAKE MENDOTA. | 
T. 7and 8N., R. IX EB. Mean depth ........... 12.1 m * | 
Length ......e.eeeeeees 9.50 km. Length of shoreline .... 82.4 km | 

. Breadth ......ceeeeeees %.40 km. Shore development .... 1.47 
ATED cece ceeecececsees 39.40 8q. Km, Mean slope of bottom .. 0° 43’ 
Maximum depth ....... 25.6 m. Number of soundings .. 4,500 

Depth. Area, henge a between Volume. Slope. 
contours contours a 

Meters. =. sm |Pet gent Kilo- | Meters. | Sq. km. Cubic cent of De P | 
. | total. | meters. meters. total. | eres cent. ‘ 

|_| yp | 
0 39.4 : 100,0 | 32.4 || 08 7.4 | 106,922,000 | 22.4 | 0° 497 | 12 . 
3 32.0 81.2 28.9 3-5 3.0 | 61,004,000] 12.8 |] 1 9 ' 1.8 

5 !2901] 73.9 1 27.5 |! 5-410 5.0 | 131,987,000} 27.6 /) 1° 3° | 1.8 
a 10 24.0 61.0 26.8 || 10-15 7.2 | 101,165,000 | 21.1 | 0° 38 | 1.1 

15 16.8 42.6 22.8 | 15-20 10.2 | 63.843.000] 13.3 || 0° 27”) o6 | 

| | 20 66] 168 | 13.5 || 2025.6! 6.6 | 13,449,000/ 2.8 || 0 127] 0.8 
| | | | | Total..| 478,370,000 | | 

————————————— ey TT—T————T——
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| | Lake Monona. 

co Lake Monona is oblong in shape and fairly regular in outline, there 

| being only two prominent extensions from the general body of the lake. | 

(See map III.) These are the bay extending westward beyond the 

: railroad tracks and that portion of the lake which extends southeast of 

a line connecting Turville point with Winnequah. The direction of the _ 
long axis of the lake is northeast and southwest. The deepest portion — 

| . is situated toward the southwest end of the lake where there are two 

distinct basins. The south basin is much deeper than the north one 

: and possesses the deepest water in the lake. | 

| : | The regularity of the bottom topography is broken by only one shoal 

: and this is located a short distance west of the place where the water : 

| | reaches its maximum depth. The water over this sinall shallow area is 

| a little less than 5 m. (16 ft.) deep but the shoal is surrounded by water 

which has a depth of 12 m. (40 ft.) or more., The bottom descends to | 

| deep water with a much more gentle slope at the ends of the lake than 

along the sides, the middle third of the northeast side showing the 

longest stretch of steep slope. The steepest gradient, about 1 to 18, is 

found a short distance off shore about half way between Oak Park and 

| Winnequah. | 

Shores.—The shores of lake Monona are not as rugged as those of lake 

Mendota and a larger portion of them is low and formerly swampy. 

: (See map I.) But the greater part of the swampy shore either has been 

filled in and converted into dry land or is now in the process of such : 

. transformation. The most rugged shores are situated along the city 

| front of Madison, at Elmside, at Tonyawatha and south of it and at - | 

| Ethelwyn and Monona parks. The maximum elevation is found at | 

—— Ethelwyn park where the shore rises to a height of about 25'm. (82 ft.) | 

\ | above the surface of the lake within about 150 m. of the water’s edge. | 

: | The present level of lake Monona has been maintained for a long pe- 

riod of. time, consequently its beach formations are mature and well 

OO adapted to the protection of the shores against the action of waves and 

| currents and the smaller size of this lake makes these agents less effec- 

- tive than in lake Mendota. In spite of such adverse conditions, how- 

ever, cutting and building are proceeding more or less actively at va- 

rious points along the shore of the lake. 

: ' Along the northwest side of the lake from the crossing of the rail- 

- roads almost to the mouth of the Yahara river, the shore is high, rather | 

steep, and composed of glacial drift. Though normally a cutting coast
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; it is now so well protected by artificial barriers that active retreating | . 

- has practically ceased. The marginal shelf at the foot of this stretch 

of shore may be classed as a cut terrace. This is shown by the fact that, | 

out to a depth of 3 m. (10 ft.), the surface of this terrace carries stones | 

that are too heavy to be transported by currents. _ | 

When the lake was new, the Yahara river entered a fairly large shal- 

low bay which represented the present flats on both sides of the inlet. | 

This bay was gradually filled up and converted into a swamp. Just 

“recently these swamp areas have been filled in artificially and are now 

| dry land. Beyond this there is a highland at Elmside which has suf- 
| fered much wasting and cutting still continues active. The marginal . 

shelf at the foot of the cliff shows no residual boulders, but they are con- 

cealed beneath a layer of sand, thus showing less active cutting. As the 
off-shore depth of this beach gradually decreases, the cliff will retreat 

: with ever increasing slowness. | 
The shore along most of the northeast end of the lake is low and : 

| sandy. The lower course of Starkweather creek is bordered by a 
swampy fiat whose lake front consists of a beach ridge. This swamp 

7 _ represents a former bay that was cut off by the ridge. The growth of | 
the latter was so vigorous from the northwest that the mouth of Stark- | 

: weather creek was carried some distance to the southeast. The creek 
| now turns at right angles and flows parallel to the shore for a quarter 

of a kilometer before it succeeds in entering the lake. _ 

The southern quarter of the shore of the northeast end is a cliff cut 
in glacial drift. Beyond this is a small bay whose shore is marked by - 

: an ice rampart in front of a low valley. The headland southeast of this 

bay is a rock cliff and the adjacent marginal shelf shows the features 

of a cut terrace, that is, a rocky bed out to a depth of about 2 m. 
— (6.5 ft.). | 

: At the head of the broad bay southwest of this headland is an area of | 
| _ lowland in front of which is a massive tree-covered beach ridge. The 

northeastern portion of this ridge is widest, having a maximum width 
— of 30 m. (100 ft.) but the southwestern portion consists of only a single 

ice rampart of boulders. 

| From Tonyawatha to Winnequah the shore is one long cliff cut in till, : 
| | but cutting is not progressing rapidly at present. This is an excellent 

- example of a slowly wasting till cliff. It is nearly all forested. At its , 
foot is the characteristic boulder line. The adjacent bottom which has . 

- been cut down to allow the waves to attack the shore, is strewn with | 
boulders and cobblestones which could not be carried away.
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| The lowlands bordering the outlet bay are fronted by feeble ridges . 

Se composed largely of muck. They have been built for the most part by | 

So the ice. On the south side of the bay, however, there is an old spit 

which has been converted into a beach ridge. From the outlet bay to 

Ethelwyn park the shore is a tall cliff. At the latter point there 

: is a rock cliff of Mendota limestone. This limestone is thin bedded 

- and easily broken up. It is being actively eroded, which is shown by — | 

7 the fragments covering the shelf at its foot. | | 

. The head of Turville bay, west of Ethelwyn park, is approaching a 

| stage when vegetable filling will proceed rapidly. The shallow water 

: | is filled with dense growths of vegetation and swamp forms are now 

< crowding in along the edges. The shore along the west side of Turville | 

: bay rises rather abruptly to a height of 1.5 m. to 2 m. (5 ft. to 6.5 ft.) 

~ ~ above the level of the lake and at one place it rises higher, forming a \ 

cliff. | 

- On the east side of Turville point, an old water line two-thirds of a 

meter above the present level is marked by a faint cliff and boulder line. | 

On the northeast side of this point there is a massive ice rainpart, an 

| excellent example of this kind of formation. It has a height of almost — | 

: 2 m. (6.5 ft.). . 

- The shore along Monona park has a moderately steep slope and most 

| | of it is being cut. In places where the slope is gentle, ice ramparts ap- 7 

- . | pear. Beyond Murphy creek is another hill with a shore of similar 

| -eharacter. The mouth of Murphy creek is bordered by a belt of low 

land which was covered with water, forming a bay, when the lake stood 

at the higher level indicated at Turville point and west of the outlet. a 

_..” This is shown by abandoned cliffs now above water level on both sides of — 

7 _ this low land. The present beach ridge forms almost a straight line - 

a eonnecting these two cliffs. Behind this is a broad, low, curved ridge 

which formed the beach in an earlier stage of the lake’s history. 

| The bay at the west end of Lake Monona is cut off from the active 

: | circulation of the lake by the railroad-embankments. Until recently 

| the shallow water was filled with a large amount of vegetation and the : 

swamp along the shore was slowly advancing on the bay. But a few 

years ago the shallow portions were deepened by dredging and the 

| shores were much improved by the filling of swamps, thus counteracting | 

the natural processes tending toward the extinction of the bay. 

a Water supply.—Lake Monona receives the waters of the Yahara river 

on its notheast side and they leave the lake on the southeast side. It | 

also réceives the waters of Murphy and Starkweather creeks and of sev- | 

7 eral springs located chiefly toward the northeastern end of the lake.
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The portions of the Yahara river between lakes Monona and Waubesa . 

. have -been dredged for canal purposes so that they are now navigable | 

for motor boats. : 
\ | | 

LAKE MONONA. | 
T 7 N., R. TX and X E. Mean depth ........... 8.4 m. 

Length .......eeeee0ee- 6.70 km. Length of shoreline .... 21.4 km. . 

Breadth ............... 93.85 km. Shore development ..... 1.62 
ATCA 2. cc eee ececeeeecee 14.10 8q. km. Mean slope of bottom... 0° 43’ 

Maximum depth ....... 22.5 m. Number of soundings .. 1,600 

Length Area | 
Depth. Area. of — between Volume. Slope. 

contours.|| contours. . . 

. Per cent Per 
Meters. |Sq.km.} of Kilo- |, Meters. | Sq. km. Cubic |cent of}| Degrees. Per 

| total. | meters. |. meters. total. cent. 

0 14.1 | 100.0 g1.4 | 0-8 2.7 25,540,800 | 21.4 || 1° 2 1.8 

2 11.4 81.2 19.4 | 28 0.9 10,970,000 | 9.2 || 1° 1¥ 2.2 | 

3 10.5 74.9 18.7 | $5 1.8 19,711,800 | 16.6 || 1° 24 = 2.4 

5 9.2 65.2 14.1 || 5-10 2.6 89,238,400} 88.0 || 1° oF 2.4 ! 
10 6.6 46.7 11.0 10-13 3.0 14,980,000 | 12.6 0° 32 0.9 

18 3.6 25.8 7.6 || 18-15 2.6 5,425,800} 4.6 || 0° 38° 0.9 

15+ 1.0 7.0 4.2 15-181 , 0.7 1,808,800 1.5 0° 48’ 1.4 

ig 0.3 2.0 2.4 || 18-20 0.24 309,800 | 0.25 || 1° 4 1.8 , 

, 20 0.06 0.4 ' 1.8 20-22.5 0.06 59,000 0.05 2° 7 8.7 . 

153 0.9 6.7 8.8 || 15-169 -| 0.5 641,200} 0.6 || 0° 2” 0.6 _ 
16 0.4 2.7 2.8 || 16-17 | ..seseeeee 201,800) 0.2 || 0° 23° 0.7 

| | 

- Total..| 118,887,000 = 

1 South basin of lake. 2 North basin of lake. 

| | LAKE WAUBESA. 

| Origin of basin. In the vicinity of lake Waubesa, the trend of the 

— preglacial Yahara valley was most nearly north and south and here 

“algo, the movement of the glacial ice was almost due south so that the 

liability to drift filling was much less than if the glacier had crossed the | 

valley at right angles. In spite of the favorable conditions for keeping 

| the preglacial valley free of drift at this point, however, well borings 

show that it was filled to a depth of 30 m. (100 ft.) or more, leaving 

only a shallow basin for the lake. Just below lake Waubesa the pre- 7 

- glacial valley was narrow and its course was transverse to the ice move- 

ment. As a consequence this narrow part received a deeper filling of
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oo drift which now constitutes the dam holding back.the waters of the lake. , 
The long axis of the lake has a general north and south trend and the , 

a outline is fairly regular. (See map IV.) The basin is comparatively 
| | shallow and the general slope of the bottom is gentle, being steeper | 

| along the sides than at the ends. The steepest bottom slope is found 
| at the east end of the shoal which lies to the east of Brams bay. The 

_ Maximum gradient here is about 1 to 17. This shoal area constitutes : 
- the only break in the regularity of the bottom. | 

| Shores. The shores are characterized by an alternation of drumlins 
- and swamps; portions of the former have been worn away leaving cliffs 
- | and the latter are usually separated from the lake by low beach ridges 
| | | which have been formed through the agencies of waves and currents in | 

a summer and ice in winter. (SeemapI.) The highest drumlin is situ- 
a ated on the east side of the lake toward the south end and it reaches an | 

elevation of about 23 m. (75 ft.) above the surface of the lake. 
- | The beach features of the lake are in an advanced stage of maturity 
- so that little cutting and building are now in progress, and the amount 
: oe _ will gradually decrease in the future unless the water level be raised | 

oe artificially. a 
oe | Along the east shore cutting is still in progress at Edwards park, on 

a the drumlin south of the outlet, and on the headland just south of East 
- bay. At the north end of Edwards park, the cliff consists of till but 

the southern portion is Madison sandstone, being the only rock cliff 
| on the lake. The point south of East bay is the boldest headland on the | 

| lake and it is wasting rather rapidly. The drumlin of which it con- 
: sists was once an jisland, but the channels north and south of it have 

| been spanned by ramparts and the area between them has been con- 

7 verted into a swamp. ) 

At the north end of the lake there is an extensive area of marsh which 

oo formed a part of the lake at one time; but through the action of waves 

| and currents in summer and ice in winter, it has been cut off from the 
lake by beach ridges. Two small areas of water are now the only rem-_. : 

nants of this former extension of the lake. 

. Very little cutting is now in progress along the west shore. Just | 

| north of the so-called Hog island is a high cliff of till but cutting at its 

base’ has practically ceased. Hog island is a swampy peninsula which | 

| has been built out from the base of the high drumlin by the com- 
bined action of water and ice. It protects the old cliff from further | 
erosion. At Brams point and along the steep shore south of Brams 

. bay, the old cliffs are now protected by a margin of abandoned beach. 

| At the head of Brams bay, there is the usual beach ridge fronting a
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swamp, but at one point this ridge is pierced by a small stream which 

oo carries so much sediment that it has built a triangular-shaped delta into , | 

the bay for a distance of about 30 m. (100 ft.). The apex of the delta. : 

| points lakeward. South of Brams point the shore processes are greatly 

hindered by abundant growths of the larger aquatic plants in the shoal | | 

~ s- water. In fact, a fairly large amount of vegetation is found in the : | 

| shallow water all along the edge of the lake but these growths are not so | 

| dense and continuous elsewhere as along the above shoreline. , 

LAKE WAUBESA. . . 
T.6 and 7N., R. X E. Mean depth .....e+eee+56 49 mM. 

. Length ........eee00--- 6.75 km. Length of shoreline ... 13.9 km. 
Breadth ...cscccccceeees 2-20 Km, Shore development ..... 1.36 

ATCA .cscccccccccccesss 8.248q. Km. Mean slope of bottom.. 0° 28’ 

- Maximum depth ....... 11.1 m. Number of soundings .. 168 

Length | Area . 
Depth. Area. of Stratum.| between Volume. Slope. 

contours.; contours. 

Meters. |Sq. km. root Kilo- || Meters. | Sq. km. Cubie cent of Deere Per 
total. | meters. meters. total. cent. 

0 8.24 100.0 13.9 0-3 3.47 19,277,000 | 47.90 0° 3y | 1.01 

3 | 4.77 | 57.9 9.7 || 3-5 1.11 8,404,800 | 20.87 || 0° 56 ez | 

| . 5 | 8.66 44.4 8.4 5-8 1.24 | 9,054,800 | 22.50 || 1° V wt 

8 | 2.42 27.2 6.3 || 810 | 1.41 3,330,400 | 8.27 || 0° 26 | 0.75 

1 | 10] 123 4.2 || 1011.1 | 1.01 185,500 | 0.46 || 0° & | 0.23 | 

Total..| 40,252,000 | 

At the southern end, there is a large marsh which was a part of the — 

| lake at an earlier stage of its history. It represents a part of the valley - 

cf the preglacial Waubesa creek. At Water Cress park, the beach con- | 

: sists of a broad, sandy rampart lying at the foot of the old cliff. | 

Ice ramparts are numerous along the shores of lake Waubesa. Some " 
of them are now several meters higher than the level of the lake. | 

Water supply. The Yahara river flows into lake Waubesa at the | 
north end and leaves again about the middle of the east side. The lake : 
also receives the waters of several other affluents, viz., Swan creek, and 

| another small stream at the south end, a small stream at the northeast | 

corner, and several springs. |
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oe LAKE KEGONSA. | 

| The exact conditions attending the formation of the Kegonsa basin 

-are not as well known as those of Waubesa, because the preglacial topog- 
_ raphy on its east side has not been determined in the same detaii. it is, 

however, like Waubesa, a mere local enlargement of the old Yahara 
. valley which was exceptionally broad at this place on account of two 

tributaries from the west. The basin is shallow, so that the bottom of 
. the lake is scores of meters above the old Yahara channel. | 
| Lake Kegonsa is larger and more nearly circular in outline than lake 

a Waubesa, the east-west axis being but little longer than the north-south 
one. (See map V.) The symmetry of the bottom is broken by a long 

| submerged ridge which extends out from one of the headlands, Colla- 
day point. The slope of the bottom is more gentle than that of lake | 

: Waubesa. The maximum is only about 3.4 per cent. which is found 
a just off of East point. | 

| | Shores. The higher lands bordering lake Kegonsa on the east, north, 

: : and west. are preglacial in origin with only a veneering of drift, but the | 
- | south side is bordered by a terminal moraine. It has fewer swamps | 

: than lake Waubesa, these being located chiefly on the north side of the _ 
a | lake. (See map I.) The highest and steepest shores are situated at | 
: | the west end, where in one place a height of about 45 m. (148 ft.) above 

the lake is reached within three-quarters of a kilometer of the water’s | 

| edge. | 
The lake is free from bays, and this fact permits a freer circulation 

7 of the water and tends to prevent the growth of vegetation in the shal- | 

low water. As a result of the regularity and simplicity of the outline, 

the shore processes are not very vigorous because there is little occasion 

| for the simplification of the shore line. 

| The swampy shores are confined almost entirely to the north side of 

lake Kegonsa; in fact, there is but a small portion of this coast which is. 

. not low and swampy. With the exception of a small area at the south- 

western corner of the lake, the remaining shores rise to an altitude of : 

| 5 m. to 15 m. (16 ft. to 50 ft.) or more above the surface of the water | 

within a comparatively short distance of the lake. | 

The regularity of the coast line is broken by three prominent penin- 

sulas known respectively as East, South, and Colladay points. East 

| point is an outcrop of Lower Magnesian limestone and South point owes 

| its existence to the form of the underlying rock. The third peninsula, | 

known as Colladay point, lies on a ridge of Mendota limestone which
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has a length of about 1.5 km. (0.9 mi.), including the outer shoal as 

| shown on the hydrographic map. (No. V.) os 
A very interesting feature of the beach modifications is the shifting | 

— of the mouths of some of the affluents. The mouth of the Yahara river, 
which is the principal affluent, has been shifted eastward a considerable 

distance by the prevailing currents which have carried the sand and | 

gravel in that direction. On the other hand, less than half a kilometer - 
_.to the east of this point, the mouth of Door creek has been moved west- 

‘ward in a similar manner ; the bar is continued beneath the streams, thus 

forming a kind of shallow sill over which the water escapes while pre- | 

serving a much greater depth behind it. The mouth of the small stream 

northwest of the outlet has been shifted eastward by the formation of 

a bar out of material derived from a cliff which lies just west of it. a | 

| In front of Door marsh on the north side of the lake the waves have 7 
built a fine sandy beach ridge which rises nearly a meter above the | 

| water level. Two previous attempts to cut off the former northward 

extension of the lake at this point are now represented by long spurs 

parallel to the coast and lying in the marsh behind. Both of these struc- 

tures are massive and the inner one heavily wooded. The old cliff at 

: - the eastern edge of Door marsh which was cut in the rock when the | 

lake had its northern extension, is still well preserved. The low shores 

to the east of East point are fronted by ice ramparts and the higher | 

| shores are wasting slowly. Almost the whole of the south shore con- 

| sists of a cliff which is cut chiefly in boulder clay, but in part also in 

stratified drift. Normally this cliff is being cut slowly if at all because — 

it is protected by a natural boulder line. There are also some rem- | 

nants of ice ramparts along the shore. | 
A creek from the west enters the lake through a small marsh at the | 

| southwest corner. The road along the shore at this place seems to fol- 

low a natural ridge made by waves and ice. | 

Upon the limestone ledge at Colladay point a ridge has been built by 

: waves and ice. This ridge encloses a small lagoon. Just northwest of 

the point is a limestone cliff which is succeeded by a fine gravel beach | | 

fronting the lowland to the north of the cliff. Further along this type | 

of shore gradually passes into a high till cliff which is overgrown with 

trees and shrubs. A lower cliff to the northeast gives way to the spit 

of coarse gravels whose eastward growth has shifted the Yahara inlet to 

the east. This spit concentrates the stream current at its end, thus 

causing the erosion of the bottom here and producing a small area which 

has the unusual depth of 1.5 m. to 2 m. (5 ft. to 6.5 ft.) depending upon | 
the stage of the: water. | | |
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. Sources of water. Lake Kegonsa receives the overflow waters from 
a | the lakes above through the Yahara river which enters it on the north | 

side and leaves again at the east end. It also receives the waters of 
| four creeks, of which Door creek on the north is the largest. 

, LAKE KEGONSA. | | . 
T. 6 N., R. X and XI RE. Mean depth ........... 4.6 m. 
Length ...,..........-. 4.83 km. Length of shoreline ... 15.5 km © . . Breadth ............... 8.62 km. Shore development ..... 1.22 

. Area Sees e cece ee eeceeee 12.738 Sq. km. Mean slope of bottom... 0° 20’ | | Maximum-depth ....... 9.6 m. Number of soundings .. 252 

: ' Depth. Area. tao ° Stratum. betmemn Volume. Slope. . . contours. ~ {feontours. 

| os Per cent ee . - ¥ Meters. |Sq. km. of Kilo- Meters. | Sq. km. Cubie cent of]| Degrees.| Per _ total. | meters. meters. total. _cent. | 3 

a oe 0 12.7 | 100.0 15.5 || oO8 4.0 31,930,000 | 54.1 || O° 87 | Lt : | 
oo 8 | 29.7 |. 67.6 13.8 || 85 2.0 15,202,000 | 25.9°|| 0° 827 | 0.9 

| 5 6.7 52.4 12.0 5-8 5.3 11,126,000 | 18.8 || 0° 18 | 0.5 
: 8 1.4 11.0 6.3 8-9.5 1.4 702,000 | 1.2 {| o° 12 | 0.8 

- Total..| 59,060,000 

. Lake WINGRA. | 

- _. Lake Wingra is a small, shallow body of water which lies a short: | 
| distance west of lake Monona; its waters reach the latter through 

| Murphy creek which has recently been dredged and made into a canal. 
| (See map I.) The name Wingra is that which was applied to this lake 

| | by the Winnebago Indians who formerly occupied this portion of Wis- | 
_ econsin. The name signifies dead and locally this body of water is fre-- 

SO quently called ‘‘Dead’’ lake. In reality, however, the lake is not dead : 
a yet but has reached an advanced stage in its life history, and this fact 
a doubtless accounts for the application of this name to it. The maxi- 

mum depth is only 4.25 m. (14 ft.) and by far the greatest portion does: 
a not exceed 3 m. in depth. . 

Shores. The immediate shores of the entire lake are swampy and 
| marshy. This low margin varies in width from only a few meters in: | | 

some places to a kilometer or more at other places. At two points on: 

the south side and along practically all of the north side the swampy | 

| | | margin is not very wide and back of this zone the shores rise rather:
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| abruptly to a height of 8 m. to 10 m. (26 ft. to 33 ft.) above the level of | 

| the lake. At the western end the low margin is more extensive and the | . 

rise to the higher ground beyond is gradual. The most extensive marsh | 
and swamp areas are located along the eastern and southeastern portions | 

| of the lake. The low shores support a luxuriant growth of vegetation . 

, and an abundant growth of the larger aquatic plants is also found in 

the shallow water along the margins of the lake. 

At the northeastern corner of the lake a small, low island has been | 

formed artificially by dredging and filling, and the low portion of the : 

| shore at this point has also been raised by artificial filling. Extensive 
| _ modifications by dredging and filling have also been made along the 7 | 

southern shore. | 
Y There are large marl deposits both on the bottom of lake Wingra and | | 

; along its margins. In some places these deposits reach a thickness of 8 

m. to 9 m. (26 ft. to 30 ft.). | 
Sources of Water. Two small streams enter lake Wingra, one at the | 

west end and the other on the south side; the chief source of water con- 

| sists of springs which are situated along the margins of the lake. There 

are two large springs on the south side of the lake and one on the north | 

side together with a number of small ones on these two sides as well as 

at the west end. The outlet emerges from the lake at the northeastern ) 
corner.
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7 - CHAPTER III. , 

| | DEVILS AND ROCK LAKES. | a 

- DEvILS LAKE. | 

Devils lake is situated in Sauk county, Wisconsin, about 7 km. (4.0- 

a mi.) south of the city of Baraboo. It lies in the midst of an area that 18. 

| 7 _ noted for the great beauty of its natural scenery and in order to pre- _ 

serve the attractive features of the lake and its immediate shores, a 

| : state park has been established here. With the exception of the north 

| end and the southeast corner, the lake is surrounded by rugged quartz- | 

oe ite bluffs which rise far above the surface of the water. The greater 

portion of the faces of these bluffs is more or less densely covered with _ 

| ‘ trees and shrubs which add greatly to their beauty. The bluffs are 

| especially gorgeous when the autumn colors are at their height. (See: 

| maps VI and VIII.) oe 

Geology. Devils lake lies in a deep, narrow gorge which cuts 

| through the South or main Baraboo quartzite range. This range has a 

| general east and west trend and the valley or gorge cuts through it 

from north to south, separating it into two parts. The long axis of 

| the lake has a north and south trend, parallel to the gorge and at the 

| , south end of the lake the valley turns abruptly eastward. The ex- 

istence of Potsdam sandstone at different levels in this gorge gives an 

7 important clue to its geological history. Following the subaqueous dep- 

| | osition of the thick beds of sand which now constitute the quartzite — 

|  pluffs, this area was raised above the water, tilted to the north, and | 

the sand was cemented into a quartzite by the seepage of water. As : 

, soon as this land appeared above the water, streams began work upon it, 

| removing whatever may have overlain this formation, and cutting deep 

7 valleys into the hard quartzite. This erosion took place in pre-Cam-. . 

brian times and the valley was formed chiefly during this period of ero- 

sion. Following the pre-Cambrian period came the submergence of this: 

| 1a. Salisbury and Atwood, Bull. V, Wis. Geol. & Nat. Hist. Survey, 1900. 
. b. Thwaites. The Madison Democrat, Feb. 18, 1908.
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region and the deposition of the thick paleozoic beds which filled the | 
gorge and even buried the ridges on either side. This stage was fol- ! 
lowed by another uplift and a second period of erosion. During the | 
latter the quartzite ridges were again exposed by the removal of the 

7 beds which overlay them and the gorge was again occupied by a stream. 
| As erosion progressed, the old gorge was cleaned out, enlarged, and 

| finally deepened. This work was done by the Wisconsin river which, | 
at that time, flowed southward through the present lower narrows of | 
the Baraboo river, thence through the Devils lake gorge to its present 

| ' course near Merrimac. The river continued in this course long enough 
to wear down the bottom of the Devils lake gorge to a level at least 107 
m. (350 ft.) below the present lake surface. | 

While the ice edge was stationary in its position of maximum advance 
in glacial times, it extended along the north side of the main quartzite | , 

: range, thus crossing the valley at the north end of the gorge where it 
deposited a rather high, well defined moraine. At this time also, the | | | 
ice front at the other end of the gorge lay a short distance southeast of 
the present lake and a massive moraine was deposited across the valley 
here. These two moraines now constitute the dams which impound the 
waters of the lake. The original basin between these moraines was | 
filled with glacial outwash to a depth of perhaps 90 m. (300 ft.), but a 
portion escaped filling. Since the ice retreated the bottom of this ba- 
sin has been raised somewhat by wash from the small inflowing streams 
and by deposits of organic material derived from the vegetation grow- : 
ing in the lake. As a result of these filling processes, the present basin 

: occupied by the waters of the lake is relatively small in comparison with 
the original basin which the impounding moraines formed. 

Shores. The depression in which the lake lies separates the South 
| range into two parts which are known respectively as the East and the 

West bluffs. About 6 km. (4 mi.) east of the lake the East bluff : - 
reaches a maximum elevation of about 490 m. (1600 ft.) above sea 
level or nearly 200 m. (650 ft.) above the surface of the lake. At the 

i south end of the lake, the eastern extension of the West bluff, known lo- | 
cally as the Devils Nose, reaches a maximum height of about 170 m. (560: 
ft.) above the surface of the lake. | 

The greater portion of the east, west, and south shores consists of rug- 
| ged bluffs which rise abruptly to a height of 125 m. (410 ft.) or more 

above the lake. The shoreline at the bases of these bluffs consists of | 
quartzite boulders which are too large to be affected by waves and cur- 
rents. The shore at the north end is composed of the morainal débris | 
which forms the dam that prevents the waters of the lake from draining |
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| into the Baraboo river. The slope of this shore, as well as of the adja- 

a _ eent bottom, is gentle. The morainal dam at the southeast corner of the | 

- : lake is low and has a gentle slope with a wide sandy beach. | a 

| At the southwest corner of the lake there is a fair sized alluvial flat 

_ or grassy meadow which has been formed by a small, spring-fed stream. | 

Very little work is being done on the shores by waves and currents ow- 

| ing to the small size of the lake, to the protection from wind afforded | 

by the high shores, and to the character of the greater portion of the © 

shore. | : 

«Shape and topography of bottom—Devils lake is an oblong body of ° 

| water with its long axis lying in a north and south direction. The aver-_ 

age width is about a third of the length. The hydrographic map | 

. (VIII) shows that the topography of the bottom is even and regular, 

| with a large area in the center whose depth closely approaches the maxi- 

: | mum. At both ends of the lake the slope of the bottom is gentle, while | 

| along the sides the water descends rather abruptly to a depth of 9 m. 

a (30 ft.) beyond which the slope is more gradual. The steepest slope is | 

found on the west side where it reaches a gradient of 1 to 4.7 between 

5 the shoreline and 9 m. (30 ft.). 
7 Changes in level.—When the ice blocked the valley at both ends of 

| the gorge during the glacial period, it formed a basin which was filled 

with water from the melting ice. This glacial lake was much deeper 

| than the present body of water because the basin had not been filled 

| - to its present level, and also because the water stood at a much higher | 

level when the ice reached its maximum height in the valley. The sur- 

a face of this ancient lake rose at least 36 m. (120 ft.) above the present 

oo lake level. This is shown by the presence of drift boulders on the sides 

| of the gorge at this height above the present water level. These bould- 

| ers were transported to their present resting places by icebergs which 

broke loose from the glacier and floated out upon this old lake. 

The variation in the present level probably does not exceed 1.5 m. (5 

| | ft.). The water is highest during the vernal freshets and lowest in late 

| | summer or early autumn. It is said that, about forty years ago, the 

| water was high enough to flow out over the morainal ridge at the north 

: | _ end of the lake. | 

| | - Drainage basin. The lake receives the drainage from a small area — 

: of land, only about 14 sq. km. (5.5 sq. mi.) in all. Asmallintermittent  , 

stream enters the north end and a small spring-fed stream discharges 

- its waters into the southwestern corner of the lake. There is no visible | 

| outlet, but some springs in the valley about 1.6 km. (1 mi.) southeast —
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= : _ _DEVILS8 AND ROOK LAKES. 33 

| of the lake and about 30 m. (100 ft.) below the lake surface are prob- a 
: ably fed very largely by seepage from the lake. | — 

The lake water is soft since it holds only small amounts of calcium and Lod 

magnesium in solution. This is due to the fact that it occupies a quartz- : 
ite basin and receives only a relatively small amount of drainage from | 

the surrounding glacial drift. The lake is situated in the Mississippi 

| basin. | | 

DEVILS LAKE, . : 
. TT. 11:'N., R..VI E. Mean depth ........... 8.9 m. 

Length ....ccee--eee-e- 2-00 Km. Length of shoreline .... 5.38 km. 

Breadth ............... 1.00 km. Shore development ..... 1.23 

. ATER ..c cece cece cece ee - 146.1 ha. Mean slope of bottom... 1° 27’ 

Maximum depth ....... 13.1 m._ Number of soundings,.. 115 

Length | Area 
| Depth. Area. of | Stratum. between Volume. Slope. 

— contours.| contours.| - 

. Per cent | Per 
Meters. | Ha. of Kilo- | Meters. Ha. Cubic cent of|| Degrees.| Per 

total. meters. |; meters. total. cent. 

: 0 146.1 | 100.0 5.3 0-5 25.8 6,624,000 | 50.9 || 5° 28 | 9.6 oo 

5 120.3 82.5 4.6 | 5-7.5 16.9 2,784,000 | 21.4 8° 49 | 6.5 , 

. 7.5 | 103.4 70.8 4.3 || 7.510 31.6 | 2,179,000} 16.7 1° 386 2.8 

lu 71.8 48.5 3.4 10-12.5, 40.8 1,276,000 | 9.8 0° 59 1.7 

32.5 | B10] ete 2.1 || 12.5-13.1] 31.0 152,000} 1.2 |) 0° 357] O12 | 

Total..| 13,015,000 . : . 

f° |



Bo 34 INLAND LAKES OF WISCONSIN. 

an | | Rock Lake. : 

: i Rock lake is situated in Jefferson county and it lies about midway 

a . between the lakes of the Yahara basin and those of the Oconomowoc- 
a | Waukesha district. It occupies a depression in the ground moraine. 
so 7 Map IV shows the topography of both the Devils lake and the Rock 

lake areas. It will be noted that there is a very marked contrast in the 
nO relief of the two regions. The topography of the former is character- | 

- ized by its boldness, the quartzite bluffs rising to a very considerable 

Bo height above the surrounding drift covered country and possessing 
oo many steep slopes, some of which are precipitous. Also by far the 

po ee greater portion of the shores of Devils lake rises abruptly to a height 

— - | of more than 100 m. (328 ft.) above the level of the water. On the 

= other hand, Rock lake lies in a region whose relief was determined by 
: glacial agencies so that in comparison, its topography is very gentle and 

~ quite like that of general ground moraine areas. While the shores are 

= rather high at the northwest corner of the lake, yet they reach a maxi- 

a | mum elevation of only about 30 m. (100 ft.) above the water and for 

- | the most part they do not exceed 10 m. to 20 m. (33 ft. to 65 ft.) in | 

Se height. | 

- There is a broad expanse of swamp at the south end; in fact, nearly 

o all of that portion of the lake which lies south of the railroad is es- 
_ sentially a swamp at low stages of the water in summer. There is | 

no | also a narrow belt of swampy shore on the west side, another at the 

north end, and still another south of the mill pond at the outlet. 

- | The lake is fairly regular in outline and somewhat pear-shaped, the 

% north end being the narrower. (See map VII.) The main axis lies ina | 

ee north and south direction. A dam in the outlet, a short distance below | 
be the lake, raises the lake level about 2 m. (6.5 ft.). This increased height 

mae has added materially to the size of the lake. It is largely responsible for 
wes the portion south of the railroad, for the mill pond, and also for-a | 

eo rather large, shallow area along the west side. In summer these shal- 

a low areas support a dense growth of the larger aquatic plants. 
Y The hydrographic map (VII) shows that the bottom of the lake is — 

- complex and irregular. The basin consists of four pits which are | 

: more or less distinctly separated by shallower water. The main or 

7 northwestern depression comprises about two-thirds of the area of the 

: | lake and is the deepest part. In the southeastern third, there are three Lo 

depressions which vary in depth from 7.5m. to 12.3m. (25 ft. to 40 : 
- ft.). These, pits are situated around the edge of a shoal area over which = - 

the water has a depth of less than 2.5 m. (8 ft.). . 3
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: DEVILS AND ROCK LAKES. 35 | 

The lake receives the waters of two small streams. One enters the 

south end of the lake and it drains Mud lake and the large swamps ly- oe 

ing south of Rock lake; another flows into the lake south of the middle of : 

the west side. The outlet, Rock creek, leaves the lake a little south of 

7 the middle of the east side and flows northeastward to the Crawfish 

river. The latter stream is a tributary of Rock river whose waters flow 

| into the Mississippi river. 
. . . t 

ROCK LAKE. | 
T. 7 N., R. XIII E. Length of shoreline ... 9.7 km. 

Length ............---. 3.20 km. Shore development .. .. 1.23 
Breadth ............... 2.00 km. Mean slope of bottom.. 1° 7’ | 

ATCA ceccccccccc cece ee 496.0 ha. Number of soundings .. 342 : | . 
Maximum depth ....... 20.4 m. Area of mill pond ..... 10.6 ha. 

- Mean depth ........... 6.1 m. Area south of railroad..115.8 ha. | | 
a | 

| 
. Length Area 

Depth. Area. ‘ of Stratum.| between Volume. Slope. 
contours. contours. - 

Per cent | ; Per 
Meters. |} Ha. of Kilo- Meters. Ha. Cubic cent of]| Degrees. Per 

total. meters. meters. total. cent. - 

| 0 496.01} 100.0 9.7 0-2.5| 188.0 | 10,700,000} 35.4 {| 1° WW! 21.7 , 

2.5 | 368.0| 73.1 8.8 || 2.5-5 122.0 7,000,000} 24.7 || 12 7 | Lg 

5 341.0 48.5 9.8 &7.5| 38.3 5,281,000 | 17.4 || 2° 20 | 4.1 : | 

7.5 | 182.7 36.9 8.9 || 7.510 76.6 3,571,000 | 11.8 || 1° 29 | 2.6 | 

| 10 106.1 21.4 6.8 10-15 | 85.4 2,994,500} 9.5 || 1° s4 | 2.7 

15 20.7 4,2 2.4 15-17.5) 15.9 295,700} 0.95 |} 1° 35° | 2.7 

17.5 4.8 1.0 1.0 || 17.5-20 4.4 76,300] 0.25 || 2° 9 | 3.8 - 

20 0.4 01 0.3 | 20-20.4 0.4 BOD |.aeeee.e|| 07 BOP] 1.4 

” | Total..| 30,319,000 , | 

| . 2 Not including mill pond and area south of railroad. 

| |
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Bo 36 INLAND LAKES OF WISCONSIN. — , / 

ee | CHAPTER IV. a 

: THE OCONOMOWOC-WAUKESHA LAKE DISTRICT. 

| | The Oconomowoc-Waukesha lake district comprises a rectangular 
. area about 22.5 km. (14 mi.) long in an east-west direction by 14.5 km. 
- (9 mi.) broad from north to south. Within this area there are about 45 
- bodies of water of various sizes. (See map IX.) The main axis of the | 
Co : chain has a northeast-southwest trend, extending from lake Five, near | 

: . the northeastern corner of the area to Golden lake, near the southwest- 

: ern corner. Twenty of the larger and deeper lakes have been sounded 

. | and hydrographic maps of them have been prepared. (See maps X to 

Po XV.) Those that have been surveyed vary in size from Pewaukee lake 

; which has an area of 930.5 ha. (2,298 a.) to Garvin lake, whose area is | 

only 8.75 ha. (21.6 a.). The maximum depth of these 20 lakes ranges 

- | from 4.8 m. (16 ft.) in Crooked lake to 28.8 m. (94.5 ft.) in Nagawicka 
- | lake. . | 

CO Geology. This lake district lies in and adjacent to a sag or break in 

. the large kettle moraine that has already been mentioned (p. 1). 

- | The existence of the gap or sag is emphasized by the fact that two par- . 

: allel streams flow through or across the course of the moraine ridge. 

a North of Beaver and North lakes the line of the moraine is marked by : 

— a distinct. ridge several kilometers wide, whose trend is east of north. 

oe _ It rises more than 30 m. above the adjacent country and fully 60 m. : 

above the level of the Oconomowoc- Waukesha lake district. The most 
. | prominent peak in this vicinity is Holy hill which reaches an altitude 

. | of 415 m. (1861 ft.) above sea level. South of Nagawicka lake the ridge 

: | appears again, trending west of south, but with less prominence than to 

an the north of this lake district. The most prominent peak is Govern- | 

| | ment hill which lies a short distance south of Nagawicka lake and has 
7 an elevation of 375.8 m. (1233 ft.). | 

Kames and pitted plains are unusually well developed in this region, 

. | as shown on the accompanying topographic map. (No.IX.) The pits | 7 

= _ and all of the lake basins, except that of Pewaukee, owe their existence _ 

a to the burial of blocks of ice during the glacial period. The subse-
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: quent melting of these blocks produced basins which vary in size from . 
mere kettle holes, only a few meters in diameter, to the largest lakes of , 

ON _ the district. The bottoms of some of these kettle holes are above the _ 
: level of the ground water so that they contain water only during the 

7 flood season; some have water in them permanently, while others have 7 
had water in them permanently in the past but have been filled in so 

| that they are now occupied by swamps or grassy marshes. 
Pewaukee lake differs in origin from the other lakes of this district. 

