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PREFACE.

By T. C. CHAMBERLIN.

The invasion of eastern Wisconsin by the late

Pleistocene ice gave rise to deposits bearing de-
clared topographic forms and thus left a record
of striking individuality. A large ice lobe of the
continental glacier pushed forward through the
Green Bay valley in a deployment distinctly
its own, and yet it worked snugly by the side
of a still greater ice lobe that crept down the
valley of Lake Michigan. Each lobe did its

own work in its own way and left an individual

record that is rich in testimony to its own his-
tory. Without seriously trammeling their in-
‘dependence the two ice lobes crowded agamst
each other and pushed the terminal moraines
that gathered on their adjacent sides into one
rough, bunchy, glga,ntlc ridge. Thisjointinter-
lobate moraine is the master feature of the

region—a, feature that easily holds the primacy |

_in its class. It is not only an object of scien-
tific interest but a feature of popular note.
It lends picturesqueness to & region that is
famous for its beauty. It commanded atten-
tion from the time of the earliest exploration of
the region. Its gigantic hummocks and hol-
lows caught the imagination of the pioneer and
called up the image of the great caldrons then
in use for boiling down ash lye into ‘potash
cakes. Some of these kettles seemed to be set
in place, and as many or more were turned up-
side down. Hence arose the homely but sug-
- gestive name Potash Kettle Range.
How the range came to have these singular
features puzzlcd not only the pioneer settler
but the pioneer geologist, and it became the
subject of speculation and of occasional papers.
"The range and its associated phenomena, how-
ever, escaped serious study until about 40 years
ago, when these and other glacial features of
eastern Wisconsin were mapped and interpreted
by the Wisconsin State Geological Survey.

The interpretations then put'upon the Kettle
moraine have played some part in shaping
later studies of like nature in other areas of the
great glacial field and at length came to be in
some sense paternal to the studies herein set
forth.

"It may serve to show how rapldly methods of
deliberate inquiry are following the more hasty :
methods of the pioneer surveys to note that
the survey in the seventies swept over the
Pleistocene formations and those that underlie
them at the rate of about 4,000 square miles a
year, and thus perforce had something of the
nature of a bird’s-eye view. If the larger fea-
tures then stood out in greater relative promi-
nence it was the natural result of the surveyor’s
greater freedom from embarrassing details.
The present paper is a work of another order.
It is a first serious study after a first serious
reconnaissance. The two happen to fall into
as gratifying accord as is wholesome to the
progress of inquiry. The chief divergence is
in the interpretation of the pebble-bearing red
clay of the Lake Michigan border and the Lake
Winnebago basin. The studies in this paper
emphasize, as did the earlier studies, the less
bowldery and less local nature of the material
of this formation compared with the ground
moraine below and about it. This paper also
sets forth the intimate association of the pebbly
clays with laminated pebbleless clays and with
sheets of sand and gravel, the obvious products
of aqueous action. It also emphasizes the sin-
gular redness of this formation and its marked.
contrast to the blue-gray till over which it lies
and by which it is surrounded. The later
studies ascribe the requisite coloring matter to
the same source as did the earlier. In these
essential features the earlier and later reports
are in close accord. But the present paper
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differs from the Wisconsin report in assigning
the origin of the pebbly-clay member of the
series to the direct action of the ancient glacier,
in distinction from the glacio-natant and aque-
- 6us action -assigned by the earlier interpreta-
tion. For this difference of view the author of
this paper marshals cogent reasons, which will
no doubt carry conviction to those who are ex-
pert in this class of formations, and he is to be
_ congratulated on this adv&nce in interpreta-
tion. Some ground is left for surprise that the
later glacier formed a product so notably dif-
ferent from that of the earlier glaciers in the
size and source of the erratics and in that the
high-red coloration was so markedly absent
from the earlier till sheets and became so pro-
nounced and characteristic of the later till
"sheet; but perhaps these features were inci-
dental to the development of a bordering lake,
* which could be formed only after a certain ex-
tent of glacial withdrawal had taken place, and
which only at this stage could reach to the

region of red rocks in the Superior basin and’

thence derive the requisite pigment. It may
be that during this marked glacial retreat red-
clay sediments carried southward along the
- bordering lake so mantled the abandoned
ground that the readvancing ice crept more

smoothly over the mantled bottom and took up.

less local material and fewer bowlders, gather-
ing instead the red-clay sediments and forming
from them a clayey, slightly stony red till that
was thus in some sense a secondary lacustrine
deposit.

The newer interpretation makes less de-
mand on theories of changes of elevation, and
thus withdraws support from the old falmhar
idea of northern elevation and depression as
potent causes of glaciation and deglaciation.
This inherited view found expression in the
older interpretation of these stony red clays,
and ‘its elimination is a welcome contribution
to the conception of a more stable earth, which
is gradually replacing the earlier tenet of a
flexible crust freely oscﬂlatmg under the stress
of scarcely assignable agencies.

The master feature of the glacial formations
of eastern Wisconsin is the interlobate moraine,
a name for a type first recognized in the study
of the Potash Kettle Range. The type has
not always been keenly discriminated from
medial moraines, with which it has little more
to do dynamically than have other terminal
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moraines. The interlobate moraine is a special
development of ‘terminal ridging—a duplicate
ridging where the borders of two. glaciers or
two glacial lobes of a continental glacier push
their two terminal moraines into one and pour -
their common drainage into the trough be-
tween them and flood their joint morainic
product. Where the lobes were large and their
line of contact was long, it is not strange that
flood work and ice burial should have reached

(unusual magnitudes and that the resulting

hummocks and hollows and wash products
should have become impressive. Because the
Green Bay and Lake Michigan ice lobes kept
so close a balance between independence and
coalescence they gave rise to an unusual inter-
lobate product, and thus the Kettle moraine
of eastern Wisconsin came to hold its fore-
most place. ,

There are grades and degrees of interlobate-
ness and corresponding degrees of interlobate
moraines. Those at the minor end of the
series are mere spear-pointed bunchings along
the courses of terminal moraines where they
enter angles between two ice lobes only partly
differentiated. Thence they range into re-
entrant spurs of greater and greater extent,
and at length into the major type formed
where two long ice lobes, centered in inde-
pendent troughs, mount by lateral growth the
intervening upland and crowd against each
other. An approach to this condition, which
yet stopped short of it, is seen in the great
moraines that lie on opposite slopes of the -
Coteau des Prairies in Minnesota and South
Dakota, the one marking the right border of
the great ice lobe that occupied the Minnesota
Valley and pushed down to central Iowa, the
other marking the left border of the similar
great ice lobe that pushed down the James
River valley. Had these lobes grown a little
more and advanced laterally a few miles far-
ther they must have given rise to a joint inter-
lobate moraine that would have robbed the
Kettle moraine of its honors. ‘

The method of formation of such a moraine

is not quite the same as that of a simple re-

entrant spur, though the two no doubt grade
into each other. On the Coteau des Prairies
the deployment of the two ice lobes was quite
independent, and their striative and drum-
loidal characters are consistent with this in-
dependence. If the lobes involved are but
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minor differentiations of a common broad ice
field, the main basal work recorded in gravings
and linear heapings conforms chiefly to the
- common movement and is not seriously
affected by the shallow marginal lobation.
A chain of interlobate moraines may indeed be
formed one after another by successive junc-
tions of moraines during a retreat marked by
a series of halts or small advances, and such
a chain of interlobate moraines may closely
simulate the features of a great interlobate
moraine formed by two extended ice lobes
pushing their side moraines together. Whether
the one or the other of these two types is most
nearly approached in eastern Wisconsin per-
haps needs further thought, data for which are
furnished by the drumlins, 'strie, and other
movement features described or mapped in
_this paper. These seem to imply that the
main basal work of the Green Bay and Lake
Michigan ice lobes was that of independent
well-individualized -bodies, and that the work
systems of both were essentially consistent
throughout. »

In analyzing and interpreting the latest-
formed features of the interlobate moraine
and connecting these features with the slender,
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patchy, scarcely traceable later moraines that
loop across the abandoned lobate areas, the
author of this paper has perhaps given en-
couragement to the thought that the Kettle
moraine is but a chain of successive reentrant
moraines; but the drumlin systems of the two
lobate areas do not respond well to this inter-
pretation. No doubt there were such suc-
cessive reentrants, and their delineation and
interpretation are - important; but as such
phenomena would inevitably attend both a
chain of reentrants and a single interlobate
moraine the fundamental problem remains for
consideration. It is of some moment to dis-
cern an underlying uniting moraine of the
major type if it exists. The development of

[ the drumlin systems and the profounder stria--

tive systems warrants the view that this
interlobate moraine belongs to the major class. .
Many other features of the paper invite com-
ment, but this word of introduction must not
lapse into a review. The writer of this pref- .
atory note can ask for the author of the paper
no greater measure of considerateness and
equipoise of judgment than the author has him-
self shown in the treatment of his subject and
of his predecessors. .






THE QUATERNARY GEOLOGY OF SOUTHEASTERN WISCONSIN, WITH A
CHAPTER ON THE OLDER ROCK FORMATIONS.

By WirLiam C. ALDEN.

CrarTEr I.—INTRODUCTION.

ADVANCE AND RETREAT OF THE ICE.

The Quaternary deposits of eastern Wis-
consin are particularly interesting to students
of this latest of the geologic ages largely be-
cause the Green Bay Glacier, a well-defined
unit among the glacial lobes which character-
ized the borders of the great North American
ice sheets, traversed the eastern part of the
State under topographic conditions which,
while sufficiently marked to show the effects
of topographic control on glacial flow, were
yet of such comparatively small relief that
the glacier deployed freely and with only
moderate asymmetry. There were thus af-
forded conditions favorable for the development
of nearly all phases of glacial, glacio-fluvial,
glacio-lacustrine, and aero-glacial deposits,
such as are typical of continental glaciation
as contrasted with the phenomena of moun-
tain glaciation. Not only this but the envi-
rons afforded a variety of periglacial condi-
tions. Differentiated from the greater Lake
Michigan Glacier on the east by entering the
Green Bay-Winnebago trough, it moved in a
direction somewhat west of south up this
broad, open valley. It surmounted the Niag-
ara escarpment on the east and advanced to
meet the opposing front of the Lake Michigan
Glacier, the laterally deploying ice flows meet-
ing along the line of the great Kettle interlo-
bate moraine. Crossing the low divide the
glacier entered the basin of Rock River, where
it spread out over the deposits of earlier
glacial incursions, deploying radially to a
- broadly curving morainic arc of 160°. Beyond,
a moderately eroded sheet of older drift
mantled an earlier dissected topography, and
at its south front the widely spreading tribu-
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tary arms of the Rock River drainage system
gathered in the glacial waters with their load
of outwash sands and gravels. On the west,
in Adams, Sauk, and Dane counties, this ice
of the last great advance extended beyond
the limits of earlier glaciation and encroached
upon the greatly dissected topography of the
Driftless Area. South of the Baraboo quartz-
ite range the glacial waters escaped princi-
pally to the Mississippi by way of the Wiscon-
sin River valley, where an interesting series
of terraces are found. Straddling over the
highest part of the quartzite range, the glacial
margin looped sharply back in such manner
that the limit of the drift, still clearly traceable,
affords evidence of the abruptness and height
of the marginal slope of the ice and gives some
suggestion as to the thickness attained by the
glacier farther back. The conjunction of the
glacial front with the quartzite range completed
a great dam blocking all the drainage of Bara-
boo River and the upper part of Wisconsin
River and giving rise to a great glacial lake,
which spread widely over the sandy plains of
the northeastern part of the Driftless Area.

" The process of freeing the region from ice by
the melting of the glaciers.at the close of the
last glacial winter was interrupted by a de-
clining series of readvances of the ice fronts.
Similar phenomena also characterized the
history of the Lake Michigan Glacier and to a
certain extent that of the earlier ice sheets.
The disappearance of the ice left the pre-
glacial topography, which in places . corre-
sponded in the degree of its dissection by
stream erosion with that of the Driftless Area
as we see it to-day, covered with a mantle of
drift varying in thickness from a few inches to
500 or 600 feet. A large part of this was
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concentrated in the valleys, partly filling
many and totally obliterating some as fea-
tures of the topography. Where drift was
concentrated in marginal moraines streams
were diverted from their former courses and
many drainage lines were blocked, producing
basins whose flooding produced both the many
beautifil lakes for which the region is famous
and the wet lands now occupied by the many
swamps and marshes. With the amelioration
of the climate and the disappearance of the
ice vegetation spread over the surface of the
drift, covering the barren waste of glacial débris
with verdure. The birds of the air, the beasts
of the field, and the fishes of the streams re-
occupied the area from which they were
probably very largely excluded during the
glacial occupation. The addition or shifting
about of wind-blown dust and sand and the
alteration of the surficial parts of the drift by
humic acids derived from the vegetation and
by solution, leaching, and precipitation by
meteoric waters and oxidation by the pene-
trating atmosphere developed the fertile soil.

HUMAN OCCUPATION.

Geologic investigation has not brought to
light any evidence as to when the region
was first occupied by primeval man. It is
not known whether he followed the faunas
and floras that reoccupied the area after
each successive melting of the ice or whether
his occupancy was confined to Recent time.
The wonderful effigy mounds and the abundant
implements of domestic life and of warfare
and the chase which yet remain as relics of
prehistoric man in this region are all found
upon the surface of the drift or in situations
showing artificial or recent burial. No fossil
bone or -artificial product has been found so
buried in the drift of Wisconsin as to demon-
strate beyond a reasonable doubt that man
occupied this country prior to or during the
great ice age. The study of these peoples is
thus the province of the ethnologist and his-
torian and not of the geologist. The coming
of the white man, the cutting of the forests,
the tilling of the soil on hill and plain, the
development of natural and artificial routes
of transportation, the discovery and utiliza-
tion of the stores of mineral wealth, and the
development of hydraulic power have com-
pleted the change of a region which was once

QUATERNARY GEOLOGY OF SOUTHEASTERN WISCONSIN,

an ice field as repellent and as devoid of scenic
variety as the ice cap of Greenland or the
environments of the pole to one of the richest
and most beautiful of the inhabited parts of
the continent.

PURPOSE OF THIS REPORT.

The study of these changes and the processes
by which they were wrought is one of the most
fascinating of the lines of scientific investiga-
tion. It is the purpose of this report to set
forth the results of an investigation of these
phenomena which has been carried on for the
United States Geological Survey for a number
of years by the writer under the direction of
Dr. T. C. Chamberlin, of the University of
Chicago, and it is hoped that some worthy
contribution may be made to the sum of our
knowledge concerning this interesting region.

ACKNOWLEDGMENTS.

It is a pleasure to acknowledge great indebt~
edness to the work of other investigators in
this field, and particularly to Dr. Chamberlin,
whose studies on the drift in this and other
parts of the United States are classics in
glacial geology. Omne working over such an
area as this, which was previously studied by
this master, with his writings close at hand
for reference, is constantly impressed with
the thoroughmness and accuracy of those ob-
servations and the clear and convincing char-
acter of their description and interpretation.
It is, in fact, almost discouraging at tiines to
follow the footsteps of an investigator of such
ability, where it seems as though practically
everything has already been seen and ex-
plained. Changes in the trend of scientific
thought and the results of investigations in
other fields, however, often put matters in a
different light and require changes in former

interpretation, while the collecting of addi-

tional evidence, a little here and a little
there, for which opportunity is offered by
continued development of the country, may
add to the sum of knowledge by an increment
well worth the expenditure of effort, time, and
money involved. Knowledge is-one of the
greatest of human acquisitions, and from no
branch is there greater return than from
knowledge of the natural conditions under
which we live, the knowledge of the earth
as we find it to-day, and of the processes



INTRODUCTION.
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Lapham, I. A., On the existence of cer tzun lacustrine
deposits in the vicinity of the Great Lakes,
usually confounded with the “Drift”’: Am. Jour.
Sci., 2d ser., vol. 3, pp. 90-94.

Desor, E., On the superficial deposits of this dlstnct
Greolocry of the Lake Superior land district, pt. 2,
chaps. 14, 15, 16, S. Ex. Doc. 4. Describes

. drift on upper peninsula of Michigan. Gives

evidence of the southwesterly movement of the
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1843.

1846.

1847.

1851.

1 Bibliography and index of North American geology, 1732-1891 (Bull.
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1908 (Bull, 409), 1909 (Bull, 444), 1910 (Bull. 495), 1911 (Bull, 524) 1912
(Bull. 545), 1913 (Bull. 584), 1914 (Bull. 617), 1915 (Bull. 645).



20
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transporting agent based on stria: and the deriva-
tion of drift. In a section by Whittlesey the
origin of the ancient beaches of Lake Michigan
is referred to higher lake levels since the deposi-
tion of the drift, and the higher lake levels are
referred to a long .succession of humid seasons
over the whole area, the outlets not being regarded

as sufficient for a rapidly accumulating surplus |-

to pass off within several years.

Foster, J. W., and Whitney, J. D., Geology of the
Lake Superior land district, pt. 2, The iron region
together with the general geology: S. Ex. Doc. 4.
Includes asection ‘‘On the geology of the south.
eastern portion of the State of Wisconsin, being
the part not surveyed by the United States geolo-
gists, in a letter to J. W. Foster by I. A. Lap-
ham, of Milwaukee.” The sandstone exposed
near Janesville is correlated with the Potsdam.
[Since that time it has been found to be St. Peter.]

- Refers to the rock at the ‘‘granite quarries’’ at
Portland in Dodge County as metamorphic sand-
stones. Refers the limestone above the sandstone
at Janesville to the Lower Magnesian. [This was
later found to be Trenton.] From sand and sand-

-gtone in the drift he infers the possible presence
of a sandstone above the Galena. Refers to the
iron ore in Dodge and Washington counties bhelow
the Niagara dolomite. Notes the thin shaly
limestone near Milwaukee below the Devonian
and refers it to the ‘Corniferous.”’” Refers to
black shale fragments in the drift as probable
evidence of the presence of black shale not far to
east. In a section by Charles Whittlesey refer-
ence is made to the red clay and drift in the Green
Bay trough and hordering Lake Michigan:
Quoting Hall he refers the qrigin of the basin of
Lake Michigan not to faulting and displacement
but to excavation of ‘‘Onondaga Salt Group’’
and “Upper Helderberg series’ by southward-
flowing waters.

Whittlesey, Charles, On the ‘‘superficial deposits’
of the northwestern part of the United States: Am.
Assoc. Adv. Sci. Proc., vol. 5, pp. 54-57.  In this
is some discussion of the red and blue drift and
lake clays of eastern Wisconsin, also reference
to the “Potagh Kettle’’ country between She-
boygan and Fond du Lac.

consin, Towa, and Minnesota, and incidentally of
a porfion of Nebraska, made under instructions
from the United States Treasury Department.
This includes, in the chapters by Col. Whittlesey,
a description of the “Iron Ridge’’ and ore beds
of Dodge County, Wis., a description of the rocks
in the eastern part of the State, and a discussion
of the red clay and drift bordering the shores of
Lake Michigan, Lake Winnebago, and Green Ba.
In the chapters by B. F. Shumard the ‘rock forma-
tions along Wisconsin and Baraboo rivers and
elsewhere are described. -

1853. Barrande, J. [Silur-Fauna in Wisconsin and in New

York]: NeuesJahrb., pp. 335-347.

1854. Owen, D. D., On a geological map of Wiscbnsin,

Towa, and Minnesota: Philadelphia Acad. Sci.
Proc., vol. 6, pp. 189-191.

1855. Lapham, I. A., Geological map of Wisconsin, New

1856.

1859.

1860.

1861.

1862.

York: Idem, Milwaukee, 1869.

Owen, D. D., Catalogue of geological specimens col-

lected by D. D. Owen and deposited in the
Smithsonian Inst.: Smithsonian Rept. for 1854,
pp. 393-396.

Percival, J. G., Annual report on the geblogi.cal

survey of the State of Wisconsin. Includes some

‘notes on the drift of the region south of Madison

and west of Janesville. Refers to the Baraboo
quartzite as changed “Lower’’ or ‘“Potsdam’’
sandstone, and says that the rocks at Portland
in like manner result from the “Upper’’ or St.
Peter sandstone. Explains the Driftless Area in
southwestern Wisconsin by deflection of the drift-
carrying agency around the ends of Military .
Ridge.

Percival, J. G., Jahresbericht der Geologischen

Vermessung des Staates Wisconsin.

McChesney, J. H., Description of new fossils from

the Paleozoic rocks of the Western States: Chi-
cago Acad. Sci. Trans., Oct. 11, 1859. Describes
a few species from the Niagara dolomite of eastern
Wisconsin. :

Whittlesey, Charles, On the drift cavities or *‘ potash

kettles’’ of Wisconsin: Am. Assoc. Adv. Sci. Proc.,
vol. 13, pp. 301-308. Describes the topography
along what is now known as the Kettle interlobate
moraine and suggests that the depressions are the
result of the melting of buried masses of glacier ice.

Lapham, I. A., Discovery of Devonian rocks and

fossils in Wisconsin: Am. Jour. Sci., 2d ser.,
vol. 29, p. 145; St. Louis Acad. Sci. Trans., vol. 1,
p. 684. )

Hall, James, Report of the superintendent of the

Geological Survey of Wisconsin. Reports the
determination of the quartzitic character of the
rocks about Spirit [Devils] Lake and refers them
to the Huronian. Considers as Clinton the lime-
stone below the limestone which he designates the
Racine limestone in the eastern part of the State.
Describes new species of fossils.

Hall, j., and Whitney, J. D., Report on the geo-

logical survey of the State of Wisconsin, vol. 1.
Hall discussed the rock formations of the eastern
part of the State and Whitney those of the lead-
bearing region in southwestern Wisconsin.
Whitney presents a map of the Driftless Area
and discusses-the absence of drift and howlders
and the presence of other superficial deposits.
The differentiation of the several sedimentary
formations as shown by cross sections and the
nomenclature is approximately the same as
presented in subsequent reports on the region.

1863. Hall, James, Contributions to paleontology prin-

cipally from investigations made during the years
1861 and 1862: State Cab. Nat. Hist. [N. Y.] 16th
Ann. Rept. Preliminary notice of the fauna of
the Cambrian sandstone with remarks on pre-
viously known species of fossils and description
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of some new ones from the sandstone of the upper
Mississippi Valley. Discusses the equivalence
of the Cambrian sandstone of the upper Missis-
gippi Valley with the Potsdam sandstone of New
York.

1864. Winchell, A., Notice of a small collection of fossils

from the Potsdam sandstone of Wisconsin and
Lake Superior sandstone of Michigan: Am. Jour.
Sci., 2d ser., vol. 87, pp. 226232, Includes some
fossils from sandstone overlying the Baraboo
quartzite.

1866. Bliss, J. S., Notes on Wisconsin drift: Am. Jour.

Sci., 2d ser., vol. 41.

1867. Whittlesey, Charles, On the fresh-water glacial

drift of the Northwestern States: Smithsonian
Contr. to Knowl., vol. 15, art. 2. Gives a general
description of the drift, grouping the deposits in
three members—(1) Coarse unstratified drift on
the uplands, (2) finer, partly stratified drift,
(3) ashen, blue, and red laminated clays. He
assumes it to be settled that the moving force in
the drift epoch was glacier ice. Describes the
Kettle moraine topography east of Lake Winne-
bago and refers the depressions to the melting of
buried ice masses. Reports drift copper from
Madison, Ripon, Kenosha, and Walworth coun-
ties. Cites Lapham as reporting wood from
depth of 18 feet in Walworth County. Reports
the following shells from yellowish compact clay
and hardpan 12 to 24 feet above the lake at Mil-
waukee: Planorbis campanulatus, Paludina decisa,
Melania depygus, Lymnea desidiosa, Cyclas similis.
Illustrates crossing glacial strice on.Niagara dolo.
mite near Sheboygan lighthouse.

Whittlesey, Charles, On the ice movements of the
glacial era in the valley of the St. Lawrence: Am.
Assoc. Adv. Sci. Proc., vol. 15, pp. 43-54. Dis-
cusses glacial movements across Wisconsin and
other States, and cites locations and bearings of
strize.

- 1869. Andrews, Edmund, On some remarkable relations

and characters of the western bowlder drift: Am.
Jour. Sci., 2d ser., vol. 48, pp. 172-179. Refers to
buried soil near Beloit, Wis. States that ‘‘another
characteristic of the western drift is that as a whole
itisbeyond all question astratified water deposit.”

Describes the Kettle moraine as thrown up by |

violent water action, opposing the theory that it
is a glacial moraine.

1870. Andrews, Edmund, The North American lakes con-

sidered as chronometers of postglacial time:
Chicago Acad. Sci. Trans., vol. 2, art. 1.

1872. Eaton, J. H., Report on the geology of the region

about Devils Lake, Wis.: Wiscongin Acad. Sci.
Trans., vol. 1, pp. 124-128. Regards the quartz-
ite as metamorphosed Potsdam sandstone and the
elevation of the ridge as preglacial. Refers to
Lapham’s suggestion that Baraboo River once
flowed through the Devils Lake gorge and states
that this gorge is due to widening of a fissure, later
blocked with drift.

Irving, R. D., On the age of the quartzites, schist,
and conglomerates of Sauk County, Wis.: Wiscon-

1873.

1874.

1875.

1876.

1877.
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sin Acad. Sci. Trans., vol. 1, pp. 129-137, 1872;
also Am. Jour. Sci., 3d ser., vol. 3, pp. 93-99.
Presents evidence of unconformity between the
quartzite and the Cambrian sandstone.

Knapp, J. G., Ancient lakes of Wisconsin: Wisconsin
Acad. Sci. Trans., vol. 1, pp. 151~153. General
speculations on some supposed ancient lakes.

Irving, R. D., Note on the age of the metamorphic
rocke of Portland, Dodge County, Wis.: Am. Jour.

- Sci., 3d ser., vol. 5, pp. 282-286. The first public
announcement seems to have been made by
I. A. Lapham in a lecture at Milwaukee in Feb-
ruary, 1848. Argues that the quartzite is ‘“Azoic”
or “Primary” and lies unconformably below the
Cambrian. The rocks are similar to those re-
garded as Huronian.

Eaton, J. H., On the relations of the sandstones,
conglomerates, and limestones of Sauk County,
Wis., to each other and to the Azoic: Am. Jour.
Sci., vol. 5, pp. 444-447. Presents evidence of
unconformity between the Cambrian sandstone
and the quartzite. -

Chamberlin, T. C., Some évidences bearing upon the
method of the upheaval of the quartzites of Sauk
and Columbia counties: Wisconsin Acad. Sci.
Trans., vol. 2, pp: 129-132.

Chamberlin, T. C., On the fluctuation in level of the
quartzites of Sauk and Columbia counties: Wiscon-
gin Acad. Sci. Trans., vol. 2, pp. 133-138.

Eaton,J. H., Relations of the sandstones, conglomer-
ates, and limestone of Baraboo Valley to each
other and to the Azoic quartzites: Wisconsin
Acad. Sci. Trans., vol. 2, pp. 123-727.

Irving, R. D., Note on some new points in the ele-
mentary stratification of the primordial and Cana-
dian rocks of south-central Wisconsin: Am. Jour.
Sci., 3d ser., vol. 9, pp. 440-443. Announces the

. differentiation of the Madison sandstone and
Mendota limestone.

Nicholson, H. A., On the Guelph limestones of North
America and their organic remains: Geol. Mag.,
new ser., vol. 2, pp. 343-348. Refers to limestone
at Racine as though belonging to the Guelph.

Warren, Maj. G. K., Report upon the improvement of
the water transportation route from the Mississippi
to Lake Michigan along the Wisconsin and Fox
rivers: Ann. Rept. Chief Engineers, 44th Cong.,
2d sess., H. Ex. Doc. 1, pt. 2, vol. 2, pp. 189-298.

Chamberlin, T. C., Geology of eastern Wisconsin:
Geology of Wisconsin, survey of 1873-1877, vol. 2,
pp. 91-405, map in atlas. Detailed description
of the drift and underlying formations. (See
numerous references in present report.)

Irving, R. D., Geology of central Wisconsin: Geology
of Wisconsin, survey of 1873-1877, vol. 2, pp.
407-636, map in atlas. Detailed description of
the drift and underlying formations. (See numer-
ous references in present report.)

Lapham, I. A., Report of progress and results for the
year 1873: Geology of Wisconsin, survey of 1873-
1877, vol. 2, pp. 5-44, map in atlas. Gives table
of railroad elevations. In a catalogue of minerals
he cites fragments of meteoric iron from Washing-
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ton County, marcagite in drift clays, magnetite in
sand along shore of Lake Michigan, glauconite (?)
in sandstone near Madison, celestite in drift clay
at Wauwatosa, stalactites in cave in Dane County,
travertine in Sauk County, tufa at many springs,
cerusite at Blue Mounds, asphaltum in some small
cavities in the Devonian limestone near Milwau-
kee and east of Fond du Lac, and peat in many
bogs. Gives analyses of artesian and spring
waters.

Lapham, T. A., Report of progress and results for the
year 1874: Geology of Wisconsin, survey of 1873-
1877, vol. 2, pp. 45-66, maps in atlas. Presents
log of the artesian well in Capitol Park, Madison,
and log of well at Kilbourne. Reports discovery
of native copperandsilverin the well at Kilbourne
City at depthof 516 feetin Archeanrock. Reports
identification of Madison sandstone in lower part
of what was regarded as Lower Magnesian lime-
stone. Names Mendota limestone below. Sum-
marizes results of Professor Chamberlin’s survey of
eastern Wisconsin.

Strong, Moses, Geology and topography of the lead
region: Geology of Wisconsin, survey of 1873-1877,
vol. 2, pp. 645-752, maps in atlas. Gives brief
description of drift in Green County with detailed
discussion of older formations here and through-
out the lead region with maps. (See references in
present report.)

Woodman, E. C., The pipestone of Devils Lake:
Wisconsin Acad. Sci. Trans., vol. 5, pp. 251-
254.

Wright, O. W., Report of progress and results for the
year 1875: Geology of Wisconsin, survey of 1873-
1877, vol. 2, pp. 27-89. Discusses the age of the
cement rock at Milwaukee, referring it on strati-
graphic evidence to the water-lime group of the
“Lower Helderberg.”” Chamberlin and Whitfield
had determined it on fossil evidence to belong to
the Hamilton.

1878. Chamberlin, T. C., On the extent and significance of

the Wisconsin kettle moraine: Wisconsin Acad.
Sci. Trans., vol. 4, pp. 201-234. Discusses sur-
face features, structure, and composition; sources
of material, relations to drift movements, makes
tentative correlation with morainesia other States,
discusses significance of the moraine as a datum
line of reference in Quaternary history, suggests
that the moraine marks a secondary period of
glaciation, with an interval of deglaciation be-
tween it and the epoch of extreme advance.

Claypole, E. W., On the preglacial geography of the
region of the Great Lakes: Canadian Naturalist,
vol. 8, new ser., pp. 187-206. Refers to possible
preglacial stream in Green Bay-Lake Winnebago
trough and to a possible buried southward outlet
from Lake Michigan. *

Dana, J. D., On the driftless interior of North
America: Am. Jour. Sci., 3d ser., vol. 15, pp.
250-255. Discusses briefly the Driftless Area in
Wisconsin and holds that it is probable that the
Driftless Area was located to a large degree by the
climate.

1878.

1879.

1880.

1882.

1883.

Day, F. H., On the fauna of the Niagara and Upper
Silurian rocks as exhibited in Milwaukee County,
Wis., and in counties contiguous thereto: Wiscon-
sin Acad. Sci. Trans., vol. 4, pp. 113-125.

Irving, R. D., Origin of the driftless region of the
northwest: Am. Jour. Sci., 3d ser., vol. 15, pp.

. 313-314. Note on the originality of his theory
that the Driftless Area was due to the deflecting
influence of the Lake Michigan, Green Bay, and
Lake Superior depressions. .

Irving, R. D., Driftless region of Wisconsin: Am.
Jour. Sci., 3d ser., vol. 15, pp. 406-407. Note
giving to T. C. Chamberlin credit for the first
recognition of the great moraines in Wisconsin as
such and their great value as indicators of the
positions and size of the various glaciers and of
glacial movements generally.

Chamberlin, T. C., and Strong, Moses, Wisconsin:
Macfarlane’s Am. Geological Railway Guide, pp.
139-144. Indicates the geologic formations in
the vicinity of each railway station.

Upham, W., Terminal moraines of the North Ameri-
can ice sheet: Am. Jour. Sci., 3d ser., vol. 18, pp.
81-92, 197-209. Refers to the Wisconsin moraines
described by Chamberlin.

Chamberlin, T. C., Le Kettle moraine et les mouve-
ments glaciaires qui lui ont donné naissance:
Cong. géol. internat., sess. 1878, Compt. rend.,
Paris, pp. 254-268.

Iriving, R. D., The mineral resources of Wisconsin:
Am. Inst. Min. Eng. Trans., vol. 8, pp. 478-508,
with colored maps. Summarizes results of Wis-
consin Geological Survey on mineral resources.

Buell, I. M., The corals of Delafield: Wisconsin Acad.
Sci. Trans., vol. 5, pp. 185-193. Describes fossils
from the ‘“Cincinnati” shale (Maquoketa) at
Robert’s quarry, south of Pewaukee Lake.

Chamberlin, T. C., Observations on the recent
glacial drift of the Alps: Wisconsin Acad. Sci.
Trans., vol. 5, pp. 258-270. Compares glacial
drift phenomena of the Alps with those of eastern
Wisconsin.

Chamberlin, T. C., The bearing of some recent de-
-terminations on the correlation of the eastern and
western terminal moraines: Am. Jour. Sci., 3d
ser., 24, pp. 93-97. Makes incidental reference
to moraines in Wisconsin.

Sweezy, G. D., On some points in the geology of the
region about Beloit: Wisconsin Acad. Sci. Trans.,
vol. 5, pp. 194-204. Discusses the stratigraphy,
refers to the preglacial valley of Rock River, and
to glacial striee at Beloit.

Chamberlin, T. C., The terminal moraine west of
Ohio: Science, vol. 2, pp. 317-318. Refers to the
determination that the Potash Kettle Range in
eastern Wisconsin is an interlobate glacial moraine
and not a beach line.

Chamberlin, T. C., Preliminary paper on the termi-
nal moraine of the second glacial period: U. S.
Geol. Survey Third Ann. Rept., pp. 291-402.
Describes the moraines of eastern Wisconsin and
the correlated moraines on the east and west, with
maps. (See numerous references in the present

paper.)
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1883. Chamberlin, T. C., General geology; soils and sub-

soils; building material; artesian wells: Geology
of Wisconsin, survey of 1873-1879, vol. 1. Dis-
cusses the chemical, lithological, and historical
geology of the State. Discusses in considerable
detail the geologic work in Wisconsin between
the Devonian and glacial periods. Subdivides
the ““Quaternary age or glacial period” into (1)
First glacial epoch, (2) Interglacial epoch, (3)
Second glacial epoch, (4) ‘“Champlain” or la-
custrine epoch (5) Terrace or fluviatile epoch.
(See numerous references in present paper.)

Hall, James, Contributions to the geological his-
tory of the American continent: Am. Assoc. Adv.
Sci. Proc., vol. 31, pp. 29-69. Address of retir-
ing president delivered in 1857. Refers to the
geologic formations of eastern Wisconsin.

Irving, R. D., On the nature of the induration in
the St. Peters and Potsdam sandstones and in cer-
tain Archean quartzites in Wisconsin: Am. Jour.
Sci., 3d ser., vol. 25, pp. 401-411. Describes the
deposition of interstitial quartz in the Baraboo
quartzite and the rejuvenation of the quartz
crystals composing the grains in saccharoidal
sandstone of the ‘“Potsdam” and St. Peter for-
mations.

3\ Sahsbury, ‘R. D., Chemical analyses compiled:
Geology of Wlsconsm, survey of 1873-1879, vol. 1,
\pp. 303-308.

Waﬂs\vvorth M. E., The Potsdam and St. Peters sand-
stonea Sc1ence, vol. 2, p. 52. Note on Irving’s
article.

. Chamberlin, Ti¢ - The terminal moraines of the
later epoch [abstract}: Am. Assoc. Adv. Sci. Proc.,
vol. 32, pp. 211-212. Refers to the moraines in
Wisconsin and their extensions east and west,
also to the origin of the basins of the Great Lakes.

Davis, W. M., The distribution and origin of drum-
lms Am, Jour Sci., 3d ser., vol. 28, pp. 407—416
Refers to the drumlms of Wlsconsm

Davis, W. M., Drumlins: Science, vol. 4, pp. 418-
420.

Johnson, H. A., and Thomas, B. W., Organisms in
bowlder clays of Chicago: Am. Jour. Sci., 3d ser.,
vol. 28, pp. 317-318. Report the detection of
macrospores of grogenous plants in the clay and
in its embedded fragments of shale along the
shore of Lake Michigan from Kenosha, Wis., to
the Indiana line.

Walcott, C. D., The Cambrian system of the United
States and Canada [abstract]: Washington Phil.
Soc. Bull,, vol. 6, pp. 98-102. Refers to correla-
tion of the Wisconsin Cambrian.

. Chamberlin, T. C., Report [on work on Quaternaryl

geology]: U. S. Geol. Survey Fifth Ann. Rept.,
pp. 20-24. Reports briefly on field investigations
in Wisconsin. ]

Chamberlin, T. C., Report of glacial division: U. S.
Geol. Survey Sixth Ann. Rept., pp. 33-40. Re-
ports on studies of glacial phenomena in Wis-
consin.

Chamberlin, T. C., and Salisbury, R. D., Prelimi-
nary paper on the Driftless Area of the upper Mis-

1886.

1887.

1888.
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sissippi Valley: U. S. Geol. Survey Sixth Ann.
Rept., pp. 199-322. (See references in present
paper.)

Irving, R. D., and Van Hise, C. R., On secondary
enlargements of mineral fragments in certain
rocks: U. 8. Geol. Survey Bull. 8. Describes
the enlargement of quartz fragments in sandstones
from certain localities in south-central Wisconsin
and the origin of the quartzites from the deposition
of interstitial quartz.

McGee, W J, Map of the United States, exhibiting
the present status of knowledge relating to the
areal distribution of geologic groups (preliminary
compilation): U. 8. Geol. Survey Fifth Ann.
Rept., explanation, pp. 34-38.

Salisbury, R. D., Notes on the dispersion of drift
copper: W1sconsm Acad. Sci. Trans., vol. 6, pp.
42-50. (See references in present paper.)

Hitchcock, C. H., Geological map of the United
States and part of Canada: Am. Inst. Min. Eng.
Trans., pp. 465-488. Shows geology of Wisconsin.

Chamberlin, T. C., An inventory of our glacial drift:
Am. Assoc. Sci. Proc., vol. 35, pp. 195-211.

Chamberlin, T. C., Report of division of glacial
geology: U. 8. Geol. Survey Seventh Ann. Rept.,
pp. 76-85. Report on studies of glacial phe-
nomena in Wisconsin.

. Chamberlin, T. C., The rock scorings of the great

.1889.

1890.

1891.

ice invasions: U. 8. Geol. Survey Seventh Ann.
Rept., pp. 174-248. Presents a -map of the
earlier and later drift sheets and of glacial strice.
Describes the abrasive work of the Pleistocene
glaciers, taking some of his illustrations from
southeastern Wisconsin.

Chamberlin, T. C., Report of division of glacial
geology: U. 8. Geol. Survey Eighth Ann. Rept.,
pt. 1, pp. 141-144. Reports on studies of glacial
phenomena in Wisconsin.

Chamberlin, T. C., Report of division of glacial geo-
logy: U. S. Geol. Survey Ninth Ann. Rept.,
pp. 84-87. Reports on studies of glacial phe-
nomena in Wisconsin.

Chamberlin, T. C., Report of division of glacial geo-
logy: U. 8. Geol. Survey Tenth Ann. Rept.,
pt. 1, p. 21. Reports on studies of glacial
phenomena in Wisconsin.

Chamberlin, T. C., Irving, R. D, and Strong,
Moses, Wisconsin: Macfarlane’s geological railway
guide, 2d ed., pp. 223-232. Indicates the geo-
logic formations in the vicinity of each railway
station.

Chamberlin, T. C., Report of division of glacial
geology: U. S. Geol. Survey Eleventh Ann.
Rept., pt. 1, pp. 74-76. Reports on studies of
glacial phenomena in Wisconsin.

Chamberlin, T. C., Report of division of glacial
geology: U. 8. Geol. Survey Twelfth Ann. Rept.,
pt. 1, p. 89. Reports on studies of glacial phe-
nomena in Wisconsin.

Salisbury, R. D., On the northward and eastward
extension of pre-Pleistocene gravels in the basin
of the Mississippi: Am. Geologist, abstract, vol.
8, p. 238, 1891; also Geol. Soc. America Bull.,
vol. 3, pp. 183-186.
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1892. Bierbauet, Bruno, A check list of Paleozoic fossils
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GEOGRAPHY.

The area discussed as ‘‘southeastern’ Wis-
consin in this paper consists of all that part of
the State lying between the Illinois-Wisconsin
line on the south (latitude 42° 30’ N.) and
the latitude of the southern.part of Oshkosh
on the north (latitude 44° N.) and between
longitude 90° W. on the west and the west
shore of Lake Michigan on the east, an area
of approximately 11,090 square miles. Ac-
cording to the census of 1910, this supported
a population of 1,085,426, distributed as
shown in the tables below. The second table
gives the estimated population of the frac-
tional parts of counties only partly included
in the area.

Area, in square miles, and population (in 1910) of counties
wholly 1ncluded in ‘“southeastern’ Wisconsin.

Area, | Population,

Marquette. . . ...l 451 10,741
Green Lake...................... ... 364 15, 491
Fond duLac......ooooeneaannnnn. 720 51, 610
Sheboygan............ ... ... ... 510 54, 888
Ozaukee. ................. e 226 17,123
.Washington......................... 423 23,784
Dodge...ooovnoioiii i 884 47,436
Columbia..........cooooiiiiiLt 776 31,129

BT - eenee e -] 1,188 77, 435
Jefferson................ ... ..., 548 34, 306
Waukesha....................oo.... 562 37,100
Milwaukee.......o.... ool 228 433,187
Racine...........o...o.oiiiilLL 323 57,424
Kendsha. - oooonneoeaeeaaneenns. 274 32,929
Walworth. ... ... 562 29, 614
ROCK. eeeeenm e 706 55, 538
Green.....oooeemeeeei e, 576 21, 641

Area, in square miles, and population (in 1910) of fractional
parts of counties included in *‘southeastern” Wisconsin.

Area. plgifnllllg%itgg.
Manitowoe. ....oooiiiiiii 121 6, 653
Calumet. . .............cooiiion. 69 (" 8,884
Winnebago. ....................... 144 4,304
Waushara. ......... e 46 1,794
Adams. ... 374 5,226
Juneau.... ... ...l 126 2,450
SaukK. .ot 498 19,727
Towa. . oo 217 5,081
Lafayette.............ocoeaiiiiio 174 4,931

The total area of the State being 54,450
square miles and the total population in 1910
being 2,333,860, it appears that while the
district under discussion comprises but 20%
per cent of the area it contains 46.5 per cent
of the population. A large part of the most
valuable and best-developed lands of the State
lies within this area. Taken as a whole, it is
a region of fine farms well suited to grain,
stock, and dairy farming. Of the population,
488,073, or 44.9 per cent, live in rural dis-
tricts or in villages of less than 1,000 inhabi-
tants and, for the most part, gain their liveli-
hood directly from the soil. Live stock, dairy’
products, grain, tobacco, and beet sugar, as
well as manufactured products are exported
in considerable quantities. The cities on the
shore of Lake Michigan (Milwaukee, Racine,
Kenosha, Sheboygan, and Port Washington)
have good harbors and carry on an extensive
lake traffic. The following cities have popu-
lations of 10,000 or more:

Ciities of more than 10,000 inhabitants (1910).

Milwaukee. ...oooineenin i 373, 857
Racine. . ..... ... ol 38,002
Sheboygan.............. ...l 26, 398
MadiSOn...uuen et e 25, 531
Kenosha. .. oooourieiiiii i 21,371
FonddulLac.........o...... .. ..., 18,797
BElOib e e e ee e e 15,125

13, 894

Besides the fertile soil, which is the most
important of the natural resources, the mineral
products, of which much is consumed within
the area or in the immediately surrounding
region and much is exported, are limestone,
sandstone; quartzite, and granitic rock used
for building and monumental stone, paving
blocks, and macadam; lime; natural cement;
clay for the manufacture of brick and drain -
tile; molding sand; sand and gravel for con-
crete work and road making and for the
manufacture of sand brick and cement build-
ing blocks and other building material; and
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iron ore, from a small part of which mineral
paint is made. The water resources include,
besides the usually plentiful rainfall, artesian
~ waters which supply much of the urban popu-
lation and manufacturing plants; shallow-
well and surface waters which supply the rural
population and their live stock; and spring
waters, some . of which have an extensive
market as mineral waters. With these may
also be included the developed water powers
of the streams. Most of these mineral re-
sources exist in much larger quantities than
are now utilized and could supply a much
larger demand. The extensive marshes and
swamps, for example, contain in many places
considerable deposits of peat, of which almost
no use is yet being made. .

TOPOGRAPHY.

Taken as a whole the topography of the
area is that of a plain ranging from flatness,
through moderate undulations, to hilly. No-
where is there any relief approaching the
mountainous. The range of elevation is from
581 feet above sea level at the shore of Lake
Michigan to 1,730 feet above on top of the
higher of the Blue Mounds, near the southern
part of the west line of Dane County; the next
highest point being Point Sauk, in sec. 15,
_ Greenfield township, Sauk County (T. 11 N,
R. 7 E.), on the south range of the Baraboo
quartzite, 4 miles east of Devils Lake, which
stands 1,640 feet above sea level. The great-
est relief within comparatively short dis-
tances is between these two high points and
Wisconsin River. From the top of West
Blue Mound northward to the bottom lands
along Wisconsin River, a distance of about 10
miles, the descent is about 1,000 feet, and from
Point Sauk south to the river, a distance of
43 miles, it is about 880 feet. The south
quartzite range has a general relief of 500 to
600 feet above the lower lands on the north
and south.! The next greatest reliefs are
probably to be found along the range of hills,
known as the Kettle interlobate moraine, or
“Kettle Range,” which extends southerly
from Manitowoc County to Walworth County,
and culminates in Holy Hill, in southwestern
Washington County, with an elevation of

1 See Baraboo and Denzer topographic maps, U. 8. Geol. Survey.
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1,361 feet above sea level and a relief of about
360 feet above the marshy bottom of the valley
on the east.?

In Fond du Lac County, where the west
margin of the Niagara dolomite extends as a
mural escarpment along the east side of Lake
Winnebago and the plain to the south, the
relief varies from 100 to 300 feet. Similar
but less conspicuous escarpments mark the
west margins of the Lower Magnesian and
Trenton limestones in places in Winnebago,
Fond du Lac, Green Lake, Columbia, and
Sauk counties.® Jn the drift-covered part of
the area the general configuration is one of
smoothly flowing contours with reliefs rarely
greater than 150 feet and generally less. In
part of this, especially in the eastern half of
Fond du Lac County, the southern half of
Dodge County, Jefferson County, and the
eastern half of Dane County, there is a notable
development of smoothly contoured elliptical -
hills and elongated ridges known as drumlins,
with their nearly parallel, but slightly diverg-
ing, longer axes aligned with the directions fol-
lowed by the moving currents of the last of
the great glaciers which traversed the region.*
With the possible exception of the higher
parts of the Kettle interlobate moraine, the
terminal moraines of the ancient glaciers,
which extend in broadly curving belts across
the area (Pl. III, in pocket) are more con-
spicuous for their geologic significance than
as topographic features, even in this region of
moderate relief. They are, however, topo-
graphically striking where they rise above
bordering flat plain tracts, as in Rock and
Walworth counties and north of the Baraboo
Bluffs in northern Sauk County, southeastern
Adams County, and western Waushara County.®
In these parts the moraines have reliefs of 100
to 150 feet. The striking features of these
terminal moraines are, however, not so much
their relief as the configuration of their sur-
faces, which are in many places knolled and
pitted in remarkable fashion. More detailed
discussion of this configuration is included in
the descriptions of the several moraines.

2See Oconomowoce, Hartford, West Bend, and Eagle topographic
maps, U. S. (feol. Survey.

3 See Neenah, Fond du Lac, and Ripon topographic maps, U. 8. Geol.
Survey.

4 See Fond du Lac, Hartford, Watertown, Whitewater, Waterloo,
Koshkonong, and Sun Prairie topographic maps, U. 8. Geol. Survey.

5 See Dells, Briggsville, Evansville, Janesville, Shopiere, and Delavan
topographic maps, U. S. Geol. Survey.
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Within the limits of the terminal moraines
of the later glaciers the topographic develop-
ment due to stream erosion is very slight.
This is owing to the fact that the heavy
deposits of drift so deeply covered the ancient
topography that the stream "courses were
readjusted and that the new drainage has
not yet had time either to erode new valleys
or to clear out the old ones. Thus the streams
on the later drift meander for a large part of
their courses through extensive marsh and
swamp tracts and among drift hills in very
shallow trenchlike channels, few of which are
more than 15 or 20 feet deep. Even where
the maximum excavation of about 100 feet
-has been accomplished the valleys are little
more than narrow V-shaped ravines.

On passing outside the terminal moraines to
the area of the older drift between Rock River
on the east and the boundary of the Driftless
Area on the west in southern Dane County,
Green County,! and the southeastern part of
Lafayette County, the topography. of the up-
lands and slopes is found to be one of mature
stream erosion though the bottoms of the
valleys are very young. Like those within
the later glacial moraines the streams either
meander through broad marshes or are only
beginning to trench the flat plains of sand and
gravel. This condition is the result of a series
of events which may be briefly stated. Prior
to the incursion of the glaciers the streams
of this older-drift area had developed a mature
system of dendritic branching valleys similar
to those now seen in the Driftless Area. At
least one glacial ice sheet, the Illinoian, and
possibly a still earlier one, traversed the tract
from east to west, and its melting left the
eroded surface of the rock mantled with glacial
drift varying in thickness from a few inches to
175 feet or more. The run-off from the melting
ice and accompanying and subsequent pre-
cipitation gathered into streams which, for the
most part, followed the earlier, partly buried
lines of drainage. In a few places the drift
filling was so great that the streams were
diverted into new positions, where they en-
countered rock sills which retarded the reex-
cavation of the drift. The erosion of the
tributaries continued coordinately with the
partial reexcavation of the valleys of the mas-

1 See Janesville, Brodhead, and Evansville topographic maps, U. S.
Geol. Survey. :
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ter streams, Rock, Sugar, and Pecatonica
rivers, until the latter process was interrupted
by the flood of detritus-bearing glacial waters
issuing from glaciers of the later, or Wisconsin,
stage when they invaded the area and halted
at the lines marked by the outer terminal
moraines. The partial refilling of the valleys
of Rock and Sugar rivers and the blocking of
the lower part of the Pecatonica Valley in
Illinois and of other tributaries in Wisconsin
by the deposition of the outwashed glacial sand
and gravel, rejuvenated the streams and
caused them to meander through marshes
whose drainage was blocked by the obstructing
drift. The result is a mature topography on
the slopes and uplands combined with a very
youthful development in the valley bottoms.

Certain small topographic features in this
area of the older drift, simulating those devel-
oped on a much larger scale in the Driftless
Area and indicative of the maturity of erosion
on the crests and slopes, are sandstone towers
| which could not have withstood a glacier and
which are hence believed to have been devel-
oped b¥ erosion since the glaciation of this part
of the area and to indicate that the time since
the earlier glacial .invasion is considerably
greater than that since the incursion of the ice
of the Wisconsin stage. (See Pls. X1, B, p. 88,
and XVI, 4, p. 140.) These features are con-
sidered in more detail on pages 141 and 149.

In the western part of the district, which
was never, so far as known, invaded by the
continental glaciers and which in consequence
i3 known as the Driftless Area, a still more
mature stream-eroded topography is found.
Except in the southwestern part of the Cross
Plains quadrangle the topographic survey has
not been extended over that part of the Drift-
less Area lying south of Wisconsin River and
east of the ninetieth meridian; but such a
survey has been made just west of this me-
ridian in both southern Wisconsin and north-
ern Ilinois. The Richland Center, Mineral
Point, and Elizabeth topographic maps show a
topography practically the same in kind and
degree of dissection to that of the unsurveyed
quadrangles immediately to the east within the
.area under discussion. Scarcely a single square
mile of the original upland plain remains un-
dissected. Practically all has been reduced to
slope and in very many places the tips of the

erosion lines have notched and lowered the
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divides between the tributaries of the Wiscon-
sin and the Pecatonica.

Farther east the same is true of the divides
between the tributaries of these streams and
those of Sugar River. The topography is one
of intricately branching ridges alternating with
correlative branching valleys. The crest of
the main divide, known as Military Ridge,
varies somewhat above and below an elevation
of 1,200 feet; Wisconsin River near the ninetieth

meridian flows about 710 feet above the sea;

and Pecatonica River leaves the State at Mar-
tintown at an elevation of about 770feet. There
is thus a general relief of 400 to 500 feet in this
part of the area, above which West Blue
Mound, as already indicated, rises some 500 feet.
The crests and slopes, where underlain by lime-
stone, are generally smoothly rounded and not
too steep for cultivation (see Pl. XVII, 4,
p. 141), but where the protecting limestone has
been cut through, exposing the softer and more
friable sandstones to weathering and erosion,
the slopes are more abrupt. Along the Wis-
consin and tributary valleys they form mural
lines of cliffs. (See Pl VI.) Northward to-
ward the Baraboo quartzite range in the
Denzer quadrangle less and less of the lime-
stone remains on the narrowed ridges, and the
valleys in the sandstone are broader. In many
places salient points of the dividing ridges rise
in picturesque castellated forms. (See Pl. V.)
Where erosion has detached these from the
divides they stand as isolated towers, which
finally crumble to low mounds of sandstone,
indicative of an advanced stage of erosion.
At a point near Denzer these processes have
resulted in the formation of a natural bridge.

It should be noted that although the Driftless
Area was not invaded by the glaciers the val-
leys in it of the Wisconsin and its tributaries
contain considerable thicknesses of detritus,
washed into them by the glacial waters during
the several stages of glaciation and of silts
washed from the adjacent slopes and deposited
above the obstructing glacio-fluvial accumula-
tions. The Pecatonica Valley was invaded by
the earliec ice to a point 3 miles north of the
State line, where it was blocked by a great dam
of drift, north of which there must be a consid-
erable thickness of filling. In consequence of
this the flat bottom lands bordering these
streams are in reality indices of youth in the
present streams, which strikingly contrast with
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the maturity of the topography of the dissected
slopes and narrow divides.

North of the Baraboo Bluffs, in the western
part of the Dells quadrangle, the ridges are still
narrower and are separated from more broken
and isolated hills, like Coon Bluff and Elephant
Back, by considerable distances. Still farther
north, in Juneau, and Adams counties, only afew
isolated remnants in the form of castellated
bluffs and sandstone towers rise above the ex-
tensive plain. Petenwell Rock, at the bridge
over the Wisconsin in the town of Necedah, a
few miles above the northwest corner of the
area under discussion, is an excellent example
of theseisolated sandstone remnants. Thewide
separation of these remnants of nearly flat-lying .
rock formation is indicative of a very advanced
stage of erosion, such as is associated with the
nearly complete reduction of an upland plain or
a region of ridges and hills to a plain or to a
newer and lower peneplain of erosion. It is to
be noted, however, that the flatness of much of
this extensive plain, instead of being the result
of long-continued erosion, is due to the fact that
minor inequalities, such as low ridges and val-
leys, are buried under a considerable thickness
of glaciofluvial and glaciolacustrine sediments.
The conditions under which these sediments
were deposited are discussed on pages 226-230.

In this part of the area are The Dalles or Dells
of the Wisconsin, which are probably the most
famous and beautiful of all the scenic features
of the region. (See Pl. V, B.) About 2 miles
north of the south line of Adams and Juneau
counties Wisconsin River leaves the broad, shal-
low channel in which it has been meandering
through the extensive plain to the north and
enters a gorge 60 to 120 feet deep and but 54
feet wideinitsmost constricted part. Thisgorge
it traverses for about 6 miles before emerging
in the broad marshy tracts within the terminal
morainé below Kilbourn. In its original condi-
tion the river rushed between the vertical sand-
stone walls with considerable velocity. Its
flow is now controlled by the dam of the Wis-
consin Electric Power Co. at Kilbourn, and the
ponding of the waters has submerged some
formerly exposed features of the Upper Dells.
Crowned with ferns, evergreens, and other
arboreal verdure, and reflected in the placid
waters, the carved walls present a beautiful
picture. Here is Stand Rock, yonder Chimney
Rock, there the rounded prows that jut out
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A. TOWER ROCK, A BLUFF OF *“POTSDAM’” SANDSTONE IN THE DRIFTLESS AREA, 2 MILES
SOUTH OF DENZER, WIS.

B. THE DELLS OF THE WISCONSIN.
Photograph by H. H. Bennett.
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from the “Navy Yard.” Steamboat Rock, an-
chored near the side of the channel, and a simi-
lar detached little island in the Lower Dells are
veritable gems of decorative fluting: Weird
and ewonderful are tortuous ravines, such as
Witches Gulch, Roodes Glen, Coldwater Can-
yon, and Artists Glen, cut by tributary stream-
lets, which have breached the walls of the
gorge and which, by the attrition of pebbles
whirled in potholes beneath the little water-
falls, have here and there excavated chamber-
like recesses whose ascending walls nearly meet
beneath the overhanging foliage that shuts out
the sunlight. The gorge of Dell Creek, in
which lies Mirror Lake, and some of the tribu-
tary ravines exhibit features similar to The
Dells.