It is situated in an area of ground moraine and the basin it occupies re- ; 
| sulted from the failure of the glacier, which moved westward down an 

| ancient river valley, to fill this portion of the valley with morainic ma- 
t | terial ; in fact, the basin may even have been deepened by the glacier. , 

In a general view the topography of this area exhibits a series of . 
| broad terraced plains with the highest ones on the east side. The levels 

OS of these terraces gradually decrease toward the west so that the general 
slope of the region is toward the west. The manner in which the ter- | | 
races were formed is not known definitely but they probably resulted . 

. from a peculiarity in the drainage here at the time that the ice was | 
retreating from this area. <A preglacial depression here probably con- 

| centrated the drainage from the melting glaciers; the outflow passed a | | along the line of the ice front but the current was not strong enough 
to carry away the heavier material and it was deposited; as the ice 

— front retreated westward, the line of drainage also shifted westward 
from time to time, thus leaving a series of terraces after the ice had all | 
disappeared. : | 

In the vicinity of Pewaukee lake the drift is not very deep so that the 
underlying Niagara limestone appears at the surface in various places; 
it is found at the water’s edge at one point on the lake. Over the kame . 
and pitted plain area, that is, the remainder of the district, the stratum 
of drift is much thicker, having a depth of 30 m. (100 ft.) or more. It | 

' ig coarse and gravelly, consisting of all sizes of stones up to small bould- 
ers. This seems to indicate that the material was pretty well washed . 
by water at the time of deposition. The underlying rock of this portion 

| consists of Galena limestone and Cincinnati shale. | — 
| Drainage. The surplus waters of this district finally reach the Miss- | 

| issippi river, but the immediate drainage system consists of four : 
co streams. (See map IX.) The waters of the southeastern corner, in- 

| cluding Pewaukee lake, drain into the Fox! river whose waters reach 

*T'wo different streams bearing the same name are mentioned in this report. (See sketch map, fig. 3, p. 8.) This one forms a part of the Mississippi river ; system. Its headwaters are situated a short distance north of the city of
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— the Mississippi river through the Illinois river. The northwestern cor- 

ner is drained by the Ashippun river. This stream is a tributary of 

| the Rock river whose waters join the Mississippi river. The middle — 

_ portion of this district is drained by the Oconomowoe and the Bark | 

| rivers whose general courses run from northeast to southwest across this | 

| area. These two streams are also tributaries of the Rock river. Many 

| of the smaller bodies of water in this district do not have outlets, but 

| all of the lakes that do have outlets, except Pewaukee lake, are drained 

- by these two rivers. The surplus waters of eight of the larger lakes ) 

— reach the Oconomowoc river, while six are drained by the Bark river. . 

| Bottom slopes. As might be expected from their mode of forma- 3 

. tion, the slopes of most of the lake basins of this district may be char- 

| acterized as steep. Pewaukee lake, whose basin was formed in a differ- 

| | ent manner, is an exception and so are Lac la Belle and the shallower . 

| lakes. The typical slope consists of (a) a steep portion above the water 

. | | line, generally a cliff formation, (b) a belt at the edge of the lake which 

has been worked over by the waves and currents and transformed into a 

| beach and a subaqueous terrace, and below the latter (c) a steep de- | 

. scent to the deeper waters of the lake. In sume instances the steep 

bottom slope begins even at the water’s edge. At one point on the 

. west side of Mouse lake, for example, the gradient from the shoreline | 

a down to a depth of 18 m. (60 ft.) is 1 to 3.4 and a similar descent is : 

- found on the east side of North lake, toward the south end. Just 

north of the outlet bay in Okauchee lake, there is a slope of 1 to 3.8 

| between the water’s edge and a depth of 24 m. (79 ft.). On the west 

~ _ side of Pine lake, toward the north end, and on the east side of Naga- | 

wicka lake, toward the south end, are maximum slopes of 1 to 4.4 be- 

| tween the shoreline and a depth of 21 m. (69 ft.). 

| : | Braver LAKE. 

. Beaver lake lies at the head of a small drainage system whose surplus 

, waters reach the Oconomowoc river during flood season through Pine 

"-~ Jake and its outlet. (See maps IX and X.) The lake is fed chiefly by 

os springs and during dry seasons there is no stream outflow. But during 

seasons of abundant rainfall the outflowing waters make a stream of 

| considerable size. Apparently the outlet stream has cut down its chan- | 

“Waukesha. It flows southward into the state of Illinois where it joins the 

Illinois river. The other Fox river is situated in east central Wisconsin and 

| flows into Green bay, thus lying within the lake Michigan basin. It is more 

fully considered in Chapter VIII, p. 99.
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nel about a meter so that the level of the lake is now lower than it was 

originally. . 
The basin of this lake consists of two large pits which are nearly 

equal in area. A little above the present water level, there are sev- 7 | 
eral arms extending out from the main depression which give the basin 

a scalloped appearance. If the water were one or two meters higher, 

these arms would form bays and thus make the coast line very irregular. | | 

At present the immediate shores are about equally divided between 
steep, kame slopes and the low flat or gently sloping arms. At the 

. heads of the latter, however, there are steep cliffs. Considerable cliff 

cutting has been done in the past, but at present, the cliffs are pro- | 
tected by ice ridges at their bases. The waves in summer are unable to ' 

. remove all of the terraces formed by the ice in winter so that wave ac- | 

tion is limited to the shore drift. This working over of the shore drift 

| keeps a belt of clean cobble stones just under the edge of the water. 
Fronting nearly all the low shores are fairly high ridges which have | 

the graceful curves of bars. Some exceptionally fine examples, still | 

unmodified, are found along the south shore; but at other points, more 

| especially at the east end, the ridges have been unmodified by the ice. | 

The irregular arrangement of material in some of the ridges indicates 

that they were built either largely or wholly by the ice. 

BEAVER LAKE. 
T. 8.N., R. XVIII E. Mean depth ........... 5.1 m. 

Length ...........26-6. 1.7% km. ‘Length of shoreline ... 5.4 km. 

Breadth ............-.. 0.70 km. Shore development .... 1.88 
Area ...........266.-2--123.7 ha. Mean slope of bottom... 1° 44’ 
Maximum depth ....... 15.0 m. Number of soundings .. 79 

| Length } Area | 
Depth. Area. | of Stratum. between Volume. Slope. 

contours. eontours. 

Meters. | Ha. ror Kilo- Meters. Ha. Cubic cent ‘ot Degrees.| Per 
. total. meters. meters. total. cent, 

0 |129.7 | 100.0 5.4 0-8 62.0 2,726,800 | 43.2 || 1° 27 | 25 

3 | 61.7 | 50.0 5.0 8-5 15.1 | 1,079,400] 17.1 || 3° | 5.7 | 
. 5 46.6 37.9 8.7 5-10 14.2 1,765,000 | 28.0 || O° BO’ | 1.4 | 

10 $2.4 26.2 2.8 || 10-14.5| 28.4 734,000 | 11.6 || 1° 37 | 2.8 

! 14.5 | 4.0 3.2 0.7 14,5-15 4.0 6,800} 0.1 || 0° 17] 0.6 

| Total..| 6,312,000
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| | | | : 

| : PINE LAKE. 

an The basin of Pine lake consists of a large pit with an elongated 
- north-south axis. (See map X.) Some of the pits, which are so | 

- characteristic of the surrounding land, are connected with the main | 

: one, thus forming bays which contribute to the irregularity of the 
: coast line. The regularity of the basin is broken by an island situated | 

eo toward the east side and a little north of the center of the lake. Its | 

oo , area is about 0.8 ha. (2 a.). | 

. _ Shores. For the most part the shores have a gentle slope, grad- | 

ually rising to a height of 8 m. to 10 m. (26 ft. to 33 ft.) above the 
oo lake; near the middle of the east side and toward the north end of OE 

| | the west side the banks are steeper, rising rather abruptly to a height | 

fe of 25 m. (82 ft.) or more. | | 
ae The water level seems to be falling gradually which is due apparently . 

OS to a general sinking of the level of the ground water in the vicinity. 

| The level of the water is generally below the point of overflowing | 
me . and it is only in exceptionally wet seasons that there is any outflow. | 

_ The lowering of the lake level protects the bases of the cliffs from the | 

; | eutting action of the waves. In seasons with an average amount of : 
: precipitation, the water level is half a meter or more below the bases of | OO 

mt the present cliffs so that a band of beach covered with gravel and cobble 
- | stones is found between the bases of the cliffs and the water’s edge. 

When the lake stood at a higher level, the waves actively cut the 

_ cliffs; some of the headlands on the west side, for example, have been | 

worn back several. meters. : 
S _ Another evidence of the activity of waves and currents is shown by 
a some shoals which lie about 200 m. (655 ft.) off shore at Pine Lake 

| park. They are covered with boulders and appear to be remnants of 

- higher elevations which were cut down by the removal of all of the 

; Oo finer morainal material. | | s | 

a a The amount of material used for beach structures is small in com-_ 
| parison with the quantity removed from the cliffs. This is due to the | | 

shape of the basin occupied by the water. The sides are so steep that | 

- | a large amount of material has been used in constructing the mar- | 

ginal shelf. In spite of the large amount used for this purpose, enough 

| has been worn from the cliffs to build bars entirely across some small 

bays, and others are now in the process of being spanned by bars or 

spits. : 
- Also, the point of land on the east side toward the southern end of | 

4 the lake has a long, submerged spit extending southward from it,
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| and the island about the middle of the east side, has a similar structure | | 
at its north end. | | | | 

Owing to the steepness of the sides of the basin, the lowering of the © . 
water level caused the renewal of cutting on the marginal shelf along. | 

. a large portion of the east side and at the north end on the west side ‘ 
and the consequent formation of a new marginal shelf. 

Where the shores have a comparatively gentle slope the beach is. 
subject to modification by the action of ice and long stretches of ice- | 

. Yamparts are found in such localities. | | | 
The water of the lake is derived chiefly from springs and from the | 

| seepage from Beaver lake. When the water rises high enough it over- | 
. flows into North lake; but sometimes there is no overflow for a con- 

: siderable period of time. The lake also loses some of its water by 
seepage toward the north and west. 

PINE LAKE. | | . 
T. 8 N., R. XVIII E. Mean depth ........... 12.1 m 
Length ....cccccccccces 8.70 km. Length of shoreline ... 10.9 km 
Breadth ............... 1.70 km. Shore development .... 1.78 
ATOR ceccceeecccsceees. 305.9 ha. Mean slope of bottom... 2° 41’ : 

| Maximum depth ....... 27.4 m. Number of soundings .. 143 | 
, 

a a LS Le. See . ' 

Length Area . : 
Depth. Area. of Stratum.] between Volume. Slope. ; 

contours. contours. . 

a Per cent Per 
Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of|| Degrees.| Per . : total. | meters. meters. total. | cent. 

0 306.9 100.0 10.9 0-3 84.9 7,869,000 | 21.2 1 5 | 3.4 ) \ 
3 221.0 72.2 7.5 | 3-6 27.0 4,151,600 | 11.2 3°) Ue 5.4 

5 194.0 63.3 7.0 5-10 31.3 8,915,000 | 24.1 || 6° & | 10.7 fF 
. 10 | 162.7 53.2 6.4 || 10-15 36.9 7,191,800 | 19.4 || 4° 59 | 8.7. a yo 

: 15 | 125.8 41.2 6.4 || 15-20 35.2 5,386,500 | 14.5 || 4° 4¢ | 3.39. - 
20 90.6 29.6 5.2 || 20-25 56.6 3,002,600} 8.2 || 1° 5” | 3.5 | 
25 34.0 | 11.1 4.0 || 25-27.4| 84.0 498,500] 1.4 || 1° 34 | 2.7 

Total.. 37,015,000 
| a et
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| | Nort Lake. | 

It will be noted on the topographic map (IX) that the basins of 

ce North, Pine, and Nagawicka lakes are elongated in a north-south direc- 

: tion and that they form a chain which extends almost entirely across 
ee this lake district. There is intimate connection between North ana | 

7 Pine lakes, any overflow of water from the latter being discharged 

: into the former; but Nagawicka lake is isolated from them, a morainal 

ridge which rises to a height of 5 m. to 10 m. (16 ft. to 33 ft.) above 

| the lakes separating it from Pine lake. Nagawicka lake, in fact, be- 
: longs to an entirely different river system, that of the Bark river, 

at | while Pine and North lakes are drained by the Oconomowoc river. A 
: | similar, but smaller chain is formed by the Nashotah-Nemahbin lakes. 

| (See p. 54). : 

- The basins occupied by North lake represent two pits formed, appar- 

7 ently, by. two separate blocks of ice. (Map X.) The two basins are 

unequal in size, the west one being very much smaller than the east | 

one, and they are separated by a narrow ridge whose average height 

, above the water is about half a meter, at ordinary summer levels. 

This ridge is pierced at only one point and that is where the stream 

| flows from the east into the west basin. | : 
| More than half of the shore of North lake has a steep slope, rising 

- rather abruptly to a height of 10 m. or 12 m. (33 ft. or 40 ft.) This , 

: applies particularly to the eastern basin where the shores are high 7 

| along the east, south and southwest portions. The north end is bordered 

a : ‘by an extensive swamp. Most of the immediate shore of the west 

. basin is low, but a short distance back from the lake except at the 

| north end, it rises to nearly or quite the height found along the east 

a basin. 
Practically all of the steep shores of the lake are being eroded, but | 

> this action is not progressing vigorously owing to the small size of 

- the basins and to the fact that the water now stands at a slightly 

S lower level than formerly. Ice-push terraces are a prominent feature 

- of the beaches and they also aid in protecting the cliffs from cutting. 
a . | Through the action of vegetation in summer and ice in the winter, the 

- gwamp at the north end of the east basin is gradually encroaching upon 

) the lake. At one point the old shore line lies many meters behind the 

: present one, with swamp between them. Marl is a conspicuous con- 
stituent of the beaches of the west basin. It is white in color and 

oo ‘appears in the form of gravel passing into sand. On the southwest 
; side of this basin there is a terrace several scores of meters in width oe 

, which is composed of successive ridges of this material.
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| The two most prominent ice ridges at present are situated respec- — _ 
tively at the northeast corner of the east basin and at the outlet, 1. e. | 
at the northwest corner of the west basin. | | 

North lake receives the waters of the two branches of the Ocono- 
| mowoe river and of Mason creek. These streams drain extensive 

tamarack swamps situated north of the lake and their waters have : 
| the usual brownish color which is characteristic of peat stained water. 

The waters of the lake possess this same color. There are some strong | 
springs toward the south end of the east basin which doubtless rep- 
resent chiefly the seepage from Beaver and Pine lakes. The west 

: basin possesses no springs and the only water received by it is the oo 
overflow from the east basin. The Oconomowoc river leaves the west 

| side near the north end. 

. NORTH LAKE, EAST PART. 
. T. 8 N., R. XVIII E. Mean depth ........... 12.7 m. 

Length ................ 2.16 km. Length of shoreline ... 5.2 km. " 
Breadth ............... 0.75 km. Shore development ..... 1.29 ‘ 

ATCA . ce vccoccceceveeecl33.2 ha, Mean slope of bottom.. 3° 34’ 
Maximum depth ....... 23.7 m. Number of soundings .. 112 

| Length Area 
Depth. Area. of Stratum.| between Volume. Slope. 

contours. contours. 

Per cent Per 
Meters. | Ha. of Kilo- Meters. Ha. _ Cubie cent of|| Degrees. | Per 

total. | meters. meters. | total. cent. - 

0 | 138.2 | 100.0 5.2 || os 14.7 8,775,000 | 22.2 || 5° 5a | 10.5 | 
3 | 118.5 88.9 5.0 || 35 7.0 2,300,000} 13.5 || 8° WV | 14.1 

5 | 111.5 83.7 48 || 5-10 29.7 4,882,000 | 28.4. || 4° 34 | 8.0 

10 81.8 61.4 4.6 ‘| 10-15 21.0 3,565,000 | 21.0 5° 5H’ | 10.4 | 

15 60.8 45.6 4.0 || 15-20 34.8 2,170,000 | 12.7 || 3° x | 53 
20 26.0 19.5 3.4 | 20-23.7 | 26.0 378,000} 2.2 || 1° 987 | 2.4 : : 

: Total..| 17,020,000 |
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| NORTH LAKE, WEST PART. 
: T. 8 N., R. XVIII E. . Mean depth ............ 11.4 m. 
: Length ............6... 1.07 km. Length of shoreline .... 2.7 km. - 
a Breadth .......eeeeee6- 0.57 km. Shore development ..... 1.12 
Y ATOR occ cece eeceeeeeees 46.7 ha Mean slope of bottom.. 4° 15’ 
A Maximum depth ....... 22.4 m. Number of soundings .. 63 / 

x ‘| Length Area | 
. Depth. Area. of Stratum.| between Volume. Slope. 
2 . contours. contours. 

7 | {pPereent! | | ee 
om Meters. | Ha. of Kilo- Meters, Ha. Cubic cent of}| Degrees. | Per . 
S total. | meters. " Ineters. total. cent. 

oC 0 | 46.7 | 100.0 2.7 || 0-8 8.1 | 1,279,200} 24.0 || 5° 2” | 9.6 
po 3 | 38.6 | 82.6 2.44 || 3-5 3.6 736,000 | 13.8 || 7° 40 | 13.5 
“is 5 35.0 74.9 2.4 5-10 7.4 1,565,700 | 29.4 8° 55 15.7 

- | 10 27.6 59.1 2.2 10-15 11.1 1,103,300 20.7 4° 54’ ' 8.6 

: | 15 | «16.5 | 35.8 1.6 | 15-20 10.2 569,500] 10.7 || 3° 26 | 6.0 
ae 20 63 | 18.4 0.8 || 2224/ 6.3 75,300} 1.4 || 0° oy | 1.6 | ) 

SS Total.. 5, 329,000 | 

a Mouse Lake. | 

- _ The pit occupied by Mouse lake is long, narrow, and deep; the lake 

- _ has a maximum depth of 20.2 m. (66 ft.) and the shores rise abruptly | 

eS to a height of 12 m. or 15 m. (40 ft. or 50 ft.) while further back 
me, from the lake on the east side the bluffs reach a height of nearly 30 m. ' 

: (100 ft.). (See maps IX and XI.) Its shores are free from low swampy | 

, land and but little indented by bays. The south end is separated into 

- two parts by a long promontory. | 
eo Owing to the small size of the lake and the high shores which pro- | | 
ss os tect 1t somewhat from wind, the waves are not powerful enough to . 

e eut the banks very vigorously or extensively. The cliffs show evi- 
| dence of having been cut when the water stood a little more than 

) ‘half a meter above its present level. Owing to this fall in level, the 
Ro, greater part of the work now being done by the waves is upon the | 

a | marginal bench formed when the water stood at the higher level. At | 
a | some points, however, all of this bench material has been removed and | 

| "the waves are now at work upon the cliffs. 
: Owing to the steep slope of the sides of the water filled basin, 
— most of the material obtained from the cliffs is used in constructing 

= the subaqueous marginal shelf. There is one good beach ridge, how- —_ 

a ever, which spans a hollow at the north end of the lake. |
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The lake has no stream inlet and derives its water chiefly from Oo 
: springs on the east side. Pine lake, which lies 1.6 km. (1 mi.) east . 

has its water level about 7.5 m. (25 ft.) higher than that of Mouse 
lake, so that much of the spring water entering this lake is probably 

derived from Pine lake. On the west, Mouse lake is separated from | . 
Okauchee lake by a ridge about 100 m. (330 ft.) wide and the water an 

- level in the former is about 1.5 m. (5 ft.) above that in the latter, so | 
that the water of Mouse lake passes westward by seepage to Okauchee 

| lake. As a result many springs discharge their waters into Okauchee | 

7 lake along the western edge of this ridge. | 
| At the southwest corner of Mouse lake, there is a sag in the ridge . | | 

‘which separates it from Okauchee lake. This is the lowest point of | | 

the shore, so that, if Mouse lake ever had an outlet, it was probably | 

| through this depression. But the shore at this point rises about 3 m. | 

| to 5 m. (10 ft. to 16 ft.) above the present water level, and it is 

very doubtful whether the water ever stood so much above its present 

| level. There are no evidences to show that it ever stood more than a ) | 
: little over half a meter above the present stage and, if the water ever 

were high enough to overflow, it did not remain at that level for a 

| very long period of time. a 

MOUSE LAKE. ; : 
T. 8 N., R. XVIII E. Mean depth ........... 9.1 mM. 

Length ......eeeceeeeee 1.382 km, Length of shoreline ... 3.9 km. . 

Breadth ........ee200--- 0.83 Km. Shore development .... 1.84 

ATCA cecscsescvesecccee 30.6 ha. Mean slope of bottom.. 3° 58’ 
Maximum depth ....... 20.2 m. Number of soundings .. 47 

Length Area . 
Depth. Area. of Stratum.| between Volume. Slope. 

. contours. contours. 

Per cent Per 
Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of]; Degrees. | Per 

| total. | meters. meters. total. cent. . i, 

: 0 36.6 | 100.0 3.9 || O05 16.2 | 1,404,700 | 45.6 || 5° 23 | 9.4 | 

6 20.4 55.6 2.1 || 510 5.0 891,500 | 28.8 || 1° 7 | 19.6 | 

| 10 | 15.4 42.0 1.8 || 10-15 7.8 577,300 | 18.6 |} 5° 55 | 10.3 | 

. 15 8.1 22.2 1.2 || 15-19 5.4 207,500 | 6.7 |} 3° 27 | 6.0 . 

19 2.7 7.5 0.4 19-20.2 2.7 11,000 0.3 0° 3, 0.9 

| ! Total.. 3,092,000 ’ 

° | .
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| | OKAUCHEE LAKE _ 

- The hydrographic map (XI) shows that the outline of Okauchee 
— lake is very irregular, so irregular in fact that its basin can scarcely 

: be attributed to the presence of but a single block of ice. There are , 
oe two fairly distinet basins with a number of bays and arms extending _ 
> out from these .in various directions. The present shoreline is more , 
- regular even than former ones because the shore processes have 
— rounded off many of the bolder curvatures. The main part of the | 

en lake contains three islands, and there are two in the southwest bay. 
| The area of these five islands is 9.2 ha. (22.8 a.). 

fe | With the exception of a short stretch of low shore at the northwest 
& corner of the lake, the shores are steep, rising abruptly to a height | 
- | of 10 m. to 15 m. (33 ft. to 50 ft.) or more above the surface of the | 
a, lake. (Map IX.) 

ee The water is held about 3.3 m. (11 ft.) above its natural level by 

= a dam in the Oconomowoe river at the outlet. The rise of the water | 
a has set it at work upon the shores at a new level and as a result, 

oo the present beaches are comparatively recent structures. The youth- 

a fulness of the shoreline is shown by the fact that the steep banks are — 
: being worn away so rapidly in many places that the resulting cliffs are 

mt quite free from vegetation. A long stretch of such shore is found along 

Bee the east side; generally, however, there is an alternation of cutting 

SS headlands and small bays which are gradually being exterminated by 

a | the various processes going on. The youthfulness of the shoreline is also 

a shown by the fact that very little bar building is now in progress be- 
a cause the waves and currents are still able to carry the material a 

os ' obtained from the cliffs out to the front of the marginal shelf. The 

| _. numerous irregularities in the coastline will offer abundant oppor- , 

& tunities, though, for the building of bars when the shelf becomes so wide 

| | that the currents are no longer able to transport detritus to its outer 

_ margin. 7 
/ _ Several structures which were either completed, or were in 7 

me process of construction at the time the water was raised by the dam, : 

/ are still preserved in various parts of the lake. A spit was being : 
built across the mouth of the long, narrow bay which extends south- 

| ward from the lake; another was being extended across the bay which 

extends southwestward to the outlet; a bar had been completed be- : 

| , tween the south end of the island which lies to the west of Garvin | 
lake and the adjacent headland; the small island to the north of this 

a one was also connected with the mainland by a bar. There are other
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similar structures which are less conspicuous. Further construction | 
work on those formations was stopped when the water was raised to | 
a higher level; a few, in fact, are now being destroyed. ~ | 

The only stream affluent received by Okauchee lake is the Oconomo- 
| woe river which enters the lake at its northeastern corner and leaves | 

it again through an arm extending southwestward from the main body | 

of water. Another supply of water is derived from a number of - | 

springs, most of which are situated at the northeast corner of the lake. 

OKAUCHEE LAKE. : | 
T. 8 N., R. XVII and XVIII E. Mean depth ........... 12.1 m, 

Length ...............-. 3.81 km. Length of shoreline .... 17.9 km. 

Breadth ............... 2.90 km. Shore development ..... 2.44 oe 
ATCA ..... cee eee ee ee ee 427.8 ha, Mean slope of bottom.. 1° 43’ SO 
Maximum depth ....... 28.6 m. Number of soundings .. 292 

il ! | 
Length | Area | 

Depth. Area. of |iStratum.) between Volume. Slope. 
contours. | jcontours. 

Per cent Per 
Meters. | Ha. of Kilo- Meters, Ha. Cubie cent of|| Degrees.| Per 

total. | meters. meters. total. cent. 

0 427.8 100.0 17.9 0-3 169.9 10,178,600 23.3 1° 28 2.6 . 

3 257.9 60.2 11.4 3-5 83.4 4,821,000 | 11.0 8° 36 | 6.3 

5 | 224.5 52.3 9.6 5-10 48.2 | 9,995,600 | 22.9 || 5 2 | 8.8 | 

ae 102 | 187.9 82.1 5.1 || 10-15 26.7 | 7,878,700 | 18.0 || 5° If | 9.2 

15 «| 111.2 26.1 4.5 || 15-20 23.8 | 4,953,600 | 11.35 || 5° @ | 8.9 

20 87.4 20.4 4.0 || 20-25 44.8 | 3,183,000 | 7.3 || 2° 19 | 4.0 

25 42.6 9.9 3.2 || 25-28 29.6 791,000 | 1.8 || 1° 20 | 2.8 

28 13.0 3.1 1.4 || 23-28.6| 13.0 25,900 | 0.06 || 0° 12” | O83 

10 | 38.4 8.9 2.4 || 10-15 19.0 | 1,418,000 | 3.2 || 3° 2” | 5.9 | 

15 19.4 4.6 2.1 || 1519 14.2 ; 461,800 | 1.06 || 2° 27 | 4.2 ee 
19 5.2 1.2 0.9 || 19-19.8 5.2 | 13,800 | 0.03 || 0° 24 | 0.7 , . 

otal. 43,721,000 | 

1 Main basin of lake. 2 North basin of lake. | 

4
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oO oo | GaRvIN LakE. | | 

Bo _ Garvin lake (maps IX and XT) is situated near the middle of the 
ay eastern side of Okauchee lake and it is separated from the latter by 

Be a ridge which is only a few meters wide. Formerly it was entirely . 

- land locked but some years ago an artifical channel was dug through 
so | to Okauchee lake. | - 

| The shores of Garvin lake possess the typical kame steepness which 

: characterizes those of Okauchee lake in the immediate vicinity. They 

7 rise 10 m. to 15 m. (33 ft. to 50 ft.) or more above the surface of the | 

Py lake. The only break in the steep shores is found at the point where 

| the artificial channel connects it with Okauchee lake. A small area — | 
. of low land is found at the south end of the lake. The area of the | 
a lake is so small that comparatively little work is done on the shores | 
5 by waves and currents. There is no stream affluent, but there are a | 
= few small springs along its eastern shore. Ever since it has been con- 

go nected with Okauchee lake its water level has been controlled by that | 

- of the latter. | | 

fo GARVIN LAKE. | 
: T. 8 N., R. XVIII EB. Mean depth ........... 5.0 m. . 
Le Length ......cceceeeees 0.50 Km. Length of shoreline .... 1.4 km. 
- Breadth ............... 0.26 km. - Shore development .... 1.36 | 
Bo ATCA .occceeesovcoeeeee 8.8 ha. Mean slope of bottom... 2° 47’ 
S Maximum depth ....... 11.0 m. Number of soundings .. 385 , 

- Length Area 
. Depth. Area. ~ cf Stratum.| between Volume. Slope. 

A contours. contours. 

- | Per cent Per 
a Meters. | Ha. of Kilo- Meters. Ha. Cubie cent of|| Degrees. | Per 
: total. | meters. meters. total. : cent. 

o 0 8.8 | 100.0 1.4 0-8 2.7 229,300 | 51.0 || 7° 30 | 13.1 

ae | , 3 6.1 | 70.2 0.9 || 38 2.9 92,300 | 21.2 || 3° 2 | 5.8 
Lo | 5 3.2 88.0 | 0.8 5-11 8.2 121,200 | 27.8 || 12° 28 | 22.1 

- Total.. 435,800 | |



| | THE OCONOMOWOC-WAUKESHA LAKE DISTRICT. 49 

. oo Oconomowoc Lakz. | - 

The basin occupied by Oconomowoc lake consists of two large pits 
which were formed by two separate blocks of ice. (See map XI.) a 
These pits are connected by a short, narrow strait of water which | 

averages about 1 m. (3 ft. to 4 ft.) in depth. Scarcely more than half 
the shoreline is characterized by the steepness of the typical pit and | 
the highest portions scarcely exceed 10 m. to 12. m. (33 ft. to 40 ft.) mo 

| in height. The north and east shores are the steepest; along the south . 
| shore kame ridges and swamps are found alternately; the west shore | 

' | has a fairly graduual slope which is hummocky. In spite of the ad- 
jacent low ground and of the existence of considerable shallow water 

along the shores, the marginal waters are comparatively free from 

aquatic vegetation, so that the shore currents are unimpeded except 

by friction on the bottom. 

The beaches are being modified by waves and currents along the 
greater part of the shoreline, but in only a few instances is this work 
proceeding vigorously. Parts of the cliffs which face to the west or 
southwest are being worn away rapidly enough to keep them free 

| from vegetation. Evidences of former extensive beach modifications | 
are most conspicuous along the south shore. Here the swamps have 

| been separated from the lake by long ridges which were built as bars | 
and were subsequently raised to a greater height by the action of the 
ice. These ridges imply a large amount of cliff cutting to furnish _ 
material for them. Similar ridges are found at the northeast and the | 

— northwest corners of the lake. Icc ramparts are found along most of 
the west side. , 

This lake receives the waters of Oconomowoe river which enters 
os about the middle of the north side and leaves again at the northwest- 

ern corner of the lake. Springs enter the lake only along the east | , 
shore. They are largest and most numerous in the vicinity of Spring | 
Bank. These probably represent the seepage from Okauchee lake | 
which is only about 1 km. away and has a water level about 3.3 m. 
(11 ft.) higher than that of Oconomowoc lake.



. 50 INLAND LAKES OF WISCONSIN. 7 

| . OCONOMOWOC LAKE. 

T 7 N., R. XVII EB. Maximum depth ..... 19.1 m. 

Number of soundings 191 Mean depth ......... 9.5 m. 

Main basin. Length of shoreline .. 7.5 km. 

Ji? Length .............. 2.82 km. Shore development ... 1.32 © 

: Breadth ............. 1.37 Km. Mean slope of bottom 1° 50’ | 

: ATCA ....-0eeceeeee-- 200.6 ha, 

, Length Area 
Depth. Area. of Stratum.| between Volume. Slope. 

: contours. contours. 

: Per cent Per 
2 Meters. | Ha. of Kilo- || Meters. Ha. Cubic cent of|| Degrees.| Per 

” total. meters. meters. total. cent. , 

- 0 255.6 100.0 | 7.5 0-3 83.0 6,382,000 | 26.3 || 1° 29 | 2.6 | 

* 3 172.6 67.5 6.8 3-5 10.1 3,302,000 13.8 8° 43’ 6.5 

- 5 162.5 63.6 6.6 5-10 26.0 7,465,000 30.7 0° 47 1.3 

eo 10 | 136.5 58.4 6.4 10-15 47.5 5,591,000 23.0 8° 52’ 6.7 . 

a 15 89.0 84.8 2.0 15-19.1 89.0 1,513 ,000 6.2 O° 43’ 1.2 

te | | Total..| 24,808,000 

- Oo ' Northeast basin. 

= Length .............. 1.20 km. ' Mean depth ......... 7.9 m. 
Breadth ............. 0.80 Km. Length of shoreline .. 3.7 km. | 

ATCA .cccccecccceeeese (2-8 ha. Shore development ... 1.23 

7 Maximum depth ..... 15.0 m. Mean slope of bottom 3° 12’ 
ee 

. eee 

: Length - Area , . 
Depth. Area. of Stratum.| between Volume. Slope. 

contours. contours. 

Per cent Per 

Meters. Ha. of Kilo- Meters. Ha. Cubie cent of|| Degrees.| Per 

total. meters. meters. total. cent. 

. 0 72.8 100.0 3.7 0-5 27.0 2,940,400 51.2 8° 34’ 6.2 

- : 5 | 45.8 | 68.1 3.0 || 5-10 12.6 | 1,966,000 | 34.1 || 6° 34 | 11.5. 

~ ‘10 33 2 45.4 2.8 10-14 23.5 811,300. 14.1 2 6 3.8 

: a4 9.7 13.4 1.6 || 14-15 9.7 32,300 | 0.6 || 0° 2 | 0.8 

a ro Total. 5,'750,000 

——————————————



| THE OCONOMOWOC-WAUKESHA LAKE DISTRICT. 51 | 

Fow er Lake, | | 

Lying to the northwest of Oconomowoc lake there is a chain of four 
pits which form the basins of two lakes. (See maps IX and XII.) : 
These pits are elongated in a northwest-southeast direction. The 

| first of them is occupied by Fowler lake and the other three constitute 
the basin of Lac la Belle. | 

The shores of Fowler lake are low but not marshy and active cut- 
ting of them by waves and currents is prevented in many places by ar- | 

. tificial walls of stone and piles. But much of the shore would be sub- 
ject to cutting if it were not for these barriers. In some places these | 
walls are washed vigorously, while in other places gravel beaches are | 
being built outside them. 

This lake receives the waters of the Oconomowoc river and its over- | 
| flow is discharged into Lac la Belle. A dam in the outlet raises the 

water to a height of about 2 m. (7 ft.) above the surface of Lac la Belle. 

FOWLER LAKE. . 
T. 8 N., R. XVII E. Mean depth ........... 4.4 m, 
Length ..............-. 1.60 km. Length of shoreline .... 3.2 km. 
Breadth ............+6-. 0.70 km. Shore development ..... 1.57 
ATCA «oc cece eee ee eee eee 33.8 ha, Mean slope of bottom.. 3° 0’ 
Maximum depth ....... 15.2 m. / Number of soundings .. 71 

=—c0o0neesaSsS eee eeeEe—eo—ooo>>> > , 

- Length Area 
Depth. Area. of Stratum.| between Volume. Slope. 

contours. contours. 

Per cent Per 
Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of|| Degrees.| Per 

total. meters. meters. total. cent. 

0 33.8 | 100.0 3.2 || o8 12.8 543,700 | 36.8 || 2° 2 | 4.1 
2 21.0 62.3 2.0 || 28 9.7 150,500 | 10.7 || 1° 4 | 1.7 
8 11.3 33.5 14 || 85 2.3 203,600 | 13.8 || 6 34 | uL.5 
5 9.0 26.8 1.2 || 5-10 2.4 390,800 | 26.5 || 11° 40° | 20.6 

10 6.6 19.6 0.8 |} 10-15.2 6.6 181,000 | 12.2 || 2° ay | 4.5 

Total..| 1,478,500 
a I 

.
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o : Lac La BELLgE. | 

- | Lae la Belle is somewhat irregular in outline and the basin is made 

a up of three fairly distinct pits. (See map XII.) The two southeast 

e : pits are connected by water which is more than 6 m. (20 ft.) deep but 

- the water connecting these with the northwestern pit is less than 2 m. | 

; (6.5 ft.) deep. The lake possesses two small islands known respectively | 

oo as Islandale and Round island. The area of the former is 3 ha. (7.5 a.) 

_ and of the latter 1.3 ha. (3.2 a.). 

: ! The south and west shores of the lake have a gentle slope and have 

: oo none of the characteristics of a plain. They show clearly the topography 

FO of ground moraine. On the north side of the lake there are some 

. kames and where these border the lake the shores have the usual kame | 

Bo | steepness. There are also two prominent areas of low land along the 

a north shore of the lake. | 

é | : The more prominent peninsulas are being worn away by the waves, : 

we but very few of them are retreating rapidly enough to prevent the 

a | growth of vegetation on the faces of the cliffs. The most rugged cliff | 

Bs | is found on the peninsula situated on the south side of the lake toward 

. | the west end. The face of this headland is almost vertical. The ma- 

an terial derived from it has been transferred along the shore both to the 

mS | south and to the west where it has been built into beach ridges. These — | | 

. . ridges have been subjected to much pushing by the ice and their posi- | 

cn tion has been shifted as a result of the continued cutting of the head- , 

aa land. : | | 

| | At the head of the bay west of the peninsula, there is an abandoned | 

ee cliff which is now covered with grass. Not only has the cutting been | 

| stopped at this point, but various forms of the larger aquatic plants | 

a are now advancing into the lake. . 

Bo There are prominent beach ridges fronting the lowlands which border 

BO . the bay north of Buzzard point. | : 7 

a Typical ice ramparts are found along the west and northwest shores 

et of the lake. Many of the beach ridges have been modified by the push- | 

- ing of the ice. 

- The waters of the Oconomowoc river enter Lac la Belle at the east 

oO end and leave near the middle of the south side. The lake also receives 

: | - two small affiuents on the north side. )
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. THE OCONOMOWOC-WAUKESHA LAKE DISTRICT. 53 | . 

" LAC LA BELLE. ‘ 
| T. 8 N., R. XVII E. Mean depth ............ 3.3 m. SO 

, Length ................ 4.44 km. Length of shoreline .... 12.5 km. 
, ‘Breadth .............-. 1.80 km. Shore development .... 1.64 . 

ATCA 1... cece eee wees ee - 460.5 haw Mean slope of bottom.. 0° 53’ _ 
Maximum depth ...... 14.2 m. Number of soundings .. 102 

oo | Length Area a : Depth. Area. of Stratum.| between Volume. Slope. 
contours. contours. 

Per cent Per . 
. Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of}; Degrees.; Per 

total. meters. meters. total. cent. 

o 0 | 460.6 | 10.0 12.5 || 0-8 250.9 | 6,485,500 | 42.4 || 0° 30 | 0.8 

| 2 |20.6] «81 99 || os 6.0 | 1,784,900 | us |i ev ¢ | 1a 
8 | ure | 88.0 9.7 | $5 27.6 | 2,671,000 | 17.6 || 3° 47 | 6.6 

2 5 | 12.0 | 28.0 8.5 ‘| 5-10 @.6 | 38,681,000 | 24.8 | 2 14 | 3.9 | 
m | we} 77 | x.y | sems| se] soo | 17 | o w | 18 . 

} 
- 

10? 18.8 4.1 2.0 || 210-13 12.7 356,700 24 |) 1° 47 | 3.2 

18 6.1 1.4) 1.0 || 13-14.2 6.1 24,600 0.2 |, O° 54 | 1.5 

Total..| 15,165,000 | . 

oe 1 East basin of lake. 2 Middle basin of lake. | | | 

: | SILVER LAKE. | a 

Formerly the water of this lake stood nearly a meter above its present 

' level and at that time, the overflow was discharged through a small _ 

. stream into the Oconomowoc river. But the lake is now below the over- a, 

flow stage. (See maps IX and XIV.) | oe 

| The shores of the eastern half of Silver lake are steep and kame-like 7 ; 

_ as this portion of the lake lies in the area of kames and pitted plains; 
the western half, however, lies within the ground moraine area and its | 
shores have a gentle slope, being low and swampy in places. a 

The fall in level has left the former cliffs well above the water and 
' the shore processes now in progress have to do with the former marginal | | 

| shelves. An interesting feature which is characteristic of falling levels, 
is found along much of the north shore. Several meters off shore, there 

is a typical wave-built barrier which is separated from the former shore | 
by lagoons. On the east and south sides the low portions of the shore or 
hollows are fronted by large gravel beach ridges. An especially good | 

| one is found on the west side of the prominent peninsula which indents , . 
| the south side of the lake. |



- 54. INLAND LAKES OF WISCONSIN. 

| SILVER LAKE. | 
a . T. 7 N., R. XVI E. Mean depth ........... 4.8 m. 
: Length ........0.e0052- 1.56 km. Length of shoreline .... 4.6 km. 

7 Breadth .............-. 0.90 km. Shore development .... 1.35 
a | ATCA .occecccerececeeee 93.9 ha. Mean slope of bottom.. 1° 44’ 
2: ‘Maximum, depth ....... 13.4 m. Number of soundings .. 117 

: | Length Area | 
Depth. Area. of Stratum.| between Volume. Slope. : 

- contours. contours. . 