The Baraboo Bluffs, or Baraboo quartzite
range, lying within the great bend of Wisconsin
River, consists of two ridges extending east and
west forabout 26 miles. Thebroadersouthrange
varies in width from 1 to 5 miles and in height
from 300 to 800 feet. The north range is gen-
erally less than 2 miles in width and from 100
to 560 feet in height. The two ridges join at
the ends, inclosing a .canoe-shaped basin
through which flows Baraboo River. The gen-
erally smoothly rounded surface of these ridges
is partly wooded and partly under cultivation.
The north range is cut through by three narrow
gorges or water gaps—one, the Upper Narrows,
in the vicinity of Ableman, through which
_Baraboo River enters the inclosed basin; an-
other, that of Narrows Creek, 1 to 2 miles far-
ther west; and a third, the Lower Narrows,
6 miles east of Baraboo, through which Bara-
boo. River escapes to the marshy flats bor-
dering Wisconsin River. (See Pl. XIII, p.106.)
A similar gorge about half a mile in width
cuts through the south range south of Baraboo
but is blocked at each end by great dams of
glacial morainal drift, between which lies the
mile-long Devils Lake. The scenery in these
gaps through the quartzite ranges is the nearest
approach to mountainous in the whole region.
The height and abruptness of the bluffs, the
mingling of tints of purplish quartzite and
green verdure, and the structural relations of
tilted and upturned beds with unconformities
and basal conglomerate, combine in features of
more than ordinary interest to both tourist and
scientific student. Nor should the picturesque
beauty of Parfrey and Dorward glens, in the
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lower south slope of the south range east of
Devils Lake, or the remarkable development of
the basal conglomerate there exposed, be over-
looked.

DRAINAGE.

RIVERS.

SYSTEMS.

The drainage of the area under discussion is
tributary to two of the great systems of the
continent, the Great Lakes-St. Lawrence sys-
tem and the Mississippi system. The waters of
the former are gathered by Sheboygan, Milwau-
kee, Root, and Pike rivers and other small
streams flowing into Lake Michigan, and by
Fox and Fond du Lac rivers and minor streams
flowing to Lake Winnebago. The waters of the
Mississippi system are gathered by Wisconsin
River and its tributaries (Lemonweir and Bara-
boo rivers, Dell, Honey, Black Earth, and
smaller creeks), by Rock River and its tribu-
taries (Sugar and Pecatonica rivers and Turtle
Creek), and by Des Plaines and Fox rivers,
tributaries of Illinois River.

The Continental Divide is in few places a
marked topographic feature. In southeastern
Adams County it is formed by the range of °
hills constituting the terminal moraine. In .
Columbia County it lies in the lowlands and"
marshes between the Wisconsin and the Fox in
the region of Portage, and is scarcely perceptible
until it reaches the upland north of Cambria.
It is said that before the construction of levees
and the control of the flow in the Fox-Wisconsin
canal flood waters from the larger stream some-
times crossed the divide through the marshes
and escaped by way of the Fox. The divide
crosses the gently rolling upland underlain by
the Galena dolomite and the Trenton limestone
in Green Lake and Fond du Lac counties,
passes between the slightly separated marshes
in Oakland Township, at the head of the
Horicon basin, and surmounts the Niagara
escarpment. Thence passing southeastward
to and across the great moraines in northern
Washington. County it continues southward
along minor ridges through Waukesha, Racine,
and Kenosha counties, leaving the State a
few miles west of the shore of Lake Michi-
gan. East of Union Grove, in southern
Racine County, it crosses a continuous through
valley in a marsh between the heads of
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DesPlainesand Rootrivers,in whichitisscarcely
perceptible.

The areas of the drainage basins within the
district under discussion are approximately as
_ shown in the table below.

Area, in square miles, of the drainage basins of southeastern
Wisconsin.

Great Lakes-St. Lawrence (34 per cent):
Lake Michigan.......... ... .....ccoiiiann.
Fox River and Lake Winnebago...... e 1,765
Mississippi River (66 per cent):
Wisconsin River..............oooeieiaann. -

ROCK RIVET. oot ... 3,700
Sugar River........ s 620
Pecatonica River............ ... ... ....... 540
Fox RIVer ..o ieaann 800

Des Plaines River . ... ... ... ... ioieiiian.

All the larger streams of the area, except the
headwaters of Pecatonica River, are very
young, having been established, or reestab-
lished, subsequent to the incursion of the Pleis-
tocene glaciers. Part of these follow the ances-
tral courses of preglacial streams, but most of
them now flow, in some parts of their courses,
through new and more or less distant channels.
Some of the shifts amount to many miles, so
‘that in places the present streams flow on top
of hundreds of feet of glacial filling, and in other
places, after cutting through a thin coating of
drift, flow over rock sills in which they are
eroding new channels. To the retardation con-
sequent on this rock cutting and to the com-
parative shortness of time since the establish-
ment of the present streams is due in large
measure the imperfections of the drainage
shown by the large acreage of marsh and swamp
lands and the considerable number of lakes.

WISCONSIN RIVER.

Wisconsin River'is the largest stream of the
State. Only about 100 miles of the middle
part of its course, however, and about 13 per
cent of its total drainage area of 11,850 square
miles is included within the area under discus-
sion. This portion includes the great bend
where the stream swings about the eastern end
of the Baraboo range and changes its direction
from southerly to southwesterly. The city of
Portage stands on its banks near the apex of
this bend. This point has long been one of
great interest in the development of the State
because of the remarkable closeness with which
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Fox River here approaches Wisconsin River.
The Fox, heading in the northeastern part of
Columbia County, flows westward until within
about 13 miles of the Wisconsin, then turns
northward in a broad marshy tract which bor-
ders both streams and extends continuously
between them, and proceeds northeastward in
a winding course to Lake Winnebago, which it
enters near Oshkosh. These two streams, with
the lower Fox, between Lake Winnebago and
Green Bay, thus form a nearly continuous
waterway, with an easy portage, from the
Great Lakes to the Mississippi and the Gulf of
Mexico. In his final report on the improve-
ment of the water transportation route from the
Mississippi to Lake Michigan, along Wisconsin
and Fox rivers Maj. Gen. G. K. Warren ! gives
an interesting summary of the early historical
accounts of this transportation route, with
summaries of the various surveys and recom- -
mendations for improvements, together with
the results of his own surveys. Quoting from
John G. Shea ? with certain interpolations and
omissions, he says that Sieur Joliet was ap-
pointed to take charge of an expedition for
‘“the discovery of a passage to the South Sea”
and that Pere Marquette was selected to accom-
pany him. They left the Mission of St. Igna-
tius at Michilimackinac on May 17, 1673.

The expedition reached Maskoutens on the 7th of June,
which place was supposed by Marquette to be the limit
of the previous discoveries of the French. This was
probably the vicinity of the present village of Roslin, as
Marquette says it was 3 leagues from the Wisconsin.
According to the narrative of Maj. Long’s expedition to
the source of the Saint Peters River in 1823, the league of
Marquette and Hennepin is 23 English miles.

On ‘“‘the 10th of June,”” Marquette says, ‘“two Miamis,
whom they [the Indians] had given us as guides, embarked
with us, in the sight of a great crowd, who could not
wonder enough to see seven Frenchmen alone, in two
canoes, dare to undertake so strange and hazardous an
expedition.

“We knew that there was, 3 leagues from Maskoutens,
a river emptying into the Mississippi; we knew, too, that
the point of the compass we were to hold to reach it was
west-southwest; but the way is so cut up by marshes and
little lakes that it is easy to go astray, especially as the
river leading to it is so covered with wild oats that you
can hardly discover the channel. Hence we had good
need of our two guides, who led us safely to a portage of
2,700 paces and helped us to transport our canoes to enter

! The improvement of the water-transportation route from the Missis-
sippi to Lake Michigan, along the Wisconsin and Fox rivers: Chief of
Engineers Ann. Rept., 44th Cong., 2d sess., H. Doc. 1, pt. 2, pp. 189-298,
1876.

2 Discovery and explorations of the Mississippi Valley, 1853.
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this river, after which they returned, leaving us alone in
an unknown country, in the hands of Providence.
* * * * *

“The river on which we embarked is called Meskousing
[Wisconsin); it is very broad, with a sandy bottom, form-
ing many shallows, which render navigation very difficult.
It is full of vine-clad islets. On the banks appear fertile
lands diversified with wood, prairie, and hill. Here you
find oaks, walnut, whitewood, and another kind of tree
with branches armed with long thorns. We saw no small
game or fish, but deer and moose in considerable numbers.

“Qur route was southwest, and after sailing * * *
40 leagues on this same route, we reached the mouth of
ourriver,and * * * gafely entered the Mississippi on
the 17th of June, with a joy that I can not express.”

A monument in the southern part of the
city of Portage, near the fair grounds, now
marks the point where Joliet and Marquette
launched their canoes on the waters of the
Wisconsin. '

Marquette’s characterization of the Wiscon-
sin as “very broad, with sandy bottom, form-
ing many shallows, which render navigation
very difficult’” describes it well as it is to-day.
This might also apply to that part of the stream
above Portage excepting where constricted at
The Dells. The great quantity of shifting sand
is the chief obstacle to all permanent improve-
ment of the channel for navigation. The con-
struction of a series of wing dams to control
the current and promote scouring.of the channel
was carried on at intervals up to 1887, when it
was, discontinued.

The fall, as measured between Portage and
the Mississippi by Gen. Warren’s survey,'
varied from 0.095 foot to 3.698 feet per mile,
with a general average of about 1} feet per
mile, the elevation at the mouth being 625 feet
above sea level and at Portage 180 feet higher.
The writer has not at hand the figures showing
the fall above Portage, but except in The Dells,
the average slope is probably not far from that
below Poritage. In The Dells the fall is some-
what greater. The effect of the constricted
gorge on the flood waters is considerable.
Gen. Warren 2 says: “The effect of this con-
traction is such as to restrain the floods, so
that they are said sometimes to rise 50 feet
above low water in the valley above, while the
same flood will rise not to exceed 10 feet in the
valley below.”. ‘

The character of the valley in its several
parts is the result of a series of notable changes
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and of an interesting history which is detailed
on pages 105-111,169-172,215-217,222-230,
244-246. i

FOX RIVER (WISCONSIN).

Except for about 23 miles below Eureka, the
whole course of Fox River above Lake Winne-
bago lies within the area under discussion.

Of the condition of upper Fox Riverin 1866
Gen. Warren ® says, abstracting from his report
of 1867:

The present traveled route between Oshkosh and Fort
Winnebago is 104 miles, the air line being 54 miles. As
near ascan be estimated therehave been 18,000 feet of cut-
offs by dredging, making a saving of about three-fifths of
the distance. The total fall is about 33.1 feet. In most
places there is a fall of a foot in 24 miles, but there are long
reaches where the fall is scarcely perceptible. Several
lakes occur in the course which are generally shallow and
full of wild rice.

Of Lake Puckaway he says:*

Lake Puckaway is a sheet of water 8% miles long and
from 1 to 2 miles wide. The lower end of the lake is very
shallow and full of reeds and wild rice. A channel running
northeast from Marquette has been cut through for steam-
ers. It is from 3 to 34 feet deep. A channel having 4
feet of water leads along the eastern shore of the lake. The
bottom of the lake is very soft, black mud, through which
a channe] of any depth can be easily dredged. For about
a mile to the westward of Marquette the lake is filled with
rushes. A channel exists, however, which has about 4%
feet of water. After getting out of the rushes there is from
5 to 6 feet of water to the end of the lake.

Of the canal and the relations of the Fox
and Wisconsin at Portage he says:?

It [the canal] is cut thfough a flat sandy plain which
separates the waters of the Fox from those of the Wisconsin.
The Fox River s about 5 feet lower than the Wisconsin in
ordinary stages of water. During high water the Wiscon-
sin overflows this neck of low ground at Portage, and also
5 or 6 miles above, and a large portion of its waters are thus
diverted to Green Bay. The spring rise in the Fox is
principally due to this cause, for the Fox itself fluctuates
very little. About 7 miles below Portage a stream called
Big Slough [Neenah Creek] comes into the Fox. During
high water this connects with the Wisconsin and becomes
a very considerable stream, bringing a large volume of
water into the Fox. In fact, the greater part of the low
country between the two rivers is overflowed by the Wis-
consin at this time.

In places above and below Portage levees
have béen constructed to prevent this flooding
of the lowlands by the Wisconsin. The con-
struction of locks and dredging on the Fox
maintains a navigable channel from Portage
to Lake Winnebago.

1 Op. cit., p. 263. 2 Idem, p. 254.

8 Idem, p. 235. 1 Idem, p. 236. 5 Idem, p. 238.
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ROCK RIVER.

Rock River is really the principal stream of
the area, for it drains a very large part of the
central and southern portions. This stream
and its tributaries in Wisconsin, including
Turtle Creek, gather the run-off from about
3,700 square miles of land, to which may be
added the 620 square miles drained by Sugar
River and the 540 square miles drained by
Pecatonica River, all of which enters Rock
River only a few miles south of the Illinois
State line. This is a total of approximately
4,860 square miles, or nearly 44 per cent of the
area under discussion. :

Near Fort Atkinson Rock River receives the
waters of Bark River and its tributary, Scup-
pernong Creek. These streams head in springs
issuing from the gravel hills of the Kettle in-
terlobate moraine and receive the outflow of
several of the lakes of the Oconomowoc region.
Gathering the waters of the uplands underlain
by the Galena dolomite and the Trenton lime-
stone and of a part of the tract east of the
Niagara escarpment, Rock River wanders
through the marshes and among the drumlins
until it is joined at Jefferson by Crawfish River,
which follows a similar course through the
tract immediately to the west. Behind the
‘dam of drift formed by the terminal moraines
which block the ancient valley north of Janes-
ville the waters spread outin Lake Koshkonong,
a.broad, shallow body of water 2 to 3 miles
wide and about 6 miles long. Escaping from
this lake the river has cut through the drift and
channeled the crests of two buried rock ridges.
About 4 miles southwest of Edgerton the
stream is joined by Yahara (Catfish) River,
which brings the outflow of the four lakes of
the Madison region. Passing the moraines the
stream regains the ancient valley north of
Janesville, but, finding this valley filled to a
depth of several hundred feet with sand and
gravel outwashed from the ancient glaciers, it
followed a course so near the west valley slope
that when it had cut down through the drift
filling it encountered several salients of the
buried rock slope and was forced to cut new
.channels through them. The maximum depth
of the valley through the moraine and the
bordering outwash deposits is about 150 feet.
This depth decreases with the lowering of the
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surface of the outwash plain until it is about 60
feet at the Illinois State line at Beloit.

From the State line southward Rock River
flows in the ancient filled valley to a point
about 7 miles below Rockford, Ill., at which
place, after receiving the waters of Kishwau-
kee River from the east, it leaves the broad
old valley (which is completely filled with
drift a few miles farther south) and traverses
an alternation of narrowrock gorges and broader
portions resulting from the erosion of the drift
filling buried valleys.

Near the State line the river is joined by
Turtle Creek, which heads behind the moraines
of the Delavan lobe of the Lake Michigan
glacier. Traversing a broad outlet through
the moraine west of Delavan and through the
bordering outwash deposits this stream flows
through a rock gorge north of Clinton Junction
and channels the filling in the ancient valley of
Rock River until it joins the main stream.

* PECATONICA RIVER.

From the dissected slopes of the southern
part of the Driftless Area the run-off gathers
into Pecatonica River. This stream meanders
through the flat bottom of a partly filled val-
ley to a point 2 miles south of Browntown.
At this place the broad valley ends abruptly
against a dam of glacial drift, and the stream
flows through a narrow gorge cut in the lime-
stone at one side. Beyond, the valley again
broadens only to be closed at the State line by
a second drift dam, which it evades by a new
rock cut at Martintown. Thence southeast-
ward to Ridott, Ill., 8 miles east of Freeport,
the writer has not traversed the valley. From
Ridott to Rockton, about 4 miles southwest of
Beloit, the stream meanders widely through a
broad alluvial plain, where there is probably a
large amount of filling, in an ancient valley
bottom. At Rockton the stream cuts through
the glacial gravels which have blocked the
mouth of the valley and joins Rock River.

SUGAR RIVER.

Sugar River drains a portion of the south-
eastern part of the Driftless Area and a large
part of the area of the older glacial drift north
of the Wisconsin State line. The slopes are
thus moderately mature, but the bottom of
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the valley contains so much filling, partly
earlier, . partly later, that the stream has
accomplished little in the way of reexcavation.
It meanders widely in & shallow channel cut
partly in a broad alluvial plain, partly in
glacial sands and gravels, and partly in a
marsh, due to the blocking of the Pecatonica
Valley, which it enters about 5 miles south of
the State line.

FOX RIVER (ILLINOIS).

Heading in the northern part of Waukesha
County, Fox River, which is tributary to Illinois
River, receives the outflow of Pewaukee Lake
and at Waukesha enters an ancient, partly filled
valley, which has been designated the preglacial
Troy Valley. This valley it traverses, cutting
through gravel terraces and meandering through
a broad marsh to the vicinity of Mukwanago.
At the latter place, after cutting through a drift
ridge, the stream turns abruptly eastward
along a second marshy valley (another por-|.
- tion of the ancient blocked watercourse) to
Big Bend. Turning again southward and pass-
ing a third broad marshy tract the stream enters
a morainal belt of gravel hills, which it trav-
erses to the Wisconsin State line. At Burl-
ington the Fox is joined by a small stream,
White River, bringing the outflow from Lakes
Geneva and Como and the spring waters from
the bordering moraines.

DES PLAINES RIVER.

That part of Des Plaines River within the
area north of the Illinois-Wisconsin State line
is very insignificant. It lies between two
of the Lake Border morainal ridges, occupying
a marshy-bottomed sag, which, farther north,
is drained by Root River. The divide in the
marsh between the two streams is scarcely
perceptible.

SHEBOYGAN RIVER.

The northeastern part of the area is mostly
dirained to Lake Michigan by Sheboygan River,
whose two main branches head in the marsh
and swamp tracts west of the glacial moraines.
One branch crosses the moraine belt in the
vicinity of Glenbeulah. Sheboygan Swamp
probably occupies the upper part of an ancient

valley which drained eastward, for wells in the:
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vicinity of Elkhart Lake show a considerable
depth of glacial drift below the level of the
lake. The present stream, instead of follow-
ing the ancient course, turns northward toward
Kiel and cuts through thin drift to a limestone
ledge, the rim of the ancient valley, which has
interfered with the draining of the swamp.
The stream crosses a second limestone ledge at
Rockville. Turning southeastward it crosses
the morainal belt to the plain of the red till and
joins the other branch near Sheboygan Falls.
Plunging over a ledge of dolomite, the com-
bined stream meanders through the flat bot-
tom of a rather deep, sharply eroded valley
developed at a stage when the waters of Lake
Michigan stood at a higher level. The lower
course of Pigeon River, a small stream enter-
ing the lake a few miles farther north, is simi-
larly terraced. By dredging, the lower part of
Sheboygan River has been converted into a
harbor, whence considerable lake traffic is
carried on. A similar harbor has been made
in the mouth of a small stream entering the
lake at Port Washington.

MILWAUKEE RIVER.

In consequence of the north-south trend of
the lines of elevation in much of the lake-
border region, the streams, instead of follow-
ing the general slope of the surface directly
eastward to the lake, flow for considerable
distances nearly parallel to the lake shore and
reach it eventually only by taking transverse
courses at points where the continuity of the
ridges is broken. Some of the streams reach
the lake only after a series of shifts from one
parallel valley to another.

These features are well illustrated by the
course of Milwaukee River. This stream
rises in Fond du Lac and Sheboygan counties
in a number of nearly parallel southward-
flowing streams. At West Bend the Milwau-
kee turns abruptly eastward. After passing
Newburg it swings northward and then re-
sumes its eastward course. Near Fredonia,
when within 9 miles of the lake, it bends
sharply to the right and flows southward,
almost parallel to the lake shore, for more
than 30 miles, to its debouchure at Milwaukee.
Throughout the greater part of this distance
its channel is within 3 miles, and at some
points is within less than 1 mile, of the lake
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shore. - This somewhat anomalous course is
due to the scarcity of east-west transverse
valleys through the parallel ridges bordering
the lake. Not till the valley of Menominee
River was reached at Milwaukee could the
stream get through to the lake. - Except in the
last 5 or 6 miles of its course its valley is gener-
- ally broad, with slopes that are gentle and but
little modified by erosion. The stretch cov-
ered by the lower 5 or 6 miles is sharply cut by
erosion. Certain changes (see p. 333) have
taken place in the lower course of this stream.
Its fall in the last 18 miles of its course is about
4 feet per mile. The stretch comprising the
lower 24 miles—that is, the part below the
Milwaukee dam—is utilized as a harbor. As
this part of the river receives a large portion
of the city sewage, it has been found neces-
sary to flush the current in order to carry off
the contaminated water. For this purpose a
12-foot tunnel has been constructed from a
point 2 miles north of the harbor entrance
through the intervening hill to the river just
below the dam. Through this tunnel, by
means of a 14-foot propeller wheel, 500,000,000
gallons of lake water may be driven every 24
hours. This addition to the river volume is
effective in keeping the waters fairly active.
Menominee River has its origin in the south-
eastern part of Washington County, whence it
flows southeasterly to Wauwatosa. From
Wauwatosa it flows eastward for 2 miles, then
turns abruptly southward for 1 mile and again
eastward for 3 miles to its confluence with Mil-
waukee River, three-fourths of a mile from the
harbor entrance. The Menominee is a small
stream, ordinarily but a few yards in width,
except where widened and deepened in its
lower course by dredging for harbor purposes.
Above the mouth of Underwood Creek the

slopes are gentle and the valley is not greatly’

modified by erosion. From this point to the
lake the valley is of an erosional type, cutting
across the topographic trend with abrupt
slopes rising in places 100 feet or more above
the valley bottom. In itslower 3 miles, east of
the National Soldiers’ Home, the valley aver-
ages one-half mile in' width and has a flat,
marshy bottom. Except in this lower part the
gradient of the stream is high, the fall being 270
feet in 25 miles, an average of 10.8 feet per mile.

A special sewage pumping works on Jones

Island assists in the discharge into the lake.
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Kinnikinnic River is a small stream, 5 or 6
miles long, in the southern part of Milwaukee.
As this stream receives a large part of the sew-
age of the southern part of the city it is flushed
with water drawn from the lake through a tun-
nel extending under that part of the city known
as Bayview.

ROOT AND PIKE RIVERS.

The courses of Root and Pike rivers also
have been controlled by the north-south trend
of the lake border drift ridges. Their lower
parts lie within the highest of the ancient
beaches of the lake, and the positions and eleva-
tions of their mouths have shifted with the
shifting waters of the lake. (See pp. 331-333
and 340.) Dredging in the lower courses has
afforded harbors for considerable lake traffic.

LAKES.

DISTRIBUTION.

As will be seen by reference to the large map
(PL. II1, in pocket) all the lakes of the area lie
within the tract that was covered by the gla-
ciers of the Wisconsin stage of glaciation.
Lakes are evidences of youth in the develop-
ment of the drainage systems of a region. They
are in a sense temporary, for unless the natural
course of stream development be interfered
with by other agents or forces in time every
square mile of surface will be drained through
the development of a mature system of den-
dritic branching valleys. Attention has been
called (see pp. 31 and 32) to the existence of such
a mature system in the Driftless Area. So also it
was shown that a somewhat less mature system
has been developed where the earlier drift man-
tles the preglacial topography. In neither of
these portions of the area are there any lakes.
If such existed, as they undoubtedly did in cer-
tain places, they have long since been drained
by the erosion of the barriers which retained
them. Within the area of the later drift
sheets, however, many lakes and marshes exist
in inclosed basins produced by the blocking of
the ancient valleys by drift deposits or by
the inequalities of the surface of the drift left
by the melting ice; and the streams are so
young that they have scarcely begun the exca-
vation of the valleys which will in time, if no
change prevents, drain the whole area and
cause the lakes and marshes to disappear.

The lakes of southeastern Wisconsin have
been described and their origin explained by
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N. M. Fenneman ! in a beautifully ilustrated
bulletin of the Wisconsin Geological and Nat-
ural History Survey, to which readers are re-
ferred for more detailed discussion of the phe-
nomena developed along the shores of these
lakes. The same survey has issued a series of
hydrographic maps showing the submerged
contours and environs of nine of the larger
lakes of this area.? '

The origin and the geologic relations of the
several lakes will be more clear after the con-
sideration of the preglacial topography of the
area and the glacial history, but it may be well
to point out the salient features in connection
with the description of the lakes.

Taken altogether the lakes of southeastern
Wisconsin are of very great value to the State.
They attract thousands of visitors from neigh-

"boring States with money to spend, besides
affording beautiful sites for summer homes and
forthe recreation of thousands of the State’s own
citizens. Their contribution to the health and
happiness of the people is an asset whose value
is not easily computed. They yield abundant
fish and a vast ice harvest which contributes to
the health.and comfort of thousands who never
see the lakes. :

, LAKE WINNEBAGO.

Lake Winnebago, the largest in the State,
has a north-south length of approximately 28
miles and a maximum east-west width of about
10 miles, in the latitude of Oshkosh. Some-
thing less than half its expanse lies within the
area under discussion. To the east rises the
drift-mantléd escarpment formed by the west
edge of the Niagara dolomite and the under-
lying shale formation, 200 to 300 feet in height.
To the west, north, and south lies a drift plain,
which is nearly flat near the lake but which
rises gradually and within a few miles becomes
moderately rolling. The outlet of the lake at
Neenah and Menasha, at the west side of the
north end, is through two shallow channels over
limestonesills. Numerous wells drilled on land
opposite the north end of the lake at points less
than 50 feet above the water level are reported
to have penetrated drift to depths varying from

! Fenneman, N. M., On the lakes of southeastern Wisconsin: Wisconsin
Geol. and Nat, Hist. Survey Bull. 8, 1902; second and revised edition,
1910.

2Map No. 1, Lake Geneva; No. 2, Elkhart Lake; No. 3, Lake Beulah;
No. 4, Oconomowoc-Waukesha lakes; No. 6, Delavan and Lauderdale
lakes; No. 7, Green Lake; No. 8, Lake Mendota; No. 9, Big Cedar Lake;
No. 10, Lako Monona.
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100 to 275 feet before encountering rock, and
numerous wells drilled on the plain east and
south of the city of Fond du Lac opposite the
south end of the lake at points less than 50 feet
above the lake level are also said to have pene-
trated 100 to 255 feet of drift. There can there-
fore be little doubt that the lake overlies an
ancient valley, which was so completely filled
with drift that there is now a maximum of but
20 feet of water in the lake. The conditions
under which the glacial ice melted, and the
presence of an ancient, poorly developed shore
line at a level corresponding to that of the
portage between Fox and Wisconsin rivers,
indicate that for a time during the progress of
deglaciation of the area the lake waters stood
about 50 feet higher than at present and dis-
charged to Wisconsin River by way of Fox
River (reversed). Itis also probable that pre-.
vious to this stage and for a shorter time the
waters were held up to a somewhat higher level
over the plain surrounding Fond du Lac and
found an outlet through a sag in the surround-
ing drift ridge at the point where the ridge is
cut through by Fond du Lac River, and escaped
to a lake in the Horicon basin and thence to
Rock River. (See also pp. 324 and 325.)

PUCKAWAY, GREEN, AND RUSH LAKES.

West of Lake Winnebago, in southwestern
Winnebago County and Green Lake County,
three lakes, Puckaway, Green, and Rush, ex-
tend northeast and southwest. The most
southwesterly, Lake Puckaway, is merely a
shallow expansion of Fox River, and has
already been described in connection with that
stream (p. 35). On the south side this lake is
bordered by drumloidal drift hills and a hill of
crystalline rock rising nearly 200 feet above the
water level. On the north is a low sandy plain,
and on the east are broad marsh tracts that
pass gradually into the open water of the lake.
There is thus little topographic evidence of a
definite valley to which the location of the lake
is due. The records of wells drilled on the lake
shore and to the west, however, indicate that
the lake and the river to the westlie in the line of
an ancient valley excavated deeply in the Cam-
brian sandstone. So completely is this valley
filled, however, with glacial drift and silt that
the present lake basin is but a few feet in depth.
D. E. Brewer, of Berlin, informed the writer
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that he drilled a well at the Chicago or Nee Pee
Nauk club house, on the north shore of thelake,
to a depth of 330 feet in unconsolidated sand
and clay without reaching the rock bottom of
the ancient valley, which thus lies more than
500 feet lower than the top of the rock hill on
the south side of the lake. Undoubtedly the
presence of the lake is due to the incomplete
filling of this ancient valley and the obstruction
of the outlet by glacial drift. The continuation
of this valley, which Fox River leaves by flow-
ing northward from Lake Puckaway, is evi-
dently the trough extending northeastward in
which lie Green and Rush lakes.

Northeast of the marsh tract at the east end
of Lake Puckaway and beyond a ridge, whose
knobbed and pitted surface shows it to be a
glacial marginal moraine, lies the beautiful
- basin of Green Lake. This lake, according to

measurements cited by Fenneman,!' has a
lentgth of 7.40 miles, a width of 2 miles, an area
.of 11.5 square miles or 7,360 acres, and a maxi-
mum depth of 237 feet. As shown by the hy-
drographic map, the larger part of the basin
west of Lucas Point has a depth of 200 feet or
more, a broad bottom, and very abrupt sides.
The lake shallows gradually to less than 10 feet
near the eastern end. The beautiful green
color from which the lake takes its name is due
to the depth and purity of the water, most of
which comes from springs. To the south the
upland, underlain by the Trenton and Lower
Magnesian limestones and the St. Peter sand-
stone, rises 150 to 200 feet above the level of the
lake. To the north lie a broad, drift-mantled
ridge of rock and a few separated hills. The
slopes decline rather steeply, in places forming
low bluffs of limestone and sandstone on the
lake shore, and elsewhere abutting on rather
low shores that afford excellent building sites for
the numerous summer cottages and hotels. At
the west end is the retaining dam of morainal
drift, and from the east end the marsh-bottomed
valley continues northeastward. AtLucasPoint
the abrupt picturesque bluff is composed of 30
feet of Madison sandstone overlain by 50 feet of
Lower Magnesian limestone. Farther east the
dip of the formations brings the limestone
down to the level of the beach. To the south-
“west the Mendota limestone rises above the
beach near Mr. W. T. Runal’s place on the shore

1 Op. cit., 2d ed., p. 177.
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of Dickinson Bay. These formations also com-
pose Sugar Loaf and the adjacent hill on the
north side of the lake.

The relations show clearly that Green Lake
is due to blocking of an ancient valley by the
ridge of morainal glacial drift at the west end.
The valley extends parallel to the direction of
the glacial advance, and it is quite possible
that its depth was increased by the glacial
abrasion of the soft sandstone. The final
melting of the ice left the trough blocked by
the marginal moraine. There can be little, if
any, doubt that the obstructing ridge is entirely
of glacial drift, although, so far as the writer
ascertained, none of the wells drilled upon it
have penetrated to depths greater than 62 feet.
In none of these was bedrock encountered.
The melting ice did not leave so much filling
in the valley to the east as beneath the Pucka-~
way basin to the west, so that Green Lake is
much the deeper, being, in fact, the deepest
lake in southeastern Wisconsin. The original
level of the lake has been somewhat lowered
by erosion of the outlet at Dartford, but the
construction of a dam at this place has stopped
this process.

One of the most interesting features in the
vicinity of Green Lake is Mitchells Glen. At
this place, which is three-fourths mile from the
east end of the south shore of the lake, the
side of the valley is a cliff of 100 feet of St.
Peter sandstone overlain by 30 to 40 feet of
Trenton limestone. An intermittent stream
plunging over the bluff at this point in a series
of cascades has eroded the sandstone, so as to
form a very picturesque little glen. Other
beautiful ravines cut the escarpment which
extends northeastward along the south side of
the valley to the vicinity of Ripon. One of
the wells in this valley, that of Mr. H. F. Wilke,
NW. % sec. 24, Brooklyn Township (T. 16 N.,
R. 13 E.), about 2 miles from the east end of
Green Lake, is said to have penetrated a bed
of black vegetal matter, leaves, etc., beneath
100 feet of glacial drift.

Farther northeast along this valley, at the
crossing of the railway from Ripon to Rush
Lake Junction, is another glacial moraine,
beyond which lies the shallow, marsh-bordered
basin of Rush Lake. A third moraine trav-
ersed by a road closes the basin and separates
it frome a broad marsh tract on the east. At
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the north side of this marsh is a fourth ridge
of morainal débris, this one of red drift, which
undoubtedly for a time retained a lake where
now there is marsh. The erosion of the outlet
through the red drift ridge at Waukau, how-
ever, has drained the basin and its reclamation
is being- concluded by the growth -of marsh
vegetation. This latter process, which is one
of nature’s methods of reclaiming submerged
areas, is also reducing the expanse of water in
Rush and Puckaway lakes.

LITTLE GREEN, MARIA, EMILY, FOX, AND
BEAVER DAM LAKES.

South of Green Lake five small lakes, Little
Green, Maria, Emily, Fox, and Beaver Dam,
separated by intervals of 1 to 6 miles, lie in
reentrants in the margin of the Trenton lime-
stone that are undoubtedly due to preglacial
erosion. The basins of Emily and Fox lakes
are clearly due to morainal drift dams on the
west, formed at the same time as that retaining
Green Lake. Lake Maria may be due to the
same cause, though it is not so plainly evident.
Little Green Lake may lie in a basin excavated
in the St. Peter sandstone by glacial erosion at
a place ‘where that formation is locally thick-
ened. This is suggested by the absence of any
clearly recognizable drift dam and by the fact
that the uneven surface of the Lower Magnesian
limestone, "discovered by the removal of the
enveloping sandstone, rises in hills in the midst
of the valley to the west of the lake. -

Beaver Dam Lake is an irregular curved

body of water 11 miles long and having a |

maximum width of about 24 miles. It is said
to be very shallow and the lake is maintained
by an artificial dam at the outlet. It is prob-
able, however, that it marks the position of a
partly filled preglacial valley, for a well at
the foundry near its south end is said by J. V.
Roller, driller, to have penetrated 140 feet of
unconsolidated material before reaching bed-
rock. The artesian well at the woolen mill,
about 80 rods farther south, is said to have
reached sandstone at a depth of 30 feet, and
the Trenton limestone lies near the surface
in the city east of the lake. It is interesting
to note that in this case the closing of the basin
was due not to marginal morainal glacial
deposits but to an elongated ridge of ground
moraine drift, a drumlin.
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DEVILS LAKE.

One of the most interesting, though one of
the smaller, lakes of the area is Devils Lake,
which lies in the gorge through the south
range of the Baraboo quartzite south of
Baraboo. This lake, according to measure-
ments made by H. E. Cole, H. E. French, G. K.
McConnell, and F. T. Thwaites, in 1908, and
recorded on an unpublished map, of which the
writer received a blue print, has a length of 1}
miles, an average width of 0.4 mile, an area of
388 acres, and a maximum depth of 43.2 feet.
These figures, particularly those indicating the
maximum depth, are interesting because of the
fabulous stories circulated as to the fathom-
less depths of this pretty little body of water.
From the topographic relations and the thick-
ness of the drift deposits penetrated by drills
in the Baraboo basin to the north and in the
Wisconsin Valley to the south, it is highly
probable, however, that the rock bottom of
the gorge in which the lake is situated lies
fully 450 feet below the level of the water,
buried beneath a great quantity of glacial
débris. On the east, west, and south, bold
bluffs of purplish quartzite rise from the water’s
edge to heights of 400 to 600 feet. (See Pl
VII, B.) At the north the entrance to the
gorge is blocked by a ridge of morainal
glacial drift; and east of Kirkland, where the
curved gorge opens eastward, a second great

ridge of morainal drift, rising 200 feet above

the bottom of the valley, blocks the outlet.
This lake is unique in that, though lying
outside the limits of the glacial advance, it is
yet retained by glacial dams at either end of
the gorge. This was due to the peculiar
topographic relations of the glacial margin, the
great quartzite ridge, and the gorge, the last
named having been excavated long prior to the
incursion of the glaciers by a river, probably
the ancestral Wisconsin River. The great ice
sheet, advancing from the east, was retarded
in its movement over the great rock ridge and
did not traverse the crest west of Point Sauk,
the highest point of the range 3% miles east
of the lake. On the lower slopes and in the
valleys to the north and south, however, the
ice pushed forward several miles farther. The
side of the lobe thus formed in the Baraboo
basin crowded into the north end of the gorge
and formed there the north morainal dam.
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On the south the ice crowded into the outlet
“of the gorge and up onto the end of the ridge
to the south known as the Devils Nose. The
débris brought forward and dropped in the
gorge east of Kirkland formed the second
morainal dam, thus inclosing the lake basin.
Between the two ice fronts water was ponded
to the height of the lowest col, which is above
Messengers, near the east Sauk road—the road
crossing the range just west of the lake. A. C.
Trowbridge informed the writer that he found
a crystalline bowlder, probably transported
across the lake from the ice front by floating
ice, 25 feet below this col or about 200 feet
above the present lake. Sand, gravel, and
finer silts washed into the basin from the two
ice fronts completed the filling, except such
small amount as has been washed into the lake
from the surrounding slopes since the disap-
pearance of theice. (See also pp.105-107 and
214-215.) '

A feature which always excites wonder and
speculation is the enormous quantity of great
angular blocks of rock covering the steep
slopes beneath the mural cliffs of quartzite
which ecrown the bluffs. The popular belief is
that these blocks have been thrown up from
below during some great convulsion of nature,
it being even supposed by some that the great
gorge is the crater of an extinct volcano.
So far as known, however, no igneous or vol-
canic rocks, except some crystalline bowlders
that were brought by the glaciers, have been
found within the gorge or on the neighboring
bluffs. The rock in this part of the range is
wholly quartzite, produced, as long ago demon-
strated by Irving, by the close cementation of
the grains in great beds of marine sands. The
erosion of the gorge is the work of an ancient
river and the great accumulation of angular
blocks on its sides is the result of the tumbling
down of fragments of the jointed quartzite
detached by frost action, assisted perhaps by
expansion and contraction due to changes of
temperature, and by the disruptive action of
tree roots. The continued falling of these
blocks necessitates careful inspection of the
railway at the foot of the east bluff to prevent
accidents from the obstruction of the tracks.

MENDOTA, MONONA, WINGRA, WAUBESA,
KEGONSA LAKES.

AND

In the vicinity of Madison a chain of four
beautiful lakes, Mendota, Monona, Waubesa,
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and Kegonsa, with a fifth and smaller one, Lake
Wingra, lying at one side, extends northwest
and southeast for about 15 miles. The out-
flow of the basins and of the adjacent marshes
and slopes is carried off to Rock River by
Yahara (Catfish) River. These lakes (see PL
II, in pocket) lie in the line of a preglacial
tributary of the ancestral Rock River valley.
The basins, which owe their origin to inequali-
ties in the surface of the drift that partly
fills this valley, lie in the broader parts where
the main valley was joined by lateral tributaries.
These parts may also have been broadened and
deepened still farther by the erosive action of

‘the glacial ice which, during the last invasion

at least, crossed the valley nearly at right
angles, moving southwestward, or approxi-
mately parallel to the longer axes of the basins.
The more constricted parts of the valley corre-
spond to the intervals between the lakes.

Lake Mendota, the largest and most north-
erly of the lakes, has a length of 6 miles from
east to west and a breadth of about 4% miles
from north to south. The hydrographic map
issued by the Wisconsin Geological and Nat-
ural History Survey shows it to have an area
of 15.2 square miles, a circumference of 21.9
miles, and a maximum depth of 84 feet. This
depth is attained in a small pit in the bottom
of the basin at a point about 100 rods south-
west of Governors Island. The contours show
a depth of 60 to 80 feet throughout a large part
of the basin. At Maple Bluff, Farwell Point,
and Governors Island on the northeast side
of the lake, and at Fagle Heights on the south
shore, and also on the north shore near Pheas-
ant Branch, the waves are undercutting low
bluffs of Cambrian sandstone. At Maple .
Bluff and Farwells Point the sandstone is
capped by the Mendota limestone. Ilsewhere
the shores are of glacial drift where, in places,
marshy tracts border the lake.

An interesting phenomenon developed on
the shores of Lake Mendota and the other
lakes is the presence in places of the ridges of
earth and bowlders known as ice ramparts.
The best development of this phenomenon
observed by the writer was on the north shore
of University Bay, at Picnic Point. The ex-
pansion of the modern lake ice under the proc-
esses of successive cracking and refreezing
during periods of excessive cold caused it to
crowd upon the shores of the somewhat con-
stricted bay, and to push up the bowlders and
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-earthinto a ridge several feet in height and up-

root and tip over some of the trees standing
on the bank. The process was observed and
described at one time of its marked develop-
ment in 1899 by E. R. Buckley.!

Though the lake is deep, numerous wells
drilled in the immediately surrounding area
tend to show that the ancient valley in which
it lies was much deeper. The rock bottom
probably lies at least 300 feet beneath the sur-
face of the water or more than 200 feet be-
neath the present bottom of the lake. One
well drilled at Rocky Roost, a short distance
off the shore of Governors Island, is reported
by the driller, William Haak, to have pene-
. trated drift for 140 feet without encountering
the rock which outcrops on the shore of Gov-
ernors Island, but a short distance away, and
which at Farwells Point rises 80 feet above the
lake level. Certain wells on the flat north
of Middleton and between Middleton and the
west end of the lake penetrate at least 200
feet of filling in a valley leading westward from
. this basin.

- In his report on Wisconsin and Fox rivers,
Gen.G. K. Warren ? gives as his opinion that the
drainage of the four lakes near Madison was
formerly westward to Wisconsin River along
the Black Earth Valley. He offers for the sup-
posed change in direction of flow the same ex-
planation that he predicated for reversal of
flow in the Fox River valley, namely, eleva-
tion on the southwest with correspondmg de-
pression on the northeast.

As noted above, the evidence of well borings
shows that the rock bottom of the basin lies
far below the bottom of the lake, too far be-
low to make it probable that the Black Earth
Valley was ever low enough to have afforded
an_ outlet for the basin. F. T. Thwaites is of
the opinion that the channel underlies the
lower part of the city between Capitol Hill on
the east and the University Hill on the west,
the axis lying a little east of the West Madison
railway station. He traces a second buried
channel around to the north and east of Elm-
side. The rock surface beneath the lower
part of the city northeast of Capitol Hill,
where the land is now low and marshy, and
across which is thé present outlet of Lake

1Buckley, E. R., Ice ramparts: Wisconsin Acad. Sm Trans., vol. 13,
pp. 142-162, 1901.
8 Op. cit., pp. 271 and 272,
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Mendota, varies from 20 to 140 feet below the
surface, as shown by numerous drillings, but
so far as is known to the writer there is no
buried channel beneath this part with depth
greater than this maximum.

R.D. Irving,® in his report on the geology of
central Wisconsin, intimates that the basins of
the four lakes were carved by glacial erosion.

N. M. Fenneman,* in his bulletin on the lakes
of southeastern Wisconsin, discusses the partly
filled ancient river valley in which the several
lakes lie. He also suggests that the basin of
Lake Mendota may have been deepened by
the erosive action of the glacier so that its
bottom may be lower than that of the pre-
glacial stream valley. It is quite possible
that the preglacial valley in the sandstone
beneath Lake Mendota was deepened by glacial
abrasion during the advance of the glaciers,
and that there never was an outlet so low as
the rock bottom indicated by the wells.

The surface of Lake Mendota is maintained
about 5 feet above its natural level by a dam
in the outlet in the northeastern part of the
city of Madison.

The narrow neck of land between Mendota
and Monona lakes, on which the city now
stands, is composed of glacial drift varying in
thickness from 20 to 140 feet. Lake Monona
is smaller and somewhat shallower than its
neighbor. Its dimensions, as stated on the
hydrographic map, are: Area, 3.9 square miles;
circumference, 13.2 miles; and greatest depth,
74 feet. The shores are bordered in places by
marshes and are generally low, lying along
drift ridges, except at one point on the east
side and at Ethelwyn Park on the south side,

| where the waves are cutting into Mendota

limestone. The lake is cut off from Lake
Wingra and the surrounding marsh tracts on the
west by a narrow glacial terminal moraine ridge.

Fenneman ° gives the dimensions of Lakes
Waubesa and Kegonsa, as determined by the
hydrographic survey, as follows: Lake Wau-
besa, length 4.19 miles, width 1.40 miles, area
3.18 square miles or 2,035 acres, maximum
depth 36.6 feet; Lake Kegonsa, length 3 miles,
width 2.25 miles, area 5.38 square miles or
3,392 acres, greatest depth 31.4 feet. Some

3Irving, R. D., Geology of central Wxsconsm Geology of Wisconsin,
vol. 2, p. 613, 1816

¢ Op. cit., 2d ed., pp. 39-43.

s Idem, p. 177.
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broad marshy tracts border these lakes, but
most of their shores consist of undulating drift
areas. A low bluff of sandstone occurs on the
west shore of Lake Kegonsa, and a hill of Lower
Magnesian limestone rises near the water’s
edge on the northeast shore. The shores of all
the four lakes are much frequented by summer
cottagers.

ROCK AND RIPLEY LAKES.

In the western part of Jefferson County two
small lakes—Rock Lake, on whose shore is the
village of Lake Mills, and Ripley Lake, a mile
east of the village of Cambridge—are very
pretty bodies of water and are much frequented
by summer residents. They lie in basins in a
knobbed and pitted belt of morainal gravels
that extends for more than 20 miles in a general
north-south direction. The general relations,
the evidence of neighboring wells, and the
depths to which piling was driven in construct-
ing the grade of the Chicago & North Western
Railway across the extensive interlying marshes,
indicate that the basins lie in the line of a buried
preglacial valley. The depressions are believed
to be due to the subsequent melting of great
masses of ice which were buried in the morainal
gravels with which the valley was filled.

LAKES OF THE OCONOMOWOC-PEWAUKEE
DISTRICT.

Besides other natural attractions the north-
western part of Waukesha County includes,
within an area measuring 14 miles from east to
west and 9 miles from north to south, thirty or
forty beautiful bodies of water ranging in size
from ponds a few rods in diameter to Pewaukee
Lake, 1 mile wide and 44 miles in length. The
geographic and topographic relations of these
lakes are shown on the Oconomowoc topo-
graphic map of the United States Geological
Survey. This is one of the most famous of the
summer resort regions of Wisconsin, the shores
of the lakes being dotted with hotels, beautiful
summer homes of wealthy persons, and neat
cottages of hundreds of less wealthy residents.
The lakes have clean gravelly shores washed by
clear cold spring waters and the surrounding
country is varied by alternating knobbed and
pitted morainal belts and flat gravel terraces,
for this is a region which is traversed in a
general north-south direction by the great
Kettle interlobate moraine, from either side of
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which branch off marginal moraines bordered
by flat outwash gravel terraces formed during
the waning and recrudescence of the Green Bay
and Lake Michigan glaciers.
_ These lakes (see Pls. I and II, in pocket) lie
In a great reentrant in the margin of Niagara
dolomite. The considerable depth to which
the deeper wells penetrate the drift before
reaching bedrock indicates that prior to the
deposition of the drift a great valley or basin
was scooped in the soft shale and dolomite.
The conditions under which the glaciers melted
in this region resulted in the burial of great
irregular masses of ice in the morainal gravels
and when later these masses melted away the
gravels settled, leaving chains of depressions .
with their marginal slopes standing as steeply
as the gravel would lie. The relations of each
set of lakes to each particular moraine and ter-
race are described on pages 274, 278, and 281.
Most of the lakes drain through Oconomowoc
and Bark rivers to Rock River. The levels of
several of them are maintained by artificial
dams. A few lie in inclosed basins without
outlet. ‘ ‘
Of the occurrence of marl in one of the lakes,
Fenneman makes the following statement:?

The most distinguishing feature of North Lake is the
marl of the west basin. It is the sole material of the
beaches which surround the basin. Its appearance on the
beach is that of a white gravel passing into sand of the same
color. Across former bays the currents have thrown bars
of the same material. By a reduplication of the same
process on the southwest side, there has been constructed a
terrace several hundred feet wide composed of successive
beach ridges of marl. The long slender points and partly
exposed ridge which nearly separate the two parts of the
lake are structures of the same material superposed upon
the ridge which separated two ice pits.

Pewaukee Lake lies in a similar reentrant in
the Niagara dolomite margin tributary to the
larger valley on the west. The eastward reces-
sion of the front of the Lake Michigan glacier
left the valley blocked on the west and on the
east by morainal drift. Glacial strie on the
surface of the limestone exposed at Rocky
Point and at the quarry near Pewaukee show
that the direction of the ice advance was west-
ward nearly parallel to the axes of the two parts
of the lake basin and that the depressions in the
rock may be, in part at least, the result of
glacial erosion. The eastern half of the lake is

1 0p. cit., 2d ed., p. 122.
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very shallow, and-the western half has a maxi-
mum depth of 45 feet.

Fenneman writes of this lake in part as fol-
lows:?

The level of the lake is now maintained by a dam at the
outlet. This dam raised the lake 7 feet and is accountable
for the eastern half of the lake, whese depth is for the most
part less than 7 feet. Before the building of the dam, this
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lakes in the Oconomowoc-Pewaukee district of
which hydrographic surveys have been made.

PIKE, BIG CEDAR, ELKHART, AND OTHER LAKES.

In Washington County several beautiful
little lakes including Pike, Big Cedar, and Elk-
hart, nestle among the ridges of the Kettel
interlobate moraine and those of the bordering

Situation, area, and depth of lakes in the Oconomowoc-Pewaukee district (T'ps. 7 and 8 N., Rs. 17 and 18 E.).

Name. Elevation.a | Leungth. Width. Area. Depth. Remarks.
Feet. Miles. Miles. Squaremiles.| Acres. Feet.
Pewaukee......oovvieeennnnnn.. 268 4,50 1.2 3.61] 2,310 45.3 .
148 47.6 |- East basin.
Beaver.....ooeiveeiiieeeiaaa... 328 1.10 L P 163 | 46.2 | West basin.
P 328 78.0 | East basin.
NOPth .« oo e 315 1.3 N3 { 3281 T80 Sast basin
Pine.......................... 320 2.30 1.05 1.20 768 - 90.0 North end
Nagawicka. ... .oooeeeeen... 308 2.75 112 1.41] 902 { a2 ) North ond.
Okauchee.................._... 209 237| 180 172 Looo | &0 Mortheast bay.
Garvin.................. ... 299 .31 19 (e ae. 20 36.1
Mouse... ..o .. 304 .82 21 il 91 66.3
Oconomowoc.................... 280 1.92 82 |l { g?i 23: g }South basin.
Upper Nashotah...._........... 290 .81 11 137 51.2
Lower Nashotah............... .. 288 © .79 22 T PR 99 46. 2
Upper Nemahbin................ 288 1.05 1 2 P 273 62.0
: . 20.0 | Northeast basin.
Lower Nemahbin........... ... 288 .93 60 [....... 246 29.0 | Southwest basin.
35.4 | South basin,
Fowler......................... 278 .94 7 S 87 50.0
33.0 | Northwest basin.
LacLaBelle.................... 271 2.70 1.12 1.84 ) 1,178 40.0 | Southeast basin.
46.6 | Middle basin.
Silver...oooeoeiii .. 282 .97 11 2 DA 236 44.0
Genesee, North ................ 283 .51 A2 | 104 36.4
Genesee, South................. 282 .40 30 |l 64 47.6

a Above Lake Michigan, which is 579 feet above sea level.

half of the basin was a swamp, and a wagon road is said to
have been maintained across the swamp, east of Rocky
Point. )

The two halves of the lake show scarcely less contrast in
appearance than in history. Vegetation abounds on the
bottom of the entire eastern half. Away from the shore it
is kept from rising to the surface by annual mowing in the
interests of the ice crop. Near the shores the vegetation
encounters no opposition except from the waves and cur-
rents, whose strength has already been much reduced by
friction on the bottom. Fields of bog, consisting of matted
grasses, cover large areas. They rest loosely upon the
bottom or are buoyed up by the water. They enlarge their
areas by the annual growth at their edges, which appear as
vertical faces going down to a bottom from 6 to 8 feet deep.
In strong winds portions are dislodged from the field and
become the so-calied floating bogs.

The outflow goes eastward to the Fox and
thence to Illinois River. A table, presented by
Fenneman,? shows the dimensions of the several

1 Op. cit., 2d ed., pp. 109-110. 2Idem, p. 175.

moraines. Of these Pike Lake lies 14 miles
southeast of Hartford. Big Cedar Lake, lying
in a narrow elongated trough, extends 4 miles
northward from a point 2 miles north of Schles-
ingerville. On either side of it abrupt mo-
rainal ridges rise 100 feet or more above the
water level, and the soundings of the hydro-
graphic survey show a maximum depth of 105
feet of water. The records of wells show that
the ridges are composed wholly of glacial drift
to depths equally as great. It thus appears
that the basins of Big Cedar and of Silver and
Little Cedar lakes to the east are wholly in
drift. That they were left unfilled was proba-
bly due to the later melting of great masses of
ice that had been buried in the gravels.

The troughs in whose bottoms the lake
basins lie were doubtless occupied by streams
of glacial waters flowing southward when the
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opposing fronts of the two glaciers were melted
back a short distance from the interlobate
morainal ridge. )

In the southeastern part of Fond du Lac
County several little lakes are scattered
through the maze of kames and kettles and
irregular marsh and swamp areas. Of these
the largest is Long Lake, vorth of the village
of Dundee.

In the town of Rhire, in the southwestern
~ part of Sheboygan County, are several lakes of
which Elkhart is the largest. This is a beauti-
ful body of water, surrounded by wooded
morainal hills and having an area, as deter-
mined by the Wisconsin Survey, of 304 acres
and a maximum depth of 113 feet. While the
basin itself is probably due to the melting of a
great irregular mass of ice left buried by the
glaciers, it is believed to be underlain by a con-
siderable preglacial valley which extended
southeastward and was occupied by the an-
cestral Sheboygan River. The upper part of
this valley is now occupied by a great swamp
- nearly 20 square miles in extent, known as She-
boygan Swamp. The stream which drains this
swamp flows over the buried rock rim of the
ancient valley about a mile northwest of the vil-
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a lowering of the waters; and the growth of
vegetation and its accumulation to consider-
able depths in the basin has changed the lake
into a swamp largely overgrown with tama-
rack.

LAKE BEULAH AND LAUDERDALE LAKES,

In the southern part of Waukesha County
and the northern part of Walworth County, in
the region of Mukwonago and East Troy, are
several small lakes, among these Lake Beulah
and the Lauderdale lakes, which are popular
as summer resorts. The whole series of lakes
in this district lies in the line of a great buried
valley which, in preglacial time was cut far
back into the margin of the Niagara dolomite
and downward through the underlying shale
into the Galena dolomite. (See Pls. I and II,
in pocket.) Wells in the vicinity show that
the bottom of this valley lies far beneath the
bottoms of the little basins in which the lakelets
lie. The characters of the basins, which are
irregular pits or chains of pits in an extensive
pitted gravel plain, show them to have resulted
from the melting of great ice blocks which were
buried when the thinned margin of the Lake
Michigan glacier, melting backward toward the

lage of Elkhart. Mr. Laun informed the writer ! east, was buried in a great deposit of gravels
Dimensions of lakes in the Mukwonago-East Troy region.
Lakes. T.N. R. E. Length. Width. Area. Depth. ( Remarks.
- _ |
Miles. Miles. Acres. Feet.

Lauderdale: Green............. 4 16 1.09 0.66 282 56.8
Middle ............ ... 4 16 1.60 | .45 282 50.0
Mill ... 4 16 .75 .49 | @304 50.0
Beulah: Mill........_ ... _.... 4 18 ( 61 51.5

-40.0 | Southeast basin.

Lower ... ... ..., 4 18 2.65 1.10 550 55.5 | Southwest basin.

R 46.5 | Northeast basin.
Round ................. ... 4 18 100 40.0
Upper ..cooveinveiaa. .. 4 18 260 67.0
Booth ... 4 18 .58 .43 125 25. 4
East Troy ..................... 4 18 .50 .39 81 16.5

@ Including large marshy extension.

that in drilling a well at Lakeside Park on the
west shore of the lake unconsolidated material
was penetrated to a depth of 240 feet without
_reaching the limestone bottom. The blocking
of the valley was completed by the deposition
of the sands and gravels of the interlobate
moraine. The basin of Sheboygan Swamp was
originally occupied by a lake of considerable
size, but the cutting down of the outlet caused

laid down by waters escaping from this and
the Green Bay Glacier. In the accompanying
table are the dimensions of the lakes as cited by
Fenneman.

GENEVA, COMO, AND DELAVAN LAKES.

Lakes Geneva and Delavan, in southern
Walworth County, are among the most beauti-

1 Op. cit., 2d ed., p. 177.
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ful and popular of Wisconsin’s many lakes.
They lie just within the great terminal moraine
of the Delavan lobe of the Lake Michigan
glacier, where the ice spread out across what
is believed to be a great buried valley, the pre-
glacial Troy Valley, and left its marginal
moraine deposited in a great arc. Much of the
several hundred feet of glacial drift beneath
which the valley is now buried was undoubtedly
deposited by the glaciers of the pre-Wisconsin
and early Wisconsin stages, but the lake basins
are the result of depressions in the drift surface
as left behind the moraine by the melting of
the last ice sheet.

Lake Geneva lies in a buried valley tributary
to the main trough. A well drilled at Yerkes
Observatory near Williams Bay penetrated 400
feet of drift piled in successive sheets on the
slope of this ancient yalley, and it is probable
that the thickness of the drift opposite the west
end of the lake is considerably greater. The
dimensions of Lake Geneva as given by Fenne-
man*® are, length 7.5 miles, width 2 miles,

area 8.6 square miles, and maximum depth

142 feet. The greatest depth is in the western
part, between Camp Collie and Cooks Camp.
The bottom of the basin thus lies about 280
feet below the lowest part of the crest of the
moraine which retains it on the west and 300
to 400 feet below the tops of the ridges on the
north and south. The lake shallows toward
its east end, where there is an outlet by way
of White River to Fox River at Burlington.
The dimensions of Delavan Lake, as given by
Fenneman,! are, length 3.75 miles, width 1.1
miles, area 2.7 square miles, and greatest depth
56.7 feet. Artificial dams maintain the water
levels of both Geneva and Delavan lakes.

. Lake Como is a small lake lying between the
drift-mantled slopes of a valley a short distance
north of Lake Geneva.

TISHIGAN, BROWNS, POWERS, TWIN,
CAMP, AND OTHER LAKES.

SILVER,

Nestling among the gravel hills of the
morainal belts bordering Fox River in the
western parts of Racine and Kenosha counties
are a dozen or more small lakes (Tishigan,
Browns, Powers, Twin, Silver, Camp, and oth-
ers), each a favorite with a host of summer
visitors. These occupy ice-block depressions

1 Op. cit., 2d ed., p. 177.
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in the glacial gravels with axes 1 or 2 miles or
less in length.

MUSKEGON AND WIND LAKES.,

Wind Lake, in Racine County, and the Mus-
kegon lakes, in Waukesha County, which are the
haunts of sportsmen, occupy parts of a great
marsh tract which was once the site of a much
larger body of water, but which has since been
overgrown with peat-forming vegetation and
has been drained.

MARSHES AND SWAMPS.

It is difficult to compute the actual area of
wet lands within the bounds of the district
under discussion, but a glance at the map
(PL. III, in pocket) shows it to be hundreds
and perhaps thousands of square miles. A
large part of this poorly drained land is séat-
tered among the drift hills and ridges in small
tracts, but much of it lies in basins of large
acreage. Notable among these basins is that
of Sheboygan Swamp in northwestern Sheboy-
gan County, which extends over an area of
something like 20 square miles, not including
adjacent nearly connected tracts. Horicon
Marsh, in northeastern Dodge County, has a
length of 13 and a width of 5 miles. Its site,
like-that of Sheboygan Swamp, was originally
occupied by a lake, which was held in the shal-
low basin by the morainal deposit on which is
built the city of Horicon. The outflow cut a
channel through the obstruction and drained
the lake. After the country was settled by the
whites the construction of an artificial dam
restored the lake for a time, but with the later
removal of the dam the lake again gave place
to the marsh. Efforts said to have been made
to drain Sheboygan Swamp in order to utilize
a deposit of marl said to underlie the peat were
stopped by the discovery that the stream flow-
ing out of the basin crossed the rock rim of the
ancient valley, which made ditching difficult.
No special study of the peat, marl, or other
contents of the swamps and marshes was made
by the writer during the present investigation.
It seems probable, however, that valuable de-
posits may occur in many of the basins and
that in time their utilization will be found
profitable. Vast quantities of hay are now
cut annually from these wet lands, and certain
grasses cut in places from the marshes along
Fox River are used in the manufacture of mat-
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ting. Owing to the obstruction of the ancient
drainage lines by drift deposits and the shift-
ing of the streams in many places to new
courses, where excavation was retarded by
' rock sills, very little has been accomplished
toward the natural drainage of the wet lands.
Many tracts have been partly reclaimed by ar-
tificial drainage, but it will be difficult, if not
impossible, to drain them completely. Many
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of the tracts were undoubtedly occupied by
lakes after the melting of the glaciers uncov-
ered the uneven surface of the drift and some
of these were partly drained by the erosion of
outlet channels. Vegetation has also done
much toward the reclamation of the areas and
may eventually accomplish more by filling up
the basins than artificial or natural outlets can
do by draining them.



Craprer JII—GEOLOGIC FORMATIONS UNDERLYING THE GLACIAL DRIFT.

DISTRIBUTION AND SEQUENCE OF THE ROCKS.

It is necessary for the understanding of the
- work of the Pleistocene glaciers to know some-
thing of the character and distribution of the
underlying rock formations. The preglacial
topography, or the configuration of the land
before the advent of the glaciers, was very
largely dependent on the streams, the work of
which in turn depended very largely on the
structure, composition, attitude, and distribu-
tion of the several rock formations, now. very
largely concealed by drift. The deployment
of the glaciers was in large measure controlled,
or at least influenced, by the configuration of
the land traversed. Moreover, the larger part
of the material composing the drift in this area
was derived from local rock formations, so that
the character and structure and composition of
the various forms of glacial deposits were deter-
mined to a great extent by the distribution and
lithologi¢ character of the several underlying
formations. .

Although the older rocks are largely con-
cealed by the drift, many small exposures show
their character and attitude, and the collection
and correlating of the records of thousands of
well borings have enabled the distribution of the
several formations to be approximated through-
out the area. (See Pl. I, in pocket.) It is to
be understood that in those parts where the
margins of the formations are buried from view
the boundaries shown are only approximate.
In this mapping the maps and reports of the
Wisconsin Geological Survey, prepared under
the direction of T. C. Chamberlin, when State
geologist, as also those of the later Wisconsin
Survey, have been of great assistance and
have in general been followed. Changes in
the location of boundaries have been made only
where there was positive evidence, or at least
very strong presumption, of error. Most of
them are in places where the covering of drift
is thick and where well borings have shown that
the formations immediately underlying the drift
were other than those shown by the older maps.

75473°—18——4

It is not proposed to go into an exhaustive
discussion of the pre-Pleistocene geology, to
consider fully the fossil faunas which are in
some cases so finely developed, to treat
exhaustively the chemical and microscopic
characters of the igneous and metamorphic
rocks, or to discuss fully the correlation of these
various formations with others in this or other
States. The nomenclature followed is princi-
pally that in use by the Wisconsin Geological
and Natural History Survey.

The north-central part of Wisconsin is under-
lain by a series of igneous and metamorphic
rocks of Archean and Algonkian age. This
area, which ranges in general elevation between
1,000 and 2,000 feet abovée the sea, comprised
one of the oldest nuclei about which the sedi-
ments composing the successive formations
underlying the North American continent were
laid down in marine waters. The rock struec-
tures show that the region was at one time
mountainous but that even before the deposi-
tion of the Paleozoic sediments it had been
reduced by erosion to a peneplain with a few
remnants of higher levels rising as isolated
rock hills. During the successive incursions of
marine waters over the continental interior
sediments were deposited, surrounding and
burying these ancient hills and ridges and
lapping about the nuclear land area, from
which they dip radially in all directions from
southeast to southwest. The formations in the
southeastern quarter of the State thus range
in age from probable Archean to Devonian, but
none later than the Archean now have their
original extension. Erosion during the long
interval between the final emergence of the
area from beneath the sea and the incursion of
the first great glacier cut away hundreds of feet
of rock whose material was borne away by the
streams for deposition in surrounding areas.
In a general way it may be said that the
several formations are beveled off—that is, their
marginal parts have been thinned by erosion
after rising successively to the surface of the
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general plain. Owing to the alternation, how-
ever, of harder limestone formations with
softer sandstones and shale the exposed margin
of each of the limestones is marked in places
by a more or less well-defined line of bluffs or
cuestas facing north and west, beyond which
lie lower tracts from which the softer rocks
have been very largely removed. The belts of
outcrop of the several formations have thus a
general north or northeast trend through the
area under discussion. The belts of the lower
rocks swing around to the west in the south-
western part of the area and beyond this curve
again to the northwest. The succession of
formations is shown in the table below, the
youngest and uppermost being cited first and
the oldest last.

Geologic formations underlying the glacial drift of eastern
Wisconsin,

Tertiary (?) gravels.
Devonian:

Milwaukee formation (Hamilton of early
Wisconsin reports). Impure bluish
magnesian limestone, highly fossilifer-
ous, used for manufacture of cement.
Associated with this but now buried
beneath the drift near the lake shore
are beds of blue and black shale.
Maximum thickness. ................

Uneonformity.
Silurian:

Waubakee dolomite (Lower Helderberg

of early Wisconsin reports). Thin-

Feet.

122

2-30

Unconformity.

Niagara dolomite. Largely heavy-
bedded white to grayish dolomite, with
layers of chert nodules at certain hori-
zons; generally fossiliferous. .........

Unconformity.

“Clinton” iron ore, and perhaps red
ocherous limestone in southeastern.
counties

Unconformity.
Ordovician:

Maquoketa shale (Cincinnati shale of
“early Wisconsin reports). Bluish and
greenish clay shale, with a few inter-
calated thin layers of magnesian lime-
stone; highly fossiliferous in part.....

Galena dolomite. Buff to grayish rather
heavy bedded dolomite, of porous and
uneven texture, especially in the
southern part of the area, with abun-
dant chert nodules at certain horizons;
highly fossiliferous in places..........

120-719

- 10-28

40-365

25~225
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Ordovician—Continued. :
Trenton limestone.! Buff to bluich and
grayish magnesian limestone, partly
thin bedded and shaly, highly fossil-
iferous in part; thickness about 125
feet. Combined thickness of Galena
and Trenton.........ccooeceeeanecsn..

St. Peter sandstone. Light-colored buff
to reddish friable sandstone, varying
greatly in thickness; nonfossiliferous.
In places only a few inches thick;
maximum thickness. .....ovevieia.n

Unconformity. .

Lower Magnesian limestone.! Mostly
heavy-bedded rough-textured porous
magnesian limestone, with much dis-
seminated white and colored chert.
Fossils very rare or absent. Locally
there is at the top a little whitish and
purplish shale which grades into red
sandstone. Owing to the irregularity
of its upper surface it varies greatly in
thickness and in places wedges out;
maximum thickness. .........._.....

Cambrian (Potsdam sandstone of Wisconsin

reports): :

Madison sandstone.?
ble sandstone.

" Unconformity (?).

Mendota limestone: 2

(1) Buff and purplish magnesian
limestone,  partly  heavy
bedded, partly thin bedded
and shaly; partly fossiliferous. .

Unconformity (?).

(2) Sandstone® (not everywhere
present in the section).

(3) Thin-bedded buff and purplish
magnesian limestone and cal-
careous sandstone, with some
greensand®. ... ... ........

Main body of Cambrian sandstone, con-

sisting of light-colored, friable quartz
sandstone with some included layers of
red shale. Becomes coarse in the
lower part and near the contact with
knobs and ridges of pre-Cambrian rock
(as near the Baraboo and Waterloo
quartzites and the rhyolite at Berlin
and Observatory Hill) becomes a mas-
sive basal conglomerate of rounded

Feet.

150-350

200

250

Light-colored fria-

Fossils rare or absent. 30-50

10-30

®

10-30

775

1 Owing to the fact that the increase in knowledge of the rocks of
this part of the Paleozoic section in southeastern Wisconsin since the
publication of the early Wisconsin Survey classification has been slight,
the name applied by that Survey is used in this report.

2 This name is used in the sense in which it is used by the Wisconsin
State Survey. Both the Madison sandstone and Mendota limestone are
considered post-Cambrian by E. O. Ulrich and C. D. Walcott.

3 Nos. 2 and 3 have generally been regarded as Madison and Mendota,
respectively, where not overlain by No. 1, but are differentiated by
Ulrich (personal communication, December, 1914), and regarded by him
as (2) Jordan sandstone and (3) St. Lawrence formation.
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Cambrian—Continued.
Maximum known thickness of all Cam-
brian.........c.oooiiiiii i
Great unconformity, due to upturning and
erosion.
Algonkian: . '

Huronian series:

Upper Huronian (?) quartzite in Baraboo
basin. (Not exposed at surface)......

Unconformity.

Granite intrusive in lower formations.
(Slightly exposed in south slope of
Baraboo range and mnear Portland.
Not shown on map.)

Middle Huronian (?):

Freedom dolomite. Principally dol-
omite, with slate, chert, and iron
ore and all gradational phases of
these rocks. Known only in Bara-
boo basin, Not exposed at the
surface.....oooiiiiiiiii il

Seeley slate. Soft gray slaty rock,
known only in Baraboo basin; not
exposed at the surface............

Baraboo quartzite. Pink to pur-
plish red quartzite with a little
schist due to shearing along bed-
ding planes. Basal conglomerate
with rhyolite pebbles in a quartz-
ite matrix exposed at one point
near Alloa. ... e

Waterloo quartzite. (Separate area.
Relations to Baraboo quartzite not
certainly known.) Bluish, pur-
plish, pink, and white quartzite
with veins of intruded pegmatite.

Unconformity due to erosion.
Archean:

Rhyolite, granite, and diorite, exposed at
several points outside the Barahoo
quartzite range and encountered in
some wells beneath the Cambrian sand-
stone.

Isolated knobs surrounded by Paleozoic
rocks. Mutual age and stratigraphic
relations unknown.

Granite (alkali granite) in Seneca
Township.

Granite (alkali granite) at Montello

Rhyolite (soda aporhyolite) at Berlin.

Rhyolite (soda aporhyolite) with
diabase dikes near Marquette.

Rhyolite (soda aporhyolite) at Utley.

Rhyolite (soda aporhyolite) near En-
deavor.

Rhyolite porphyry (soda aporhyolite
porphyry) of Observatory Hill .

Rhyolite (soda aporhyolite) in Mar-
cellon Township.

Feet.

- 965

50

950+

500-1, 000

4, 000-5, 000

Except for the small outcrops of granite and
diorite on the south side of the south range of
Baraboo quartzite and except for the Freedom
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dolomite, the Seeley slate, and the upper
Huronian (%) quartzite, which are not exposed
at the surface and have only been discovered
in prospecting for and mining of the iron ore
in the trough inclosed by the Baraboo quartzite
ranges, all of the several formations have had
an influence on topographic and glacial condi-
tions or have made contributions to the glacial
drift which are to be distinguished from drift
of more distant derivation. The general geo-
logic character and topographic expression of
the several formations will therefore be given
consideration.

PRE-CAMBRIAN FORMATIONS.
ARCHEAN CRYSTALLINE ROCKS.

General relations.—With the exception of the
outcrops of rhyolite which occur on or near the
outer slopes of the Baraboo ranges and near the
base of the quartzite the exposures of pre-
Cambrian crystallines occur as isolated ledges
or knobs surrounded by Paleozoic sedimenta-
ries. They are the crests of monadnocks which
once rose above the pre-Cambrian peneplain.
These were buried in Paleozoic sediments de-
posited during the successive marine submer-
gences of the region and were only rediscovered
when pre-Pleistocene erosion had removed
the enveloping sedimentaries down to the
Cambrian sandstone or the Lower Magnesian
limestone. Most of them thus occur in the
northwestern part of the area where the Cam-
brian sandstone underlies the drift. Many of
the ledges yielded fragments to the overriding
glaciers, and bowlders from the disintegrated
Cambrian basal conglomerates were picked up
and carried westward and left in the lee of the
ledges when the ice melted. Evidence from
the boring of wells at several places shows that
other pre-Cambrian monadnocks of igneous rock
still lie buried beneath the Paleozoic rocks in
those parts of the area where erosion had not
progressed so far. As these, however, were not
exposed to abrasion by the Pleistocene glaciers
they will not be considered in this connection.

Gramite (alkali gramite) in Seneca Township.—
Beginning at the most northwesterly exposure
in the SE. } sec. 2, T. 17 N, R. 11 E. (Seneca
Township, Green Lake County), Pine Bluff, a
rounded or elliptical knob of rather coarse
grained gray to pinkish alkali granite rises
about 120 feet above the broad marshes on the
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west which are drained to Fox River by White
River. This knob, which has a length of about
80 rods and a width of 40 rods is only about 2
miles distant from the granite ledges of south-
ern Waushara County, just north of the limits
of the area under discussion. No sedimentary
rocks are exposed in the neighborhood, but the
Cambrian sandstone probably underlies the
drift. The rock, which was described by R. D.
Irving! as a quartz porphyry, has a rather fine
grained matrix made up largely of glassy feld-
spar crystals with scattered larger crystals of
similar character. Other parts have more
evenly crystalline granitic texture. The rock
in places has a pinkish tint. Weathered parts
in places show a buff to brownish kaolinized
surficial zone about one-half inch thick, below
which the pinkish tint grades downward into
the gray. It is not certain -that this repre-
sents the depth of postglacial weathering. It
may be only the remains of a much thicker
zone of preglacial decomposition which was not
entirely removed by glacial abrasion. No ab-

rupt ledges are seen, the surface being smoothly

rounded and striated with glacial scratches
trending N. 60°-73° W.

Rhyolite (soda aporhyolite) at Berlin.—About
7 miles east of Pine Bluff, in the eastern part of
the city of Berlin, is an elongated ledge of rhyo-
lite (soda aporhyolite) nearly three-fourths mile
in extent from east to west and 80 to 100 rods
in width. This lies at the west end of a low
ridge and rises about 150 to 200 feet above Fox
River, which is about three-fourths mile distant
on the northwest. The rock, which is well
exposed in the quarries of the Wisconsin Gran-
ite Co. to depths of 20 to nearly 100 feet, is
massive but broken by a large number of joints.
The main joints are nearly vertical or highly
inclined, but others lying nearly horizontal or
dipping at low angles or curving in low flat
domes cut the rock into large angular blocks.
The rock is nearly uniform in color and texture,
a dense dark bluish gray, which varies in places
to a pinkish gray where the larger feldspar
crystals are more abundant. The rock has a
well-marked nearly vertical cleavage along
which it splits readily under the hammer, but
it breaks less regularly and less easily in other
directions. On this account and on account of
the numerous joint cracks, bowlders derived

1 Geology of Wisconsin, vol. 1, p. 520, 1883.
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from this ledge are apt to be elongated and
angular rather than rounded. Along some of
the joints, especially those where shearing has
occurred, considerable weathering has taken
place. Here the material is softer and varies
in. color from purplish to light greenish and
pinkish ashen-gray, with joint faces of rusty
reddish-brown. D. E. Brewer, well driller, in-
formed the writer that in making one of John
Kobb’s wells, a few rods north of the eastern
part of the ledge, the drill penetrated 2 or 3 feet
of reddish material (‘‘soft iron”) between the
‘“‘granite” and the overlying sandstone. He
also encountered a layer of ‘“mud” in Mr.
Witte’s well a few rods farther east at the same
horizon. This may have been derived from the
igneous rock by weathering in pre-Cambrian
times, or it may be reddish shale of the Men-
dota horizon. If exposed to glacial abrasion it
would yield reddish material to the drift.

At the upper northwest side of the middle
quarry, at the west end of the ridge, 15 to 20
feet of conglomerate overlies the rhyolite ledge.
This consists of large and small subrounded
bowlders, some of them 6 feet in length, with
interspersed smaller angular and rounded frag-
ments of rhyolite and a sandstone matrix. A
little of the same conglomerate is also exposed
at the east end of the ledge. Sandstone and
conglomerate have also been seen along the
south slope of the ridge. Chamberlin ? reports
that F. H. King collected from these beds sev-
eral species of Cambrian fossils, among which
were the trilobites Conocephalites and Dikello-
cephalus, showing the sandstone to be of Cam-
brian age. These relations show clearly that
the knob of crystalline rock was not due to post-
Cambrian igneous intrusion, but that it stood
as an island in the Cambrian sea at the time of
the deposition of the sandstone, the pebbles
and bowlders of rhyolite being worn and-
rounded by the dashing of the waves against
the ledge. From relations of the rock expos-
ures, the records of well borings furnished by
D. E. Brewer, and data given by Weidman,?
it appears that the exposed ledge is the top of
an isolated’ monadnock which stood above the
pre-Cambrian peneplain with a relief of 600 or
700 feet or more. The exposure of the crest of

2 Geology of Wisconsin, vol. 2, p. 267, 1877.

3 Weidman, Samuel, A contribution to the geology of the pre-Cambrian
igneous rocks of the Fox River valley, Wis.: Wisconsin Geol. and Nat.
Hist. Survey Bull. 3, p. 33, 1898.

-
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this hill and of the enveloping conglomerate by
preglacial erosion permitted the derivation of
considerably decomposed pebbles and bowlders
of rhyolite by the glaciers from the conglom-
erate and possibly also of fresher blocks from
the ledge itself. That some of the enveloping
sandstone and conglomerate yet remains after
several glacial incursions, however, indicates
that the amount of glacial abrasion of the ledge
itself was very moderate.

Rhyolite (soda aporhyolite) at Utley.—Seven-
teen miles nearly due south of Berlin and 5
miles northeast of Markesan, in the N. } sec.
36, T. 15 N., R. 13 E. (Green Lake Township),
a single elliptical knob of rhyolite (soda apo-
rhyolite) about 80 rods long and 40 rods
wide stands in the midst of the small valley
of Grand River. The smoothly rounded crest
of this knob, whose major axis trends about
S. 50° W., rises about 100 feet above the
marshy flat north of the railway along the
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'must have facilitated the removal of blocks

by the plucking action of the overriding ice.
No exposures of conglomerate were noted
on the slopes of this ledge; in fact, no sedi-
mentaries have been observed in contact with
the rhyolite except a patch of limestone
thought to be Trenton, observed by Weid-
man ' on the eastern slope near the summit.
There can be no doubt, however, that the
knob is another of the pre-Cambrian monad-
nocks whose flanks were washed by the waters
of the early Paleozoic seas, Its crest (see
fig. 1) rises clear through the zone of the
Lower Magnesian limestone and the St. Peter
sandstone into that of the Trenton limestone.
It is, therefore, a safe inference that the pre-
Cambrian monadnock formed by this knob
was originally higher than that at Berlin,
unless, indeed, the original top of the Berlin
knob was removed by glacial and preglacial
erosion. Standing, as it does, in the midst of

®
3 »

+—100 Feet— °

stream. The rock has a dense very dark
(almost black) purple or grayish-purple ma-
trix, through which are scattered small, glassy,
and pinkish quartz and feldspar crystals one-
sixteenth to one thirty-second inch in length.
In places these crystals are somewhat larger
and more closely set, and the matrix takes
on a reddish tint. The rhyolite is very hard
and brittle and, unlike the rhyolite, at Berlin,
has no definite cleavage. It is a massive rock
and is cut by many joints, most of whose walls
are rusted brownish. Many of these joints
have smooth flat faces and eut the mass into
‘great angular blocks whose dimensions vary
from a few to 10 feet. Earlier-formed joints
have been recemented by quartz vein filling.
Exfoliation by cracks curving nearly parallel
to the curving surface of the knob has loos-
ened blocks and slabs varying in thickness
from a few inches to 5 feet. Some of this
exfoliation has taken place since the glaciers
smoothed the rounded surface of the knob.
Such action prior to the invasion of the ice

34 Mile =

FIGURE 1.—Diagrammatic section showing the relations of the aporhyolite ledgeat Utley to the surrounding formations: @, Pre-Cambrian
aporhyolite; b, Lower Magnesian limestone; ¢, St. Peter sandstone; d, Trenton limestone; ¢, glacial drift.

a valley about 100 feet in depth cut in the
margin of the upland, the knob must have
been subjected to vigorous action by the con-
centrated basal flow of the ice and should
have been well eroded if rock-shod glacial ice
is competent to such action. It should be
remembered, however, that though any con-
glomerate which may have been present has
at some time been removed, the rock of the
ledge is very hard and could, for the most
part, have been carried away only where it
had been previously loosened by jointing and
frost action. The ice of the last glacier cross-
ing this region moved about S. 60° W., so
that bowlders derived from this ledge should
be found scattered in the drift to the west
and southwest. Practically no disintegration
of the rock has taken place since the last
glaciation. A large part of this ledge has been
removed by quarrying.

Rhyolite (soda aporhyolite) near Marquette.—
Between 12 and 14 miles west of the Utley

! Weidman, Samuel, Wisconsin Geol. Nat. Hist. Survey Bull. 3, p. 5.
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ledge, near the south shore of Lake Puckaway,
a mile southwest of the village of Marquette,
in secs. 34 and 35, T. 15 N,, R. 11 E., and
secs. 1 and 2, T. 14 N,, R. 11 E. (Marquette
township), is a group of knobs of rhyolite
(soda aporhyolite) not greatly different from
the Utley rock. They rise abruptly 50 to 150
feet above the surrounding sandy and marshy
plain. Considerable drift is banked about the
east sides of some of them, but a large part
of the rock surface is bare or thinly covered
with soil and trees. The mass of the rhyolite
is dark reddish-purple or dark purplish on the
fresh surface and dull reddish or grayish-red
on the weathered surface. In the quarry ledge
at the northwest side of the group the rock is
mainly porphyritic, white and pinkish feldspar
phenocrysts, mostly less than one-sixteenth
inch in diameter, being scattered through the
dense dark groundmass. Noble’s quarry ex-
poses the rock to a width and depth of 50
to 60 -feet. The massive rhyolite is not
marked by any banded structure at this
place but’is cut into polygonal blocks a few
inches to 8 feet in diameter by nearly vertical
or highly inclined and by low-lying joint planes.
Southeast of the quarry, as shown by Hobbs
and Pretts,! the rock becomes largely felsitic.
In some of the knobs there are small rounded
spherulites. A grayish banding, in places con-
torted by flow structure, characterizes the vol-
canic rock in several places; and the breaking
up of hardened layers before the flow had en-
tirely ceased resulted in a finely developed
rhyolite breccia (P1. VII, 4, p. 40) composed of
angular fragments of the dark banded and con-
torted rhyolite in an ashen-gray matrix. The
banded rhyolite and the rhyolite breccia are
rocks of striking appearance and may be
readily identified at many points in the drift
to the west. A few northeast-southwest dikes
of dense dark-gray diabase cut the rock.

No conglomerate is known to occur about
the slopes of the ledges. If such was present
when the glaciers invaded the region, it would
have yielded rounded bowlders, but most of
the blocks derived from the ledges are angu-
lar, probably having been loosened by joint-
ing and frost action. The rock is hard and

- brittle, and practically no disintegration has

! Hobbs, W. H., and Leith, C. X., The pre-Cambrian volcanic and
intrusive rocks of the Fox River valley, Wis.: Wisconsin Univ. Bull.
158, vol. 3, p. 258, 1907. .
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taken place since the last glaciation. The
surfaces of the ledges are smoothly rounded
(Pl. XXI, B, p. 204) and striated with, in
places, a fine development of the crescentic
markings known as chatter marks. The gen-
eral direction of the ice movement over the
ledges was nearly due west, but divergence of
the basal currents about the rounded crests
give stri ranging from N. 57°-86° W.

A well driller stated that none of the wells
at the neighboring farm houses, off the slopes
of the ledges themselves, reach the crystalline
rock, the only rock encountered below the
drift being sandstone or limestone, which is
of Cambrian age. Here again, then, is an-
other of the pre-Cambrian monadnocks. The
crest of the knob near the quarry has an
elevation of about 960 feet above sea level,
according to the mapping of Hobbs and
Pretts. This is about 200 feet above the
level of Lake Puckaway. Three miles north-
west of this ledge at the Chicago or Nee-Pee-
Nauk clubhouse, on the north shore of the
lake, D. E. BreWer Berlip, drilled a well to
a depth of 330 feet in unconsolidated sand
and clay. The crest of the knob thus stood
over 500 feet above the bottom of the pre-
glacial valley on the north and in pre-Cam-
brian time its relief was probably greater than
this.

Granite (alkali granite) at Montello.—Seven
or eight miles northwest of the Marquette
ledges, in the eastern part of the city of Mon-
tello, a ridge of alkali granite mantled with
glacial drift rises 80.or 90 feet above Fox River
on the south. The quarry of the Montello
Granite Co. at the west end of the ridge gives
an excellent exposure of the structure of the
ledge to a depth of 80 to 90 feet or more.
The rock, which is used for monumental work,
coursing stone, paving blocks, and crushed
stone, is a medium-grained granite of reddish
to grayish-red color, and is of uniform texture.
It is cut into large polygonal masses by
numerous joints trending in various directions
and mostly inclined at high angles so that
blocks 5 by 8 feet and 6 by 7 feet in size may
be removed. In addition to the open joints
the ‘rock contains many incipient cracks,
which become visible only after the rock has
been taken out and wet down. These facili-
tate breaking and by permitting infiltration of
moisture must have aided the frost to loosen
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Dblocks for removal by glacial action. "The rock
is cut by several dikes of dense, dark-greenish,
fine-grained diabase branching in places and
varying in thickness from a few inches to 4 or
5 feet. Some shearing has taken place along
nearly vertical joints, developing schistosity.
In one place there is a downthrow of 6 inches
along a joint trending N. 50° E. and dipping
55°. The removal of 6 to 8 feet of sandy till
and an underlying 5-foot bed of stratified sand
and gravel at the former site of the Catholic
Church above the Montello Granite Co.’s quarry
shows the surface of the granite ledge to be
smoothly rounded and striated by ice moving
N. 77°-87° W. Chatter marks are also finely
developed in places. The vertical face of one
ledge 6 feet in height and trending S. 60° W. is
striated nearly horizontally, showing the adap-
tation of the basal flow of the ice to the inequali-
ties of its bed. The same rock is also exposed
_inJ. C. Merkle's quarry in the south slope of the
ridge below the high school, and again at a
point on the ridge about a mile east of the main
quarry. At the latter place the granite is sliced
by closely parallel joints trending N. 30° E. and
dipping 72° NE. The surface of the rock here
is very uneven, possibly as the result of glacial
plucking, and the tops of the projecting points

are rounded by glacial abrasion. At the natu-|

ral exposures the surface of the granite is
weathered grayish-white but is hard and unde-
composed.

No sedimentary rocks are exposed in contact
with the granite or in the immediate vicinity, so
far as noted by the writer. Ben Neck, well
driller, informed the writer, however, that a
well near the corner of Clay and Cass streets on
the ridge east of the high school penetrated 50
feet of glacial drift and 6 feet-of sandstone
(Cambrian) containing boulders. From this it
appears that the surface of the granite declines
rapidly eastward and is mantled by Cambrian
basal conglomerate. Other wells cited by Mr.
Neck show the abruptness of the preglacial
slope and of the pre-Cambrian monadnock. A
well at the machine shop north of Quarry Street
opposite the quarry and about 50 feet lower
than the crest of the ledge penetrated 90 feet of
drift. The artesian well one block west of the
quarry penetrated drift to a depth of 90 feet or
to a level about 170 feet lower than the crest of
the ledge. At the corner of Barstow and Main
streets, opposite the south side of the ledge,
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rock was encountered.in digging a store cellar,
but at the second store south of the corner it
underlay 60 feet of drift. At the courthouse, a
short distance to the south, 80 feet of drift was
penetrated; and at Christ Tagatz’s on Main
Street, south of Lake Street, about 80 rods south
of the ledge, an artesian well 160 feet deep did
not reach rock. Fox River flows only a short
distance south of the ledge, and as the well
drilled at the Chicago club house on the north
shore of Lake Puckaway, 6 miles east of
Montello, showed the preglacial valley to have
a depth of at least 330 feet, it is probable that
the preglacial relief of the Montello ledge was
more than 400 feet on the south.

Rhyolite (soda aporhyolite porphyry) of Observ-
atory Hill—Between 5 and 6 miles south of
Montello, in the SW. } sec. 8, T.14 N., R. 10 E.
(Buffalo Township), Observatory Hill rises ab-
ruptly about 250 feet above thesurrounding area.
The core of this knob is dense, nearly black
soda aporhyolite porphyry, speckled with pink
and glassy phenocrysts of feldspar and quartz.!
On the flanks of the knob sandstone occurs
with conglomerate in places to heights of 100
to 150 feet. Very numerous joints trending at -
various angles cut the rock into angular blocks
such as would facilitate glacial plucking. The
surface is thus rather uneven, but the rounded
and smoothed projecting angles of the upper
southeast slope show the effects of glacial abra-
sion. Strize noted in several places, particu-
larly on the smoothly rounded surface, trend
N. 45°-74° W. The northwesterly trend is
probably the result of shifting of the basal flow
of the ice about the north side of the knob by
the projection of a long spur southeastward
from the crest of the knob. West-sloping sur-
faces show the effects of etching by the sand
blown up from the surrounding sandy plain.
The weathered surface of the rock varies in
color from purplish to reddish and grayish.
The rock is firm and hard, with no surficial layer
of decomposed material. The crest of this
knob has an elevation of 1,100 feet above sea
level, or about 40 feet above the base of the
Lower Magnesian limestone at its nearest occur-
rence about 6 miles to the southeast.

Rhyolite (soda aporhyolite) near Observatory
Hill.—About 14 miles southeast of Observatory
Hill, beyond an intervening hill of sandstone,
is a low rounded ledge of the same rock on the

1 Hobbs, W. H., and Leith, C. K., op. cit., fig. 4, p. 256.
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D. Taylor estate, in the NE. } sec. 13, T. 14 N,
R. 10 E. (Buffalo Township). The surface is
crosscut by joints and marked with glacial
strize trending N. 60°-83° W. At one point
curving strisee were noted which shifted gradu-
ally from N. 67° W. to N. 83° W.

Rhyolite (sode aporhyolite) near Endeavor.—
About 5 miles west of Observatory Hill, near
the west bank of Fox River, east of the village
of Endeavor, in secs. 5 and 8, T. 14 N., R. 9
E. (Moundville Township), is a group of
ledges of soda aporhyolite similar to that of
Observatory Hill. The rock has a dense
matrix and is dark purplish in color (some-
what lighter on the worn and weathered sur-
faces). Through the matrix are sprinkled
small pinkish and glassy phenocrysts of feld-
spar and quartz. In places the rock contains
sufficient magnetite in disseminated fine par-
ticles slightly to deflect the needle of a com-
pass held against its surface. The ledges are
low, 10 to 20 feet in height. Their surfaces
are generally rounded but in places are uneven
as the result of glacial plucking of blocks

from between the numerous joint cracks

whose angles are rounded by the abrasive ac-
tion of the rock-shod ice. At one point what
appeared to be faint glacial striee trending N.
58° W. were noted. No sedimentary rock is
exposed in the immediate vicinity, but the
ledges are in the area of the Cambrian sand-
stone. )

Rhyolite (soda aporhyolite) in Marcellon
Township.—Between 5 and 6 miles south of
Observatory Hill and about 7 miles north-
east of Portage, in secs. 7, 8, 17, and 18, T. 13
N;, R. 10 E. (Marcellon Township), a group of
ledges of soda -aporhyolite rise 50 to 70 feet
above the surrounding surface. The larger
ledge east of the road occurs at the west end
of a large drift-covered hill 160 feet or more
in height, so that the extent of the rock in
that direction is not known. The well at
Elmo Morgan’s house, between the church
and the ledge west of the road and but a few
rods distant from the latter, penetrated 51
feet of drift before entering a very hard
igneous rock. This shows a relief of at least
100 feet within a very short distance. Other
outerops occur one-half mile east of the
Methodist Episcopal Church.

The main mass of the rock i1s a dense, very
dark soda aporhyolite. Gray contorted lines
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of banding due to flowage in the voleanic rock
characterize much of the rock east and west
of the road, and at several places, particularly
in the ledge west of the road, reddish knots or
lumps, due to spherulitic texture, occur, sur-
rounded by the lines of flowage. Another
phase is a well-marked rhyolite breccia of
angular reddish fragments surrounded by the
flow structure. These various textures give
the weathered surface of the rock a peculiar
appearance which readily distinguishes the
glacial bowlders derived from these ledges and
scattered over the surface of the drift to the
west, in places in great abundance. The
main ledge east of the road is cut by a north-
east-southwest dike of dense dark diabase.!

The rock in all the ledges is.very hard
and brittle but is crosscut by numerous
joint cracks which facilitated the removal of
blocks by glacial action. Strie trend S.
75°-90° W. The dense dark rock is weathered
to a depth of one-eighth inch, but no disinte- -
grated material has accumulated on the surface
of the solid rock. In places west-facing sur-
faces have been etched by sand blown from
the surrounding plain. No exposed sedi-
mentary rocks were noted in the vicinity,
though some of the wells reach sandstone
below the drift.

ABRCHEAN AND ALGONKIAN ROCKS.
BARABOO DISTRICT.

TOPOGRAPHIC RELATIONS.

The Baraboo quartzite ranges of eastern
Sauk County are among the most prominent
topographic features of the region under dis-
cussion, and lying as they do partly within
the area.of the drift and extending thence
westward beyond the limits of glaciation, their
topographic relations to the margin of the
ice sheets are of particular importance in the
discussion of the glacial phenomena. Fur-
thermore, the extensive boring being done in
exploration for iron within the Baraboo basin,
together with the records of many wells, has
afforded data for a study of the preglacial
topographic conditions. The detailed discus-
sion of the topographic and glacial features is
reserved for another connection (see pp. 169-
170, 214-216, 222-227, 245-246), it being pro-

1 Hobbs, W. H., and Leith, C. K., op. cit., p. 255. Irving, R. D.,
Geology of W:sconsm vol. 2, p. 519, 1877
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posed to discuss here only the general topo-
graphic relations and the geologic character of
the several rock formations exposed at the sur-
face as a basis for the study of the glacial phe-
nomena. The geology of this district is discussed
in detail by Weidman in his,bulletin on the Bara-
boo iron-bearing district of Wisconsin,! and to
this work the-writer is largely indebted for infor-
mation supplementing his own field observations
and those of his assistants. The geology about
Devils Lake and The Dells of the Wisconsin is
described by R. D. Salisbury and W. W. At-
wood.? The topography and areal distribu-
tion of the several formations older than the
drift are shown in Plates I and II (in pocket).

The Baraboo Bluffs, as they are often called,
consist of a north range and a south range
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of the Baraboo Valley between the ranges to
the north. The north range is narrower and
lower, ranging in width from 1 to 2.miles and
rises 100 to 500, mostly 200 or 300 feet, above
the lower tracts on the north and the south.
Through the basin between the ranges flows
Baraboo River, entering through a gorge at
Ableman known as thé Upper Narrows, near
the west end of the north range, and leaving
through a gorge known as the Lower Narrows
in the north range, about 6 miles east of Bara-
boo. A third and larger gorge cuts through
the south range south of Baraboo, and in this
lies Devils Lake. A fourth gorge is traversed
by Narrows Creek, 1 to 2 miles west of Able-
man. Neither of these gorges nor the basin
between the ranges have now so great depths
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FIGURE 2.—Goneralized north-south section across the Baraboo district. 1, Cambrian sandstone; 2-4, Huronian (2, Freedom
dolomite; 3, Seeley slate; 4, Baraboo quartzite); 5, rhyolite and granite (Laurentian?), afier Weidman.

extending about 26 miles east and west and so
joined at the ends as to inclose a canoe-shaped
basin 2 to 8 miles in width between the crests
of the two ridges. The south range varies in
width from 1 to 5 miles and rises 500 to 600
feet above the neighboring lowlands. The
“highest point of the south range, and also of
this part of the State, is Point Sauk, 1,640
feet above the sea, which is about 4 miles east
of Devils Lake in sec. 15, T. 12 N, R. 7 E.
(Greenfield Township). This is also the high-
est elevation attained by the drift within the
area under discussion, being the crest of the
terminal moraine of the Green Bay Glacier
where the margin of the ice lay across the
ridge. Point Sauk rises about 880 feet above
Wisconsin River near Merrimac, 4 miles to the
south and about 800 feet above the bottom

t Weidman, Samuel, The Baraboo iron-bearing district of Wisconsin:
Wisconsin Geol. and Nat. Hist. Survey Bull. 13, 1904.
*Wisconsin Geol. and Nat. Hist. Survey Buli. 5, 1960. O

as before incursion of the glaciers and the
deposition of the drift.

BARABOO QUARTZITE,

The Baraboo ranges are the remains of great
pre-Cambrian mountain folds of the Baraboo
quartzite, whose flanks are overlapped by Cam- -
brian sandstone and basal Cambrian conglom-
erate. Weidman has estimated the thickness
of the quartzite as between 4,000 and 5,000
feet. (See fig. 2.) Overlying the quartzite
in the basin between the ranges, but every-
where overlain by the sandstone and so not
exposed to glacial action, are other forma-
tions. The borings made in prospecting for
iron revealed the presence of the Seeley slate
with an estimated thickness of 500 to 1,000 feet
and the iron-bearing IFreedom dolomite, con-
sisting of dolomite, chert, slate, and iron ore
and all their gradational phases, with an esti-
mated thickness of 400 to 500 feet.
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The quartzite which forms the body of the
ranges is well exposed at many places, but
particularly so in the sides of the several gorges.
This rock is a hard vitreous quartzite, gen-
erally pinkish in color but varying through
gray and pink to purplish red with some brick
red and in a few places white. The beddingis
generally fairly well marked and cross-bedding
and ripple marks are occasionally seen. Be-
tween the massive layers of quartzite lie many
thin layers of quartz schist due to shearing
along the bedding planes. A great block
standing near the road through the Upper
Narrows at Ableman shows schistosity de-
veloped along and near the bedding planes,
here nearly vertical, through a thickness of
nearly 3 feet, and the same or similar zones
are exposed in the west bluff of the gorge at
this place. The effects of fracturmg and re-
cementation by white quartz is well shown by
a large exposure of “Reibungs breccia” in the
east bluff of the gorge near the railway bridge
and also in a smaller way in a railway cut at
the end of Devils Nose in sec. 29, T. 11 N, R.
- 7 E. Schist is also exposed in certain zones
- of shearing which cut the bedding planes at
high angles at several places, particularly
along the railway on the east side of Devils
Lake. Contorted schist is also exposed on
the north slope of the south range near the
west Sauk road in sec. 15, T. 11 N,, R. 6 E.
(Baraboo Township). The massive quartzite,
however, forms almost the whole bulk of the
formation.

Microscopic examination of the quartzite
showsit to be composed almost entirely of quartz
grains, which have been enlarged by addition to
_ the original grains of crystallized quartz by the
further crystallization of quartz from infiltrat-
ing waters. This growth of the crystals con-
tinued until the whole became a more or less
closely interlocking mass of quartz crystals with
the interstices filled with a matrix or cement of
fine-grained quartz. What was originally de-
posited as a porous sandstone has thus been
metamorphosed into a very hard, dense com-
pact quartzite.! Evidence of the water action
in the deposition of the original sediments is
seen in fine examples of ripple marks at many

tIrving, R. D,, and Van Hise, C. R., Enlargements of quartz frag-

ments and genesis of quartzites: U. 8. Geol. Survey Bull. 8, pp. 33-34,
1884, Also Van Hise, C. R., A treatise on metamorphism: U. S. Geol,
Survey Mon. 47, 1904.
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places, particularly in the walls of the Upper
Narrows and of the Devils Lake Gorge. Those
in the Upper Narrows are particularly interest-
ing, for though originally made on the flat-
lying surface of the beach sands, they are now
exposed on nearly wertical faces of the rock.
In the south range the rugged surfaces dip
at lower angles. Layers of fine pebble con-
glomerate and color banding along the original
planes of bedding and cross-bedding in similar
positions are further evidence of the same facts.

From the correlation of the positions of the
bedding planes at the many exposures through-
out the district it is determined that the once
flat-lying beds of ocean sands after being
cemented into a quartzite were compressed
and crumpled into great mountain.folds of
which the present ranges are but the stumps.
The breccia was produced by fracturing, and
the quartz schist by slipping or shearing along
bedding planes and other planes of weakness
where, as shown by the microscope, there was
a considerable clay ingredient in the rock when -
the folding took place.?

It is not proposed in this paper to undertake
a detailed discussion of the structure of the
quartzite ranges, but it may be stated that
there are here parts of two synclines with the
intervening anticline. -In the south range the
dips are toward the north, usually at angles of
15° to 35°, but range as low as 5° and as high
as 70°. At the outcrops in the midst of the
basin and in the north range the dips are very
much steeper, being largely between 60° and
90°. The low dips are best seen in the sides
of the Devils Lake Gorge and the high dips in
the sides of the gorges at the Lower and Upper
Narrows and at Narrows Creek. At these
places the beds are standing directly on edge.’

Asstated above, the Seeley slate and the iron-
bearing Freedom dolomite, which, immediately

‘overlying the quartzite, are not now exposed

at the surface nor were they exposed to glacial
action so far as known, so that they need not
be considered in this connection. They con-
stitute nearly a thousand feet of filling in the
trough formed by the folding of the quartzite,
having been infolded with the quartzite and -
later largely cut away by erosion.

The quartzite is cut by great numbers of
joints crosscutting at various angles, so that

2 Van Hise, C. R., Some dynamic phenomena shown by the Baraboo
quartzite ranges: Jour Geology, vol. 1, pp. 347-355, 1893.
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the rock is broken into large and small polyg-
onal blocks. On the steep walls of the gorges
these are frequently loosened by frost action
and tumble down the slopes. Such action in
the Devils Lake Gorge has produced a great

talus accumulation of angular blocks ranging

in size from a few inches to great masses 15 to
25 feet in diameter. (See Pl. VII, B, p. 40.)
The slopes within the limit of glaciation  are
much less abrupt, except within the same gorge
east of the south end of Devils Lake, and it is
doubtful if so great a talus accumulation oc-
curred at any one place which was glaciated,
though similar conditions of jointing on the less
abrupt ledges must have resulted in a consid-
erable accumulation of loose material ready for
removal by the advancing glaciers. The
cracked ledges also offered good opportunity
for the removal of blocks by the plucking action
of the ice. A

The approximate areal distribution of the
quartzite where not covered by Paleozoic for-
mations is shown on the map (PL. I, in pocket).
As the eastern half of the range is mostly cov-
ered with glacial drift and the western half is
mostly covered by loess-loam and residual
-clays, and as much of the area is wooded, it is
not possible to determine the exact extent to
which the sandstone yet overlies the quartzite,
at least without a much more detailed exami-
nation of the area than the circumstances war-
ranted. At many places within the area
mapped as quartzite, especially on the broader
south range, sandstone is slightly exposed in
cuts along the roads, so that it is evident there
is yet much sandstone, probably in patches, on
the slopes and in the valleys cut in the quartz-
ite. The occurrence of these remnants in the
ravines and small valleys cutting the slopes of
the quartzite ridges shows clearly that the
greater part of the dissection of the ranges
occurred prior to the deposition of the sand-
stone. The consideration of the great uncon-
formity is, however, reserved for a later section.

Van Hise and Leith ! report that upper
Huronian (%) quartzite has been found by drill-
ing in the deeper parts of the east end of the
trough, that it overlaps the edges of all the
middle Huronian (%) rocks and has conglom-
erate at its base, and that its thickness, as
shown by the drilling, is not more than 50 feet.

1 Van Hise, C. R., and Leith, C. K., The geology of the Lake Superior
region: U. 8. Geol. Survey Mon. 52, p. 361, 1911.
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They state: “No exposures of the formation are
recognized as such. It seems to remain simply
as a residual patch in the deeper part of the
trough where protected from erosion. How-
ever, some of the quartzite on the so-called
Baraboo ridges may be upper Huronian (%)
rather than middle Huronian (?2). Still more
recently red slate has been found above this
upper Huronian (%) quartzite.”

IGNEOUS ROCKS, ’

Discovery.—At seven localities about the
outer margin of the quartzite area igneous
rocks have been found. Six of these occur-
rences are described by Weidman.? The sev-
enth, a small outcrop of granite, occurs on the
lower .south slope of the Devils Nose in the
N. }sec. 32, T. 11 N., R. 7 E. (Merrimac Town-
ship). This was discovered subsequent to the
publication of Weidman’s bulletin by a student
whose name is not known to the writer. The
location was pointed out to the writer in 1907
by F. T. Thwaites. The exposure of rhyolite at
Alloa was first examined by the writer in com-
pany with C. F. Tolman in 1897, and was
mentioned by Salisbury and Atwood 2 in 1900,
but was first described by Weidman. The
only other known igneous rock in the district
whose position was published prior to the in-
vestigation of Weidman is that bordering the
north side of .the north range in the vicinity
of the Lower Narrows, which was described
by R. D. Irving.* '

The following descriptions of the megascopic
characters and stratigraphic relations are
taken principally from Weidman’s buylletin, and
are presented to show what local crystallines
must be distinguished from foreign material
in studying the character and distribution of
the glacial drift of the district.

Rhyolite at the Lower Narrows.—The rhyolite
at the Lower Narrows is the most extensive in
the area described. Weidman® says:

By far the largest area of igneous rock in the district is
the area of rhyolite located east and west of the Lower
Narrows of the Baraboo River. From the map it is seen
that the rhyolite extends along the north face of the north

range for a distance of over 3% miles. Its most eastern
outcrops are in the northeast corner of the SE. 1 of sec. 23,

2 Weidman, Samuel, The Baraboo iron-bearing district of Wisconsin:
‘Wisconsin Geol. and Nat. Hist, Survey Bull. 13, 1904.

8 Wisconsin Geol. and Nat. -ITist. Survey Bull. 5, p. 18, 1900. .

+Irving, R. D., Geology of central Wisconsin: Geology of Wisconsin,
vol. 2, pp. 504-519, 1877, :

5 Op. cit., pp. 13-15.
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and its most western are found in the NW. 1 of sec. 20.
The broadest portion lies in the N. } of sec. 21 and the
adjacent part of sec. 16, where the exposures are distributed
over the width of more than half a mile. A small area,
entirely surrounded by the quartzite, lies in the vicinity
of the east quarter post of sec. 20.

The rhyolite is a very hard pinkish rock, which is
usually unweathered and breaks under a stroke of the
hammer with a sharp conchoidal fracture. It consists of
numerous crystals of pinkish feldspar and translucent
quartz, which are embedded in a very fine matrix or
groundmass. In places, as along the wagon road in the
NE. % of sec. 21, the rhyolite is very much fractured.
These fractures cut the rock in all directions, so that It
weathers out in small fragments bounded on all sides by
plane surfaces. In other places the rhyolite is not much
fractured, and when this is the case the ledges are rounded
and massive. Reticulating veins of quartz from a fraction
of an inch to 3 or 4 inches in thickness are quite numerous
throughout the rhyolite.

The rhyolite, as already stated, is of igneous origin, and
hence shows no evidence of having been deposited by
water, such as bedding and stratification, which is every-
where exhibited by the sedimentary quartzite adjoining
it. The rhyolite belongs to that class of igneous rocks
which is of volcanic origin, in contradistinction to the
deep-seated or plutonic igneous rocks represented by the
granites and diorites of the district. Volcanic or extrusive
rocks are delivered upon or beneath the surface by vol-
canic action while yet in a molten condition and spread
out in streams or layers. On account of their sudden
cooling, many volcanic rocks are either wholly glassy or
only partially crystallized. Undoubtedly the rhyolite
in this vicinity was originally only a partially crystallized
rock when brought to the surface. A rough examination
of the hand specimens is sufficient to show that the rock
consists of two parts; one part the fine groundmass, or
background, and the other the scattered crystals of pinkish
feldspar and translucent quartz distributed through it.
The groundmass was originally the glassy or uncrystallized
portion of the rock, and the included crystals of feldspar
‘and quartz the crystallized portion. In many places the
outcrops of the area reveal fine streaks and wavy lines in
the groundmass, which represent lines of flowage of the
rhyolite magma as it spread out over the surface during
the process of its extrusion.

At several places within the rhyolite formation are zones
of rhyolite schist, consisting mainly of sericite and fine
quartz. This schist is grayish and has a typical schistose
or slatelike structure, and for this reason it has sometimes
been called aslate. It is, however, a phase of the rhyolite
formation. It occurs as a zone 150 to 200 feet wide along
the contact of the rhyolite with the main body of quartzite,
and also farther north in the immediate vicinity of the
outcrops of conglomerate in the NE. { of NW. 1 of sec. 21.
These gray sericitic schists generally, if not always, occur
near the contact with the overlying pre-Cambrian quartz-
ite or conglomerate and may in places contain some sedi-
mentary rock, but they are mainly merely weathered and
mashed phases of rhyolite. ’

In the earlier descriptions of this rock by
Irving, Chamberlin, and Weidman the igneous
. rock was interpreted as younger than and over-
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lying the adjacent upturned quartzite, the dip
of whose bedding is not far from vertical. In
his later study Weidman concluded that the
quartzite was the younger and overlay the
igneous rock, and that the conglomerate which
he had previously described as volcanic breccia
was in reality a basal conglomerate formed by
erosion of the rhyolite in connection with the
deposition of the basal sands of the quartzite
formation. Concerning this he states: !

The conglomerate at the base of the quartzite formation
is not abundant, but on account of its character and loca-
tion, it is very important since it shows conclusively the
unconformable position of the sedimentary series above
the igneous rocks of the district. .

In the vicinity of the area of rhyolite, on the north side
of the north range at the Lower Narrows, several occur-
rences of conglomerate were noted. A considerable ex-
posure is Jocated on the north side of the road near the
center of the NE. } NW. } sec. 21, T.12N.,,R.7E. In
a former paper by the writer 2 this outcrop was referred
to as volcanic breccia, which indeed it resembles very
closely, since all of the fragments which compose it are
phases of rhyolitic flows. "However, a closer examination
shows the outcrop to contain layers and thin seams
made up of stratified water-deposited material, such as
rounded pebbles of the rhyolite and schist, and small
grains of quartz. The coarse phase of the conglomerate
consists of a variety of rounded and angular fragments and
pebbles from 2 to 4 inches in diameter. This outcrop’of
conglomerate is immediately adjacent to the rhyolite,
and the character of the pebbles and fragments is such as
to indicate that it is undoubtedly mainly made up of
detritus from the adjacent rhyolite. On the summit and
on the southwest side of the north range, in a field near
the center of sec. 20, T. 12 N., R. 7 E., are numerous large
blocks of conglomerate made up of various phases of
rhyolite and of fine quartz rock. These blocks are im-
mediately west, and thus in the line of glacial movement,
of a small area of rhyolite surrounded on all sides by the
quartzite formation, and thus very probably have not
been moved far by glacial movement from conglomerate
in place.

Rhyolite at Alloa.—Between 5 and 6 milcs
southeast of the Lower Narrows, near the foot
of the south slope of the south range in NE. }
sec. 3, T. 11 N, R. 8 E. (Caledonia Township)
is a second occurrence of rhyolite. The main
ledge is a small elliptical hill a short. distance
northeast of the United Presbyterian Church.
Other small outcrops occur at and near the
foot of the slope of the quartzite range. The
rock is largely a dull ashen gray on the weath-
ered surface and darker on the fresh fracture.
The porphyritic phase is not so noticeable
here as a conglomeratic.or brecciated pl}ase

1 Qp. cit., pp. 26-27.
2 Wisconsin Univ. Bull., Sci. ser., vol. 1, No. 2, pp. 44-46, 1895,
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consisting of whitish fragments of banded
rhyolite in a gray or darker matrix. The
fragments, which vary in size from a fraction
of an inch to 4 or 5 inches long, are largely
angular and of various shapes and orientation,
so that surfaces where the differences in color
and texture between fragments and matrix is
emphasized by weathering have a very peculiar
appearance., Weidman ! states that ‘‘thin
seams and beds of slate and arkose are inter-
stratified with the coarse conglomerate and
prove conclusively its sedimentary nature.”
This conglomerate he interprets as basal to
. the quartzite formation and marking the un-
conformity. The quartzite has not, however,
been observed overlying the rhyolite.

“The rhyolite is cut by numerous joints and
the surfaces of the ledges are hard and
smoothed as by glaciation. Loose blocks of
the rhyolite occur in the vicinity, but dis-
integrated rhyolite was not noted. A well at
one of the houses about 60 rods southeast of
the ledge penetrated drift to a depth of 100
feet, or to a level about 140 feet lower than
the crest of the rhyolite where sandstone was
encountered. :

Granite in Merrimac Township.—There is
one other outcrop of crystalline rock within
the limits of the drift. A patch of granite,
rather fine grained and red, occurs near the
foot of the lower south slope of the Devils
Nose, a few rods north of the road corner in
N. § sec. 32, T. 11 N., R. 7 E. (Merrimac
Township). It is also slightly exposed about
80 rods east of the cornér but the exposure at
neither place is sufficiently good: to show the
relations of the granite to the quartzite.

Granite in Sumpter Township.—Between 5
and 6 miles west of the exposure cited above,
a short distance north of Meyers Mill in the
SW. % sec. 33 and SE. % sec. 32, T. 11 N,,
R. 6 E. (Sumpter Townsbip), is a small area
of granite. The exposures occur in the lower
part of a valley cut in the south slope of the
south range and drained by the main branch
of Otter Creeck, and form low hills over an
area of 10 or 20 acres. The megascopic char-
acters of the rock are described as follows by
Weidman,? who discovered the exposures:

The granite is a medium to fine grained variety, varying
in color from grayish to reddish, and consists of feldspar,
quartz, and a small amount of dark mineral. The granite
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forming the knob on the southwest side of the creek is much
fractured and jointed, and as a result it weathers into angu-
lar pieces. The granite on the east side of the creek, at
the base of the quartzite bluff, is somewhat schistose and
is considerably weathered. At first sight it was thought
this weathered, schistose phase might be arkose, but the
microscopic examination shows it to be a much weathered
and mashed phase of the granite formation. This schistose
phase of the granite forms a zone between the massive
granite on one side and the massive quartzite formation
on the other, similar to the zone of weathered rhyolite
schist occurring between the massive rhyolite zmd the
quartzite at the Lower Narrows.