: Per cent Per 
- Meters. | Ha. of Kilo- Meters. Ha. Cubie cent of|| Degrees.| Per 
a total. | meters. meters. total. cent. 

an o | 98.9 | 100.0 4.6 || o8 46.3 | 2,083,200 | 46.3 || 1° 3” | 2.6 
2 3 47.6 50.6 8.5 8-5 10.4 846,200 | 19.8 || 3° 4” | 6.5 

5 87.2 39.6 3.2 6-10 20.2 | 1,823,900 | 29.4 || 3° 5 | 6.8 

oe 10 17.0 18.1 2.8 || 10-12 11.2 218,500 | 4.9 || 1° 56 | 3.3 

| 12 5.8 6.2 | 1.4 || 12-18.4 5.8 27,200 06 || 1° Oo 1.6 | 

LS | Total..| 4,499,000 

ge NASHOTAH-NEMAHBIN LAKES. 

| The four lakes of this group have their main axis elongated in a 

ae north-south direction and together they form a chain with a maximum | 

o length of about 4.8 km. (3 mi.). (See map XIII.) The direction of 

- the chain is parallel to that of the North-Nagawicka lake chain, and it 

: | is also parallel to the position of the front of the retreating Green Bay 

a glacier. | . : 
| The Bark river enters Upper Nemahbin lake at the southeast corner | 

, and leaves Lower Nemahbin on the southwest side. These two lakes 
. and Lower Nashotah have the same level, but an obstruction in the out- 

By let of Upper Nashotah, maintains its water more than half a meter | 
ee higher. The two Nashotahs are fed by springs and the surplus water 

2 | drains southward into Upper Nemahbin lake. The various lakes are 

: connected by streams whose immediate banks are low and more less 

- marshy. - 

| Por the most part the shores of these four lakes may be characterized 
| as steep kame slopes, rising to a greater height on the east than on the 

: west side of the chain. In only one place on the west side do the shores . 

| reach a greater height than 6 m. to 8 m. (20 ft. to 26 ft.) above the 
- level of the water, but on the east side they reach an altitude of 10 m. 

: (33 ft.) to more than 20 m. (65 ft.) in some places. Upper Nashotah
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and Upper Nemahbin lakes have a small amount of swampy shore, but | 

the other two lakes are free from swamp. | 

Upper Nashotah. Along the shores of this lake slopes alternate with - 

flats which consist of kettles that have been partially filled with vege- 

table débris. A comparatively small amount of erosion has taken place, 

the most conspicuous example being found on the north side of the - 

_ prominent bay which is situated about the middle of the west side. 

. The material obtained from this cliff has been used in constructing a : 

beach ridge in the bay, the largest beach structure on the lake. 

’ Lower Nashotah lake. The shores are more uniformly steep, espe- | 

cially along the northwest side. Most of the cliffs are now fronted by : 

| bands of gravelly strand indicating a falling level, and their bases lie 

about half a meter above the water. The largest amount of erosion , 

hac taken place at the north end of the east side. | 

Upper Nemahbin lake. Owing to the larger size of this lake, the 

shore processes are much more vigorous than in the Nashotah lakes. | 

| At the north end there is a rather broad, wave-built terrace with three 

successive ridges. These ridges have been disturbed somewhat by the , 

pushing of ice. Similar ridges which have been built by the combined 

action of water and ice are found across the front of several hollows on 

the east side. Near the inlet is a prominent headland which was once 

- an island. A large bar was built out to the north end of this island and | 

| was raised above the water. Then the decline in the water level and 

- the accumulation of vegetable débris converted the onetime bay behind | 

the ridge and island into a swamp. A strip of low land extends north 

from this lake to Upper Nashotah and it may represent a former direct 

| connection between these two lakes. 

Lower Nemahbin lake. The bluffs show evidences of former cutting | 

- but not much at the present time. There are some good beaches along 

the southeast and southwest shores. Much of this lake is shallow and 

filled with growths of the larger aquatic plants which interfere greatly - 

with wave action. Its surface is broken by three islands, a-large one 

and two small ones. The area of the former is about 12.7 ha. (31.5 a.) . 

the combined area of the latter is 0.4 ha. (1a.). | 

The ice has not formed any typical ramparts along the shore of any 

of these lakes, but it has modified some of the beach ridges and has also 

constructed narrow ice-push terraces at the bases of the cliffs. The | 

best example of this kind of terrace is found at the northwest corner 

of Upper Nemahbin lake where there is a structure of this sort about — 

half a kilometer long with almost a uniform height of three-quarters | 

of a meter. | : |
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, UPPER NASHOTAH LAKE. / : , T. 7 N., R. XVII E. -Mean depth ............ 7.0 m. 
“ Length ................ 1.30 km. Length of shoreline .... 3.5 km. 
: Breadth ............... 0.64 km. Shore development ..... 1.34 

: ATCA ............66-6-. 55.4 ha. Mean slope of bottom.. 2° 32’ 
- Maximum depth ....... 15.6 m, Number of soundings .. 44 
. ' —_—_————— OO OOOOOOOOOoooeoaeeeeemee Oe unamoounauOo 

. 
Length | Area 

_ Depth. Area. of Stratus#s.| between Volume. Slope. 
: 8 contours. ' s jeontours. 

J Per cent — Per || 
ae Meters. | Ha. of Kilo- Meters. Ha. Oubie cent of|| Degrees.| Per a total. meters. meters. total. cent. 

. o | &4 | 100.0 8.5 || os 19.9 | 1,880,400 | 34.8 || 2° sx | 44 - 

. | 8 | 356 | 641 2.4 || so 6.0 | 648,200 | 16.7 || 4° 30 | 7.9 
| | 5 29.5 63.2 | 2.8 5-10 7.8 | 1,271,600 | 32.7 || 7° 5 | 18.8 

10 21.7 89.2 2.0 10-15 16.5 624,500 16.0 2° $7 4.6 . 

| 15 5.2 9.4 1.0 || 15-15.6 5.2 10,300 | 0.8 || O° 2} 0.6 | 

| Total..| 8,885,000 

- LOWER NASHOTAH LAKE. | | | 
“ T. 7 N., R. XVII EB. Mean depth ........... 6.1 m. 

oO Length ...........025.. 1.27 km. Length of shoreline .... 8.0 km. 
Breadth .......00202006 0.40 km. Shore development .... 1.35 | 

. ATC ..crcrccccvescccee 40.6 ha Mean slope of bottom.. 3° 4’ 
. Maximum depth ....... 14.1 m. Number of soundings .. 35 
— eee 

Length Area 
: Depth. Area. of Stratum.| between Volume. Slope. 
ss contours. contours. 

Per cent Per 
Meters. Ha. of Kilo- Meters. Ha. Cubie cent of|} Degrees. Per 

=. total. | meters. meters. total. cent. 

0 40.6 100.0 8.0 0-8 11.5 1,041,500 41.7 4° 12’ 7.4 

co 3 29.1 71.6 2.6 || 8-5 7.9 501,000 | 20.0 || 3° 29 | 6.0 
5 21.2 2.8 | 2.9 5-10 | - 9.9 $00,500 | 82.1 || 5° 18 | 9.3 | 

: 10 11.3 27.9 1.4 || 10-141] 116 | 155,00 | 62 || 1° ey | 2.6 | 

7 on Total..| 2,498,000
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UPPER NEMAHBIN LAKE. - 

T. 7 N., R. XVII B. Mean depth ........... 9.0 m. 

Length ...cececescceeee 1.69 km. Length of shoreline .... 4.5 km. ; 

. Breadth ........4.....- 0.90 km. Shore development .... 1.21 . 

ATCA ..cccccccccee se ee -L09.7 ha, Mean slope of bottom.. 2° 14’ 

Maximum, depth ....... 18.9 m. Number of soundings .. 81 

| Length Area 
Depth. . Area. of Stratum.| between Volume. Slope. : 

contours. econtours.| . 

Per cent Per . 
Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of]; Degrees.| Per 

total. meters. meters. total. cent. 

0 109.7 | 100.0 4.5 0-3 83.6 2,771,600 27.8 2° 3.6 . 

, | 3 76.1 | 0.5 8.6 || 3s 6.0 | 1,462,500 | 14.7 || o° 42 | 11.7 

5 7.1 | 64.0 8.4 5-10 14.6 8,133,000 81.4 8° 69 6.8 

. 10 5.5 | 8.6 8.0 || 10-15 4.8 | 2,198,700 | 21.4 || 8° 17 | 5.7 | 

15 90.7 28.0 2.6 | 15-18 35.9 318,600 8.2 | 1° 17 2.1 

18 4.8 4.4 1.0 || 18-18.9 4.8 145,000 | 1.6 || 0° 37 | 0.9 

Total.. 9,958,000 | | , 

. . i 

. LOWER NEMAHBIN LAKE. 

T. 7 N., R. XVII EB. Mean depth ..... ..... 2.5 m. 

, Length ................ 1.49 km. Length of shoreline ... 4.1 km. 

Breadth eeevevneneeeevevee 0.96 km. Shore development eeeone 1.12 ‘ 

ATCA wcccccccsccvcceese-LO7.5 ha. Mean slope of botton.. 1° 3’ 

Maximum depth ....... 10.8 m. Number of soundings .. 48 

Depth. Area. of | Stratum.| between Volume. Slope. 
contours. contours. 

| | Per cent Per ; 
Meters. | Ha. of Kilo- Meters. Ha. Oubic cent of]| Degrees.| Per 

total. | meters. meters. total. cent. 

0 107.8 100.0 4.1 0-3 &.3 1,848,400 69.3 0° 4 1.4 

8 25.2 23.5 8.7 8-5 9.5 403,600 15.1 3° 58’ 6.8 

5 15.7 14.6 2.8 5-10 13.1 411,000 15.35 || 2° 52’ 5.0 ; 

10 2.6 2.4 0.6 10-10.8 2.6 7,000 0.25 O° 32’ 0.9 

Total.. 2,670,000 

aEoEoaoaoaoaamamamemameamaeaGQqQennnnnqquouoononn)T)]0T) me eeeoeoeoooooooe
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BO 7 CROOKED, OTIS AND GENESEE LAKES. 

: Crooked lake. Thisisasmall, irregular body of water which is shal- 
a low. (See maps IX and XIV.) There are two small islands in the | 

_ northern part whose combined areas are 0.5 ha. (1.3a.). The waters of 

, Bark river pass through the lake, both inlet and outlet being situated on | 

a the east side near the south end. , 
Se The shores are low and rather swampy. They do not rise to a height 

- - of 5 m. (16 ft.) above the water for some distance away from the lake. 

oo Otis and Genesee lakes.—These lakes are situated within the basin of 

— _ the Bark river, but they have neither stream inlet nor outlet. (See maps | 

- - IX and XIV.) | | 
ee The shores of Otis lake are fairly low with swampy areas at the 

feo north end and also at the southwest end. ) 
ae The shores of the Genesee lakes also are low with swampy areas on © | 

| the west side and at the south end of South Genesee lake. These two | 

. | lakes occupy simple ice pits and are separated by a ridge composed 

a of sand and gravel. Their waters have been subject to rather wide 

- variations in level and as a result the beach features have been un- 

- usually well developed for such small bodies of water. A correspond- 

| ing wide marginal zone has also been subject to the beach processes. | 

- The chief beach structures lie well above the present level, thus indi- 

ae | eating a higher stage of water during their formation. The most 

oe Erominent beach ridges are situated at the east end of the ridge 
| ‘ | which separates the two lakes. They are continuous with the ridge, 

s | are composed of the same material, and have the same height. On 

* the west side of the lakes also, there are beach ridges which have been 

| modified somewhat by the pushing of ice. There is a sand dune about 

, 6m. (20 ft.) high and from 100m. (328 ft.) to nearly 200m. wide, 

ee situated on the east side of the south lake. 
: The level of the water in the north lake is about a third of a meter 

, above that of the south lake. The waters of both probably escape 

- southward by percolation.
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| CROOKED LAKE. : | 
T. 7N., R. XVII E. Mean depth .........-. 1.9 m. 

Length .....ceceeeeeeee 1.08 km. Length of shoreline .... 2.9 km. 
~ . Breadth eseeeevneeeveesn bose 0. 50 km. Shore development eeeee 1.75 . 

ATCA .cecececeseeeceees 22.2 ha, Mean slope of bottom.. 1° 7’ . 
Maximum depth ....... 4.8 m. Number of soundings .. 53 

Length Area - 
Depth. Area. of Stratum.| between Volume. Slope. 

contours. contours. | . ; 

Per cent . Per . | 
Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of|) Degrees.| Per 

. total. meters. meters. total. - cent. 
. een eeteeneninns | cntenetees |, | a, | A | | NG | NaN CORRES 

| 0 22.2 | 100.0 2.9 0-8 16.4 394,000 | 92.5 || 2° 12’ 3.8 

8 5.8 26.3 1.2 $-4.8 5.8 31,000 7.5 Lr 1.9 OC 

| _— 
3 | i if : ; 

! I | Total..| 425,000 : 
| it II . 

OTIS LAKE. - 
T. 7 N., R. XVII E. Mean depth ............ 4.9 m™. oe 

. Length ......e00062-6- O.1.70 Km. Length of shoreline ... 1.9 Km. 

. Breadth .........2+6-.+- O.60 km. Shore development ..... 1.30 

ATCH .....0eceeee eee eee 16.2 ha. Mean slope of bottom... 2° 57’ 
Maximum depth ....... 8.6 m. Number of soundings .. 45 

' ‘| Length Area | 
: Depth. Area. of Stratum.| between Volume. Slope. 
: contours. contours.| | 

Per cent Per - 
Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of|| Degrees. | Per 

’ total. | meters. meters. total. cent. 

0 16.2 | 100.0 1.9 0-3 5.7 397,000 | 5.3 || 5 3 | 8&8 . 

3 10.5 65.2 1.5 3-5 1.3 197,400 25.1 12° 26’ 2.2 

5 9.2 57.1 1.4 §-S 5.5 188,000 23.9 3° 38 |: «6.3 

. 8 3.7 23.1 1.0 8-8.6 3.7 6,000 | 0.7 || 0° 37 | Lo 

. Total.. 789 ,000 

f ] 
a ES 

.
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7 SOUTH GENESEE LAKE. , . 
.. oo T. 7 N., R. XVII-B. Mean depth ............ 6.75 m. 

- Length ..............-. 0.64 km. Length of shoreline .... 1.9 km. , 
~ Breadth ............... 0.48 km. Shore development ..... 1.05 . : 

So ATCA ..... cece cere vveee 25.4 ha, Mean slope of bottom.. 3° 30’ . 
a Maximum depth ....... 14.5 m. Number of soundings .. 19 . 

- ‘ . Length Area 
Do . Depth. Area. of Stratum.} between Volume. Slope. 
a contours. contours.| . 

_ : Per cent Per i | 
“ Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of|| Degrees.| Per 
- total. | meters. meters. total, cent. 

o | 25.4 | 100.0 19 || 08 10.8 967,000 | 57.6 || 4° 18 | 7.5 
yO - 5 14.6 57.2 1.4 5-10 5.7 581,000 | 33.8 || 6° 11’ | 10.8 | 

a 10 8.9 28.6 1.1 || 10-12 5.4 120,500 | 7.0 || 2 2 | 3.5 | 
oo 12 3.5 14.0 0.8 || 12-14.5 8.5 28,500 16 || 1 37 | 2.8 

: ) Total..| 1,717,000 | 
: me | . 

al 

= NORTH GENESEE LAKE. : 
oe T. 7 N., R. XVII E. Mean depth seeeseceeee 4.5 m. 
mh , Length ................ 0.82 km. Length of shoreline .... 2.4 km. 
7 Breadth ............... 0.67 km. Shore development ..... 1.06 
ae ATER co ceccceeeceeeeeee 41.3 ha. Mean slope of bottom.. 1° 56’ 
oO , Maximum depth ....... 11.1 m. Number of soundings .. 28 

- Length Area . - 
: Depth. Area. of Stratum./ between Volume. Slope. . 
- contours. contours. 

os | Per cent Per 
. Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of|| Degrees.| Per 
- total. | meters. meters. total. cent. . ; 

oo | 0 41.3 100.0 2.4 0-3 19.8 926,000 | 49.6 || 1° o | 8.2 7 

2 —— gs | 21.5 52.1 1.9 || $5 5.8 | 876,000 | 20.2 || 3° sy] 6.9 " 
_ | 5 | 162 | 39.2 1.8 || 5-10 10.0 538,500 | 28.9 || 4° 28 | 7.7 
- | 10 6.2 | 15.0 1.4 || 10-21.1]' 6.2 24,500 | 18 || oF 47” | 1.3 | 

| a Total..| 1,866,000 |
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| | | NaGawicKa LAKE. / So 

| | The long axis of Nagawicka lake extends in a north-south direction | 

_ and the basin consists of two parts. (See maps IX and XIII.) The ~ | 
small northern basin has a maximum depth of 14.7 m. (45 ft.) and is | 

By connected with the main part of the lake by a narrow, shallow thor- 

- oughfare. This channel owes its existence to the dam in the outlet © 

- of the main basin which maintains the water about 1.8 m. (6 ft.) 

above its former level. The larger, southern portion has a maximum | 

| depth of 28.8 m. (94.5 ft.). This is the greatest. depth found in the : | 

| lakes of this district, but Okauchee and Pine lakes are close rivals. : | 

| | The regularity of the main basin is broken by an island which is 

situated in the southwestern part and which has an area of about 1.2 ha. a 
| (3a.). The deepest water lies a short distance northeast of this island. | 

, The rise in the water level ‘eaused by the dam in the outlet flooded ; 

oe rather wide terraces at the inlet, at the outlet, along the west side, 

| and at the north end. These shallow margins are now covered with oo 
_ rather dense growths of the larger aquatic plants which give the borders | 

a marshy appearance. Part of the valley of a small affluent at the 

| south end has been ficoded also, and now forms a similar marshy area. ) 
Shores. About half the coast line of the lake is bordered by shores 

which have the usual kame steepness. Back of the submerged terrace — ) 
on the west side the shores rise rather abruptly to a height of 10 m. | 

to 12 m. (33 ft. to 40 ft.) or more above the lake. On the east side the __ : 
banks rise rapidly to a height of 20 m. (65 ft.) toward the north end, | 

| and to nearly double this height towards the south end. There is a long ” 

stretch of low shore on this side which extends southward from the 

inlet where the adjacent plain rises only a very few meters above the | 

surface of the lake. | 
The west shore of the lake is protected against the action of waves | 

by the vegetation which thrives in the shoal water. But waves and 

currents are actively at work along practically all of the east side of — 

the lake. The rise of the water has set these agents at work at a new 

horizon and the present shore has a very youthful appearance. Along ; 

| the south half of the east side the shore is being cut rather rapidly, . 

7 producing steep cliffs which are bare of vegetation in places. The : 

material derived from the cliffs is used in building a new marginal 

terrace over the old one. As yet this terrace is not very wide because 

the water descends rather rapidly so that a great amount of material : 

: is required for the shelf. A portion of the old terrace is still found 
beyond the edge of the new shelf. | a
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a | The bay lying north of the peninsula which indents the middle of 
- ~ the east side is being spanned by a spit which extends northward from 

a | the outer edge of this peninsula. To the east of this spit is another | 

- which was built when the lake was young and had about the same . 
oe level as at present, but work has not been renewed upon it since the . 

- dam has restored the former water level. . 
- The bay lying southeast of this peninsula is also being spanned by 4 

- aspit. The shallow area which connects the island in the southwestern | 
- part of the lake with the mainland, is an original feature of the bottom 

Bo ‘and was not produced by. the agency of the water. 

Some ice ramparts are found along the low shore extending south- 

ward from the outlet, but they have been partly cut away in the im- oo 

: provement of private grounds. 

a Nagawicka lake lies in the course of the Bark river which enters it | 

- on the east side near the north end and leaves on the west side toward : 
7 : the south end. Also a small stream flows into the southern end of 

-thelake. . | 

ann NAGAWICKA LAKE. | 
Oo T. 7 N., R. XVIII E. Mean depth ........... 11.0 m. 
_ Hs Length ................ 4.42 km, Length of shoreline .... 11.3 km. 
a ~. Breadth ............... 1.80 km. Shore development ..... 1.65 
- ATG ......e0ee0----2-- 371.5 ha. Mean slipe of bottom... 2° 25’ 

| Maximum depth ....... 28.8 m. Number of soundings .. 223 

| Length Area | 
Depth. - Area. of Stratum.| between Volume. Slope. 

contours. contours. 

7 . — Per cent | | Per : 
- Meters. Ha. of Kilo- Meters. Ha. Cubie cent of|| Degrees. Per 

~ . . total. | meters. meters. total. cent. 

: 0 371.5 100.0 11.3 0-3 131.9 9,094,000 | 22.2 viv | 2.3 ! : 

i 3 | 239.6 64.5 9.3 || 35 13.0 | 4,664,000 | 11.4 || 7° 51 | 13.8 

. 5 |266 | 61.2 9.1 || 510 40.4 | 10,313,000 | 25.2 || 6° 28 | ‘11.3 
Ss | 10 | 186.2 50.2 | 7.8 || 1015 53.5 | 7,985,000 | 19.4 || 3° sx | 6.2 | 

| | 13 | 132.7 | 85.7 5.5 || 15-20 42.5 | 5,630,000 | 13.5 || 3° 12” | 5.6 
: | 20 90.2 24.3 4.1 || 20-25 5.4 | 2,987,000 | 7.8 || 1° 3% | 2.8 

Oo | 25 «| 33.8 9.1 2.3 || 2528.8] 38.8 429,000 | 1.0 || 0° 46 | 1.3 | 

: ;  Total..| 40,961,000 

oo
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2 | PEWAUKEE LAKE. . Lo 

: The basin of this lake consists, in the main, of a preglacial erosion ; 
, valley, down which the Lake Michigan glacier moved westward, and | 

: which was blocked at its west end by the stratified drift associated 
| with the kettle moraine. (See maps IX and XV.) | , 

| Shores. In harmony with the fact that Pewaukee lake is stituated 
In an area of ground moraine, the shores do not possess the steep- | 

| ness of the banks of kame lakes, though they are fairly high in some 
places. The western half of the north shore rises to a height of 40 m. | | 
(130 ft.) or more above the water but this altitude is not reached | 
for nearly a kilometer from the lake. The south shore also rises to a | 

a height of 30 m. (100 ft.) or more, but here, too, the slope is quite 
gradual. The eastern part of the north shore is low and swampy in 
three places; the same is true of a small area at the west end and of 
the valleys of two affluents on the south side. | 

, A dam in the outlet maintains the water about 2.1 m. (7 ft.) above ? 
its natural level and it is responsible for about half the area of the - S 
lake. That is, the depth of the water in the eastern half scarcely ex- — _ 

_ ceeds the height of the dam so that this portion was a swamp before . . 
the dam was built. This shallow eastern half supports an abundant c 

: growth of the larger aquatic plants; these growths produce bogs which | 
| may rest loosely on the bottom, or which may rise to the surface and 

become floating bogs. Shallow water vegetation is rather scarce in 
the western half of the lake. The three small islands in the eastern half 
of the lake have a total area of about 2 ha. (5 a.) . 

The vegetation of the eastern half protects its shores against the 
action of waves and currents. The comparatively recent raising of 
the water level has exposed the cliffs of the western half to erosion at 

| @ new level and active cutting is now in evidence at several points. 
Nearly all of the north coast of the west half is eroding more or less, 
the most active cutting being found at the eastern end where the cliffs 

| are raw and steep. Part of the material derived from the cliffs at 
| this point, is being used for the construction of two spits. The beach | 

| at the northwest corner of the lake is sandy as is commonly the cage a 
| with beaches near the ends of small, elongated lakes. | 

| Most of the south side as far east as Rocky point is faintly cutting. 
_ Owing to the youth of the shoreline in its present cycle, this cutting 

now extends well into the bays. When the salient curves become | 
more rounded, cutting will cease in these bays and bars or beach ter- - 

| races will be built there. | | |
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| The waters of Pewaukee iake are derived in part from three smalf | 

ce - affluents and in part from springs which are found chiefly along the : 

| “ north shore. The outlet, Pewaukee creek, leaves the lake at the eastern. oo 

- end and flows southeastward to the Fox river. : — 

o PEWAUKEE LAKE. . | | 

= T. 7.N., R. XVIII and XIX 5. Mean depth ........... 3.9 m. | 
Length .......eeeeee-06- 7.25 km. Length of shoreline .... 19.5 km. 

: Breadth ..........+-... 1.93 km. Shore development ..... 1.79 

7 ATCO we cee cece eeeee eee 980.3 ha. Mean slope of bottom.. 0° 32’ 

a Maximum depth ....... 13.8 m. Number of soundings .. 383 
ue : a . 

i | Length Area . 

: ; Depth. Area, of Stratum.| between Volume. Slope. 

. , contours. contours. 

- | Per cent | | Per : . 
- Meters. | Ha. of Kilo- Meters. Ha. Oubic ‘cent of|| Degrees.| Per 

total. | meters. meters. total. cent. 

/ 0 | 980.3 | 100.0 19.5 || 0-2 506.8 | 14,823,000 40.4 || 0° 7 |' 0.4 — 

mo 2 | 493.5 88.3 11.0 || 28 97.2 | 8,784,000 | 10.2 || 0 4” | 1.3 

: 3 | 326.8 | 38.9 9.0 || 35 72.1 | 5,790,000 | 15.8 || .° 1% | 2.3 

; 5 254.2 23.0 7.4 5-10 109.3 9 , 849 ,000 26.8 1° 38y 2.9 

NL 10s 449 13.1 5.2 || 10-13 114.5 | 2,417,000 | 6.6 || O° 34 | 1.0. 

| ws 13 30.4 2.7 | 2.2 || 1333.8] 30.4 81,00 | 0.2 || o 9 | 0.3: 

- . : Total..| 36,694,000 
a ee 

Pe, | UNSURVEYED LAKES. 

A complete survey of three of the larger lakes of the district has not | 

| been made. They are lakes Five and Keesus in thenortheastern corner of - 

CO , this area and Golden lake in the southwestern portion. (See map 

oO IX.) Enough soundings have been made in each, however, to deter-. 

— mine approximately the maximum depth. (See table 2, p. 124.): 
| | Lake Five is the smallest of the three and possesses neither a stream. 

Lo : inlet nor outlet. It is the highest lake in the district, having an alti-. . 

| tude of about 296 m. (971 ft.). The surplus waters of both Golden. : : 

| and Keesus lakes reach the Oconomowoc river.. | 

: . .
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CHAPTER V. 

GENEVA, COMO AND DELAVAN LAKES. © 

| Lake GENEVA. 

Geology.—A small portion of the western end of lake Geneva and : 

| the neighboring shore are underlain by Hudson River shales; but the | 
| remainder of the basin, as well as the adjacent shores on the north, 7 

| south, and east is underlain with Niagara limestone. Well borings 

a show that the bed rock is deeply covered with glacial drift; it is a 
buried so deep, in fact, that it is rarely reached even in deep wells. : 

In the vicinity of the Narrows, the drift reaches a little more than . ess 

30 m. (100 ft.) below the lake level and this increases to about 45 m. oO 
| (150 ft.) at the eastern end of the lake. At various points the drift 

appears in the form of firmly consolidated sandstone or conglomerate. | 

Typical examples are found in the cliff at Camp Collie and at the . 

water’s edge on the south shore just west of the Narrows. (See maps 

XVI and XVII.) 

Origin of basin. The basin of the lake seems to owe its existence 

to three factors, stream erosion and the work done during two separate | 

glacial epochs. A preglacial Geneva valley was formed by a stream | 

which apparently flowed westward at this point. The ice of the earl- 

ier Wisconsin epoch moved down this valley, forming a ridge of termi- 

| nal moraine at the western end of the present lake. During the next ice 

invasion, a small lobe, known as the Delavan lobe, lying between. the 

- Green Bay and Michigan glaciers, reached this region and in the 
| vicinity of lake Geneva the ice moved almost south. This lobe built 

7 the high terminal moraine (the Darien moraine) which borders the 

| lake on the south pide and curves northward toward the ends. Then 
| the ice front retreated northward from 6 km. to 10 km. (4 mi. to 6 mi.) 

— where another ridge, the Elkhorn terminal moraine, was formed, leav- 

ing the basin of lake Geneva unfilled. In just what manner the basin 

escaped being filled either during or subsequent to the retreat of the | 

| ice front is not clearly evident. With the exception of the gravel 

terrace on which the city of Lake Geneva stands, the topography of
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the shores does not show the characteristics of a basin preserved by a 

block of ice. 

- Shape. The lake is long and narrow, the narrowest part being lo- 

cated about one-third of the length of the lake from the east end. 

The outline is fairly regular; Williams bay, situated on the north 

~ side toward the west end, is the only prominent extension from the 

A main body of water. In most places along the western two-thirds of 

| the lake, the water descends rapidly to a depth of 30 m. (100 ft.) or 

| more. Along a great portion of the northern shore of the eastern 

| third, the offshore slope is steep also. The gentlest bottom slopes are | 

found at the head of Williams bay and at the two ends of the lake. | 

The steepest slope is situated off Black point where it is about 1 to 

3.0, or nearly 30 per cent. between the surface and 35 m. | 

| | Shores. The shores of lake Geneva are characterized by their steep- 
7 ness and by the very small area of swamp and marsh. (See map | 

XVI.) With the exception of two or three relatively narrow stretches 

they rise rather rapidly to a height of 30 m. to 40 m. (100 ft. to 130 

| | ft.) or more above the lake, forming an almost complete rim of high 
a wooded slopes. Previous to 1836 the outlet had cut down through 

a the dam of drift at the east end to a depth of 2 m. and lowered the 

level of the lake by this amount; but an artificial dam was erected 

- in that year which raised the level to its original height and it is | 

still maintained at this point by a dam. The shores do not show any 

evidences that the water level was ever any higher than the present 

| high water mark. | | 
The raising of the water level, the size of the lake, and the general 

a steepness of the shores and the character of the drift composing them, 

| are the chief factors responsible for the vigorous shore processes now 

~ in progress; but these processes are not proceeding with as great rap- 

7 idity at present as in the past. The predominance of high, steep shores 

over low ones results in a large predominance of cutting shores over 

; those that are being built. The cliffs vary greatly in freshness; some 

| are steep and so fresh that they are free from vegetation, while others | 

| | are gentle grassy or wooded slopes with very little erosion at their 

bases. | 
The points on either side of the mouth of Williams bay are boldly 

— exposed to the erosive action of the water so that the cliffs here are 

| steep and bare. During the past few years, however, the cutting of the | 

cliff at Camp Collie, the point on the western side of the bay, has been - 

| stopped by artificial barriers and vegetation is now getting a foothold. 

A few cliffs on the south side of the lake are also bare, one just west of | | 

the Narrows being especially so. . |
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There are several good examples of steep cliffs which have been | 

abandoned; the bases of these cliffs now lie from only a few meters to 
100 m. (828 ft.) or more back of the water’s edge. A few small exam- 

: ples are found between Camp Collie and the west end of the lake, but 

: the best examples are situated on the south side of the lake, one about | 

| half a kilometer east of the mouth of Fontana creek and another just 

southeast of the Narrows. : 

| The built beaches have nearly all reached an advanced stage of ma- 
turity. All of the large bars have been raised above the water and the 7 

| bays which they cut off from the lake have advanced to the stage of 

swamp or marshy meadow. Only four such features are found along 

the shores of lake Geneva. These are located respectively at the west — 

end of the lake, at the head of Williams bay, at the head of Buttons 

: bay, and on the south side just southeast of the Narrows. About a - 
kilometer southeast of the Narrows, there is a more youthful beach 

| structure. At this point a small bay is being spanned by a bar, but 

the lagoon behind the bar is still connected with the lake by two pas- 

| sages which are kept open, apparently, by the flood waters of small 

streams flowing into the lagoon. The bar is narrow and the north- 

western ends of the segments formed by the passages are turned at . | 

right angles into the lagoon, thus forming hooks. 

Attention should also be called to the cuspate form of the shoreline | 
on the north side of the Narrows. The four outstanding points are . 

built structures whose form and position have been determined by 

. waves and currents which pass through the Narrows during the preva- 

lence of westerly winds. This is the best example of rhythmically ar- 

ranged cusps which has yet been noted on the lakes of Wisconsin. | 

Ice ramparts are found in many places but all of them are short be- 

cause there are no long stretches of shore which are favorable for the 

formation of such structures. _ 

Sources of water. Lake Geneva receives its supply of water from a 

a large number of springs located on its shores and from several small, | 

. spring-fed streams. The village of Fontana at the west end of the 

| | lake derives its name from the numerous springs found in this local- | 

ity. The volume of water derived from one small group of these 

springs is sufficient to furnish 15 horse power to a mill. The water 

supply of the village is derived from another group of springs. The 

waters of these and many other springs unite to form the small stream / 

| which enters the western end of the lake. White river is the outlet of 

. lake Geneva. It emerges from Geneva bay and flows northeastward | 

| to join the Fox river of the Mississippi system. |
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, LAKE GENEVA. : 
| T. 1 and 2N., R. XVI and XVII E. Mean depth ........... 19.7 m. 

. Length ................ 12.10 Km. Length of shoreline ... 32.4 _ km. 

Breadth .........eee2.- 3.22 km. Shore development ..... 1.94 

a | ALPOA sc ce cceeeeeveeeeee 22.108qQ.km. Mean slope of bottom... 1° 58’ 
Maximum depth ....... 43.3 m. Number of soundings .. 656 

| | Length Area 
- - Depth. Area. of Stratum.| between Volume. Slope. 

| contours. contours.| | 

. Per cent Per 
Meters. Km. of. -Kilo- Meters. Km. Cubic cent of|| Degrees. | Per 

- -| total. | meters. meters. total. cent. 

0 22.1 | 100.0 92.4 |] O8 2.6 | 62,890,000 | 14.4 || 2° @ | 3.7 
7 3 19.5 88.2 80.4 3-5 1.8 | 87,240,000 | 8.5 || 1° ow | 3.3 | 

. 5 17.7 80.0 29.1 5-10 2.6 | 82,000,000 | 18.8 || 3° 8 | 5.5 

/ 10 15.1 68.5 27.4 || 10-15 1.6 | 71,466,000 | 16.5 || 4° 40 | 8.1 

15 18.5 61.0 26.0 || 15-20 2.8 | 61,734,000 | 14.2 || 3° a | 5.7 

| : 0 11.2 50.7 24.8 || 20-25 2.6 | 49,541,000 | 11.4 || 2° 12 | 3.8 

| 25 8.6 | 39.0 | 15.7 || 26-80 2.1 | 37,558,000 | 8.6 || 1° 54 | 3.3 ° 
. 30 6.5 | 29.8 12.9 || 30-35 3.4 | 23,470,000 | 6.4 || 0° 59 | 1.7 

35 3.1 14.1 10.2 || 85-40 2.5 | 8,528,000 2.0 || 1° 2) 2.3 | 

| an 40 0.6 2.7 3.8 || 40-43.3 0.6 856,000 | 0.2 || 1 2 | 19 | 

| | Total..| 434,773,000 | 

| LAKE Como. _ 

Lake Como lies about 3 km. (about 2 mi.) north of lake Geneva 

and it occupies a shallow basin in a longitudinal trough in the Elk- 

7 ~ horn moraine. The floor of lake Como is level and the maximum depth 

of the water is about 2m. (6.5 ft.). It is filled with a dense growth of | 

the larger aquatic plants in summer. (See map XVI, and table No. 2, 

p. 124.) Its surplus waters are discharged into the White river. | 

. . e .
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: : DELavAN LAkz, | 

Delavan lake is long and fairly narrow, its longest axis has a north- 
east-southwest trend. (See maps XVI and XVIII.) Its basin lies | 
wholly within a narrow belt that is underlain with Hudson River 
shales, but these shales are deeply covered with drift material. The 
symmetry of the bottom is not broken by any shoal areas and the 

| maximum depth of water is found near the middle of the lake. At | 
both ends the bottom has a gentle slope but the descent on both sides 
of the middle third of the lake is much steeper. At one Foint near , | 
the middle of the south side there is a maximum slope of 1 to 2.6, or / 
38.4 per cent. between 3 m. (10 ft.) and 12m. (40 ft.). The south- 
western end is separated into two parts by a prominent peninsula. | 

Shores. The shores are not 1s high as those of lake Geneva. At the 
northeast end they do not reach a height of 10 m. (33 ft.) above the | 
water for a considerable distance away from the lake, but they are 
somewhat steeper toward the southwestern end, rising to a height of 

| about 15 m. (50 ft.) within a relatively short distance of the lake. | 
| The shore features have reached a more mature stage than those of 

lake Geneva, because the banks are composed of gravelly material and | 
. have a more moderate slope. But cutting is still a very prominent 

_ feature of the shore processes in spite of this maturity. There are sev- | | 
. eral abandoned cliffs, however, at whose bases building is now taking . 

place instead of cutting. , | 
More or lessactive cutting prevails along about the middle two- 

thirds of both sides of the lake. In a few places, the cliffs are steep 
and free from vegetation, but for the most part, the erosion is slow 
enough to permit the growth of plants. In many places, also, the 
shore is protected by artificial walls that have been erected along pri- 

_ vate grounds. 
| The more important building processes are found toward the ends 

‘of the lake. At the northeastern end the shore currents have built a 
long bar across what was formerly the mouth of the principal affluent, : 
Jackson creek, causing this stream to flow northwestward for a con- 
siderable distance parallel to the shore before it enters the lake. A . 
shorter bar has been built out from the northern shore toward the | 
southeast to meet the long bar and the two are now Separated only by 
the channel through which the stream enters the lake. At the north- | 
west corner of the lake similar bars are being built out from both : 
sides of the bay at the outlet. The one on the north side of the bay is : 
being extended in a southwesterly direction toward the point where
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the outlet stream emerges. But the bar on the south side is being built 

northward, directly across the bay. | 

Cedar point is an excellent example of a V-shaped bar which at 

first enclosed a lagoon, but this lagoon has been converted into marsh 

| and swamp. It has been built at a point where the shore of the lake : | 

makes a rather abrupt change in its direction from almost east to 

| north. The material of which the bar is composed seems to have been | 

Gerived chiefly from cliffs to the west of the point where cutting is 

active. Very little cutting is in progress along the shore north of the 

‘point. 

: At one time active cutting was in progress on both sides of the pen- 

| ~ insula at the southwest end of the lake; but modifications in the shore- 

| | line caused the cliffs to be abandoned and building processes are now 

taking place along their fronts. On the north side of the peninsula 

a a spit is being built across the bay and it now covers about half the 

| distance. A large portion of this spit is now above the low water 

level. On the south side the conditions are such that a large flat about 

100 m. (328 ft.) wide has been built instead of a spit. <A portion of 

the bay on the north side of the peninsula is being cut off by a long 

| spit which is being extended from the mainland in a southwesterly 

direction. | | | 

On the south side of the lake, toward the southwest end, two small 

spits have been built out obliquely from the shore in front of a small 

bay. This bay receives the waters of a small stream and the oblique 

position of the spits is doubtless due to the interaction of the cur- 

rent of the stream and the shore currents of the lake. 

| Aquatic vegetation’ plays a very important role in shore building in 

; Delavan lake. ‘The shallower, protected portions of the lake support 

luxuriant growths of the large plants and the débris resulting from 

these growths is a very important factor in converting such areas | | 

into swamp. The best examples of such encroachments are found in 

the bay at the outlet and in the two bays at, the southwestern end of | 

the lake. | | 

Jackson ereek is the principal affluent of Delavan lake and Turtle | 

ereck is the outlet. Both of these streams are located at the northeast 

| end of the lake. Turtle creck is a tributary of the Rock river.
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DELAVAN LAKE. 
‘ T. 2 N., R. XVI EB. Mean depth e@eereeseesens 8.0 mm. 

Loe Length ................ 6.00 km. Length of shoreline ... 19.7 ‘km. 
Breadth ......eeeeee0e0- 1.80 km Shore development ..... 2.05 
ATOR ccccesesecccvecevetdtel haw Mean slope of bottom....1° 2’ 

. Maximum depth ....... 17.2 m. Number of soundings .. 260 me 

\ 
‘ 

Length | Area 
Depth. Area. of jStratum.|! between Volume. Slope. 

| contours. contours. 

Per cent Per , Meters. Ha. of Kilo- | Meters. Ha. Cubic cent of/]| Degrees. Per 
total. meters. meters. total. cent. 

0 | 784.1 | 100.0 19.7 | 0-8 296.2 | 18,527,000 | 31.6 || 12 wl 29 | 
3 507.9 69.2 18.4 | 8-5 53.3 9,657,000 16.4 2° 47’ 4.9 

é 5 454.6 61.8 { 12.7 | 5-10 139.9 19,125,000 32.7 2° 21 4.1 . 

| 10 | 914.7 42.9 | 10.2 | 10-13 | 128.9 | 7,421,000 | 12.6 || 1° i” | 24 
i ; t : 

13 | :185.8 25.3 | 7.6 | 1315 | 81.6 | 2,861,000 | 4.8 || 1° 17 | 2.2 
i : : { 1 [102 ) U3} 5.0 | 117 | 88.8 | 1,068,000 | 1.8 | Oo BY | 1.5 

17 15.4 2.1 1.9 || wwe; 15.4 15,000 | 0.2 | O° 17 | 0.4 | 
——____. 1; 

Total..| 58,671,000 | |
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a CHAPTER VI. - | 

LAUDERDALE AND BEULAH LAKES. 

| Lauderdale and Beulah lakes are situated in the northern part of 

a | Walworth county. They lie on the eastern side of the kettle moraine 
: near the edge of the Michigan glacier and also near the actual limit of 

| the late Wisconsin ice sheet. In this locality several lines of kames , 

| | extend northwestward in the direction from which the ice came and 

| within this kame area, there are many lakes whose basins were formed 

.by the burial of masses of ice and the subsequent melting of these | 

| | remnants. Beulah and Phantom lakes mark the location of one line 

| of these kames, the latter being near its northeastern extremity. (See | 

: map XX.) The Lauderdale group lies in a southwestern continuation — 

7 of the same line, a few kilometers from the axis of the kettle moraine. | 
The zone of kames and pitted plains associated with the interlobate | 

. kettle moraine is here much widened on the side toward the Lake 

| Michigan lobe as it is in the Oconomowoc-Waukesha district on the 
side toward the Green Bay lobe. The plains here are also terraced, 

| even more distinctly than in the latter district. (See chapter IV, p. 
37.) The lower and later terraces in this area are toward its 

----——s- gouthern edge. Complete surveys have been made of only two of these | 
| bodies of water, viz. Lauderdale and Beulah lakes. A few soundings 

have been made in some of the other lakes, such as Pleasant, Potter, 

a Phantom, and Eagle, but the survey was not complete enough for the ——- 

7 preparation of hydrographic maps. (See figs. 4,5 & 6.) The surplus | 

° waters of this area reach the Fox river of the Mississippi system. (See | 

fig. 3, p. 8.) 

- | LAUDERDALE LAKES. 

| The depression occupied by the Lauderdale lakes has an exceedingly 

irregular outline as if it had been formed by the burial of a number of 

very irregular masses of ice which left the imprint of their irregular- 

oy | ities on the sides of the basin when they melted. The different parts 

* |
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of the depression have their axes elongated in a general northeast- 
southwest direction. The hydrographic map (XIX) shows that the 
water occupies three deep pits which are broadly connected by shallow 

areas. A dam, which is about 2 m. (6.5 ft.) high and which was | 

| erected a little before the middle of the nineteenth century, is respon- 
sible for the present broad connections between the three parts. Pre. _ 
vious to that time they were distinctly separated, and each part was 
given a separate name, viz., Green, Middle and Mill lakes. 

” 7 —————— SS 

{_~L} { 

| J foie iy IMuske go 

| |)Denoon Loke “] | | 
SI 

intster £2) 
| 

, 

Lake Z EE orca . 

- \ : . 

I AY : 

ZL vy |e. 
Fig. 4. Sketch map of Muskego lake district. Approximate scale, 1 cm.=1.8 km.! or 

1 in. =2.9 mii (From U. S. G. S. map.) See p. 83. 

The rise in the water level increased the size of the lakes materially 
: because there were large areas whose elevation above the previous level 

was less than the height of the dam. These flooded areas consisted of | 
| grassy meadows and wooded slopes. The latter are now marked by 

stumps of the trees killed by flooding. The bottoms of the former 

meadows, where they are not covered by a subsequent deposit of mire, 

are composed of the same tough mats of roots passing into peat which 

constitute the main body of the floating bogs. In the west half of 

Middle lake, where this is best illustrated, the bottom is marked by - 
vertical walled holes similar to those which may be found among float- 

| ing bogs, or in swamps which rest upon a semi-liquid foundation.
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Thus the former bottom deposits covering these shallow areas inds. 
eate that they constituted a part of the lake originally. | 

The shallow areas are now in the process of being converted into 

| swamps. They support abundant growths of the larger aquatic plants: 

whose remains in successive years will eventually fill them up. The- 

southern extension of Mill lake is a good example of the work of this | 

vegetation. Over much of its area the apparent depth is only about : 

—_ half a meter, yet an oar may be thrust into the loose deposit on the- 

| bottom for a distance of a meter or a meter and a half before it meets. | 

oe with much resistance. | 

| The bottoms of the shallow areas which owe their existence to the- 
: dam are very flat. The bottom slope of Mill lake is fairly gentle, but: 

} z\ n 

Nai tot NET ae 
- ne f £>sBrowns | To et Aer 

BURLINGTONZES Ar in | 3 | 

Fig. 5. Sketch map of Browns—Hagle lake district. Approximate scale, 1 em. = 1.8- 

: km., or 1 in. =2.9 mi. (From U. 8. G. S. map.) See p. 838. 

: it is much steeper in both Middle and Green lakes, especially between 

3m. (10 ft.) and 12m. (40 ft.). At one point on the south side | 

of the former Jake the gradient between these depths is 1 to 2.6, or 

more than 38 per cent., while on the latter lake the maximum between 

. these depths is 1 to 3.4, or about 33 per cent. | 

These lakes possess seven islands whose total area is 6 ha. (15 a.). The: 

rise in the water level caused by the dam produced all of the islands. 

SHORES. 

The shores of the Lauderdale lakes are fairly high and steep. They 

rise to a height of 8 m. to 20 m. (26 ft. to 65 ft.) above the surface, 

close to the edge of the lake and are entirely free of swampy or marshy : 

areas. . 

| Green lake-—The three basins are connected by broad channels but 

| these passages are so shallow that there is only a slight circulation of 

the water through them. (See map XIX.) Asa result each lake has its:
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own independent system of shore currents. In comparison with the | 
| other two lakes, Green lake has a very small area of shallow water re- | 

sulting from the artificial raising of the water level, so that practic- 

ally the whole surface of the lake is involved in the production of 

waves and currents by the wind. As a consequence these agents are 
more active here than in the other two bodies of water and shore pro- 
cesses are being prosecuted with much greater vigor. Most of the | 
shores are steep so that they are easily attacked by the waves. Both 
the northeast and the northwest sides show cliffs which have been 

eroded rapidly enough to keep them free from vegetation. 

_ Tea SS 
IM ARTS TA ARETE | gy 
FT AP er Ae TILL Ee 

ae ie S : Ih ME | | 
- Fig. 6. Sketch map of Twin lakes district. Approximate scale, 1 em. = 1.8 km., or , 1 in.=2.9 mi. (From U. 8S. G. 8S. map.) See p. 83. . 

Deposition is most active along the east shore. A spit extends south 

and eastward from Tratts point and the small bay just north of this 

point has been spanned by a bar. The material for both of these 

structures was obtained from a cliff just north of this small bay. 

A small but clear example of deposition by currents at a salient 

| angle is found on the west side near Ewings landing. A small head- 
Jand here is too sharp to be turned by the shore currents without some _ 
dissipation and consequent loss of load. This has resulted in the con- 

struction of a terrace which gives the shoreline a curve instead of an 

abrupt angle. The passage west. of Green island which connects this 
lake with Middle lake is spanned by a bar on the Green lake side. | 

: Middle lake.—The large westward extension of Middle lake is so 
shallow and contains such large numbers of the larger aquatic plants, 

that it most probably contributes very little, if any, toward increasing . 
the action of the waves and currents in the main lake. Omitting this /
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_ portion, the remainder of the lake is small and the shore processes 

| are correspondingly slight. The most active cutting now in progress 

| is found along the south shore of Stewarts bay. The south side of 

| Green island is being worn away slightly also. | 
| : Corresponding to the small amount of erosion, is a small amount of 

; deposition. A poorly formed bar has been built across the narrow | 

| channel that once existed at the east end of Green island. Another bar 

8 spans this passage on the Green lake side, thus tying the island to the | 

| main land by two bars, and the one-time lagoon between them has now 

| been converted into dry land. | 

- | Mill lake—In this lake there are freshly cut banks on both sides 

: | of the outlet bay, at the point south of Dunhams bay, and at Wolfs | 

point. Material derived from the first of these cliffs is being used to 

: construct a bar across the outlet bay. Dunhams bay is spanned by a 

| bar whose material was derived from the point to the south of it, and 
oe detritus obtained from this cliff and at Wolfs point is being used 

| to extend a spit across the channel between Mill and Middle lakes. 

—— ; This spit extends northwestward from Wolfs point toward Pleasant 

| island, and it now reaches about half way across the channel. 
. | These lakes have no stream affluents, but they receive the waters of . 

| a number of springs which are situated chiefly along the "western | | 

| shores. The outlet is located on the east side of Mill lake and is 

| known as Honey creek. It is a tributary of the White river which, in 

| turn, is a tributary of the Fox river. | : 

LAUDERDALE LAKES. — 
oo T. 4 N., R. XVI E. Maximum, depth ..... 17.3 m. 

| Number of soundings .. 157 Mean depth ......... 7.5 m. 

: Green lake. Length of shoreline .. 6.0 km. . 

. Length ............-. 1.75 Km. Shore development .. 1.56 

Breadth ............. 1.06 km. |. Mean slope of bottom 2°11’ | 

Area cece ee cee reece AL2.5 ha. 

eee 
ee 

| Length ‘| Area | _ | 
a Depth. Area. of Stratum.| between Volume. Slope. 

contours. contours. | 

J — Per cent | pr || | 
Meters. | Ha. of Kilo- Meters. Ha. ~ Cubie  jcent of|| Degrees.; Per 

- total. meters. meters. total. cent. 

| 0 | 112.5 | 100.0 6.0 || 08 43.7 | 2,698,000 | 31.9 || 1° oY | 3.3 

3 68.8 61.0 3.7 3-5 12.1 | 1,252,600 | 14.9 || 3° 1” | 5.8 

5 56.7 50.2 3.8 || 540 12.1 | 2,527,600 | 30.1 || 7° 24 | 13.0 

| 10 45.0 39.8 2.9 || 10-15 11.7 | 1,755,300 | 20.8 |} 8° 37° | 6.3 

5 25.6 221.6 2.0 || 1517.3] 25.6 195,500 | 2.3 || 0° 3 | 0.9 

| Total..| 8,424,000 | 

oo
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LAUDERDALE AND BEULAH LAKES. 7 . 

Middle Lake. 

Length wee e cece sce eecene 2.57 km. Mean depth ence cee eee eee 2.9 m. . 

- Breadth ................ 0.72 km. Length of shoreline....... 8.7 Km. 

ATCA woe cece cece cece ec e115.0 ha. Mean slope of bottom..... 1° 44’ 
Maximum depth .......... 15.2 m 

, , Length Area 
Depth. Area. of Stratum.| between Volume. Slope. 

contours. contours. 
eeenectreeneneenener eet ES a, | GS | | aS a a ramen nney | fn eynieperentre te a a . 

Per cent Per 
- Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of|| Degrees. | Per. 

totaL meters. meters. total. cent. 

0 115.0 100.0 8.7 0-3 94.8 1,836, 400 55.5 1° «oO 1.8 ; 

3 | 02 | 17.6 2.5 | 8-5 1.4 389,800 | 11.7 || 19° 18° |. 35.0 — 
5 | 18.8 16.3 2.4 |! 510 4.7 | 818,900 | 24.7 || 13° 46 | 24.5 

| 10 14.1 12.3 2.2 || 1015.2! 14.1 | 266,000 | 8.1 || 2° 19” | 4.0 
i i i : : : 

| : | —_ : : 
: . | otal... 3,311,000 | | 

| | 

Mill lake. . . 

_ “ Length ...........-. 1.20 Km. Mean depth ......... 2.5 m. 
. Breadth ............. 0.79 km, Length of shoreline .. 8.4 km. 

( AFCA woccc ce eccecee ee 120.0 ha. Shore development ... 2.26 

Maximum depth ...... 15.2 m. Mean slope of bottom 1° 21’ 

Length Area | 
Depth. Area. of Stratum.| between Volume. Slope. 

eontours. contours. 

| Per cent | Per 
Meters. {| Ha. ; of Kilo- | Meters. Ha. Cubic eent of|| Degrees.| Per 

| total | meters. 1 meters. total. cent. - 
te SSS  _— en — SS ee SS 

0 120.0 | 100.0 8.4 0-3 98.9 1,913,000 64.0 0° 56’ 1.6 

3 21.1 17.5 2.2 3-5 4.9 373,000 12.5 4° 37 8.1 

5 16.2 13.5 1.8 5-10 8.8 577,000 | 19.3 || 4° 46 | 8.3 . 

10 7.4 6.2 11 10-15.2 7.4 124,000 4.2 2° 8 3.7 

Total..| 2,987,000 |
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| BEULAH LAKE. | 

' Beulah lake is similar in origin and history to the Lauderdale 
co group, and the topography in its vicinity is also characterized by | 
: | kames and pitted plains. It occupies a series of five pits which have 
a | a general northeast-southwest trend (see hydrographic map, XXI) 
7 corresponding to the direction of ice movement. These pits are now — 

| connected by broad expanses of shallow water, the whole forming a | 
single body. Mill lake occupies a separate (sixth) pit at the north- 

me east end of the chain. 
a Previous to the changing of the outlet and the erection in it of a 
. dam about 3 m. (10 ft.) high, the five pits of Beulah lake constituted — | 
- three separate bodies of water corresponding to the portions now . 
| designated as Upper, Round, and Lower lakes. The last included 

| three pits. There are several features which indicate that the present 7 
| water-level maintained by the dam is not very different from that | 

which existed when work was first begun on the shores. The area of _ 
; Beulah lake was increased materially when the water was raised to 

| its present height, since large areas of low, flat land, much of which 
was wooded, were flooded. | 

In the Beulah group, the steepest bottom slopes are found in Upper 
- lake. On the east side of Wilmers point the maximum gradient be- | 

| | tween the water’s edge and the 18m. (60 ft.) contour is 1 to 2.9, or 

a little over 34 per cent. The maximum for Mill lake is 1 to 3.9 be- 
oe tween the shoreline and the 12 m. (40 ft.) contour. The slope of the 

bottom in both Booth and East Troy lakes is very gentle. 

The shoreline of Beulah lake is extremely irregular, the most irreg- 

| ular part being found on the south side of Lower lake, just west of 

‘Broad bay. This is a good illustration of the extremely sinuous shore- 

| line which is produced when water rises upon an. area of kames and 
| . pits. | | | 

| The point of land between Lower and Mill lakes is separated from 

mo the mainland at its east end by the natural channel connecting these ’ 

two bodies of water and at its west end, by an artificial channel or canal. , 

This body of land is now ealled Beulah island. Three former islands | 
have been tied to the mainland by bars which have been raised above 

the surface of the water, and there yet remain three small islands, two 

in Round and one in Lower lake, whose combined areas amount to 0.6 

. ha. (1.5 a.). | | 
Shores. The shores are steep, rising rather abruptly to the plain — 

| above, which is 15 m. (50 ft.) or more above the surface of the lake. 

| a (See map XX.) Only-a very small portion of them is swampy. The :
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| rise in the level has set the water at work on the shores with renewed | 

vigor. The most vigorous eutting is found along the northeastern | 
portion of Lower lake where the cliffs face the westerly and south- 

westerly winds and the largest expanse of water; it is so rapid on the 
southwestern side of Beulah island and at Lake View, that the cliffs 

are kept bare of vegetation. Good examples of breaker terraces are 
: found at the foot of these cliffs, a characteristic accompaniment of | 

| fresh cutting in kame gravels. The east end of Twin islands is also | 

‘being eroded rather rapidly. 

| Among the built structures is an old bar extending northwest from 
‘Wilmers point which was built previous to the erection of the dam. 

Work on this structure was stopped when the water was raised to its | 

: present stage because it now lies below the zone of activity of waves 

and currents. On the north side of Upper lake near its eastern end, 

_ there is a prominent peninsula which is made up of a former island 

tied to the mainland by a bar. | 

A spit is now being extended tc the northwest from the east-facing 

eliff of Twin island; another is being built to the northwest from Beu- 
lah island across Brooks bay. Gaskells bay at the southeast corner of 

_ Lower lake is spanned by a bar. 

| a Beulah lake receives the waters of a few small affluents and of a 
number of springs which are situated chiefly at the southwestern end. 
Its surplus waters pass into Mill lake whence they enter the out- 

let at the northwestern end of this lake. This stream is a tributary 

of the Mukwonago river, which constitutes a part of the Fox river , 

system. . 

Mill lake.—The pit occupied by this lake is small and almost sim- . 

ple in form. The shores are steep and high, and are composed of uncom- : 

pacted kame gravels. Owing to the small size of the lake and to its pro- : 

tection from wind by high, more or less wooded banks, the shores have 

not been vigorously attacked by the waves. But the ease with which | 

a erosion takes place, has enabled the small waves to wear away enough 

| material from the cliffs to construct a new submerged marginal ter- | 

| race several meters wide. 

Booth lake.—This body of water lies southwest of Beulah lake. It 
| is regular in outline and its surface is broken by a small island near 

the northeastern corner whose area is about 0.25 ha. (0. 6 a.). Its shores 

| are composed of sand and gravel and they are comparatively free from } 

swamps. It has neither a stream inlet nor outlet. | 

East Troy lake.—This lake is situated a little way east of the mid- 

oe dle of Beulah lake. It is more irregular in outline than Booth lake, — 

but its shores are very similar to those of the latter. It is shallow
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| | and has an island near its southern side. The area of this island is 0.5 ha. 
(1.2 a.). A small stream discharges the surplus waters of this lake in- 

: to Beulah lake. 

| - BEULAH LAKE. : Upper lake. 
- T. 4 N., R. XVIII E. ATCH ...ceveceeeeeee-L02.4 ha. 

Leneth ............---- 4.26 Km. Maximum depth ..... 20.4 m. 

Breadth ............... 1.76 km. Mean depth ......... 8.0 m. DS 

Number of soundings .. 170 Length of sholeline .. 8.0 km. 

. Shore development .. 2.25 . . 

. . Mean slope of bottom 3° 12’ 

: . Length Area 
Depth. Area. of Stratum.| between Volume. Slope. 

contours. contours. 

. Per cent Per 
mo Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of|| Degrees.| Per 
Bo total. meters. meters. total. eent. , 

- 0 | 102.4 | 100.0 8.0 0-3 | 389.8 | 2,451,000 | 29.9 |} 2° 417 | 4.7 

Oo 3 62.6 61.0, 4.4 3-5. 11.0 1,141,000 | 13.9 4° 93° | 7.6 | 

5 51.6 50.3 4.0 5-10 13.0 2,249,000 27.5 & 3 14.1 . 

oo 10 38.6 87.7 3.4 10-15 12.7 1,603,000 19.6 6° 18’ 11.0 

* 15 25.9 25.3 2.3 15-18 11.0 604 ,000 7.4 3° «6 5.3 . 

. 18 14.9 14.5 ° 1.6 18-20.4 14.9 134 ,000 1.7 0° 43’ 1.2 

| Total..| 8,182,000 

a Round lake. | 

ATCA .ccecccccacccesee O94 ha. Length of shoreline .. 2.5 Km. 

: Maximum depth .....12.2 m. Shore development ... 1.11 

Mean depth ......... 2.8 m. Mean slope of bottom 1° 51’ 

Length Area . 
, Depth. Area. of Stratum.| between Volume. Slope. 

oo ~  jeontours. contours. 

Per cent Per 
Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of|} Degrees. | Per 

total. meters. meters. total. cent. 

a 0 39.4 | 100.0 2.5 03 | 30.8 664,200 | 60.5 || 0° 5 | 1.7 

3 3.6 22.0 1.0 3-5 1.8 153,600 | 13.9 || 5° 24’ 9.4 

5 6.8 17.2 0.7 §-+-10 3.5 246,700 22.4 6° 47 11.9 

10 3.3 8.4 —«O5 10-12.2 3.3 35, 500 3.2 1° 52’ | 3.2 

| | | Total..} 1,100,000 | : 

\ *



WISCONSIN SURVEY. BULLETIN XXVII. MAP XXI. 

: HYDROGRAPHIC MAP L. bo 

LAKE BEULAH <@ 1 
K 

9 % % %, MILE \/W& WN 
es a | ae eS 

oo oe eo S| KILOMETER ese jo i, 

Beri, a Ne 

| a . ! LOWER LAKE A x aN S... = 
ee. ! E iD) ; A. Ne 

: = | GER A a 
ee | GL) fre-S' 7 \ 

i a | | fe NR Ss } 
a a | Jeg NM SSS / 
F | | 7 Ves) 

. | ‘ eee) y / \ ee ; 

: | | Yi ( ed! “bs od 
i | ISLANDS Y S—— \ vx 

c | i i | 
* | | Cer 0 a | 

: J ( ROUND LAKE f yf? : a 
VA (UC A% ~ 

/ Y 

/ Ce | EAST TROY LAKE 

i “Fess f VERY Startoy felons Poin ff 77 & A a? oe / 
ae ye j ie f < we.) / 

; ( AY UPPER. LAKE eZ =/ 

; } \ 4 OS Sa / 

. ( > \ i BF NI itoros : / 
: NN poo) (\ ZSe Stay / 

: fe = : | / ae 
. [Vee 2 Sorings 

fife Ne | rs 
: fi | porn ze a ee 
| Ve Ay elle hee eee 

5 Sees
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BEULAH LAKE—Continued. ane 

Lower lake. Length of shoreline .. 9.8 km. ’” . : 

ATCA 2... ee ee eee eee 218.6 ha Shore development... 2.08 

Maximum depth ..... 16.9 m. Mean slope of bottom 1° 22’ _ 

Mean depth ......... 65.3 m. - 
eee 

Length | Area 
. Depth. Area. of /Stratum.| between Volume. ~ Slope. 

contours. | contours. 

Per cent ! Per 
Meters. | Ha. of Kilo- i| Meters. Ha. Cubie cent of]; Degrees.} Per 

. total. | meters. | meters. total. _ cent. - 

0 178.6 100.0 9.8 ,; O88 8.3 4,092,000 43.4 1° «(42’ 3.0 r 

; { ‘ 

3 99.3 | 55.0; 60 . 3&6 20.1 | 1,761,700 | 18.7 || 3° 24 | 5.9 ° 

5 7.2 | 43.7 5 5.9 ' 510 | 45.0 | 2,707,000 | 8.8 || 8° 13’ | 5.6 

| 1 | 33.2) 186! 1.7 : 101 | 23.3 433,000 | 4.6 || 1° 16 | 2.2 | 

1 | 491 2.71 08 , 1169) 49 29,30 . 0.3 || o oY | 15 - 
: : i : iF i . 

| wo? | 45 | 81 |; 14 | 10-19 9.0 200,500 8.1 | UW) 38.9 | 

3 | BB 3.1 0.9 |} 1344.2] 5.5 22,000 | 0.2 || o° a2 | 0.9 | 

108 5.5 3.1 1.0 10-13. 13 5.5 84,500 0.9 1° 3 2.8 

‘ i . , TT . - 

Total.. 9,420,000 | 

1 South basin of lake. 2 North basin of lake, 3 Kast basin of lake. . 

Mill lake. | | 

Area .. .........-.-. 33.2 ha. Length of shoreline .. 2.0 km. 

Maximum depth ..... 15.7 m. Shore development... 1.18 

Mean depth ......... 9.0 m. Number of soundings. 16 . 

Mean slope of bottom 3° 45’ . , 

———— SSS SSS SSS 

| | , 
Length | Area | 

Depth. | Area. of Stratum.) between Volume. Slope. . 

| contours. contours. 

Per cent a | Per | 
Meters. | Ha. of | Kilo- Meters. Ha. Cubie cent of|| Degrees.| Per 

total. meters. meters. total. cent. ; 

Vo 0 23.2 100.0 2.0 0-3 4,4 663,000 | 31.6 5° 13’ 9.1 oo 

8 18.8 81.0 1.8 3-5 2.8 311,700 | 14.9 || 8° 28 | 14.9 a : 

5 16.0 69.5 1.5 5-10 3.8 702,800 33.5 8° 26 | 14.8 : 

cs 10 12.2 52.6 1.3 10-15 7.5 408, 500 19.5 4° QA’ 7.7 

a, | 15 4.7 20.6 0.9 || 15-15.7 4.7 11,000 0.5 O° 24 | 0.7 . 

. Total..| 2,007,000 | | /



: 82 INLAND LAKES OF WISCONSIN. 

4 , 

. BOOTH LAKE. ° 
T. 4N., R. XVII EB. Mean depth .........-. 8.7 mM. 

. Length ...ccessccccceee 0.93 Km. Length of shoreline .... 2.6 km. 

: Breadth ......sseeeeees 0.69 km. Shore development .... 1.04 
a ATCA .cccccccccccccceee 49.6 ha, Mean slope of bottom.. 1° 6’ 
. Maximum depth ....... %7 m. Number of soundings... 19 

Length Area 
Depth. Area, of Stratum.| between Volume. Slope. 

a contours. contours. 

Per cent Per 
ae Meters. | Ha. of Kilo- Meters, Ha. Oubie cent of|| Degrees.| Per 
oo total. | meters. meters. total. cent. 

Oo o | 49.6 | 100.0 3.6 || os 20.6 | 1,197,800 | 08.8 || 2° 3 | 3.6 | 
: 8 | 2.1 | 8.7 23 || 85 | 121 455,800 | 2.7 || 1° 50 | 3.2 . 

| 6 17.0 84.2 1.6 5-6.5 8.4 188,600 | 10.2 || 1° 27 | 2.4 

% | 6.5 | 8.6 17.4 1.0 || 6.5-7.7 8.6 81,300 1.8 || 0° 23 | 0.7 | 

oe Total..| 1,848,000 

- EAST TROY LAKE. 
T. 4 N., R. XVIII B. Mean depth @eeeseoeovueeoese 2 e 9 m. . , 

a Length ..cccccccccccess 0.80 km. Length of shoreline .... 2.3 km. 
mo Breadth ..ccccccccccese 0.62 km, Shore development ..... 1.17 

: Area @eseeooovoeaveoeceeeoe eee 86 31. 6 ha. Mean slope of bottom. e 0° 58’ . 

: Maximum depth ....... 5.0 m. Number of soundings .. 15 | 

- Length Area | 
Depth. Area. of Stratum.| between Volume. Slope. 

. contours. contours. 

- Per cent ‘Per 
. Meters. | Ha. of Kilo- Meters. Ha. Oubie cent of|| Degrees.| Per 

| total. | meters. meters. total. cent. 

0 81.6 100.0 2.3 O22 12.3 506,400 56.5 I° 52 3.2 . 

2 19.3 61.1 1.7 2-3 6.1 161,600 18.1 1° 2 2.5 

— s | 132] 416 14 || 88 13.2 228,000 | 25.4 || 1° 28 | 2.6 . 

Total.. 895,000 

‘ . |
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Lakes East oF BEULAH AND GENEVA. | : 

Lying east of lakes Beulah and Geneva is an area about 50 km. (30 | 

mi.) long and half as wide which possesses a number of bodies of 

water. This region includes parts of Waukesha, Racine, Kenosha, and . 

Walworth counties. The main axis of the district has a north and 

| south trend, extending from Big and Little Muskego lakes on the 

north to Camp and Twin lakes on the south. The various bodies of . 

| water within this area range in size from mere ponds to lakes as large _ 

| as Wind and Big Muskego, whose areas are 5.7 sq. km. (2.2 sq. mi.) | 

and 11.0 sq. km. (4.2 sq. mi.) respectively. The larger and more im- | 

portant lakes of this region are shown in figures 4, 5 and 6, pp. 73-7 5. 

All of the lakes that have outlets, with the exception of the Mus- | 

| kego lakes, drain into the Fox river whose waters reach the Mississippi | 

through the Illinois river. The Fox river, in fact, takes its general SO 

course from north to south through this region. (See fig. 3.) Little . 

| Muskego lake drains into Big Muskego, and the natural outflow of 

the latter passes into the Root river, which flows into lake Michigan, | 

thus throwing them in the St. Lawrence basin. But a large ditch now 

| connects Big Muskego and Wind lakes and the latter is connected by | | 

a ditch with the Fox river. As a result of this artificial connection, : 

. the Muskego lakes are connected with both the St. Lawrence and the 

Mississipp1 systems. | 

These lakes and lakelets occupy basins in glacial drift and their 

shores have a general resemblance to those of the Lauderdale and 

Beulah lakes. Big Muskego and Wind lakes have unusually low and 

swampy shores, however, since they lie in the midst of a large area 

; of low, marshy land. The other lakes are comparatively free of . 

swamps and their shores vary in height and steepness from those of 

the Lauderdale to those of the Beulah group. 

The location, area, and maximum depth of the larger lakes are | 

| shown in table 2, p. 124. The areas given in the table are to be | - 

) regarded only as approximate, since they are based on planimeter ) 

measurements of county maps and not on detailed surveys. | ;
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a 84. INLAND LAKES OF WISCONSIN. 

— oO CHAPTER VII. 

a | BIG CEDAR AND ELKHART LAKES. 

- | Bia Cepar Lake. | | - 

4 The lake district of Washington county contains three bodies of 

: water which are large enough to be called lakes and several others 

7 to which the term pond or lakelet would be more appropriate. (See 

. map XXII.) The district is situated in a kettle moraine area whose 
. topography is characterized by a range of morainal ridges which vary , : 

a in number from three to five. These ridges may be crudely parallel 

for long distances, but sometimes they meet and merge at low angles. 

oo These variations in the ridges and the accompanying discontinuities | 
in the intervening valleys owe their existence to the fact that this 

a kettle range is a continuation of the terminal moraines of two gla- 

: eiers. In this vicinity the ice movement was from the east on the 

_ | one hand and from the northwest on the other. Each ridge marks 

* the position of the front of a glacier while the ridge was being 

| formed. This front alternately advanced and retreated, but the ever 

oe changing sinuosities of its outline occasioned, upon each new advance, | 

| a pushing of the old ridge at some points and an interval between 
| the old ridge and the ice at other points. Thus a new ridge would | 

: be formed which at places appeared as an independent feature. — | 

; | While these ridges were forming, the drainage from the constantly 
. melting ice was necessarily in courses along the ice fronts, that is, oo, 

| parallel with the ridges. As any one valley served as a drainage line a | 

: - anly while the ice stood at one or both of its sides and there was thus 

| | a constant supply of morainic material upon its slopes, these valleys 

: should not now be expected to present the features of well developed _ | 

river basins. The latest of such drainage lines on the side of the 

| Green Bay glacier was along the low strip bordering the western ) 

- base of the moraine. It is now partly occupied by swamps and in- 

a eludes the basin of Pike lake. At the east base of the moraine, the 
7 , last drainage line for the Michigan glacier is now occupied in part 

by Silver creek, the outlet of Silver lake, with the series of lakes and
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: swamps through which it flows. (See map XXII.) The depression a along the same line is also well marked south of Silver lake. | os The valley in which Big Cedar lake is situated lies between two : prominent ridges whose general trend is the same as that of the long 
axis of the lake. The ridge on the western side is the higher, reach- 
ing an altitude of 40 m. (130 ft.) to almost 60 m. (200 ft.) above the 

| level of the lake. The maximum height of the one on the east side | - 
is about 40m. (130 ft.). The intervening valley was partially filled - . with kame gravels and the basin now occupied by the waters of the — . 
lake doubtless escaped filling by being occupied by a mass of ice. Very | | 
little is known of the preglacial topography in the immediate vicin- 
ity of the lake because the underlying rock has such a deep covering. oS 
of drift. This mantle is so deep, in fact, that bed rock has not been : 
reached in borings for wells. 

About 10 km. (6 mi.) southwest of Big Cedar lake the Niagara 7 
limestone has only a thin covering of drift and on both sides of Little 

| Cedar lake the same rock is found only 3 m. (10 ft.) below the level 
| | of the water or less than 10m. (33 ft.) below the surface of Big 

Cedar lake. Thus the top of the bed rock under the valley occupied 
by Big Cedar lake is very much lower than on either side of this val- . | | 
ley, but neither the nature nor the shape of this depression is defi- | 

. nitely known. | 
, _ Big Cedar lake is the largest body of water in this district and the 

only one of which a hydrographic survey has been made. It consists : 
of two basins which are conected by water that is less than 1m. - 
deep. (See hydrographic map, XXIII.) The northern basin has a 
maximum depth of about 13 1m. (43 ft.) and the southern 31.9 m. : 
(104.7 ft.) In the latter basin there is a long, narrow shoal along | 
the western edgz of the deepest water. This ridge is about half a | 
Kilometer long and its crest is covered by less than 2 m. (6.5 ft.) of - 

: water. It js separated from the western shore by water which has a . 
depth of 12 m. (40 ft.) or more. , ! | | 

| For the most part the bottom slopes of the southern portion are 
: very steep, those of the eastern side being most abrupt. About mid- 

way between Pebbly beach and the south end, the slope from the | , 
shoreline down tu a depth of 30 m. (100 ft.) is 1 to 3.4, or nearly 30 
‘per cent.; a little further south, the gradient from the water’s edge 

: to a depth of 24.5 m. (80 ft.) is 1 to 2.1, or nearly 50 per cent. The | | 
bottom slopes of the northern basin are gentle. | | . 
Shores—For the most part the shores are fairly high and have a oo 

steep slope. No portion is so fresh and steep, however, as to prevent . 
: the growth of vegetation. The lowest point in the elevated rim of the ~
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ae lake is found about the middle of the east side where the outlet, Cedar 

eo ereek crosses the eastern ridge and discharges the outflowing water 

a into Little Cedar lake. There is a small amount of swamp at both the 

= | north and the south ends. a | 

. Most of the shore features are in an advanced stage of maturity be- 

: cause the banks are composed of loose drift which is easily eroded. 

The most mature shore is found along the west side where the initial 

fe slope of the bottom was gradual so that a comparatively small amount 

Oe of material was required for the completion of the marginal shelf. | 

= The least developed portion is on the east side between Pebbly beach 

~ and the south end. The steepness of the bottom slope here accounts 

- for the poor development of beach features. Cliff-cutting in various | 

a places is now very much hindered by a zone of boulders at the water’s 

mo edge. These boulders are too large to be removed by the water and 

‘the ice keeps pushing them landward, thus forming a barrier which | 

Bo is very effective. 
| 

ot | Point Lookout is partly a wave-built structure and partly ice- 

os built, Originally a small island was connected with the mainland by 

: a long ridge formed mainly by ice. A hooked spit is now being built 

So northward by the water. Linden point is an excellent illustration of 

| an island tied to the mainland by a bar. At first the currents passed 

: through the channel between the island and mainland but later they | 

- passed to the east of the island. Then a spit was built out from the : 

- | mainland and another from the island. These two spits finally met 

vO and the resulting bar was raised above the water, thus tying the for- 

. mer island to the mainland by a ridge. There still remain four islands oo 

_ with a total area of 1.2 ha. (3 a.). 

: | | Gilbert lake, at the north end, was once a part of Big Cedar lake, 

BN. but currents in the latter formed bars in the passages between two 

| islands on the east side of the former lake and made a separate body 

oe of water out of it. All of Gilbert lake and a considerable area in the 

* north end of Big Cedar are rapidly nearing extinction as a result of | 

— the growth of vegetation which not only furnishes its own débris but 

oo also retains the material brought in from the shores during rains. 

Big Cedar lake is fed by springs which are found chiefly toward 

the south end. A dam in the outlet maintains the water of the lake 

- | about a meter above its natural level. The outlet, Cedar ereek, leaves - | 

. the lake near the middle of the eastern side and flows eastward to 

| Little Cedar lake. - | oe
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BIG CEDAR LAKE. North Part. . , 
T. 11 N., R. XIX E. ATCA 2. ccc c eee cc eee eee 133.0 ha. oe 
Length ....cceceecevsceee 5.90 km. Maximum, depth ....... 13.0 m. 

Breadth .........-++.-. 1.00 km. Mean depth ............ 38.38 m. 
ATER ccc cccccccccvese-dot.d hae Mean slope of bottom... 1° 8’ 

Maximum depth ....... 81.9 m. South Part. 

. Mean depth ........... 11.1 m. ATER ceccccececccvcecer.nd4.5 ha 

: Length of shoreline .... 16.4 km. Maxi .um d ~th ....... 31.9 m. 

Shore development .... 2.34 Mean depth ......... 14.7 m. 

Number of soundings .. 316 Mean slope of bottom.. 3° 50’ 

Length | Area 
Depth. Area. of ||Stratum.} between Volume. Slope. 

contours. contours. - 

Per cent Per 
Meters. | Ha. of Kilo- Meters. Ha. Cubic eent of|| Degrees.| Per 

| total. meters. ; meters. total. cent. , 

, 3 te 183.0 | 4.4 6.8 0-8 87.0 2,572,000 6.12 1° 8’ 1.8 

| s | 40: us| so || ss 11.4 g02,000 | 1.91 || 38° 37 | 68 
5 4.6, 8.9 8.8 5-10 26.9 975,000 | 2.82 || 2 19 | 4.0 

. | 10 7.7 1.9 1.1 10-12 6.0 86,500 0.20 || 1° 2} 2.5 

12 1.7 0.4 0.4 || 12-18 1.7 5,700 | O.o1 || o° 47 | 1.4 

| 0? | 254.3 65.6 9.6 0-3 "74 6,431,800 | 15.38 || 1° 57 | 3.4 

3 176.9 45.6 8.8 8-5 6.6 8,471,500 8.26 || 14° 22° | 25.6 

5 170.8 43.9 8.6 5-10 20.5 7,997,000 | 19.04 || 10° 467 | 19.0 - 

: 10 149.8 39.6 7.0 || 10-15 30.6 6,711,000 | 16.00 || 6° 30° | 11.4 

5 119.2 30.7 7.0 || 15-20 21.6 5,485,500 | 13.05 || 8° 82 | 15.0 

20 97.6 25.1 6.0 || 20-95 15.9 4,476,000 | 10.65 || 10° 10 | 17.9 | : 

25 81.7 O1.1 5.4 || 25-80 51.1 2,707,000 6.44 || 2° sv | 4.8 

so | 30.6 7.9 3.5 || 80-81 14.4 230,000 0.55 || 2 Ie | 22 

81 16.2 4.1 8.0 || 81-81.9 16.2 54,000 0.12 || 0° 28 | O.8 | : 

— ) 
| Total..| 42,005,000 

1 North part. The lake has been separated into two parts by a line runing directly east from 

the middle of Linden point. 

. * South part. 

Littte Crepar LAKE. 

The basin occupied by Little Cedar lake is similar to that of Big 

Cedar lake and had the same origin. Its bottom lies well below the | 

level of bed rock in that vicinity and it consists of an undrained 

trough between two moranic ridges which were preserved by tempor- 

ary fillings of ice. (See map XXII.) The main axis of this trough - 

| | has the same general trend as that of Big Cedar lake. The topogro- a 
phy of its shores was not controlled by outwash from the ice to any Co
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/ great exient and the slopes of the shores are those which are charac- 

/ teristic of ridges of terminal moraine. The slopes are somewhat steeper 

| on the west side than on the east side of the lake. There is some 

- | | swampy land where the stream from Big Cedar lake enters, and also | 

: | at the south end of the lake. | 

. It receives the outflowing waters of Big Cedar lake at its north end 

- " and its outlet, Cedar creek, emerges from the south end of the lake. 

a This creek flows southward for a short distance, then eastward until it 

. | reaches the Milwaukee river, whose waters pass into lake Michigan. 

: | SILVER LAKE. | 

Silver lake lies a short distance northeast of Little Cedar lake and is 

- separated from the latter by a rather high ridge; in fact the main 

| ridge on the east side of the valley occupied by Cedar lake passes be-- 

“ tween Little Cedar and Silver lakes. (See map XXII.) It occupies 

an elongated depression whose main axis has a general north and 

So south trend. Its shores are high, those on the west side being higher 

oo and steeper than those on the east side. A small stretch of swampy 

- shore is found at the south end. | 

: Silver lake has no stream affluents and it is drained by Silver 

| | ereek, which flows northward to the Milwaukee river. The outflow- | 

o ing waters of this lake reach the Milwaukee river about 50 km. (30 m1.) | 

| above where those from Big and Little Cedar lakes, its near neighbors, 

: reach the same stream. | po 

_ Exxaart Lake. 

‘Elkhart lake is situated about midway between lake Michigan and 

the southern end of lake Winnebago. The dominant topographical . 