Just below the road at the west end of the
exposure the writer observed a small outcrop
of dense dark-greenish diabase. This may be
a dike cutting the granite, but as the contact
was not exposed the exact relations were not
determined. F. T. Thwaites stated in a per-
sonal communication to the writer, under date
of April 22, 1908, that Mr. Steidtmann, of the
University of Wisconsin, had ““discovered posi-
tive evidence that the red granite at Meyers
Millis an intrusive in the quartzite in the shape
of granite veins at an outcrop on the east side
of the valley.” As is shown in a subsequent
connection (p. 67) this occurrence of granite
veins intrusive in the quartzite is in con-
sonance with similar granitic intrusions in the
quartzite of the Waterloo area. This being
the case the granite near Meyers Mill can not
be considered as older than and basal to the
quartzite.

Rhyolite near Denzer. —Weidman found rhyo-
lite about 1} miles northeast of Denzer in the
SE. isec. 11, T. 10 N., R. 5 E. (Honey Creek
Township), on the Markert farm, which he
describes as follows: 3

Numerous loose blocks occur at this place along the 1;oad
at the bridge and farther northeast along the stream. The
largest outcrop is a small, nearly flat ledge forming the
northwest bank of the stream, about 150 yards above the
bridge. It is not unlikely that a thorough search would
reveal other outcrops of rhyolite in this vicinity.

The rhyolite of these outcrops varies from a very fine
grained rock, having very few phenocrysts of feldspar, to
a coarser rock, having abundant porphyritic crystals of
feldspar. Quartz phenocrysts are present but not
abundant.

Diorite near Denzer.—The only diorite known
in the district is that found by Weidman, one
exposure being néar the center of the SE. }
sec. 9, T. 10 N, R. 5 E. (Honey Creek Town-
ship), on the Mellenthein farm, and the other
about a mile farther northeast (about 1} miles

1 Op. cit., p. 27. 8Jdem, p. 20.

8Idem, p. 17.
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north of Denzer) in sec. 10. The megascopic
character and relations of this rock are de-
scribed as follows:!

The diorite on the Mellenthein farm forms a low knob
30 or 40 feet above its surroundings, showing several well-
exposed ledges of the massive diorite. The diorite along
the road north of Denzer appears in numerous large blocks;
and since hard, crystalline rock is reported to have been
struck in the wells at the farm houses a few rods distant,
it is probable that diorite in place occurs not far below the
surface in the vicinity. * * * Large blocks and bowl-
ders of the diorite are scattered along the adjacent hillsides
also, but these latter are believed to have been moved
from the parent ledge by glacial movement, as they occur
with various other kinds of bowlders.

WATERLOO DISTRICT.

QUARTZITES AND ASSOCIATED ROCKS

* Distribution and character.—Thirty to forty
miles southeast of the Baraboo district in the
adjacent townships of southwestern Dodge
County and northwestern Jefferson County are
several groups of ledges of quartzites which re-
semble in character and probably correspond
in age with the quartzite of the Baraboo
district.

These main exposures were first described in
detail by Chamberlin ? in 1877. Later they
were described, with the addition of the Mud
Lake ledges, by I. M. Buell? following a study
of the Waterloo quartzite ledges and the bowl-
der trains derived therefrom which was carried
on under the direction of Chamberlin for the
United States Geological Survey. The de-
scriptions of the ledges presented below are
compiled from the field notes of the writer and
his assistants, from the above-noted publica-
tions, and from Buell’s unpublished manu-
script and notes. The results of a later study
by J. H. Warner are published in the Mining
World.t

The ledges are conmdered according to their
geographic distribution (P1. I), in four groups,
designated the Portland, Hubbleton, Lake
Mills, and Mud Lake. Two of these were de-
scribed by Percival; the third was found by
Chamberlin during his study of the region;
and the two exposed ledges of the fourth were
discovered by Buell during his investigations.
The location of the three buried ledges north of

1 Weidman, Samuel, op. cit., p. 18.

2 Chamberlin, T. C., Geology of Wisconsin, vol. 2, pp. 252-256, 1877.

3 Buell, I. M., Geology of the Waterloo quartzite area: Wisconsin
Acad. Sci. Trans., vol. 9, pp. 255-274, 1892.

4 Warner, J. H., The Waterloo quartzite: Mining World, vol. 22, No.
16, pp. 420-422, 1905. .
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Mud Lake was ascertained by the present
writer from information furnished by the
drillers and owners of wells in which the rock
was encountered. Owing to their importance
in connection with a study of the glacial
bowlder trains a somewhat detailed description
of the several ledges and of their relations to
the topography and adjacent formations is
presented here. _

These ledges are but the exposed crests of
nearly buried remnants of great Huronian
mountain folds, such as are represented by the
Baraboo Bluffs. They were exposed when
erosion prior to the advent of the glaciers had
denuded their vicinity of all but scattered
remnants of the Trenton limestone and was
cutting away the friable layers of the St. Peter
sandstone and trenching the underlying Lower
Magnesian limestone. As they now protrude
from the enveloping drift the ledges occur on
the borders of a connected series of marshes,
above which they rise in very moderate relief.
All of the exposures occur between elevations
of 780 and 900 feet above the sea.

The rock exposed in all the ledges is a rather

pure vitreous quartzite, carrying small amounts -

of accessory minerals, chiefly of secondary ori-
gin. In consequence of the enlargement of the
quartz crystals by infiltration of silica-bearing
waters and of dynamic metamorphism, the
clastic structure usual in quartzites is very
largely obliterated, so that under the micro- -
scope the rock is in large measure crystalline
throughout. At many places bedding planes
and cross-bedding are marked by an alterna-
tion of fine and coarse material or by color
bands. At other places there is little or no
indication of the original stratification. In
places along the bedding planes and elsewhere
schistosity has been developed as the result of
shearing when the folding of the beds occurred.
The rock is rather brittle, being cut by abun-
dant seams, and joints and finer cracks appear
on the glacially smoothed surfaces. Little
alteration has taken place as the result of
weathering.

The clusters of outcrops are divided geo-
graphically as well as by slight structural dif-
ferences into four groups, here designated the
Mud Lake, Portland, Hubbleton, and Lake
Mills lcdges. "

Mud Lake ledges.—The most northeasterly
of the quartzite exposures of this district
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occurs on the east margin of the marsh in
which lies Mud Lake, in the NE. } sec. 2, T.
9 N.;R. 14 E. (Shields Township), about a mile
northeast of the point where the La Crosse
division of the Chicago, Milwaukee & St. Paul
Railway crosses the marsh. The exposure is
a small low ledge, less than 4 acres in extent
and rising barely 5 feet above the marsh-level.
This broad marsh and lake tract probably
marks the location of a preglacial valley tribu-
tary to the ancient Rock River valley. (See
PL II, in pocket.) The surface of the ledge is
somewhat rounded and very well smoothed by
glacial action. The rock has a highly vitreous
luster, a rather coarse but indistinctly granular
texture; and ranges in color from almost’ pure
white, through gray, pinkish, reddish, and
bluish to a dark purplish. In places it is
darkly banded along what appear to be the
bedding planes. There is little evidence of
dynarhic metamorphism. Slight sch1stos1ty is
marked by thin seams of reddish iron oxide.
The prevalent dark purplish tint is sometimes
oxidized to a reddish tint on ‘the surface.
Twenty readings on the strike of the beds gives
an average of N. 61° E. The beds dip about
41° SE.

A well at a house about 40 rods east of the
ledge is said to have penetrated 108 feet of
drift without encountering rock, and Joseph
Plasil’s well, 80 rods south of the ledge, pene-
trated drift and sandstone to a depth of 200
feet. Frank Plasil's well, three-fourths of a
mile south, is stated by the owner to have
penetrated the following deposits:

Log of Frank Plasil's well, in the NE. } sec. 11, T.9 N., R.

14 E. (Shields Township). .
eet.

Drift. 60
Thin shaly limestone (Trenton’ ?) .................. A few.
Sandstone (St. Peter). ... ... .. ... ?
Flinty rock (Lower Magnesian).................. A féw
‘White sandstone (Madison)....................... ?

‘ : 210

The west ledge of the Mud Lake group is an
island in the marsh in sec. 3. T. 9 N, R. 14 K.
(Shields Township), about 1% miles south of
west of the east ledge. This west ledge has a
length of about 60 rods from north to south
and a breadth of about 20 rods, being ovoid in
outline. Its sides rise rather abruptly from
the surrounding marsh, though the highest
points are only 10 or 12 feet above the marsh
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level. The surfaoe of the ledge, which has
the form of a low swell, is largely covered by
soil and trees, most of the exposures being on
the northwest margin. The rock is about the
same in character as that at_the east ledge,
though somewhat finer in texture and more
uniform in color, being mostly dark bluish or
purplish. The strike of the beds averages
about N. 39° E. and the dip about 44° SE.

Both of the ledges are crisscrossed by joints, -
in places less than an inch apart but com-
monly more. The joints are mostly open and
their faces smoothly cut, with high angles of
dip. The majority of over 180 readings on
the principal joint faces range between N. 40°
W. and N. 80° W., though about all points of
the compass are represented. Of 36 readings
on secondary joints the majority range be-
tween N. 30° E. and N. 80° E. Some older
joints occur recemented by white quartz and
cut through by the later set. At one point on
the west ledge the dark-blue rock is brecciated
and recemented with white quartz. '

Under the microscope the single quartz indi-
viduals are comparatively large, many of
them showing areas of 5 to 6 square millime-
ters. No trace of the original clastic struc-
ture is now visible. The outlines of the quartz
grains are irregular, and their secondary
growth has produced a closely interlocking
crystalline texture with very little interstitial
material. A few small quartz grains are en-
tirely inclosed by the growth of their larger
neighbors. Fluid, sericite, and magnetite in-
clusions also occur in the quartz grains, and a
small amount of sericite and magnetite occurs
interstitially.

The smoothed and rounded surfaces of the
ledges show grooves and scratches due to gla-
ciation. The trend of strie on the east ledge

4. (13 S. 5° W. and on the west ledge S. 6°- 11°W

With the Mud Lake ledges may be grouped
several ledges found beneath the drift in wells
within 3 miles north and northwest, of Mud
Lake. The approximate location of these
ledges is shown on Plate I (in pocket) but, as
they are buried beneath the drift, it is impos-
sible to determine their extent from surficial
observations. J. V. Roller, well driller, Bea-
ver Dam, Wis., informed the writer that he
encountered white quartz rock in several wells
on farms between 1 and 2 miles southwest of
Reeseville in adjacent parts of secs. 32 and 33;
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T. 10 N, R. 14 E. (Lowell Township), and sec.
5, T. 9 N,, R. 14 E. (Shields Township). In
two of these the quartzite underlay 12 and 60
feet of drift. In one of them 10 to 15 feet of
sandstone (St. Peter) intervened between the
drift and the quartzite, and in another the
quartzite lay beneath 90 feet of drift and sand-
- stone. The following deposits were pene-
trated in Thomas Yauman’s well in the NW. 1
NW. % sec. 5, T. 9 N.,, R. 14 E. (Shields
Township).

Log of Thomas Yauman's well, 2 miles southwest of Reese-

ville, Wis.
Feet.
Dt i 75
“White quartz” (quartzite).................coo .. 100
Very hard rock, ‘‘black”. ... .. ... .. ... 2

177

A sample of fine drillings from the ‘‘black”
rock was identified by E. S. Larsen, jr., as
dioritic- material. This may represent a dike
cutting the quartzite or the basement crys-
talline underlying the quartzite.

Mr. Roller states that about a mile south of
this area, at Henry Klug’s, in the SE. { NE. 1
sec. 8, T. 9 N,, R. 14 E., and about a mile
southwest of the ledge, exposed as an island in
‘the big marsh, he found blue quartz rock be-
neath 97 feet of drift and 100 feet of flinty
rock, which may belong to the Lower Magne-
sian limestone, as it is at about the proper
horizon. Between 1 and 2 miles southwest of
Thomas Yauman’s place in secs. 1 and 12, T.
9N, R. 13 E. (Portland Township), Mr. Roller
encountered quartzite beneath the drift in
three wells, in two of which the drift was 60 to
68 feet thick. About a mile farther south-
west, in the SE. 1 sec. 14, at Gottfried Winter’s
place, two of the wells were said to have en-
countered red rock like that at the Portland
quarry—that is, quartzite—beneath 36 to 47
feet of drift. In one of these with the red
rock was “white flint.” About 2 miles north-
west of this tract, in the SW. § NW. { seo. 2,
S. M. Austin’s artesian well is said to have
penetrated quartzite beneath 90 feet of drift
and 605 feet of limestone and sandstone.

Several wells within a mile north of the west
half of Mud Lake, in secs. 17, 18, and 19, T. 9
N., R. 14 E. (Lowell Township), were said by
their owners to have encountered *granite,”
probably quartzite, below 40 to 110 feet of
drift, and the overturning of trees in a small
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grove in SE. 1 NE. 1 sec. 18 was said to have
disclosed a ledge of “granite.”” Careful search
in this vicinity by the writer failed to reveal
any rock which was surely in place, but re-
vealed abundant angular blocks of red quartz-
ite and some white quartzite in the grove in
such condition as to make it very probable
that a ledge of quartzite lies below a thin cov-
ering of drift. Henry Hamman’s well on the
slope of the hill just north of Mud Lake, in the
SW. 1 sec. 17,is said to have penetrated 4 feet of
hard rock, probably quartzite, beneath 111 feet
of drift and 49 feet of red sandstone (St. Peter).

From these records it appears that the forma-
tion enveloping the slopes of these buried ledges
beneath the drift is sandstone, probably St.
Peter. Not far from the buried ledge on the
east side of a small ridge bordering the marsh in
the NE. T SE. % sec. 17, Trenton limestone
is slightly exposed about 5 feet above the
marsh, Limestone has been quarried here and
is said to have exposed the St. Peter sandstone
below. T :

Several wells in the southeastern part of
sec. 26 and the northern part of sec. 35, T. 9
N., R. 13 E. (Portland Township), have re-
vealed another buried ledge, which was exposed
to glacial abrasion. The abundance of frag-
ments of red quartzite in the road and gullies
in the middle of sec. 35 led Buell to conclude
that this ledge was the source of the red
quartzite found in the drift, for which no ex-

‘posed parent ledge had been discovered. It is

probable, however, that at least one ledge of
red quartzite occurs farther north in sec. 18,
T. 9 N,, R. 14 E. (Lowell Township), and it is
possible a considerable area of this may have
been exposed to glacial abrasion.

This red quartzite is of a type more or less
distinct from that found at the exposed ledges.
It. is pinkish gray or dull reddish, is fine
textured, has low translucence, and appears
granular on fresh fractures. On certain surfaces
the arrangement of the interstitial material gives
a schistose appearance. In microscopic sections
the quartz grains appear as very small in-
dividuals, not usually exceeding one-fifth milli-
meter in diameter. They are very uniformly
distributed with a comparatively large amount
of interstitial material, chiefly sericite. This
rock resembles the Portland ledges in composi-
tion, but in general appearance it is more like
that of the Hubbleton ledges.
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B. QUARTZ2ITE AT NORTH SIDE OF STONY ISLAND 4 MILES NORTHEAST OF WATERLOO,
WIS., SHOWING GLAGIALLY SMOOTHED SURFACE.
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4. SCHISTOSITY DEVELOPED IN QUARTZITE BY SHEARING ALONG BEDDING PLANES IN
O’LAUGHLIN’S QUARRY 2% MILES NORTHEAST OF WATERLOO, WIS,

B. BASAL CONGLOMERATE ON NORTH SLOPE OF WATERLOO QUARTZITE AT HORIZON OF
ST. PETER SANDSTONE, ROADSIDE GULLY IN SECTION 27, PORTLAND TOWNSHIP, DODGE
COUNTY, WIS.
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Hubbleton ledges.—So small a part of the total
area of quartzite is now exposed to observation
that all the structural relations.can not be
made out, but as the dip at most of the ex-
posures is in general easterly, with variations
from southeast to northeast, it is inferred that
~ the uppermost rock is exposed in the eastern

ledges. The ledges composing the Hubbleton
group are therefore supposed to be the highest
beds exposed and are next considered.

The most northerly exposure of the group
occurs in the south slope of the ridge terminating
in the NW. % sec. 36, T. 9 N., R. 13 E. (Port-
land Township). The rock at this place is
dark bluish gray to drab quartzite. At one
point it is brecciated and recemented with white

_quartz. The surface of one block which is not
certainly in place is beautifully ripple-marked.
In a small gully a little to the west is a slight
exposure of much shattered vitreous quartzite
of a reddish color. What appear to be bedding
planes at these exposures strike N. 4°-8° E.
and dip 35° SE.

. At the east line of the SE. } sec. 35, on the
east border of the marsh, just south of the road,
one of the largest exposures of the Hubbleton
group, measuring 50 to 75 feet north to south,
rises about 15 feet above the line of the marsh.
The rock is finer grained and more vitreous than
that of the Portland ledges and varies in color
from pinkish to drab. The bedding here is
plainly marked, dipping 27° E. on an average
and striking about N. 9° W. The rock is
closely crosscut by three sets of joints, striking
N.60°W., N.32°E.,and N. 83° E., and dipping
respectively 86° NE., 80° NW., and 88° S.

Owing to the exposure of the edges of the
beds and to the abundant cross fractures the
conditions weré exceptionally favorable for
plucking by the glaciers, so that the surface has
the appearance shown in Plate VIII, A, only
the corners and edges being rounded.

A notable feature at this point is the large
accumulation of 'quartzite bowlders, mostly
‘angular, immediately in lee of the ledge, where
they form a ridge tailing out several rods to the
southward until they disappear in the marsh.

On the ridge to the east, in the SW. } sec. 36,
are slight exposures of darker purple banded
quartzite and of dark translucent quartzite.

Half a mile south, on the west side of the
marsh, a ledge of quartzite projects from the
lower east slope of a large ridge. The smoothly

75473°—18—5
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rounded rock surface, which has a length of
about 300 feet and a breadth of 70 feet, rises 20
to 25 feet above the marsh level. A quarry
here gives a good exposure of the rock, which
is highly vitreous, translucent, and varies in
color from pinkish to bluish gray. The rock is
brittle and breaks into angular wedge-shaped
fragments along the numerous cracks and
joints. The bedding, which is well marked,
strikes N. 12°-22° E., and dips 22°-27° SE.
The rock is cut by three sets of joint planes,
striking N.63° W.,N. 70°W., and N. 22° E., and
dipping respectively 86° NE., 40° SW., and 90°.
Glacial striz on the several ledges range from
S. 20°W.to S.33°W.

Microscopic examination of this rock shows
almost no trace of the original clastic structure.
Interstitial material occurs in but very small
amounts, the rock being almost wholly quartz,
the larger grains having very irregular out-
lines and elongated forms. These larger grains
have their longer axes generally parallel, the
interstices being filled principally with fine
quartz granules. Here and there fine grains of
magnetite and small patches of sericite occur
interstitially.  Zircon crystals occur as in-
clusions in the larger grains.

Portland ledges.—The Portland group of
ledges, the largest in the Waterloo district, has
been the most carefully studied and may be
considered the most important. It consists
of Stony Island ledge, at the north, at the
junction of Waterloo Creek and Crawfish River,
m the NW. % sec. 27, T. 9 N, R. 13 E. (Portland
Township); of the quarry ledge 14 miles south
and 1 mile east of the village of Portland, in
the SE. 1 sec. 33; and of numerous small ledges
outcropping in adjacent sections in the vicinity
on the west slope and crest of the upland lying
east of the broad marsh.

These ledges lie along the crest and upper
part of the east slope of a preglacial valley
which was originally tributary to the ancient
Rock River. (See Pls. I and II, in pocket.)
It appears from information obtained con-
cerning numerous wells in the vicinity that
quartzite underlies the drift throughout much
of the area east of this line of outcrops for -
about 2 miles to and including the line of the
Hubbleton ledges. This includes one patch
of overlying sandstone and possibly others.
The overlying drift is reported as varying in
thickness fram nothing to 85 feet, so that if
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is practically impossible to determine the exact
area of quartzite which was exposed to glacial
action.

Stony Island, the most northerly exposure
of the Portland ledges, lying at the junction of
Waterloo Creek and Crawfish River, has a
north-south length of about 72 rods, an east-
west breadth of 60 rods, and an area of approxi-
mately 25 acres. The highest points of its

rounded surface rise 40 feet above the level of
About

the surrounding marsh and streams.
the north end the bare, smoothly rounded, and
polished rock surface rises in places abruptly
from the surrounding marsh and water. (See
Pl. VIIL, B) The average of a number of
readings taken on what appear to be bedding
planes marked by banding and layers of fine
quartz pebbles shows that the beds on the
island ledge strike about N. 40° E. and dip
27° SE. The thin drift which covers most of
the surface supports a vigorous growth of
trees. It contains a little gravel and a few
foreign crystalline bowlders.

About one-fourth mile northeast of Stony
Island, on the east side of Crawfish River, in
the SW. 1 sec. 22, there are two small exposures
of what appears to be the top of a quartzite
ledge.

South of Stony Island, beyond the marsh
and creek, in a gully near the road corner, a
conglomerate (see p. 69) composed of quartz
pebbles in a matrix of sandstone is exposed
continuously up the slope in the gully beside
the road to a height of 50 or 60 feet above the
creek. At this elevation the conglomerate ends
and numerous small, smoothly glaciated sur-
faces of quartzite are exposed. A slight out-
crop of this conglomerate also occurs in the
slope about 80 rods southwest. From the
limit of the conglomerate southward for nearly
13 miles quartzite is exposed in many places
in the west slope and at the south on the
crest of the ridge. The bedding is nowhere
very plainly marked in these small exposures,
though there appears to be a general easterly
dip. Eight readings, taken mostly on layers
of small quartz pebbles which appear to mark
the bedding, show the strike to range from N.
60° W. in the SW. 1 sec. 27 to N. 30° E. in
the SW. 1 sec. 34, and to dip 10° to 49° NE.
or SE. The area outlined by these ledges has
been estimated as about 180 acres. The drift
surface adjacent to this line of outcrops on the
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east 1s marked by drumloidal swells rising 20
to 100 feet above the quartzite ledges.

Just west of the slope marked by the south-
ern half of this line of outcrops is the quarry
ledge, the largest and most important of the
group. It occupies the eastern part of the
SE. ¥ sec. 33 and extends slightly into adja-
cent sections on the south and east. Itslonger
axis lies generally parallel with the strike of
the beds in a northwest-southeast direction.
Its length is about one-half mile, its greatest
breadth is about 80 rods, and its area is about
50 acres. The east slope of the ledge is rather
abrupt, corresponding with the dip of the
beds. From the crest, which in its highest
part is about 45 feet above the marsh, there is
a more gradual slope to the southwest border
of the marsh. The greatest part of the ledge
is thinly covered with drift. Where exposed
the surface of the rock is gently undulating,
smoothly rounded, and in places beautifully
polished as the result of glaciation. The
quarry of John O’Laughlin in the east side of
the ledge affords good exposures of the struc-
ture and bedding of the rock.

The rock exposed in all the ledges of the .
Portland group is of the same general charac-
ter. It varies from comparatively fine grained
quartzite to conglomerates containing pebbles
2 inches in diameter. Its color is mostly light
gray or light bluish gray to drab, becoming
bluish to purplish in the eastern outcrops.
The -quartz crystal grains which compose the
bulk of the rock are somewhat grouped in
irregular clusters with secondary sericite inter-
spersed between the clusters, giving a slightly
mottled appearance to the rock.

The conglomerate layers are for the most
part confined to this group of ledges. In the
southernmost exposures the rock is chiefly a
conglomerate, but at the quarry and in the
exposures to the north fine-grained and pebbly
layers alternate in the bedding and cross-
bedding as in beach structure. In the coarser
conglomerate layers the matrix is largely made
up of sericite wrapped about the pebbles,
which are chiefly of glassy quartz of lighter
color than the matrix but which include a
little gray micaceous material, red jasper, and
black magnetite, with associated hematite.
A much coarser conglomerate than any ex-
posed in the ledges appears in considerable
abundance in the bowlder trains and indicates
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concealed ledges at a lower horizon. The oc-
currence of these conglomerates on the west
margin of the ledges indicates the near ap-
proach of the strata to the contact of an older
formation from which the pebbles have been
derived. Similar conglomerate appears in the
train from the Mud Lake ledges, but none is
exposed in these latter ledges themselves.

As seen in microscopic sections the quartzite
of the Portland ledges is for the most part of
finer grain than that of the Mud Lake rock,
the particles of quartz varying in size from 1
millimeter downward to the limit of determina-
tion. These grains show some tendency to-
ward grouping in clusters in which the crystals
are closely grown together. They are of ir-
regular form but are less intricately inter-
grown than in the rock of the Mud Lake
ledges. Zircon and magnetite occur as in-
clusions but not abundantly. Quartz and
magnetite are intermingled with the inter-
stitial sericite, which appears in distorted forms
between the quartz areas. Hydrated iron oxide
is also occasionallyseen. Almostno trace of the
original clastic structure of the rock is visible.

Observations on the strike and dip of the
beds in the quarry ledge show a somewhat
complicated structure. An average of 20
readings indicates a general trend of N. 48° W.
and a dip of 10° to 79° NE. The extreme
variations of the strike noted were due north
and N. 75° W. At some places a considerable
variation in both dips and strikes occurs within
-the space of a few yards. The structure seems
to indicate that the Portland group of ledges
lies at the extremity of a pitching syncline, or
possibly a synclinorium, which may account
for the considerable amount of dynamic meta-
morphism which has taken place.

The effects of dynamic metamorphism are
shown by the development of a schistose strue-
turg in the quartzite and by the complete con-
version of parts of it into mica schist. Most
of these zones of schistosity correspond with
the bedding shown by banding and by layers
of pebbles, the change evidently being due to
the upward shearing of higher beds upon the
lower in the process of developing the folds.
(See Pl. IX, A.) In many places a zone less
than a foot in thickness shows all stages of the
transition from quartzite which to the naked
eye appears unchanged, through quartzite in
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which incipient cracks appear, to quartzite
with mica developed along the lines of schis-
tosity, to gray or greenish mica schist with no
semblance to the original rock, and again back
to the unchanged quartzite on the other side.

Shearing has taken place along a few of the
white quartz veins, which in many places cut
the quartzite, as though these were lines of
weakness. In such places the quartz filling
is apt to be broken up and the fragments
enveloped in mica schist. Where shearing
took place along layers of pebbles these are
enveloped in mica schist and some of them are
flattened, with schistosity developed parallel
to their longer diameters. The middle of one
prominent zone of fracture, shear, and schis-
tosity is occupied in part by 6 to 8 inches of
soft grayish schist and fine whitish clayey ma-
terial of talcose feel. The rock on either side
of this zone is so cracked in every direction
that it can not be used for paving blocks.

All of these ledges are considerably broken
by joints whose faces are smooth and clean-cut
and for the most part dip at high angles. A
total of more than 300 readings taken on the
strikes of these joints shows that though they
radiate to nearly all points of the compass they
tend markedly to group in two principal sets
approximately at right angles to each other.
The following list shows the average strike
of the joints in the several ledges of the Port-
land group:

Stony Island ledge. ......N. 65° W., N. 6° W., N. 26° E,
Quarryledge. - .. .coiviiiiiiiaio.t N.38°W., N.61° E.
Minorledges ... eceveeeniiinaaan. N.43°W., N.42° E,

These several averages vary less than 15°
from being parallel with or normal to the aver-
age strikes of the beds in the several ledges.

An older set of fractures has been recemented
by white quartz. In some places the surface
is thickly gashed with these veins, and at one
point a breccia was seen. At one or two places
in a zone of schistosity the quartz filling of gash
veins contained also crystals of pinkish feld-
spar, mica, and hematite.

At the northeast extremity of Stony Island
the quartzite is cut by a pegmatite vein 3.2 feet
thick, which is exposed through a distance of
96 feet. The strike of this vein is about due
west and the dip is 70° N., which is nearly nor-
mal to the bedding of the quartzite. On the
north side the quartzite has cracked off, but on
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the south side the contact with the bounding
wall is sharply defined. About 20 rods south
a similar vein 13 inches thick is exposed in the
slope for 75 feet. The strike of this vein is N.
47° E. and the dip 24° NW. A few rods west of
these a third vein 8 inches thick was observed.
These veins are of very coarse grained peg-
matite, consisting of feldspar, quartz, and
mica, in the order of their abundance. The
feldspar, which is of a pinkish or flesh tint,
occurs in large crystals, many of them more
than 2 inches in diameter. One large twinned
feldspar 6 inches long and 3 inches wide was
observed only a few inches from the south wall
of the vein. The quartz, which is white to
grayish in color, is largely in irregular masses
between the feldspars or inclosed within them.
The mica, which is of a light-greenish tint,
occurs in flakes and prisms, some of which have
transverse dimensions as great as three-fourths
by 1% inches. " The appearance of this rock is
very striking, and bowlders derived from it
would be readily recognized. The occurrence
of a few bowlders of similar pegmatite on the
opposite side of the river near the small ledgesin
the SW. sec. 22suggests that thelargervein may
be continuous beneath the stream or that the
bowlders may have been transported across it.
These veins of granite cutting the quartzite
are particularly interesting as showing that
igneous intrusion took place in this region sub-
sequent to the deposition of the quartzite
formations. That it took place subsequent
to the metamorphism of the original sandstone
into quartzite is probable because of the sharp
line of contact at the walls of the veins with
no apparent dissemination of the granitic mate-
rial through the adjacent quartzite. It is not
known that the intrusion occurred subsequent
to the deformation of the formation. Indeed,
there is some indication that it did not, for at
" one point in the quarry ledge traces of similar
pegmatitic material were found wrapped in
mica schist in one of the zones of shearing.
The ledges of the Portland group show the
effects of glaciation very markedly in their
smoothed, round, polished, and- striated sur-
faces. The action of the water, possibly gla-
cial water, is also seen in numerous small pot-
holes in the rounded surfaces of the ledges.
Glacial strie observed on the Island ledge trend
S. 20°-36° W., on the minor ledges S. 5°-20°
W., and on the quarry ledge S.15°-29° W,
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The stratigraphic relations of the quartzite
ledges so far as known to the writer are shown
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in a somewhat generalized cross section of the
district (fig. 3), prepared from the correlation
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of surficial observations and data afforded by
the drilling of wells. On the map and cross
sections accompanying Warner’s paper® the
presence of dolomite, iron formation, and slate
are shown overlying the quartzite buried be-
neath the Paleozoic sediments. As stated in
the article, however, these drawings show ‘ the
possible occurrence of other pre-Cambrian for-
mations above the basal quartzites on the basis
of the correlation with the Baraboo series.” So
far as known to the writer, the presence of such
deposits has not been revealed by any borings.
More detailed investigations, as by boring with
the diamond drill, may reveal conditions similar
to those found in the Baraboo district. Indeed,
it is quite possible that formations, possibly of
economic value, such as were discovered at
Baraboo, lie deeply buried in the structural basin
in the Waterloo district. Warner states:

Magnetic surveys with the solar compass and a dip needle
were made across the belt where the iron formation should
theoretically occur. No attraction was noted. This was
not unexpected, since if any iron ore were present it would
probably be in the form of hematite, as at Baraboo, where
also no magnetic variation can be observed.

A general knowledge of the Baraboo and
Waterloo districts, however, affords no grounds
forexpecting that such deposits would be found
by drilling outside—that is, north or west of—
the rim of the structural basin, as has been
done by some prospectors. Referring to the
Waterloo quartzite area in 1911 Van Hise? and
Leith state that well drilling outside of the
Waterloo synclines shows the presence of a
granite basement. Reference is probably in-
tended to the crystalline rock reached by the
Watertownwell. Itisnot,however,the purpose
in this paper to discuss more than the general
stratigraphic relations of theledges as a whole.

Mention has already been made (p. 66) of a
conglomerate exposed in the gully in a slope
near the corner in the middle of the W. % sec.
27,T.9N, R. 13 E. (Portland Township), to a
height of 50 or 60 feet above the level of the
marsh. For some distance this conglomerate
consists of large and small, well-rounded bowl-
ders and pebbles of quartzite embedded in a
matrix of coarse light-colored sandstone. (See
Pl. IX, B.) Some of the larger bowlders
measure 3 to 6 feet in their longer diameters.

! Warner, J. H., The Waterloo quartzite: Mining World, vol. 22,
No. 16, p. 420, 1905. -

2 Van Hise, C. R., and Leith, C. K., The geology of the Lake Superior
region: U. 8. Geol. Survey Mon. 52, p. 361, 1911.
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Down the slope to the north, farther from the
quartzite, the average size of the bowlders
rapidly decreases. Halfway down the largest
pieces are only 3 to 4 inches in diameter. At
the corner near the creek the bulk of the
pebbles are still smaller. In some places on the
slope the larger quartzite bowlders are sur-
rounded by bands 2 inches thick of thin
layers of quartzite apparently scaled off by
concentric exfoliation. Incipient cracks also
occur in the solid nuclei concentric with the
outer bands. This condition is probably the
result of weathering and of expansion and con-
traction of the dense quartzite in the more
porous matrix. Both quartzites and matrix
of the conglomerate exposed in this gully.are
planed nearly flat, smoothed, and striated.
About 20 rods-east of the corner the conglom-
erate is again exposed in a gully in the south
bank of the creek. At this place, as higher up
in the road, large quartzites-occur. A few rods
farther east a small quarry hole exposes sand-
stone comparatively free from quartzite peb-
bles or bowlders, but digging has revealed
large well-rounded quartzite bowlders, some of
them 5 or 6 feet in. diameter. At these ex-
posures the sandstone is largely perforated by
worm borings (Scolithus).

The age of this conglomerate is not certainly
known. It, as well as the red sandstone ex-
posed in the railway cut about one-half mile
southeast of the most southerly exposure of
the quartzite of the Portland ledges in the SE. %
sec. 3, occurs at about the level corresponding
to the St. Peter sandstone in the surrounding
areas. No fossils other than Scolithus have
been found, and the stratigraphic relations of
the several formations in the surrounding areas
are not such as definitely to determine whether
it is the shore formation of the St. Peter sand-
stone, the Lower Magnesian limestone, or the
upper part of the Cambrian sandstone. This
conglomerate and its talus probably contrib-
uted well-rounded quartzites to the drift. The
bowlder trains from the ledges of the Portland
group are the most pronounced in the district’

A comparison of the cross section with con-
ditions in the Baraboo district (fig. 2, p. 57)
shows that had erosion prior to the adventof the
glaciers progressed to as low a geologic horizon
in the Waterloo district as it did in the Baraboo
therewould have been bluffs of Waterloo quartz-
ite about as imposing as the Baraboo Bluffs.
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Lake Mills ledge.—About 4 miles south of
the Hubbleton ledges in the SE. } sec. 24 and
the NE. I sec. 25, T. 8 N, R. 13 E: (Waterloo
Township), at the west edge of the broad marsh
which borders Crawfish River, is a ledge of
quartzite which may, for convenience, be called
the Lake Mills ledge. This ledge, which rises
about 25 feet above the marsh level, marks
the top of the west slope of a broad preglacial
valley underlying the marsh. A well about
three-fourths of a mile east of the ledge is
reported to have penetrated 100 feet of blue
clay before reaching rock, which was sand-
stone. The exposureis about 80 rods long and
30 rods wide. As the rock also appears in a
shallow well 80 rods west it is probable that a
considerable area of quartzite thinly covered
with drift lies between the exposed ledges and
the high drift ridges to the west.

The rock composing the Lake Mills'ledge is a
dense quartzite, very dark purple to reddish pur-
ple in color, withreddish iron oxide in the cracks
and seams. Itis somewhat darker in color and
coarser in texture than that of the Hubbleton
ledges, some layers being almost black from
the abundance of magnetite. Some layers are
distinctly banded with darker and lighter
tints. Microscopic sections show the same
absence of clastic structure that is seen in sec-
tions from the other ledges. The quartz
grains are larger on the average, and there is
much less finely comminuted quartz between
the larger grains. Iron oxide is present in
somewhat larger quantity interstitially, but
sericite bears about the same proportion to the
other minerals as in the rock of the Hubbleton
ledges. A section of the black rock which
showed more clastic structure than any other
section of the ledges examined is composed of
rather fine angular to subangular grains of
quartz of quite uniform size, not intricately
intergrown in groups as in the other specimens,
but. with the individual grains distinct and
largely surrounded by magnetite, giving the
dark color noted above. ’

The bedding is not very clearly marked at
this ledge. Seven readings on what appeared
to be bedding plane gave the average strike as
N. 50° W. and the dip as 42°-60° NE.

UNEXPOSED PRE-CAMBRIAN ROCKS.

Although having no particular connection
with the discussion of the drift, it may be of
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interest to note here the elevations at which the
pre-Cambrian rocks are known to underlie the
Paleozoic formations at various points through-
out the area under discussion.! The table on
page 71 gives the locations at which these rocks
have been reported in wells and the probable
names of the immediately overlying Paleozoic
formations. The elevations are approximate;
most of them are taken from topographic maps
of the United States Geological Survey.

The table shows that in several places (in
Ripon, Springvale, and Lamartine townships,
Fond du Lac County, and at Hartford and
Rugby Junction in Washington County) pre- |
Cambrian rocks were found at the horizon of the .
St. Peter sandstone. This is the geologic
horizon to which most of the several exposed
knobs and ridges of quartzite and crystalline
rocks noted above rise. From the elevations of
these buried ledges and the depths to which
neighboring wells have penetrated without
reaching such rock it appears that at these
places knobs or monadnocks similar to those
exposed by the removal of the superincumbent
sedimentary rocks in the region farther west
must rise above the buried pre-Cambrian plain.
In the other places the pre-Cambrian rock may
represent the main basement plain of the Cam-
brian sediments. The lowest point to which
a deep well has penetrated without passing
entirely through the Cambrian sediments
is 1,430 feet below the level of the sea at the
Lake Park well in Milwaukee. The highest
point on the Baraboo Bluffs at which quartzite
is exposed is about 1,560 feet above the sea, so
that the surface elevation of the pre-Cambrian
wells has a known extreme range of at least’
3,000 feet-in the area under discussion. Were
the Paleozoics throughout the area cut away
down into the horizon of the Cambrian sand-
stones, as in the vicinity of the Baraboo
ranges, many of these knobs or monadnocks
would doubtless rise above the pre-Cambrian
plain and it is quite possible that if only the
glacial drift were removed the crests of séveral
might be uncovered, as in the Waterloo ledges.
There is thus a possibility that some of the crys-
talline bowlders and particularly the quartz-
ites which are thought to be foreign to the
area were really derived from some local ledges.

1 The relations of the pre-Cambrian and Paleozoic formations cre dis-
cussed at considerable length by Weidman, Samuel, Geology of north-
central Wisconsin: Wisconsin Geol. and Nat. Hist. Survey Bull. 16, pp.
385-395, 1907.



It should be noted, however, that, as shown in
the table, the cover of Paleozoic sediments
thickens rapidly toward the east, and that
the probability of such ledges having been
exposed to glacial abrasion decreases in simi-
lar ratio. In fact, there is in the Waterloo dis-

Pre-Cambrian rocks encountered in wells.
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discussion is a great body of sandstone, with
some included limestone and shale, which has
been generally known as the ‘‘Potsdam sand-
A body of thin-bedded limestone with
some associated shale, lying less than 100 feet
below the base of the Lower Magnesian lime-

. Eleva-
Depth to tl());le_of
Location. Owner of well. | pre-Cam- Car]nbrifm Kind of rock. Overlying rock. Authority
‘brian,
above
sea level.
Fect. Fect. .
1| Oshkosh.............. City or water com- 785 - 35 Files of Wisconsin Geol. Survey.
any
2f..... i T offi city well...... 680 850 - Gel<§l707gy of Wisconsin, vol. 2, p. 157,
3| Borliteeeee e CitY oo, 431 300 | Rhyolite..............o. d0uceereen. Weidman, Wisconsin Geol. and
ggg. Hist. Survey Bull. 3, p. 33,
4 | Ripon Township, SE. | H. A. Klitzke..... 101 870 | “QGranite”........ St. Peter sand- | Owner.
4 sec. 14, stone, Lt
* 5 | Springvale Township, | K. Wohlschlegel... 140 800 |..... do.............lels do............. Neighbor, somewhat doubtful.
SE.’} sec. 14.
6 | Lamartine Township, | Triangle Cheese 102 820 |..... do...e 6 [ Member of the company.
SW. % sec. 6.. actory. . . . .
7 | Fond du Lac.......... City.......oooen. 1,030 —275 | “Quartzite” (?)...| Cambrian sand- | W. G. Kirchoffer in files of Wiscon-
stone. sin Geol. and Nat. Hist. Survey,
. and examination of samples.
8 | Mount Calvary........ Monastery........ 1,135 -75 | “Quartzite” Wghan%“ rScaIey, driller, ¥ond du
AC 18.
9 | Elmoro.. .| Ulrich Legler.. 1,248 —268 | “Granite” Do.
10 | Waupun JdCity . ee e (‘f) @) ... do... Do.
11 | Juncau.. .| Insane Hospital... 612 300 |..... do.. Su t.btl;lulgene Derse, somewhat
oubtful,
12 | Hartford City..covvnieann... 541 435 | “Quartzite” .. .... St. Peter sand- | Timothy Foley, in files of Wiscon-
stone. sin Geol. Nat. Hist. Survey, and
examination of samples by the
) writer.
13 | Rugby Junection....... Wisconsin Central 870 90 | “Granite”........[..... Aol
14 | Menominee Falls...... Wisconsin Sugar | L1751 =340 lupeq granite” do F. M. Gray, driller, Milwaulkeo, Wis.
0. or 1,275 | or —44 B A
15 | Oconomowoc, sec. 30. .| Montgomery Ward 1:300 —418 | Very hard rock.... Car{xbrian sand- | S. B. Geiger, driller, Chicago, 111,
stone.
16 | Watertown............| City.............. 1,000 —245 | Darkgray crystal- |..... d0eeernninai E. A. Mendenhall, driller, Water-
line rock. town, Wis,
17 | Portland Township, | 8. M. Austin...... 695 135 | “Quartzite”......|..... do..ooiin Owner.
NW. {sce. 2. .
18 Polstllm;ﬂ Tog;vnship, Knowlton......... 695 135 | Very hard rock....|..... do............. Do.
5. 4 sec. 29.
19 | Jefferson Township, | County Farm..... 990 —160 .| “Granite”........{..... do............ Albert L. Hummel, driller, Yort
SE. § sec. 10. . Atkinson, Wis.
20 | Delavan............... Bradley Knitting 1,679 —779 | Quartzite .. F.'I', Thwaites from examination
Co. of samples.
21 | Kilbourn... O Y e 465 463 | ““Archean rock” .. Gtigl%gy of Wisconsin, vol. 2, p. 50,
22 | Portage............... l Courthouse well... 520 293 | Quartzporphyry..|..... do. .| Wisconsin Geol, and Nat. Hist.
| Survey, from driller.
23 | Madison............... Capital Park...... 806 a 98 | Dark-gray erystal-|..... do. .| Geology of Wisconsin, vol. 2, p. 50,
| line rock. 1877,
24 |..... ({1 TP City well No. 10... 736 115 | Diabase...........|..... don.e.oalll. Pamphlet by John B. Heim, sup-
erintendent of waterworks, Madi-
25 |..... (4 L N Chicago, Milwau- 735 117 | Dark crystalline |..... do. .| _son, Wis.
}cco & 8t. Paul rock. G(iologyof Wisconsin, vol. 2, p. 605,
Ry. .
26 | Brodhead............. City.eeeeeeeaannns 1,030 —232 | “Granite”........}..... (s s TP, T. M. Gray,driller, Milwaukee, Wis.

trict no evidence that any quartzite ledges,
except those now exposed and those known
to have been exposed to glacial abrasion be-
cause they are now covered only by drift, were
the sources of any of the quartzite or igneous

bowlders in the drift.
PALEOZOIC FORMATIONS.

CAMBRIAN ROCKS (POTSDAM SANDSTONE OF

WISCONSIN REPORTS).
CHARACTER AND DISTRIBUTION.

Overlying the eroded surface of the pre-
Cambrian rocks throughout the area under

o Weidman says 70 feet,

stone, has been distinguished by the Wisconsin
Geological Survey as the Mendota limestone
from its typical exposure in the vicinity of
Mendota Lake. Above this an upper sand-
stone set off from the main body of sandstone
by the Mendota limestone has been designated
the Madison sandstone by the Wisconsin Geo-
logical Survey from its having been exten-
sively quarried for building in the vicinity of
the city of Madison.

Throughout the greater part of the area
southeast of Wisconsin and Fox rivers, the
Cambrian sandstone ig overlain by . later
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Paleozoic formations, and the distribution and
thickness of the formation throughout this
part of the area is known only from the records
of numerous artesian wells. Along a sinuous
line extending from northeast to southwest, as
the southeast side of the Fox-Wisconsin Valley,
the beveled edge of the lowest of the overlying
formations, the Lower Magnesian limestone,
terminates in a very irregular, much-dissected
slope which is in many places a line of bluffs
capped with the hard limestone and exhibiting,
in the slope below, the Madison sandstone -and
Mendota limestone and the upper part of the
underlying Cambrian sandstone. Numerous
limestone-capped outliers border this dissected
margin and a few more distant are evidence of
the former greater extension of the capping
formation. Emerging from beneath the lime-
stone cover at the margin of the upland the
sandstone extends over all the northwestern
part of the area under discussion. Owing to
its low dip and its considerable thickness the
sandstone extends thence northward and
northwestward over thousands of square miles
of the area of the State, thinning gradually to
an edge from beneath which the basement
crystalline rocks emerge in the north-central
_ part of the State. -Through this sandstone
project the several knobs of crystalline rocks
already described (pp.51-56) and the Baraboo
quartzite range, about whose eastern end Wis-
consin River swings in a broadly curving course.

The thicknesses of the Cambrian sandstone,
including the Madison sandstone and Mendota
limestone,* which are probably not developed
everywhereé and which, where present, are not
always distinguishable in the records of drilling,
are as follows at the places indicated, where
the overlying Lower Magnesian limestone is
still preserved:

_ Thicknesses of Cambrian sediments.

Feet.
1. Fond du Lac, city well.......... e e 430
2. Elmore, Legler well......... e 206
3. Watertown, city well... ... ... .. . .. ... .. 738
4. Portland Township, sec. 29, Knowlton well....... 562
5. 805

Brodhead, city well................... P

1. W. G. Kirchoffer, files of Wisconsin Geol. Survey.

2. William Sealey, driller, Fond du Lac.

3. E. A. Mendenhall, driller, Watertown.

4. Owner. -

5. Record, with samples by William Roantree and R. Boughton,
Monroe; samples examined by writer and data from F. M. Gray, driller,
Milwaukee.

1.The Madison sandstone and Mendota limestone are regarded by
Ulrich and Walcott as of post-Cambrian age.
: o
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Numerous other wells have penetrated as
great or greater thicknesses of Cambrian sedi-
ments beneath the Lower Magnesian limestone
without reaching the basal crystalline rocks.
From the above and the following table, it will
be seen that the known thicknesses range from
about 200 feet to more than 950 feet.

- Partial thicknesses of Cambrian sediments.

Feet.

1. Waupun, city well...................... PO 474

2. Juneau, city well ... ool 440

3. Jefferson, city well..........o.... . oiLo... 582

4, Janesville, water company’swell................ 846

5. Whitewater, city well............ ... ..o ... 664

6. Palmyra, “‘oil " well........ ... ... 338

7. East Troy, Stephen Field well...._.............. 965

8. Waukesha, city well...........o...o il 670

9. Elm Grovewell..... .. ... .. ..., 427
10. Milwaukee, Miller Brewerywell................. 770
11. Racine, Horlick’s Milk Factory well ............ 945
12. Kenosha. ..oooeiieeiieeiiiii i 600

1. W. F. Sealoy, driller, Fond du Lac. )

2. Examination of samples by the wnter

8. Record by driller.

4. Record by William Ruger at water company’s office.

5. Record at State Normal School by William Inglebretson.

6. Geology of Wisconsin, vol. 2, p. 161, 1877.

7. Examination of samples preserved by Arthur Smith, Burlmgton

8,9, 10. F. M. Gray, driller, Milwaukes.
11. Wisconsin Geol. and Nat. Hist. Survey.
12. Dr. Hazleton.

Combining the section exposed below the
base of the Mendota limestone in the bold
bluff that rises from the north bank of Wiscon-
sin River at the mouth of Honey Creek, in the
town of Prairie du Sac, Sauk County, with that
penetrated in drilling the artesian well at
Capitol Park, Madison, Irving ? obtained the
following general section of the Cambrian rocks:

Generalized section of the Cambrian below the Mendota

limestone.
Feet.

3. Alternations of layers of purely siliceous white
sand, ferruginous brown sand, yellowish calcareo-
arenaceous layers, and layers of greensand; the
calcareous bands increasing in amount of lime
and in number toward the top, as do also the
greensand layers. .. ................ooiiiil.

2. Entirely noncalcareous white and yellow sand-
stone; friable to indurated; fine to coarse grained. 602

1. Redshale....cooeiinoii i 10

i

This serves fairly well for a generalized sec-
tion below the base of the Mendota limestone
in the region of Madison and of Wisconsin
River. Under the cover of the higher Paleo-
zoic rocks, however, variable thicknesses of red,
brown, drab, bluish, and greenish shale are

2 Irving, R. D., Geology of Wisconsin, vol. 2, p. 535, 1877.
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intercalated in the sandstone where penetrated
by many of the deep wells. In the excellent
exposures afforded by the walls of The Dells
at Kilbourn and neighboring gorges the sand-
stone shows a notable development of cross-
bedding. (See, PL. V, B, p. 32.)

To this structure and to the altérnation of
harder and softer layers and the consequent
difference in the rates of disintegration under
weathering and erosion is due much of the
picturesque fluting of the sandstone walls of
the gorges.

MENDOTA LIMESTONE AND MADISON SANDSTONE.*

In the vicinity of Madison and in the bluffs
bordering Wisconsin River, 35 to 50 feet below
the base of the Lower Magnesian limestone,
there is developed a well-marked and per-
sistent bed of yellow, thin-bedded limestone
which has a thickness of about 30 feet. To
this Irving? gave the name Mendota lime-
stone from the large exposure at MacBrides
[Farwells] Point on Lake Mendota. The 35
to 50 feet of sandstone between this limestone
and the base of the overlying Lower Magnesian
he designated the Madison sandstone from its
yielding large quantities of excellent building
stone in the vicinity of Madison. ‘These
names,” he says, “are not meant to be of
anything more than local importance.” The
observations of Chamberlin, with which those
of the writer agree, show that the Mendota is
developed only locally as a limestone of any
considerable thickness. Northeastward along
the belt of outcrops the limestone disappears,
and shale and shaly limestone are found at a
horizon so nearly corresponding to that of the
Mendota limestone that they have been cor-
related with the Mendota. E. O. Ulrich,
however,. maintains that instead of being
Mendota this shale and shaly limestone belong
to a horizon which he considers lower, that of
the St. Lawrence formation of Minnesota.?
Most of the deep wells bored through the over-
lying Paleozoic rocks and well down into the
sandstone at many points throughout the area
fail to encounter a limestone corresponding to
the Mendota as developed near Madison. In
its place, or at about the same horizon, there
is frequently found a bed of red shale.

1 These names are used in the sense in which they are used by the
‘Wisconsin Geological Survey. Both the Madison sandstone and the
Mendota limestone are considered post-Cambrian by Ulrich and Walcott,

2Irving, R. D., Geology of Wisconsin, vol. 2, p. 525, 1877.

3 Personal communication, ’November, 1914,
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The best exposures of the Mendotd limestone
seen by the writer are at Maple Bluff and
Farwells Point, on the northeast shore of
Lake Mendota, where the following succession
was noted:

Section of Mendota Limestone at Maple Bluff and Farwells

Point.
Thin, shelving purplish-buff layers of lime- Ft. in.

17 1 6
Three layers, buff-purple, blotched limestone.... 1 2
Buff, thin laminated, shelving limestone........ 5 5
Thin laminated, purple a.nd buff, shaly lime-

Blome. ... ...l 1 0
Reddish-buff limestone. ............... ... ... 1 6
Heavy-bedded limestone with gently undulating

lines of parting.....................o. 3 3
Same..... ... 2 5
SamMe. i 5 10
Limestone ‘containing sand grains................ 1-2 0
Talus over sandstone.

24 1

At one point the 5 foot 10 inch layer splits
into 2 to 8 inch layers, and a layer of greensand
occurs near the top.

The limestone layers break irregularly, but
no crumpling or Cryptozoon structure was
noted. In the bluff on Farwells Point, where
14 feet of Mendota limestone is exposed, some
of the layers show crumpled lamine and some
of the blocks that have fallen on the beach are
fossiliferous.

Below the limestone—that is, at the top of
the lower sandstone—are beds which Ulrich
has recently referred to the St. Lawrence.* It
is his opinion that there is a hiatus between
these beds and the overlying Mendota, with the
Jordan sandstone absent. Ulrich also refers to
the St. Lawrence the rock exposed in Miller’s
quarry, half a mile north of Pheasant Branch,
which has heretofore been regarded as Mendota.

Section of St. Lawrence (£) formation at Maple Bluf.

Ft. in.
Buff calcareous sandstone with purple blotches and
disseminated greensand grains................... 3 2
Beautifully cross-bedded greensand layer .......... 9
Buff calcareous sandstone with disseminated sand
1 T 1 8
The thin-bedded reddish, purplish, ‘and

yellowish mottled rough-surfaced layers of
the Mendota limestone are slightly exposed
in the railway cuts west of the crossing near
the agricultural buildings of the  university,
and also beneath the grand stand at the fair
grounds. The heavier beds, underlying the
purplish shaly layers, or what appear to cor-
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respond to them, are exposed not far west
of the “Station 1 mile” post, in the Chicago,
Milwaukee & St. Paul Railway cut west of
the university, near the fourth ward school
building on Brooks Street between Mound
and Chandler streets near the west end of
Lake Monona, and at A. Lillick’s quarry in
the NW. 1 sec. 33, T. 8 N,, R. 10 E. (Burke
Township). At these places the rock is char-
acterized by a peculiar structura which Irving
called concretionary but which may be organic.
At these places the layers are more or less dis-
tinctly laminated; and in cross section, as on
joint faces, they appear to be crumpled in
. little folds a few inches.in height and width.
Where the surface of a layer is exposed it is
seen to be uneven in consequence of small
elliptical domes a few inches in dimensions,
which are due to the curving lamine seen in
cross section. Where the tops of the domes
have been worn off, the edges of the laminz
are arranged in concentric elliptical rings giv-
ing an appearance as of some organic structure.
. They resemble certain structures which have
been described as stromatoporoid growths, but
to which Hall gives the name Cryptozoon,! in
describing their occurrence in the ‘Calciferous”
of Saratoga County, N. Y. Winchell has
described similar forms from the Shakopee
dolomite at Cannon Falls, Northfield, and
Mankato, Minn.? and Dawson has discussed
occurrences of Cryptozoon from the Ordo-
vician and pre-Cambrian ?

The most southerly exposure of rock which
has been correlated with the Mendota lime-
stone within this area is at Mrs. Ida Barber’s
place on the west shore of Lake Kegonsa in
sec. 26, T. 6 N., R. 10 E. (Dunn Township).
Red shale, which is probably to be correlated
with either the Mendota or St. Lawrence, was
exposed in preglacial times in the slopes of the
ancient Rock and Yahara valleys in the vicinity
of Janesville, this being shown by the record
of deep wells at the city waterworks, the fair
grounds, and the Rock County poor farm, 3
miles north of the city. This shale may have
contributed some of the reddish material
found in the glacial drift west of these valleys.

1 Hall, James, Cryptozoon: Thirty-sixth Regents Rept. on New York
State Cabinet, pl. 6, 1883, Dr. E. O. Ulrich suggests that these may be
calcareous algee growths.

2 Winchell, N, H., Cryptozoon minnesotense: Minnesola Geol. and
Nat. Hist. Survey Fourteenth Ann. Rept., 1885.

3 Dawson, Sir William, Note on Cryptozoon and other ancient fossils:
Canadian Rec. Sci., vol. 7, pp. 203-217, 1896.
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The Mendota limestone is rarely exposed
within the area of the drift, and, where ex-
posed, it appears only as a thin edge in the
steep slope below the margin of the Lower
Magnesian limestone. Its trace upon a map is
an exceedingly irregular line drawn about the
outliers and the reentrants and salients of the
dissected margin of the upland. Northeast-
ward along the line of outcrop the heavier
limestone layers of the Mendota rarely outcrop.
Some few thin, shaly, yellowish limestone layers
are seen, but the red and purplish shaly layers
(which Ulrich regards as St. Lawrence) are the
most noticeable. Exposures occur near the
mill at Cambria, in the railway cuts to the east,
and in the ravines cutting the north slope of the
valley to the west. The shales are exposed in
the road on the slope a mile southwest of Kings-
ton and in the south slope of Bartholomew
Bluff, 2 miles west of Kingston. The shale
rises above the water level in the south shore
of Green Lake near W. T. Runal’'s Green Lake
orchard and nursery, in sec. 6, T. 15 N,
R. 13 E,, in the Sugarloaf on the north shore
of the lake, and in or near the roads in the south
parts of secs. 31 and 33, T. 15 N, R. 12 E,
(Princeton Township). At some places these
arenaceous shales show abuhdant markings, as
of fucoids or seaweeds, and at one or two places
they show ripple marks in evidence of shallow
water origin. Fragments of these shales and
shaly limestones are frequently seen in the
drift near or west of the line of outcrops.

The greater density and somewhat greater
induration of the shales and limestones of these
beds afford some protection to the underlying
soft sandstone, so that a projecting shoulder in
a bluff face often results from the recession of
the face of the Madison sandstone above. One
of the best instances of this’is at Bartholomew
Bluff west of Kingston where there is a cul-
tivated terrace several rods in width on the
top of the Mendota limestone, back of which
rises the abrupt upper bluff of Madison sand-
stone capped with the Lower Magnesian lime-
stone.