: | feature in this vicinity is the elongated kettle moraine whose crest lies ; - 

short distance east of the lake. The height of this moraine above the 

7 general level of the country on both sides varies from 30 m. (100 it.) 

a | +o more than 100 m. (328 ft.). In spite of this conspicuous height, 

: however, the moraine does not form a water-shed for any but the 

a smallest streams. The drainage of the area is controlled by an older | 

| ridge consisting of an outcrop of Niagara limestone which is found oe 

along the east side of lake Winnebago. Elkhart lake lies In a pre- 

SO glacial valley on the eastern slope of this older ridge. Well borings | 

OO in this vicinity show that this valley was filled with glacial drift to a : 

. depth of at least 27.5 m. (90 ft.) and in some places more, but the . 

| basin of the lake was preserved by masses of ice. |
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The lake consists of two basins (see map XXIV) which are sep- | o 

‘arated by a fair sized, submerged island, over which the water has _ 

w depth of 1.5 m. (5 ft.) or even less. On the north side this shoal | : 
area is separated from the shore by water which reaches a maximum | 2 

depth of a little more than 10 m. (33 ft.) and on the south side the - 
maximum depth is about 8 m. (26 ft.). The smaller, western basin : 

has a maximum depth of nearly 27 m. (88 ft.) and the larger, eastern | 

portion, 34.5 m. (118 ft.). | 

~The bottom slopes are fairly steep and regular. The steepest one | 

is found near the middle of the east side where the gradient 1s 1 to 2.4, | | 
: or more than 41 per cent., between 3 m. (10 ft.) and 15m. (50 ft.). At © | 

one point on the south side the average slope from the shoreline down | 

to a depth of 33 m. (108 ft.) is a little more than 1 to 6, or about 16.5 | 

per cent. | 

| Shores—The shores of Elkhart lake have the usual kame steep- a 

ness. Those on the east and north sides rise rather abruptly to a *- 

height varying from 6 m. (20 ft.) to 10 m. (33 ft.) above the water; , 

those on the south and west sides reach a height of 20 m. (65 ft.) ot 

more in places while the kames back of them are 30 m. to 40m. (100 ft. 

| to 130 ft.) high. Cutting is very general along the shores so that | 

their steepness is either preserved or increased. Erosion is proceed- 

ing slowly, however, because the high cliffs furnish a large amount of | | 

| material for a small amount of cutting and because the eroding power | 

of the waves is limited by the small size of the lake. As a result of ns 

the slow cutting the steep slopes are well wooded, which still further 

retards the wasting of the cliffs. : 

: The youthful stage of the shoreline is shown by the prevalence of - 
| cutting, even in some of the bays which are not readily accessible to | 

currents. The shore along the west side of Turtle bay, for example, 

| is kept fresh by a small amount of cutting when one would naturally | | 

expect this bay to be spanned by a bar and the area behind this bar | 

converted into a swamp at a very early stage of the lake’s history. 

| _ But no such bar has been formed, neither is one in the process of for- - 
mation at the present time. It appears that the shore west of this bay | 

does not form a sufficiently smooth path for currents to make bar- | | 

| building possible at the mouth of the bay. The currents enter the . 
: bay in such a way that the sediment borne by them is spread out over | 

a a shoal instead of being concentrated into a bar. | 
The largest amount of reconstructive work has been done in the | 

| northeast bay. Here are found rather extensive beach deposits and 
a wide expanse of subaqueous terrace... The marginal shelf along the 

| east side, where the cliffs are exposed to the strongest wave action, is : 

| |
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. not very wide, rarely exceeding 25m. (82 ft.) in width. There is a 

~ wave-built terrace above the water at the head of Echo bay which is 
a now covered with trees and its area is constantly being increased by 

. - | additions to the sandy beach. | 

a _ The large bays between Echo bay and Talmage point still remain 

° as they were in the infancy of the lake. So far only some deep 

: kettles along this portion of coast, which formerly made scallops. in its . 

: outline, have been cut off. The outlet bay at the western extremity © 

. of the lake has been narrowed by the development of beach structures. | 
oe Just north of Echo bay, there are typical ice-formed ramparts one 

- of which rises to a height of 2m. (6.5 ft.). One of these ramparts 

’ now has spruce trees at least half a meter in diameter growing be- ; 

. tween it and the water’s edge. There is also a long ridge between 

. | Talmage point and the outlet bay which was formed by the combined 

/ action of beach processes and ice pushing. | 

- Elkhart lake has no inlet stream but several springs are found | 
_ along the shores. A small creek issues from the lake at its western ex- 

: tremity and discharges the outflowing water into the Sheboygan river 
: a few kilometers from the lake. The waters of this stream finally 

reach lake Michigan. Further lowering of the level of the lake by 

CC the down cutting of the outlet is now prevented by an artificial ob- | 

struction. 
Sheboygan marsh—Just west of Elkhart lake lies the Sheboygan | 

a . marsh whose basin at one time was occupied by a large lake. The _ 

a area of the present swamp is about 36 sq. km. (14 sq. mi.) but in its | 

| earliest stages the lake was probably somewhat larger. Beach ridges ~ oe 

| show that at one stage in its existence the eastern shore of this extinct 

lake was only about 200m. (655 ft.) from the present outlet of Elk- 

| hart lake. At several places along the border of this swamp there are , 

: beach structures still in an excellent state of preservation. The la- | 

- eustrine deposits show that. this extinct lake had a depth of at least — | 
| 14m. (45 ft.) in some places.
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ELKHART LAKE. 
T. 10 N., R. XXI EB. Mean depth ........... 18.6 m.. 

Length .....eeeeeeeeee. 1,76 km. Length of shoreline .... 6.6 km. 

Breadth ......eeceeee-++ 1.26 km. Shore development ..... 1.70 oo, 

ATCA wo cceeceeeeeeee ees A1.2 ha. Mean slope of bottom... 5° 21’ . 

Maximum depth ....... 34.5 m. Number of soundings .. 84 

ooo eoooeeo—eoeeeeeaeaoann0Daeeee SSS awe 

Length Area : 
Depth. Area of Stratum.| between Volume. Slope. 

contours. contours. _ 

Per cent Per c 

Meters. | Ha. of Kilo- Meters. Ha. Oubie cent of|| Degrees.| Per 
total. | meters. meters. total. cent. 

0 |im2 | 10.0) 6.6 | 0-8 e7.4 | 8,228,500 | 19.7 || 8° 48 | 6.5 | 
i 

8 93.8 73 | 58 | 85 9.1 | 1,784,600 | 10.9 || 7 & | 12.5 

5 | wy | we: 6.0 5-10 24.0 | 8,620,500 | 22.9 || 5° BY | 10.4 

10 | oy | m8 | 48 || 10-15 6.7 | 2,976,000 | 18.2 || 8° 18 | 5.8 . - 

15 54.0 “1.6: 4.8 ;| 15-20 16.8 | 2,256,000 | 18.8 || 6° S| 11.8 | 

20 $7.7 81.7 8.2 || 20-85 18.1 | 1,400,400 | 8.6 || 4 47 | 8.2 | 

25 19.6 16.1 2.3 || 280 | 7.8 761,000 | 4.7 {| 6 4’ | 11.8 

| 30 11.8 9.7 1.4 || 30-845] 128 808,000 | 1.9 || 1° 8 | 2.7 , 

Total..| 16,884,000 | | 

ee 

| CRYSTAL OR CEDAR LAKE. 

| Less than 2 km. (1.25 mi.) south of Elkhart lake is another body of . 

water somewhat less than half as large as Elkhart. This is known as 

Crystal or Cedar lake. Its origin was similar to that of the former 

lake and its shores are high and steep for the most part. The sur- 

face of this lake is said to be almost 6.7 m. (22 ft.) above that of Elk- _ 

7 hart lake, but its water level seems to be slowly falling. This is shown 

by the fact that the main cliff cutting was done a meter or two above 7 

| the present level and also by the fact that the lake is surrounded : 

by a considerable strand of gravel and cobble stones. The lake con- 

tains two small islands which are isolated kames. These islands are | 

connected with the mainland by submerged bars. Further data con- | 

cerning the lake are contained in table 2, p. 124. | |
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. | CHAPTER VIII. | 

. GREEN AND WINNEBAGO LAKES. 

- GREEN LAKE. 

- Green lake is an unusually attractive body of water from a scenic © 

a standpoint. The shores present a diversity of characters, varying | 

mo from low, sandy beaches, through more or less steep, wooded slopes, 

So to perpendicular bluffs in which the bed rock is exposed. There is 

co a relatively small amount of swamp. The topography of the adja- 

- cent country is characterized by a series of troughs and ridges which 
. are roughly parallel; the ridges rise to a height of 30m. to 60m. 

| (100 ft. to 200 ft.) above the lake and have broad, gently rolling tops. 
7 The larger features of the landscape had a preglacial origin, hav- 

. | ing been carved by streams before the ice came; in general the ridges 

. | -. are covered with only a thin layer of drift and there are many out- 
. eroppings of the bed rock. A large portion of the glacial drift con- | 

oe sists of sand which was worn from the local sandstones. It is the | 

- deepest lake known to exist in the state; the water is clear and its : 

o color is suggestive of the name of the lake. | 

a Rocks—The bed rock underlying Green lake consists of Potsdam 
sandstone; practically the entire basin, in fact, is scooped out of | | 

a this rock. Above it comes the Mendota limestone which is exposed 

- in several places along the shores; its lower level extends just a little | 

SS below the level of the water. Above this stratum is a layer of Madi- | 

. son sandstone which is about 7.5m. (25 ft.) thick in this vicinity; it | 
_ is exposed for its entire depth on the west side of Lucas bluff. Next | 

Oo in order above is a stratum of Lower Magnesian limestone. This rock | 

| is very resistant to weathering and many of the long ridges owe their 

So existence to caps of this material which shield them from the action ' ) 

| of the water and ice. This limestone forms a typical monadnock at 

, ' Sugar loaf; it appears also in the highland back of the cliff at Lucas 

a bluff. (See map XXV.) 

| The next higher formation is the St. Peter sandstone, a soft, fri- 

: able stratum which is responsible for Mitchell’s glen, a beautiful
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— gorge situated about 0.8km. (0.5 mi.) southeast of the east end of a : 
Green lake. A stratum of this rock about 30m. (100 ft.) thick is | oo 
exposed in this glen. Overlying the St. Peter sandstone and some c 

distance east of the lake is found the Trenton limestone. 

| Origin of basin. Green lake is situated in a valley which was © 
| eroded by a preglacial stream. This valley was modified by the ice 

during the glacial period, the sides being smoothed off and the . 

smaller tributary valleys being filled with drift. It seems probable, 
. _ also, that the lake basin was deepened by the action of the ice because | 

a the ice movement was about parallel with the axis of the valley and : 

| because the bottom of the preglacial valley consisted of the easily 

| abraded Potsdam sandstone. : 

The final modification which resulted in the formation of the pres- | 

ent basin was the building of a morainal dam across the ancient valley | : 
| at the west end of Green lake and this structure now impounds its - 

waters. The top of this morainal dam is 88 m.to90m. (289 ft. to : 

295 ft.) above the bottom of the deepest part of the lake. oS 

Drainage. The lake receives the drainage from a rather large area, 7 

- the largest stream being Silver creek which flows into the east end. | 
. | | Many springs, some of which are fairly large, contribute their quota , | 

of water to the Jake, either directly or through streams. Puchyan . 

river, the outlet, is a stream of considerable size. It leaves the lake | 

near the end of Dartford bay and flows northwestward to the Fox | 

river which lies in the lake Michigan basin. An artificial dam has been 

placed in the outlet a short distance below its origin and this struc- 

ture maintains the water of the lake about 1.5m. (5 ft.) above its - 
natural level. : 

Shape and bottom features. The hydrographic map -(XXV) 

shows that the Jake has a fairly regular outline and that the deepest sO | 

water is toward the western cnd. In the eastern third, the bottom , 

slope is much more gentle than the other two-thirds of the lake. Along _ 

a large part of the south side and along Sugar loaf, the water descends | 

: rapidly to considerable depths within a short distance of the shore. 

| At the latter point, the slope of the bottom at one place, from the 

oo shoreline down to a depth of 60 m. (200 ft.) is about 1 to 4.2, or 23.6 
per cent. A maximum gradient of 1 to 3, or 33.3 per cent., is found 

at Lucas bluff. The bottom is usually free from irregularities; its . - 

, - regularity is broken by only two shoals, one off Maleolm bay and an- | oo 

/ other at the eastern end of the lake. | a
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| | . a SHORES. | 

a | Cliff-cutting. Only a very small portion of the shore is low and 
: swampy; small areas of swamp land are found at the east end, at : 

; the head of Norwegian bay, and at the southwest corner of the lake. | 

| The remainder of the shore shows a great variety in height and char- 

| acter; in some places the shore rises abruptly from the water’s edge 

: to a considerable height, as at Lucas bluff, while at other points the 

7 | rise. to the surrounding hills and ridges is very gentle. 

| The rise in the level of the lake which resulted from the erection 

of the dam in the outlet, set the water at work on the shore at a new , 

| horizon. As a consequence the beach features still show a consider- 

| able degree of immaturity. The most youthful beach structures are | 

| found at the points where bed rock appears at the water’s edge. : 

S - While some of the exposed rock is very friable, yet material for beach _ 

formation is not so readily obtained from it as from loose glacial drift. 

For this reason, the subaqueous shelf is not so fully developed as it | 

| is where drift material is more readily obtained and the shores are not 

being eroded so rapidly. The principal points at which bed rock is 

| subject to the erosive action of the water, are Lucas bluff, the south 

oo, side of Sugar loaf, east of Dickinsons bay, and west of Lone Tree | 

‘point. 

mo More mature beach profiles are found where the shores are com- 

SO posed of loose glacial material. At such places the most effective bar- 

riers to erosion are the boulders which are derived from the wasting 

cliffs. The pushing of the ice keeps these boulders at the water’s 

edge where they form an important protection against the action of 

| waves and currents. At the northwestern corner of the lake, for a | 

| "distance of about a kilometer on either side of Quimbys bay, the shores 

) consist of high cliffs which are composed of very sandy drift. Along 

a these cliffs, cutting is still rapid enough to keep them steep and fairly 

| free from vegetation. The sand beaches here have a perfect profile 

a Along the north shore for a.distance of about 1.5 km. at Sherwood 

| forest and from Oakwood to Pleasant point, steep cliffs are being ac- 

| tively worn away also, but they are composed of coarser material 

| which is not so easily eroded. The subaqueous terraces adjacent to 

these cliffs are unusually broad and must be ascribed to the agencies 

| which formed the basin rather than to the action of waves and cur- 

rents. 

| Built structures. A large part of the material eroded from the 

| cliffs has been used in constructing subaqueous terraces along the
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—_ shores; another part has been used in building spits, bars, etc., while | 
7 the silt which is easily transported, is carried to all parts of the lake. 

Two spits now almost span the entrance to Dartford bay, only a 
narrow channel being left between them. (See map XXV.) The larger 
one has been built out from the western side and extends about two | 
thirds of the distance across the mouth of the bay. It is composed of | 
material which has been transported chiefly from the cliffs west and 
north of Sherwood forest. The smaller spit extends northwestward | 
from the east side and its outer end is about 20m. (65 ft.) south of 

: the outer end of the one from the opposite side. Active building is 
still in progress on both spits and the landward ends of both are now 
above water. ee 

At the eastern end of the lake a long spit extends southward from 
Terrace beach. It consists of material which was transported from | 
the cliffs at Pleasant point and further west. This spit lies in front : 

| of a long marsh which extends back to the original shoreline at the _ 
foot of the steep, sandy bluff. This structure is still gradually grow- 
ing southward. An old spit has crowded the mouth of Silver creek - 
toward the south a short distance but its growth has ceased. 
Beyond Silver creek, there are several pits, but they are small, ill- 

. formed structures because much of the shore to the west consists of 
bed rock, especially limestone, which furnishes very little material for | 
the construction of such features. Also much of the available ma- | : | 

| terial transported along this shore has been used in the formation of . 
a bar across a bay which at one time existed just west of Spring grove. | 
The bay is now represented by a swamp behind the bar. | 

The largest and finest beach ridges are found about the middle of 
the western shore of Green lake. In all there are three parallel — 
ridges; the one furthest from the water’s edge is the largest, having a 
width of about 60 m. (200 ft.) and a height of about 1.5 m. (5 ft.). 
The width of the ridge forming the present shoreline is about 30 m. | 
(100 ft.). The material of which these ridges are composed was 
transported from the cliffs which lie to the north of them. : 

3 Lone Tree point is a small promontory on the north side of the lake, - 
| whose connection with the mainland presents the appearance of a . 

wave-built bar. The edge of this isthmus, however, is marked by a line 
| of boulders which the ice has pushed up; such a condition makes it 

| doubtful whether this structure was formed by waves or not. It may 
represent an original ridge of morainic material or it may have been | 
formed by ice pushes. Several beach ridges with lagoons between 
them have been formed between Lone Tree point and Pigeon cove. | |
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— ‘Tee ramparts are not abundant; the largest and best examples are | 

. found about the middle of Malcolm bay. Some of these ridges are 

- nearly 2m. high. Smaller ramparts are found just east of Sherwood. | 

forest and along the more gentle slopes east of Lucas bluff. 

a GREEN LAKE. | 
a T. 15 and 16 N., R. XII and XIII E. Mean depth ......-..6- 33.1 m. 

2 | Length ..............-. 11.90 km. Length of shoreline .... 34.2 Km. 

Breadth ...........---. 8.22 km. ' Shore development ..... 1.78 

: ATCA wie ee eae e ree eneees 29.72 sq. km. Mean slope of bottom.. 2°52’ 

_ . ‘Maximum depth ....... 72.2) m. Number of soundings .. 674 

: Depth.- Area. we Stratum. between Volume. Slope. 

- . contours. contours. | eee 

. Meters. |Sq. km. Fer cent Kilo- Meters. | Sq. km. Cubie cent "ot Degrees.| Per 

| __ total. meters. meters. total. cent. 

7 - 0 29.7 | 100.0 34.2 0-3 \ 4-8 | 82,602,000 | 8.4 || 1° 17 | 2.2 

_ 3 25.4 85.5 30.4 3-5 1.8 | 48,993,000 | 5.0 || 1° bY | 3.3 

oe 5 | 23.6 | 79.4 | 29.4 || 5-10 2.6 | 111,517,000 | 11.8 || 3° 16 | 5.7 

7 10 21.0 70.7 29.8 10-20 3.1 | 194,429,000 | 19.8 || 5° 15’ 9.2 

20 17.9 60.3 27.8 || 20-0 2.4 | 166,813,000 | 16.9 || 6° 20° | 11.1 , 

30 15.5 | 52.1 25.8 || 80-40 2.5 | 142,183,000 | 14.5 || 5° 31’ | 9.7 

ee 40 13.0 43.6 22.4 || 40-50 3.2 | 118,349,000 | 11.5 || 3° 42 | 6.4 

* 0 9s | 32.9 | 19.2 || 5055 | 1.7 | 44,648,000 | 4.5 || 3° 10 | 5.5 

— 5B 8.1 27.8 16.9 || 55-60 2.0 | 35,356,000 | 3.6 || 2° 14 | 3.9 | 

a 60 6.1 20.4 | 15.2 || 60-65 2.0 | 25,232,000 | 9.6 || 1° 5 | 3.2 ] 

- | 65 4.1 13.8 10.1 || 65-70 2.0 | 15,883,000 | 1.5 || 1° 1% | 2.2 

| 70 2.1 7.0 6.7 || 70-72.2| 2.1 | 4,370,000 | 0.4 || 1° 24 | 2.4 

| Total..| 984,825,000 

a | | LAKE WINNEBAGO. — 

— _ Lake Winnebago is a large, shallow body of water situated in east- | 

ern central Wisconsin, in the lower course of the Fox river. (See 

so fig. 3, p. 8, and text, p. 99.) It is the largest body of water wholly 

7 within the boundaries of the state. The longest axis has a north- 

oe south trend and measures about 45 km. (28 mi.), while the greatest _ 

-- width is 16.6 km. (10.4 mi.). (See map XXVI.) 

Origin of the basin. In glacial times that portion of the Fox river | 

1 Geol. of Wis., Vol. II, p. 137, 1877. —_ | | |
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GREEN AND WINNEBAGO LAKES. «Of - 

valley in which lake Winnebago lies was modified in two ways by 
the ice. (1) It was greatly enlarged by the erosion of the Green Bay | Oo 
lobe of the glacier. (2) During its retreat, the ice deposited a dam - 
of glacial débris which partially filled the valley and now impounds | 
the waters of the lake. The preglacial channel of this valley lies fur- - 
ther to the east, that is, nearer Clifton, than the present outlet of the | 

lake. But this channel was blocked with drift material, thus forming _ 

| the basin now occupied by the lake. This dam raised the water to | 
| such a height that a discharge took place over the low rock barrier at , - 

the northwestern corner, which separates the basins of lake Winne _ 

bago and Little Butte des Morts. | | 
| Shores. The eastern shore of lake Winnebago has a fairly regular | 

| outline, but it is steep and high for the most part and consists of an | 

escarpment of Niagara limestone. The northern portion is especially. . 

. steep and rugged. Here the cliffs rise abruptly to a height of 60m. 

(200 ft.) or more above the surface of the lake. The other portions =~ 
| of the eastern shore do not possess such a steep slope and such a | 

height is not reached for some distance away from the lake. The | | 

southern end of this shore possesses the widest belt of gently sloping : , 

| land. | 

— At the south end of the lake the shore is low and much of it 

| | is swampy. The Fond du Lac river enters here and the swamp is due : 

| in part to delta formations and in part to the encroachment of bog | 
| formations on the lake. 7 

The western shoreline is very irregular owing to the large num- | a 

-ber of bays and points. This shore is low and has a very graduak 4 

slope. The height of this shore above the water rarely exceeds 3 m. 

to 5m. (10 ft. to 16 ft.) within a kilometer of the water’s edge. In a 
i several places there are small areas of marsh. | . 

At the north end of the lake, the eastern half of the shore is fairly __ 
| high and steep, but the western half is low, a large portion of it being - 

marshy. 

Bottom. The data for the accompanying hydrographic map _ 
(XXVI) were cbtained from a chart published by the U. S. War De- : . 
partment in 1908. According to this chart the water descends rather | 
rapidly along mest of the shore to a depth of 3m. to 4m. (10 ft. | 

/ to 13 ft.) the steepest descent being along the north end and the east | 
| side of the lake. At the south end and in some places along the west 

| side the bottom slope is more gentle. Beyond this narrow belt of 
marginal slope, the bottom of the lake is an extensive plain, almost - 

| _ free from topographical irregularities, over which the depth of the | 
water ranges between 4m. (13 ft.) and a little over 6 m. (20 ft.). -
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| There are a few offshore shoals along the west side but most of them 

| are small. The most extensive one is known as Long Point reef. 

On the government chart, the bottom of perhaps ninety per cent. 

| of the lake is characterized as mud. A narrow zone along the shore 

_ is kept free of mud by the waves and currents, and the shoals which 

: come within the range of these agents are recorded as composed of . 

rock, gravel, and sand. 

: Four small islands are situated on the west side of the lake, and 

: there is a larger one at the outlet. 

Sources of water. Lake Winnebago receives the waters of a num- 7 

| ber of streams but most of them are small. The Fond du Lac and | 

| Fox rivers are the only important ones. The former enters the south | 

| end of the lake. The Fox river flows into the lake about the middle 

: of the west side and emerges from the lake at the northwest corner 

in two nearly parallel channels which are a little more than a kilo- 

| meter apart. About 3km. (2 mi.) below the lake these branches join 

: in Little Butte des Morts lake. Dams have been built in the two out- 

let channels of lake Winnebago for water power purposes and they 

| - have raised the water level high enough to increase the size of the lake 

| about 5.5 per cent. over its original area. There is a government ship 

: eanal in the north outlet channel. | 

Among the European lakes, the one which most closely resembles . 

| lake Winnebago is lake Balaton or Plattensee in Hungary. The lat- 

ter is nearly twice as long, but its width is only a little more than half 

. as great, so that they do not differ so very widely in area, the latter 

being only about 90 sq. km. (35 sq. mi.) larger than the former. The 

- maximum depth of lake Winnebago is 6.4m. (21 ft.) while that of 

- lake Balaton is almost 11m. (36 ft.) but the mean depth of the 

| former is 4.7m. (15.4 ft.) while that of the latter is only about 3.0 m. | 

(10 ft.). The shores of lake Balaton are more rugged, however. Along 

7 the north side the hills rise abruptly in many instances to heights of 

a. 100 m. to over 300 m. (328 ft. to 984 ft.) above the surface of the lake. | 

But the south shore has a more gentle slope and in some places it 

does not rise to a height of more than 10 m. to 20m. (33 ft. to 65 ft.) - 

above the surface for a considerable distance from the water 3 edge. 

| . In fact, there are some rather large swamp areas along this shore. 

Both lakes are covered with ice for a rather long period in winter 

and the annual range of temperature is substantially the same, the | 

| minimum being just above 0° and the maximum 28° C.
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| LAKE WINNEBAGO. | 
T. 15-20 N., R. XVI-XVIILI E. Mean depth ........... 4.7 m. 

; Length .........eeee0+- 45.00 km. Length of shoreline ....148.0 km, - 
Breadth ....ccccceeeese 16.60 km, Shore development ..... 1.76 
ATED oe cece eeeeeeeeee 557.528. km. Mean slope of bottom.. 0° 3/ | 
Maximum depth ....... 6.4 m, 
— [See —K—£z—K£_ eee / 

| Length Area , . . Depth. Area. — of Stratum.| between Volume. Slope. . 
contours. contours. a 

Meters. |Sq. km. of Kilo- Meters. | Sq. km. Cubie cent of|| Degrees.| Per 
total. | meters, meters. total. |; cent. . 

«Os: 57.52 | 100.0 | 148.0 0-8 65.62 | 1,576,323,000| 69.9 || 0° 298° | 0.66 
3 | 494.00) 6 | 1s11 || 36 151.00 | 832,422,000] 81.7 || 0° 5 | 0.14 | 
5 | 848.00] 61.5 88.1 || 56 244.79 | 208,268,0001 7.9 || 0° 1 | 0.02 

| 6 | 6821] 17.6 | 88.6 || 66.4 | 98.22| 18,006,000! 0.5 | 

| Total..| 2,630,008, 000 : 

_ Daxes oF THE Fox aND THE Wor RIveERs. | 

The Fox river of the lake Michigan basin has its source northeast | 
of the city of Portage. (See fig. 1, p. 2.) It flows westward for a 

7 distance and then turns abruptly northward in the vicinity of Port- i 
| age; beyond this its general course is northwest toward Green bay 

into which its waters finally flow. Its chief tributary is the Wolf 
river which has its headwaters in the southeastern corner of the north- 
eastern lake district. (See map XXVIII.) The general course of : 
this stream is south and it joins the Fox river a few kilometers above 
lake Winnebago. The latter stream posseses some local expansions 

| or lakes in its course. -Going down ‘stream, they are Buffalo, Puck- 
away, Big Butte des Morts, Winnebago, and Little Butte des Morts 
lakes. All of these bodies of water are fairly large, but they are shal- 

| | low, the deepest being lake Winnebago. The depth of Buffalo and 
Puckaway lakes ranges from 2m. to 3m. (6.5 ft. to 10 ft.) while Big 
Butte des Morts lake is a little deeper, having a maximum depth of 4 m. 
to 5 m. (13 ft. to 16 ft.). (See table 2, p. 124.) In its lower course 
the Wolf river has two large expansions which are known as Poygan } 
and Winneconne lakes whose maximum depth scarcely exceeds 3 m. 
(10 ft.). For the most part the shores of these five lakes are low and 
swampy. Little Butte des Morts lake lies just below lake Winnebago. | 
It is also very shallow but its shores are higher than those of the lakes, | 

| above lake Winnebago. 7
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| CHAPTER IX. 

THE WAUPACA CHAIN O’ LAKES. 

: This group of lakes is situated about 6 km. (4 mi.) southwest of the 

| city of Waupaca. The main chain extends in a general northeast- | 

southwest direction with Otter lake at the northeastern end and Long 

| lake at the southwestern end. (See miap XXVII.) It comprises 

7 nine lakes which vary in size from that of Beasley lake, which has an 

area of 5.4 ha. (13.5 a.) to that of Rainbow lake with an area of 55.6 

. ha. (187.5 a.). These nine lakes have approximately the same water 

| level and are connected by channels which are wide enough and deep 

enough to permit the passage of row boats; with the exception of Ot- 

ter lake, in fact, small launches pass from one end of the chain to the 

| other. : . 

: The water flows from the northeast toward the southwest through 

the chain and the upper lakes are fed entirely by springs, there being ~ | 

- no stream inlets. The supply is barely sufficient to maintain a feeble 

~ eurrent from Round lake into Columbian. Otter, Hicks, and Round 

| - lakes receive by far the largest amount of. spring water. Long lake 

. receives the waters of some springs, those of Emmons creek, and the 

overflow of Beasley and Columbian lakes. 

—_ Six members of this chain, Otter, Beasley, and Long lakes being 

the exceptions, may be classed as marl lakes; marl deposits are more 

| or less prominent in the shallow water and the bottom in the deeper 

water contains a large percentage of marl. Also, the color of the wa- 

| ter is the same as that of typical marl lakes, being greenish blue in 

the shallow water.and a darker green in the deep water. The bot- 

— tom deposits of Otter, Beasley, and Long lakes contain a much larger | 

percentage of organic material and have a dark color. Their waters. 

7 have a correspondingly dark color. | 

| To the north of Beasley lake lie two small, shallow bodies of water 

. known as Bass and Youngs lakes. To the west of Beasley and Long | 

: lakes is a chain of four lakes which is connected with the main chain | | 

by Beasley brook. These four lakes, known respectively as Marl, 

Pope, Mud, and Knights lakes, receive a large amount of spring water
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elther directly or through small streams; the outlet from them, Beas- o 

ley brook, is a stream 2m. or 3m. (6.5 ft. to 10 ft.) wide and about ~ a | 

30 em. (1 ft.) deep. Marl lake has considerable deposits of marl and Ce 

its water has the color characteristic of such a lake. The bottoms | | 

of Pope and Mud lakes are dark in color, with a large amount of oo 

organic material, and their waters are consequently dark in color. 

Although Knights lake has large deposits of marl, yet its water has 

| a very dark color. ; | 

To the east of Columbian lake are Dake and Miner lakes which are : 
connected with each other by a channel. but which are not connected : 

with the other lakes of this group. . . 

Arbor creek, the outlet of the entire group of lakes, has its origin. oO 

at the south end of Long lake. It is a stream of considerable size, | | 
| : being large enough to furnish power for a small mill. It is a tribu- | 

| tary of the South Fork of the Waupaca river and the latter stream | 

is a tributary of the Wolf river. These lakes, therefore, lie within 

the lake Michigan drainage basin. (See fig. 3, p. 8.) 
| Origin of the basins. The underlying rock in this lake district is 

Potsdam sandstone but it is covered by a rather thick layer of glacial : 

drift. The nearest known rock of any other age is at the city of Wau- 

: . paca, about 6km. (4 mi.) away, where the pre-Cambrian appears. - 

The topography in the vicinity of the lakes is that of a pitted plain, . 

such as was noted for the Oconomowoc-Waukesha district (see p. 36). ae 
Here, as in the latter district, the pits owe their existence to the | 
burial of blocks of ice during the glacial epoch, and the subsequent 

| melting of them. These pits vary in size from small ones which : | 

are only a few meters in diameter to that of the largest lake. Ris- 

ing above the plain in this vicinity are a few isolated hills, some of | 

which are 30m. (100 ft.) or more in height and perhaps a kilometer | 

- | in extent. These hills are now well covered with drift, often carry- | 
ing great boulders, and their topography suggests that they are rem- 

nants of a former upland whose surface was at or above the pres- | 

ent level of their tops. | oo . 

The late Wisconsin ice sheet extended about 25 km. (15 mi.) west 

of the lakes where the limit of its advance is marked by a terminal 

| moraine. It moved into this region from the northeast and its dis- 
| appearance was not markd by uniform retreat. There were halts at | 

certain points along the line at which smaller terminal or reces- 

. sional moraines were formed. Such a halt was made in a north- : | 
7 south line along the east side of Rainbowand Hicks lakes. It re- 

mained in this position long enough to build a high ridge between : 

| Otter and Hicks lakes, Maple island, and the high shore along | _
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the east side of Rainbow lake. The drift in the vicinity of the lakes | 

is extremely sandy and this is accounted for by the fact that the 

oe . glacier for about 30 km. (18 mi.) to the eastward was gathering ma- 
| - terial from the friable Potsdam sandstone. | 
| Shores. The shores of all the lakes possess the usual steep- 

ness of pitted-plain basins. Between the steep shores and the edge 

, of the water in some of the lakes there are narrow belts of grass or | 

a tamarack swamp which serve as good illustrations of the encroach- 
ment of vegetation in lakes. Otter lake is an excellent example of 

| this type of shore; such conditions are shown also by Beasley, Bass, | 

| and Youngs lakes, by a portion of the shore of Long lake, and by 

ee the four lakes at the head of Beasley brook. This abundant growth 

S, of vegetation along the shores contributes a great deal of organic 

material to the bottom mud, even in the deeper water. The differ- 

| ence in the appearance and character of the water together with the 

: fact that some of the lakes are still surrounded by forest, which gives , 

| | them an appearance of wildness, adds very much to the beauty and | 

attractiveness of this group of lakes. 
| Beach features are unusually well developed for lakes of such small 

size. This is accounted for by the fact that the shores are composed 
| largely of loose, sandy material which is readily cut by the waves, 

| and which furnishes an abundance of material for transportation 

by currents. The subaqueous, marginal terrace is well developed, | 

generally, and extends to a depth of about 1m. (3.3 ft) in the smaller | 
lakes and 1.5m. (5 ft.) in the larger ones. : 

Bottom-slopes. With very few exceptions, the steepest descent of 

| the bottom in all except the shallower lakes, begins just a little way 

beyond the marginal terrace, that is, at a depth of about 3m. (10 ft.) 

and extends thence to a depth of 12m. (40 ft.) or 15m. (50 ft.) or | 

| perhaps more, depending upon the depth of the lake. In this belt, , | 

gradients ranging from 30 or 35 per cent. to as much as 45 per cent. 

| are common in several of the lakes, such, for example, as Beasley, 

Long, MacCrossen, and Rainbow. With the water’s edge as a start- 

ing point, the steepest slopes are found in MacCrossen and Otter lakes. | 

| At the west end of the former, near its connection with Round lake, 

there is a bottom slope of 1 to 2.1, or a little over 47 per cent., between 

os the shoreline and the 15m. (50 ft.) contour. Near the middle of the 
| west side of Otter lake, the gradient between the water’s edge and 

a depth of 12m. (40 ft.) is 1 to 2.6., or more than 38 per cent. 

Rainbow and Hicks lakes. These two bodies of water are so broadly 

| connected that, in reality, they constitute only a single lake. (See 

map XXVII.) They contain two islands, Club and Juniper, and.a
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third, Maple island, separates them from Taylor lake on the east. It | 

will be noted that the bottom slope of Rainbow lake is very steep and oe 

the water reaches an unusual depth in proportion to the area of the | 

lake. At no point along the shores of these lakes is the cutting of | 

the cliffs rapid enough to keep their slopes free of vegetation. Cut- : 

ting is proceeding most actively on the south side of Club and Jun- | 

iper islands and on the west side of Maple island. The material ob- | 

tained from the south side of Club island is used in extending the | 

ends of the island northward, giving it a crescent form; that ‘obtained . 

from the south side of Juniper island is used in building a northward 

extension. The material obtained from the west side of Maple is- - 

~ Jand has been used chiefly in forming a large subaqueous terrace 

which has a maximum width of about 100 m. (328 ft.). Three small . 

bays in Hicks lake have been spanned by bars, one on the east side, 

one at the northwest corner and a third at the southwest corner of 

the lake. 
| 

The work of the ice is in evidence along almost the entire shore- | 

line. Wherever the form of the shore is favorable, small ridges have 

been pushed up; where the shores are steep, boulders are pushed up a 

in line along the bases of the cliffs. In some instances where shore 

| | material was not available, bottom material has been pushed up in- , 

| to a series of terraces. | | 

The area of Juniper island is about 2 ha. (4.9 a.) ; of Club island 0.13 | 

ha. (0.34 a.) ; and of Maple island 5.3 ha. (18.2 a.). : 

Taylor lake. The shores of this lake are lower than those of the | 

the lakes to the west; throughout much of their extent they do not rise : ) 

| more than 1.5 m. (5 ft.) above the surface of the water and much of the | 

north side is bordered by swamp. A broad marginal shelf extends . 

almost entirely around the lake and in places this supports a dense ’ 

growth of Scirpus. Beyond this margin the bottom descends rapidly | 

to the deeper water. 

MacCrossen lake. The north shore of this lake is steep and fairly ; 

| high, but the south shore is lower, rising only 2m. to 3m. above the | 

, surface of the water. The latter possesses an excellent beach ridge 

about 60m. (200 ft.) long, 10m. (33 ft.) wide, and over a meter . 

high, The arrangement of the materials in this ridge indicates that | 

it was built by water rather than by ice. The height of this ridge | 

and a few smaller ones, suggests that the water once stood at a higher oe 

level. Even the largest waves now produced could not build such a | 

| structure so high above the present water level. There is no evidence - 

however, to show that the water has ever been more than a meter | 

above the present level since the glacial period.
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The passages at both ends of MacCrossen lake are bordered by wave- 
built points which converge from opposite sides of the straits. At . 

| the western passage, the water between these points is rather deep, 
_ Mnore than 6m. (20 ft.), and the shoal bar separating this basin from | 

that of Round lake is some distance inside the latter. 
Found lake. Round lake is exceeded in size by only two other : 

| ' Jakes in this group. Through the action of the waves and currents, — 
- it possesses a well marked marginal shelf which is broadest at the 

northwestern corner. The unusual form of the passage connecting 
| Round and MacCrossen lakes is probably due in part to the original 

shape of these basins, and also in part to the more vigorous wave ac- 
| tion in the former lake owing to its larger size and to the prevailing a 

| | westerly winds. As a result of the wave action the points border- | 
a ing this passage have been crowded into MacCrossen lake. The 

| southwestern arm of Round lake contains a large deposit of marl. 
_ The small, deep basin in this arm is an excellent example of the 

: many small pits that are found in the district, most of which are above 
7 : the water level. (See map XXVII.) | Oo 
7 Columbian lake. The greater part of the shore cutting on Co- . 

ae lumbian lake has been done at the northwestern corner and along the | 
| east side, in the vicinity of Perch point. Some of the material ob- | 

ee tained from the cliffs at the northwest corner has been transported 
ae eastward and used in building the wide marginal shelf at the north- 

eastern corner. Boulders are more numerous along the east shore of 
: the lake than elsewhere, owing to the wasting of Perch point and of 

the shoal extending southward from it. Just north of Columbian 
| lake is a fairly large body of water called Ottman lake. It is shal- | 

| | low, however, and is entirely filled with a dense growth of the larger 
: aquatic plants in summer. 

Long lake. The shores along Ben Hewdo and along the western _ | 
, | side of Long lake are the highest; in fact no other shores of this group - 
| _ Of lakes rise so high except the ridge between Otter and Hicks lakes | 
‘ and the western part of Maple island. Considerable of the shore, | 

however, consists of tamarack swamp. Cutting is not very vigorous 
~ | along any part of the shoreline, hence the marginal shelf is not so 
; wide as in most of the other lakes belonging to the main chain. : 

Long lake receives the surplus water from all of the other lakes so | | 
that a considerable amount of water flows through it.



WISCONSIN SURVEY. BULLETIN XXVII. MAP XXVII. 

. : . e A 

Snsheadoniiisinatelinl unt J 

: | iS ne 
. HYDROGRAPHIC MAP oo a in 

~ if HICKS WY eee 
; OF THE I Weta] LY 

‘ Sim Ww Pra 
, . CHAIN O’LAKES, WAUPACA. \ ae yy If 

p LD... J rsx208 
bh ~ \ . 4 LAKE 

i ‘eerie eee"! eee LS ) : Sia. 

ee wiLoMereR ea pAKE)G On@L 
. ) | ZZ Pi Gaa cs ) =A. 1] mie 

sa \ omer) Sy ys, ee = aes 2 ae y; i = e oy, 

: OVUMAN LAKE, \ POON a (, Grant § KK 

: @) ee r : 
bi younes @- ys AK (eae OD. / 

jr EN Lake iss YY) (( lL a ig MES 2 
: Springs I Ch BR eins Ys ( a 

GAH “ ) » }) e \ 

; ol aN vs “Taal Nai We) i) MINER LAKE | . tp OD Ft e 
| OC” / dap cat 
: : ZA & Sey ; \ 
: serra AR | LONG VG, = | WCF Joan take J \ 

\ wee. a | / yf XQ o \ 

i \ VW y 6 = x . 