The relations of the Mendota limestone to the
Baraboo quartzite ranges have a somewhat im-
portant bearing on the interpretation of the
relations of the Cambrian and pre-Cambrian
formations in this district. At one place north
of the Baraboo Bluffs a slight remnant of what
is thought to be the basal part of the Lower
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Magnesian limestone was discovered 1,200 feet
above sea level on Coon Bluff, in sec. 14, T. 13
N., R. 5 E. (Dellona Township). This shows
the elevation of the top of the Cambrian north
of the bluffs. At several places north of the
west end of these bluffs the Mendota limestone
was observed, viz, NW. % sec. 2 and SE. } sec.
11, T. 13 N., R. 4 E. (Westfield Township), and
NW. } and SE. } sec. 30, T. 13N, R. 5 E. (Del-
lona Township). The Mendota was also ob-
served in the NW. % sec. 26, T. 12 N., R. 5 E.
(Excelsior Township) and the SE. } sec. 6,
T. 11 N., R. 5 E. (Freedom Township), between
the north and south quartzite ranges. The ex-
" posures south of the bluffs are numerous, so
that the Mendota horizon can be projected in
cross sections of the district with considerable
accuracy. Sections drawn to scale across the
Baraboo basin from the outcrops noted north
of the bluffs to those within and south of the
bluffs show that the Mendota probably origi-
nally extended across the area with little varia-
tion in slope, being developed within the Bara-
boo basin as well as outside.

Two outcrops of limestone within the Bara-
boo basin correspond very nearly in elevations
with those of the Mendota limestone as pro-
jected in the writer’s cross sections. The first
of these is at the old Eiky quarry, on the south
slope of the north quartzite range, about a mile
east of the Lower Narrows, beside the road
ascending the slope in the NW. } sec. 25, T. 12
N., R. 7 E. (Greenfield Township). Irving re-
ported the following fossils from a collection
made at this place by J. H. Eaton, and identi-
fied by R. P. Whitfield* as “ certainly not lower
than the Lower Magnesian’’ horizon:

Stromatopora sp. undet.
Orthis barabuensis?
Metoptoma n. sp.
Maclurea sweezeyi n. p.

Holopea n. sp.

Illzenus antiquatus n. sp.

Dicellophalus barabuensis
n. sp.

The fossils from Eiky’s quarry are described
under the following names by Whitfield:?

Lepteena barabuensis Whit-
field.

Metoptoma
Whitfield.

Metoptoma recurva Whit-
field. .

Metoptoma similis Whit-
field.

Metoptoma retrorsa n. sp.

Scaevogyra sweezeyi Whit-
field,

barabuensis

Scevogyra elevata Whit-
field.
Scevogyra obliqua Whit-
field.

Dikellocephalus barabuen-
sis Whitfield.
Dikellocephalus

Whitfield.
Illzenurus convexus Whit-
field.

eatoni

1 Geology of Wisconsin, vol. 2, p. 594, 1877.
3 ldem, vol. 4, pp. 194-204, 1882.
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Whitfield states that a single specimen of a
rather peculiar species of Stromatopora was
found loose near the top of the quarry, but
that marks of abrasion indicated that it might
possibly have been derived from some other
locality.

In the course of the examination of the Men-
dota limestone near Madison, the writer col-
lected certain fossils from a small outcrop in a
cut on the Chicago, Milwaukee & St. Paul Rail-
way about a mile west of the university, on the
north line of the NW. 4 sec. 21, T. 7 N., R. 9 E.
(Madison Township). This outcrop, which was
near the chute used for loading rock from the
adjacent quarries, was a dirty buff, uneven-
bedded, irregular, loose-textured magnesian
limestone. It occurs at about the same level
as outerops of limestone believed to belong to
the Mendota, which is exposed in cuts at several
pléces eastward to the crossing near the univer-
sity. It is also at the same elevation as the
hard yellow limestone reported by Irving as
having been penetrated beneath the Madison
sandstone in a near-by well * and referred to
the Mendota, The fossils from it were exam-
ined by E. O. Ulrich, who identified Archina-
cella simalis Whitfield, Scavogyra elevata
Whitfield, Billingselle barabuensis Winchell,
Dikellocephalus eatoni Whitfield, and Hyo-
lithus n. sp. Ulrich states that these fossils
leave scarcely a shadow of a doubt as to the
exact equivalence of the rock near Madison to
that in the Eiky quarry near Baraboo.

Fossil material was collected by the writer
from loose blocks of limestone lying at the base
of the bluff of Mendota limestone and Madison
sandstone at McBrides Point, now Farwells
Point, on the north shore of Lake Mendota.
It was thought that the loose blocks were from
the Mendota limestone above, though the fos-
sils were not seen in the rock in place by the
writer. Ulrich states that the material sub-
mitted t6 him from this locality agrees with
that cited above as collected near Madison, and
he concludes, therefore, that the rock at Eiky’s
old quarry in the Baraboo basin is also Men-
dota limestone.

Sandstone is exposed in the road on the slope
both above and below the level of the limestone
at Eiky’s quarry. Insec. 30, T.12 N, R. 8 E.
(Caledonia Township), about a mile somewhat
south of east from Eiky’s quarry, rough-tex-
tured cherty limestone, like the typical Lower

3Idem, vol. 2, p. 604,
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Magnesian limestone, is exposed at a baromet-
ric elevation of 40 to 50 feet above that at
Eiky’s quarry. About 80 rods southeast of
the quarry, in sec. 25, T. 12 N,, R. 7 E. (Green-
field Township), between the two outcrops of
limestone, rises an abrupt.cliff known as Pine
Bluff. Rock is not exposed below a level 75
feet above the top of the limestone in the old
Eiky quarry, but from this level a bluff of sand-
stone rises 135 feet or 1,320 feet above sea level.
This sandstone Irving described as follows: *

Its lower layers are medium-grained, very friable
brownish banded sandstone, composed of very much
rolled quartz grains; further up, some bands of bright-red
sandstone are included, whilst near the summit are a
number of rapidly alternating, red, white, and yellow
bands of quite fine grained and saccharocidal sandstone,
the whole thickness being 135 feet. .

Similar sandstone, streaked and mottled,
light colored, buff, brownish, and red, occurs
as isolated hills rlsmg above the Lower Mag-
nesian upland plain in the southern part of
T. 10 N., R. 9 E. (Arlington Township), 13
miles southeast of Pine Bluff. These are rem-
nants of the St. Peter sandstone or of a sand-
stone more closely associated with the Lower
Magnesian limestone. (See p. 82.)

The eievation of the sandstone in Pine Bluff
corresponds with that of the St. Peter sand-
stone in the remnants noted in Arlington Town-
ship and with that forming* the cliff on the
upper part of Gibraltar Bluff in sec. 18, T. 10
N, R. 8 E. (Lodi Township).

From these facts it appears that the rela-
tions in the vicinity of Pine Bluff are as fol-
lows, viz: (1) The limestone at Eiky’s quarry
is Mendot&, and the sandstone exposed higher
up in the slope is probably Madison. (2) The
Lower Magnesian limestone a mile southeast
of Eiky’s quarry is probably absent from Pine
Bluff, or if present is thin and covered with
talus. (3) The sandstone exposed in Pine
Bluff is St. Peter sandstone or is part a sand-
stone which is more closely associated with the

Lower Magnesian limestone and into which

this limestone is, in places. seen to grade later-
ally within a dlstance of a few yards or rods.
The second outcrop of limestone to which
reference was made above as occurring within
the Baraboo is 2 to 3 miles southeast of Bara-
boo, at Wood’s old quarry, in the SW. § seec. 10,
T. 11 N., R. 6 E. (Baraboo Township). This
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limestone is heavy bedded, porous in part,
mottled buff and purplish, and carries some
greensand. In texture it resembles that at
Eiky’s quarry. No fossils are reported to have
been collected from this, but the writer noted
the imprint of a coiled gastropod Traces of
Cryptozoon-like structure are .also present in
the rock at Wood’s quarry. The rock does not
carry chert, as does the Lower Magnesian lime-
stone. in sec. 30, T. 12 N., R. 8 E. (Caledonia
Township) ; but Irving was inclined to con-
sider it Lower Magnesian, particularly because
he found in the bank of Skillet Creek, one-third
mile north, beneath an intervening sandstone,
at a level about 40 feet lower, an outcrop of 15
feet of yellowish rough-faced limestone closely
resembling the Mendota limestone. The slight
exposure seen by the writer was buff to pur-
plish sandy limestone and calcareous sandy
limestone, much like the usual Mendota beds.
A. C. Trowbridge collected Lingula from these
layers. The fact that the sandstone at Skil-
lets Falls below the lower limestone beds does
not resemble the usual infra-Mendota beds led
Irving to ask, ‘Do the two limestone layers,
with the intervening sandstone, form a patch
lying on the eroded surface of much older sand-
stone represented by the indurated rock at the
falls, as suggested in the case of the limestone
of Eiky’s quarry?” Ulrich regards the lime-
stone at, Wood’s quarry as the same as that at
Eiky’s and as that noted in the railway cut
near Madison and hence as Mendota, and he
considers the shaly limestone in the creek bank
below to be St. Lawrence and the intervening
sandstone to be Jordan.?

Irving reported Cambrian fossils from large
loose masses of sandstone on a projecting point
of the north slope of the quartzite range, about
3 miles east of Wood’s quarry, on the east line
of theNE. }sec.13,T.11N., R.6 E., at elevations
of 560 feet above Lake Michigan (1,100 to
1,140 feet above the sea level) and 70 to 110
feet above the limestone in Wood’s and Eiky’s
quarries.

If the rock in Wood’s quarry is really below
the Lower Magnesian horizon, as that at

| Eiky’s quarry appears to be, then these fossil-

iferous blocks occur at a level corresponding
to the base of the Lower Magnesian lime-
stone or the top of the Madison sandstone as

"1 Geology of Wisconsin, vol. 2, p. 594, 1877.

2 Personal communication, November, 1914,
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projected,in the writer’s cross sections and not
at an abnormally high level for Cambrian.
Though the quarries are within the limit of the
glacial advance the sandstone blocks are
thought to be near the parent ledges. There
is, however, a possibility that they were
brought up from even lower levels by the ice,
and as this is the only reported occurrence of
fossils in ths high-level sandstones their import
is somewhat uncertain.

At numerous places on the slopes of the
quartzite ranges sandstone occurs at various
elevations ranging from those corresponding to
the Cambrian sandstones up to levels cor-
responding to or even above those at which
the Lower Magnesian limestone, if restored,
would be in contact with the quartzite slopes.
In most places the sandstone is not contin-
uous from the lower to the highest levels, but in
some places, as in the sandstone bluff flanking
the south slope of the quartzite ridge 2 miles
east of Devils Lake in the SE. % sec. 20, T. 11
N., R. 7 E. (Merrimac Township), it extends
continuously upward clear through the horizon
of the Lower Magnesian limestone. There is
thus some ground for thinking, as suggested by
Irving, that the quartzite ranges were nearly
or quite buried in a great sandstone formation,
ong before the deposition of the Cambrian
sands, and that this formation was largely dis-
sected and removed by erosion before the in-
cursion of the later Cambrian sea.

Certain observations of the writer favor this
interpretation. In the NE. sec. 12, T. 11 N,
R. 8 E. (Dekorra Township), the Cambrian
sandstone is exposed down to the level of the
water in the river, about 800 feet above sea
level, affording a view of one of the lowest
horizons of the Cambrian exposed within this
area in the vicinity of the Baraboo Bluffs.
There is here a 30-foot bluff of which the lower
part is soft white fine-grathed friable sand-
stone, topped by a 1-foot projecting ledge of
buff calcareous cross-bedded sandstone. In
this upper layer rounded disklike pebbles of
calcareous sandstone, somewhat harder than
the matrix, form a conglomerate. No pebbles
of quartzite were noted with these. A similar
conglomerate layer with pebbles of sandstone
was seen in the SW. } sec. 27, in the lowest
sandstone exposed, about 5 feet above the road
in a small ravine. Some similar pebbles were

- (Baraboo Township).
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also seen in a layer about 10 feet higher up.
In the NE. } sec. 29 and the SE. } sec. 20,
T. 10 N, R. 8 E. (Lodi Township), a 2 to 2%
foot bed of similar conglomerate is exposed in
the slopes of the small valley at a barometric
elevation of 860 to 875 feet. In the west part
of the lower south slope of Gibraltar Bluff, in
the SE. % sec. 13, T. 10 N, R. 7 E. (West Point
Township), the same conglomerate is exposed
at about the same level, or about 140 feet below
the base of the Mendota limestone. These
pebbles have the form of well-worn beach peb-
bles and, being of sandstone, indicate that the
waves must have been eroding an indurated
sandstone when the Cambrian sands were being
deposited.! The fact that no quartzite pebblés
were seen in this conglomerate, though such
occur in the overlying sandstone in some of the
same exposures, suggests that the quartzite
ranges were largely enveloped in sandstone, and
hence were not yielding quartzite pebbles to the
beach. A. C. Trowbridge informed the writer
that be had observed similar sandstone-pebble
conglomerate at the corner 80 rods southeast
of Wood’s quarry in sec. 10, T. 11 N., R. 6 E.
This is 60 to 70 feet
(barometric) lower than the limestone exposed
in the quarry.

BASAL CONGLOMERATE.

Where the Cambrian sandstone is in contact
with the Baraboo quartzite it usually includes
a basal conglomerate of pebbles and bowlders
of quartzite worn and rounded by wave action
and embedded in sand. Very fine exposures of
this conglomerate occur at several -easily
accessible points. At the Upper Narrows of
Baraboo River it banks against the north and
south slopes of the quartzite core of the ridge’
and extends in horizontal layers unconformably
across the edges of the upturned quartzite beds.
It has similar relations at the Lower Narrows.
On the east bluff at Devils Lake, above the
site of the old Cliff House, between 1,200 and
1,300 feet above sea level, about 15 feet of basal
conglomerate overlies the low-dipping quartz-
ite. ‘The lower part is thickly crowded with
pebbles and bowlders of quartzite ranging in

1 Ulrich suggests that these may be intraformational tidal-flat pebbles
produced by gentle washing of fragments of muddy sands which, while
exposed at low tide, had dried out and hardened sufficiently to break
up and withstand gentle washing by the returning tide.
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size from a fraction of an inch to 5 feet or more
in diameter. The conglomerate occurs in con-
tact with the lower slope of the quartzite in
the very picturesque ravines known as Parfreys
and Dorwards glens, in the NW. % sec. 23, T.
11 N, R. 7 E. (Merrimac Township), and the
SW. 1 sec. 7, T. 11 N.,, R. 8 E. (Caledonia
Township), respectively. Small pebbles of
quartzite have been noted in the sandstone as
much as 5 or 6 miles south of the south range,
and Irving ! reports the occurrence of quartz-
ite pebbles in Lower Magnesian limestone in an
exposure on the prominent isolated bluff in the
NE. % sec. 20, T. 10 N., R. 7 E. (West Point
Township). '

Irving 2 suggests the following alternative
explanations of the occurrence of the high-level
sandstones on the quartzite ranges:

It might be supposed that the wear of the quartzite
ranges continued to produce sandstone and conglomerate
beds during the growth of the limestone in the deeper
water near by, but the suddenness of the transitions, the
occurrence of Potsdam fossils in the sandstone, and the
existence of the limestone layers close to and within the
quartzite ranges appear great difficulties in the way of
such an explanation. That the high-level sandstones
represent really an older series, upon whose eroded upper
surface rest the calcareous sandstone of the Potsdam, the
Mendota, the Madison, and the Lower Magnesian, appears
a more satisfactory explanation, but one which meets a
considerable difficulty in the occurrence of upper Potsdam
fossiis in the high-level beds, and one which I am some-
what loath to advance, as too bold a generalization from
the facts in hand. . It is not impossible that the true ex-
. planation may lie in the supposition that during the depo-
sition of the Potsdam series the quartzite ranges, being
high islands and reefs in the ancient seas, received syn-
chronous littoral depositions at high and abnormal alti-
tudes, the sand and bowlders for these depositions coming
from the wear of the quartzite itself.

In this connection it is interesting to note
that similar basal conglomerate is found on the
slope of the quartzite at one point in the Water-
loo at an elevation corresponding to the Lower
Magnesian limestone or the St. Peter sand-
stone. (See pp. 66 and 69.)

The basal conglomerate on the slopes of the
eastern part of the Baraboo ranges was prob-
ably the source of many of the bowlders and
pebbles of quartzite found in the drift, particu-
larly south of the bluffs. The erosion and dis-
integration of this conglomerate on the slopes
west of the limit of the ice advance gives rise in

1Irving, R. D., Geology of Wisconsin, vol. 2, p. 587, 1877,
2 Idem, pp. 538-539.

QUATERNARY GEOLOGY OF SOUTHEASTERN WISCONSIN.

places to deposits which closely resemble heter-
ogeneous glacial drift.and some of which have
been regarded as evidence of an earlier -and
greater extension of the ice beyond theline of the
terminal moraine.® Close inspection of; these de-
posits, however, failed to show the presence of
a single piece of foreign material, so that they
can not be regarded as deposits of glacial drift.
In places the quartzite pebbles are so well
rounded and assorted that, where the matrix
has disintegrated or been removed, they may
be mistaken for beach deposits of a Quaternary
lake.

- ORDOVICIAN ROCKS.
LOWER MAGNESIAN LIMESTONE.4

CHARACTER AND OCCURRENCE.

Conformably overlying the Cambrian sand-
stone is a body of dolomitic limestone to which
D. D. Owen gave the name Lower Magnesian.
It outcrops across the northwestern part of the
area from northeast to southwest as an irregular
belt and underlies the uplands east and south
of the sandstone lowlands bordering Fox and
Wisconsin rivers. Its margin was greatly dis-
sected prior to the incursions of the glaciers,
and remnants of it cap many abrupt salient
ridges and isolated outliers which rise from the
sandstone area. To the east and the south the
dip carries it under the younger deposits within
5 to 15 miles from the margin. Prior to the
deposition of the drift it was also exposed in
the basins of Rock and Sugar rivers, where
erosion had worn away the*overlying beds.
The location of the boundaries within the
glaciated area is largely approximate, being
based on records of wells, numerous small ex-
posures, and general topographic conditions.
In the mapping of this formation, as in that of
each of the others, the delineation is based
principally on the field observations of the
writer and his assistants, supplemented in large
measure from the mapg of the Wisconsin Geo-
logical Survey. , .

3 Weidman, Samuel, The Raraboo iron-bearing district of Wisconsin:
Wisconsin Geol. and Nat. Hist. Survey Bull. 13, p. 101, 1904.

40 wing to the slight increase in knowledge of the rocks of this part of
the Paleozoic section in southeastern Wisconsin since the publication of
the early Wisconsin Survey classification this name, applied by that
Survey, is used in this report. The name Prairie du Chien formation
has been used in the Lancaster-Mineral Point quadrangle, whichadjoins

“| the southern part of the western boundary of this area, but its applica-

bility over the whole State has been questioned.
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The base of the formation is generally regu-

lar, but the upper surface is notably irregular,
and the limestone varies in thickness from
nothing to 250 feet. Within the belt of out-
crop very much erosion has taken place since
the removal of the superjacent beds, but even
where these formations still cover this lime-
stone the variation is quite as great. As noted
below, it is not always possible to determine
from the records of the wells just what material
should be included in this formation. In places
where the limestone is thin or absent there are
shales and sandstones which can not every-
where be differentiated from the overlying and
underlying formations. As nearly as can be
determined, however, the following are the
thicknesses of this formation at several points

“where the presence of the overlying formations

shows that no removal of the deposits has taken
place since Paleozoic time:

Thickness of Lower Magneswn limestone as penetrated by

O o3

10.
1.
12.

13.

14.

15.

16.

17.

18.

wells.

Feet.

. Mount Calvary monastery well, sandstone and
Limestone mixed............ .. l.o.iii... 180

TFond du Lac, city well, red, brown, and pink
shale and gray shale or limestone............ 125
. Fond du Lac County insane hospital, limestone. 15
Elmore, Ulrich Legler’s well, limestone........ 240

. Waupun, old city well on main street, chocolate
and gray shale and “flinty rock”............ 15

. Waupun, city well, at pump station, cherty gray

limestone...........ooooeii it 17|

. Juneau, well at standpipe, red shale........... 35
. Juneau, city well at pump station, red shale. .. 90
. Horicon, Campbell and Wilcox well, red shale.. 34
‘Oconomoc, city well, limestone............... 43
Watertown, city well, limestone.............. 2

Watertown, Fred Miller's well, white, shaly
limestone, including 3 feet of blue clay...... 21

Watertown, Illis A. Mendenhall’s well, sandy
limestone. .. ... ... it 11

Portland Township, sec. 29, Knowlton's well,
red shale 40 to 50 feet cherty limestone 40

Waterloo, Llewellyn’s well, red sandstone 30

feet, red shale 40 feet, red limestone, sandy in

lower part, 40 feet..........ocoiiiiiiaaa. . 110
Waterloo, city well, shaly rock 12 feet, sand-

stone, red limestone, white limestone 109 feet,

red limestone 9 feet....... .. . ........... 130
Waterloo Iron Mining Co.’s shaft and drill hole,

sec. 13, Medina Township, red, purplish, and

buff shale and limestone 32 feet, cherty gray

dolomite and sandstone 29 feet_ ... ......... 61
Mequon, Ozaukee County, Chicago & North-

western Railway well, red sandstone (pos-

sibly St. Peter or Cambrian)................. 100

Feet.

19. Milwaukee, red ‘““marl” 80 feet, limestone 170
feet el 250

20. Milwaukee, Lake Park well, absent or all sand-
171034 V< 141

21. Milwaukee, E. P. Allis’s works well, absent or all
sandstone or red “marl”. ... L. 70
22. Milwaukee, Miller’s brewery, red “marl” ..... 60
23. Wauwatosa, city well, absent or all sandstone .. ?
24. Elm Grove, convent well, limestone........... 110
25. Waukesha, city well, limestone................ 80
26. Racine well, limestone....................... 100
27. Racine, Lakeside well, limestone.............. 160

28. Racine, Horlick Milk Co., gray dolomite 40 feet,

dolomitic sandstone 20 feet, yellowish dolo-
mite 30 feet. ... ..o i 90

29. Kenosha, malt house well, limestone 80 feet,
red “marl” (possibly Mendota) 20 feet...... 100

30. Western Union Junction (Corliss), Chicago, Mil-
waukee & St. Paul Railway well, limestone .. 141
31. Union Grove, village well, absent or all sand-

stome. .. ... ..oi.ii.s et 7
32. East Troy, Stephen Field’s well, bluish shale,

buff, white, and gray limestone............. 64
33. Palmyra, ‘“‘oil well,” calciferous sand rock..... 62
34. Whitewater, city well, interbedded limestone,

sandstone, and shale........................ 60

34a. Mayville, Northwestern Iron Co. well, gray

and red chert 4 feet, red shale and white

sandstone 16 feet, blue shale 20 feet .. ...... 40
35. Edgerton, Chicago, Milwaukee & St. Paul Rail-

way well, brown sandstone (possibly St. Peter)

47 feet, red shale 123 feet................... 170
36. Janesville, Rock County poor farm, limestone 70
37. Rock Township, Riverside farm well, sec. 15,

hard white limestone....................... 80
38. Albany Township, sec. 30, William Smiley well,
cherty limestone. . .......oovvivniennniiaan. 30

39. Brodhead, city well, calcareous shale, sand-
stone, and hmestone interbedded 54 feet,
gray crystalline limestone 33 feet........... 87

1,3, 4, 5. William Sealey, driller, Fond du Lac, Wis.

2. W. G. Kirchoffer, in files of Wisconsin Geol. Survey, grouping by
the writer.

6, 8, 9, 17. Examination of samples of drillings by writer.

32. Same, preserved by Mr. Arthur Smith, Burlington, Wis,

33. Same, with data from the owner.

7. J. V. Roller, driller, Beaver Dam, Wis.

10. Wisconsin Univ. Bull., Eng. ser., vol. 3, p. 210, by W. G. Kirchoffer .,

11, 12, 13. E. A. Mendenhall, driller, Watertown, Wis.

14, 15, 16. Joseph Scheberly, driller, Waterloo, Wis.

18. Paul Pankoff, Cleveland, Wis. -

21. Data from Mr. Allis by Miss Harriett Merrill, Downer College,

19. Walter Burrows, in files of Wisconsin Geol. Survey.

20, 22, 23, 24, 25, 27, 29. F. M. Gray, driller, Milwaukee, Wis.

26, 30, 33. Geology of Wisconsin, Vol. 2, pp. 161-163, 1877.

31. William Morgan, Union Grove, Wis., and examination of samples
by writer. '

34. Record by Edward Inglebretson at State Normal School, White-
water, Wis.

35. A. R. Schultz, from Chicago, Milwaukee & St. Paul Ry. Co

36, 37. E. Hindes, driller, Janesville, Wis.

39. Record by William Roantree and R. Boughton, Monroe, Wis.,
and examination of sample drillings by writer.

28, 34a. Wisconsin Geol. Survey.

The above data show the variations of thlck-

ness and composition which characterizes the
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formation where the superjacent deposits have
not been removed by erosion. Not all these
characters are well exhibited, however, in
erosional outcrops. The shales and sand-
stones were so easily eroded after the protect-
ing cover had been removed that, with few ex-
ceptions, only the magnesian limestone is seen.
This limestone has quite distinctive characters
and is usually readily distinguishable, whether
as exposed ledges or as fragments in the glacial
drift. It is principally of a dull-grayish or
dirty-buff color and of very uneven crystalline
texture, consisting of intermingled dense gray-
ish compact limestone and portions where the
dolomite crystals are but loosely aggregated.
(See PL. X, B.) This irregular texture results
in the ledges having a very rough, ragged sur-
face after long exposure to- the weather, as
the looser parts are much more readily dis-
solved out than the denser parts. A great
deal of chert or flint, white, yellow, and
reddish, is disseminated throughout the lime-
stone, not in rounded nodules but in irregular
patches. Portions of the rock are marked by
many small irregular cavities into which silica-

"bearing waters have penetrated, lining the
cavities with chalcedonic layers of quartz, upon
which are superposed beautifully tinted quartz
crystals. Where ledges have been so long ex-
posed to the weather that the limestone has
been partly dissolved away, the masses of
chert and the siliceous linings of the cavities
protrude, giving the rock an exceedingly ragged
surface. Fragments of such rock were abun-
dantly scattered over the surface ( and are now
largely -gathered in piles along the fence lines)
in those parts of the belt of outcrop where the
formation has been much dissected by solution
and erosion. These were particularly notice-
able in portions of Green Lake and Columbia
counties.

In the town of Westport, north of Lake
Mendota, - rock obtained from the formation
for the construction of the Mendota insane
hospital differed from that of other exposures,
being of fine, even texture, and fairly regular
bedding. In a section of 18 to 20 feet the
rough-textured rock was noted only in a part
of one layer near the middle of the section. At
a few other places even-textured limestone was
seen that evidently belonged to this formation
but that even more closely resembled parts of
the Trenton limestone, and probably could not
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be distinguished from it when incorporated in
the drift.

A feature characteristic of the lower part of
the formation is the presence of calcareous or
siliceous oolite—that is, a rock composed of
small rounded pellets, like fish eggs, about the
size of a pinhead, closely set in a calcareous or
siliceous matrix. The oolites when broken
are seen under a magnifying glass to be com-
posed of concentric layers enveloping a central
sand grain. Some of the oolites are calcareous
and others are siliceous, possibly as a later re-
placement by silica after removal by solution
of the calcareous matter. The oolitic layers
are particularly well developed in the vicinity of
Madison, where they areexposed in the quarries, -
a section of one of which is given below:

Section of Lower Magnesian limestone at city quarry,
Madison (NW.  sec. 21, T.7 N., R. 9 E.)

Ft. in,
Weathered, rough textured cherty dolomite. . . ... 9
Same. ..o e 19
Very cherty limestone, with thin curving laminze
and streaks of dense brownish chert with con-
centric structure, and some soft white chert..... 2 6
Dense gray limestone, with chert nodules; cherty
and uneven at bottom......... ... ... 1.4
Mottled buff-grayish limestone. .................. 3 3
Same, rough textured..................... .. ... 1 4
Fine-grained even-textured oolitic buff limestone. 1 6
Rough-textured thickly laminated limestone. ... .. 17
Uneven-textured loosely crystalline limestone. . ... 10
Very rough open-textured limestone. ... ......... 3 2
Irregular soft shaly buff and greenish limestone.... 1 3
Hard cherty oolitic limestone cavities lined with
quartz crystals; some manganese dioxide........ 1 4
Oolitic limestone with chert bands. .. ............ 16

Fine dense buff limegtone containing quartz grains. 2 6
Even-textured oolitic limestone with undulating

laminee. ... 10
Very fine grained even-textured buff limestone,

with greenish streaks. . ..... .. ... ... ..ol 6
Oolitic limestone containing angular fragments of

dense buff limestone..................c...o.. .. 7

Transition bed (buff sandstone 2 inches, white
soft sandstone 3 inches, buff sandstone with thin
layers of iimestone 9 inches)............... . ... 12

Another feature is the development of small
domes in the bedding varying in size from a
few inches to a few feet in diameter, giving
structures such as those noted in the Mendota
limestone (p. 74), some of which are probably
related to the structures or growth known as
Cryptozoa. Typical development of Cryp-
tozoa seem to occur in the formation in some

-
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places. Though they have not been seen in
place in the rock, specimens. have been found
< loose upon the surface. One of the best of
these, 2 to 3 feet in diameter, was seen on the
south line of the northwest quarter of sec. 2,
T. 13 N,, R. 12 E. (Randolph Township).

Not only is the rock of irregular crystalline
texture but, as pointed out by Irving and Cham-
berlin,! it is characterized in places by brecci-
ated layers, composed of angular fragments of
limestone embedded in a limestone matrix, as
though some layers after partial solidifica-
tion were broken up as deposition continued.
Bedded parts also grade into massive parts
without regular lines of bedding, and there is
often doming of the layers as though due to
upheaval. Chamberlin showed that such dis-
turbance as occurred must have taken place
while yet deposition continued, as often the
more regular layers continue up over the domes
or mounds in such way as to indicate that the
upheaval had not occurred subsequent to their
deposition.

Fossil remains from the Lower Magnesian
limestone are very meager, and it is probable
that those which have been referred to this for-
mation from Eiky’s quarry in the Baraboo
basin belong to a lower one.

It is reported that a small amount of galena
was taken years ago from the hill in the N. }
sec. 20, T. 6 N., R. 9 E. (Fitchburg Township).
The rock exposed resembles Lower Magnesian
limestone and is regarded as such by the
writer. .

The most northwesterly remnants of the
Lower Magnesian limestone occur as cappings
of sandstone bluffs in the SE. } sec. 7 and the
SW. & gec.3, T. 17 N., R. 8 E. (Springfield
Township), Marquette County. At the more
- easterly of these two exposures, 2 miles west of
Liberty Bluff station, an old quarry in the
lower part of the west end of Lime Bluff ex-
poses a great mass of limestone whose bedding
dips into the hill at various angles up to nearly
vertical, and which has evidently been dis-
turbed. The rock at this exposure is fully 100
feet below the level of beds still in place
on the upper east end of the bluff. The eleva-
tion of the contact of the limestone and the
underlying sandstone was not determined on

1Irving, R. D., and Chamberlin, T. C., Geology of Wistonsin, vol. 2,
Pp. 268-285 and 547 et seq., 1877,
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this biuff, but its elevation on the bluff in sec.
7, even allowing for a lowering of 100 feet or
less in the distance of 2 to 24 miles, shows that
the exposed ledge has been dislocated, for the
normal position of the base of the dolomite is
well above the top of the west end of the bluff.
It is probable that the rock exposed in the
quarry was originally on top of the bluff, per-
haps as a tower-like erosion remnant. This
was either undermined by the crumbling of
the underlying sandstone so that it slid down
the west face of the bluff or it was dislocated
by the glacier advancing westward and over-
riding the bluff. (See pp. 207-208.)

RELATIONS TO OVERLYING SANDSTONE.

Much of the unevenness of the upper surface
of the limestone formation is due to its mound
structure, but some of it was probably due to
the deposits having emerged from beneath the
sea, at least locally, and having been dissected
by erosionand weathering. Atnumerousplaces
in the vicinity of Albany, Green County, in the
Sugar River valley, there is upon the surface of
the limestone a bed of loose chert such as would
be left as a residuum of long weathering and
erosion. In astreetcut just northof theschool-
house at Albany, 3 to 5 feet or more of this
loose chert was seen overlying a rounded and
weathered surface of the limestone and under-
lying the undulating basal layers of sandstone,
in whose lowest layer fragments of chert were
included.

At very many places throughout the belt of
outcrop where the surface of the limestone has
not been eroded or stripped clean of the less
consolidated overlying beds, there are small
exposures of reddish, purplish, bluish, greenish,
or white clayey shale or sandy shale at or near
the contact between the limestone and the
overlying sandstone. Most of the exposures
are so poor that the relations can not be clearly
seen, for where there is good exposure the
shales, being soft and easily eroded, are readily
washed away. Where penetrated by wells con-
siderable thicknesses of the shale and associated
sandstone are seen to occur. There is, however,
one fairly good exposure of the limestone, shale,
and sandstone in which the contact is not one
of unconformity due to erosion but is an actual
lateral gradation from the mound of limestone
into the other deposits. This exposure is in a
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cut on the Illinois Central Railroad, 4 miles
south of Belleville, Wis., in the NW. 4 sec. 29, T.
4N., R.8 E. (Exeter Township), Green County.
The section afforded by this cut is as follows:

Section in Illinois Central Raslroad cut 4 miles south of
Belleville, Wis.

Trenton limestone. . ..........cooiiiiiiiiaaa..
St. Peter sandstone; massive buff sandstone, partly
cross-bedded, dipping tosouth..................
Brown to reddish sandstone.......................
Massive buff sandstone. ................. .. et
Thin-bedded whitish sandstone and shaly sand-
stone, grading laterally into rough-textured,
partly brecciated Lower Magnesian limestone

forming alowmound *........ ... .. . .l 5-15

Careful examination shows thin layers of
sandstone intercalated between limestone layers
and also the actual lateral gradation of lime-
stone layers into sandstone within a few yards.
It looks as though the mound of limestone
might have been formed as a reef adjacent to
which sand was being deposited, the calcareous
and siliceous sediments being partly inter-
mingled. Similar conditions appear to be ex-
hibited in the railway cut just south of the
station at Basco, Green County, but the rela-
tions are badly obscured by talus. These con-
ditions raise some question as to whether all of
the sandstone is really St. Peter or whether the
lower part was not more closely associated in
its deposition with the formation of the lime-
stone. As already suggested (p. 76), it is pos-
sible that part of the sandstone of Pine Bluff
in the Baraboo basin may be this sandstone,
which is here so closely associated with the
shale and Lower Magnesian limestone. Beside
the shales, there are many occurrences of red
sandstone either just below the St. Peter sand-
stone or within its lower. part which the writer
thinks may perhaps really belong with the
Lower Magnesian formation. They are pene-
trated by many wells (see table, p. 79) but are
rarely exposed. At what exposures there are,
however, the sandstone differs from most of
the St. Peter formation in that infiltration of
silica-bearing waters has led to the rejuvena-
tion of a large part of the quartz crystals which
were deposited as rounded sand grains, so that

1 Ulrich suggests that beds in the lower 5 to 15 feet of this exposure
probably correspond to strata which in previous reports have been
called New Richmond sandstone and Shakopee dolomite.
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on the water-worn surface of these grains have
grown up the facets and pyramids of completed
crystals. In consequence.of this, fragments
instead of having the dull surfaces of the ordi-
nary sandstone, sparkle beautifully in the sun-
light. One exposure-of such red and yellow
sandstone occurs south of the road in the north

- part of sec. 10, T. 9N, R.10 E. (Windsor Town-

ship), Dane County.

The relations of the St. Peter sandstone and
the Trenton limestone to the uneven surface of
the Lower Magnesian limestone are interesting
and account for certain topographic features
in the belt of outcrop where the upper lime-
stone and the sandstone are largely removed
by erosion. That there is a marked uncon-
formity may be seen at many places. In con-
sequence of this the St. Peter sandstone varies
greatly in thickness. In many places, where
it fills depressions in the surface of the Lower
Magnesian, it thickens to 50 or 100 or more
feet, and in near-by places, where it overlies
elevations in the lower limestone, it is much
thinner. In not a few places, the base of the
Trenton limestone rests directly on top of hills
of the Lower Magnesian, with little or no
sandstone between. Furthermore, though not
noted in exposures, the Lower Magnesian lime-
stone is shown by well records to be in places
entirely absent, either having graded into a
sandstone or shale, or having been cut away
by erosion prior to the deposition of the St.
Peter, so that wells may penetrate hundreds
of feet of continuous sandstone, or with only
shale intercalated, below the base of the Tren-
ton limestone. This is the case in the vicinity
of Milwaukee, according to information fur-

‘nished the writer by F. M. Gray, a driller of

very wide experience.

The relations of the three formations are very
well exhibited in the west slope of the Ceresco
Valley at Ripon. Where the friable sandstone
is thick, a steep slope or bluff results about the
margin of the Trenton upland. Where it is
thin or absent the slope developed on the lime-
stones is much more gradual, and such locations
are likely to be selected for the building of roads
ascending the escarpment. From this it re-
sults that though the exposures afforded by
grading many of these roads show little or no
sandstoneé 50 or more feet of it may occur a
fraction of a mile distant on either side. From
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the vicinity of Ripon west and southwest to
the vicinity of Mitchells Glen, in the SE. } sec.
35, T. 16 N., R. 13 E. (Brooklyn Township),
there is an escarpment 100 feet or more in
height, and the glen itself is carved in sand-
stone fully 100 feet thick. Just a short dis-
tance east of this, however, and all about the
margin of the Trenton southwestward to Little
Green Lake, in southern Green Lake Township,
the sandstone is thin or absent, and the escarp-
ment becomes less abrupt, so much so that in
places it is entirely buried in the coating of
drift.. In the bluff on the north shore of the

lake the unconformable relations between the

sandstone and the lower limestone are again
exhibited. Similar relations are noted at many
places southwestward through Columbia, Dane,
and Green counties. . :
Where erosion has removed the Trenton cap-
ping and much of the sandstone has also been
washed away, peculiar topographic and strati-
graphic relations may result. The sandstone
being so friable is readily removed from the
undulating surface beneath, revealing a very
ancient topography. Inplaces, as near Albany,
ledges of St. Peter sandstone outcrop about the
base and slopes of Lower Magnesian hills.
Again, valleys in the upper formations on being
deepened may uncover hills of the lower lime-
stone which, with continued deepening of the
valleys, are left rising in the midst of the de-
pressions. Such are the hills in the midst of
the Black Earth Creek valley between Cross
Plains and Middleton. Low swells thus located
may have the form of drift hills and lead one to
suspect the blocking of valleys by drift dams
with consequent diversion of the streams.
Similarly the billowy surface due to some of
these rock swells simulates glacial morainal
topography and, where near the border of the
Driftless Area, may, unless scrutinized care-
fully, lead to wrong conclusions concerning the
extension of the older drift, which is at best
poorly developed in many places along this
border. The assistance afforded to erosion by
the exposure of the already uneven surface of
this formation probably accounts in large meas-
ure for the intricate dissection of the formation
in its belt of outcrop and the resulting irregular
topography. Because of these relations many
patches of St. Peter sandstone remaining within
the belt of outcrop of the Lower Magnesian
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limestone are not shown on the map and can
not be accurately delineated.

ST. PETER SANDSTONE.

Owing to the unconformity at its base and its
great variation in thickness the St. Peter sand-
stone (so named by Owen! from St. Peter, now
Minnesota, River) is-not generally continuous
over any very extensive area where the pro-
tecting cover of Trenton limestone has been
removed. Evenin the wider tracts so mapped
it is probable that if the drift mantle were
stripped off the formation would not be found
continuous.. As generally developed it con-
sists of loosely aggregated, well-rounded quartz
grains. - Small amounts of iron oxide vary the
color from pure white to buff or brownuish,
or even in places, as noted above, to yellow
and bright red. In the outcrops near Ripon
a beautiful salmon pink tint is often seen.
In places the iron content is concentrated in
the upper foot or so of the formation making
a firm cement so that ferruginous fragments
derived therefrom are frequently found upon
the surface or incorporated in the drift. Much -
calcareous cementing material is also noted.
In many places such parts give rise, on weath-
ering, to rounded pellets or curiously grouped
little balls of sandstone cemented with lime.
Bluish or greenish clay material also colors the
rock in places. Considerable red sandstone and
associated shale occur at the base or in the lower
partof the St. Peter sandstone, but part of this,
at least, should probably be grouped with the
underlying limestone. Thisis exposed in places
butis not frequently seen. The evaporation of
silica-bearing waters has, in places, caused
deposition of silica in the interstices between
the grains of the surficial parts of the rock and
has caused the formation of a hard quartzitic
crust, or casehardening, but in most places the
formation is too friable to be used as building
stone. Its principal economic use is for build-
ing sand, though it has been used to some extent
in the manufacture of glass. On long exposure
to the weather the rock crumbles to loose sand
and has contributed large amounts of sand to
the drift and to the soil in and near its belt of
outcrop. The effects of differential weathering

1 Owen, D. D., Preliminary report of progress of the Gieological Survey
of Wisconsin and Iowa up to Oct. 11, 1847: "U. 8. General Land Office
Rept. for 1847, 30th Cong., 1st sess., S. Ex. Doc. 27, pp. 160-173, 1847,
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of the harder and softer parts of the rock are
marked. The bluff shown in Plate X, A, is
beyond the limits of the glacial invasion and
has probably been exposed to the weather for
an exceedingly long time. The towers shown
in Plates X1, B,and XVI, A (p. 140), are within
the limits of the Illinoian glaciation and illus-

trate the amount of weathering since the dis-'

appearance of that ice sheet.

The thickness of the St. Peter sandstone
varies greatly below a maximum limit of about
200 feet. Where thicknesses of continuous
sandstone greater than this are penetrated
below the base of the Trenton limestone it is
probable that a part of the sandstone belongs
with the Lower Magnesian formation, the lime-
stone having given place locally to sandstone,
or that this formation is absent in consequence
of erosion prior to the deposition of theSt. Peter
and that the drill passes directly from the St.
Peter to the Cambrian sandstone.’

Though much thinner than the Cambrian
sandstone the St. Peter is continuous through-
out the part of the State covered by the later
limestones and extends far into neighboring
States, being one of the most important sources
of artesian water in all this region. The only
fossils known from this formation in this part
of Wisconsin are impressions of sea weeds
( Fucus) and worm borings (Scolithus) reported
by Chamberlin.? ‘

TRENTON ® LIMESTONE AND GALENA DOLOMITE.

Conformably overlying the surface of the
St. Peter sandstone is a considerable body of
magnesian limestone which, in Wisconsin, is
generally differentiated into two parts, the
Galena above and the Trenton limestone below.
In the southern counties the Galena and Tren-
ton, as differentiated by Chamberlin, are read-
ily distinguished by their physical character-
istics and fossil content.  Farther mnorth,
however, through Dodge and Fond du Lac
counties and into Winnebago County, the

1 The well of the Bradley Knitting Co., Delavan, Wis., drilled in 1915,
penetrated gray sandstone 130 ? feet, blue shale and buff to pink sandy
shale 135 ? feet, and layers of white and buff sandstone, pink shale, and
white chert 45 feet, a total of 310 fect, regarded by F. T. Thwaites as
probably belonging to the St. Peter sandstone, with no deposits referred
to the Lower Magnesian. -

2 Geology of Wisconsin, vol. 2, p. 288, 1877.

8 Owing to the fact that the increase in knowledge of the rocks of this
part of the Paleozoic section in southeastern Wisconsin since the publica-
tion of the early Wisconsin Survey classification has been slight, the
name applied by that Sufvey is used in thisreport. In the Lancaster-
Mineral Point folio (No. 145, U. S. .Geol. Survey) the name Platteville
has been applied to thi3 limestone.
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Galena is more like the Trenton and is not
readily distinguished therefrom without a
determination of the fossil content. Ulrich,
indeed, thinks it not improbable that the
Galena is really absent from this part of the
area. Within the limits of glaciation the lime-
stone is generally well covered with drift, being
seen only locally in small quariies and natural
exposures and nowhere in complete section.
At the base of the Trenton a few feet of transi-
tional deposits show the intermingling of sand
with the initial calcareous deposits. Above lie
a series of four sets of beds which, in many
places, though not.everywhere, are readily
differentiable; and above these is the Galena.

The transition beds as observed in numerous
places show a gradual change upward from
siliceous sandstone through sandstone with
some calcareous cement and magnesian lime-
stone with disseminated quartz sand grains to
magnesian limestone with little or no sand.
In some places thin layers of limestone and of
sandstone or shale are interbedded, the whole
rarely exceeding 3 to 5 feet. No detailed
examination of the characters of the Trenton
and Galena limestones in most of that part of
the area west of the Sugar River valley was
made by the writer.

Chamberlin recognized the following subdi-
visions of the Trenton (from above downward)
in eastern Wisconsin, each with the average
thickness noted: Upper blue beds 35 feet, upper
buff beds 55 feet, lower blue beds 25 feet, and
lower buff beds 25 feet. The buff beds,
which are not everywhere buff in color but
in places are in part at least bluish gray,
are generally of fairly even grain, uniform,
fine, crystalline, dense texture, regularly
bedded in layers about 4 to 14 inches thick.
Porous layers occur locally, and zones of
chert nodules were noted in the upper buff
beds. The rock is highly fossiliferous, the
forms being preserved usually as casts or im-
pressions. The original color appears to have
been bluish gray, but this is largely oxidized to
buff; and many of the thicker layers are still
bluish gray in the middle, though grading to
buff at the top and bottom of the beds. This
rock is wholly different in all these character-
istics from all phases of the Lower Magnesian
limestone except the most even and fine grained
and may usually be readily identified even as
small fragments in the drift.
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The blue beds contain much more argillaceous
matter and are largely thin bedded and shaly,
and the layers are in many places separated by
bluish or greenish clayey partings. These beds
are highly fossiliferous and in many places
are crowded with silicified fossils, especially
with corals, bryozoans, and small brachiopods.

Where exposed in unweathered quarry faces
the upper blue beds are in places compacted
into heavier layers, through which run thin

“dark lines of parting along which the rock
splits into thin layers with uneven surfaces;
and where long exposed to the weather these
- lines of parting open up so that the rock ap-
pears thin and shaly. Insome of the exposures
the character of the rock gradually changes
from the shaly blue layers to the buff Galena
above; at others the line of demarcation is
~ sharp, though no indication of a break in the
continuity of deposition has been noted by the
" writer.

In thickness the Trenton limestone averages
about 125 feet, but its full thickness is rarely
if ever seen in a single exposure, and it is not
usually possible to distinguish it from Galena
in such records and samples as are preserved
from the drilling of wells. In the southwest-
ern part of the area its thickness is in many
places less than 100 feet, rarely as low as 60
feet.

In the northern counties the Galena and
Trenton limestones underlie the drift in a broad
belt which varies in width from 15 to 20 miles
as far south as Dane and Jefferson- counties;
in the southern counties, Walworth, Rock,
Green, and Lafayette, the two spread over
three-fifths of the width of the area under dis-
cussion, including nearly the whole of Rock,
Sugar, and Pecatonica river basins and ex-
tending thence westward. Over considerable
tracts bordering these streams these limestones
were removed by erosion prior to the incursion
of the glaciers, disclosing the underlying forma-
tions. Through most of this belt east of Rock
River and on the uplands west of Sugar River
much of the Galena yet remains, but elsewhere
it is found only on the crests of the highest
ridges and from some of these even it is absent.

In the Driftless Area and the area of the
older drift and northward through Jefferson
Ccunty the Galena can usually be readily dis-
tinguished from the Trenton limestone by its
physical characters alone. North of this lati-
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tude the writer has found it difficult to dis-
criminate the two without the aid of fossil de-
terminations. As seen in the southern counties
the Galena is a buff, rather uneven textured,
earthy to finely crystalline, magnesian lime-
stone, regularly bedded in layers about 4 to
14 inches thick. It is generally porous, in
places showing small irregular cavities an inch
or so in diameter, and carries much white
chert in rounded nodules distributed along
more or less definite horizons. Where long
exposed to the weather, as it has been in many
places, especially in the area of the older drift
and in the Driftless Area, its softer and looser-
textured parts have been dissolved and have
crumbled away, leaving very rough, cavernous,
rotten-looking ledges that differ strikingly
from the bluish, shaly, upper layers of the
underlying Trenton. The more solid, thick
beds in some of the fresh quarry faces have a-
bluish-gray tint.

The removal of this limestone by solution
and from the breaking up of the rounded no-
dules it contains leaves a great quantity of
angular chert in the soil, particularly in the
Driftless Area and on the crests of the ridges
west of Rock River, where the drift is thin in
the area of the earlier glaciation. The lime-
stone carries many fossils, one of the most
common of which is Receptaculites, popularly
known as the ‘‘sunflower coral’’ because of the

‘resemblance the pores on its disklike surface

bear to the seeds in the center of a sunflower.
North of Jefferson County the rock, as seen
in most of the exposures, is not so irregularly
textured and is bluish gray instead of buff,
more closely resembling the heavier bluish
layers of the Trenton. It is regularly bedded
in 2 to 10 inch layers with infrequent frac-
tures so that large flagstones are readily taken
out. The beautifully glaciated upper layers
have been extensively used in Waupun for
sidewalks. In this part of the area the Galena
formed the floor of the broad monoclinal trough
along which advanced the axial flow of the
Green Bay Glacier and it probably underwent
very vigorous abrasion. - '
The Trenton and Galena limestones have
made very large contributions to the drift.
Very many of the hundreds of analyses made
by the counting and sorting of pebbles of the
drift show that they furnish 80 to 90 per cent
of the coarser easily recognizable material.
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As these pebbles are not the residuum from
long preglacial weathering of the limestones,
but are mostly sound, freshly abraded frag-
ments, their occurrence in the drift with so

much freshly ground calcareous rock flour,

largely from the same source, probably means
that considerable thicknesses of solid lime-
stone were removed during the successive ad-
vances of the glaciers.

Many wells show a thickness of 150 to 200
feet for the combined Galena and Trenton
formations; a number have been reported as
penetrating them for 200 to 250 feet, and a
few for greater distances. W. H. Pellington,
of Sharon, Walworth County, stated that
the village well at that place penetrated
335 feet of Galena and Trenton limestone,
which is very near the maximum for the rock
within the area. The thicknesses shown by
wells drilled within' the belt to the east, where
later formations yet remain, range from 150
to 350 feet, the average of 26 measurements
being 260 feet. B

MAQUOKETA SHALE (CINCINNATI. SHALE OF
‘ EARLY WISCONSIN REPORTS).

Overlying the Galena dolomite is a shale
which was called ‘‘Cincinnati” shale in the
earlier Wisconsin reports. It is stated by
Ulrich that its limits do not correspond with
those of the Cincinnatian series. The same
unit has been named the Maquoketa shale,
from its development in the region of Maquo-
keta, Iowa, and this name has been applied in
the Lancaster-Mineral Point folio.!

The formation, which consists for the most
part, so far as known, of soft bluish and green-
ish clay shale with some intercalated mag-
nesian limestone layers, is so little indurated
that it is readily removed by erosion where
the capping of Niagara dolomite no longer
remains. In consequence most of the shale
was probably stripped off the surface of the
Galena dolomite by erosion prior to the advent
of the glaciers, and much of what remained
was doubtless incorporated in the drift during
the glacial advance. Removal of the drift
would thus expose only the edge of the forma-
tion in the slopes below the Niagara escarp-
ment with a few outlying thin patches. At
present only very small exposures. of the

1. 8. Geol. Survey Geol. Atlas, Lancaster-Mineral Point folio (No.
145), p. 7, 1907.
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uppeimost part of the shale remain within this
area. It is thought to overlie the Galena
dolomite conformably, but the contact has
nowhere been seen by the writer.

Seven miles north of the north limit of the
area described at the Stockbridge brick works
on the east shore of Lake Winnebago 30 or 40
feet of the shale is exposed in a clay pit, where
it is being excavated for the manufacture of
brick. The deposit is principally bluish-gray
clay shale, which is so soft as to be excavated .
with a plow and scrapers drawn by horses.
Two hard highly fossiliferous layers, one
6 to 8 inches thick, the other 12 to 14 inches -
thick, are exposed in the upper part of the
excavation about 25 feet above the level of the
lake. The slope above is grassed over, but
slight exposures of the shale occur in gulleys
nearly up to the base of the Niagara dolomite
ledge which caps the slope nearly 165 feet
above the lake. The general character of the
formation in the area under discussion is
known from the descriptions of numerous
drillers. In his description of the formation 2
Chamberlin states that a shaft was sunk in
it in search of coal in sec. 24, T. 7 N., R. 18 E.
(Delafield Township), south of Lake Pewaukee.
““The shaft and boring together reached a
depth of 50 feet and showed an alternating
succession of blue shale and gray, yellow, and
blue limestone, associated with some crystal-
lized quartz, and with considerable iron
pyrites.”” Both Chamberlin and the writer
collected numerous fossils from the surface of
the dump from this old opening.

At the mine of the Northwestern Iron Co.,
24 miles north of Jron Ridge station, sec. 12,
T.12 N, R. 16 E. (Hubbard Township), the top
of the shale forms the floor of the open-cut mine.
Here the lower face of the uppermost shale
layer is covered with a very remarkable net-
work of varied and curious forms, which may
be of either organic or concretionary origin.:

In the drift in the vicinity of Eagle Chamber-
lin found material from this formation which
he described as follows: 2

In this vicinity the drift contains many blocks of a fine-
grained dark clay shale, and a lighter-colored olivaceous-
gray arenaceous rock, having a somewhat shaly struc-
ture. The two Kinds are not uncommonly united in one
bowlder, but the former soon disintegrates on exposure.
The slaty portion also contains many comminuted frag-
ments of Lingula, provisionally identified as Lingula

2 Geology of Wisconsin, vol. 2, pp. 316-318, 1877.
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magquoketa, and of indistinct graptolitic remains, similar
to Climaccgraptus. As this is a very soft rock, and the

blocks are little worn and are essentially confined to this.

vicinity, where the glacial moraine crosses the Cincinnati
belt, it is safe to conclude that it forms one of the members
of the Cincinnati group at this point.

The material composing the bulk of this
formation when exposed and wet forms an
exceedingly tenacious clay. Well drillers find
* it difficult to penetrate because of the manner
in which it sticks to the drill. It is believed
that the shale yielded considerable amounts
of this clay to the glaciers, especially to the
Green Bay Glacier, which advanced southward
directly along the trough in whose bottom and
east side the shale must have been exposed,
and that this ingredient was an important
factor in the development of the drumlins
of the area. Though probably present in the
drift in considerable amounts, little of it is
recognizable, most of it going to help form the
clayey matrix of the till. Shaly pieces and
fragments of thin silicified fossiliferous layers
have been noted but not in abundance.

The known thicknesses of the shale beneath
the Niagara dolomite range from 40 to 365
feet, the average of 36 measurements being
185 feet. Only three measurements were over
300 feet, William Sealey, well driller, Fond
du Lac, Wis., informed the writer that in drill-
ing the well at the Mount Calvary Monastery,
sec. 29, T. 16 N., R. 18 E. (Marshfield Town-
ship), Fond du Lac County, 365 feet of shale
were penetrated between the base of the Ni-
agara dolomite and the Galena. Allan Me-
Elroy, well driller, Waupun, Wis., stated that
his drill passed through 333 feet of shale be-
longing to this horizon in drilling a well for
A. J. Parratt, sec. 33, T. 14 N., R. 16 E. (Oak-
field Township), Fond du Lac County, and
Julius C. Green, well driller, Beloit, Wis., in-
formed the writer that in the well at the Spring
Creek creamery south of Lake Geneva, in sec.
33, T. 1 N,, R. 17 E. (Linn Township), Wal-
worth County, his drill penetrated about 300
feet into the shale without passing entirely
through it. ,

On the other hand, the thicknesses of shale
in several wells were much below the average,
“being but 40 feet at the Wisconsin Sugar Co.
factory in Menominee Falls, Waukesha County,

1 P. 8. Seigman, driller, Menominee Falls, Wis.
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80 feet at the Waukesha County poor farm
north of Waukesha,? 60 feet at F. A. Koepsell’s
place in sec. 5, T. 11 N., R. 17 E. (Herman
Township), Dodge County? and 52 feet at
Union Grove, Racine County.* Whether this
inequality is due to conditions of original depo-
sition or to unconformity either at the base or
top of the shale, the writer is unable to state,
although Chamberlin, as noted below, found a
slight unconformity between the shale and the
overlying iron ore.

The abruptness of the escarpment, which
would have a height of 300 to 500 feet or
more if the drift filling in the valley below were
removed, is largely due to the slight induration
of the shale, which was readily removed, while
the margin of the dolomite above was kept ab-

Tupt by the breaking off and sliding down of

great masses of rock. The effect of creep of
such masses on, the surface of the slippery wet
clay is well exhibited at many places along the
crest of the escarpment.

The occurrence in the southwestern part of
the area of remnants of the Maquoketa shale
and the Niagara dolomite in elevations known
as the Blue Mounds, in secs. 5 and 6, T. 6 N,
R. 6 E. (Blue Mounds Township), Dane
County, and in sec. 1, T. 6 N., R. 5 E. (Brig-
ham Township), Iowa County, is evidence of
the considerably greater former extension of
these deposits in the southern part of the State.
Other remnants occur farther southwest in the
Mineral Point quadrangle; and the shale has
also been mapped near the State line in the:
town of Gratiot at the southwest corner of the
area under discussion. As no detailed exami-
nation of this immediate vicinity has been made
by the writer, its present extension within the
bounds of the area has not been determined.
It is thus practically certain that the shale
once extended continuously over more or less
of the southwestern part of the area. Though
it can not be asserted that the shale was con-
tinuous from west to east across northern
Illinois and southern Wisconsin such may not
improbably have been the case. By far the
greater part of such former extension of the
shale was probably removed prior to the in-
cursion of the glaciers.

2 Mr. Bennett, driller, Pewaukee, Wis.
8 William Speeling, driller, Iron Ridge, Wis.
4 William Morgan, driller, Union Grove, Wis.



88
SILURIAN ROCKS.
‘“CLINTON’’ IRON ORE.

_ Overlying the Maquoketa shale in places
there is a bed of iron ore which Chamberlin
considered as representing the Clinton ore of
New York. Hall® regarded part of the dolo-
mite overlying the iron ore as probably belong-
ing to the Clinton formation but did not find it
readily differentiable from the Niagara dolo-
mite above. Chamberlin? however, saw no
good reason for the separation of the lower and
higher parts of the dolomite. He cites a slight
unconformity with the underlying shale as a
reason for not grouping the iron beds with the
shale formation.

" The iron ore is exposed below the Niagara
dolomite in the SW. 1 sec. 12 and the W. }
'sec. 13, T. 11 N., R. 16 E. (Hubbard Town-
ship), Dodge County. At the Northwestern
Iron Co.’s mine in the SW. } sec. 12, the ore
bed was well exposed at the time of the writer’s
visit in 1909, the overlying 10 to 20 feet of
Niagara dolomite having been stripped off sev-
eral square rods of the slightly undulating sur-
face of the ore. The thickness of ore exposed
varied from 15 to 25 feet and it was said that
a test drill hole a short distance back from the
bluff face showed a maximum thickness of 28
feet of ore. At the bottom of the ore bed and
the top of the shale there is a hard purplish
layer, partly indurated shale and partly ore.
Reference is made above to the remarkable
organic 'or concretionary structures on the
lower side of this layer. Just above this the
ore appears to be conglomeratic, containing
pebble-like nodules of soft ocherous rock. With
the exception of the uppermost foot or two,
which is of hard purplish-red hematite, the bed
consists of soft reddish-brown lenticular disks
averaging about one twenty-fifth of an inch in
diameter and resembling flaxseed, embedded in
a soft ferruginous matrix. Cross sections show
that these disks are made up of concentric
layers. The superintendent of this mine, B. W.
Vallat, stated that the bed worked in 1909
(when visited by the writer) carried about 51
per cent of iron, the lowest average being 45
per cent, and the hard upper layer carrying
60 to 61 per cent. The average silica is about

1 Hall, James, and Whitney, J. D., Report on the geological survey of
‘Wisconsin, vol. 1, pp. 57-59, 1862. :
2 Chamberlin, T. C., Geology of Wisconsin, vol. 2, pp. 327-328, 1877.
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7 per cent, phosphorus 1.2 per cent, lime 5 to
6 per cent, and magnesia 4 per cent. Old
workings expose the ore bed more or less con-
tinuously southward for about a mile, and
borings are said to show the presence of ore
for a mile or more northeastward, but to the
north and southeast it appears to pinch out,
though other masses unknown to the writer
may have been disclosed by test borings. The
bed seems not to be continuous for long dis-
tances, there being no other exposure along
the escarpment within this area.

There are two interpretations of such a con-
dition, one being that the ore accumulated in
local basins in the surface of the underlying
shale and was thus originally in lenticular
masses and was so covered by the deposition
of the overlying dolomite; in this case the
upper surface of the ore would not rise above
the surrounding surface of the shale. The
other interpretation is that the beds were
somewhat more extensive, whether accumu-
lated thus in basins in the shale or not, and
that they were exposed to erosion before the
overlying rock was formed, their present small
extent thus being due to erosional unconform-
ity. At one point just south of the mine the
ore has been worked out, and the exposure
shows the limestone ore bed, which is about 15
feet in thickness, pinching out a little back of
the bluff face. (See PL XTI, 4, p. 81.) At the
right of the opening the roof of dolomite drops
down in a contact wall which lay against the
edge of the ore that has been excavated.
The lower limestone layers are very irreg-
ular and ocherous from the intermixture of ore
with the calcareous sediments; higher up the
layers turn up slightly against the slope; and
above, the beds rise over the surface of the ore.
This appears to be not a relation normal to
continuous = conformable deposition but an
erosional unconformity. The present small
extent and local character of the ore deposits
appear thus, to some degree at least, to be due
to an interval during which the bed was ex-
posed to erosion prior to the submergence which
resulted in the deposition of thé overlying
dolomite. It may also be true that to erosion
occurring during this interval of exposure is
due the considerable variation in thickness of
Maquoketa shale. (See p. 87.)

At one point where but 6 feet of dolomite
remained over the ore bed at the time of the
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glacial advance, the dolomite is broken up and
the ore to a depth of 2 or 3 feet is much dis-
turbed as a result of the ice push.

Numeérous wells in the towns of Herman and
Rubicon, north of Rubicon Creek, and in the
vicinity of Hartford are reported to have
encountered red ocherous material at the base
of the Niagara dolomite. At Kissel’s quarry,
in the southeastern part of Hartford village,
tilted ledges of dolomite were exposed with
glacial drift thrust into and beneath them, as
though the margin of the dolomite at the top
of a preglacial slope was forced upward by the
push of the glacier. Here more or less ocherous
material occurs with the dolomite, either
originally overlying it or thrust into its present
position, and is also commingled with the
drift. ) _

About 8 miles southwest of Hartford, in the
SE. } sec. 22, T.9 N.,R. 17 E. (Ashippun Town-
ship), the well at John Mason’s place opposite
the Episcopal Church is said to have penetrated
the following deposits:-

Log of John Mason’s well, SE. % sec. 22, T.9 N., R. 17 E.

(Ashippun Township).
Feet.

1 2
Niagara dolomite..........cco.oioiiiiiiiiiatn 7or8
Soft red rock (““Clinton” iron ore)............... 10 or 12

" Maquoketashale. ... ........ ... ......llL 66
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Fragments of both the hard and soft ore
such as occur at Iron Ridge were found on the
slope just north of the house, though the bed
was not actually exposed. Soft red material
is reported to have been encountered in some of
the deeper wells elsewhere in the towns of
Ashippun, Delafield, and Germantown.
Inthe NW. % sec. 21, T. 5N, R. 17 E. (Eagle
Township), considerable iron has been depos-
ited by a spring issuing from the slope near the
- level of the top of the Maquoketa shale, and it
may be possible that a buried deposit belonging
to this horizon is near at hand.

. A recent discovery of the ore bed is discussed
as follows by F. T. Thwaites: !

Recently samples from a well drilled southwest of Mani-

towoc for the Northern Grain Co. came under the writer’s
observation, being presented to the museum of the Uni-

versity of Wisconsin by the United States Geological Suz-
vey. The character of the “Clinton” ore there penetrated

1 Thwaites, F. T., Recent discoveries of “Clinton’’ iron ore in eastern
Wisconsin: U. 8. Geol. Survey Bull. 540, pp. 341-342, 1914.
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had heretofore escaped observation.? The succession is as
follows:

"Record of well southwest of Manitowoc, Wis.

Thick- | Deptn.
Feet. Feet.
Clayandsand........oocveuemaanao... 90 9
Niagara dolomite; hard, gray to brown-
ish dolomite, softer at base. Water
found down to 763 feet. Yield, 350
gallons a minute, with caging at 400
feet. ...l [ 735 825
“Clinton” ore; soft dark-red calcareous
oolitic hematite....... e 30 855
Same, but oolitic texture is less marked,
80 is probably more clayey........... 25 880
Maquoketa (‘‘Cincinnati’) shale.

An assay 3 of the samples from the ‘“‘Clinton” ore gave
iron 33.98 per cent and phosphorus 1.041 per cent, but
this result should be received with caution on account of
the method of taking the samples, which might result in
concentrating the heavy minerals. Neverthcless, it is
clear that at least the upper 30 feet of the deposit is ore
of promising character. Nothing is known of the lateral
extent of the ore, as wells of sufficient depth to reach it
are not at all common in the vicinity. No ore is reported
from the deep well at Two Rivers, 8 miles to the northeast.

Red beds appear to have a wide though dis- -
continuous distribution in parts of Racine,
Kenosha, and eastern Walworth counties.
Wells in 13 different townships were reported
to the writer as having penetrated soft red
deposits 1 to 50 feet thick that lay at the base
or in the lower part of dolomite generally re-
ferred to the Niagara formation. The color is
usually dark red, though the material from a
16-foot bed penetrated by Mr. Haley’s well 14
miles southeast of Franksville, Racine County,
was said to look like yellow paint.

These red beds appear to be confined to the
lower part of the formation above the shale.
In places they immediately overlie the shale,
occupying a position corresponding to the ex-
posures of “Clinton’” ore. John Deming in-
formed the writer that in drilling for Herman
Kreuder in sec. 14, T. 2 N., R. 22 E. (Somers
Township), Kenosha County, his drill pene-
trated 50 feet of red and purplish rock, includ-
ing 18 feet of ‘‘iron ore,” immediately overlying
the shale. Some of the wells, however, are said
to have penetrated 40 to 70 feet of dolomite
between the red beds and the top of the shale.

2 For full record of this well, see Fuller, M. L., and Sanford, Samuel,
Record of deep-well drilling for 1905: U. S. Geol. Survey Bull. 298,

p. 295, 1906.
8 Analysis by Lerch Brothers, Virginia, Minn, .
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At other places two or even three beds of soft
red material occur interstratified with dolomite..

In the western part of Racine and Kenosha
counties and in eastern Walworth County the
removal of the overlying rock brings the red
rock up to the base of the drift at intervals
over a considerable area. In William Aldrich’s
quarry, a mile west of Burlington, Racine
County, red ocherous beds wholly different in
character from those seen at any other place
are exposed. This deposit has been included
in the Niagara dolomite, but it may perhaps
represent some of the beds under discussion.
At the time of the writer’s visit the quarry hole
was full of water, so that the strata could not
be seen in place, but rock that had been taken
out was exposed in piles near by. This rock
is impure, thin-bedded dolomitic limestone,
splitting and breaking readily into small pieces.
In color it varies from light buff to yellow,
reddish yellow, dark red, and purplish red.
The red rock, which is softer than the buff and
which disintegrates on exposure to red shaly
mud, was said to be from the bottom of the
‘excavation. The rock carries crystallized cal-
cite and, especially in the purple layers, abun-
dant fucoidal markings.

This red ocherous rock and the beds of iron
ore, whether belonging to the same or to differ-
ent formations, must have contributed consid-
erable amounts of red material to the drift,
especially during the earlier glacial invasions.
It is probably this which gives the reddish or
pinkish tint to much of the drift of the Illinoian
sheet in Walworth and Rock counties and even
farther west and south.

NIAGARA DOLOMITE.

Immediately underlying the drift throughout
most of the eastern part of the area is the
Niagara dolomite. This formation, which out-
crops at intervals throughout a belt 22 to 42
miles in width, extends from north to south
along the west side of Lake Michigan. At the
west it terminates for the most part in an
abrupt margin at the top of the slope in which
the underlying shale also ends. Southward
from Calumet County through Fond du Lac
County and much of Dodge County, this slope
forms a bold escarpment rising 100 to 200 feet
above the lower tract to the west, being par-
ticularly well marked along the east side of
'Lake Winnebago and the Horicon Marsh.
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Southward through southeastern Dodge County
and thence through Waukesha and Walworth
counties this slope is less abrupt, is cut by
broad and deep reentrants, and is deeply buried
in drift, so that through much of the distance
it loses its form as a distinct escarpment and,
in some places the position of its margin can
be only approximately determined by the cor-
relation of data from the relative elevations and
the drilling of wells. The moderately undulat-
ing surface of the beveled portion of the forma-
tion extends eastward heneath the drift, declin-
ing gradually to the shore of Lake Michigan,
where the dolomite outcrops in several places at
the water’s edge, thence passing beneath the
lake basin. :

The Niagara dolomite overlies unconform-
ably the eroded surface of the “Clinton’’ iron
ore and the Maquoketa shale and is in turn
probably overlain unconformably by later Silu-
rian and Devonian deposits, so that even where
these formations remain it is not known that
the full original thickness of the formation is
present. Where overlain by the drift it is prob-
able that considerable thicknesses of the rock
wereremoved by preglacial erosion, and more or
lessof it mustalsohavebeenremoved byrepeated
glaciation, for it forms a very large percentage
of the pebbles and bowlders incorporated in the .
drift throughout this belt. Almost all of the
pebbles are of undecomposed dolomite, freshly
abraded and often beautifully striated. Except
where exposed in the west-facing escarpment
the dolomite usually does not show evidence of
long exposure to the weather.

CHARACTER.

As a whole the Niagara formation is com-
posad of white to light bluish-gray (on weath-
ered surfaces grayish to buff) crystalline dolo-
mite, or magnesian limestone. It is gen-
erally well stratified in regular, little-frac-
tured courses, varying in thickness from a few
inches to 30 inches or more. (See P1. XII, 4.)
Locally it varies in different courses from even,
dense, fine-grained rock of conchoidal fracture
to granular dolomite of irregular open porous
texture, and at some horizons it carries an
abundance of chert in well-defined layers.
The formation is generally rather fossiliferous
and in parts highly so, hundreds of species
having been collected from some of the
exposures. v
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A. BUILDING-STONE QUARRY IN NIAGARA DOLOMITE AT WAUWATOSA, WIS.

B. NIAGARA DOLOMITE, REEF ROCK IN OLD QUARRY, WAUWATOSA, WIS.

The well-stratified beds at the left merge into the massive irregular-textured dolomite that forms the body of the
rock mound at the right.



GEOLOGIC FORMATIONS UNDERLYING THE GLACIAL DRIFT.

Chamberlin * made a careful study of the
faunal and lithological characters of the several
parts of the formation, which he subdivided as
follows: At the south, (1) Guelph beds; (2)
Racine beds; (3) Waukesha beds; (4) May-
ville beds. At the north, (1) Guelph beds; (2)
Racine beds; (3) Upper coral beds; (4) Lower
coral beds; (5) Byron beds; (6) Mayville beds.
The writer has not attempted to trace out these
several subdivisions, and they are not indicated
on the map (PL I).

The Mayville beds of the Wisconsin State
Survey reports are thick bedded and of uneven
structure, the uneven texture giving rise, on
weathering, to rough-pitted ledges so promi-
nently exposed along the escarpment known
as “the Ledge.” The rock is cut by frequent
joints, and at many places along the Ledge

large masses have become detached and have

slid 5 to 15 feet or so away along the surface of
the underlying shale, which is very slippery
when wet.

The rock of the Byron beds of the Wisconsin
State Survey reports is of finer and of more
compact and even texture, giving smoother
and whiter ledges. The beds range from thin
flagstone to heavy coursing layers.

The highly fossiliferous dolomite of the coral

beds is not well exposed within this area.

Overlying the dolomite which the Wisconsin
State Survey reports designated the, Mayville
beds south of Fond du Lac County are the
deposits which they designate Waukesha beds.
These - consist of rather dense, even, fine-
grained, crystalline-textured, whitish dolomite,
regularly bedded in layers 4 to 30 inches thick.

+ The upper part in some places carries nearly
continuous layers of chert in both separate and
coalescent nodules.

The next higher subdivision, the Racine
beds of the Wisconsin State reports, underlies
the larger part of the southern half of the belt

- of Niagara dolomite. The rock is well exposed
in the quarries in the vicinity of Racine and
Milwaukee. It is in general a whitish or light
bluish-gray crystalline dolomite of four or less
distinct varieties, all of which are shown by
their relations and fauna to have been either
contemporaneous or closely associated in depo-
sition. One variety, a limestone regarded as
being especially characteristic of these beds,
has a rather open, porous texture. Under a

1 Geology of Wiseonsfn, vol. 2, pp. 335-389, 1877.
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hand magnifier some specimens appear as an
aggregation of dolomite crystals with the in-
terstices unfilled, and others appear denser as
a whole but pitted with abundant pores and
little cavities, either irregular in shape or of the
form of fossils which have been removed by
solution. This rock is apt to be massive, show-
ing only indistinct lines of bedding, or to occur
in heavy beds several feet in thickness.

Another variety, a type largely exposed in
the quarries, consists of regularly stratified rock
in little-fractured courses, which thicken from
a few inches at or near the tops of the exposure
to 28 or 30 inches in the bottoms of the decper
quarries. The texture of this rock varies from
rather open and porous to fine grained, dense,
and even, with conchoidal fracture.

At the Wauwatosa quarries there occur, al-
ternating with the above dense even-textured
strata, beds of more or less irregular, coarse,
granular, or lumpy texture. The lumpy-tex-
tured rock is peculiar. Under the hammer it
breaks into angular lumps or granules varying
in size from a pea to a hazelnut. Some of it

 contains a rather loose buff calcareous filling

in the interstices between the harder granules.
On weathering this filling dissolves out, leaving
an irregular open texture. Other layers.are of
an irregular semilaminate structure, so that
while splitting into good building blocks the
bedding surfaces are curiously uneven, with
smallirregular knobs and hollows about an inch
in relief. These strata are very hard and do
not break readily across the planes of stratifica-
tion. Five or six of these coarse-grained and
irregular-textured layers occur in some of the
quarry sections, separated by several layers of
even-textured fine-grained rock. Though for
the most part these different kinds of rock form
distinct strata at some horizons they grade into
each other, and in places a thin layer of the
coarse, irregular texture runs through the mid-
dle of a fine-grained, even-textured stratum

-with gradations upward and downward. At

Story Bros.” quarry at Wauwatosa the coarse- -
textured layers tend to pinch out laterally.
Where this occurs a soft blue clayey shale
comes in,

The fourth type of the Racine dolomite of
the Wisconsin State Survey reports occurs as
mounds or reefs of massive coarse-grained rock,
showing little or no sign of bedding, in the
midst of regularly bedded dolomite. In places
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the cores of these mounds appear to be a breccia
of angular fragments of dolomite in a dolomite
matrix, which gradually passes laterally into
more or less definite layers dipping away from
the center of the massive accumulation. (See
Pl. XII, B.) Near the mound the dip may at
first be as high as 30°, but it becomes gradually
less with the change in character of the rock,
and within a few rods of the place of the-initial
appearance of the bedding it becomes nearly
horizontal. The local dip in the bedding of the
stratified rock on the flanks of these mounds
appears to be due not to upheaval but to the
original slope of deposition, for the bedded rock
does not merely lie upon the flanks of the
mounds but actually grades into the massive
unstratified rock of the cores.

The color of stone of this type is about the
same at all the exposures, though it differs
somewhat in the larger quarries. Predomi-
"nantly it is light gray or bluish gray, but in
certain of the beds it is almost white and in
others it is a delicate buff. In two of the
quarries at Wauwatosa, those of the Monarch
Stone Co. and of Story Bros., several courses
exposed 45 to 60 feet below the surface are
mottled pink or purplish, probably from the
weathering of scattered crystals of iron pyrites.

With the exception of the beds flanking the
dolomite mounds, beds of the fourth type usu-
ally dip very slightly, rarely more than 2° to
5° to the east, though with slight local varia-
tions. Though broken in many places by joint
planes, along some of which they show slight
vertical displacements of a few inches, the beds
generally show no evidence of disturbance.

The rock is quite generally fossiliferous,
most of the fossils being in the form of casts.
At some of the exposures they are very
abundant. Several hundred specles, includ-
ing corals, bryozoans, crinoids, brachiopods,

_gastropods, pelecypods, cephalopods, and trilo-
bites, have been collected by different persons
at various times. In the massive rock form-
ing the mounds above described and in the
stratified layers on and near their flanks these
remains of ancient life forms are especially
abundant.

Some dolomite exposed at several points in
the eastern part of the Niagara belt was referred
to the Guelph beds of the Wisconsin State
Survey reports by Chamberlin, not on account

of difference in structure and lithologic char-|
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acter, but by reason of the appearance of nu:
merous fossils characteristic of the Guelph for-
mation of the Canadian Survey reports. So far
as seen by the writer, the rock exposed re-
sembles the Racine beds of the Wisconsin State
Survey reports.

THICKNESS.

The pre-Devonian and preglacial exposure of
the Niagara dolomite to erosion make it un-
certain, as already stated (p. 90), that its full
original thickness remains at any place within
thearea. The average thickness penetrated by
38 scattered wells, most of which passed entirely
through the formation, is 312 feet, the several
thicknesses ranging from 120 to 719 feet. With
one exception, thicknesses of more than 400
feet occur in Sheboygan County, the maxi-
mum, 719 feet, being penetrated by the arte-
sian well at the park in Sheboygan.!

ORIGINAL EXTENT.

The Niagara dolomite probably extended
originally over most, if not all, the area un-
der consideration. The higher of the Blue
Mounds near the west line of Dane County
in the towns of Brigham and Blue Mounds
(T. 6 N., R. 5 and 6 E.) has an elevation

of about 1,730 feet, and is capped, accord-

ing to Moses Strong,> by a very hard flinty
rock over 100 feet thick, below which lie the
Niagara dolomite and Maquoketa shale. It is
evident from the elevation at which these ero-
sion remnants occur (there being no evidence
of local upheaval) that the formations to
which they belong must originally have had
much greater extension. Chamberlin * stated
his conclusions concerning this as follows:
When the position and relation of these mounds is con-
sidered it becomes quite clear that the Niagara limestone
once extended from the eastern portion of the State over
the tentral arch, embracing the Blue Mounds, which stand
near its summit, and the Platte, Sinsinawa, and other

mounds on its western slope, and joined the great Niagara,
limestone-area that underlies Iowa and Minnesota on the

1 west. Butitis manifest that an erosion which swept away

40 miles of strata on the south of the Blue Mounds must,
during the same period, have cut away a considerable for-
mation on the north. Itisamnecessary inference, therefore,
that this formation originally covered a very large area in
the southern portion of the State. Similar observations
upon other formations lead to similar views concerning
their former greater extension.

1 Chamberlin, T. C., Geology of Wisconsin, vol. 2, p. 164, 1877.
2Idem, p. 661.
3Idem, vol. 1, pp. 259-260 ,1883.
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Salisbury cites as confirmation of this belief
the occurrence of fossils from the Niagara in
pebbles of the preglacial gravels which lie on
the top of the east bluff at Devils Lake at an
elevation about 1,660 feet above sea level.
He says:!*

It has long been believed that the Niagara limestone of
Wisconsin, now confined principally to the eastern margin
of the State, once extended much farther west over regions
whence it has been removed. The constitution of the
gravel affords an interesting confirmation of this belief and
- geems to indicate that the Niagara may have had even a
greater extent than has been supposed, for it can hardly be
doubted that when the gravel was formed the limestone
either overlay the quartzite or existed at some equally
high point in the immediate vicinity. Not only this, but
the presence of one fossil, Orthoceras juncewm, which, so
far as known, can be referred only to the Trenton or Galena,
suggests that one or both of these formations also once
passed over the quartzite ridge, or at least that they were
once at equally high points in the immediate vicinity.
If these formations once covered the quartzite and were
overlain by the Hudson River [Maquoketa] shale, the
Niagara limestone, which in Wisconsin immediately
succeeds the Hudson River shale, must have originally
lain very high above the crest of the quartzite range. If
the Trenton lay upon the quartzite directly and if it and
the succeeding Galena and Hudson River formations had
their usual thickness, the base of the Niagara could hardly
have been less than 500 feet above the top of the east
bluff at Devils Lake. If the St..Peter sandstone and the
Lower Magnesian limestone overlay the quartzite beneath
the Trenton, the base of the Niagara must have been still
higher.

The Niagara dolomite underlies almost all
that part of the area under discussion which
was traversed by the Lake Michigan Glacier of
the Wisconsin stage of glaciation. A large
number of the analyses of the content of the
drift of this glacier, made by counting and
sorting pebbles, show that of the coarser mate-
rial of the drift about 75 per cent was derived
from this formation. It also seems fair to pre-
sume that an equally large percentage of the
fine material was derived from the same source.

Similar analyses also show that considerable
amounts of Niagara material were incorpo-
rated in the Illincian drift, outside the Wis-
consin moraines, some of it being carried west-
ward across the areas of Galena dolomite and
Trenton limestone to the border of the Drift-
less Area, the average of 67 analyses showing
about 16 per cent.

In Fond du Lac, Dodge, and Washington
counties the Green Bay Glacier overrode the

1 8alisbury, R. D., Preglacial gravels on the quartzite range near
Baraboo, Wis.: Jour. Geology, vol. 3, pp. 666-667, 1895.
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escarpment at the west margin of the forma-
tion and traversed the upland to the east,
incorporating large amounts of Niagara mate-
rial in the drift in the eastern part of its area.

As noted above, part of the red ocherous
beds discussed in connection with the iron ore
deposits (pp. 88 and 89) may really belong to
the Niagara dolomite.

WAUBAKEE DOLOMITE (LOWER HELDERBERG
OF EARLY WISCONSIN REPORTS).

Throughout most of the eastern part of the
area such later Silurian deposits as may
originelly have overlain the Niagara dolomite
were entirely removed prior to the deposition
of the drift. At the following localities, how-
ever, remnants show the probable former
extension of deposits of the- Cayuga epoch:
(1) Banks of Milwaukee River & mile west of
the village of Waubakee, sec. 29, T. 12 N.,
R. 21 E. (Fredonia Township); (2) quarry
of the Northwestern Stone Co., 8 to 9 miles
northeast of Port Washington; (3) Dreucker’s
stone quarry, 3 miles north of Port Washington;
(4) banks of Mud Creek, one-half mile south
of North Milwaukee (sec. 1, Wauwatosa Town-
ship); (5) floor of the Milwaukee Cement Co.’s
quarry on Milwaukee River at Berthelet, one-
half mile north of the Milwaukee city limits;
(6) (beds probably to be correlated with the
above) artesian well at Lake Park, Milwaukee,
and test borings for the waterworks intake
tunnel at North Point; (7) sec. 10, T. 8 N,
R. 21 E. (Granville Township), small exposure
possibly to be correlated with these deposits.

As the formation is not well known and its
age has been questioned it may be permissible
to present here somewhat in detail observa-
tions on it made by the writer and others.

The name Waubakee formation was used
by the writer ? in 1906 for deposits correlated
with those exposed near Waubakee, Ozaukee
County, all of which had been provisionally
correlated by Chamberlin? on the evidence then
available, with the ‘‘Lower Helderberg” of
New York. In concluding his discussion of
the probable age of the deposits near Wauba-
kee, Chamberlin wrote:*

It is evident from these facts that the stratigraphical
relations of the deposit contribute nothing but negative

2U. 8. Geol. Survey Geol. Atlas, Milwaukee folio (No. 140), p. 2, 1906.
3 Geology of Wisconsin, vol. 2, pp. 390-394, 1877, .
+Idem, p. 394.
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indications, and the question of its age and equivalency
must rest upon its lithological character and organic con-
tents. While it is evident that neither of these is decisive,
yet it is apparent that the weight of their testimony is in
favor of referring the formation to the base of the Lower
Helderberg group. The same may be said of the forma-
tion near Milwaukee.

James Hall * regarded the thin-bedded lime-
stone exposed on Mud Creek a few miles
northwest of Milwaukee as belonging to the
““Onondaga salt group” (Salina formation).

The character and relations of the deposits
at these several points can best be presented
by a discussion of local details. The following
is the section exposed at an old quarry in the
north bank of Milwaukee River a mile west of
Waubakee, as described by Chamberlin: 2

Section of Waubakee limestone, sec. 29, T. 12 N., R. 21 E.
(Fredonia Township), Ozaukee County, Wis,
Light-gray thin-bedded shaly dolomite, resem-
bling that occurring on Mud Creek but less
porous. The surfaces of some of the layers are
covered with large numbers of a Leperditia, undis-
tinguishable from Leperditia alta .
A layer of hard dolomite containing cavities, some
5 or 6 inches in diameter, which are usually filled
with large crystals of calcite. Leperditia occurs
occasionally in this layer... ... ... ... .. ... ..
Alternating thin and thicker beds similar to No. 1
in lithological character; some layers are marked.
with a dark, rusty coating................. ..l 2 2
Similar to No. 2eeeeieieiiiniiaaiiiii o 1 2%
Moderately thick beds, somewhat shaly, intermedi-
ate in character between the thinner and thicker
beds above

7 2%

The remains of Leperditia found at this locality are
very abundant, literally covering the surface of some
layers and to a greater or less extent disseminated
through the mass of some of the beds, but unfortunately
the state of preservation is poor. A careful examination
and comparison of a large number of specimens leaves no
doubt that the fossil is Leperditia alta, or a very closely
related species.

In the bed of the river a little above this locality very
thin beds of a softer dark dolomite, colored by carbona-
ceous matter, are found. Some of the layers are marked
by numerous black or dark brown carbonaceous lamine,
which gives to the rock an appearance quite peculiar.
This carbonaceous matter is evidently derived from the
remains of plants, many indications of which are present,
among them forms resembling Sphenothallus. In addition
to these, two species of Orthis are found, one resembling
Orthis oblata and the other closely similar to Orthis sub-
carinata but smaller. Pterinea aviculoidea, or a very
closely allied if not absolutely identical species, an
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imperfect Orthoceras, and a doubtful Inocaulis are also
present.

A little farther west, on the south side of the
stream, a small quarry about 7 feet deep has
been opened in the flat on land which when
visited by the writer belonged to Julius Klessig.
The rock as exposed is a very brittle, hard
buff to grayish, thinly laminated, impure
dolomite, quarrying out in layers varying in
thickness from a fraction of an inch to 4 inches.
On the north side of the excavation the beds’
dip 15° N. 30° E., and on the east side they
dip 14° N. 70° E. Material thrown out from
the lower part of the hole, now filled, is more
bluish and somewhat fossiliferous. E. E.
Teller and C. E. Monroe, of Milwaukee, col-
lected from this material thrown out speci-
mens of three species of fossil shrimps de-
scribed and named by R. P. Whitfield 2
(Entomocaris telleri, Ceratiocaris monroei, and
C. poduriformis). The writer also collected
from this material fragments of Ceratiocaris
monroet, numerous caudal spines and mandi-
bles of the same genus but specifically unde-
terminable, and much flattened specimens of a
brachiopod comparable to if not identical with
Rhynchonella 2 hydraulica Whitfield.

Charles Schuchert, to whom a part of the
specimens were referred, states as the result of
their examination that the Waubakee dolomite
is in the Silurian beneath the Manlius and is
equivalent to a part or all of the New York
Salina. E. M. Kindle, who also examined part
of the specimens, refers the Waubakee to the
Cayuga epoch but considers the evidence insuffi-
clent to justify correlation with any single
formation of the Cayuga group of New. York.

The extent of the Waubakee dolomite is not
known, as no other exposures occur in this
vicinity and the covering of drift is generally
thick. It is, however, probably only a very
small erosion remnant. The exposures on Mil-
waukee River lie about 800 feet above sea level,
and wells within a mile to the southwest and
southeast show the rock surface there to be as
low as 720 to 740 feet above sea level. To the
north and northwest the rock surface rises
beneath the drift, but an exposure at 860 feet
above sea level at Kohler, 14 miles northwest,
of the quarries on the river, is of Niagara dolo-

1 Hall, James, and Whitney, J. D., Report on the geological survey
of the State of Wisconsin, vol. 1, p. 70, 1862.
2 Op. cit., p. 392.

.

3 Whitfield, R. P., Notice and description of new species and a new
genus of Phyllocaridee: Am. Mus. Nat. Hist. Bull., vol. 8, pp. 299-304,
1896.
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mite. Other exposures, one on the river 2}
iiles southeast about 800 feet above sea level,
and one at Newburg, 3% miles southwest, 860
feet above, are also of Niagara dolomite.

At Dreucker’s quarry, about 7 miles south-
east of the Waubakee exposure, and at the
quarry of the Northwestern Stone Co. (or
Lake Shore Stone Co.), on the lake shore
between 10 and 11 miles nearly due east of the
Waubakee exposure, thin-bedded limestone is
rexposed between the Milwaukee formation
above and the Niagara dolomite below. H. F.
Cleland ! correlates these exposures with the
Waubakee dolomite. The deposits consist of
2 to 23 feet of a wavy thin-bedded nodular
limestone with clayey partings, which ;uncon-
formably overlies the Niagara dolomite and
unconformably underlies the Milwaukee for-
mation. The relations as seen at the quarry
on the lake shore by the present writer in 1908
are shown in figure 4 (p. 99). The credit for
the correlation, however, both here and at
Dreucker’s quarry, belongs to Cleland. '

Deposits exposed 26 miles south of Waubakee
and about one-half mile south of North Mil-
waukee at the quarry of Emil Petzold and
about ong-fourth mile to the west are believed
to belong to the same horizon as the Waubakee,
though the identification is based chiefly on
stratigraphic position and chemical composi-
tion, fossils being very rare. The rock at Petz-
old’s quarry, of which 10 or 12 feet is exposed,
is gray to brownish gray, finely laminated,
dolomitic limestone, splitting readily into slabs
one-half inch to 4 inches, in thickness. The
lower strata are more unevenly bedded, with
streaks of blue clay. In general the strata are
very mnearly horizontal, but at the western
exposure dip 5° E.

Underlying the cement rock at the quarry of
the Milwaukee Cement Co., in the valley of
Milwaukee River, one-half mile north of the
Milwaukee city limits, is a porous brownish
limestone believed to be the continuation of
the rock seen at Petzold’s quarry, 24 miles west.
Only the undulating upper surface and 1 to 2
feet in section have been exposed, and no fossils
have been found. It is also reported that a
brownish limestone underlies the cement rock
at the quarry of the Consolidated Cement Co.

1Cleland, H. F., The fossils and stratigraphy of the middle Devonic
of Wisconsin: Wisconsin Geol. and Nat. Hist. Survey Bull. 21, sci. ser.,
. No. 6, pp. $-10 and pl. B, 1911,
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on the shore of Whitefish Bay. It is not, how-
ever, well exposed to examination.

In boring for the artesian well at Lake Park
30 feet of brownish limestone was found 282
feet below the surface, or about 204 feet below
the level of the lake. This brownish limestone
is here immediately above the Niagara dolo-
mite and immediately below the beds of the
Milwaukee formation. So likewise, the test
borings for the intake tunnel at North Point
show 10 feet of brownish stone between the
Milwaukee formation and the Niagara dolo-
mite. There seems to be little doubt as to the
dentity of the brownish limestone shown by
these several borings and that which forms the
floors at the cement quarries.

The only fossils reported from this formation
near Milwaukee are from the exposures on Mud
Creek. These were fair specimens of Meristella
nucleolata, an Orthis resembling a young O.
oblata, and an imperfect specimen of Meristella
or Pentamerus, all found by Chamberlin.

Analyses of the rock from several of the
exposures show close similarity in composition
and strengthen the belief as to their equiva-
lence in age.

DEVONIAN ROCKS.

MILWAUKEE FORMATION (HAMILTON OF EARLY
WISCONSIN REPORTS).

Closely bordering the shore of Lake Michigan
are certain deposits, emerging from beneath the
lake, which have been referred to the Hamilton.
The discovery of these deposits was first re-
ported by I. A. Lapham? in 1860 and they
were studied and described by Chamberlin®
in 1877. In the Milwaukee special folio* they
were designated the Milwaukee formation from
their exposure in the quarries of the Milwaukee
Cement Co. near Milwaukee.

As nearly as can be determined the forma-
tion has the following generalized section:

Generalized section of the Milwaukee formation near

Milwaukee, Wis.
Feet.

Blackshale. ......ooeo i 0-15
Soft bluish ‘‘soapy clay” orshale.................. 0-80
Bluish hydraulic limestone, cement rock.......... 0-12
Bluish hydraulic limestone and softer bluish ‘‘soapy

LAy e 0-31

2 Lapham, I. A., Discovery of Devonian rocks and fossils in Wisconsin:
Am. Jour. Sci., 2d ser., vol. 29, p. 145, 1860. Also St. Louis Acad. Sci.
Trans., vol. 1, p. 684, 1860. .

3 Geology of Wisconsin, vol. 2, pp. 395-405, 1877. .

+U. S. Geol. Survey Geol. Atlas, Milwaukee special folio (No. 140),
p. 3, 1906.

S
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So far as observed these beds, with the
exception of the upper black shale, are highly
fossiliferous, showing a great variety of remains
of invertebrate life as well as plates and teeth
of armor-plated fishes. The fossils are in part
silicified, in part pyritized, and in part casts
of the organic remains. Beneath these deposits
in and near the northeastern part of the city
~of Milwaukee is the brownish limestone corre-
lated with the Waubakee dolomite.

The stratigraphic relations of the formation

are shown in figure 4 (p. 99).
" The best exposure of beds belonging to this
formation is afforded by the quarries of the
Milwaukee Cement Co. in the valley of Milwau-
kee River, one-half mile north of the city
limits. There is here a 25-foot section resting
upon the brownish limestone which has already
been described (p. 95). The strata are very
slightly undulating, with a gentle dip toward
the southeast. The rock is here a bluish
hydraulic limestone, rich in magnesia, alumina,
iron, and silica, and showing abundant fossils.
The lower 15 feet is rather soft and in places
very soft and shaly.
stratum 6 feet thick, and at the top 4 feet of
shaly rock readily disintegrating on exposure,
but with thin, hard layers bearing silicified
fossils. The top of this section is 30 feet above
Lake Michigan.

The rock forms the bed of the river for
some distance above the cement quarries, and
also southward to the Washington Street
Bridge.

Three miles north of the quarries of the
Milwaukee Cement Co., at the foot of the bluff
on the shore of Whitefish Bay, there is an
exposure of the Milwaukee formation a few feet
- above the water’s edge. Near this point the
Consolidated Cement Co. opened a shaft to
supply their mill on the bluff above. This
shaft extends 22 feet below the level of the
beach, where it connects with a main gallery
which at the time of the writer's visit extended
210 feet north and south. From this gallery
drifts were being extended westward in the
working beds. The upper 5 to 6 feet was left
as roofing and was not well exposed to exami-
nation, but material thrown out in excavating
the shaft through these showed them ‘to be
of moderately hard fine-grained bluish-gray
hydraulic limestone, characterized by an abun-

Above is a very hard-
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dance of pyritized fossils, crystals of pyrite and
of calcite, and traces of bitumen. The working
face, which had a maximum height of about
14 feet, showed dense bluish-gray massive to
heavy-bedded hydraulic limestone having the
same general appearance as that at quarries on
the river but with the bedding planes less dis-
tinctly marked. So far as could be seen this
part appears to be less fossiliferous than the
beds composing the roof and than those exposed
along the river. The bedding is slightly undu-
latory, so that, though the general dip of the
formation is toward the east, in the northern
part of the exposure it is slightly toward the
west. :
Between 1885 and 1900, in extending the
water system of the city of Milwaukee, a shaft
130 feet deep was sunk on the beach at the
North Point pumping station, and from the
bottom of this an intake tunnel was projected
under the lake 3,200 feet. Preliminary test
borings showed below the lacustrine deposits
and the drift the beds of the Milwaukee forma-
tion in fuller series than at the quarries on the
river. At a depth of 42 feet below the water
level, as shown by the records of the city engi-
neer’s office, the shore shaft penetrated 15 feet
of black shale. Below this, in succession, were
40 feet of ““blue, soapy clay,” 10 feet of cement
rock, and 31 feet of “blue, soapy clay.” At
the depth of 138 feet ‘“brown stone and lime
rock’ was reached. The latter rock was pene-
trated for but a small depth, so the identifica-
tion is not positive, but, as already indicated,
it seems probable that the ‘“brown stone” is
the same as that in the bottom of the quarries
on Milwaukee River and at Mr. Petzold’s quarry
on Mud Creek, and that the “lime rock’ is the
Niagara dolomite.

The 8-foot intake tunnel was projected
through the lower bed of “soapy clay,”’ so that
the material excavated from the tunnel and
from the shaft, which was dumped upon the
beach near by, gave opportunity for examina-
tion and identification of the beds of the group.
Thig has since been spread out upon the beach
and is now largely covered by the soil, grass,
and trees of a small park, so there is little chance
for further examination. The ‘“soapy clay”
or soapstone is a lumpy, nodular shale of green-
ish-gray color, soft when wet but hardening to
a shaly rock when dry, and readily disintegrat-
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ing to clay on exposure to the weather. Te |
stronorly resembles the material seen on the
shore of Whitefish Bay and some of the low-
est and bighest beds at the cement quarry on
the river.

Portions of the “soapstone’’ carry fossils, in
an excellent state of preservation, and for the
most part of the same species as those found
at the two exposures. Other portions of the
“soapstone’ are almost wholly devoid of fos-
sils. In this they resemble someé of the
softer layers near the bottom of the cement
" quarry.!

The material dumped on the beach also
showed harder portions similar in color to the
harder cement rock but traversed by very hard
white seams of a siliceous character. These
seams are full of fossils, most of which -are
found at the Milwaukee Cement Co.’s quarry.
There is thus no question. as to the identity of
the beds here found. This-series of ‘“soap-
stone” ‘or “soapy clay” and cement rock is
shown both by the shore shaft and by a boring
2,060 feet from the shore line, with the dlffelj-
ence that in the latter the underlying brown
stone has declined to a depth of 180 feet below
the lake surface, and the lower bed ‘of the
soapy clay has thickened to 60 feet. The
cement rock continues at the same thickness,
having declined only 10 or 12 feet. The upper
bed of “soapy clay” has thinned to 15 feet,
and the black shale is no longer seen, evidently
having been removed by erosion. Five other
bormcrs at varying -distances up to 3,200 feet
from the shore shaft show the presence of the
soapstone clay and cement rock, but none show
the black shale. One boring, 1,500 feet from
the shore, shows but.19 feet 4 inches of®the
lower soapstone clay yet remaining over the
limestone, the whole superjacent thickness
of the group having been removed by erosion
and replaced by drift.

The log of the ar tesian well at Lake Park,
near the crest of the bluff, a mile north of the
North Point pumping station, shows the
presence of the Milwaukee formation, with the
exception of the upper black shale, which has
here also been removed by erosion. The beds
immediately underlie the drift and are reached
about 80 feet below the lake level.
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The succession here, beginning at thc top,
is as follows:

Partial log of the well at Lake Park, Milwaukee, Wis.2

: Feet, .

Drift: Red clay, lacustrine or glacial; sand and gravel
and il . 160

Milwaukee formation: _

Soft shaly rock.......oooviiiiii il 80
Cement rock. .............. [ cee. 12
Soft shaly rock........oo.ooooiiiiiiilL 30
Waubakee dolomite, brown. .:..................... 30

The city engineer’s profile of the deposits’

penetrated by a series of test borings along

the line of Glen Avenue from the North Point
pumping station to Whitefish Bay also shows
the presence of beds belonging to this forma-
tion beneath the drift. Three of the borings
penetrated 10 feet or so of black shale over-
lying ““soapstone clay” (soft shaly material).
Elsewhere the black shale is absent, probably

having been removed by erosion. Considerable
amounts of this black shale are present as
fragments in the drift at some points. All
the borings but one show the presence of
the upper bed of soft shaly material. Com-
paring the section afforded by these drill
holes with the log of the Lake Park well and
with that of the shore shaft, it appears very

‘probable that the ‘‘lime rock” reached “but

not penetrated by these borings is in reality
the same as the ‘‘cement rock” of the Lake
Park well, the borings for the intake tunnel
beneath the lake, and the heavy stratum seen
at the cément quarries on the river.

A cut on the Chicago, Milwaukee & St.
Paul Railway just south of Brown Deer sta-
tion, 5 miles north of North Milwaukee,
exposed Devonian rock of the same formation.
The rock here slightly exposed is a thin-bedded
buff, very fossiliferous limestone, abundant
fragments of which are contained in the drift
above it. The rock is much more weathered
and decomposed than at the other exposures,
but the abundant fish remains, brachiopods,
and pelecypods indicate that it is the same.
Rock also occurs in the bed of Milwaukee
River at several points but is nowhere con- -
veniently exposed to examination. .

Chamberlin ® described an occurrence of
Devonian rock at Granville Center which is no

1 Monroe, C. E., and Teller, E. E., The fauna of the Devonian forma-
tion at Milwaukee, Wis.: Jour. Geology, vol. 7, No. 3, p 272, 1899.

75473°—18

2 F. M. Gray, driller, Milwaukee, Wis.
3 Geology of Wisconsin, vol. 2, pp. 391 and 399, 1877.
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longer “accessible. Concerning this he makes
the following statement:

In the northwest quarter of section 10 and in the north-
east quarter of section 9 of the town of Granville we find
the most northwesterly known exposure of the * * *
Hamilton [Milwaukee] formation in the brow of a hill
facing the northwest. Only 30 paces down the gentle
slope from the Hamilton beds, a pit has been opened
which discloses the Niagara limestone. The vertical dis-
tance between the top of the Niagara. exposed and the
bottom of the quarry of Hamilton rock is about 6 feet.
The intermediate slope is largely occupied with old pits
now filled, but in the material thrown from them only
Niagara and Hamilton rock were seen. In the gutter of
the adjacent road both the Hamilton and Niagara are
shown, with a vertical distance of less than 5 feet between
them, and in the abundant chip stone of the gutter there
is none of the shaly limestone [Waubakee dolomite]
* * *  But it is a rock peculiarly liable to break up
into chip stone and is abundant in the drift near known
outcrops and in the line of drift from them. In view of
all these facts the shaly limestone [Waubakee dolomite]
must be regarded as absent at this point.

The [Milwaukee] rock here is rather soft, granular, buff
impure dolomite, much stained with iron, doubtless due
to the decomposition and oxidation of pyrites originally
disseminated through it. Orthis impressa, Strophodonta
demissa, Spirifera pinnata, Atrypa occidentalis, and A.
reticularis show the character of the fauna.

The Milwaukee formation is exposed at
several points on the shore of Lake Michigan
in the northeastern part of Ozaukee County in
sec. 19, T.12N,,R. 23 E., and sec. 36, T. 12N,
R. 22 E. (Belgium Township), and in secs. 1
and 9, T. 11 N., R. 22 E. (Port Washington
Township). At the first exposure, 3 miles east
of the village of Belgium, the Northwestern
Stone Co. (or Lake Shore Stone Co.) has
opened a quarry which, at the time of the
writer’s visit in 1908, exposed the following
section:

Section of Northwestern Stone Co. quarry east of Belgium,
Wis. i '
Milwaukee formation: Feet.

Dark brownish-gray . uneven-textured lime-
stone, dolomitic,. containing many small
cavities. Partly almost as hard as chert.
Bedded in 4 to 8 inch layers................ 4-8

Unconformity.
Waubakee dolomite:

Shaly bluish-gray limestone, dolomitic, thlnly
laminated and interbedded with lensés of
harder limestone of small and-varying thick-
ness...... NP 3

Unconformity. ‘
Niagara dolomite:
Porous gra,ylsh-wh;ue dolomltlc crystalhne -tex-

tured limestone in one heavy bed.. ........ 3
Same, but denser and bedded........... ... .. 18
Same, open, POrOUS. -« oo vee e enamnaann 2%

Same, but dense............ e 12

Several years earlier, when there was but a
small opening at this place, the writer collected
numerous fossils from the upper beds. From
an examination of these and other fossils E. M.
Kindle reported that the fossils from sec. 19,
T. 12 N,, R. 22 E. (Belgium Township), and
those from Brown Deer station near Mil-
waukee, though indicating a slightly different
facies, represented essentially the same fauna
as that of the cement rock at Milwaukee. The
fauna of the cement beds is composed largely
of species common in the Hamilton of the
New York section and is its western equivalent.

C.E. Monroe,' of Milwaukee, in discussing the
fauna of the ‘upper beds then exposed at this
place, writes in part as follows:

About 60 species of fossils have been obtained from
the upper layers, all of which, with.the exception of a
single fragmentary dental plate of Rhynchodus, are in the
form of casts and impressions, a fact which renders their
detérmination a matter of some difficulty. The fauna
comprises about 24 species of brachiopods, 12 or 13 of
gastropods, 9 corals, and half a dozen pelecypods. Orthoc-
eras, Rhynchodus, and Proetus are each represented by a
single species; there are scattered crinoid joints and a few

other species whose genkric relations have not yet been

satisfactorily determined.

The fossil fauna collected from the several
exposures of the Milwaukee formation in
eastern Wisconsin is described in detail by
H. F. Cleland,* who, in discussing the deposits
at the Lake Shore Co.’s (or Northwestern Stone

'Co.’s) quarry east of Belgium, refers the thin-

bedded rock lying unconformably between the
fossiliferous Milwaukee formation above and

the Niagara dolomite beneath to the Waubakee

dolomite.

The relations as seen in the west side of the
quarry in 1908 are shown in figure 4, A. Here
the unconformity between the shaly beds and
the Niagara dolomite is quite distinct. In B,
on the south side of the quarry, shaly material
fills cracks extending from the base of the shaly
beds down into the Niagara dolomite. In C
the upper beds are missing, the Niagara dolo-
mite was step-faulted with a total vertical drop
of 3% feet on the east side of the shear zones,

and the shaly beds extend down over the fault

but are disturbed at the shear zones, showing

" 1 Monroe, C. E., A notice of a new area of Devonian rocks in Wis-

consin: Jour. Goology, vol. 8 pp. 313-314, 1900.
2 The fossils and stratigraphy of the Middle Devonic of W isconsin:
Wisccnsin Geol. and Nat. Hist. Survey Bull. 21, Sci. ser. No. 6, 1911.

[
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that the faulting took place subsequent to their
deposition.

FIGURE 4.—Sections showing unconformable. relations of Milwaukee
formation {a), the Waubakee dolomite (b), and Niagara dolomite (c)
at Northwestern Stone Co.’s quarry, near the lake shore east of
Belgium, Ozaukee County., Wis., as seen in 1908. 4, West face of
quarry; B, south face; €, north face.

Cleland also identified the upper 6 feet of the
rock exposed at Dreucker's quarry, 3 miles
north of Port Washington, as belonging to the
Milwaukee formation by means of fossils
which he collected therefrom:.

These occurrences of Devonian limestone
and shale along the west shore of Lake Michi-
gan are interesting as showing that the basin
of the lake is excavated, probably very largely,
in the belt of Devonian shales as the Green
Bay-Winnebago trough is excavated .in the
Maquoketa shale belt. It is not improbable
that the depth and dimensions of the lake
basin are in large measure due to the com-
parative ease with which erosion was accom-
plished in these Devonian déposits.

Considerable amounts of material from the

"Devonian are to be seen in the drift of eastern
Wisconsin, and fragments carrying such fossils
found in the Illinoian drift west of Rock River
show the easterly derivation of the drift in

Chamberlin noted the occurrence
of black shale in the drift before it was known
that the black shales occurred within this area

‘and beneath the margin of the lake. It is
possible that the incorporation of sticky
aluminous clay from the Devonian shales in
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the drift of the Lake Michigan Glacier played
much the same part in the development of
drumlins in the eastern part of the area as
adhesive clay from the Maquoketa. shale ‘is
supposed’ to have played in the formation of
the drumlins of the Green Bay Glacier.

TERTIARY (?) DEPOSITS.

The vast interval between the withdrawal
of the waters of the Devonian seas from the,
borders of southeastern Wisconsin and the
incursion of the glaciers of the Pleistocene is
recorded in the work of stream erosion as

‘represented in physiographic development and

preglacial topography. It is, however, almost,
wholly wunrepresented by geologic deposits.
Only one deposit remains, very insignificant in-

| amount but highly significant in character and

relations. ! This is the preglacial gravel on the
quartzite range near Baraboo, which has been
described by R. D. Salisbury.! .

Among the quartzite blocks near the top of
the “mountain path’’ from Kirks to the crest
of the east bluff of Devils Lake lie fragments of
chert and rounded pebbles which have evi- .
dently fallen from the crest above. In places-
at the crest of the bluff where the quartzite
is stripped of its soil occur scattered pebbles
entirely different from those in the glacial
drift whose margin lies a short distance east-
ward. Careful search among these pebbles has
failed to reveal a single piece of rock which
was unquestionably derived from the glacial
drift. The pebbles, most of which are less
than an inch in diameter, and the fragments
and nodules are principally of chert ranging’
in color from white through red, yellowish,
ocher, brown, and black. With these are
some of vein quartz. The original surfaces of
the nodules, where retained, are rather rough
or dull, not polished. Many of the pebbles
are smoothly rounded, but nearly as many are
only subrounded; or angular with the edges -
slightly worn. Fragments, both rounded and
angular, are highly polished; some of them
contain parts of silicified fossils.

In 1874 Chamberlin? wrote of these deposits
in part as follows: '

On the high bluff just east of the lake, in excavating for
a cistern, Trenton fossils in a silicified condition were

1 Salisbury, R. D., Preglacial gravels on the quartzite range near -
Baraboo, Wis.: Jour. Geology, vol. 3, pp. 655-667, 1895.
20n the Auctuation of level of the quartzites of Sauk and Columbia
counties: Wisconsin Acad. Sci. Trans., vol. 2, pp. 133-138, 1874,
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thrown out. This portion of the bluff does not seem to
have been visited by the glacial agencies, although north-
ern drift occurs a short distance east. This will not seem
-strange when it is known that the drift, even on the lower
lands, extends but a shorter distance west of this. There
was no foreign drift discernible in the material excavated
or in the vicinity, and the quaitzite bottom did not indi-
cate glacial erosion. These facts, whatever may be thought
of their force or conclusiveness, are at least interesting.

Somewhat back from the crest of bluff near
an old log cabin is an old well, or cistern, possi-

bly the one referred to- by Chamberlin. This,

according to Salisbury, was dug to a depth of
16 feet in gravel, beneath which was the firm
quartzite, which, according to those who dug
the well, was much worn and polished and
marked by potholes, Potholes are also ob-
served in the surface of the quartzite in the
_vicinity, and some of these contain gravel of
the same sort. When examined by the writer
in' 1903 and 1907 the old well was nearly filled
by caving and the falling in of débris. Digging
into the sides of the Lole to a depth of 4 fee
below the surface disclosed very sticky non-
calcareous bluish clay, mottled yellow, scat-
-tered through which were pebbles and chert
fragments similar to those which had been
left by washing away of the clay in the material
thrown out from the old well and that on the
crest of the bluff. No bed of sand or loose
gravel was reached in the small amount of
digging which was done at the “time of the
writer’s visits, nor did the pebbles seem to in-
crease in amount with increasing depth. In a
new hole, which was opened to a depth of 3 fee,
numerous fragments of quartzite were found
just below the sod, and below this was sticky
blue clay, with a very few cherts and quartz-
ites. From Salisbury’s description it is in-
ferred that a considerable bed of the gravel was
found in digging this well. He makes no men-
tion of the sticky blue clay through which peb-
bles are scattered near the surface, yet the
washing of this clay yields fragments and worn
pebbles similar to those found on the crest of
the bluff. ‘He states, on the contrary, that *“ the
gravel is unaccompanied by the clay and sand
beds which are present in Minnésota and on
-which the Cretaceous correlation was sug-
gested.”!  Some of the chert occurs.in sharply
angular pieces several inches in diameter, and
much of it resembles that disseminated in
masses through the Lower Magnesian lime-
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stone. It-is also like the chert from the
Nlagara dolomite, so abundant in large masses
and in smaller angular fragments on the crest
and slopes of West Blue Mound. That some of
the material originally came from the Niagara

and some from the Trenton and Galena lime-

stones is shown by the fossils which Salisbury 2
cites as having been determined from the ma-
terial by E. C. Quereau. He says:

Among thesilicified fossils which enter into the gravel as
constituent pebbles, there were found representatives of
the following groups: Orthoceratites, gastropods brachio-
pods, crinoids, bryozoa, and corals.
are recognizable: Astrocerium venustum Hall, Favosues
niagarensis Hall, Fenestella cf. termiceps Hall, Callopora
ct. elegantula Hall, Retepora sp. indet., Zaphrentis cf. turbi-
nata Hall, crinoid trochites, gen. indet., Orthoceras junceum
Hall. Ofall the determinable species, five belong to ths
Niagara of Wisconsin and one to the Trenton or Galena.

Among pebbles collected by the writer a few
contained traces of fossils, on which Ulrich re-
ports as follows:

The largest piece, evidently broken from a bowlder of
rusty-gray chert, contains part of the corallum of a species
of Favosites allied to F. asper. Both the fossil and the
matrix suggest lower to middle Niagaran.

Only two of the five small, evidently. desert-pohshed
gray-black chert pebbles are recognizably fossiliferous.
One of these retains a small portion of a cyathophylloid
coral, evidently having short septa and well-developed
tabulse. These features suggest Amplezus, Campophyllum
and Diphyphyllum. On account of the lamge size of the
original—it must have been over an inch in diameter—
and very small width of its septa, the resemblance leans
to the first rather than the second and third of these genera.

The secorid pebble contains a small piece of sponge ap-
parently closely allied to if not identical with Climaco-
spongia radialis. So far as known, this genus is confined to
a late middle Silurian lunestone (Brownsport formation) in
west Tennessee.

If we may rely on the last, the polished pebbles also are
of Silurian age. The coral, if really Amplevus, does not
oppose this determination.

On the south quartzite range west of Devils
Lake there is a great deal of yellowish chert
resembling that just described as occurring
with brown loamy clay 2 to 6 feet in depth,

‘and in places with reddish residual clay. Not

much of this chert is found more than 1,300
feet above sea level, and the deposit is be-

lieved to be the residuum, in large part at least,

from the now dissolved Lower Magnesian lime-
stone which probably lapped upon the quartz-
ite ridge at about the same elevation. Some of
the chert is in masses a foot or more in size, and

1 Salisbury, R. D., op. ¢it., p. 664.

2Idem, p. 656.