X Ques” og \ a 
\p we \ | 

F - aN Y Arbor. ae J 

Fi oon : LE Le, wrt PO. | = = en 
; 

; ANOEWaGS BARMORE



o ee er eat eh ey 2 SURE tere Kees thy JF cease 

Par et snes on ES Tepes eae SO SD 

Byes ere) mae : SOO eae 

in Merge SEAN i Sieh Vues he i Ce aa s Bees A CG 

apn 
Se tte ea 

Be caetiianet six aeligyicriats jr 
‘ : " oe 

ey a ae 

ea tea 

SME Teen mayo 
; ; ee 

ect: 
: : ic es 

ra ‘ a 
fae 5 ; : 

ce gat Ne 1) Se 

pL? ty 
Bo Be 

Eee 
to a 

etc RS: i : R 
ea ett ar see ee: 

ieee Me oe i‘ fesse 
: ‘pies “es Sia 

ae fetes if x ee 
Bary i 

ee ig 

Pian PE a | 
Dik ae AD Sisto a ea 4 

Bia Laie ORS See , es: see 

Bees. emer = alt SE Nee \ A a 

Bes Ces 
iWeb ies Me ee 

icin cat : Senet oe 

ates, NR eRe 
Raha 

SG ee 7 eal 

re ae eee: Q t ie (SS See 

Beyer gi F Ree) 
ee i a ge 

Rey tee eT 
A i i. <3 Sa See i: 

ee a 
SEB TEP Seu ase a a <a 

es ea i 
Ree ane NO Se ae 

/ etavanery C 
awe 3 |). Sn ee 

i igtsrent 1a { ’ ues is Sa a 5 

ees 
d Acar Sick st yeaa +k a 

¥ tae 
Ra ee te gates ce 

ae Bt Se 
Pager roe ee Nae ae 

Kis eee! hike ig a ‘ i cer apai nds: Naud gi ‘ete Saag Vea 

Te eat openers nid s 
ih ape awe BS a 

a Sen i NRL) 
Pea a i ad 3 

eters taeda sr) ; , A Ee 

pa ead Phe aes ; Se ee 

Be Pest 
whe Ge Tass ala 

pee es ses ee ‘ Ost ai Reg oh cr 

BON pa poet eae 
ena eS “j Pa ae Sa 
Peeeniiee oe ; ee % ST Shee aaa oa 3 

ear yo ea: Be cael > es, |: "Cae 

Beene A) aaa a ee eyed! fA Nie pees oo 

eae ne ar po EN, fle ct ile Ba mae me I rae oer Sha eae 

BRC is, a a aa Ber ees ate SE a 

Be Rl ke ah iy y i ere 

Remi gebes \35' Sa , seu ys Ki 1 Sige a 

Be Pe re raae he 
ary: fee eee ‘OO Ss eee 

te he tay. XN 
Fr ia fy ai: Lay eae fre se (ae 

ine 
Bee iA hoe ee a 

ants er 
4 x be ee 

J a ‘g 
ets) ss, tegen See 

Be ema eo 
BN iM eS gaa 5 ee) eas 

iam. a eee, Sie yO ES ga sea oe 

hea ae 
Be a i eae ane “ae 

i ee ae ” ED Drs rete ee eer, bry icy ae 

rn Mei: 6 VO Saag eae Navas 3" te TED ST Sean aera aine! nee: Rea es 

RS A eam a ae a BS er pat tig 8 ON Ge Sea oe 

ae ‘ i) me oboe a fest SBE Ses. a a ae a am es 

Be ea eT i i ae Le 

Bee a ys on alt St eae ee ae Bakes i 

Oe Pema MI Skis s's/-L amma oe a Res aaa 

Be ae, . TO a ae f Bema ae 

a a PR Ne | Se ea Beer Berea 

a ee ar E ic eae Phares ae Ree sd) iy 

i Cpe : Pe ee ne Ue a ees 

i, (MAPS os” 
CSG atm 

‘eo ea 

jie Tyas Bah a ‘ (ee a era 6) i | SERS eae 

eens tgp ; Jc) Soa ge aeeinmee $4 Gs 2 Rae 

Bhs: Biss ae athe 
meget a haven: Ne % ia Gai (15 AVR 

ae; ee > < 
Gewe A e pen Ret | eee 

i Sn ea ee oe ea ae 

Po aap ae ue i ; ae nlite i Re Seana 

Boys aay sae AR lena ; 3 ‘a Bey RTE ENES RSa 

eee Riis: 2 ee : - (a Dee vues 

ote t See. Dc a eat ih ‘Seen IRR Se aaa 

Pa ae a4 is a SOE ee " me: Ok ee 

os Vale * Bote Fas 5 Cpa ays 3 y ie ian eee 

Una cs eee | “Ae REY 4. Ream Ge oh aia 

eee, oD i ean, $0 a oa i 
Beet) a mae ‘Sa eRe areata ae Sieh 

eee ee ie 

Frais, Nemes eal 5 SEE Are nthen aarti oo) an as gees <a 

ont Naam PE oe ae ee Roe CARN pon 1 EER Rs oo eae 

Rake Ram RSs Sa Age HEU) oS A aR et 

pee: ae 1 Ae Sa 3) Ne pata a RSE a Oe nee 

avi aes Se 5, ERR tsk et a RMU it.) Sol ns ae 

ee ae Baas CL aS rea aed Ma a ve Sa iaik See Me ant a 

as iS eR ts = oR SRR ae Seren eh oo eh eta eet ome Xan a 

peice >) amarmrenitiee e's 8 9 be eh PONE reese Re Bi carte Ce ee its 

an ee ree ner Cr sa is ag le 5) Sy ai Sa EN Steps ihe oa 

Bae Eee “Soe ea eh wis Ae es Fess iia sie Att hl a ae te : 

Bricks camo hac ASS ae cree (Rees ere are ii age ioe 

: pie aT cae aL ei ae 
pes, Soha wie ee Sti REND Rl hay AL ei ke arn oc 

: ‘ } 5 i) t Pipes ma he bya fea es ast so



oe , WAUPACA OHAIN 0’ LAKES. 105 | - 
| i 

: 

BEASLEY LAKE. | oo 
T, 21 N., R. XI BE. Mean depth ........... 6.1 m._— 
Length ............-... 0.40 km. Length of shoreline ... 1.0 km. : 

Breadth ........eeee0-- 0.16 km. Shore development .... 1.22 . 

ATCA ....ccceccccecceee 5.4 haw Mean slope of bottom.. 7° 20’ : 
Maximum depth ....... 15.6 m. Number of soundings .. 23 : 

| Length Area i 
Depth. Area. of Stratum.} between Volume. ’ Slope. 

contours. contours. . - 

Per cent | Per 
Meters. | Ha. ot Kilo- Meters. Ha. Oubie icent of|| Degrees.| Per 

total. meters. meters. total. cent. : 

0 5.4 | 100.0 1.0 || os 2.8 126,000 | 38.4 || 6° 64’ | 12.1 
| 3 8.1 | 87.4 0.86 5 | 0.4 72,400 | 22.1 || 22° 347 | 415 — 

| 

, 5 2.7 50.0 0.8 5-10 1.2 108 ,900 31.7 17° 48 32.1 

| 10 1.5 27.0 0:65 |} 10-18 1.8 23,000 | 7.0 || 5° 5 | 10.4 | 
| 

3 0.2 8.7 0.2 13-15.6 0.2 2,700 0.8 | 13° 5&8’ 24.7 

! 

i Total.. 328,000 | 
i P . 

| COLUMBIAN LAKE. _ 
T. 21 and 22 N., R. XI E. Mean depth ........... 7.7 m. 

. Length ..........e+e0--+- 0.80 km. Length of shoreline ... 2.8 km. 

Breadth .........e6.--. 0.54 km. Shore development ..... 1.39 

ALCR ceccececeseesseeee SOee hha. Mean slope of bottom... 4° 56’ | 

. Maximum depth ....... 20.3 m. Number of soundings .. 61 . 
THE _THOo.202-2002.020.0—————— OO ‘ 

| . 

Length Area 
Depth. Area. of Stratum.| between Volume. Slope. 

contours. | contours. 

| Per cent | | Per 
. Meters. | Ha. of Kilo- |. Meters., Ha. Cubic cent of|} Degrees. | Per 

| total. | meters. |! | meters. | total. cent. . 

0 33.2 100.0 2.8 0-3 13.0 793,300 30.9 3° 27 6.0 

| 3 20.2 61.2 2.4 8-5 2.6 378,000 | 14.7 || 9° se | 16.9 | 

5 17.6 53.3 2.2 5-10 5.6 734,900 23.7 9° 40° 17.0 

| 10 12.0 86.1 1.7 |} 10-15 5.8 460,000 | 17.9 || 7° 4 | 18.8 

. | 15 6.7 | 20.2 1.8 || 1519 8.7 199,500 | 7.4 || 7 @ | 12.5 . 
19 3.0 9.2 1.0 || 19-20.8/ 8.0 10,100 | 0.4 || O° BY | 1.6 

| Total..| 2,565,800 | | : 

- ooo sn.}.0.”2°>0——0E072—=o0D00— —80—0—09$9—$—$0RE oS .
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DAKE LAKE. 

T. 21 N., R. XI E. Mean depth ........... 38.26 m. . 

— Length ......-..eeceee- 0.60 km. Length of shoreline .... 2.2 km. 

Breadth ......ccccceeeee 0.50 km, Shore development ..... 1.64 

. ATOR .cccece cece seseeee 14.8 ha, Mean slope of bottom... 2° 197 
- Maximum depth ....... 8.7 -m. Number of soundings .. 30 

. | Length Area | | 
Depth. Area. of Stratum.| between Volume. Slope. 

contours. contours. 

. . Per cent Per 
Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of}| Degrees.| Per 

total. | meters. meters. total. | cent. 

/ 0 14.8 100.0 2.2 0-3 7.8 319,800 | 66.0 ||. 3° 4 | 6.4 

3 7.0 46.8 1.2 3-5 3.5 103,500 | 21.3 || 3° 23° | 5.9 

| 5 3.5 23.4 0.8 5-8 2.7 59,900 | 12.4 || 8° 34 | 6.2 

7 8 0.8 5.2 0.35 || $8.7 0.8 1,800 | 03 || o 5x | 1.6 

an Total..{ 485,000 : 

a HICKS LAKE. | 
: T. 22 N., R. XI E. Mean depth ........... 8.1 m. 

“ : Length ............---. 0.80 km. Length of shoreline .... 38.6 km. 

- Breadth ...........+6.2-. 0.60 km. Shore development ..... 1.57 
AYER .. ccc cece eee ev eeee 42.6 ha. Mean slope of bottom.. 5° 48’ 

Maximum depth .......18.2 m. Number of soundings .. 114 

. | Length | Area 
Depth. Area. of Stratum.} between Volume. Slope. 

contours. contours. 

: Per cent Per 
Meters. Ha. of Kilo- Meters. Ha. Cubie cent of|| Degrees. Per 

: total. meters. meters. total. cent. 

o | 42.6 | 100.0 3.6 || 0-8 11.9 | 1,005,000 | sie || 5 4 | 8.8 
a 3 30.7 71.8 3.4 3-5 3.4 579,600 | 16.7 || 12° 14° | 21.7 

5 27.3 64.0 | 3.8 5-10 8.2 1,155,400 83.4 12° 38 22.4 

; 10 19.1 44.8 3.5 10-13 9.0 431,000 12.4 B° 42” 10.0 

13 10.1 23.6 2.5 13-15 4.8 150,800 4.4 5° 8.8 

7 "15 5.8 12.4 1.7 15-18.2 5.3 52,200 1.5 2° «65 5.1 

Total.. 8,464,000
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| KNIGHTS LAKE. | 
T. 21 N., R. XI EH. Mean depth ........... 44 m. ; 

Length ............---. 0.50 km. Length of shoreline ......1.6 km. 
. Breadth ..........00..- 0.20 km. Shore development ..... 1.53 . 

ATOR cccccccccccccccceese 9.0 haw Mean slope of bottom.. 6° 55’ 

Maximum depth ....... 13.0 m. Number of soundings .. 42 
eee . 

Length | Area 
Depth. Aréa. of iStratum.| between Volume. Slope. 

contours. | contours.| | 

Per cent | Per | | 
Meters. Ha. of Kilo- |; Meters. Ha. Cubie cent of|) Degrees. Per 

total. meters. |: meters. total. cent. . 

0 9.0 100.0 1.6 0-3 4.0 207, 500 51.9 nn 10.6 
{ 

3 5.0 56.5 1.3 83-5 1.7 & ,000 20.5 9° 38’ | 16.5 

5 3.3 36.6 1.4 5-10 2.4 99,000 24.8 12° sl’ | 22.2 

10 0.9 10.0 0.6 | 10-18 0.9 11,500 2.8 7? YY 12.3 

, ———_—_—— 
. | Total..| 400,000 | | 

LONG LAKE. 

T. 21 N., R. XI E. Mean depth ........... 9.9 m 

Length ...............- 1.50 km. Length of shoreline .... 4.2 km. 

Breadth ............... 0.60 km. Shore development .... 1.81 
ATCA wecccescccvecsvecss 43.9 ha, Mean slope of bottom.. 5° 45’ 

' Maximum depth ....... 23.7 m. Number of soundings .. 95 | 

Length Area 
Depth. Area. of Stratum.| between Volume. Slope. 

contours. contours. 

Per cent Per | 
Meters. | Ha. of Kilo- Meters. Ha. Cubic cent of|| Degrees. Per 

total. meters. meters. total. cent. - 

0 43.9 100.0 4.2 0-5 15.8 1,798,300 41.3 7° 457 13.6 

5 28.6 64.9 4.1 5-10 8.2 1,882,900 81.6 12° 54 | 22.9 

‘10 20.4 46.3 8.4 || 10-15 8.4 900,300 | 18.8 {| 10° 11 | 18.0 

15 12.0 27.4 2.5 15-20 9.4 805,000 7.7 5° 1h 9.2 

, 20 2.6 5.8 0.6 20-23 1.4 45,500 1.05 5° 10.2 

23 1.2 2.7 0.35 23-23 ..7 1.2 2,000 0.06 0° 3yY 1.0 

: _ : Total... 4,364,000 

| |
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MacCROSSEN LAKE. | | 

T. 22 N., R. XI BE. Mean depth ........... 9.0 m. 
; Length ................ 0.50 km. Length of shoreline ... 1.6 km. 

Breadth ............... 0.30 km. Shore development .... 1.21 
ATOR 2. ccccccccccccecee 14.2 ha. Mean slope of bottom.. 6° 58’ 

| Maximum depth ....... 21.3 m. Number of soundings .. 49 
. EN Se 

gp 
= a —— 

. 

Length Area . 
. Depth. Area. of Stratum.| between Volume. Slope. 

contours.|| | contours. | 

+ Percent| — Per | 
Meters. | Ha. of Kilo- Meters. Ha. Cubie cent of}; Degrees.| Per 

. total. meters. meters. total. cent. | 

0 14.2 100.0 1.6 0-3 4.1 363,500 28.4 6° 10° | 10.8 

| 3 10.1 71.0 1.4 3-5 1.2 190,000 | 14.9 || 12° 259 | 29.0 

5 - $8.9 62.5 1.3 5-10 2.0 393 ,500 30.8 16° 49 80.2 

| 10 6.9 48.4 1.1 || 10-15 3.8 242,00 | 18.8 || 7 27 | 18.1 

4 15 3.1 21.8 0.8 || 15-20 2.6 80,500 6.3 || 6 7 | 10.7 

“, . 20 0.5 3.5 0.3 20-21.3 0.5. 10,000 0.8 2° 14 3.9 

| Total..| 1,279,600 |, 

. MARL LAKE. . | 
T. 21 N., R. XI #H. Mean depth ........... 6.2 m. 

Length ..........2..22-- 0.50 km. Length of shoreline .... 1.3 km. 

Breadth ............... 0.30 km. Shore development .... 1.25 . 
ATCA ..ccccececcseeesee 8.6 ha. Mean slope of bottom.. 5° 50’ oo 
Maximum depth .......18.4 m. Number. of coundings .. 17 

Length Area 
Depth. Area. of Stratum.! between Volume. Slope. 

contours. contours. 

: Per cent Per 
Meters. Ha. of Kilo- Meters. Ha. Cubie cent of|}| Degrees.'| Per 

. total. meters. meters. total. cent. 

- 0 8.6 100.0 1.3 0-3 4.6 193,000 85.9 8° 47 | 6.6 

| 3 4.0 46.5 0.73 8-5 0.5 101,000 18.8 15° BY’ 28.6 

. OB 3.5 40.8 0.7 5-10 1.1 146,000 | 27.1 || 15° 7 | 27.0 | 

. 10 2.4 . QT.4 0.5 10-15 1.4 81,700 15.2 9° 12 16.2 

| 15 1.0 11.7 0.4 15-17 0.5 14,700 2.7 7° 58 | 14.0 | 

17 0.5 5.6 0.3 17-18.4 0.5 1,600 0.8 2° 24’ 4.2 . . 

- Total.. 538,000 | 

a | . , |
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MINER LAKE. | - 
T. 21 N., R. XT E. Mean depth ............ 6.9 m. . 

Length eee c occ ccecccens 0.54 km. Length of shoreline eeaee 1.9 km. 

Breadth ...........2... 0.50 km. Shore development .... 1.37 

ATCA wccccccccccccceces 15.6 ha Mean slope of bottom.. 4° 427 

; . Maximum depth ...... 14.2 m. Number of soundings .. 43 Lo 

ee FFHERHREeEHeHeoeor’mHuonNnmnmno-—"0OQNn”72"272(.ODOoODoeoweoDoDD———DDODuo—w@»sm@9@[§°“—Qom"0q.wVQOaaa= 

Length Area . 
Depth. Area. of Stratum.| between ‘Volume. Slope. 

. contours. eontours. 

Per cent , Per 
Meters. | Ha. of Kilo- Meters. Ha. Oubie cent of|| Degrees.| Per 

total. meters. meters. total. cent. 

| ~— | an 
| 0 | 15.6 | 100.0 | 19 || os 4.3 402,000 | 87.4 || @ 57 | 12.2 a 

3 | us| 2s! 16] 8s 1.7 200,000 | 19.4 || 11° 9 | 19.7 , 
5 | 96 | 61.6) 14 || 610 4.9 | 385,300 | 35.8 || 7° 13° | 12.6 

10 6«(6| «(4.7 30.3 | 1.0 ' 10-13 8.8 76,700 TI se 9 | 5.5 

18 0.9 5.7 0.4 || 13-14.2 0.9 8,000 | 0.3 || 1° 19 | 2.3 | 
| | : | | 

Total..} 1,076,000 | | 

. MUD LAKE. 
T. 21 N., R. XI E. Mean depth ........... 5.1 m. 
Length ................ 0.20 Km. Length of shoreline .... 0.6 km 

Breadth ............... 0.10 km. Shore development .... 1.32 

AT@A ....ccceeeeeeeeeee 1.7 ha. Mean slope of bottom.. 7° 52’ 

Maximum depth ....... 9.7 m. Number of soundings .: 12 

ooaeaeseoaeeuT‘TuEmeee eee eee ee 

Length i Area oO 
Depth. Area. of j(jStratum.| between Volume. Slope. \ 

eontours., eontours. ; . 

. Per cent | Per 
Meters. | Ha. of Kilo- || Meters. Ha. Cubie {cent of|| Degrees.}| Per 

total. | meters. | meters. total. cent. 

0 1.7 100.0 0.6 0-5 0.8 63,700 73.1 16° 52 80.3 

5 0.9 53.0 0.4 5-8 0.4 20,300 23.3 14° 12% | 25.3 

- 8 0.5 29.4 0.3 &-9.7 0.5 8,200 3.6 3° 17 5.7 

Total.. 87,200
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, ; 

7 OTTER LAKE. | | 
T. 22 N., R. XI E. , Mean depth ........... 4.7 m. 

. Length ...........0e22- 0.64 km. Length of shoreline .... 1.7 km. 

Breadth ..............- 0.12 km. Shore development ..... 2.00 . 

Area sence eee e ec eeeenes 5.9 ha. Mean slope of bottom.. 8° 15’ 

Maximum depth ....... 12.2 m. Number of soundings .. 39 

= OOEOEHOEHEHEHEHETETETreoanTeFTFTeTlele=R eee Oo —- : 

| | Length Area : 
Depth. Area. of 4|Stratum.| between Volume. Slope. 

contours. contours. 

Per cent Per 
Meters. Ha. of Kilo- Meters. Ha. Cubic cent of]; Degrees. Per 

, total. meters. meters. total. cent. 

| 0 5.9 | 100.0 1.7 || o8 1.9 147,800 | 52.5 || 14° 12 | 25.3 | 
: 3 4.0 67.8 1.3 3-5 1.3 67 ,200 23.9 10° 24’ 18.3 

"5 2.7 45.7 1.1 5-10 2.4 64,500 22.9 7° 52 13.8 

| 10 0.3 5.0 0.2 || 10-12.2 0.3 2,000 | 0.7 4° 29° 7.9 

- Total.. / 281,500 

POPE LAKE. 

T. 21 N., R. XI E. Mean depth ........... 5.8 m. 

Length .......ccceeeee- 0.385 km. Length of shoreline .....1.0 km. 

Breadth ............-.- 0.17 km. Shore development ..... 1.08 

ATCA weccccccccecccceee 6.6 ha, Mean slope of bottom.. 4° 327 

Maximum depth ....... 12.3 m. Number of soundings .. 17 

oar oe eee —SOOCNw.w_ejeoeOOOOOO 

Length Area 

Depth. Area. of Stratum.| between Volume. Slope. 
. contours. contours. 

. . Per cent Per : 
Meters. | Ha. of . Kilo- Meters. Ha. Cubie cent of!; Degrees. Per 

: total. meters. meters. total. cent. 

| 0. 6.6 100.0 1.0 0-5 2.6 263,800 69.5 14° 15 25.4 

5 4.0 60.6 0.7 5-10 2.4 103,400 27.3 6° 57’ 12.2 . 

; 10 1.6 24.2 0.5 10-12.3 1.6 12, 400 8.2 2° 3.6 

| , Total.. 379,600
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| | RAINBOW LAKE. , | - 
T. 22 N., R. XI E. Mean depth ........... 11.2 m. 

. Length ..........e.0006- 1.00 km. Length of shoreline ... 4.0 km. fs 
Breadth ............... 0.75 km, Shore development ..... 1.51 . | 
ATOR ccc scccccccccesees 55.7 ha, Mean slope of bottom.. 6° 8’ 

| Maximum, depth ....... 29.0 m. Number of soundings .. 151 
| 

Length Area . Depth. Area. of .||Stratum.| between Volume. Slope. | . 
contours. contours. . . 

Per cent Per 
Meters. | Ha. of Kilo- Meters, Ha. Cubie cent of}; Degrees. Per 

total. meters. meters. | total. eent,. 

0 55.7 100.0 4.0 0-3 16.0 1, 424,000 22.7 4° 12’ 7.3 

| 8 39.7 71.4 3.8 ! 3-5 2.5 769,200 12.3 17° 4’ | «30.7 | 

5 87.2 67.1 8.7 || 5-10 5.2 1,728,300 | 27.6 || 19° 20° | 235.1 | 
{ 

10 82.0 57.5 3.6 10-13 6.8 855,700 13.7 8° & | 14.3 

13 25.2 45.4 2.8 || 18-15 5.5 448,000 | 7.2 || 5° 16 | 9.2 
15 19.7 36.5 2.8 15-20 10.1 718,600 | 11.5 || 6° 7 | 10.7 , | 
20 9.6 17.3 2.0 20-23 5.0 208 , 400 3.3 5° 58’ | 10.3 

| 23 4.6 8.2 1.4 |) 2325 | 2.5 64,600 | 1.0 || 5° 2 | 8.8 | | 
25 2.1 3.7 0.8 25-28 1.3 41,500 0.66 7° 56 13.9 

28 0.8 1.4 0.3 || 28-29 0.8 2,700 0.04 |} 1° 17 | 2.2 
¢ \ 

ee 

| Total..| 6,261,000 

SSs=«=—ao0eee eee II:x_ _ 

ROUND LAKE. 

T, 22 N., R. XI BE. Mean depth ........... 8.4 m. 
Length ..............-- 0.90 km. Length of shoreline .... 3.2 km. 
Breadth ............... 0.60 km. Shore development ..... 1.35 
ATED .......ccccccceeee 43.0 ha. Mean slope of bottom.. 3° 15’ 

os Maximum depth ....... 20.3 m. Number of soundings .. 91 
CO Oo 

a 

i : 
Length |; Area 

Depth. Area. of j|Stratum.| between Volume. Slope. 
contours. contours. | - 

; Per cent | Per 
Meters. | Ha. of Kilo- Meters, Ha. Cubie cent Of|| Degrees.| Per . total. meters. meters. total. cent. 

0 43.0 100.0 3.2 0-5 18.0 1,681,600 46.2 4° QA! 7.7 

5 25.0 58.2 2.4 5-10 6.3 1,077,000 29.6 7° 88 | 13.4 

| 10 18.2 42.0 1.8 10-15 8.8 678,000 18.4 5° 8.9 

15 9.4 21.7 1.8 15-17 4.3 142,800 3.9 2° Ba! 5.0 

17 5.1 11.8 0.8 17-19 4.1 55,900 1.5 1° «46 3.1 

19 1.0 2.3 0.4 19-20.3 1.0 1,700 0.4 0° 34’ 1.0 

| Total..| 3,687,000 

ae oO eee 
|
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TAYLOR LAKE. | | 
T. 22 N., R. XI EH. Mean depth ........... 44 m. 

Length ..cccccccccecccee O70 km. Length of shoreline .... 2.5 km. 

. Breadth ......cceeeeee- 0.50 km. Shore development .... 1.57 
ATOR cocccccccccccqoeee 2000 ha. Mean slope of bottom.. 4° 2’ oo, 

’ Maximum, depth ....... 17.0 m. Number of soundings .. 68 

, Length Area 
Depth. Area of Stratum.| between Volume. Slope. 

~ jeontours. contours. _ . 

Se Per cent | Per : | : 
Meters. | Ha. of Kilo- Meters. Ha. OCubie cent of|| Degrees.| Per 

total. meters. meters. total. || cent. 
epg eee cees | een | eee —oenenenees | | | eS |, | AD || TL | <A NESO ' 

| | 0 20.7 100.0 2.5 0-3 12.4 420,600 | 46.5 |} 1° 4” | 2.9 

' 3 8.3 40.0 1.7 3-5 2.3 141,500 15.3 7° 42% 13.5. 

5 | 6.0 29.0 1.4 5-10 2.7 227,400 | 24.6 || 10° 57” | 21.2 

. a 10 - 3.3 15.9 0.8 10-14 1.4 101,400 10.95 || 11° 39 20.6. 

| 14 1.9 9.1 0.6 14-15 1.3 11,800 1.25 || 1° 57 | 3.4 

5 | 06 2.9 0.25 || 15-17 0.6] 2,80 | og || 12 oF | 2.6 

. §t 0.6 2.9 0.25 5-9 0.6 20,000 2.1 || 20° 9 | 36.7 

| . | | Total.. 925,500 | | 

1 Basin south of Maple island. ;
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| | CHAPTER X. | | an 

LAKES OF NORTHEASTERN AND NORTHWESTERN _ a 

| | WISCONSIN. : | 

. | THE NORTHEASTERN LAKE DISTRICT. ty | 

: The lake district of northeastern Wisconsin is situated chiefly in , - 
Forest, Oneida, and Vilas counties. (See map XXVIII.) In gen- © — 

eral this region is covered with a thick mantle of glacial drift and po 
much of it is fairly level. But there are hills and ridges which - . 
rise above the level of the surrounding country as much as 12m. to = 
15 m. (40 ft. to 50 ft.), or in some instances, perhaps as much as 30m. / 

oe (100 ft.) or more. All of the lakes occupy typical morainal basins 

and have sandy cr gravelly shores which show considerable variation | 

in steepness and height. There is a very wide variation also in the 

outline of the different bodies of water; some are regular and almost | = 
- circular in outline while others are very irregular. Generally in the : 

elongated. ones the main axes approximate a northeast-southwest |. ~ 
. trend, being parallel to the line of movement of the ice which was 7 : 

| from the northeast to the southwest. / - 
The elevation of the lakes of this district varies somewhat but the ae 

. differences are not enough to affect the general biological conditions. 7 
The following lake elevations were furnished by Mr. A. A. Babcock, oe 
Manager of the Wisconsin Valley Improvement Company, and they ne 

| are based upon the elevation of the lower Eagle River chain of lakes. - 
. which is given as 492m. (1,614 ft.) in Gannett’s Dictionary of Alti- | Oo 

.  tudes.t A line of levels has been run across from these lakes to the oo 

Minocqua lake district and to several lakes lying south of this dis- 7 
trict. The datum in all of the tables is the mean tide level of the sea. . 

. ' 40.8. G.S8S. Bull. 247, Series F, Geog. 47, 1906.
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: Elevation, an 
Meters Feet | a 

Big Rice lake ......cccccccccccccccscccccscccecsesese 446 1462 & 
. Dam lake 2... ccc cece cece ccc c ccc csccccerccccccesees 488 1603 

. Gilmore lake 2... ccc cee ccc c wr c cree ccicscccccerese 482 1581 _ 
Kawaguesaga-Tomahawk chain of lakes .........--.-62 482 1582 - - 
Saint Germain, Big ......... ccc cece ccccccccccccevcs 485 1593 | 
Saint Germain, Little ...... cece cece cece ccccseess 490 1609 
Sand lake, T. 39 N., R. IX HE. wc. ccc ccc cc eee ce ccccees 488 1603 / 
Squirrel lake ....... ccc cece ccc cece ccc ccccccscccese 475 1560 
Upper Eagle River chain of lakes (east of Three Lakes) 496 1626 i 

In February, 1914, this line of levels was checked up at the Min- | - 

ocqua end. The surface of the ice in Kawaguesaga lake was found . 

~ to be about 5m. (nearly 17 ft.) below the railroad station for which | 

| an elevation of 488 m. (1,603 ft.) is given. This would make the al- : | 
7 titude of the lake 483m. (1,586 ft.) instead of 482m. as given in 

| the table. With respect to this difference, it may be said that both 

. figures are based on railroad elvations and one is probably no more | 

| nearly correct than the other. | 

. In Gannett’s Dictionary of Altitudes, the elevation of the Lower 

Eagle River chain of lakes, which lies east of the city of Eagle River, | 

is given as 492 m. (1614 ft.), while that of Pelican lake is 488 m. a 

| (1600 ft.). From data kindly furnished by the Chicago, Milwaukee : 
| and St. Paul railway, it has been found that the altitude of the sur- i 

| face of Trout lake is about 493 m. (1618 ft.). (See fig. 8). , | 
Some idea of the altitude of the lakes in the different localities may __ | 

an be obtained from the following table of railroad elevations. In gen- : 
| eral the surfaces of the lakes in the vicinity of these places are not 

more than a few meters below the railroad stations for which the fig- . a 

ures are given. A few of these elevations have been taken from Gan- | 

nett’s Dictionary of Altitudes, but thanks are due the Chicago, Mil- : 

— waukee and St. Paul railway and the Chicago and Northwestern rail- 

way for the majority of them. Where lake Michigan was given as the 
datum plane, its surface has been regarded as 177.4m. (582 ft.) above a 
mean tide at New York. 

Hlevation, 
Meters Feet 

Arbor Vitae 2... cece cece cece ccc cccccccccvccsssseee 497 1630 
Boulder JuUNCtion .......ccccccccccsecccccrcescssesees§ BOD 1657 © ; 
CONOVEr 2... cece ccc c cece cece cc ertccccccccvscccesece BOS 1656 

— Crandon .....ccscccc ccc ccccccccccccccccccscccccssees § 500 1640 
| Fosterville (now called Winegar).........cescee eevee 501 16438 

Hackley (now called Phelps) ........cccecscsccccecer 515 1691 
HYazelhurst 2... ccc cece ccc ccc cc ccccecccvcccccceses 486 1595 

| Lac du Flambeau ....... cece ccc cc cccecccccvcccccecee 498 1634 : 
: Mercer 2.0... ccc cece cece cece cc er cece ccccccccscce 487 1599 | 

Papoose JUNCTION 2... cc cece cc cccccscccccccccccecese 498 1633 ; : 
Plum Lake ....... ccc cece ccc cc ccc ecccccacccerccseses § 506 1659 
Rhinelander ....... cece cece cece ccccscvccccccecsevsee 472 1550 | |
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a | Sayner ...ccccccceecccctccceccccescscecccsececessces B12 1679 — 

ve Star Lake .....cccccscccccccccccrcecscsssssecscveres 512 1681 

oe State Line ..... ccc cece cc cece eres en cre eeeesreeecees 521 1711 

Be Watersmeet .....cceccccccvcccssnerncnceeecvssssccce 482 1581 

oo Winchester ....cccscccccccccccscssccveccscvssesccere 496 1626 

of | Taking the district as a whole, it will be noted that the maximum 

oe difference in the elevation of-the various places given in the tables | 

a amounts to about 75m. (249 ft.) which is not great enough to affect 

Be biological conditions. | | | 

Ty — Tewill be noted in Vilas county that the lakes comprise a very large | 

Be ‘percentage of the surface. The area of land surface in this county | 

ee a ig about 2,350 sq. km. (907 sq. mi.) and of lake surface about 363 

~ SL sq. km. (140 sq. mi.), making the ratio of the former to the latter 

- about 6.5 to 1. The lake areas have been ascertained by planimeter 

a ' measurements of the county map and consequently are only approxi- 

Be | mate. The total water surface, however, is undoubtedly larger than — 

‘the amount given, since many of the smaller bodies of water are not ) | 

oS shown on the map.. 

S | At one time the water area was even appreciably greater, for there 

sO are considerable expanses of swamp land which now represent ex- 

s tinct lakes. Many of the smaller lakes show various stages in the 

oo, process of extinction; some are bordered by only a narrow margin | 

ae | of bog while others show only a small area of water in the midst of a 

Oo wide area of bog. | 

tT Tn some instances several lakes are connected by streams or thorough- 

os fares which are navigable for canoes and row-boats, while some are 

Se | even navigable for small launches. In general, however, the deeper 

ce - eonnections are the result of damming the outlet of a chain and rais- 

. : ing the water level of the lower lakes high enough to affect that of the 

- upper ones. The best illustrations of this are the Minocqua and | 

ne Bagle River chain of lakes. Formerly Kawaguesaga and Minocqua. 

ma lakes were two separate bodies of water, but a dam in the outlet of 

Co the former gives them such a broad connection that they really con- 

Oe stitute but a single body now. This dam also raises the level of 

—_  Kawaguesaga lake high enough to change the former stream connec- | 

a tion between it and Tomahawk lake into a broad and deep thorough- 

Oo fare. A more detailed map of this section is shown in fig. 7, p. 114. 

_ Trout lake is the deepest lake yet found in this district and it is also. 

second in size, being exceeded only by Lac Vieux Desert. A more. 

bo detailed map of the Trout lake region is shown in fig. 8, p. 118. | 

. - The general draimage areas are shown on map XXVIII. The cen- 

a tral and larger portion of the district is drained by the Wisconsin 

Oo river and its tributaries, chief among the latter being the Tomahawk. |
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. LAKES OF NORTHWESTERN WISCONSIN. ; 117 . | 

river. The moré westerly portion drains into the Flambeau and its | 

i tributaries. These two streams belong to the Mississippi system so that | - 

the greater portion of the district lies within the Mississippi basin. | Fe 
The more northerly and the more easterly portions are in the Great | | 

Lakes basin. The former drains into lake Superior through the _ | 

| Presque Isle and Ontonagon rivers, while the latter drains into lake | uo 

| Michigan through the Bois Brule, the Peshtigo, and the Wolf rivers. © 

Many of the lakes do not possess visible outlets. | 

OO Most of the lakes.of this district have soft water; in some of them , 

: the water is unusually soft. The waters of many of the lakes have 

oo a brownish color as the result of being stained in passing through . 

' marshy or swampy areas. | 
oo The location, length, breadth, area, and maximum known depth of - | 

a number of these lakes are given in table No. 3, p. 126. For the pur- 

| pose of ascertaining their value as reservoir sites, some of these lakes 

have been surveyed by Mr. C. B. Stewart, Consulting Engineer, and os 

| their areas have been carefully determined. In such cases the areas - 

obtained by him have been incorporated in the table, and these lakes 

| are indicated by an asterisk. "With respect to the areas of the other 

lakes included in the table, it may be said that they were determined - 

from county maps by means of a planimeter and are to be regarded a 

- only as approximate. 

| | | LAKES OF NORTHWESTERN WISCONSIN. | 

The lakes of northwestern Wisconsin are widely distributed through 

an area which is about 175 km. (110 mi.) long in a northeast-south- 

west direction and from 60 km. (37 mi.) to a little over 100 km. (62 _ | 
mi.) wide in a northwest-southeast line. The district comprises some : 

| or all of the following counties: Barron, Bayfield, Burnett, Chippewa, —_ 
| Douglas, Polk, Rusk, Sawyer, and Washburn. (See.map XXIX.) 

— This area belongs to three drainage basins. The northern portion | 
. lies within the lake Superior basin, as shown on the map, and the re- . 

mainder is about equally divided between the Chippewa and the St. : ; 
| Croix basins which are parts of the Mississippi basin. Co 

| The lakes of this area may be separated into three groups on geo- 

| graphical grounds. One group consists of those which lie in the 
vicinity of the kettle range in Bayfield and Douglas counties. This 
range forms the height of land separating the Great Lakes and Miss- : 

| issippi basins. Many of these lakes are small and have neither a vis- | 

1 Geology of Wisconsin, Vol. III, p. 374, 1880.
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7 LAKES OF NORTHWESTERN WISOONSIN.. 119 | 

ible inlet nor outlet; while others are larger and are the sources of | o 
streams whose waters reach either lake Superior or the Missisisppi | 

river. 
| The other two groups of lakes extend southwestward from the first 

group to the southern edge of the lake district. The one on the west oo: 

side of this area lies in the basin of the St. Croix river. The north- . 

ern lakes of this group are situated in sand and gravel plains which | 

_ have been called the ‘‘barrens’’. The southern ones lie in or near 7 
: a range of drift hills and ridges which form a part of the great 

kettle moraine. | | 
The third group comprises the eastern division and its members 

lie chiefly in the basin of the Chippewa river. The waters of those 7 
at the extreme southwestern end reach the St. Croix river. The ac-. 

, companying map (XXIX) shows that the second and third groups’ . 

are separated by a long narrow belt of land which has very few or 

yo no lakes at all. This area shows no unusual elevation above the sur- | J 
rounding country but its eastern edge forms the watershed which | 
separates the upper courses of the St. Croix and Chippewa rivers. 

The lakes of this entire district belong to the morainal type; not | 

| a single one occupies a basin excavated in bed rock because the whole _ _ a 

region is covered with a thick mantle of drift. During the late Wis- | 

consin glacial epoch most of this region was covered by the Chippewa - 

| and Superior glaciers, consequently most of the lakes date their ex- . 

- istence from this period. A small area in the vicinity of St. Croix | 
was invaded by the Keewatin glacier.1 Apparently some of the ex- = 

treme southern portion of this district was not invaded by ice during | - 

the Wisconsin epochs, so that the lake basins in this section were , 

formed in pre-Wisconsin times. | 
The basins which are now occupied by the waters of these lakes 

: were formed by various agencies, chief among which were the 

burial of blocks of ice in the glacial débris and their subsequent melt- __ - 
| ing, and the damming of valleys during the deposition of this thick 

mantle of drift. The shores are composed of morainal detritus, i 

| chiefly sand and gravel. Some of these lakes are situated in hilly 

| country so that portions of their shores are steep and high; others | | | 

occupy depressions in fairly level plains, and have comparatively low 

shores. | | 

- Some idea of the elevation of the various lakes of this district may | 
| be gained from the following table of railroad elevations. The alti- 

| tude of the lakes in the vicinity of these places varies from 2m. or 

3m. (6.5 ft. to 10 ft.) to perhaps 10m. or 15m. (33 ft. to 50 ft.) be- 

low the figures given in the table. Most of these elevations have been a 

1 Jour. Geol., Vol. XITI, 1905, p. 238.
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a _ taken from Gannett’s Dictionary of Altitudes, but a few of them have 

eo _ been kindly furnished by the Minneapolis, St. Paul and Sault Ste. oo 

7 _ Marie railway. | | - y 
Oo | : Elevation, 

/ | Meters Feet 
- AMECTY 2... cece ct ec cece cece cee c cc eetsssecerecescesess 326 1070 

; Birchwood .........ccccc cece cece cscs cscsceccsscveces dl 1249 

a : Cable Coens eeenensreerer ener ee eee eeeeeeeeoeeseeeeeeeereeoeeore 418 1370 

a Chetek ....ccccceccccceccccecctecccecesccseececesces 821 1053 : | 
- Cumberland ........c ccc cece ccc ce ce cescscccccvessens 368 1241 : 

7 DruMMONd ....... cece cece cece cece eeseecsccsseee 395 1297 - | 

Oe Frederic 2... ccc cece cece cece ec ceececescccscsseeses 369 1210 | 
| Haywa>rd, ..cccccsccsccsncccccsccasccvscecescsersscsese 361 1186 

so Tron River ..... secs cece ees c cece cece ccccseceseseseese  dd4 1096 

. Lake Nebagamion ......ccccccccccccccccccccccesessens 347 1137 

; | LUCK oe cc ccc cece cece ete c cence cece cccecsesesseses 310 1213 . 

Minong ......c cece ccc c cece cece ccs ccceccesccesescees dad 1061 . 

, RESELVE cece cece sc ccc es ccc eccsccscscecccevcesceess 399 1309 . 

: Saint Croix Falls .......cc cece ccc ec cc ccereccccscecee 281 921 : . 

: Shell Lake ....... cc ccc eee cc cece eect eens ceessececes 368 1241 . 

. : SIZNOF ccc ccccccccccccccrccccsccsccereccenceeesseeers 396 1299 

on Solon Springs .....cccecccccccnccccecccscecccsccecees 330 1083 ‘ 

3 Stone Lake ....... cece cece cect cece ce cecceccesene 399 1308 

7 | Turtle Lake .......cscecececcccceeteececccccceseesee 383 1258 

a | It will be noted that the general altitude of this district ‘is dis- 

- tinctly lower than that of the northeastern district, and that the maxi- 

| | mum range of elevation is somewhat greater, that is, about 100m. 