The followmv forras -
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resembles that occurring in the Lower Magne- |

sian limestone. Most of it is in smaller frag-
ments. It is also like that on West Blue
Mound, noted above.
I‘rom these relations, it appears that when
decomposition and erosion had removed the
superincumbent sedimentary formations and.
had so far lowered the land surface that the
crest of the quartzite range was beginning to
“emerge in the plain, there was a considerable
‘amount of chert on the surface with the other
residuals. A part of this was worked over by
‘a stream, possibly by the ancestral Wisconsin
River, and was smoothly rounded and polished,
as it would be if it were used as in abrading the
potholes that pit the quartzite on the bluff east
of the Devils Lake Gorge. ~As these gravels are
clearly not glacial, they must be preglacial, as
pointed out by Salisbury, and they must have
been deposited as gravels when a stream flowed
~on a level with the top of the quartzite bluff.
The level is about 1,560 feet above sea level, 700
feet above Baraboo River on the north, 800 feet
above Wisconsin River on the south and fully
1,000 feet above the bottoms of the preglacial
channels north and south of the range and
through the Devils Lake Gorge. Not only were
the valleys cut to this depth since the deposi-
tion of the gravels, but hundreds of feet of sedi-
" mentary rock has been removed from extensive
surrounding areas, so that it is clear that the
time since they were deposited has been very
long. Their age can hardly be regarded as later
than Tertlary The writer made an examina-
tion of the top of West Blue Mound, with a view
. to ascertaining whether or not such gravels
were preserved on that hlgh point. He found a
great deal of chert similar in kind to that on the
Baraboo Bluffs, much of it in large masses on
-the slopes, and a large amount of it in smaller
fragments on thé crest and slopes of the emi-
nence. No excavation was made, but careful
examination of the material thrown out from
post holes of the observation tower and of
that scattered about on the surface and ex-
posed in gullies failed to reveal any water-worn
material. , ‘
The writer is inclined to think the water-

worn pebbles on the bluff east of Devils Lake |

are local river gravels, but such gravels may
have extended on down the valley to the
Mississippi embayment. Certain occurrences
of conglomerate in the drift indicate that such
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gravels may originally have had considerable
extent. One of these occurrences observed by
the writer is in the northwestern part -of
Whiteside County, Ill., 7 or 8 miles northwest
of Morrison. At this placc, in a ravine in the
south part of sec. 11, Ustick Township, among
other erratics were numerous pieces of .dark-
red ferruginous conglomerate carrying yellow
chert pebbles. There is, of course, a possi-
bility that this may be a conglomerate of early
drift gravels, as are some ferruginous conglom-

-erates in the Rock River valley near Rockford.

When seen by the writer, however, it was
thought not to be of glacial origin inasmuch
as.no crystalline pebbles were noted therein,

.and inasmuch as it had been solidified to a

hard conglomerate prior to its incorporation in
the drift.

Salisbury * discusses the occurrence on high
points in the Mississippi Valley as far north as
Pike and Hancock counties, Ill., of similar
gravel deposits some of which were noted long
ago by Worthen and his associates of the
Illinois Geological Survey.? He also refers to
deposits of quartz gravel in the Driftless Area
as far north as Dunn County, Wis., one of
which, high on the divide between the Kickapoo
and Mississippi rivers in Crawford County, was
described by- Moses Strong?® as follows:

A very singular deposit was found at the village o -
Seneca, in Crawford County, in the lower part of the Buff’
limestone. Itformsasmall eminenceashortdistancenorth
of the village. The deposit consists of a conglomerate,
formed of quartz pebbles of small size, and sand in large
rounded grains, firmly united with iron as a cementing
material. The pebbles are seldom more than half an inch
in the longest dimension, consisting always of white or
transparent quartz, and always smoothly rounded, evi-
dently having been rolled by the action of water. The
extent of the deposit is small, covering only about an acre,
and not exceeding 5 or 6 feet in depth.

It is stated by Chamberlin and Salisbury *
that this deposit not only lies on the surface
but extends down a fissure to a depth of 65-
feet, to which extent it was penetrated by a
mining shaft.

10p. cit. Also, On the northward and eastward extension of the
pre-Pleistocene gravels of the Mississippi basin (abstract): Geol. Soc:
America Bull., vol. 3, pp. 183-186, 1892; also Am. Geologist, vol. 8,
p. 238, 1891.

3 Worthen, A. H., Geol. Survey Illinois, vol. 1, p. 831 1866, and vol.
4, p. 37, 1870.

Strong, Moses, Geology of tho Mississippi region north of tho WlSCOl‘l-
sin River: Geology of Wisconsin, vol. 4, p. 88, 1875-1879. .

4 Chamberlin, T. C., and Salisbury, R. D., The Driftless Arca of
the upper Mississippi Valley U. 8. Geol. Survey Sixth Ann. Rept.,
. 275, 1885. )
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W J McGee! described under the name of

Rockville conglomerate similar occurrences
crowhing one of the higher points in Delaware
"County, Iowa. He states -that ‘‘while the
pebbles are predominantly ‘quartz, rounded or
~ subangular fragments of chert are not rare, and
. now and then rounded pebbles of lunestone and
granitoid rocks occur.” He says further that
isolated remnants of quartz-pebble conglomer-
ate in a limonite matrix occur occasionally in
the extreme northern part of Iowa, and that
similar conglomerates form "a considerable
element in the drift of northeastern Howard and
western Winnesheik counties, Jowa. He also
cites the observation of similar conglomerate in
Illinois by Worthen and his associates at vari-
ous places in position and in the drift, and the
noting of lithologically similar conglomerates
of Cretaceous age by N. H. Winchell and his
collaborators at many places in Minnesota. In
an earlier publication * McGee discussed the
conglomerate to which he applied the name
Rockville as probably of early glacial origin
““because, first, it contains pebbles of Archean
rocks which must have been brought from a
distance of 200 to 400 miles, * * * and
because, second, it occurs at various levels and
is unstratified.”

After a.consideration of the characters and
- relationships of the several occurrences of con-
" glomerates of "the upper Mississippi Valley he

t McGee, W J, The Pleistocene history of northeastern Iowa: U. S.
Geol. Survey Eleventh Ann. Rept., pt. 1, pp. 304-308, 1891.

2 McGee, W J, Notes on the geology of a part of the Mississippi Valley: |

Geol. Mag., 2d ser., vol. 6, pp. 553-561, 412, 420, 1879,
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concluded, in the later paper, that ‘“‘on the
whole, it is safe to pr0v1s1onally refer the Rock-
ville conglomerate to the Cretaceous” His
considerations do not, however, prohlblt thelr
reference to Tertiary age.

In 1914 the writer, accompamed by A. O.
Thomas and M. M. Leighton, examined certain .
low mounds a few mlles southeast of Rockford,
Floyd County, Towa. Beneath the thin, sandy,'
and pebbly drift that covered the low swells
there was exposed 1 foot to 9 feet of soft buff
sandstone (in_ places loose sand) set full of small
rounded, highly polished fossiliferous black
chert and white quartz pebbles. This deposit
overlies the Devonian and is clearly preglacial,
for it contains no foreign material, such as the
crystalline erratics in the overlying drift. Simi-
lar sand and gravel were observed in 1915 about
8 miles northeast of Osage (Liberty Township),
Mitchell County, Iowa, in the SW. % sec. 15, T.
99 N, R. 16 W. Polished .chert and quartz
pebbles of this kind are widely distributed
through the drift of Iowa and Illinois. -

There is thus evidence of considerable gravel
in the upper Mississippi Valley before the
glacial epoch. It is quite possible, however, as
pointed out by- Salisbury, that these various
occurrences are not all of one age. Both Cre-
taceous and Tertiary gravels may be repre-
sented. One thing seems to be quite definite,
and that is that the deposition of the gravels
on the Baraboo Bluffs antedated a long period
of erosion prior to the incursion of the late
Pleistocene glaciers. ‘ '
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PHYSIOGRAPHIC DEVELOPMENT.
DISSECTION OF THE ROCK SURFACE.

After the emergence of the eastern part of
the area from the waters of the Devonian seas
in which was deposited the Milwaukee forma-
tion the marine waters, so far as known, did
not encroach upon the area of Wisconsin.
During the Mississippian and Pennsylvanian
time the interior sea covered- large parts of
neighboring States—Iowa, Illinois, and Michi-
gan—but no deposits of this age occur in Wis-
consin. The borders of this sea may. have
encroached upon southern and eastern Wis-

consin and the deposits have been subse-

quently removed by erosion, but there is no
evidence that such was the case. From De-
vonian to Cretaceous the whole region of the
upper Mississippi and the Upper Great Lakes
is believed to have been land and subject to
denudation by erosion. Whether it stood high
or low is not known. ‘

In his correlation of the Cretaceous deposits
of North America, C. A. White? cites the oc-
currence of outliers and local exposures of
Cretaceous strata in Minnesota and Iowa and
their possible occurrence in western Wisconsin,
and says: “These discoveries indicate that
the Upper Cretaceous sea extended in some
places fully as far eastward as the present
channel of the Mississippi River, and that it
probably occupied certain adjacent portions of
Wisconsin and Illinois.”

With anincursion of the sea into southwestcm
Wisconsin would probably be associated low-
level conditions of drainage throughout a large
part, at least, of the area under discussion.
Such low-level conditions, if long continued,
would result in extensive base-leveling and
only slight dissection of the land sulfface.
The following statement of Chamberlin and
Salisbury in regard to the Driftless Area of
southwestern Wisconsin is probably applicable
to the whole of the region under discussion:?

1 White, C. A., A review of Cretaceous formations of North America:
U. 8. Geol. Survey Bull. 82, pp. 142, 203-204, 1891.
. 2Chamberlin, T. C., and Salisbury, R. D., The Driftless Area of the
upper Mississippi River valley: U. S. Geol. Survey Sixth Ann. Rept.,
p. 222, 1885.

But whether submerged or not during these earlier agés
the Driftless Area was probably a low-lying tract until the
Tertiary age and hence was subject to but slow and slight
erosion. Some denudation, however, took place previous
to this age.. If theoretical considerations did not force us
to assert this, we should be compelled to do so by the evi-
dence which the unconformity of the Carboniferous strata
upon the earlier ones present in Illinois and Missouri, and
by the manner in which the Cretaceous beds are inserted
in the hollows and gorges of the Paleozoic beds in Minne-
sota and elsewhere. But with all these qualifications
there can be little doubt that the present reliéfs of the
surface were mainly the work of post-Cretaceous times.
The final sculpturing took place in late Tertiary or in the
period of transition to the glacial period.

Attention has already been called to the
probable former extension of the several rock
formations over parts of the State from which
they are now absent. When central Wiscon-
sin emerged from the interior continental sea
beds of limestones, sandstones, and mud shales
surrounded the nucleus of crystalline rock (if,

‘indeed, some of them did not extend completely

over it) and formed an extensive plain, whose
materials the run-off of falling waters at once
began to carry back to the sea. Probably (see
p- 93) the Niagara dolomite and perhaps all of
the underlying formations down to the Lower
Magnesian limestone extended over the tops
of the Baraboo Bluffs, burying them under
hundreds of feet of sedimentary rock, and pre-
sumably over much of the rest of the area.
If this was the case hundreds of feet of rock
have been removed from thousands of square
miles of this area and the derived material
swept southward and eastward into bordering
oceans. The result was the configuration of
the rock surface as ewposed in the driftless
part of the area and as concealed in the part
mantled with the drift, except in so far as it
was subsequently modlﬁcd by glacial erosion.
Such modification consisted probably of a gen-
eral rounding and smoothing of the contours
and a moderate lowering of the ridges and
deepening of some of the valleys rather than
of any great change such, for instance, as the
excavation of new systems of deep valleys.
If the drift were stripped from. the under-
lying rock its configuration would probably
appear somewhat similar to that of the Driftless
103
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Area. Thewhole area would doubtless be char-
acterized by a mature erosion topography with
large trunk valleys and branches dividing and
subdividing until every square milé was dis-
sected and thoroughly drained. The larger val-
leys would be found underlying in a general way
the courses of the present main streams, though
in many places these are wandering far from
their ancestral courses. The removal of the
drift would also reveal some extensive valleys
- which were later so well filled with drift that no
postglacial stream could follow them even ap-
proximately. Although it is now impossible
to picture more than the main features of this
_ancient, preglacial topography, careful study of
the present topographic and drainage relations
and the correlation of the location and eleva-
tion of the rock surface where it is exposed and
~ where it has been encountered—or failed to be
encountered—in thousands of wells has enabled
the writer to trace what is believed to be the
location of the main preglacial valleys. The
results of this study are delineated on Plate 1T
(in, pocket) by the use of hypothetical con-
tours with an interval of 100 feet.

PENEPLAINS AND CYCLES OF EROSION.

It is not probable that the removal of this
vast amount of rock and the mature dissec-
tion of the surface of the remaining deposits
was accomplished in one continuous cycle of
erosion. The general relations seem to indi-
cate that at least three cycles were involved.
During the first denudation the several geo-
logic formations lay at relatively lower levels.

The streams which had been dissecting the-

plain which emerged from the sea at length cut
. down nearly to the base-level determined by
the sea'and the master streams and then began
to meander widely, swinging in broad curves to
and fro across their valley bottoms, shifting their
channels from place to place and cutting back
the bluffs on either side, and thus broadening

the valley- bottoms into extensive plains and |’

narrowing the intervening ridges to lines of
isolated bluffs, many of which at last crumbled
- to low mounds on a nearly flat surface. The
procéss’was probably continued until the whole
area was a peneplain, with but few isolated
.remnants of higher levels.!
One of these remnants, or monadnocks, pro-
tected by a heavy capping of very hard flinty

1 Hershey, O. H., Preglacial erosion cycles in northwestem Illinois;
Am. Goologlst vol. 18 pp. 71-100, 1896.
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rock, has surﬁved all subsequent changcs as
West Blue Mound. East Blue Mound lost its -

'protecting capping and was considerably low-

ered but is still one of the high points.” The
higher parts of the crests of the Baraboo
quartzite ranges also rose above the general
plain when the covering of limestones and
sandstones was stripped away. The level
of this plain, especially in the western half -

of the area, corresponds to what are now

the highest uplands with elevations 1,000 to
1,200 feet above the sea, though at that time
the -elevation was much lower. This plain
being nearly flat, beveled across the low dips of
the several formations at low angles, so that
it was cut in lower geologic horizons at the
northwest than in the eastern and southern
parts of the area. In the Lancaster-Mineral
Point region the surface thus developed has
been designated the Lancaster peneplain.®

The several limestones carry considerable
chert at certain horizons, and nodules and frag-
ments of this, being relatively insoluble, accu-
mulated on the surface or were rounded by the.
streams into pebbles and transported and de-

‘posited as gravel, most of which, on further

dissection, was swept away. On the surface of
the south range of the Baraboo quartzite, where
the exposure of the very hard quartzite retarded
erosion after the mantling sediments were re-
moved, much of this chert was left and still re-
mains, principally west of the Devils Lake
Gorge and above the 1,100 or 1,200 foot levels.
Probably most of it is from the Lower Magne-
sian llmestone, which carries much chert in
masses disseminated through the- rock, and
from the Niagara dolomite, which, where disin—
tegrating on the crests of the Blue Mounds, has
left great masses of red and yellow flint. The
highly polished river gravels found on the crest
of the east bluff at Devils Lake (see pp. 99-101)
were doubtless deposited about the time of the
development of this peneplain.

Just to what extent this planation was car- -
ried before the process was interrupted.is not
known, but at length there came a general ele-
vation of the region, so that the fall of the
streams was increased and they began with re-
newed energy to dissect and transport the sedi-
ments to the sea. In the old valley bottoms,
which had been broadened to plains, the streams
began to excavate new channels and to dissect

2Grant, U. 8., and Burchard, E. F., U. S. Geol. Survey Geol. Atlas,
Lancaster- Mmeral Point folio (No. 145), p. 2, 1907,
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.the plain" with dendritic branching valleys.
The work accomplished during this cycle of
“erosion is represented by the topography of
the driftless portion of the area under dis-
cussion and by the configuration of the rock
surface beneath the drift, although not all of
this denudation was accomplished before
another interruption took place by which the
process was again accelerated. The exact time
of these several events can not now be deter-
mined, but (see p. 103) it has been believed
_that most of the denudation was accomplished
during Tertiary time.

PREGLACIAL TOPOGRAPHY.
DEVELOPMENT.

In this discussion and throughout the present

paper the development of the several valleys is
treated as though accomplished prior to the
earliest stage of Pleistocene glaciation. Little
or nothing is known, however, of conditions in
southern Wisconsin when the ice first invaded
the area of the United States. It is therefore
quite possible that a considerable part of the
deepening of the valleys and dissection of the

area really occurred after the earliest glaciers

had disappeared. This should be borne in
mind throughout the reading of this paper and
reference to ‘‘preglacial”’ drainage, ‘‘pregla”
cial”’ topography, ‘‘preglacial”’ valleys, etc.,
should not be -taken as meaning pecessarily
“‘pre-Pleistocene’ drainage and topographic
features. The absence of definite determina-
tion of the age of buried material lying in the
* valleys makes the determination of the age of
the valleys themselves uncertain. The term
“‘preglacial”’ as here used is meant simply to
indicate that the features to which it is applied
were developed prior to the incursion of the
oldest ice sheet known to have invaded that
part of the area. o

WISCONSIN RIVER VALLEY.

ANCIENT COURSE ACROSS THE BARABOO QUARTZ-
' ITE RANGES. '

~ In preglacial time, as now, Wisconsin River

was the principal stream of the region. The
relations of the present stream to its ancient
valley are interesting. Then as now the Bara-
boo quartzite ranges lay across the course of
the stream and they were probably controlling
factors in the development of the valley.
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Probably (see p. 93) when-the waters of the
Paleozoic seas withdrew and the sea bottom
emerged as land the quartzite ridges were
buried beneath hundreds of feet of marine sedi-
ments, whose surface extended as a vast fea-
tureless plain.” On this plain the initial loca-
tion of the stream courses was determined by
the direction of the slope and minor inequali- .
ties.! Probably Wisconsin River followed a
course directly across the buried quartzite
ridges. A suggestion that Baraboo River once
flowed through Devils Lake Gorge is credited to
I. A. Lapham by J. H. Eaton.* Chamberlin in
discussing the deposition of the valley drift
refers to the detour of Wisconsin River about
the east end of the Baraboo quartzite ranges
and states:? 3 '

But this does not seem to have been the course of the
river in preglacial times. It appears, instead of making
this detour to the eastward, to have kept on southward
across the Baraboo ranges, entering the lower narrows of
the Baraboo River, and finding exit through the gorge at
Devils Lake, which is regarded as an old river canyon.

Doubtless initial courses were subsequently
modified by warpings, elevations, or depres-
sions in some parts of the plain more than in
others, but the details of this history can not
now be traced, and these factors need not be
considered in this connection.  The concerted
work of the various streams finally so far dis-
sected and lowered the general surface of the
new-made land that some of the features now .
visible began to have their influence on the .
work of the streams. In what is now the Bara-
boo region a ledge of hard quartzite began to be
uncovered in thé bed of Wisconsin River trans-
verse to the course of the stream. -As the lime-
stones, sandstones, and shales were worn away,
the ledge, being so much harder, became more
and more of an obstruction. Not improbably
in places rapids and waterfalls came to be de-
veloped by the waters rushing over the crest of -
the hard ledge and plunging into basins worn -
in the softer rock below. As the top of the
quartzite ledge was not straight but the round- -
ed crest of a buried ridge, the removal of the less
indurated enveloping- rock would cause the
stream- to gradually shift its course from place

1 An interesting discussion of the work of rain and river erosion and tho
development of the scenic features in the Devils Lake region is presented
by Salisbury and Atwood in Wisconsin Geol. and Nat. Hist. Survey
Bull. 5, ed. ser., No. 1, pp. 36-72, 1900.

2Report on the geology of the region about Devils Lake, Wis.: Wiscon-
sin Acad. Sci. Trans., vol. 1, pp. 124-128, 1872.

3Geology of Wisconsin, vol. 1, pp. 284-285, 1882.
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to place until a relatively low sag in the crest of

the ledge was found. Having sunk its bed in
such a sag the stream would less easily shift it
to anothcr point, and the process of deepening
that sag would be continued. _

The structure of the quartzite ranges as ex-

posed to-day shows them to be the remnants of |

great mountain folds which had suffered a vast
amount of erosion prior to their submergence
“in the Paleozoic-seas, and the relations of the
sandstone remnants to the crest and slopes
show-that the ridge which was submerged and
buried in the great accumulation of marine
sands and other sediments had previously been
cut by numerous ravines and gorges. Particu-
larly is this shown in Devils Lake Gorge where,
near Messingers, opposite Kirks, sandstone
still remains in a recess in the wall of quartzite.
A stream, shifting as indicated with the re-
moval of the softer enveloping rock, might, in
time, discover in the quartzite a notch or gorge
which had been cut during pre-Paleozoic time
and which had been filled during the submer-
gence: This is what Wisconsin River appears
to have done. The sag in the obstructing
ledge that finally determined its location was
the refilled gorge wherein now lies Devils Lake,
(See PL. VII, B, p. 40.) - Once in this sag the
stream found itself again on a sandstone bed and
must have proceeded rapidly with the work of
reexcavation. It is very interesting to note
that there still remains on the crest of the east
* bluff north of Kirkland some of the ancient river
gravel which was worn and rounded when the
stream flowed at thatlevel, about 800 feet higher
than the preserit stream a few miles to the
south. It is quite possible that some or all of
the small potholes found pitting the quartzite
at the top of the east bluff were bored into
the resistant rock of the stream bed by the
. whirling of these same gravels in the eddies of
this stream. It is certainly true that at least
some of the gravel has been found reposing in
these cavities.
As more and more of the Paleozoic rock was
removed the south range emerged above the
- plain as a broad ridge through which the stream
flowed in a narrow gorge. With the continued
lowering of the plain another quartzite ledge
was uncovered in the bed of the stream at a
point 7 or 8 miles northeast of the first, where
the buried crest of the lower north range was
encountered. A similar process of stream ad-
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justment located the river in the gorge now-
known as the Lower Narrows of Baraboo River.
(See Pl. XIII.) Although the evidence that
‘this gorge was cut in pre-Paleozoic time is not

|80 good as that in regard to Devils Lake Gorge,

the fact itself is quite possible, although the
stream which first cut Devils Lake Gorge may
have crossed the north range farther west, at a
point where considerable thicknesses of drift
and sandstone and no quartzite are now pene-
trated in drilling wells. So resistant is the
quartzite, however, as compared with the soft
friable sandstone, that it seems probable that a
filled gap in the range would have been dis-
covered and reexcavated before such a gorge
as the Lower Narrows could have been cut in
the quartzite, even if the main stream were so
located that it could not readily change its
course. The writer is thus inclined to think
that the Lower Narrows, like Devils Lake
Gorge, had been previously cut through the
quartzite and refilled with sandstone, and that
Wisconsin River in its shifting course found the
filled gorge and reexcavated it. Baraboo
River, coming from the northwest, joined the
larger stream.just north of Devils Lake Gorge
and was probably joined, as now, near Able-
man, by Narrows Creek. These streams re-
peated the process of finding buried gorges in
the quartzite and reexcavating them. At least
they cut gorges and, for the redsons cited above -
in regard to the origin of the Lower Narrows,
the writer is inclined to think that they did so
by reexcavating channels that had been cut by

pre-Paleozoic streams and later filled with - '

sangstone. .

With the reoccupancy.of the gorges the
streams ceased lateral shifting at these points
and devoted their energies to down cutting, and
they may have increased the original depths of
the gorges. This can not be determined at pres-
ent, however, for no borings have reached the.
rock floor beneath the filling of drift. There are
no deep borings at all in Devils Lake Gorge;
but, on the supposition that all the depressions
in the surface of the rock within the Baraboo
basin and north of the ranges were drained
through this outlet (no other known outlet
being sufficiently deep), its bottom is belicved
to lie nearly 500 feet beneath the surface of the
lake or not more than 500 feet above the level of
thesea. It was reported-to the writer that the
well at Waddell’s creamery, at the north outlet
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of the Lower Narrows, less than 80 rods from
the foot of the quartzite bluff, penetrated un-
consolidated filling to a depth of 216 feet with-
. out reaching the.rock bottom of the gorge—
that is, to a level about 585 feet above sea level.
A wellin the lower end of the Upper Narrows
penetrated 85 feet of filling without reaching
the rock bottom of the gorge, and numerous
wells between the Narrows and Reedsburg have
penetrated filling to levels equally low. The
correlation of a large number of borings® within
the Baraboo basin (see Pl. IT in pocket) shows
that deep buried channels lead from the Upper
and Lower narrows to Devils Lake Gorge. = The
greatest depth of filling known to the writer
to have been penetlated by these borings is
250 feet, but it is probable that beneath the

termmal moraine a mile west of Baraboo there

1s not léss than 400 feet of drift. Skillett Creek
now flows northwestward over sandstone ledges
in picturesque little waterfalls, but prior to the
depos1t10n of the drift it flowed eastward, join-
ing the river south of the site of Baraboo It
is possible also that for a time, at least, Dell
Creek flowed southeastward from a point now
the head of Mirror Lake, traversed a valley
through the north range, and joined Baraboo
"River south of the site of the village of Lyons.
This is indicated by the southeasterly trend of
the upper part of the Dell Creek valley, its
abnormal present course through Mirror Lake,
where the configuration of the gorge indicates
that the direction of drainage has been re-
versed, and the presence -of a considerable
~ thickness of drift as shown by numerous wells.
Mr. Fox’s well on. the slope north of the village

of Liyons is reported to have penetrated 230 feet:

of drift at a point less than 80 rods south of an
outcrop of quartzite, and Mr. Ruggles’s well,
in the northwestern part of Baraboo, is said to
have penetrated 276 feet of drift. Neither of
these reached rock. With the deepening of the
valley north of the north range Dell Creek
may have shifted eastward dlrectly to, Wis-
consin River.

VALLEY BELOW THE BARABOO BLUFFS.

While this work was going on in the vicinity
of the Baraboo ranges the river above and

-

1 Drill records quoted by Weidman (Wisconsin Geol. and Nat. Hist.
Survey Bull. 13, pp. 78-79, 1904); also data from F. B. Clarke, A. W.
Rohn, and E. W. Van Akin, drillers at Baraboo; William and James
Lge, drillers at Ableman; and from owners of wells. .
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below was deepening and broadening its valley.
From the outlet of Devils Lake Gorge the
stream turned southwestward. So far as
known to the writer there are no borings in that
part of the valley between the Baraboo Bluffs
and the Mississippi sufficiently deep' to .show .
the full thickness of filling, so that the depth
of preglacial excavation can not be determined
directly. The fall in the present stream be-
tween Portage and the Mississippi is given by
Warren * as between 0.095 foot and 3.696 feet
per mile with ‘an average of about 14 feet.
From Merrimac to the Mississippi the total
fall is about 160 feet in the distance of 108
miles, or approximately 1} feet per mile. The
fall in the ancient stream may not have.been
so great. If the bottom of the valley in the
Devils Lake gorge was 500 feet above sea level
a fall of approximately 1 foot per mile would
place the junction with the Mississippi at about
400 feet above. About 40 miles below Merri-
mac, a mile above the mouth of a small
tributary valley (Bear Creek), and more than
2 miles from the center of the Wisconsin Valley,
west of Lone Rock (sec. 26, T. 9 N., R. 3 E.
(Buena Vista- Township), C. J. Carswell drilled
a well through sand and gravel to a depth of
180 feet (540 feet above sea level) before
reaching bedrock, whence it may be inferred

that the rock bottom of the main valley 2 miles

to the south is at a somewhat lower elevation.
Several wells at Prairie du Chien, at the court-
house, the convent, and the Sacred Heart Col-
lege, are stated by Herman Stookey, driller, to
have penetrated sand and gravel to depths of
140 to 146 feet?® before encountering the rock
beneath the broad terrace on which the city
stands. These are somewhat east of the mid-
dle line between the bluffs on either side of the
Mississippi gorge at points 2 to 3 miles north of
Wisconsin River. They are at one side of the
present channel of the river and may not have
reached the rock bottom of the valley in its
deepest part. The elevation, where the rock
was encountered was about 500 feet above sea
level.

The uplands on either side of the Wisconsin -
Valley range in elevation from 1,000 to 1,200

2 Warren, G. K., The improvement of the water-transportation routo
from the Mississippi to Lake Michigan, along the Wisconsin and Fox
rivers: Chief of Engineers’ Ann, Rept., H. Ix. Doc. 1, 44th Cong., 2d
sess., pt. 2, p. 2£3, 1876.

‘See also Geology of Wxsconsm “vol. 1, p. 253, 1883.
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feet above the sea, and the rock formations
capping these lie several hundred feet below
what must have been the level of the plain
which emerged from beneath the waters of the
Paleozoic seas, as shown by the Niagara dolo-
mite capping of Blue Mound with its elevation
of 1,730 feet above sea level.

~ The relative dimensions of the valley at
several points below Merrimac are shown by
‘cross sections in figure 5; (b) shows the con-
stricted character of the gorge at Devils Lake;
(¢) is drawn from the Devils Nose southward
across the valley to the sandstone bluffs in

SOUTHEASTERN ‘WISCONSIN.

(Pl. XIV, A) to about 2 miles at the west
(fig. 5, d). At Bridgeport, near the mouth
of the river, it has a width of less than 2 miles
between the main lines of bluffs (Pl XIV, B).

Normally the valley of a stream widens toward
its mouth. The apparently abnormal narrow-
ing of the Wisconsin Valley is due to the fact
that the westerly dip of the rock formations is
greater than the fall of the stream. The de-
velopment of the Lancaster peneplain cut the
formations at a low angle and beveled them
off (see p. 104),so that toward the center of the
State the plain lay on lower geologic forma-
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FIGURE 5.—Cross sections of present and preglacial valley ofsWisconsin River. (a), Section on line extending eastward from The Dells at Kilbourn
across the preglacial valley south of Briggsville; (b), Devils Lake Gorge; (c), section on line from Devils Nose south to sandstone bluffs in
T.10 N,, R.7 E. (West Point Township); (d), north- south section on line 1} miles east of Lone Rock; (¢), north-south section on line 1 mlle west

of Bndgeport

the town of West Point. This is within the
terminal moraine and there is probably 300
or 400 feet of drift filling in the valley. The
'upland for some distance on the south side
is greatly dissected so that there are isolated
bluffs of sandstone capped with Lower Mag-
nesian limestone. Still farther south, to Black
Earth Valley and beyond, the ridges coalesce
into a dissected upland. West of Sauk Prairie
between the river and the quartzite ranges the
formations are cut into abrupt ridges with deep
valleys between. One of the latter, that of
Honey Creek, is shown by wells to contain 100
to 150 feet of filling in the upper part and it is
probable that this thickness increases to 200 to
- 300 feet north of Lodi Mill.
Southward the Wisconsin Valley gradually
narrows. Through the Richland Center quad-
rangle it narrows from about 4 miles at the east

tions than it did fa,rther out. . Thus, north of

the Baraboo Bluffs, the plain was on soft friable
Cambrian sandstone; about the Baraboo Bluffs
and to the south and southwest it lay on Lower
Magnesian limestone, which was encircled - by
successive zones of the higher formations.

When this peneplain was elevated and the
stream began its dissection, Wisconsin River
was either already working in the soft sandstone
in the Baraboo region and to the northward or
was about to cut through the limestone into it,

and it readily widened its valley in this easﬂy
erodablerock. . Toward the Mississippi,however,
the southwesterly dip of the sandstone carried
it progressively lower, leaving the less erodable
limestone at the surface Hence the valley was
less readily widened and remains more con-
stricted towsard its mouth, where the limestone
forms the lower parts of the bluff and what was
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the bottom of the valley cut during the second
cycle of erosion. At Bridgeport more than one-
half the width of the valley, or 1 mile, is taken

up by a broad terrace cut in the limestone. |
the valley below, Mazomanie to deduce, with

(See Pl XIX, A4, p. 170, a reproduction of a
sketch in Warren’s report.!) This rock terrace
stands nearly 100 feet above the level of the
stream and underlies 50 to 100 feet of much-
weathered drift material mantled with loess
(seefig. 5,-(¢). Thepresent stream is thus con-
fined to a narrow inner valley barely three-
fourths of a 'mile in width. The elevation of
the rock bottom of the Mississippi Valley at
Prairie du Chien indicates at least 150 feet of
filling beneath the present stream and perhaps
50 or 100 feet more. The elevation of the rock
floor beneath the drift on the terrace is about
700 feet above sea level The highest elevation
of the eroded surface of the drift on this terrace
is 800 feet. E : .
" . At Muscoda, where the river is at the north
side of the valley, a sandstone ledge is exposed

in the south bank at the bridge at nearly the

same level. On the north side of the river for
9 or 10 miles west of Muscoda Bridge the line
of bluffs is about a mile north of ‘the river as at
Bridgeport, and between the two an uneven
eroded terrace of much-weathered drift man-
tled with loess lies from 690 to 750 feet above
sea level. The writer does not know that a
rock terrace underlies the -drift at this place,
. but the ledge at Muscoda Bridge suggests that
it may do so. Gen. Warren ? states that there
is sandstone in the bed of the stream 4 or 5
miles above this bridge. A small mound of
sandstone is exposed at an elevation of 705 or
710 feet between the village of Lone Rock and
the bridge at that place. The river flows
between this rock and the south bluff, the rock
and the bluff being separated by a distance of
about 200 rods. This also suggests the pres-
ence of a rock terrace beneath the main filling
°of sand and gravel. The writer did not learn,
however, that any of the -wells in the village,
most of which are shallow, penetrated the
sandstone. Remnants of old drift terraces
occur at-several other points along the valley,
as at Boscobel and Wauzeka, but have not
been sufficiently studied to show whether or

1 Chief Eng. U. 8. Army Ann. Rept. for 1876: 44th Cong., 2d sess , H.
Ex. Doz, 1, pt. 2, vol. 2, p. 296, 1876.
2Idem, p. 260.

[¢]
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not they are underlain by rock shelves. Some

of the old drift lies in the mouths of tributary

valleys. (See pp. 171-172.) - :
.The writer has not given sufficient study to

much confidence, the meaning of these several |
rock and drift terraces, but it seems clear that
the notably developed rock shelf at Bridge-
port represents the bottom of the valley at
one stage of erosion when the stream had cut
down to baselevel. The valley was then
broadened to its present width by the reces-
sion of the bluffs on either side. It is possible
that the development of the extensive pene-
plain north of the Baraboo Bluffs is to be cor-
related with this stage of erosion in the lower
valley. Following this there must have been
a general elevation of the country that caused
the streams to renew the work of deepening
their valleys; and in this latter cycle the reex-
cavation, or further deepening, of the gorges
through the quartzite ranges must have been
accomplished and the inner valley of Wisconsin
River excavated. - The inner valley bottom
opposite Bridgeport is probably at least 250
feet below the top of the rock terrace.

VALLEY ABOVE THE BARABOO BLUFFS.

That the preglacial course of Wisconsin
River was through the Lower Narrows and
Devils Lake Gorge rather than about the east
end of the quartzite range as now seems fairly
certain from the conditions within the Baraboo
basin and from the fact that for about 5 miles
between Dekorra and Merrimac hills of
easily erodable sandstone, though considerably
dissected and lowered, close in on-either side
of the stream, narrowing the valley in some
places to a width of a fraction of a mile.
Warren ? states that in the vicinity of Dekorra
the sandstone which crops out on the left bank
forms the river bed for some distance from the
shore. A well directly west of Dekorra, he-
yond the stream and marsh, has penetrated
72 feet of unconsolidated material, mosily
beneath marsh level; but the writer knows no
other evidence of deep filling. It seems doubt-
ful that Wisconsin River ever did flow about
the eastern end of the quartzite ranges in pre-
glacial times, for it is difficult to see how the
stream once located in a valley in the friable
sandstone could have been diverted to the
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constricted gorges through the quartzite range,
except by an actual blocking of the outer ira]ley
such as occurred during the glacial invasion.
North of the Baraboo Bluffs the whole
aspect of the valley is different. Above the
lower end of The Dells gorge the present stream
“is entirely out of its ancient channel. The
youthful character of the gorge at The Dells is
~in itself an indication of this. The available
records of deep wells are insufficient to show
with detail and accuracy thé ancient course of
the stream, but the results of the correla-
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1of a considerable valley buried beneath the

drift. Many of the wells on the morainal
ridges, though deep enough to show that the
ridges -themselves are entirely of drift, do not

‘penetrate to levels much lower than the present

bed of the Wisconsin. Numerous others show
that the rock lies less ‘than 700 feet above sea
level, or lower than the rock terrace near the
mouth of the river at Bridgeport.. A few
others, listed below (including a few in the
Fox River valley), penetrate to still lower
levels and are particularly significant.

Thicknesses of drift penetrated by wells in the preglacial Wisconsin and Fox River valleys, with elevations of the valley bottoms.

. | ‘Elevation )
Owne. Moteriat | ofbotiom | Depth of
' level.
’ T.N.| R.E. | Se. ). ) Feet. Feet.
Lower Narrows of Baraboo (Fair- 12 7 23 | Waddell Creamery...7.| Drift. ....... 585 216
field Township). ’ : ,
Big Spring, 1 mile north of (New | .14 | 7 14 | Jo Donahue.......... .| Clay......... 640 218
Haven Township). ’

- Oxford, 14 miles sotitheast of ... .. 15 8 21 | W. N. Johnson. ........ Sandstone 650 190
Oxford.....cooeeiinneann s 15 8 21 | Creamery............... ..... do....... 660 230
Westfield, 2 miles qouthwest of.. 16 8 15 | L. Kruger ......... ---.| “Granite 500 360
Bug]sm shop (Crystal Lake Town- 17 10 28 |..... do. .. oiilil Drift........ 580 242

.8 . e
.Packgv)aukee. e 15 9 32 | William Neal.._........ vee.do ol 600 180
Montello. .. oooeiioe 15 10 |...... Christ l‘dgatz ...... ce---| Sand......... 605 160
Lake Puckaway, north shore 15 10 20 | Chicago Club. Clay......... 440 330
(Mecan Township).

tion of such data as have been obtained
are shown on Plate II (in pocket). They
indicate that the last glacier crossed the
ancient valley from east to west and built the
outer range of morainal hills along its western
margin. At many places west of the moraine
isolated bluffs of sandstone, probably the last
remanants of the ridges which separated adja-
cent valleys tributary to the main drainage
line, rise above the surrounding plain, which
(see pp. 226-230) is due to an extensive deposit
of sand, gravel, and finer silts that filled the
valleys and covered the minor inequalities. At
a few places east of the outer moraine similar
sandstone hills are mantled with drift. There
are also other outcrops, and wells reach the
rock beneath the covering of drift. Still far-

ther east is a belt where no wells reach bedrock

at depths of less than 200 to 300 feet. East of
this again the rock surface rises so as to out-
crop at the surface in hills and ridges or to be
encountered in wells. There is thus evidence

The rock surface at these places is' 300 to 500
feet lower than beneath the plain in the vicinity
of The Dells and an additional 200 feet lower
than in the crests of the ridges and bluffs of -
sandstone which rise above this plain.

Two alternative inferences may be drawn
from the low levels at which the rock lies at
these several points. One is that they mark
the bottoms of valleys that were drained by
Wisconsin River or some other stream prior to
the incursion of the glaciers. The other is
that they mark depressions, possibly inclosed
rock basins, that were deepened by glacial
action, and that they are lower than the chan-
nels of preglacial streams and hence can not be *
regarded as evidence of the depths of the val-
leys between these points and the Mississippi.
The hypothetical contours on Plate II (in

pocket) have been drawn with the idea’in mind

that these low elevations mark the positions of
preglacial valleys, but they allow for a certain .
amount of deepening by glacial action, espe-
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cially in parts where the glacial movement
was along the valleys rather than transverse
. to their courses. It certainly seems a safe
inference that the bottom of the wvalley
through Devils Lake Gorge and the Lower
Narrows was as low, relatively speaking, as
500 feet above the sea, because several drill
holes in the Baraboo basin west of the known
limit of glaciation show that the bottom of the
ancient valley there lies not higher than 600
feet above sea level; and because the well at
Waddell's creamery in the north end of the
Lower Narrows finds rock below 585 feet above
sea level at a point where it would not be likely
to have suffered much glacial abrasion.

CONCLUSIONS.

From the data in hand it appears that the
preglacial course of Wisconsin River in the lati-
tude of the south line of Waushara County lay
25 to 30 miles east of its present position, and
that the stream flowed thence south-south-
westerly "to the Lower Narrows Gorge through
a valley 6 to 15 miles wide and 300 to 400 feet
deep, eroded in the Cambrian sandstone. At
the Lower Narrows the valley was constricted
abruptly to a gorge less than one-half mile wide
and 700 to 800 feet deep. Through the Bara-
" boo basin the valley expanded to a width of 1
to 2 miles and was again contracted at Devils
Lake Gorge to a width of one-half to three-
fourths mile between bold bluffs. 900 to 1,000
feet or more in height. West of Merrimac
the valley opened out again in the sandstone
to #bout 5 miles.. Thence southwestward the

valley gradually narrowed between converging

lines of bold bluffs until in the vicinity of
Bridgeport, near its junction with the Missis-
sippi, it was constricted again to a narrow inner
gorge barely three-fourths mile in width. The
total drainage area then included several thou-
sand square miles, which are now drained to
Lake Michigan.

TRIBUTARIES OF THE WISCONSIN VALLEY.
FOX -RIVER BASIN.

It is probable that the Wisconsin Valley
was joined, in the northeastern part of Mar-
quette County, by a valley cut in the Cambrian
sandstone and heading, perhaps, in the vicinity
of Lake Poygan, just west of the Lower Mag-
nesian escarpment. It is even possible that
this was a through valley opening also to the
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east, the relations being somewhat similar to
those of the present Fox and Wisconsin rivers.
This, however, has not yet been satisfactorily
determined. It is known from the records of
a number of wells furnished to the writer by
George Muttart, driller, that a buried valley
100 feet in depth (bottom, 665 feet above sea
level). underlies the city of Oshkosh. A well
a short distance northeast of Eureka, in the
western part of Winnebago County, penetrated
unconsolidated material to about the same
level, but the presence of a buried channel con-
necting these two places has not been demon-
strated.

About 6 miles north of Eureka between Fox
River and Lake Poygan, in the NW. } sec. .
29, T. 19 N, R: 14 E. (Poygan Township),
James Lee’s well is reported to have penetrated
300 feet of unconsolidated material beneath the
marshy flat, or to 460 feet above the level of
the sea, without encountering bedrock; and
about 3 miles north of Berlin, in the NE i
sec. 22, T.18 N., R. 13 E. (Aurora Township),
W. Owen is reported to have drilled 300 feet
before encountering the sandstone beneath: the
marshy plain. ‘The elevation of. the bedrocl
here is not more than 475 feet above sea level.

From these and other data it seems likely
that the low plain and extensive marsh tracts
bordering Fox River in northern Green Lake
County, southeastern Waushara County, and
western Winnebago County are underlain by a
considerable valley. It may be, however, that
some of the depth of excavation indicated by
these wells was due to gouging in the lee of
the Lower Magnesian escarpment by the action
of the glaciers in passing westward from the
harder rock on the higher land to the softer:
sandstone on the lower land.

The valley in which lie Rush and Green
lakes was deeper in preglacial time and was
continuous westward beneath Lake Puckaway,
south of Montello, and between . Patkwaukee
and Endeavor, to a junction with the Wiscon-
sin Valley in the town of Oxford. It may have
been open through to the northeast.
now a well-defined valley from the foot of
Rush Lake to the east end of Puckaway, with
ridges and uplands rising 50 to 150 feet above
the lakes and marshes on either side. -Sev-
eral wells show 100 feet or more of drift filling
in the bottom of this valley, and Green Lake
has a depth of 247 feet. A well on the north

There i1s -
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shore of Lake Puckaway, at the Nee Pau Nauk

. clubhouse, is stated by David Brewer, driller,
Berlin, to have penetrated 112 feet of sand
and 218 feet of red clay without reaching the
rock bottom of the valley, which here lies less
than 440 feet above the sea. The direction of
the last glacial advance was along this valley
from northeast to southwest. That of the
earlier glaciers was presumably about the same,
so that it is almost necessary to suppose that
the preglacial valley was deepened to some
extent by the abrasive action of the ice. At
three points near the south side of this valley
and at Montello on the north sideledges of
-erystalline rock rise 350 to 650 feet above -the
bottom of the depression, but such rock is not
known to have been exposed in the bottom of
the trough The full depth west of Green
Lake is presumably in the friable Cambrmn
sandstone.

- The marsh-bottomed valley of Grand River,
which is tributary to the Fox in the south-

~ eastern part of the town of Montello, contains
at least 150 feet of filling at Kingston and 60
feet or more in the vicinity of Markesan. Tts
trend shows that originally it must have been
tributary to a valley discharging westward.
The broad marsh through which Neenah Creek
now flows eastward to join Fox River is under-
lain by a short valley which originally dis-
charged westward to Wisconsin River. Wells
show at least 100 feet of drift filling.

In the vicinity of Portage a stream occupy-
ing what is now the upper part of .the Fox
River valley probably flowed westward to the
Wisconsin. There are now extensive marsh
tracts and a low sandy plain between Pardee-
ville and Portage, and the amount of filling is

-not certainly known, though Pacham’s well, 3
miles west of Pardeeville, is said to have pene-
trated 100 feet of drift.
at. Portage, on the north side of this ancient
valley, penetrated 120 to 143 feet of drift
above the sandstone, according to data from
the driller and from a tube containing samples

‘of the drillings obtained for the writer by
F. T. Thwaites, who also reports that the well
at the brewery one block west of the court-
house entered sandstone at a depth of 50 feet.

DUCK CREEK.

Duck Creek, heading in eastern Columbia
County, flows through broad marsh tracts
west of Cambria. The depth of filling be—
neath these marshes is not known.

The courthouse well:

I3
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,DRAINAGE NEAR LODI.

Numerous wells on the low tracts among -
the hills west of Lodi penetrate 100 feet or
more of drift, and the well of the Chicago &
Northwestern Railway at Lodi is said to have
passed through 194 feet of filling above the
sandstone. This tract was deeply and intri-
cately dissected.

HONEY CREEK VALLEY.

Although the glaciers did not enter the
mouth of the Honey Creek valley. west of
Prairie du Sac, their wash filled its lower part
and backed up its waters, so that a consider-
able filling of lacustrine and alluvial silts was
deposited. The depth of the drift in the lower -
part of the valley is not known, but from the
probable depth of that in the Wisconsin Valley
it 1s inferred -that it must be at least 300 fept.
William Oxner’s well in the NW. } see. 31,
T. 10 N,, R. 5 E. (Honey Creek Township),
about 3 miles north-northwest from_ Black-
hawk, is reported to have passed through 145
feet of umnconsolidated material. - Two miles
farther north, near Leland, there is 100 feet
of sand. One of the wells in this vicinity is
said to have penetrated a bed of black muck
beneath 30 feet of sand, from which it may be
inferred that an mterval elapsed between suc-
cessive stages of filling.

HALFWAY PRAIRIE CREEK.

In the greatly dissected tract south of Sauk
City, in the Cross Plains quadrangle, there are
considerable amounts of filling even west of she
glacial boundary, but wells reaching the rock
bottoms of the valleys beneath the filling are
not numerous. Several are reported as having
penetrated 100 feet of filling several miles back
from the Wisconsin Valley. Halfway Prairie
Creek is a through valley, a sharply cut narrow
col about 2 miles west of Springfield Corners con-
necting it with a broad valley opening eastward
to the Yahara River basin northwest of Lake
Mendota. That this col was open in preglacial
times is uncertain but not improbable, as it is
very short as well as very narrow. It may have
been cut, in part at least, by glacial water, for
it afforded an outlet to the Wisconsin for gla-
cial drainage at several stages of glacial ad-
vanoce and retreat. On the north and south of
this valley are two shorter valleys which con-
tain somewhat. less filling and whose relations
are significant in the interpretation of the
terraces of the Wisconsin Valley.
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' BLACK EARTH CREEK.

Black Earth Creek valley is another through
valley, being continuous between Cross Plains
and Middleton, with a valley opening eastward
to the Mendota Lake basin and Yahara River.

This valley was probably open clear through

prior to the advent of the glaciers, but it is
doubtful 'if any westward discharge through
the col occurred before the waters from the first
advence of the ice found an outlet here. The
writer has no data from borings showing the
actual amount of filling in this valley west of
Cross Plains. Most of the wells are shallow,
but the general relations to the Wisconsin Val-
ley indicate that there is not less than 100 feet
of drift at the glacial boundary at Cross Plains
and that the outwashed sands and gravels
reach a thickness of 250 or 300 feet in the
vicinity of Mazomanie. The elevation of the
upper terrace at the latter place is approxi-
mately 795 feet above sea level and- the rock
‘bottom of the adjacent Wisconsin Valley can
not be more than 500 feet above, and may be
considerably less. In the vicinity of what the
topographic configuration indicates must have
been the original parting place of the waters in
this through valley, in the western part of the
town of Middleton,. wells penetrate 110 to 128
feet of drift, or to an elevation of 810 feet above
the sea, without reaching the bottom of the
ancient col, This elevation is 39 feet lower
than the surface of Lake Mendota on the east
and only 70 feet higher than. that of Wis-
consin River on the west.

TRIBUTARIES WEST OF. MAZOMANIE.

No examination ‘has been made of valleys
tributary to the Wisconsin west of Mazomanie,
All of those from the south, prior to the first
‘incursion of the ice, headed about 20 miles
away on the maximum heights of the area
under discussion (1,200 or 1,300 feet above sea
level). _— :
ROCK RIVER VALLEY.
ROCK RIVER PROPER.

In the late Tertiary or early Pleistocene, the
vicinity of Madison was occupied, not by four
beautiful lakes, as at present, but by the valley
of one of the tributaries of Rock River, which
was then, as now, the second largest stream of
the region. The distribution of the drainage

75473°—18——8
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lines as far south as Rockford, Ill., was the same
as now in its major parts, though different in
many minor details. The differences and co-
incidences will be most readily seen from an .
examination of the ancient valleys delineated
on Plate IT (in pocket). Between Oconomowoc
and Fort Atkinson the present stream wanders
far from what appears to have been its pre-
glacial course. Near Fort Atkinson it returns
and follows the ancient valley to the foot of
Lake Koshkonong, then, diverted by great
morainal deposits, it crosses the crests of two
buried ridges and an intervening valley and
reaches the. ancient Yahara Valley. This it

follows nearly to the junction with the ancient

Rock River valley north of Janesville, where
it cuts across the buried salient of the rock slope
and thence continues southward to the State
line, following closely the west side of the -
ancient valley and crossing two other buried
rock salients.! South of the State line, nearly
through Winnebago County, Ill., for 21 miles,
the stream continues ‘in the ancient valley to
a point about 6 miles south, of Rockford (see
fig. 7, p. 153), where it meets Kishwaukee
River leaves the old broad, partly filled valley
and turns southwestward, reaching Mississippi
River after traversing an alternating succes-
sion of narrow rock gorges and broader and
more open valleys. This part of the valley is
clearly postglacial ? the stream (flowing south-
westward to the Mississippi along the retreat-
ing margin of the glacier) having established
itself along a succession of small tributary val-
leys and across intervening cols before the ice
uncovered the ancient valley. The original
course of the stream is supposed to have been
southward from the site of the mouth of the
Kishwaukee past Davis Junction and Ro-
chelle to the Illinois Valley below Hennepin.
From the terminal moraine north of Janes-
ville southward nearly to Davis Junction, IIL,
the old valley is 3 to 5 miles wide, and though

| it contains considerable filling its surface is still

100 to 200 feet below the crests of the uplands
on the east and west. This relief is, however,
probably not more than one-third of that
which would bé revealed were the drift mantle

1 Chamberlin, T. C., and Salisbury, R. D., Preliminary paper on the
Driftless Area of the upper Mississippi Valley: U. S. Geol. Survey Sixth
Ann. Rept., p. 310, 1885,

2 Leverett, Frank, The Illinois glacial lobe: U. S, Geol. Survey Mon.
38, pp. 483-493, 1899.
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removed from the upland and the valley, In
the. following table are presented the thick-
nesses of the filling penetrated by numerous
wells, beginning with one at Rockford, Ill., ar-
ranged in order from south to north, along the
line of what appears to have been the main val-
ley. Many of these wells which reach the bed-
rock are near the sides of the old valley, and the
thickness of drift penetrated does not thus. in-

the

The
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dicate ¢he full depth of the filling. Further—
more, many of them stop before reaching bed-
rock, which thus lies at unknown depths below
bottoms.
above sea level of the rock in the bottom and
lower slopes of the valley have been computed
from the topographic maps and are indicated
at the lowest points shown in various parts of
the valley.

approximate elevations

Thicknesses of d_m'ji penetrated by wells in the preglacial Rock River valley, with elevations of the valley bottom.,

io1.. |APproxi-
Thick- .
i ness of élgggieon 0
Location, * Owner. drift ¥ 5o Authority.-
| oS | Gbove S
' [sealevel.
ILLINOIS. : '
T.N.|R. E. Sec. Feet. Feet. h
Rockford Township.......cccceeeenae. 44 1]35..... DA Rockford Mallea- 285 | 445 -| Record at the company’s office.
. > bleIron Works. .
Rockford, 2 miles northeast of........ 44 b2 A. Kuharske. .. pZY N P Owner.
‘WISCONSIN.
Beloit......ooooiiiiiii i 1 12 |eeeiiieenannns Beloit Water Co... 125 ..., C.p. Salmon (})resndent of company.
Turtle Township 1 13 | 20, SW. .. .| Mr. Morgan....... 110 |.ooienens Julius Green, driller, Beloit.
Rock Township.............. .- 2 12 | 15, NE. %....| Riverside Farm... 190 560 | Elmer Hmdes, dnller, Janesville.
Laprame Township......c.oovivvntn 2 13 |5 NE.3..... Kxéickerbocker Ice 300 520 Do.
0. -

)0 Y 2 13 ! 4,NE.3..... Mr. Procter....... : 155 |ooen. ... Owmner. )
Janesville....oooeviininiaeii i, 3 12 |eeeeenanns Jagesvxlle Water 241 520 Record at the company’s office.

DO, it 3 ) V2 N 01d fairgrounds. . - 350 510 Geology of Wisconsin, vol. 2, p.166, 1877.
Janesvillo Township 3 12 1 13, NW. %...{Rock County Farm 253 635 Elmer indes, drmer, Ja.neswlle
Harmony Township 3{ 13|31, NE. % ) S 150 [.ceenn... Owner.

Do 3 B, W d o e 236 ...

.3 1B156, 8W. 3. .12 190 |..oeen...
Milton Township.............. 4 13 | 30, NE. %....| James Craig....... 175 |eeenaannn Do. :
Milton Junetion. ............c..ooooll. 4 13 |eeiiiiiaaes Cooperative 199 680 | John Lavanway, driller, Milton Junc-
Creamery. tion. '
Mnlton Township.....coovemivnannn... 4 13 [ 19, NW . I ohn Arnold....:. %g 615
Lake Koshkonong south shore. 150 650 Owner.
Lake Koshkonong, shore.......c...... 330 450 Chamberlin and Salishury, U. S. Geol.
’ Survey Sixth Ann, Rei)t , D.223,1885.
Sumner Township.:........c.ococan... .| William Logie.. .. 200 580 Albert Hummel, driller, PortAtkinson.
Koshkonong Township Geo. M. Hausz.. 250 550 Do.
........................... .| Henry Ehlers. . 218 580
D ....................... Peter Young...... a 204 580—
Fort Atkmson .............. 5 Charles Metzner. .. a 250 570— | Ownmer.
e 5 Ex-Gov. Hoard .. 261 540 Do.
5 . Hoard’s C reamery a 270 510—
51 14 ceeeieioi | Cityeeevuinnan..s 251 |oovan.n S. Swensen, driller, Minneapolis.
5 Ca.rl A. Becker.. 263 545 Owner.
5 .|-Mr. Bullock........ 151 |..oeanenes Do.
5 Fort Atkinson 186 [ ooonnenn Do.
Brick Co.
50 1 ieeeaiioiia. Dewitt Wilcox.... 285 525 Do. :
i R T O, Evergreen Ceme- 2330 | 540— | Dewitt Wilcox, Fort Atkinson.
tery.
5 . FredyBrowne.... .- 210. 580 Owner. .
5 .1 0. A. Howard..... 240 550 Do, L

D 5 ,SE. .. .. Frank Hassel..... 250 560 Albert Hummel,driller, Fort Atkinson.
Sc'i‘lpperrlllong Marsh, Cold Sprmg 5 ) 20 Mr. Blackman.... a 270 510— | Owner.

ownship .

Sullivan Township 6 16 | 34, NE. %....| Oak Hill Creamery) 230 570 | W. Dame, Oak Hill.
Summit Township 7 17 | 8, NE. }.....[ Mr. Peck......... 220 680
7 17 | 3, NW.4.._.| P. Valentine...... @270 630—
7 18 | 19, NW. } .| Joseph Davis...... 230 720 Charles Butler, driller, Delafield.
o 7 18 | 12, NW. 1 Robt. Taylor...... 350 650 William La.rkey driller, North Lake.
Merton Township. 8 18 | 33, middle...| Mr. Grimms...... 2300 680— Do.
Richfield Towns! 1p. R 9 19 , SE.%....| Wm, Knuth...... e315 | .805— Owner.