; (328 ft.). SO ; 

7 Many of the smaller lakes have fairly regular outlines, but the — 

| larger ones are frequently very irregular, such as Owen and Name- 

kagon lakes and Lac Court Oreilles. Many of the latter are very | 

"much elongated also, but their axes do not all trend in the same, | | 

a or approximately the same direction, some of them even lying at 

“ . right angles to others. : | 

sO Most of the lakes of this district which have been tested possess wa- 

- | ters of a medium hardness, but a few of them have unusually soft | 

waters.” | 

| Some data concerning those lakes of this district which have been | 

oo visited for preliminary studies, are shown in table No. 4,p. 130. The 

a areas must be regarded as approximate since they have been deter- ! 

a mined by planimeter measurements from county maps. | 

- | 1 Bull, XXII, Wis. Geol. and Nat. Hist. Survey, p. 77, 1911. 
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TN CHAPTER XT. 

| | STATISTICAL TABLES. | so 

: Morphometrical data for all of the Wisconsin lakes of which com- / 
_ plete surveys have been made are given in connection with the discus- - 

_° gion of ‘the various lakes and lake districts. Table 1 contains a re- 
: | statement of some of the more general facts concerning the same . - 

lakes, together with some additional data; and this table is followed 
by three others (tables 2, 3, and 4) which give data concerning the SO 

5 lakes that have been visited but of which detailed surveys have not — 
: yet been made. Four of the larger lakes that are shown on the sketch | ve 

map of southeastern Wisconsin (fig. 3, p. 8) have not been con- ae 
| sidered in the text and they are not given in the tables. They are | oe 

- Beaver, Fox, Koshkonong, and Rush lakes. All are known to be shal- OS 

low bodies of water, their maximum depths probably falling some- — 7 
. | _ where between 3m. and 6m. (10 ft. and 20 ft.). | | 

LOcATIONS AND DIMENSIONS. . 7 

- The location of the lakes is indicated by the town, the range, and - 
the county. The length, the breadth, the depth, the length of the oF 

shoreline, and the elevation above the sea, are stated in both metrie and Fn 

English units. The length and the breadth are the maximum di- bo 

| mensions and have been measured substantially at right angles to each 4 

other. The area of each lake is given in square kilometers, in square a 

miles, and in acres. The surface areas of the lakes, as well as the Oo 

oe areas at different depths, were determined by planimeter measure- — - 
| ments. The enlarged, original maps, which were prepared from — 

| county and other maps and from data obtained in the hydrographic | os 
, survey, were used for these measurements. The large maps could | | | 

be measured more accurately than the smaller, printed maps. The 

scales of the original maps are shown in the last column of the table.
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- | - 499 | INLAND LAKES OF WISCONSIN. 

- | The mean depth has been determined by dividing the volume of the 

. lake by its surface area (+) . The relation of the mean depth to 

. , the maximum depth is found by dividing the former by the latter. 

ne Dm sO : 

> - The depths shown on the accompanying hydrographic maps are given 

oe only in meters. . 

: The length of the shoreline as well as the length of the isobaths or © 

a bottom contour lines, was, determined by means of a Universal Map 

oe Measurer. The term shore development means the ratio of the length | 

fo, - of the shoreline to the length of the circumference of a circle whose 

- area is equal to that of the lake. The simplest ratio is unity. There- 

- fore when the ratio of the shoreline to the circumference of a circle 

a _ of equal area approaches one, it indicates that the lake has a simple | | 

: | shoreline and that it is circular in form. On the other hand, a wide 

ee departure from unity indicates that the lake has a very irregular 

a coastline. The maximum development of shoreline is shown by Ce- 

- dar and Okauchee lakes and the minimum by Booth lake. (See . 

, table No. 1.), | , 

‘ Voom. | | 

There are several formulas for calculating the cubic contents of 

| hills or mountains and all apply equally as well to the determination 

| a of the volume of a body of water. Penck' and Halbfass? have shown | 

. that all of them give substantially the same results; the differences, 

_ at least, are well within the limits of error of the maps and of the 

measurements. The following formula’ has been selected as the one | 

a which gives most closely, perhaps, the actual volume of a body of wa- 

- ter and it has been used for all of the volumetric determinations. 

oo | v= a6 +8, + Vise) 

a -_In this formula s, is the area of the upper surface and s, the area of 

the lower surface of the stratum whose volume is to be determined ; | 

; h is the vertical depth or thickness of this stratum. The volumes are 

oe given in million cubic meters and million cubie yards in the general 

7 1 Morphometrie des Bodensees. Jahresber. d. Geograph. Gesellsch. in Mitin- 

an | chen, 1894, p. 119. | 
3 Morphometrie des Genfer Sees. Zeit. d. Gesellsch. f. Erdk. zu Berlin, Bd. 

= XXXII, 1897; p. 219. . 

a 189 Penck. Morphologie der Erdoberflaiche, Bd. I, p. 77, formula 37. Stuttgart,



TABLE I. SURVEYED LAKES IN SOUTHEASTERN WISCONSIN. 

———————————————————————————————————————————————————————————————————— ———————————————————————————————————————————————— ____ 

| Length | A restti ae pn. Volume, || Parone, . |ahoreltne. | Of ation, | above sea. | ane 
IP ae a Ea ea EY | eT! Scale of 

Lake. Powas)| Range, County. | Maximum. | Mean. | Dmx nydro- grains orl 
a Ee Km.| Mi. | Km.| Mi. |Sa.Km|Sa. Mi.|Acres.|———>—— }-—— Million / Million) Vol-/shore|Km. | Mi. | ,M@ | Per |ateters|Feet. Oem | mad: ee 

Meters| Feet. |Meters ‘ 

Beaver..........++ 8 XVII Waukesha...} 1.77) 1.10) 0.70) 0.44] 1.24) 0.48} 305.4 15.0} 49.0 | 0.34 6.31 8.26] 1.02} 1.38) 5.4) 3.4) 1°44] 3.0; 277.4) 910] x 1:39,600| 1:12,700° 

Beulah.........--- 4 XVIII Walworth....| 4.26) 2.65) 1.76) 1.10] 3.42 1-32) S48; Clem ME oaseaselacesessclose<+e-s| 20.80)  27:221¢....01 8.48] 20.9] (13,0)..052...1....04] » 246.9] 810) XT 1:33, 300) 1: 8,000 

MIDDCR. 02). snserbe'| atvensse|ceege sass ereelaacesarreoroenelsaeeculblopesledsicssteesscn 1.02) 0.39) 253.0) 20.4| 67.0) 4 0.39 S218) IO TT El Ee eae RO] Mi OcOl men le Me OcOleecabers| se sscc|eesaesaees}ececors ccs esos spaame 

HROUNG 22 e)\osn's'6)| crs win'e'ss| snd vecsv caustics nest sees se <=leeveusl Seaesclamneentcemmns 0.39 0.15} 97.2 12.2) 40.0) 2.8) 0.23 1.10) AA OOS LAA 12h rk Bl cid ole Biel et casewslecilcsstocodeaeses| avecesescatecweeeegee 

MUOWDE) Ssieer steer) [anes scl sine ueieis «yee se) side olomonciom size a gin tes's!| weiner stant sata 1.78 0.69] 441.2) 16.9) 55.5) 5.3) 0.31 9242) 72-841 10.851 5 52:08] 9.8]! 6:0) 0128 Oe ee alc cucob cess cwisnva]acss etipens| ove ewes 

MI ee sacce cence scsi sess |ivaveccasess uiaelhicern cna seis al suives cl aeveonhonnnnal seman 0.23) 0.09) 57.2 15.7) 51.5) 9.0) 0.58 2.10! Bi Pasa oA AB POL) MiB Be ao UG Dich epeuel gaa at neaese sis ohleslvmcieiny esses etsleeea 

Big Cedar........ iW xIX Washington..! 5.90) 3.64) 1.00] 0.64 3.87, 1.47) 942.3 31.9) 104.7 il 0.35} 42.00] 54.93] 1.05) 2.34) 16.4) 10.2) 3°50’| 16.7] 314.0] 1,030] XXIII | 1:35,300] 1:11, 900° 

Booth ....-.-ee0e0+ 4 XVII Walworth....| 0.93] 0.58! 0.69] 0.43) 0.49) 0.19} 122.4] 2.7 25.4 3.7 0.49) 1.84 2.41) 1.47] 1.04] 2.6) 1.6) 1°6' 1.9} 247.5] 812) XXT 1:33, 300) 1: 8,000 

Crooked........... 7 XVII Waukesha...| 1.08] 0.67) 0.50! 0.31 0.22) 0.08) 54.8] 4.9) 16.0| 1.9 0.40) 0.42 0.55] 1.20) 1.75] 2.9) 1.8) 1°7" 1.9) 264.6] 868} XIV 1:40,000) 1:12,700 

Delavan .......... 2 XVI Walworth....| 6.00] 3.75] 1.80) 1.10) 7.34 2.83) 1,813.2! 17.2) 56.7) 8.0) 0.46} 58.67) 76.77] 1.38) 2.05) 19.7) 12.2) 1°2° 1.8) 283.5! 930] XVIII | 1:40,000} 1:10,500 

Devils..... -.-++-+ i eS Sauk ......---| 2.00) 1.25) 1.00) 0.61 1.46) 0.56} 360.8 13.1 43.2| 8.9 0.68} 13.01] 17.03) 2.04) 1.23} 5.3) 3,3) 1°27'| 2.5) 291.0) 955) VIII 1:13, 100] 1: 6,000 

East Troy.. ...--- 4 XVIII Walworth....| 0.80) 0.50) 0.62! 0.39) 0.31 0.12| 78.2} 5.0 16.5) 2.9) 0.58) 0.89) 1.16) 1.74) 1.17} 2.3) 1.4) 0°58’| 1.7) 246.9] 810} XXI 1:33, 300] 1: 8,000 

Elkhart....-...--+ 16 XXI Sheboygan...| 1.76) 1.10 1.26| 0.79) 1.21 0.47) 299.5} 34.5] 113.2) 13.5) 0.39] 16.33} 21.39] 1.17] 1.70] 6.6] 4.1) 5°21’) 9.4! 282.0) 925) XXIV 1:17,500) 1: 6,000 

Fowler......--++++ 8 XVII Waukesha...} 1.60) 0.94! 0.70) 0.44 0.34) 0.13 83.5) 15.2 o4 4.4 0.29) 1.48) 1,92] 0.87) 1.57} 3.2) 2.0) 3°07 5.2) 262.4) 861) XIT 1:40,000) 1:12, 700 

Garvin... ...-+-++ 8 XVIIL Waukesha....} 0.50| 0.31} 0.26) 0.17 0, 08) 0.03} 21.6} 11.0 36.1 5.0) 0.45 0.43) 0.56} 1.35; 1.36) 1.4) 0.87) 2°47) 4.8 a 873| XI 1:39,600) 1:12, 700 

Genesee, North... 7 XVII Waukesha....} 0.82! 0.51) 0.67) 0.42 0.41 0.16) 101.9 1.1 36.4 4.5 0.41 1.86 2.43) 1.23) 1.06) 2.4) 1.5) 1°56) 3.4) 264.01 866] XIV 1:40,000} 1:12,700 

Genesee, South... 7 XVII Waukesha....| 0.64! 0.40] 0.48] 0.30! 0.25 0.09; 62.7) 14.5) 47.6) 6.7 0.46) 1.71 2.24) 1.38) 1.05) 1.9) 1.2) 3°30] 6.1) 263.6} 865, XIV 1:40,000) 1:12,700 

Geneva .......+--- 1 XVII Walworth..../ 12.10] 7.50) 3.22) 2.00] 22.10) 8.76] 5,451.3 43.3] 142.0 19.7 0.47| 434.77) 569.54) 1.41) 1.94) 32.4) 20.1) 1°58’! 3.4) 263.3) 864) XVIT 1:43,500) 1:15,800 

Green.......-.---- | 15 & 16] XII & XIII) Green Lake..| 11.90} 7.40] ae 2.00) 29.72) 11.47] 7,342.4) 72.2) 237.0) 33.1) 0.46] 984.82/1,290.20| 1.38] 1.78) 34.2) 21.2) 2°52) 5.0) 278.0) 912] XXV 1:42,300| 1:15,800 

Kegonsa.......-.+ 6 X & XI | Dane.........| 4.83) 3.00) 3.62) 2.25) 12.73) 4.91) 3,145.2, 9.6 381.4) 4.6) 0.49} 59.06) 77.25, 1.47] 1.22) 15.5) 9.6] 0°20} 0.6) 256.6} 842, BV 1:41,400] 1:11,800 

Lac la Belle....... 8 XVII Waukesha....| 4.44) 2.70} 1.80) 1.12] 4.60) 1.77) 1,187.5) 14.2) 46.6) 3.3) 0.23) 15.16 el 0.69} 1.64) 12.5) 7.8} 0°53’) 1.5] 260.3! o| XIL 1:40,000] 1:12,700 

Lauderdale....... 4 XVI WOlWOrth ioc). 5 ot scjecsocel wensee| senses 3.47) 13k] BEB IB) cece ditlecsncess|eveceenslece sone Sie Sessien|ietesenlas cies wha veces] 271.3) 890) XIX 1:21,800) 1:10,500 

GOON 2.260.006 | cece see e[ececcesseececelecersercoereceee!] 1,75] 1.09] 1.06) 0.66) 1.12) 0.43] 277.9 17,3) 56.8) 7.5} 0.43) 8.42) 11008): 1.29) 4558) °° 6.0) 28.21) 8° 11) |B Bee ol wee eceneslecscleresssesec/vacewsieece 

Middle .......002 | ceccace[eceessecceesceloeccceceeecesces| 2,57] 1.601 0.72) 0.45) 1.15) 0.44) 284.0) 15.2 50.0 2.9) 0.19) 3.31 MBS VOLST Pe yenl iie Ore | Feel (ine Sed MT OIOLEN Breast eR Ube electaty.ste| ce Nes bep tele oacumnaee 

UE aise coeses|| cndewcsa[acveucceseesce|ecenaneseresceert £620) (0. Fal 0.70], 10:40) 1.20} 0.46] 296.4 15,2 50.0 2.5) 0.16) 2.98) 3.90) 0.48] 2.26) 8.4) 5.2) 1°21'| 2.4),....... Batali ieae ovevececediascevnsors 

Mendota .........| 7&8 Ix Dane.........| 9.50) 5.90] 7.40) 4.60) 39.40] 15.20] 9,729.8) 25.6) 84.0) 12.1 0.47) 478.37] 626.66) 1.41} 1.47] 32.4) 20.1] 0°43) 1.3) 258.8) 849) IT 1:45, 400) 1:10,500 

Monona........... 7 X&X Dane.........} 6.70} 4.16] 3.85] 2.40! 14.10] 5.44) 3,482.7 22.5) 74.0) 8.4 0.37) 118.88) 155.73] 1.11] 1.62) 21.4) 13.3] 0°43’) 1.3) 257.5) us| II 1:35,000) 1: 7,800 

MOUSE. c2c8s secs 8 XVIII Waukesha....) 1.32) 0.82) 0.33} 0.21 0.36 0.14) 90.3) 20.2) 66.3) 9.1 0.45) 3.09) 4.04) 1.35] 1.84) 3.9] 2.4) 3°58" 6.9} 267.3 e XI 1:38, 600) 1:12, 700: 

Nagawicka....... i XVIII Waukesha....| 4.42) 2.75} 1.80] 1.12| 3.71 1.43} 917.6) 28.8 94.5) 11.0) 0.38) 40.96) 53.65) 1.14] 1.65] 11.3] 7.0} 2°25’) 4.2) 271.3) 890] XIII 1:40,000) 1:12, 700 

Nashotah, Upper. 7 XVII Waukesha....} 1.30) 0.81] 0.64] 0.40) 0.55] €.21) 136.7] 15.6 51.2 7.0 0.45) 3.88) 5.08] 1.35) 1.34] 3.5] 2.2) 2°32') 4.4] 265.8) 872) XIII 1:40,000} 1:12,700 

Nashotah, Lower. 7 XVII Waukesha....| 1.27) 0.79) 0.40) 0.25 0.40] 0.15) 100.3} 14.1 46.2 6.1 0.43 2.49) 3.26] 1.29) 1.35) 3.0) 1.9) 3°4’ 5.3} 265.5) 871) XIIT 1:40,000} 1:12,700 

Nemahbin, Upper 7 XVII vente 1.69) 1.05) 0.90) 0.56) 1,09} 0.42) 271.1 18.9) 62.0 9.0) 0.48 9.95] 13.03) 1.44) 1.21) 4.5) 2.8) 2°14) 3.9) 265.5) 871) XTIT 1:40,000) 1:12,700- 

Nemahbin, Lower 7 XVII Waukesha ...' 1.49| 0.93) 0.961 0.60! 1.07 0.41 265.5} 10.81 35.2 2.5 0.23 2.67) 3.491 0.691 1.121 4.11 2.5) 1°37 1.81 265.2) 870) XIII 1:40,000' 1:12,700+ 

+ South part. 

TABLE I.—Continued. 

| Length. | Mieath. are: Depts. Volume, | Petenty | ahoraline, | of patton: | above aoe. 
Geen ett | DN Td ZOD BTU SVN | TED aN Seep Se ee ee ena coals Scale 

ym hhydro- | hydro- 

“pie sis moe ot a Mi. |Km.| Mi. |Sa. Km|Sa. Mi.| Acres. i aoe Ka eaten sere ee Shore) Km.| Mi. ees ners Meters |Feet. fert erie os 
Meters| Feet. |Meters| 

North, east part.. 8 XVIII Waukesha} 2.16) 1.35] 0.75) 0.47 1.33} 0,51 329.0) 23.7 78.0) 12.8 0.54) 17,02) 22.29) 1.62) 1,29) 5.2) 3.3) 3°34] 6.2) 278.4) 897, x 1:39, 600) 1:12,700 

North, west part. 8 XVII Waukesha | 1.07] 0.67) 0.57) 0.36) 0.47) 0.18 115.0 22.4 73.6) = 11.4) 0,52 5.33 6.96} 1.56) 1.12) 2.7; 1.7) 4°15 7.4) 273.4) 807), X 1:39, 600] 1:12, 700 

Moser eorit 7 XVII Waukesha} 2.82) 1,75) 1.37] 0.85) 2.55] 0.99 631.3) 19.1 62.6) 9.5 0.50) 24.30] 31.84) 1.50) 1.32} 7.5) 4.7) 1°50’) 3.2) 262.4) 862) xI 1:39, 600) 1:12,700 

Ree moe “a XVII Waukesha| 1.20) 0.75 0.80] 0.50 0.73) 0.28 180.0 15.0 49.2 7.9) 0.52 5.75 7.53) 1.56] 1.23] 3.7) 2.3) 2°12’| 3.8) 262.4] 862, xI 1:39, 600] 1:12,700 

Okauchee ........ 8 |XVIL& XVIII} Waukesha} 3.81) 2.37) 2.90) 1.80 4.28) 1,65] 1,057.0) 28.6) 94.0 12.1 0.42} 43,72] 57.27] 1.26) 2.44) 17,9) 11.1) 1°43] 8.0} 266.1) 873) xI 1:39, 600) 1:12, 700 

OUS... ess00-s0- 7 XVII Waukesha a 0.43) 0.60) 0.37] 0.16; 0,06 40.0 8.6) 28.3) 4.9 0.57 0.79) 1.02 1.71) 1,30) 1.9) 1.1) 2°57] 5.1) 264.0) 866) XIV | 1:40,000) 1:12,700 

Pewaukee......... 7 +|XViII & XIX | Waukesha} 7.24 4,50) 1.93) 1.20) 9,30} 3.59} 2,298.0) 13.8 45.3) 3.9 0.28) 36.69} 48.06} 0.84) 1.79} 19.5) 12.1) 0°32’) 0.9) 259.7) 852) XV 1:39, 600} 1:12, 700 

Pine........5..0-6- 8 XVII Waukesha} 3.70) 2.30} 1,70) 1.05 3.06) 1.18 755.7 27.4) 90.0) 12.1 0.44] 37.01] 48.48} 1.82) 1.73/ 10.9} 6.8} 2°41} 4.7 27552) 903 x 1:39, 600) 1:12,700 

Rock. ........0-065 7 XII Jefferson..| 3.20) 2.00} 2.00) 1.25 4,96) 1.91] 1,225.0 20.4 67.0 6.1 0.30} 30.82] 39.66) 0.90) 1.23} 9.7) 6.1) 1° 7] 1,9) 252.1) 827) WII 1:23, 500] 1: 4,800 

BEVOR.70.sceev ese! 7 XVI Waukesha} 1.56) 0.97) 0.90] 0.56) 0.94] 0.36 231.9) 13.4 44.0 48 0,36) 4.50 5.88) 1.08) 1.35] 4.6} 2.9) 1°44’) 3,0) 263.3) 864) XIV 1:40, 000] 1:12, 700 

Waubesa..........] 6 & 7 og Dane......} 6.75] 4.20} 2.25) 1.40 8.24) 3,18 | 2,034.4 1 36.6 4.9) 0.44) 40.25) 52.64) 1.32) 1,36) 13.9} 8.7) 0°28’) 0,8) 257.2) 844) IV 1:41,100) 1:11, 800 

Wannene/ oe 21 & 22 XI Waupaca. scsecece[eccece eclocer ect fovesedembederercs|esccssaclestevese|ooscerce|asecse| scsceilecteeelencecelevsecsceteoseee| 244.0) 9800) XX VIL} 1:83,800) 1: 8,000 

BASS .o..s.ccrcsse[ssecresa|secvevecseesoscss[sosseceseesee} 0.00] 0,06} 0.09) 0.06 0.01; 0,003 2.5 2.7 9.0) 1,3) 0.48] 0.013} 0.017] 1.44) 1.00] 0.3) 0.2)........]......fecssevealeooeee|orenscosscfecessesescloncsscere 

BASE Os20 sos |acrecsbelaseocecdnneavacvaesenesses'es'cal 1 0.401 /0,20) 0,06) O110! 0.05) 0.019 13.5 15,6! 51.2 6.1 0,39) 0.33 DAS UAT) heal 1) 0-01 1026) 009 20'| U12.0|.cecounalscebec|ercsesvess] canceeehvohoerascens 

GOlBIMbIGN 2.655 shereves|tc casoste ceva sesiterwsseeremsca|’ Oc8Uh (0,50]\' 0,54); 0.84! 0.33) 0,13 82.0 20.3} 66.6) ed 0.38 2.56 Bi85]/8E18)7) (1 20] 12581) 029] 49 DOL) B.Ol access letcsevla pene seaeatacycvasnnstaseey cece! 

WOKG 050 .cccsess[ecaecess|oossessnsscenvess|eccoceese seoo] 0.00))0,35] 0,50) 0.30) 0.15) 0.06 36.7 8.7 28.5) 3.2) 0.37 0.48 Oia AR AGAR at AS ha | as Ol uncccstiemedeluenaudesaclee heeoont Monseets 2a 

HICKS oes 'scrsese|ssunscerlanseaceseeveseucs|osssesee! s-s) 0s80) (0,00! 0.60] 0,40 0.42) 0.16 105.4 18.2 60.0 8.1 0.45) 3.46) AABAN A851) 24257) WB .Ol Viena] Or AB GOA eevececlecccestvauneyisste|aceceeusesl uens eben 

Knights......... ee scree eeeeeee] 0,50) 0,34) 0.20] 0,14] 0.091 0.03 22.4 13.0) 42,6) 4.4) 0.34) 0.40) O24) /1,02))) 0.58) 026] 020) 1G G6) sea eee ey lasbewececs leon aarwariaereveees 

LONG oo0ecssccess|eccsscee[oocevecsersaccrecieccsscescoecs 1) 0.94) 0.60) 0.36 0.44 0.17 108.4 23.7) 17.7 9.9 0.42 4.36) Beate hc 2O | A Bh Mek AO) G8 A | AO O eee cc lisccucloevccacees|cansauer ee] saeucicese) 

MacCrossen ....|..sssesclescocseccsceccsca{ecsecseseeeee| 0,50) 0,31} 0.30) 0.19) ona 0.054, 35,2 21.3 70.0) 9.0) 0.39) 1,28 2,67] (1-17) 2i21{ 1.6) 1.0} 76°58] 12.2)... o.c|eeecenfscessences|ecesesoves|eaee ooo 

MAEM. s nena sspeacnutessnsveraceconsealensneweneneen|i0e00l 0.811) 0,801) 0.19! 0.08) 0.03 21.3) 18.4 60.6 6.2 0.34) 0.53) 0.60] 1,02) 1.25] 1.8] 0.8) 5°50] 10.2)... fl cece eses|eesveseccsleccnvcnes 

MIMO ie. . keel sc veees[eccwnsecsvescveceloosrssesoveces 0-04) 0.84) 0.50) 0.81 0.15) 0.06 38.6 14.2 46.6 6.9 0.48) 1.07 140) 1.448) 1,87) 150) D2) ae Bole le lesesseceee|ecersevectiocscoeres 

BUG wescsccedsie| cael ovat locsbas ederececeua|sonteineseenet Oecd) 70ske!' 0.40) O:06)/)) 0.0171, 10,085) 4.2) 9.7 32.0) 5.1 0,51) 0,087 0.10} 1.53) 1.32) 0.6) 0,4 fa DS Sli pemte Ml cel se lsciuvatedel seed asatewleresneree. 

HOULER seeds ceoains|ss0so4se] voecns'e an saeecesPocsenaysnnnn| OvOe] 10.80 0.12, 0,08) 0.059) 0,023) 14.5 12.2) 40.0) 47 0,39) 0.28 OsSe edt] wie 001-1 Rot) (Bed S°Aw | ALB et olen svsaawelsiccasinee ce) sewavesue 

POUC ies cseseescen|orsscvos|osnescesieserspres|ereseccecenao|’ OsSal\ Ogee) 0.17) 0.11) 0.066) 0.025 16,2 12.3 40.6 5.8 0.47 0.38 0.49} 1.41, 1.08] 1.0, 10,6) 8° 82"] 7.0)... dees esecseecce|seseceeseclesscrsoce 

PEGIDOW se stecs stock weses|cuceonsscsdonataslesvecsniacteuet)) £100) 0.6e! fe 0.47 0.55} 0.21 137.5 29,0 95.1) 11.2 0.39) 6.26 SCO pa AT) ehh], A.Oh 2.B) GPS ROI svcs caret secsoelsseossupen|eeveseoasclocsasunes 

ROUNG 2.2... sccefennecees|eccesessccoescscs[eecssecsecese] 0,90} 0.55) 0.60) 0.35 0.43) 0.16 106.2) 20.3) 66.6) 8.4 0.41 3.63) 475) 91,28) 2.85}. 8.2} 2.0) 89 US 1) | B.8).. ec) ccseslercceseseslaccvscsecshosssevens 

WDGYIOTs oerersee|tciseneriloseossenscoesseee|seresereceres] 0s40)\0.00|.0,50) 0.82 0.20) = 0.077, 51.2 17.0) 55,7 4,4 0.26) 0.92) °1.20) 0.78) 2.57] 2.5] 1.5) 49 2°) 7,0)... cecefeceres[ecsccececelescccescvsloevereons 

DYOUBES: cceccessfeveesens|oacsecesseverodos|seccsesescoee}: (Oekol 0108! 0.11)’ 0.07) 0.012} 0,004 3.0 3.5 11.6) 1.9) 0,54) 0.028) 0.03! 1.62) 1.11] 0.4f 0.25) 2°54’) 5.0)......2.] ee esJeeceeeeeecleceescoeeeleeeeneere 

Winnebago ......./15 to 20|X VII & XVIII}.............] 45.00) 28.00) 16.60} 10.40) oe 215.2 |137,708,0) 6.4) 21.0 4,7 0.73)2, 630,09 2.40.5 2,19) 1.4 uaa 92,5) 0° 3} 0.07} 227.7) 747) XXVI_ | 1:185.000) 1:62,500 
Pea ORI PUA OE VIE SL VS SU PI eds RATS EOE PRCT RU INTL ZONE LRA RL IIe PRADA Ne LOU De a 

*This elevation is only an estimate based on the elevation of the weather bureau in the city of Waupaca which is 261 m. (857 feet).



| STATISTIOAL TABLES. 123 ‘os 

- table, but they are stated in cubie meters only in the detailed state- _ 
ments for: the various lakes. a 

The volume development shows the relation of the volume of the Le 
lake to that of a cone whose basal area is equal to the area of the lake | . 
and whose height is equal to the maximum depth. It is determined 

| by the following formula: 3(5~) . That is, it is three times the 
So quotient obtained by dividing the mean depth by the maximum depth. | 

| When the result approaches unity, as in Beaver lake, it means that pS 
| the basin occupied by the lake is cone shaped so that its volume is - 

approximately that of a cone whose base equals the surface of the lake 
and whose height equals its maximum depth. When the lake bottom is 
concave toward the water, the result is greater than unity; that is, the | 

| volume is greater than that of the cone; when the bottom is convex to- | 
ward the water so that the volume of the lake is less than that of a cone 
the result is less than unity, as in Fowler and Pewaukee lakes, for ex- : . 
ample. (See table No. 1.). | 7 

| SLOPES. / 

| The slope of the bottom is expressed in degrees and in per cents. | / 
| For the calculation of the slope between two contour lines or isobaths 

the following formula? has been used: Oo 

| | gat x tant | . 

I,and I, represent the lengths of the isobaths; h is the vertical dis- | 
tance or interval between the two isobaths; and a is the area included | 
between the two isobaths. In calculating the mean slope of the bot- _ 
tom of a lake which has a number of isobaths, or contour lines, still | 
another formula is employed. It is the following: — ) 7 

(EhARAnH tht EE) g | 
BO) 7 

In this formula I,, Z,, I,, ete. represent the lengths of the various isé-  _—>» 
| baths, or contour lines, from surface to bottom, while H is the maximum | 

depth and A is the area of the lake. | 

| * Penck. Morphologie der Erdoberflaiche. Bd. I, p. 48, Stuttgart, 1894. See _ 
also Gravelius. Zeit. f. Gewisserk. Bd. IX, 1910, p. 267. =.



oo . " ns Po ae i aes eR ated, ~ Wd ote tan FEMA ar 

| : Tasie 2.-UNSURVEYED LAKES IN SOUTHEASTERN WISCONSIN. | Ks oS 
a NS —————————————————————___ a | ' | 

| . Length. a Mpoadth. Area. ee ae Oo 

Lake. Town N. | Range E. _ County. —_——_______—. of greatest} ———__— ————— | i 

Km. |} Mi. Km. | Mi. | Sa. Km.| Sa. Mi. } Acres. | Meters. | Feet. oo 

Bear ......sseeee0+| 22 & 23 xt | Waupaca......../ 1.80] 1.10 | N-S | 1.28 | 0.80 | 0.93 | 0.36 230.4 | 18.0 59.0 “ 

| Browns wo ggstiss 2& 8 xix | Racine.......{ 2.00] 125 | wes | 120 | 075 | 1.58) 0.61 | 300.4) 7.0 23,0 | _ : 

(Be ae yeccge'| 18&19 | XV & XVI) Winnebago...... 7.40| 4.60 | NW-SE | 4.18 | 2,60 | 18.23 | 7.04 4,505.0! 3.4 ne 5 OO 

(Little) ........-{ 19 & 20 | xvit_ | Winnebago......| 4.80| 3.00 | NE-SW | 1.30 , 0.80 ; 5.28 | 2.04 | 1,305.6) 3.6 zo 86 lag 

Camp .....seeceee 1 XX Kenosha.........| 2.40] 1.50 } N-S | 1.60 | 1.00 1.04 0.40 256.0] 6.0 19.7 g Oo 

Como .......-.ee8- 2 XVit_ | Walworth........| 5.23 | 3.25 | NE-SW | 1.00 | 0.62 | 3.75 | 1.45 | 928.0) 2.0 6.5 ow 

s Orystalor Cedar..|  15.& 16 Xx | Sheboygan ......| 116] 0.72 | E-W | 0.64 | 0.40 | 0.57 | 0.22 | 140.8} 19.6 64.3 By ue 

De Neveu........./ 18 |. XVIII | FondduLac....., 1.28] 0.80 } N-S | 0.45 | 0.28 | 0.41 | 0.16 : 63 | 5.0 & od 

Denoon........-{ 5 xx Waukesha.......) 1.30 | 0.81 | NW-SE | 0.70 | 0.44 0.75 0.29 185.6 | 19.0 62.3 © ok 

| Hagle ..........6+- 3 XX Racine..........., 210| 131 | Eew | 1.60 | 1.00 | 1.97 | 0.78 | 486.4/ 4.0 | 18.1 4 | a 

Bagle ..........0+. 5 XVII | Waukesha........| 1.40} 0.87 | NB-SW | 0.90 | 0.56 | 0.85 | 0,33 | 2il.2) 1.5 49 oe A 

Five .......eeeeees 9 xIx | Waukesha........| 1.00] 0.62 | NW-SE | 0.60 | 0.37 | 0.51 | 0.20 |) 128.0) 5.0 64 8 Oe 

Gilbert............| - 20 XI | Waushara.......| 1.53| 0.95 | E-W | 0.56 | 0.35 | 0.56 | 0.22 | 140.8) 19.5 0 a 

Golden.........64 7 XVI& | | Jefferson and _ | 2B | - 

| aukesha......( 2.20| 1.37 | NW-SE | 0.80 } 0.50 | 1.05 | 0.40 | 256.0] 13.0 42.6 . 

Hills...........5.54 19 XI Waushara........| 1.45] 0.90 | NE-SW | 0.50 | 0.31 ) 0.54 | 0.21 | 184.4 | 9.0 29.5 od 

Hooker.........05. 1 XX | Kenosha..........) 1.20 | 0.75 eer | 0.60 | 0.37 0.26 | 0.10 64.0| 7.0 23.0 CS 

KeesuS............ 8 XVIII Waukesha........| 1.40] 0.87 h-W 1.30 | 0.81 0.96 0.37 236.8 | 12.5 41.0 | oe 

Little Cedar......| 10 & 11 XIX | Washington......! 2.15] 1.34 [ NE-SW | 0.64 } 0.40 | 1.06 | 0.41 | 262.4) 11.3 37.0 ee 

Little Green......) 15 xitr_ | GreenLake......| 1.93; 1.20 | NE-SW | 1.44 | 0.90 | 1.89 | 0.73 | 467.2) 7.9 26.0 | ae 

oo tnt 14 | XIX | Fond du Lac..... 0 2.30 | N-8 | 0.64 | 0.40 | 2.05 ] 0,79 505.6] 18.8 45.5 

| ODE vrececeereeeeel 20 {| xré& xt! Waushara.......' 2.57’ 1.60 } NE-SW * 0.80 | 0.50 } © 1.09 © 0.42 J 268.8 28.0 75.5 = |



Long ..ceeeceeeeeeef 4 XX | Racine... ......{ 1.60{ 1.00 ( NE-SW { 0.40 ) 0.25 | 0.54 ( 0.21.) 134.47 6.0 19.7 m 
| Minister .......... 4 Xx Racine...........{. 1.20] 0.75 | N-8 | 0.80 | 0.50 | 0.65 | 0.25 | 160.0} 20.0 65.6 - 

Muskego (Big) ...) 5 XX | Waukesha.......{ 6.03] 3.75 | NE-Sw | 3.21 | 2.00] 11.08 | 4.28 | 2,739.2/ 8.0 26.2 a 
Muskego (Little) . 5 XxX Waukesha.......} 2.41/ 1.50 | N-S | 1.40 | 0.87 | 2.10 | o.g1 | 518.4] 14.0 46.0 a 

| - Paddock .......... 1 XX Kenosha..........| 1.00] 0.62 | N-S | 0.60 | 0.87 0.39 | 0.15 96.0| 9.5 31.1 : 
Phantom.......... 5 XVIII | Waukesha........{ 1.09) 0.68 | NE-Sw | 0.60 | 0.87 | 0.44 | 0.17 108.8 | 8.5 27.9 ) 
Pine weeeeeeel 2000: [XE Waushara.......] 1.41] 0.88 | NESW , 0.62 | 0.89 | 0.62-| 0.24 | 158.6} 14.5 47.6 : 

Pleasant.......... 4 XVI | Walworth........| 1.20] 0.75 | Nw-sE | 0.80 | 0.50 | 0.57 | 0.22 | 140.8] 7.0 23.0 
Potter........00.. 4 XVIII | Walworth........) 1.20] 0.75 | E-w | 0.70 | 0.44 | 0.65 | 0.25 | 160.0! 5.0 16.4 , 
Powers............{ 1 XVII &| | Kenosha and a 

alworth......| 1.80/ 1.12 | E-w | 1.00 | 0.62 | 1.68 | 0.65 | 416.0| 10.0 2.8 0 
© Poyganeeeesess..| 19820 | XIE || Wanshara and i ) nnebago.....] 12.39) 7.70 | E-W , 5.63 | 3.50 | 44.50 | 17.18 | 10,992.2] 3.3 08 

Puckaway........ 15 XI & XII | Green Lake and . | oq | Marauette.....| 13.04/ 8.10 | BE-w | 2.90 | 1.80 | 12,69 | 8.49 | 5,433.6] 1.6 B20 OS . 
Rockland.........| 2&3 XIX | Racine...........{ 0.80/ 0.50 | NW-SE | 0.40 | 0.25 | 0.21 0.08 51.2| 8.0 22 «=O 
Round............{ 20 XI | Waushara.......| 0.94] 0.59 | NW-SE | 0.69 | 0.43 | 0.41 0.16 | 102.4! 5.8 19.0 pe 
Silver........0ece. 1 XX Kenosha.........} 2.00! 1.25-| NE-Sw | 1.40 | 0.87 2.36 | 0.91 | 582.4 | 13.0 ne © | . 
Silver.......00.....1 XIX | Washington......| 1.51/ 0.94 | Nw-SE | 0.58 | 0.393 | 0.89 | 0.15 96.0} 10.5 344 S oo 
Silver......cee.0e.| 20 XI. | Waushara........) 0.95] 0.59 1 E-w 1} 0.27 | 0.17 | 0.21 0.08 51.2) 14.5 47.6 
Bilver..............1 18 XI Waushara........| 2.60; 1.62 ] NW-SE | 0.90 | 0.56 | 1.58 | 0.61 | 390.4] 18.3 8.6 | 
Bpring.............{ 15 XIII | GreenLake......| 1.04] 0.65 | NE-Sw | 0.48 | 0.80 | 0.44 | 0.17 | 108.8] 12.8 42.0 
TWIin.....cceceeeee 1 XTX Kenosha ........ [ccc eee leecc eens |cocvcncccccclocccevcclescccees 4,35 1.68 1,075.2 |. cccccccccloccecone 

a Levtececeecseseceeee] 4.21] 2.62 | N-S | 1.40 | 0.87 | - 3.24 | 1.25 | 800.0) 8.0 26.2 | | . 
MAIY.......ccscefeceeceeeccee|cccceceeeeecee{eceseceeeseseeseeeeef 1.93! 1.20 ' NE-Sw | 1.2 | 0.70 | 1.2 | 0.43 | 275.2/ 8.0 26.2 | 

Wilson.........00. 20 XI Waushara.......| 0.82 | 0.51 E-W 0.62 0.39 0.31 0.12 76.8 4.8 15.7 . 

Wind....eeceef 4 | Xx a 3.21} 2.00 | NE-SW | 2.41 | 1.50 | 5.70 | 2.20 | Lats 15.0 a2 nn 
Winneconne......! 19 & 20 XV___| Winnebago......{| 5.15! 3.20 | NW-SE | 3.21 | 2.00 ! 43.21) 5.10 | 3,264.01 8.0 98 Bb ;
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Taste 3.—LAKES OF NORTHEASTERN WISCONSIN. : o | 

) ————eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeEeEeoEoEoEoooooooooooooooooooe Teen Sw Tw <=T ooo. 

Greatest | Greatest Area. Maximum | | 
_ length. Direction breadth. known depth. 

Lake. Town N. | Range E. County. |—____-_ of greatest af . 

Km. | Mi. | Km. | mi. |Sa.Km.| Sa. Mi. } Acres. | Meters. | Feet. 

| Adelaide.............. 43 Vv ~ 0.75 0.47 N-S 0.51 0.32 0.18 0.07 45.0 21.0 68.9 \ 

Allequash ............ 41 VII Vilas.........] 2.41 1.50 | NE-SW | 1.41 0.88 1,42 0.55 352.0 7.5 24.6 = 

Anderson............- 43 | IX Vilas,......--] 0.88 0.55 N-S 0.40 0.25 0.21 0.08 53.1 19.5 64.0 S SO | | 

Arbor Vitae........ . 40 VII Vilas.........] 2,90 1.80 N-S 2.25 1,40 - 4,22 1,638 1,043.2 8.8 28.9 < : 

AYMOUTDL.....00 cee eeees 43 VI Vilas........-| 1.61 1.00 E-W irreg|ular 1.24 0.48 307.2 14.3 446.9 WS — | 

Ballard...............- 41 VIL Vilas.........| 2,41 1.50 H-W 1.30 | 0.81 2.17 , *0.84 ; 537.6 5.0 16.4 By | 

| ——— BaSS..... ee eee cece cers 39 VII Oneida.......} 0.96 | 0.60 | NE-SW 0.35 0.22 0.23 0.09 57.6 7.0 23.0 BS | . 

Basse ee ee f 88 x | Langlade....| 2.30 | 143 | E-w | 1.40 | 0.87 0.80 | 0.31 | 198.4 6.0 | 9.7 © oye 

Big Carr...........00- 38 VII Oneida.......| 2.41 1.50 NESW 0.96 0.60 - 1.29 0.50 320.0 22.8 74.8 = | es 

Big Sand.............. | 41 & 42 XII Vilas.........| 4.83 3.00 | NE-SW 2.01 1,25 6.99 2.70 1,728.0 9.5 31.2 oA : 

| Birch ......... e..eees 36 XV Forest,.......| 2.09 1.30 E-W 1,28 0.80 2.17 0.84 537.6 18.8 61.7 S : - 

Bird..........-.0..06- 38 VII Oneida.......| 1.50 0.93 N-S 0.88 | 0.55 | 0.54 0.21 134.4 13.0 42.6 z | 

Black Oak.... ....... | 42 & 43 IX &X | Vilas.........| 3.70 2.30 E-W 1.04 0.65 1,89 0.73 467 .2 24.5 80.4 ma a | 

Blue or Rusk......°.. 39 VI Onelida.......| 2.17 1,35 E-W 1.61 1,00 2.20 | 0.85 544.0 13.5 44,3 | | 

Boulder............6.- 42 VI & VII | Vilas.........| 3.62 2.25 E-W 1,93 1.20 2.48 *0 96 614.4 6.0 19,7 os 

Carroll..............-. | 39 & 40 VII Vilas and oe 

Oneida.....) 2.09 1.30 | NE-SW | 0.7% 0.47 1,16 0.45 288.0 7.0 23.0 | . 

Catfish................ | 39 & 40 X & XI Fi 4.62 | 2.87 NE-SW cng 3.65 1,41 902.4 6.0 19.7 . | 

Clark ..........2...-2- | 28 & 29 XXVII Door ......-..} 2.78 1.70 | N-S 2.10 1,31 2.69 1.04 665.6 6.0 19.7 |



Clear...... esseeeeeee[ 42 ff V& VI f Vilas.........f 2.81 { 1.75 ( NE-SW | 1.10 | 0.70 ( 2.04 ( 0.79 ( 505.6/ 8.0 7 26.2 - 
| Clear...............0.. 39 Vil Oneida.......} 3.388 | 2.10 N-S irregiular | 3.73 1.44 921.6 25.0 | 82.0 | 

Clear Crooked........ 42 VI & VII | Vilas.........} 2.25 | 1.40 | NE-SW | 1.80 | 1.12 2.72 1.05 672.0 10.0 | 32.8 

Clover Leaf.......... 26 XV SHAWANO. ....Jecessecalecsceccale: seccseseesleccecseclessseess| 1,18 0.46 297.6 |...ceecensfeccccece | 
oo Golden RO. ........Jeecccscssceclecccssccsssecalerscsccccsscvees| 0.40 0.25 E-W 0.35 0.22 0.07 0.03 19.2 11.4 37.4 | 

| GTASS . 0... cee eee e lene secceteceleecceecceveccslecccesscecsesess| 0.80 | 0.50 E-W 0.60 | 0.38 0.34 0.18 86.4 14.8 | 48.5 

Pine Or Shamrock .|......ssseesleeessecsecsees[ecccssessceseses| 1.87 | 0.85 | NW-SE | 0.80 | 0.50 0.77 0.30 192.0 10.8 385.4 | 
Crab.......... cece eee. 43 VI Vilas.........) 3.41 | 2.12 | NE-SW | 2,17 | 1.85 5.33 2.06 | 1,318.4 13.5 | 44.3 

Cranberry...........] 40 XI Vilas.. ......) 2.01 | 1.25 | NE-SW | 1.12 f 0.70 | 1.35 | 0.52 | 332.8] 3.5 | 11.5 ie 
Crawling Stone....... 40 V Vilas.........] 3.86 2.40 | NW-SE 2.65 1.65 6.47 *2.50 1,600.0 28.3 93.0 SS 
Diamond.............. 41 VI Vilas.........) 1.12 | 0.70 | NE-SW )) 0.64 | 0.40 0.81 0.12 76.8 9.0 | 29.5 ua a . 
Duck............. 2... 40 x Vilas.........] 0.80 | 0.50 | NE-SW | 0.48 | 0.30 0.26 0.10 64.0 4.9 | 161 5 

| Eagle.................| 40 :< Vilas.........] 1.98 | 1.20 | E-W | 1.77 | 1.10 2.64 1.02 652.8 7.0 | 28.0 B | 
Fence .............000. 40 V+} Wilas.........] 5.28 3.20 N-S 3.37 2.10 13.738 *5 30 3,492.0). 28.3 93.0 . 
Fish Trap............. 42 VII Vilas......... | 2.41 1.50 | NE-SW | 1.00 0.62 1.32 *0.51 326.4 9.0 29.5 = | ; : 
Flambeau ............ 40 IV&V | Vilas....7....} 38.22 | 2.00 N-S irreg|ular 5.18 *2.00 | 1,280.0 15.0 | 49.2 By 
GeOrge.........eceeee. 36 Ix Oneida.......} 1.61 1.00 N-S | 1.12 0.70 1.06 0.41 262.4 6.5 21.3 ” | | 
High..................] 42 & 43 | VIL & VIII] Vilas.........) 3.22 2.00 | NE-SW 1.61 1.00 3.08 *1.19 761.6 9.5 31.2 | 

| Horsehead............ 43 VI Vilas.........{ 2.41 | 1.50 E-W 1.28 | 0.80 1.66 *0.64 409.6 6.8 22.3 
Tsland............00085 42 V&VI | Vilas.........) 3.22 2.00 | NW-SE | 1.61 1.00 3.52 *1 36 870.4 11.0 36.0 oo, 
Kathrine.............. 38 VI Oneida.......{ 3.62 | 2.25 N-S irreg/ular 2.46 0.95 608.0 8.5 [ 27.9 . | 
Kawaguesaga ........ 39 VI& VII | Oneida... ...) 6.84 4,25 E-W irreg|ular 8.36 3.23 2,067.2 17.0 55.8 
Laura..............0. 41 VIIT & IX | Vilas.........} 2.41 1.50 NW-SE | 1.45 0.90 2.49 1.00 640.0 12.0 39.4 ° 
Little Muskallonge..{ 40 VI! Vilas,........) 1.04 J 0.65 | N-S 0.48 | 0.30 0.31 0.12 76.8 6.5 / 21.3
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TanuE 8. Continued. LAKES OF NORTHEASTERN WISCONSIN. | | - 

| | Greatest ae Greatest | , Maximum , | 

length. Direction breadth. Area. known depth. 

Lake. | Town N. | Range EB. County. —_______——. of eroaiest | Ee [| — 

Km. | Mi. | Km. | Mi. | 8a.Km.} Sa. Mi. | Acres. | Meters.) Feet. ee 

Little Tomahawk....| 38 vir | Onetda.......| 0.96 | 0.60 | N-S | 0.56 | 0.85 | 0.54 | 0.21 | Id] 187 | 449 Ky a 

Little Trout..........] 41 & 42 Vv Vilas. .... ..| 2.81 | 1.75 | N-S | 2.01 | 1.25 | 3.88 | *1.50 | 960.0] 28.0 | 91.8 Ss oe 

LONgseeeeeeeeeeevseeee| 40 vy | Vilassecceeee.{ 2.25 | 140 | NS | 0.96 | 0.60 | 1.81 | *0.70 | 448.0) 17.0 | 55.8 b | oe 

| —— Longor Trump.......] 35 xv | Forest........| 1.70 | 1.08 | NE-sw | 048 | 0.80] 0.98 | 0.38 | 243.2[ 4.9 | 16.2 0 5 —_ 

| Lost Canoe.........---| 42 Vir | Vilas......0..{ 2.01 | 1.25 | NW-SE] 0.61 | 0.88 | 0.88 | 0.82 | 204.8) 12,5 | 41.0 & Oty 

Mamie ..ceeeeereeee] 4 Ix Vilas.........{ 1.61 | 1.00 | N-S | 1.37 | 0.85 | 1.55 | 0.60 | 384.0) 4.5 | 14.8 A ty 

| Manitowish... ......[ 42 Vv | Vilas.........] 2.57 | 1.60 | E-W | 1.87 | 0.85 2.07 | *0.80 512.0 | 15.0 49.2 m | - OY 

Medicine............| 388 30.| XE | Oneida... ...[ 2.25 | 1.40 | NE-SW ) 0.96 | 0.60 | 2.07 | 0.80 | 512.0) 4.0 | 18.1 3 

Mud.iccccccccsseeseee] 88 vit | Oneide.......{ 0.55 | 0.34 | NE-SW | 0.40 | 0.25 | 0.163] 0.063} 40.3] 8.3 | 27.2 = cee 

North Long...........| 41 & 42 xi | Vitas.........{ 5.15 | 3.20 | NE-SW | 1.20 | 0.75 | 4.40 | 1.70 } 1,088.0) 27.0 | 88.6 a | eS 

North Twin........+] 41&42 | XI Vilas.........| 6.60 | 4.10 | NE-Sw | 2.57 | 1.60 7 10.92 | 4.22 [ 2,700.8} 13.0 | 42.6 $ re: 

| | Otter...cceeeceeeee| 40 x Vilas.........| 1.40 | 0.87 | N-S | 0:80 | 0.50 | 0.80 | 0.31 | 198.4] 8.9 | 29.2 5 oa 

| Palmer.......-.c-0----| 48 VuI | Vilas.........| 2.81 { 1.75 | NE-SW | 2.01 | 1.25 2.48 0.96 614.4 4.5 4.8  *.. oo. bis 

Pelicat........eese00{ 35 xX & XI | Oneida.......! 5.79 | 3.60 | E-W | 8.38 | 2.10 | 14.24 | 5.50 | 8,520.0] 12.8 | 40.3 | ee 

Pokegama.........-..| 40 & 41 Vv Vilas.........| B28 | 3.25 | NS | 1.9 | 1.20 | 4.02 | *1,90 | 1,216.0) 13.0 | 42.6 ~ . “a 

Plumes cececceceece| 41 [WIT & VIIE| Vitas.........| 6.76 | 4.20 | NESW } 2.01 ) 1.25 ] 4.40 | 1.70 | 1,088.0) 15.5 (50.8 OS 

Presque Isle..........] 48 | VI Vilas.........| 6.08 | 8.75 | NW-SE | 38.22 [i | 2.95 | 1,888.0} 24.0 | 78.7 es 

Razor Back........./ 41 VIL | Vilas.........l. 1.77 | 1,10 | n-s 1 145 ' 0,90 | 1.42 | 0,55 © 852.0) 69,5 | 31d od 

, / : . 

7 ‘e



Sand ...............5..) 35 & 36 XIII Forest,.......( 4.83 ] 3.00 N-S 2.09 ¢ 1.80 8.08 8.12 | 1,996.8 14.8 48.5 | 
Silver... cece | 86 XIV | Forest........} 1.61 | 1.00 | E-w | 1.20 { 0.75 | 41.35 | 0.52 | 332.8] 6.0} 19.7 | | 
Silver...............05. 41 VI Vilas.........] 1.61 | 1.00 N-8 0.32 | 0.20 0.52 0.20 128.0 17.0 | 55.8 
Spider..............00. 40 VI Vilas.........] 2.17 | 1.85 | NE-SW | irreglular 1.11 | -*0.48 275.2 8.0 26.2 _ 
Squirrel............... 39 V Onelda.......| 6.03 | 3.75 N-8 1.61 | 1.00 6.34 2.45 | 1,568.0 10.3 33.8 | 

| Star......ececceec eee 41 VIII | Vilas.........] 3.41 | 2.12 | E-W 2.57 | 1.60 4.66 1.80 | 1,152.0 8.0 26.2 
1 42 V Vilas... .....] 1.61 |} 1.00 E-W 1.04 ]| 0.65 1.08 *0.42 268.8 17.5 57.4 
Stone........... ..00.., 85 XIII Forest........] 5.63 | 8.50 N-S 1.12 | 0.70 8.42 1,82 844.8 23.8 76.4 | - 
Summit............... 33 X Langlade.....} 1.50 | 0.98 |  N-S. 0.59 | 0.37 1.55 0.60 384.0 4.9 16.1 mw 
Tenderfoot........... 43 VIII Vilas.........] 2.57 | 1.60 E-W 2.41 | 1.50 2.61 1.01 646.4 8.5 27.9 = | 

| Thousand Island....., 44 |XXXXIW|Gogebic, 8 | . Mich........} 3.62 | 2.25 | E-W irregjular 8.34 1.29 825.6) 21.5 | 70.5 eo 
| Tomahawk............} 38 & 39 | VI & VII | Oneida.......| 7.24 | 4.50 E-W irreg|ular 14.76 5.70 | 3,648.0 22.5 73.8 oq : 

Trout..................] 41 & 42 } VI & VII | Vilas ........) 7.24 | 4.50 | N-S 3.86 | 2.40 16.83 *6.50'| 4,160.0 35.0 | - 115.0 BS 
Turtle, North.........{ 43 & 44 Vv Vilas..... 2.01 | 1.25 NE-SW | 1.28 0.80 2.59 1,00 640.0 14.5 47.6 S 
Turtle, South........ 43 Vv Vilas.........] 3.62 | 2.25 N-S 1.01 | 0.63 3.21 1,24 793.6 13.1 43.0 - BY | 
Two Sisters........... 38 VIII Oneida.......| 3.05 1.90 E-W 1.80 1,12 8.68 1.42 908.8 19.5 64.0 Ss 

Upper Gresham......) 41 & 42 VI Vilas........ | 2.01 | 1.25 E-W 1.28 | 0.80 1.45 0.56 358.4 8.0 26.2 
Vieux Desert......... 42 XI Vilas.........| 7.53 | 4.68 | NE-SW | 3.92 | 2.44 19.34 7.47 { 4,780.8 6.0 19.7. . 
White Sand........... 42 VII Vilas.........] 2.65 | 1.65 E-W 1.40 | 0.87 8.21 *1 24 793.6 20.5 67.2 
Yellow Birch......... 40 Xx Vilas.........] 1.20 | 0.75 N-8 | 0.71 | 0.44 | 0.78 | 0.30 192.0 | 4.7 15.4 | 

" * The areas of the lakes marked with an asterisk were determined by Mr. C. B. Stewart, Consulting Engineer, Madison, Wis. 

. 

pod 

| , - |
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TABLE 4. LAKES OF NORTHWESTERN WISCONSIN. | ~ Ss . 

a 
| 

Greatest a Greatest Area. | Maximum - 

. length. Direction breadth. known depth. 

Lake. Town N. | Range W. County. EE of greatest a (Cn ( | 

Km. Mi. Km. | Mi. |Sq.Km.| Sq. Mi. | Acres. | Meters. | Feet. : 

Atkins ..........0000 ee 44 V | paytela ..... 2.17 | 1.35 | E-W 1.45 | 0.9 | 2,12 0.82 524.8 | 18.0 | 59.0 | . 

Balsam ............22.| 34 & 35 XVI Eo veveceeee| 2,06 | 1.28 N-S 1.61 | 1.00 1.86:| 0.72 460.8| 11.0 | 36.1 : | 7 

Balsam ........e00000: 37 x Washburn... | 3.06 | 1.90 | NE-SW | 0.64 | 0.40 1.55 0.60 384.0 | 13.0 | 42.6 S - 

Bardon or Whitefish 43 XII Douglas......| 4.18 | 2.60 | NE-SW | 1.20 | 0.75 3.11 | 1.20 768.0 | 31.0 | 101.7 3 | . 

Beaver Dat..c..ce. | 35 & 36 |XIIL & XIV| Barron......] 6.12 | 3.80 | NW-SE | 1.20 | 0.75 5.13 1.98 | 1,267.2] 28.0 | 91.9 iB os 

— Bennet......iseeeeeees a7 C | COX Sawyer.......| 0.60 | 0.87 N-S 0.32 | 0.20 0.08 | 0.033 a1.1| 19.5 | 64.0 Ry og 

Big Angus...ccsse.| 47&48 | VIE | Bayficld.....] 1.93 | 1.20 | NE-SW | 0.88 | 0.55) 1.10 | 0.426 o72.6| 9.5 | 1.2 SS 4 

, Big Balsam...........| 34 & 35 XVII | Polk..........| 4.83 | 3.00 E-w | lel | 1.00 7.22 | 2.79 | 1,785.6 5.5 | 18.0 S “| 

Big Butternut........| 36 XVIL | Polkk......-e{ 1.98 | 1.20 | E-W | 0.96 | 0.60 [ 1.55 | 0.60 | 384.0| 6.5 | 21.3 es 

Big Horseshoe........| 8 XIV & XV| Barron&Polk| 4.02 | 2.50 N-S | 1.61 | 1.00 3.24 1.25 800.0} 18.0 | 59.0 s oe 

Big Sand...........65 36 XIV ° | Barron.......| 3.62 | 2.25 | NW-SE | 0.56 | 0.35 1.42 0.55 352.0; 17.0 | 55.8 S 7 : 

| Big Sissabagama..... 38 IX Sawyer.......| 3.94 | 2.45 | NW-SE | 1.20 | 0.75 3.75 1.45 928.0} 14.5 | 47.6 = B 

Big Spider...... cesses 42 VII Sawyer......( 4.00 | 2.49 NE-SW irreg|ular 7.20 2.78 1,779.2 14.5 47.6 eB 

| Birchie..cseccccesenees 37 x Washburn...| 1.45 | 0.90 N-S 1.13 | 0.70 0.98 0.38 243.2 | 17.5 | 57.4 | | - 

Bone .escecesccceeeseee } 85 & 36 XVI Polk..........| 7.72 | 4.80 N-S 1.61 | 1.00 8.31 3.21 | 2.0544 | 15.0 | 49.2 on 

Bottomless...........] 47 Lx Bayfield.....| 1.13 | 0.70 N-S 0.56 | 0.35 0.44 0.17 108.8 | 10.0 | 32.8 | = 

Cable .......ceseeeeeee 43 VIIL | Bayfield.....{ 2.90 | 1.80 N-S 0.85 | 0.53 1.50 0.58 371.2} 10.0 | 32.8 a 

Camp 20....c.ccce0.06 | 46 & 47 VIIL | Bayfield.....| 0.40 | 0.25 N-S 0.18 | 0.12 0.06 0.024] 15.4] 11.0 | 36.1 . 

Cleaners 33 IX Rusk.........| 1.09 | 0.68 | N-S 0.40 | .0.25 0.28 O11 } 70.4) 19.5 | 64.0 7 

CLOW. .csesccceesreeees 47 vilt | Bayfeld.....! 1.61 / 1.00 ) NE-SW ’ 0.72 | 0.45 0.70 0.27 | 172.8! 18.0 ° 59.0 . —— |



Deer ....eccecesseaeees 34 XVII & } Polk..........] 4.50 | 2.80 E-W 1.13 } 0.70 3.26 1.26 806.4 12.0 ]) 39.4 | | of XVIII. | | fo. 
| , Diamond...........008 44 VI Bayfeld.....| 2.17 | 1.35 N-S 1.32 | 0.82 2.02 0.78 499.2} 19.8 | 65.0 - 

Eau Claire............ 44 Ix Bayfield.....{ 3.62 | 2.25 N-S 1.61 | 1.00 3.11 1.20 763.0 20.5 | 67.2 - | 
: GilMore,..........000. 42 XII Washburn....| 4.59 | 2.85 NE-SW 0.97 0.60 2.67 1.08 659.2 10.0 32.8 

Grindstone........... 40 VIII & IX | Sawyer.......| 5.47 | 3.40 {| NE-SW | 3.38 | 2.10 14.01 5.41 | 8,462.4) 14.5 | 47.6— | 
Half Moon............ 47 VIII | Bayfield.....} 1.13 | 0.70 | E-W 0.64 | 0.40 0.40 0.154 98.5 7.0 | 28.0 | | 
Hammills............. 44 VII & VIII] Bayfield.....| 1.61 | 1.00 { NE-SW ] 0.88 | 0.55 0.90 0.35 224.0 15.0 | 49.2 —_ | 
Hawley ....ccceeeeed 44 VIL | Bayfield .....).......|icccsseclesceesccveeslecossecclesscsecc[eceesereeseccesssediesceseseeed 8.5 | 27.9 | 
Island ...ccccccevecees 33 VIII Rusk........./ 2.82 1.75 NE-SW 1.05 |. 0.65 1.76 0.68 435.2 14.5 47:6 = . 

Lac Court Oreilles...| 39 & 40 VIL & IX | Sawyer....... 9.10 | 5.65 | NE-SW | 3.06 | 1.90 21.24 8.20 | 5,248.0 20.5 | 67.2 8 : | 
Little Duck.......... 42 VI Sawyer.......| 3.54 | 2.20 | NE-SW | 1.77 | 1.10 4.30 1.66 { 1,062.4 5.0 | 16.4 4 | 
Little Sissabagama.. 38 IX Sawyer.......| 1,61 | 1.00 N-S 1.28 | 0.80 1.29 0.50 =| 15.0 49.2 a — 
Little Spider......... 42 VII Sawyer......./ 1.61 | 1.00 | NE-SW | 1.05 | 0.65 0.98 0.36 220.4 6.0 | 19.7 a | 
Long..........see0002.| 37 & 38.| X & XI Washburn ...| 14.89 9.25 NE-SW irreg ular 14,81 5,72 3,660.8 23.0 | 75.4 B | 

| LOnG...ccsceceeeeeseee] 84 XVII Polk..........| 2.73 | 1.70 | NW-SE /{ 0.88 | 0.55 1,55 0.60 384.0 7.5 | 24.6 a | 
LONG... ese ceeeeeeeees 32 VIII & IX | Chippewa....| 4.83 | 3.00 | NE-SW | 1.37 | 0.85 4,32 1.67 | 1,068.8 23.5 | 77.1 a 
Lost Land............ 42 VI Sawyer.......| 4.02 | 2.50 N-8 irreglular 6.01 2.32 | 1,484.8 4.8 | 15.7 S | | 
Loveless.............. 34 XVII Polk..........{ 1.61 | 1.00 | NW-SE | 0.51 | 0.32 0.62 0.24 153.6 6.5 | 21.3 | 
Lower Bass........... 43 XII Dougilas......| 1.61 | 1.00 N-S 1.45 | 0.90 0.88 0.34 217.6 24.0 | 78.7 
Minnesuing .......... 46 XI Douglas......| 3.22 | 2.00 N-8 1.13 | 0.70 2.07 0.80 512.0 7.0 | 23.0 | ! 
Namekagon .......... 43 VI Bayfield.....| 7.24 | 4.50 | NE-SW | irreglular 14.89 5.75 | 8,680.0 10.0 | 32.8 | 
Nebagamain .........| 46 & 47 XI Douglas......| 4.50 | 2.80 | NW-SE | 3.54 | 2.20 4,14 1.60 | 1,024.0 14.0 | 45.9 | 
Nichols, or Chain....| 32 & 38 IX |Chippewa | | ) | | | and Rusk..| 3.70 | 2.30 | NE-SW | 0.74 | 0.46 0.75 0.29 | 185.6 20.0 | 65.6 
OWEN .....eeeeeeee eee] 43 & 44 | VII Bayfield .....] 10.05 | 6.25 | NE-SW | trreglular 8.10 3.13 | 2,032.0 27.0 | 88.6 | — 
PeYrTy ...cccecceceseeee? = 48 VII Bayfield .....| 1.07 | 0.66 N-S 0.40 | 0.25 0.28 0.11 70.4 5.0 | 16.4 pea 

| Pike oo... ese eee eee cy 47 | VIII Bayfield ....,! 3.22 | 2.00 N-S 1,93 | 1,20 2,19 0.845 540.8 15.0 ' 49.2 aan :
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TABLE 4, — Continued. LAKES OF NORTHWESTERN WISCONSIN. o3 / 

| | Greatest oo Greatest | Area. Maximum 

Lake. Town N. | Range W. County. __Teneths of greatest _ breadth. eS _Known depth. 

Km. | Mi. tength. Km. | Mi. | Sa. Km.| Sq. Mi. Acres. | Meters. | Feet. | 

Pine......cceceeeceeees { 382 & 38 1.4 Chippewa 
. and Rusk..| 2.01 1,25 NE-SW 0.80 0.50 0.83 0.32 204.8 30.5 | 100.0 | 

; Pitcher ..........eeee- 44 VII ~ Bayfield.....| 0.82 0.51 NE-SW 0.40 0.25 0.14 0.054 34.5 4.0 13.1 iS - 

Pokegama.........0+- 42 XII . | Washburn...| 3.86 2.40 NE-SW 0.97 0.60 2.05 0.79 505.6 7.0 23.0 & | | 

Red Cedar.........+.. 36 xX Barron,......| 7.24 4.50 N-S _ 2.25 1.40 9.37 3.62 2,316.8 15.0 49.2 Sg 

ROUNG ... ccc cece ecco ee | 41 VII & VIII | Sawyer.......| 7.64 4.75 N-S A 67 2.90 14,50 5.60 3,584.0 18.0 59.0 mS | 

Saint Croix........... | 45 XI & XII | Dougilas......) 6.44 4,00 NE-SW 0.88 0.55 4.17 1.61 1,030.4 6.0 19.7 By | 

Salsbery......ccecsees 32 IX Chippewa....| 1.61 1.00 NE-SW 0.69 0.43 0.26 0.10 64.0 2.5 8.2 BS . . . 

Shell ..........eeeeeee. | 87 & 88 | XIL& XIMI| Washburn... | 5.238 3.25 NE-SW 4.02 2.50 12.95 5.00 8,200.0 15.0 49.2 S = 

Spirit ....... cee e wrens 37 XVIII Burnett......| 2.73 1.70 NE-SW 1.61 1.00 2.59 1.00 640.0 7.5 24.6 x ‘ 

Bucker....ccceceeeees 33 XVII | Polk..........| 5.63 | 3.50 | NW-SE | 1.93 | 1.20 5.88 2.27 | 1,452.8 85 | 27.9 oa 

SWENSON ..... cee eeeee 43 Vil Bayfield.....| 2.01 1.25 | NE-SW 0.56 0.35 0.80 0.31 198.4 | 5.3 17.4 3 . . 

Taylor.cccsseceee| 44 VI&VIL | Bayfield.....] 1.16 | 0.72 | E-W [ 1.05 | 0.65 | 0.80 | 0.81 | 198.4) 4.5 | 14.8 za . 

Trade......ccsscceeeee 37 XVIII Burnett......| 1.61 1.00 NE-SW irreg|ular 2.07 0.80 512.0 6.0 19.7 2 | 

TYADDEY oo... sev eceeee 44 VI Bayfield.....| 2.01 1.25 NE-SW 0.88 0.55 1.10 | 0.426 272.6 9.0 29.5 | 

Upper Turtle......... _ 84 XIV Barron....... 3.70 2.30 NW-SE 0.64 0.40 1,94 0.75 480.0 7.0 23.0 - 

Whitefish...........6. 39 IX Sawyer.......| 4.18 2.60 NE-SW 1.05 0.65 3.63 1.40 896.0 22.5 73.8 - 

Wild Goose........... 34 XVII Polk..........| 1.58 0.95 NW-SE | 1.03 0.64 1.08 | 0.40 256.0 4.5 : 14.8 | :
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Adelaide lake, 126. Birch lake, 126, 130. ~ 
Allequash lake, 126. Bird lake, 126. 
Anderson lake, 126. Black Oak lake, 126. . 
Arbor Vitae lake, 126. Blue or Rusk lake 126. 
Armour lake, 126. Bone lake, 130. 
Atkins lake, 130. Booth lake, 79. . 
Atwood, W. W., ix, 30. hydrographic map, 80_8I.. 

table, 82. 
" See also table 1, 122-123.. 

Babcock, A. A., 113. topographic map, 78-79. 
Balaton lake, 98. Bottomless lake, 130. 
Ballard lake, 126. Boulder lake, 126. 
Balsam lake, 130. Breaker, 5. 
Bardon or Whitefish lake, 130. Browns lake, 124. 
Basins, origin of, 1. ' | Buffalo lake, 99. 
Bass lake, 126. Butte des Morts, Big, 99, 194. 
Bear lake, 124. Butte des Morts, Little, 99. 124. 
Beaver lake, 38. 

| hydrographic map, 40-41, 
table, 39. Cable lake, 130. 
See also table 1, 122-123. Camp lake, 75, 83, 124. 
topographic map, 36-37. Camp 20 lake, 130. 

Beaver Dam lake, 130. Carroll lake, 126. | 
Bennet lake, 130. Catfish lake, 126. __ 
Beulah lake, 78. Chain O’Lakes. See Waupaca Chain 

hydrographic map, 80-81. O’ Lakes. 
Lower lake, 78, 81. Chicago, Milwaukee & St. Paul Ry., viii, 
Round lake, 78, 80. 115. 
shores, 78. Chicago & Northwestern Ry., viii, 115. 
table, 80. Chippewa river, 119. 
See also table 1, 122-123. Clark lake, 126. | 
topographic map, 78-79. Clear lake, 127, 130. 
Upper lake, 78, 80. Clear Crooked lake, 127. 

Big Angus lake, 130. Cliff, 7. . 
Big Balsam lake, 130. Clover Leaf lake, 127, 

° Big Butternut lake, 130. Como lake, °68, 124. 
: Big Carr lake, 126. Crab lake, 127, 

Big Cedar lake, 84. Cranberry lake, 127. 
hydrographic map, 86-87. Crawling Stone lake, 127. 
origin of basin, 84. Crooked lake, 58. ; 
sheres, 85. : hydrographic map, 58-59. 
table, 87. ' table, 59. 

. See also table 1, 122-123. See also table 1, 122-123. 
topographic map, 84-85. topographic map, 36-37. 

Big Horseshoe lake, 130. Crow lake, 130. 
Big Sand lake, 126, 130. Crystal or Cedar lake, 91, 124. | 
Big Sissabagama lake, 130. Currents, 5, 6. 
Big Spider lake, 130. work of, 9. |
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134 INDEX. 

Deer lake, 181. . - ,Gannett, Dictionary of Altitudes, 113, | 

Delavan lake, 69. 115, 120. 7 

7 | bottom slopes, 69. Garvin lake, 48. 
. hydrographic map, 70-71. hydrographic map, 46-47. a, 

. shores, 69. table, 48. 

| table, 71. See also table 1, 122-123. 

: See also table 1, 122-123. topographic map, 36-37. | 

— | topographic map, 64-65. Genesee lakes,, 58. 

: : De Neveu lake, 124. hydrographic map, 58-59. 

oO Denoon lake, 124. table, 60. 

| Deposits, marginal, 7. See also table 1, 122-123. ; 

7 Development, shore, 122. topographic map, 36-37. 

. volume, 123. Geneva lake, 65. 

. | . Devils lake, 30 | geology, 65. 

| bottom, 32. hydrographic map, 66-67. . 

. | drainage basin, 32. origin of basin, 65. | 

/ changes in level, 32. shape, 66. | 

geology, 30. . shores, 66. 

: hydrographic map, 32-33. sources of water, 67. a 

. shores, 31. | table, 68. 
topographic map, 30-31. See also table 1, 122-123. 

Diamond lake, 127, 131. topographic map, 64-65. 

- Dictionary of Altitudes, Gannett, 113, | Geology, of Big Cedar lake, 84. | 

115, 120. of Devils lake, 30. | 

o Driftless area, xii, 4. of lake Geneva, 65. 

Duck lake, 127. of Green lake, 92. 
of Oconomowoc-Waukesha district, 

. ; Hagle lake, 124, 127. of Yahara basin, 11. . 

Eagle River lakes, 113, 115. Glacial epochs, Xii. 

a Kast Troy lake, 79. _ Glacial lobes, xii. 
hydrographic map, 80-81. Glacial period, x1i. 

table 82. | Glaciated area, xii. 

oo | See also table 1, 122-123. /George lake, 127. 

| topographic map, 78-79. | Gilbert lake, 124. . 

: Eau Claire lake, 131. Gilmore lake, 131. 

Elevations, in northeastern lake dis-} Golden lake, 64, 124. 

trict, 115. , Government hill. 36. 

in northwestern lake district, 120. Gravelius, H., 123. 

- of southeastern lakes, table 1, 122-; Green lake, 92. 

- . 123. bottom features, 93. 

Elkhart lake, 88. drainage, 93. 

C. ' hydrographic map, 90-91. geology, 92.. . 
shores, 89. | hydrographic map, 92-93. | 

. ~ table, 91. origin of basin, 93. 

See also table 1, 122-123. . shores, 94. 

- Epilimnion, 6. | table, 96. 
; See also table 1, 122-123. 

| Grindstone lake, 131. 

Fasten, N., ix. " 

Fence lake, 127. | | Halbfass, W., 122. 

| Fenneman, N. M., ix, 1. Half Moon lake, 131. 

. Fish Trap lake, 127. Hammills lake, 131. : 

_ Five lake, 64, 124. Hawley lake, 131. 
Flambeau lake, 127. High lake, 127. 
Formulae, morphometrical, 122, 123. Hills lake, 124. 

Four Lake Country, 11. Holy hill, 36. : 

‘ Fowler lake, 51. : Hooker lake, 124. | | 

| hydrographic map, 52-53. Horsehead lake, 127. : 

- table, 51. Hydrographic survey, vil. 
See also table 1, 122-123. 
topographic map, 36-37. 

Fox river of Great Lakes basin, 99. Ice, effect on shore, 9. 

so Fox river of Mississippi basin, 37. Island lake, 127, 131.
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Kathrine lake, 127. — . Mill lake, 79. 
Kawaguesaga lake, 115, 116, 127. hydrographic map, 80-81. | | 
Keesus lake, 64, 124. table, 81. ‘ | | | 
Kegonsa, 26. See also table 1, 122-123. 

hydrographic map, 26-27. topographic map, 78-79. . 
, shores, 24. . Milwaukee Light, Heat & Traction €o., 

‘source of water, 28. ix. . 
table, 28. Minister lake, 125. . 
See also table 1, 122-123. Minneabolis, St. Paul & Sault Ste. Marie 
topographic map, 12-13.- Ry., 120. 

Minnesuing lake, 131. 
Minocqua lake district, 114. 

Lac la Belle, 52. Mississippi river, 12, 35, 38, 67, 72, 83, + 

hydrographic map, 52-53. 117, 119. 
table, 53. Monona, 20. | 

See also table 1, 122-123. hydrographic map, 20-21. 
topographic map, 36-37. shores, 20. 

| Lac Court Oreilles, 131. table 23. 
‘Lakes, extinction of, 2. See also table 1, 122-123. 

| origin of, 1. water supply, 22. . 
. shore modifications, 5. Morvhometrical formulae, 122, 123. 

value, xiv. Mouse lake, 44. 

variation in size, Xi. hydrographic map, 46-47, . 
Lauderdale lakes, 72. | table, 49. 

Green lake, 14, See also table 1, 122-123. 

- hydrographic map, 76-77. topographic map, 36-37. | | 
: Middle lake, 75. Mud lake, 128. 

Mill lake, 76. Muskego, Big, 73, 83, 125. 

table, ‘76. Muskego, Litte, 73, 83, 125. 

See also table 1, 122-123. ; . 
| Laura lake, 127. Nagawicka lake, 61. 

Lille Cedar lake, 87, 124. hydrographic map, 54-55. 
Little Duck lake, 131. table, 62. 

| Little Green lake, 124. See also table 1, 122-123. . 
. Little Muskallonge lake, 127. topographic map, 36-37. 

. Little Sissabagama lake, 181. Namekagon lake, 131. 
Little Spider lake, 131. . Nashotah-Nemahbin lakes, 54. - 

: Little Tomahawk lake, 128. hydrographic map, 54-56. - 
: Little Trout lake, 128. . table, 56. 

Long lake, 124, 128, 131. See also table 1, 122-123. 
- Lost Canoe lake, 128. | topographic map, 36-37. 

| Lost Land lake, 131. Nashotah lake, Lower, 55. . 
Loveless lake, 131. Nashotah lake, Upper, 55. 

Lower Bass lake, 131. | Nebagamain lake, 131. : 
Nemahbin lake, Lower, 55. 
Nemahbin lake, Upper, 55. | 

Mamie lake, 128 Nichols lake, 131. : 

Manitowish lake, 128. North lake, #2. sod | 
Marginal shelf or terrace, 7. fy rographic map, 40-41. | | : 
Marl. 3. able, 43. | | 
Marsh. C. D.. viii See also table 1, 122-123. 

| Medicine lake, 138, topograpiic map, 30-37. | 
- Mendota, 12. Northeastern lake district, 113. 

"basin of lake, 17. North Pon lake. 138: 
beach structures, 14. No ong 2a ce, * 
bottom, 18. orth Twin lake, 128. - 
depth, 18. Northwestern lake district, 117. 

, dydrographic map, 14-15. map of 120-121. 
shores, 13. | 

soundings, 17. | Oconomowoc- Waukesha lakes, 36. 
source of water, 17. bottom slopes, 38. 
table, 19. : drainage, 37. - 
See also table 1, 122-123. geology, 36. . 

| Michigan lake, 88, 93, 99, 101. topographic map, 36-37.
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: Oconomowoc lake, 49. Rockland lake, 125. 

- hydrographic map, 46-47. Round lake, 125, 132. 

. table, 50. 
" See also table 1, 122-123. 

topographic map, 36-37. . . 

oie ey. Gein Gro lake, 192 hydrographic map, 46-47. ; " . 
table, 47. Sarsbery lake, ne 

: See also table 1, 122-123. alisbury, R. D., ix, 30. 
: topographic map, 36-37 Sand lake, 129. , 

| : Origin of lake basins, 1 Sequence of marginal deposits, 7. 
Otis lake, 58. eboygan marsh, 90. | 

a hydrographic map, 58-50. Soe arene. | 
: table, 59. ’ ° 

- See also table 1, 122-123. Shore development, wee | 
topographic map, 36-37. Shore eifect of 1ce on, 9. 

Otter lake, 128. Shore modifications of lakes, 5 : 

Owen lake, 131. Sakae Set noation of, 6, 9. 

| ilver lake, 53. 
hydrographic map, 58-59, | 

. table, 54. 

| Pesta 198. See also table 1, 122-123. 
Pelican lake, 115, 128. Si topographic map, 36-37. | 

| ilver lake, 88. 
. Penck, A., 122, 123. 9] lati f 

Perry lake, 131. Smith: calcu auron of. 128. | 

Soundings, number of, viii. 
- Pewaukee lake, 63. Southeastern Wisconsin, sketch map, 8. 

hydrographic map, 62-63. Beit lake 182, 

: table . , ; 
74 Spring lake, 125. 

See also table 1, 122-128. . 2° ? 
é | topographic map, 36-37. sau’ ae 129. 

so Phantom lake, 125. g ar lake, 129. 
e Pike lake. 131. tatistical tables, 121. 

- Pine lake, 125, 132 Steck, L. G., ix. 
Pine lake. 40 , . Stewart, C. B., 117, 129. 

: - hydrographic map, 40-41 Stone lake, 120. . 
| shores, 40. Sucker ae ie 
. table, 41. ummit lake, leo. 

See also table 1, 122-123. 
topographic map, 36-37. | 

Pitcher lake, 132. Tables, statistical, 121. 
: Plattensee, 98. Taylor lake, 132. 

| Pleasant lake, 125. ‘| Tenderfoot lake, 129. 

Pleistocene age, xil. Terrace, marginal, 7. 

\ Plum lake, 128. Thermocline, 6. 

. | -Pokegama lake, 128, 182. Tnousand Island lake, 129. 

: Potter lake, 125. Thwaites, F. T., viii, 12, 30. 

a i Powers lake, 125. Tomahawk lake, 129. 

: Poygan, 8, 99, 125. Trade lake, 132. 

: Presque Isle lake, 128. Trapper lake, 132. | 

/ Puckaway lake, 8, 99, 125. Trout lake, 115, 116, 118, 129. . 

7 Turtle lake, 129. 

a Twin lakes, 75, 83, 125. . 

or Razor Back lake, 128. | Two Sisters lake, 129. 

. Red Cedar lake, 132. | . 

| Rock lake, 34. : 

hydrographic map, 34-35. Undertow, 6. 
. hydrography, 34. Upper Gresham lake, 129. 

shores, 34. Upper Turtle lake, 132. 

table, 35. 
See also table 1, 122-123. 

. topographic map, 30-31. Vieux Desert lake, 129. | 

. : Rock river, 12, 38, '70. Vilas county, water area in, 116.
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Volume, calculation of, 122. Waves—Cont. 
development, 123. of translation, 5. | 

| | Shore cutting of, 6. ; 

Water area in Vilas county, 116. Whitecaps, 5. e. 182. 
Waubesa, 23. White Sand lake, 129. | 

hydrographic map, 24-25. __ | Wild Goose lake, 132 
origin of basin, 23. Wilson lake. 125. 

sn ores, ot Wind lake, 73, 83, 125. | 
ADIC, #0. Wingra, 28. . 

See also table 1, 122-123. Winnebago lake, 96 

Water SUPPLY, 25. 00 bottom, 97," 
aupaca Chain akes, . anh: _ 
Beasley lake, 100, 102. uy drographic map. 96-97. 
bottom slopes, 102. shores 97 7 

Columbia lake, 104. sources of water, 98. 
Hicks lake, 102. table. 99 

| . hydrographic map, 104-105. See also table 1, 122-123. | 
Meng lake, 104. og Winneconne lake, 8, 99, 125. 

: ori c of ba: 8 “01 ° Wisconsin ice sheet, 4. 
§1n 0 Sins, ° Wisconsin, sketch map, 2. Rainbow lake, 102. Wolf river, 99 

Round lake, 104. o_o 
. shores, 102. 

tables, 105-112. 
: See table 1 for complete list, 122-123. | Yahara basin, lakes of, 11. 

Taylor lake, 103. geology of, 11. 
Waves, building of, 9. Yahara river, 11. = 

| of oscillation, 5. . | Yellow Birch lake, 129. | .
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