Do..ooooooiiion 9 19 | 21, SW. }...{ Jos. Schmidt...... @300 840—

Do. 9 19 115, SE. 1....| J. Hartlieb........ @254 825— Do.

Do...... 9 19 | 15, NW. 1 .| Herman Graf..... a220 880— Do.

Polk Township. ... 10 20 | 36 SW. §....| Mr. Hoefer........ a137 800—
Jackson Township. 10 21 [ 31, NW. %...| H. Showalter..... 140 780~ Do. .

Do.ceienann.. 10 21|18, SE.1....| Adam Held....... 130 760 Do.

Do 10 -21{6,SW.1 _ ... Aug. Schadz...... a367 600— Do.

10 21 |-6, NW. 1. .. .| Michael Spaeth.. a300 690— Do.

11 21 | 30, SE. 4....] Frank Bohn...... 198 780

11 21 |22, NW. % .| Jos. Chesak ....... 161 740— Do.

11 21 | 16, NW. 4. .| Matthew Hausman| @220 650— Do.

12 21 | 34, NW.1 .| Henry Walters.... 200 |- 710 Do.

12 21 | 22, SW. 1. ..| George Walters . .. 2156 685— Do. .

12 21 [ 22,NE. %.... irmzie...... 151 { 670 August Degner, driller, Farmington.

a Wells did not reach rock.
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From the examination of the map (PL II,

in pocket) and the consideration of the above
well data, on which, together with much other
data, the hypothetical contouring is based it
is seen that the Rock River valley in preglacial
times was a notable feature of the region.

There is some question as to the course of

the main valley above Fort Atkinson. The
writer is inclined to think, however, that the
main -valley continues eastward from Fort
Atkinson, beneath the broad marshes bordering
Bark River and Scuppernong Creek, to a point
midway between Hebron and Palmyra, thence
curves northeast and continues past Oak Hill
beneath the marshes bordering Bark River
between Dousman and Sullivan, thence be-
neath the broad gravel terraces and glacial
lake basins of the Oconomowoc region. Be-
yond North Lake there is even more doubt as
to its course.
drift are piled high in the bulky moraines of
southwestern Washington County, and most
of the wells northward to Milwaukee River
.east of West Bend do not reach the limestone
underlying the drift, so that the line of mini-
mum elevation can not be definitely located.
Wells at Thompson, Rugby Junction, Schleis-
" ingerville near Cedar Creek, and West Bend
reach the rock at elevations 200 to 300 feet
above the levels reached by the Schadz,
Spaeth, and Hausman wells. Kast of the
hypothetical line of the valley indicated on
Plate II (n pocket) there are numerous
exposures of the rock and nearly all of the wells
reach the limestone at moderate depths and
at elevations 200 to 300 feet higher than the
points to which the Schadz, Spaeth, and Haus-
man wells penetrated. There thus seems to be
a limestone ridge or escarpment just east of
this hypothetical valley with apparently no
break through it of sufficient width to suggest
an eastward discharge from a depression of
such depth as is indicated by the three wells
noted. The location of the margin of the
- Niagara dolomite in the tract north and-north-
west of Monches and North Lake is not known,
but from the depths penetrated by wells and
from the considerable troughs occupied by
Oconomowoc River and its tributaries, which
are mostly not due to postglacial erosion, it
is inferred that a considerable depression,
formed by a reentrant in the margin of the

Great thicknesses of glaciale
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limestone, may underlie the moraines and ex-
tend northeastward into the town of Richfield.
Such a reentrant would have exposed the soft
underlying shale to erosion and have facilitated
the extension of the valley in this direction.
The level reached by the Schadz well without
encountering the bedrock is as low as that
reached by the Valentine well east of Oconomo-
woc and is about on a level with the base of
the Niagara dolomite, as reported in the log
of the city well at West Bend.

Possibly a narrow col of sufficient depth may
have been located near the northeast corner.
of T. 10 N.,, R. 20 E. (Jackson Township),
Washington County, the valley passing thence .
beneath the broad marshes to the northeast

"and southwest; but the dolomite is exposed at

the surface at an elevation of 880 feet above
sea level at two points barely 14 miles apart
on either side of the col, so that the outlet, if
here, must have been constricted to a width of
about a mile with a depth of about 300 feet.
Another possible course may have been north-
eastward to the Lake Michigan Basin across
southern Sheboygan County. No evidence
indicating such a course has been noted, but
much fewer well datahave been collected in this
part of the area and the elevations have beenless
carefully compared than within the quadrangles
covered by the topographic survey. It seems
quite possible, therefore, that in preglacial’
time drainage from as far northeast as the head
of Milwaukee River in southeastern Fond duLac
County and southwestern Sheboygan County
may have been tributary to Rock River.

Above the bend east of Fort Atkinson the
present course of Rock River seems to have
little regard for the preglacial drainage lines.
Between Jefferson and Fort Atkinson it crosses
what was an upland tract before the deposi-
tion of the drift, at one point 1mp1ng1ng on a
limestone sill.

BURIED VALLEYS NORTHEAST OF FbRT
ATKINSON.

Beneath the big marsh and tamarack swamp
and the hills east of Fort Atkinson lies a
broad deep buried valley which must have
been occupied by a considerable tributary from
the north, and whose depth and location as
far as Jefferson are mdlcated by the Well data
below.
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Thickness of drift penetrated by wells in a valley tributary to preglacial Rock River valley.

l\

Approxi-
Thick- | mate
_ ness of |elevation
Location. Owner. drift | ofrock Authority.
pene- | above
trated. sea
‘level.
|T.N|R. E. S, ) Feet. Feet.
] 151 31, SE. 4. ...| Frank Florin........| @227 595 Albert Hummel, driller, Fort Atkinson.
6 15 | 32, SW.1....| Mr. Wenham........ 171 670 Owner’s son.
‘5 154, NW.1.... Fred Mepham....... 125 675 Albert Hummel driller, Fort Atkinson.
6 15 | 19, NE. 4....| Charles Schicker.... 100 720 Owner.
6 5110 . Burkert......... 234 585 Do.
6 -’| Gerhard Vogel...... 250 | 610 Owner’s son.
6 Rudolph Heger..... 230 650 Frank Nutbaum, driller, Sun Prairie.
6 ..| Parish house........ 288 |-ivnicnnn Barney Rural, from record of driller.
6 Convent............ 300 610 Do.
6 J udgc Geo. Grimm. . 167 734 Owner.
...... LGty 200 594 Barney Rural, from recdrd of driller,
................................. Courthouse. . . 210 |......... . ~
DO } ...... ‘ Fair grounds........ 184 | 612

a Well did not reach rock.

Farther north the present topography gives
little indication of the ancient valleys, although
numerous wells show thicknesses of 100 feet or
more of drift in locations which, taken in con-
nection with the distribution of the extensive
marsh tracts, indicate the presence of consider-
able buried troughs. In places there is evi-
dence that the rock lies 100 feet or more be-
neath these marshes, but in adjacent tracts it
is exposed or encountered at much higher levels.
These valleys headed. farther north in Dodge
County. North of Horicon the trough devel-
oped in the Maquoketa shale belt may have
drained northward; at least, there in no clear
evidence that it drained to Rock River as now.
There is evidence from the wells that from a
point east of Hustisford the ancient valley may
extend southeastward past Neosho and beneath
the big drift hills of adjacent parts of the towns
of Rubicon and Ashippun to join the main
valley in the Oconomowoc region. Several of
the wells penetrated 100 to 278 feet of drift,
showing that the rock lies less than 665 to 745
feet above sea level, while the tops of the pres-
ent hills stand 1,000 to 1,100 feet above the
sea. - The rock is not known to lie so low along
the present course of the stream between Hori-
con and Ixonia, and at numerous places it 1s
known to be higher.

CRAWFISH RIVER,

One buried valley, in the head of which lies
Beaver Dam Lake, is now followed by a creek
from the vicinity of Beaver Dam nearly to
Lowell, then by Beaver Dam Creek to Mud
Lake. Here Crawfish River comes in and fol-
lows the line to a point 5 or 6 miles south of

Hubbleton, where it diverges. The ancient
valley appears to pass.on beneath Rock Lake
southwestward to Ripley Lake and finally to
join Rock River valley at Lake Koshkonong.
It is reported that in constructing the grade of

the Chicago & Northwestern Railway across - -

the big marsh southwest of Rock Lake spliced
piling was driven to a depth of 100 feet in the -
effort to obtain a firm foundation. A well at
‘the south side of this marsh was drilled to a
depth of nearly 180 feet below the marsh level
without finding rock.

Preglacial Crawfish River probably continued
southward past the quartzite ledges in Portland
Township to the valley which contains Rock
Lake and which is traceable northward nearly
to Elba. Above this the Crawfish wanders
around among the drumlins, its present course
being almost wholly determined by the con-
figuration of the drift.

YAHARA RIVER BASIN.,

One of the most important tributaries of
Rock River was the preglacial Yahara River.
This stream had practically the same course as
the present stream, but its valley was more
capacious, as shown by the depth of drift pene-
trated by numerous wells. Instead of joining
Rock River near the site of Fulton Center, as
now, the stream continued southeastward to its
junction with the main valley about 5 miles
north at Janesville, The data indicate that
this valley was cut down into the Cambrian
sandstone throughout its entire length. It is
particularly interesting in its relations to the
four lakes of the Madison region, which are por-

tions of its ancient valley, excavated in the
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friable Cambrian sandstone and possibly some-
what deepened and broadened by glacial ero-
sion during.the first advance of the ice. These
parts received relatively less filling than some-
what more constricted intervening parts of the
valley, so that when the last of the glaciers
melted a series of basins were left, forming the
lakes. In the last edition of Fenneman’s bulle-
tin * is included a section by Thwaites on the
origin of Lakes Waubesa and Kegonsa and a
map based on data collected by Thwaites,
0. U. Stromme, and the present writer, show—
ing the preglacial topography of the valley
and the immediately surrounding region. The
writer had previously prepared, as a part of his
larger map, a similar but somewhat less de-
tailed map of the region lying east of the
meridian passing just east of Middleton, and
he has used Thwaites’s map in the revision of
that portion of the map presented as Plate II
(in pocket) of the present work.

It is quite possible that the valley beneath
the basins of Lakes Mendota and Monona was
somewhat deepened by glacial erosion. The
axes of the basins lie nearly in line with the
direction of the last ice movement, and that of
the earlier movements was probably about the
same in this region. The Cambrian sandstone
is so friable that it would be particularly sus-
ceptible to erosion in such positions. Men-
. dota Lake basin is so broad and the depth of
filling penetrated by some of the wells in the
immediate vicinity is so great that it is not
clear just.where the waters found an outlet of
commensurate dimensions. The basins are
separated by a buried ridge of rock 150 to 200
feet in hclght underlying the city. The records
of a series of wells beginning with the immedi-
ate vicinity of the rock exposures near the
* university and extending eastward and north-
~ eastward through the city show the sandstone
lying beneath 20 to 140 feet of drift but no-
where show a passage of any considerable width
and of sufficient depth to have drained a de-
pression- so deep as’ that which lies beneath
Lake Mendota. Any sufficiently deep chan-
nel must lie in a narrow interval between
the borings. Thwaites thinks that it may
underlie the tract between the capitol and the
university, where no deep borings are known.
There is a belt 1 to 13 miles in width about the

! Fenneman, N. M., On the lakes of southeastern Wiscohsin: Wiscon-
sin Geol. and Nat. lflisr. Survoy Bull. 8, 2dand revised ed., pp. 37-74, 1910.
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northeast end of the city of Madison, including
the marshy valley of Starkweather Creek and
its north tributary in the vicinity of Elmside,
in which wells are not known to reach rock.
Wells at the plow and sugar factories give some
indication that a deep channel may underlie
this drainage line, which is in line with the
broad marsh tract in the western part of Burke
Township, beneath which is a deep buried val-
ley, but it is a circuitous course to have been
the main outlet of Mendota basin. '

The writer was at first inclined to think that
Mendota Lake basin might originally have
drained westward to Wisconsin River by way of
the Black Earth Valley. Study of this valley,
however, shows it to be greatly constricted 3
to 4 miles west of Middleton, so that, although
the full depth of the rock col'is not known,
it is improbable that its bottom lies lower than
200 feet above the deepest part of the Men- :
dota basin. In his discussion of the geology
of central Wisconsin, Irving ? referred to these
lake basins as probably of glacial origin and
presented a map showing the parallelism
between the longer axes of the lakes and the
directions of the glacial movement. The dcpth
to which the Yahara Valley was excavated in -
preglacial time, as has since been determined
by the records of wells, was evidently unknown
to him. Though referring the primary erosion
of the Yahara Valley to preglacial river work
the present writer is inclined to think that at
least the depression beneath Lake Mendota was
considerably deepened by glacial erosion in
connection with the first ice advance. The
records of the wells given in the table on page
118 are particularly significant of the depth and
filling of the ancient Yahara Valley.

A short distance west of its junction with the
Rock River valley the ancient Yahara Valley
was joined by a valley from the west. As
shown by the wells cited above in Porter,
Union, and Brooklyn townships and by other
evidence this buried valley heads in the town
of Oregon and extends thence southeastward
beneath the terminal moraine and bordering
outwash terrace to the junction with the old
Yahara Valley. About 2 miles south of
Evansville a col, now traversed by Allen Creek,
connected this with the Sugar River valley.
Deep drift was penetrated by the Highby and
Hatfield and other wells and much less thick-

2 Geology of Wisconsin, voI: 2, pp. 422 and 612, pl. 26, 4, 1877.
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nesses by neighboring well_s,,indicatihg that the

ridge which extends northwest from Evans-
ville must have been cut by deep ravines.
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(Rock Township), 187 feet in its lower part. A
creek flows in the broad bottom on the filling
of the next valley, but in sec. 16 it leaves the

Thickness-of drift ‘pene.trated by wells in p}eglacial Yahara Valley and tributary valleys.

Approxi-
Thick- | mate
. - ness of elevation| .
Location, Owner. drift | ofrock Authority.
pene- | above
trated. sea
\ level.
T.N.\R. E. Sec Feet. | . Feet.
Middleton Township 7 817, SE} ......................... a1l0 810—
Do 7 8|8 SE.%..... John Luth........ al28 810— { Owner.
7 819 SW.i. ... Fritz Hausman ... al26 825— -
7 812 SW...... John Schroeder. ... 226 700 'W. J. Schneider, driller, Middleton.
7 8| oo, Mgidleton post of- 133 810 . Do.
ce.
DOttt 7 811, 8E. 4. . | e iiiiin.. 180 740—
DOeennennannnn 7 8|12, SE. }....| M. Durkopf.. a201 | 740— | Own
Waestport Townshxp. 8] 9}134........... On island. ... 2140 70— | W. Haa.k driller, Madlson
Madison Township.. 7 9116,SW.3....| L. Post........... 240 660 Do.
D 7 9 eeiiiiaas Science Hall, Univ. 100 780 F. T. Thwaites.
Wisconsin.
7 9 140 7307 Do.
. 7 9 126 | 800 Goology of Wisconsin, vol. 2,p. 50,1877,

: 7 9125, NW. % .. 130 740 F. T. Thwaites.

Butke Township........ 8 10 | 30, NE. 2....| H. Stoppelworth..| a280"| 640—

Blooming Grove Township 7 10| 6, NE. ... Dexter Curtis. .... 313 550 Mr. Eastman, driller, Madison. The
lower 100 feet is in clean sand which
may bea very loose friable sandstona.

7 Plow factory...... a150 700— | F. T. Thwaites.
7 . Sugar factory 200 6507 Do.
7 200 660
7 2100 780—
7 a 140 730—
6 al78 770— | Owner
6 .. . R a150 750— D
6 Mr. Uphoff........| 262 620—
-6 .-|. Oscar Johnson . . 140 730 Do.
6 ... 'W.L.Ames....... a135 710— Do.
6 4.....| 8. Thompson...... a120 770— | . Do.
6 .| E.Johnson........| al00 |- 780— Do. .
6 R S 2118 750— | F. T. Thwaites.
6 P. Tibbit. . 186 775
6 . M r. Nichols. . al25 745—
61 11(32,NE. 4. ...\ 2. ... a 147 736—
5 Cnty of Stoughton 201 | 640 P. C. Miller, of J. P. Miller Artesian
Well Co Chicago, Ill.
5 I I 140 760 .-
5 1. Mr. Downer. a250 | 660— | Owner,
5 .t Mr. Attlesey . @211 670— Do.
4 J.J. 8pike. .. a217 665— Do.
4 Mr, Sweeney Do.
4 Do.
4 Do.
4 Do.
4 Do.
4 Do.
4 Do.
4
4
4 Do.
4 Do.
4 ...| Douglas Hopkins . a 240 600— Do.
' Do 4 .| Wm, Hencky..... 200 700 ~Do.

Porter Township.......c..coiviannn. 4 Mr. Stevens....... a150 770— Do.
Do, 4 . E. 8. Gri veeead| 8190 750— Do.

Union Township.. 4 . Burgess a100 860— Do.
DOt 4 E. B. al75 755— Do.
Do....... 4 Edgar Smith al40 | 840— Do.
Do....... 41 10|14, NE. 4. |2 ... 148 770—

Do......... 4 ...| Mr. Highb 175 775 Do.
Do........... .. 4 ..l W.E. 174 835— Do.
Brooklyn Township................... 4 .| Mr. Sargent...... a168 810— | W. H. Marks, Brooklyn.

a Wells did not reach rock.

_WESTERN TRIBUTARIES OF ROCK RIVER IN
"JANESVILLE-BELOIT REGION.

Several small valleys joined the Rock River
valley from the west between Janesville and
Beloit. The first, 1 to 2 miles west of Janes-
ville, contains 80 feet or more of drift inits
upper part, and according to W. R. Kilmer’s

-bed.

well in the NE. } sec. 10, T. 2 N., R. 12 E.

line of the old valley and flows over a limestone
Within less than a mile north and west
of this rock exposure wells show the location
of the ancient channel. * That of John O’Lary,
in the SE. 1 sec. 8, penetrated 160 feet of drift
over St. Peter sandstone, and that of C. H.
Hayner passed through 217 to 218 feet of
sand and clay to Lower Magnesian limestone.
A third well midway between Mr. Hayner’s and
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Mr. Kilmer’s penetrated 145 feet of drift over
sandstone. The Riverside farm well (p. 114) is
near the south side of the mouth of this ancient
valley and just across the river, barely 80 rods
from a point where the Trenton limestone is
exposed in a railway cut, yet it was drilled
through 190feetof drift to the Lower Magnesian
limestone. Another well 80 rods southwest of
the same exposure of limestone passed through
160 feet of drift to sandstone. One-half mile
southeast of the latter well Trenton limestone
is again exposed on both sides of the river.
This illustrates well the difference in detail
between the ancient and the present topog-
raphy. Here was a limestone-capped ridge
200 feet or more in height terminating in two
narrow salients between which was a deep
ravine and on either side of which were capa-~
cious valleys; and to the east was the great
valley of Rock River with its bottom 300 to 400
feet below the ridge crest, :

Bass Creek valley is broad and contains an
extensive marsh tract, through which the
present stream meanders. No wells are known
to penetrate the entire filling (probably 250 to
300 feet) in the lower part of this valley. J.C.
Green, driller, Beloit, informed the writer that
a well drilled on the flat southeast of Hanover
did not reach the rock at a depth of 165 feet.
Several wells on the slopes north of the marsh
are said to have been drilled to depths of 100 to
175 feet without reaching rock.

Two miles east of Footville the ancestral
valley of Stevens Creek is blocked by a great

“deposit, of drift, and the present stream flows
along the north and east sides of the old valley.
In the south part of sec. 27, T. 3 N., R. 11 E.
(Center Township), it has cut a small gorge in
limestone and at several other points it is
close to the limestone. About 80 rods south-
west of the rock gorge Henry Drafahl’s well
is said to have passed through 140 feet of drift
without reaching rock; another well about a
mile farther southeast, near the west side of
the old valley, shows 100 feet of drift over St.

Peter sandstone. The maximum depth of
filling is not known. '

The village of Orford stands on the site of a
big drift fill which forms the divide between one
branch of Stevens Creck valley and Sugar River
valley. Three wells in this village were re-
ported to the writer as penetrating 132 to 160

" feet of drift without reaching the rock bottom
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of the ancient col. The well at Clemetson’s
store entered sandstone at a depth of 128 feet.
It was also said that Clemetson’s well near the
road northwest of the village passed through
200 feet of drift, and that Edward Egan’s well
on the hill to the north did not reach rock at
the depth of 212 feet. The original divide was
probably at the narrow col 2 miles west of
Orford. -

EASTERN TRIBUTARIES' OF ROCK RIVER IN
KOSHKONONG-BELOIT REGION.

Several short valleys were tributary to Rock
River valley from the east. One of these, in
T. 5 N, R. 14 E. (Koshkonong Township), is
indicated by the thickness of drift penetrated
by three wells—at South Koshkonong Cream-
ery (SE. } sec. 28), 112 feet; at H. Farns-
worth’s farm (NW. % sec. 21), 200 feet; and at
John Menogue’s place (SW. } sec. 16), 201
feet (without reaching rock).

Another tributary whose course has not been
traced very satisfactorily -appears to join the
main valley in the vicinity of Milton Junction.

A third eastern tributary underlies the plain
south of the morainal hills in southeastern
Harmony and southern Johnstown townships,
but the rock surface rises to the east, so that
this valley can hardly be more than 6 or 8
miles long. It may head in a col or sag in the
crest of the rock upland to the east.

A fourth branch probably underlies the plain
north of Shopiere, in La Prairie and Turtle
townships. Two wells on this plain were re-
ported as penetrating 120 feet of drift each,
and the drift-clad rock slopes of the upland
on the north and south open out broadly to
the west; to the east, however, they close up
rapidly, so that within 5 miles of the main
valley, this lateral reentrant heads in the narrow
postglacial gorge' traversed by Turtle Creek.
This branch thus appears to have been short
and broad

PECATONICA AND SUGAR RIVER BASINS.

TRIBUTARIES.

Four miles southwest of Belbit,in the vicin-
ity of Rockton, Ill., Rock River is joined by
Pecatonica River, which meanders through a
broad valley plain that evidently marks the
course of a much deeper preglacial valley.
Only a small part of the Pecatonica Valley has
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been examined by the writer, but considerable
study has been given to the tributaries within
the drift-covered part of southern Wisconsin.

COON CREEK, .

Coon Creek crosses the State line 6 to .7
miles west of Beloit. The ancient valley of
this stream was broad and contains consid-
erable filling. One and one-half miles south
~of the State line in the NW. % sec. 9, T. 44 N.,

R. 1 E. (Rockton Township), two wells show
the location of this valley, although the present
surface' is nearly flat. D. N. Grant’'s well
penetrated 128 feet of drift' without reaching
the rock and W. C. Johnson’s well entered
the St. Peter sandstone at the depth of 140
feet. Within a mile west of these wells
Trenton limestone is exposed in the road.
One mile north of the State line the well at
the creamery in the SE. % sec. 27, T. 1 N, R.
11 E. (Newark Township), did not reach rock
at 110 feet, and 3 miles northwest up the
valley J.-A. Matthew’s well is said to have
passed through 244 feet of drift before it cut the
sandstone. The accuracy of this statement,
however, is not youched for, although there
seems no good reason for -doubting it. An
ancient tributary of this valley is so blocked
with drift in the northwestern part of sec. 26
(Newark Township) that the present drainage
has been diverted to oné side and has cut a
channel through the limestone, though a well
shows at least 160 feet of drift in the original
course of the stream. '

SUGAR RIVER BASIN.

‘For several miles north and south of the
State line Sugar River meanders through a
broad marsh tract, beneath which there is un-
doubtedly 200 feet of filling and perhaps con-
siderably more. This puts the bottom of the
ancient valley about 400 feet below the level
of the crests of the rock ridges on either
side in ‘Wisconsin. Two miles south of the
State line, where the road crosses the marsh
in the western part of Shirland Township,
these crests are about 1} miles apart. Toward
the north the valley broadens as the sandstone
rises higher in what was the zone of erosion,
so that the rock slopes rising from opposite
sides of the present valley plain in Wisconsin
aré 3 to 5 miles or more apart.

QUATERNARY 'GEOLOGY OF SOUTHEASTERN WISCONSIN.,

North of the site of Brodhead the removal
of the St. Peter sandstone from .the uneven
surface of the Lower Magnesian limestone
seems to have left some ridges of the latter
rock standing in the midst of the broad valley,
so that the drainage must have been divided
into several channels.  This is inferred from
the fact that in places rock is at or near the
surface and in other places wells penetrate
considerable thicknesses of drift. North. of
Albany hills of Lower Magnesian limestone
rise above the valley plain with St. Peter
sandstone ledges outcropping about their
slopes. About 2 miles north of Albany an
east-west line of warping or faulting extends
from Monticello to the Rock River valley, if
not farther to the east and west. North of
this line the base of the Trenton limestone
has been depressed to levels 50 to 150 feet lower
than the base of the same formation south of
the line of displacement. Along this line,
which may have been one of considerable
fracturing, as is indicated by the fractured and
recemented condition -of the St. Peter sand-
stone exposed in the north part of sec. 7, T. 3
N, R. 10 E. (Magnolia Townshlp), were
developed the valleys now occupied by Little
Sugar River and Allen and Marsh creeks.
The lowering of the Trenton limestone caused
narrowing of the Sugar River valley in the
northern part of T.3 N., R. 9E. (Albany Town-
ship), but farther north as the limestone again
rises the valley again widens out in the sand-
stone. Where the Lower Magnesian limestone
rose again into the zone of erosion, the removal
of the sandstone from its uneven surface re-
peats the anomalous conditions seen farther
south. Low swells or ridges in places rise in
the midst of the valley plain and constrictions
of the valley bottom in places simulate the
conditions due to obstructions of glacial drift.

In a few places thick deposits of drift have
caused the abandonment of the preglacial val-
leys by the postglacial streams. About a mile
west of Dayton, for instance, a filling of 100
feet or'more of drift has obliterated the ancient
valley, and the present stream turns northward
and cuts through the sandstone beside the rail-
way a mile south of Belleville. A similar ob-
struction of drift has caused a shifting of the
present drainage over a limestone ledge in the

| southern part of sec. 2, T. 2 N,, R. 7 E. (Syl-
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vester Township). This is shown by the topog-
raphy and not by well records. The lower part
of the former valley of Jordan Creek is ob-
structed by a big filling of drift 1 to 4 miles
northwest of Brodhead. The present stream
drains the basin through asharpravine cut in the
sandstonebottom of a sag in the rim of the basin
in the NE. % sec. 16, T. 2 N, R. 9 E. (Decatur
Township). The wells show at least 175 feet
of drift in the lower part of the old valley.
At the head of the valley in which stands the
village of Juda a narrow gorge, about 20 rods
in width at the bottom and 30 to 40 feet in
depth, eroded in the Trenton limestone, is trav-
ersed by the railway and connects to the west
with a tributary of Richland Creek. This
rather unusual feature may not have existed,
at least with its present dimensions, prior to
the advent of the first glacier. It probably
served as an outlet to the Pecatonica Valley
for glacial waters ponded in the Sugar River
valley during both the advance and retreat of
the ice front, being enlarged if not originally

~
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‘that which existed prior to the first incursion

of the ice. A certain amount of deepening of
the valleys and perhaps considerable dissec-
tion of the slopes have been accomplished by
erosion during this long time, and the crests
and slopes have been mantled with a coating
of loess of variable thickness, but the general
aspect is probably much the same. No de-
tailed examination of that part of the Driftless
Area south of Wisconsin River-and more than -
5 or 10 miles beyond the margin of the drift has
been made by the writer. In the Pecatonica
Valley above the drift dam there is probably
50 to 100 feet of glacio-lacustrine and alluvial
filling.

‘EAST BRANCH OF PECATONICA RIVER.

Mldway between Browntown and Martin-
town in sec. 21, T. 1 N., R. 6 E. (Cadiz Town-
ship), the vallcy, Whlch immediately to the
north has a width of nearly a mile, is obstructed
by a great deposit of glacial drift. The stream
has cut a narrow gorge at the west side through

cut by such waters passing through it. the drift and into the limestone. Two miles
Thicknesses of drift penetrated by wells in the Sugar River valley and tributary valleys.
Approxi-
Thickness | mate ele-
Location. Owner. of drift vation of Authority.
penetrated.|rock above|
. sea level.
T.N.| R. E. Sec. Fect. Fect.
4 8 | 10, SE. 3. SO all5 ... ...
4 8115, NE. .. | 2o a6 |.........
4 8|15 NW. 1 Mr. Morse.......... 130 fo........ Owner.
4 8] 23, NW. } Jos..Dunbar........ 80 [........ Do.-
4 L T P @ 100 730~
Alba.ny TOWI]ShlP ....... 3 918 NW. 4. . |2 125 725
Decatur Township. ..... 2 9|1,SE. %. .| Mr. Wheeler. . ..... a 105 715— Do.
Do:envnnn...... e 2 9|2, NE. 2. _. Louis Kamerer. . ... 150 700 Do.
Doooeei il 2 9|12, NE. 1....| 8. E. Schliem...... 164 655 — Do.
Dol 2 9|19, SE. .{ H. E. Bernstein. ... 120 730 Do. J
Do 2 9|20, NE. }....| Mr. Hooker......... a 104 735— Do.
Doeeeiiaa . 2! .9/20,8E. %..... H. E. Schrader..... 112 740 Do.
Docereeeeaaa.. 2 9125........... City of Brodhead.. . 138 655 Log and samples pre-
: : served by William
o Roantree and
R. Broughton,
) M. D., Monroe.
Doceeiii 2 9|27,NE.$..... L S a 175 690—
Doceevneniiii, 2 9|27, NW.%._..| Mrs. A.J. B. Fleck. 168 670 Owner.
Do 2 9 (30,NE.%. . .| Mr. Fleck.......... 150 710 Do.
Spring Valley...z....... .2 10 119, SW. 4. .. .| Brodhead Cemetery 135 660 William Roantree.
Avon Township. . 1 10 80, NW. 4. | ... 128 650 |-
Do .1 10 | 29. SW. %....| Schoolhouse. . ..... 175? 600—

a Docs not reach rock.

DRIFTLESS -AREA.

farther south on the State line just west of

Outside the limit of glaciation, within the | Martintown the valley is again obstructed by

Driftless Area, there is probably but little dif- | a similar deposit.

Here the stream swings to

ference between the present topography and |the east side of the valley and has eroded a
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narrow new channel. The records of the fol-
lowmo wells show the thickness of the drift in
these two obstructions:

QUATEBNARY GEOLOGY OF SOUTHEASTERN WISCONSIN

cons1derat10n the writer is inclined to thmk
the evidence is in favor of its substantial accu-
racy. It should of course be clearly under-

Thicknesses of drift penetrated by wells in Pecatonica River valley and Honey Creek valley.

)

Approxi-
Thickness | mate ele-
Location. Owner. of drift vation of
penetrated. rock above
sea level.
T.N.| R. E. See. Feet. Feet.
1 6|21, NE. %....| John Meachim.... a 100 740—
1 6|21, NE. | a7b 725—
1 6|21,8E.4..... J.P. Lynch........ 180 660
1 6|21,SW.%....] T. A. Lynch....... e 110 750 —
1 6|21, SW. 4....|..... do ... ........ 60 740
1 6|24, 8E. %..... Henry Bartlett..... L0255 N O
1 7018, SE.+....| .. . a80|.........
1 7119, NW. 4._.. Mr Truman. 263 |.... ...
............ 16...........| Mr. Dittmar. ... ... 2 65 755—
a Does not reach rock.

" The three wells last cited show the thlckness
of drift in Honey Creek valley in the western
part of T. 1 N., R. 7 E. (Clarno Township),
The creek has been diverted to the southeast
side of the valley and has cut small gorges in the
limestone at three points in sec. 19. A small
dam of drift obstructs the valley of Spafford
Creek in sec. 33, T. 1 N., R. 5 E. (Wayne Town-
ship), where the stream is crowded to the west
side of the valley. Wells near the south side
of the Pecatonica Valley at Freeport, Ill., are
stated by Hershey * to have penetrated 100 feet
of drift before reaching rock. -

- PREGLACIAL TROY VALLEY.

. In 1904, in discussing the preglacial topogra-
phy of a portion of southeastern Wisconsin,?
the writer described what he believed to be a
considerable buried valley east of Rock River
valley and just west of the margin of the Niag-
ara dolomite in Walworth County, where the
removal of the protecting cap of dolomite must
have exposed the soft underlying shale to ero-
sion such as occurred farther north in Dodge
and Fond du Lac counties. The hypothetical
location and dimensions of this valley were
shown by contour lines which are reproduced
with slight changes on Plate II (in pocket) of
the present paper. . As was indicated in the
* description the data on which this mapping is
based are not entirely conclusive, but, after

t Hershey, O. H., Preglacial erosion cycles in northwestern Illmms
Am. Geologist, vol. 18 p. 84, August, 1896.

2Alden, W. C., The Delavan lobe of the Lake Michigan Glacier of the
‘Wisconsin stage of glaciation and associated phenomena: U. S. Geol.
Survey Prof. Paper 34, pp. 16-18, pl. 2, 1904.

stood that the configuration shown is largely
hypothetical and can be demonstrated only by
the sinking of deep wells or other drill holes in
the belt between Delavan and Lauderdale -
lakes. The buried valley, which lies east of the
preglacial Rock River valley and is separated
from it by a broad, drift-covered ridge of dolo-
mite, probably owes its location to the relative
softness of the Maquoketa shale. The upper
branches of this ancient valley are traversed .
by Fox River between Waukesha and Big
Bend, but the main valley contains no stream
of any importance As the position of this
buried valley is most plainly marked by the
low area within and adjacent to the towns of
Troy and East Troy in northeastern Walworth
County it has been found convenient to desig-
nate this preglacial trough the Tray Valley.
Although the Troy Valley in adjacent parts
of Waukesha and Walworth counties lies 100 to
200 feet. lower than the uplands on the north
and south, it is so largely filled with drift and its
surface is so peculiar topographically that it
scarcely appears to mark the position of a defi-
nite river valley. It is a plain above which rise
a few small undulating areas and,in which are
many irregular depressions of large and small
extent (varying from 10 to 100 feet), bordered
by abrupt gravel slopes and occupied by
marshy tracts and by more than a score of
ponds and lakelets.
- The records of several wells, however, show
that this basin marks the position of a pregla-
cial valley cut through the marginal beds of Ni-
agara dolormte and Maquoketa shale. In Fred.
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Andrew’s well about 7 miles east of the south-
west corner of Waukesha County, not far from
the village of Mukwonago, drift was penetrated

* to a depth of 300 feet, the first rock, Maquoketa
shale, being reached at an elevation of 540 feet’

above the sea. About 41 miles southwest of
Mr. Andrew’s well near the village of East
Troy, Stephen Field’s well penetrated 330 feet
of drift, reaching the Galena dolomite at an
elevation about 530 feet above sea level.
About 1} miles southeast of County Lake in the
town' of Troy, 6 miles west of Mr. Field’s well,
McKee Bros.” well penetrated 401 feet of drift
before reaching rock at an elevation of 480 feet
above sea level.! From these well records it
is clear that there is in this locality a very consid-
erable preglacial valley. The position of its out-
let is, however, somewhat conjectural. The val-
ley appears to be too deep to have discharged into
the Rock River valley by the way of the valley
between Palmyra and Fort Atkinson; more-
‘over, the limestone has been reached at a suffi-
cient number of points beneath the Kettle
moraine and outwash deposits to make it
almost certain that a rock ridge 200 to 300 feet
high separates the two troughs, Like reasons
appear to exclude connection with any of the
‘valleys tributary to the ancient Rock River
valley in eastern Rock County. Neither does
it seem probable that there was an eastward
discharge to the basin of Lake Michigan. The
most probable line ¢f discharge is southward
through Walworth County just west of the
west margin of the Niagara dolomite, but this
mapping is based on the general relations rather
than on any decisive evidence furnished by the
- area itself. A well 3 to 4 miles southeast of the
village of Darien is said to have penetrated
150 feet of clay and 250 feet of gravel without
reachingrock. Thisreport was not verified, but
- if it is correct the rock lies below an elevation of
600 feet above sea level at a point 2 to 3 miles
west of the axis of the valley as projected.

The city well at Elkhorn entered the
Maquoketa shale at a depth of 213 feet without
encountering any overlying Niagara dolomite,
showing that the west margin of the latter for-
mation lies east of that place. The removal

1 Authoritics for well records: Andrew’s well, O.tto Hembrook, driller,

. Mukwonago, Wis. TField’s well, samples of drillings in the possession of

Mr. Arthur Smith, Burlington, Wis. McKece Bros.” well, W.'L. Thorne,
driller, thte“ ater, Wis. It is quite possible that the rock reached in
McKeo Bros.” well is the Trenton limestone, but so meager are thedata
that the writer has not indicated the Galena dolomite as cut away along
the line of this valley on the areal-geology map. .
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of the protecting dolomite must have exposed
the underlymg soft shale to extensive erosion in
the region just west of Elkhorn, as it did
farther north in the towns of Troy and East
Troy. That the shale was s6 eroded in the
Lake Geneva basin is shown by the record of
the well drilled at the Yerkes Observatory,
near the northwest shore of the lake. This
well penetrated 405 feet of drift before reach-
ing the shale at an elevation of 588 feet above
thesea. Though the shaleis commonly 200 feet
or more in thickness, 177 feet being penetrated
by the Elkhorn well, only 33 feet was found
overlying the Galena dolomite at this point. It
thus appears probable that the course of Troy
Valley is that shown on Plate IT (in pocket).

From the head of Sugar Creek southward to
Lake Geneva the present topography gives no
indication of such a buried valley. The sur-
face is gently undulating and ranges in eleva-
tion from 900 to 1,080 feet. If this be the real
course of the valley, and there seems little
reason to doubt that it is, therc must be 400
to 600 feet of drift piled into it within the -
limits of the Darien moraine:?

The further extension of the Troy Valley is
doubtless to be found extending beneath Big-
foot Prairie southward through the western
part of McHenry County, Ill., just west of
Harvard, and thence down Rush Creek valley
to the Kishwaukee. Swinging westward into
Boone County, Ill., it continues past Belvidere
to the junction of the north and south branches
of Kishwaukee River in Cherry Valley Town-
ship, south Winnebago County, Ill., where it
terminates abruptly, and the united stream
enters a constricted valley cut in the limestone.
(See fig. 7, p. 153.)

Referrmg to the preglacial course of the
Kishwaukee, Leverett ® says:

The Kishwaukee River, the first important eastern
tributary of Rock River south of the Wisconsin line, is
in a new course for a few miles below the junction of the
north and south branches. It is not clear whether the
old mouth was a short distance north of the present mouth
or whether the stream passed southward up the south
branch to the vicinity of Fielding and thence across to
the old Rock River valley near Esmond. The north and

2 Since the above was written, certain data have come to light strongly
confirming the writer’s interpretation. In 1915 a well was drilled by
F. M. Gray for the Bradley Knitting Co. at Delavan. According to the
log furnished by F. T: Thwaites, who examined samples of the drillings,
bedrock was first encountered beneath 415 feet of gravel, till, and sand
at an elevation of about 485 feet above sea level. The only change in
the mapping' of the buried valley necessitated by this record is the
shifting of the 500 and 600 foot contours somewhat farther west than their
location on the earlier map. This change has been made on Plate I (in
pocket) of the present paper.

3 The Illinois glacial lobe: U. 8 Geol. Survey Mon. 38, p. 485, 1899.
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south branches each occupy a preglacial valley for a few
miles above their junction, but the headwater portions of
each stream are in new valleys. _

There is, of course, a possibility that the
depression in the region of East Troy drained
- eastward to the Lake Michigan basin. Wells

- indicate that a valley of considerable depth
underlies the drift in the southern part of
Milwaukee County. (See Pl II, in pocket.)
Its bottom at one point is as low as the level
reached by the McKee well southwest of Troy
Center. Rock is reached at numerous places
in western Racine County and northeastern
Walworth County at levels 100 to 300 feet
higher. These points, concerning which the
writer has information, are not too close to-
gether to exclude a buried channel of suffi-
cient depth from having drained the Troy
Basin eastward. Nevertheless, the writer is
inclined to favor the interpretation shown on
Plate II, which makes it tributary to Rock
River. The reentrant in the Niagara margin
in which the Troy Basin lies opens out broadly
to the west and has much narrower digitate
tributaries radiating northeastward and east-
ward. The well at Elkhorn shows .that the
Niagara dolomite does not extend west .of
that place. The well at the Yerkes Observa-
tory shows the absence of the Niagara dolo-
mite and of almost the entire Maquoketa shale,
so that it seems highly probable that exten-
sive erosion would have taken place along the
shale belt west of Elkhorn. This is confirmed
by the Bradley well at Delavan.

Wells in the area surrounding Lake Geneva
show that the lake lies in a preglacial valley
whose bottom is less than 640 feet above the
sea or 220 feet below the present lake surface
and 80 feet beneath the bottom of the lake at
its deepest place. There is a possibility that
this valley originally drained to the Lake Michi-
gan Basin through southern Kenosha County.
The writer has insufficient data to determine
whether such an easterly course is probable,
but he is inclined to think that it discharged

- westward, particularly if it is surely determined
that the mapping of Troy Valley is correct.

NIAGARA ESCARPMENT.

The most prominent feature of the preglacial
topography of the eastern part of the area was
the Niagara escarpment. From the vicinity of

Eagle at the north side of the reentrant in which
lles the Troy Basin this escarpment extended

-Niagara dolomite.
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first northward and then northeastward
through Waukesha County as the east side of
the Rock River valley. It is not known how
abrupt-was the slope in this part, but it prob-
ably had a maximum height of about 400 feet.
Of this the upper part was composed of the
The slope on the shale be-
low may have been less abrupt than on the
dolomite. On the north side of the, valley, in
southwestern Washington County, the escarp-
ment is so deeply covered with drift that even
its location can be conjectured only from the
logs of wells. It probably extended through
the towns of Erin and Hartford (Tps. 9-10 N,
R. 18 E.) in a broad curved reentrant that did
not include some elevated dolomite-capped
tracts that were separated by eroded depres-
sions. One of these in secs. 6 and 7, T. 9 N,
R. 17 E. (Ashippun Township), still presents a
bold dolomite bluff facing westward, but in

most places the rock slope is buried beneath a =

heavy deposit of glacial drift molded into
drumlin forms. From Hartford the margin of
the dolomiite extended northwestward into the
western part of the town of Herman, where it
lies deeply buried benéath the drift about a
mile east of the. village of Iron Ridge.  Wells
show thicknesses of 200 feet or more of drift
piled in great hills just west of the margin of the
dolomite. From a narrow reentrant angle the
Niagara margin swings out to the great ledge
which extends from a mile north of Iron Ridge
to 2 miles south of Mayville. The present
bluff is about 200 feet in height. Were the
drift removed from the lower land to the west
the relief would be somewhat increased though
probably not greatly, as Maquoketa shale is
encountered at moderate depths in numerous
wells. This may extend nearly or quite across
the interval to the dolomite-capped elevation
in the southern part of the town of Williams- .
town. Along the northwest side of this a bold

bluff of dolomite overlooks the Horicon basin.

In this part the preglacial relief of this outlier .
was probably 300 to 400 feet. Mayville is in

the mouth of what was a deep reentrant in the

mural escarpment, and its city well is reported*

as having encountered the Galena dolomite

beneath 198 feet of drift, or about 725 feet

above sea level. Herman Christian’s well, 2%

11, T.Thwaites, who furnished this record, says itis probably inaccu-
rate. Since writing the above, Mr. Thwaites has furnished a copy of the
log of a well drilled in 1915 by F. M. Gray at the coke plant of the North
western Iron Co. at Mayville. This well reached bedrock 232 feet below
the surface or about 700 feet ahove sea level.
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miles farther east, in sec. 29, T. 12 N., R. 17 E.
(Theresa Township), was said by the owner to
have entered the dolomite at a depth of 217
feet, or 750 feet above sea level. '~ Another well
in sec. 18 of the same township did not reach
rock at a depth of 212 feet, so that there is evi-
dence of a considerable valley cut back in the
margin of the Niagara upland. A continuation
of the trough, extending from the vicinity of
Theresa southeastward for 8 to 9 miles toward
Schleisingerville, is now the site of a good-sized
valley with-a broad marshy bottom, drained
northwestward to Theresa and thence through
the broad reentrant to the Horicon Marsh west
of Mayville. Whether the original direction of
outflow was toward Mayville as now, or whether.
it drained southeastward to the valley described
_above as possibly extending northeastward from
the Oconomowocregion, is not known. Thereis
some evidence that the depth of the valley in
the vicinity of the village of Theresa was less
than it is either to the southeast or to the west.
There is also doubt as to the direction which the,
waters took after leaving the reentrant at May-
ville; they may have gone south to Rock River
as now or north to Green Bay.  The proba-
bilities are that they went to Green Bay,
although no borings between Mayville and
Fond du Lac Township are known to reach so
low a level as. that reported for the bed-rock
at Mayville. The 700-foot contour has there-
fore not been drawn in this part of the map.
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The bold bluff which extends. northward
through the town of Leroy and, in southeastern
Oakfield Township, swings around to the east,
had originally a relief at least 100 feet greater
than it has now. It thus formed an escarp-
ment 300 to 400 feet in height, above which
‘was a gently undulating upland. From its foot
a similar moderately undulating plain rose
gradually to the west. The offset in the escarp-
ment continued, as now, eastward across the
town of Byron to Eden Township, where a
valley connected with the apex of the reen-
trant. From this locality the escarpment
extended northward on the east side of the
Winnebago Basin.

. WINNEBAGO BASIN.,

The difference in contour between the nearly
flat plain south of Lake Winnebago, on which
the city of Fond du Lac new stands, and the
topography which would be revealed if the gla-
cial and lacustrine deposits were removed is a
matter of considerable interest. At Moore’s
old quarry, in the third ward, dolomite is ex-
posed at the surface at an elevation of about
760 feet above sea level. Wells west of the city
penetrate 40 to 70 feet of drift over dolomite.
The records of the following wells show the
thicknesses of the drift and lacustrine filling
and the elevation of the rock at several points
in, south, and east of the city, together with
some at the north end of the lake outside the

area shown on Plate II:

Thicknesses of drift penetrated by wells near Lake Winnebago.

South of Lake Winnebago.

Thick. [APProxi-
ness of |o16cation
Location. - Owner. drift "o Authority.
’ Pene | ahove.
trated. \coq jovel,
See. Fect. Teet.
.............. (071720 106 650 | Data in files of Wisconsin Geo] and
Nat. Hist.Survey,by W, G. Kirchoffer *
after examination of sam lcs at oflice
' . of waterworks, Fond du
13,NE. }....| Jacob Merton..... 255 645 | Owner. }
21 SW.1... Coﬁntym Ilnsano 125 672 | William Sealey, driller, Fond du Lac.
ospital. :
.| G. N. Mihill ...... - 95 695 Do. .
Sanders Brewery . 640 640 | Owner.
S. B. StanchZeld.. al120 [seeae.... William Sealey, driller, Fond du Lac.
.| James Wright..... 114 745 | Owner.
..| Chas. Olem....... 181 (¢9) P. Roughen, driller, Fond du Lac.
"| §.and P.Smith .. 100 740 | Own
Michael Ryan. . a220 670
Do A.F.Olmstead.. 200 665 | Owner.
. Fond du Lac or Byron Township 170 ) P Roughen, driller, Fond du Lac.
Byron Township............... 120 760 | Owner.
' Do ) ..| S. Miller 100 890 Do.
Mrs Wh]ttaker 80 810 | William Sealey, driller, Fond du Lac.
.| A. D. Searl... al105 |....oo... ) .
................ a90 .........
R al00 {..e......
J E. McCormick.. 150 683 | J. E. McCormick.
..| Rienzi Cemetery.. 150 795 Do.

a Wells do not reach rock.
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~ Thicknesses of drift penetrated by wells near Lake Winnebago—Continued.

North of Lake Winnebago.

.. |Approxi-
‘ Thick- DB
ness of |aavation
. Location. Owner. drift  © ¢ ek Authority.
ene-
frated. | 2P0V
* Isea level.
T N.\R.E. See. Feet, Feet.
Harrison Township..................] 20 18 | 4, NE.}..... Saloon........... 90 685 Gglc‘)rge Shchwalbach driller, Harrlson
) . . ownship.
20 18 { 4,8SE.4...... P.Kurey ......... 100 720 Dec.?
20 18 | 8,SW.3... .. John Boertlein.... 97 703 | Owner.
20 18 | 9,NW.i.....} Wm. Borsche .... 100 720 Ge'lorge Sﬁ:hwalbach, driller, Harrison
. . . . "ownship.
20 18 | 9,NE. %.....| Mr. Stottler....... 140 675 Do.
20 181 10,SW.3. ... G.A. Schwalbach. 140 670 Do.
20 18 | 11,NE. .. __j Jno. Fischer.. 200 600 Do.
20 18 | 12, SW.1. .| Jas. Pawelzock. . 200 600 Do.?
20 18 | 13,8E.4..... Hemrlch Schafer 185 610 Do.?
20| 18)15,SE.&.....[ 7. ..ol 100 695 .
20| 18| 16, NW.4oe.| 2oeveeinneannn oL 110 670
20 18 | 25,8W.3. ... John Wauda. 275 500 | Owner. )
20 18 | 36, NW. 1. | ST, 185 575 | Gerbart Heupt, driller, Sherwood.
20| 195 NW.30 S. Thon. ..... 128 600 | Owner.
20,] 19[7,SW.i ..., H. Heupt 184 600 | Gerhart Heupt, driller, Sherwood..
20°| 191 8,SW.i..... F. Dino...... .. 148 615 | F. Dino, Harridon Township. . -
20 19| 8,NE.3..... Wm. Dino........ 163 600 Do.
20 19 | 17,SW, }. ...| Jas. Schydzick. ... 180 620
20 19 20, SW.1....{ Bernhard Kielgas. 100 720 | Owner.

From the above data it appears that there is
beneath Lake Winnebago and extending thence
beneath the adjacent area to the south and
north a buried channel or valley whose bottom
is at least 150 feet below the present lake level.
The depth to which John Wauda’s well, one-
half mile northwest of Clifton, in sec. 25, T. 20
N, R. 18 E. (Harrison Township), penetrated
before entering the limestone indicates that the
bottom of the depression at that place lies
nearly 250 feet below the lake level. The

writer, however, was unable to learn of any |

other Wells north of the lake that showed drift
at so low a level, so that it is not certain that
this represents the original depth of the valley.
East of this depression the bold escarpment
rises to an upland which has a general eleva-
tion of about 1,000 feet above the sea and on
which drift hllls stand. In preglacial times
there was thus a relief of 400 to 500 feet along
this bluff. West of the lake the Galena dolo-
mite and Trenton limestone rise to the surface

somewhat above the level of the lake in the

vicinity of Oshkosh and Neenah and Menasha.
Most of the wells within a few miles of the west
shore of the lake, concerning which infor-
“mation was obtained, enter rock at depths of
5 to 50 feet or so. From the records of a
number of wells furnished the writer by George
Muttart, driller (see p. 111), it is known that
a buried valley 100 feet in depth, whose
bottom is about 665 feet above sea level, under-
- lies the city of Oshkosh. The stream in this
~* valley must have joined that in the deep valley
underlying the eastern part of the lake bed and

have discharged thence northward to the Fox
River valley somewhere east of the site of Kau-
kana. The present outlet of Lake Winnebago -

is from the west side of the north end of the’

lake, where the water escapes over the rock
rim of the basin at Neenah and Menasha at an
elevation of about 745 feet abave sea level and
flows thence in a channel cut down to or into
the limestone much of the distance to Kaukana.

LAKE MICHIGAN DRAINAGE BASIN.

The crest of the Niagara dolomite escarpment
north of the Oconomowoc region ranges from
1,000 to 1,100 feet above sea level in its higher
parts. From the south side of the Oconomo-
woc reentrant southward to the Troy basin
the higher parts of the top of the dolomite are
900 to 1,000 feet above sea level. Between
the Troy basin and Lake Geneva and south of
the Geneva valley the elevation, so faras known
to the writer, is 800 to 900 feet above sea level..
From this summit the surface of the dolomite
declines - eastward to a general elevation of
about 500 feet near the line of the present lake
shore. - The variation known along this line is
from 380 to nearly 600 feet above sea level.
Information has been collected concerning
hundreds of wells scattered over this lake-
border part of the area, together with the loca-
tions and elevations of many exposures of the
rock, yet the data at hand are insufficient to
determine more than the largest features of the
rock contours. So far as has been determined
this dolomite slope was not greatly dissected,
probably not so much so as in the areas to the
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west already discussed.. No large buried val-
leys except those which notch the Niagara es-
carpment have been located, and, as described
above, the relations seem to the writer to indi-
cate that these valleys cutting the escarpment
discharged either to tributaries of Rock River or
to Green Bay. No very large valleys are known
in eastern Wisconsin to have been tributary to
the ancestral river valley-supposed to haveoccu-
pied the position of Lake Michigan basin prior
to the earliest advance of the ice.

In describing the relations of Elkhart Lake
and Sheboygan Swamp in the northwestern
-part of Sheboygan County (p. 46) it was indi-
cated that these basins probably occupied part
of a preglacial valley discharging to the Michi-
gan basin south of Sheboygan. Mr. Laun in-
formed the writer that in drilling a well at Lake-
side Park on the west shore of Elkhart Lake
unconsolidated material was penetrated to a
depth of 240 feet without reaching rock bottom.
About 1} miles northwest of this point the river
draining the swamp flows over the buried rock

rim of the basin. There is some indication of |

short buried valleys farther south. In the
vicinity of Milwaukee the elevation of the rock
surface varies from about 100 feet above the lake
level to 200 feet or more below that level—that
is, from about 680 to 390 feet above sea level.
There is, however, no evidence that the valleys
head far westward. They seem rather to be
but minor reentrants in the rock slope. A
valley of considerable depth (see p. 124) prob-
ably underlies the drift in the southern part
of Milwaukee County and -may have been an
eastward outlet to the Troy Basin. No impor-
tant buried valleys are known south of this.

The configuration and elevation prior to the
advent of the glaciers of the part of the area
now submerged beneath the waters of Lake
Michigan is entirely a matter of conjecture.
The lake has a width of 50 to 80 miles. Oppo-
_site Milwaukee and Ozaukee counties, as shown
by the Lake Survey charts, the bed of the lake
lies 200 to 350 feet above the level of the sea.
South of this the lake deepens in the middle of
the basin until, opposite Racine, its bed lies
approximately at sea level. This is the deep-
est part of the south half of the lake basin:
Thence southward the bottom gradually rises
to the head of the lake. From the relatively
higher tract between Milwaukee and Muskegon,
where the minimum depth of water in the mid-
dle of the basin is about 230 feet, the bed de-
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clines northward until, opposite the nofthern
part of Manitowoc County, it lies more than
250 feet below sea level. The maximum depth
of water in this part of the basin is about 145
fathoms or 870 feet. The north half of the
basin continues deep until it reaches the vicinity
of the Manitou, Fox, and Beaver islands and
neighboring shoals. There is no through chan-
nel to the outlet, whose bottom is less than
500 feet above thesea. Themaximum through
depth of water, which is in the vicinity of the
Lansing shoals, is not more than 60 feet. A.C.
Lane! has published a map of the geologic
formations and contours of rock surface of the.
southern peninsula of Michigan which shows a
buried valley whose bottom is less than 300 feet
above sea level extending across Emmet and

Sheboygan counties just south of the Straits of

Mackinac, from Little Traverse Bay, beneath -
Burt and Mullet lakes, to the basin of Lake

Huron. It is not certain, however, that this

is the position of a preglacial outlet channel.

A great buried valley is also shown extending
in a broad curve from the head of Saginaw Bay
to the vicinity of Manistee and Ludington, op-
posite Manitowoc County, Wis. On the Lake
Michigan side the bottom of this valley lies
below sea level, buried beneath 600 feet or more
of drift, as shown by wells at Manistee and
Ludington.? This valley is shown as shallowing |

toward Saginaw Bay to 400 feet above sea level,

so that there does not appear to have been at
this place an outlet deep enough to have
drained the depths of the Lake Michigan basin,
unless it be that the bottom of the valley has
been subsequently raised by differential eleva-
tion toward the northeast. A certain amount
of elevation of the region, including the north
end of the Lake-Michigan basin and the Straits
of Mackinac is known to have taken place since
the melting of the glaciers, as shown by the
tilting of the ancient Lake Algonquin beach.
This amounts to about 100 feet ® in the vicinity
of Harbor Springs, Emmet County, Mich., but
even this amount added to the depth of the
buried valley in Emmet and Sheboygan coun-
ties, Mich., would not make this channel suffi-
ciently deep to drain the present depths of
Lake Michigan. No other buried channel of
greater depth is known to exist. The inference

17T, 8. Geol. Survey Water-Supply Papers 182 and 183, p. 8, pl.2,
1906-7. .

2 Lane, A. C., Michigan Geol. Survey, vol. 5, pls. 27-32, 1895.

3 Goldthwait, J. W., Isobases of Algonquin and Iroquois beaches and
their significance: Geol. Soc. America Bull., vol. 21, p. 232, 1910.



128

is, therefore, that the basin of Lake Michigan
is now deeper than it was prior to the advent
of the glaciers. It isnot known how far below
the bed of the lake the bedrock bottom of the
depression lies. There probably is a certain
amount of glacial drift and lacustrine deposits
overlying the rock but, generally speaking, it
seems probable that the part of the bottom of
the basin along and west of the line of deepest
water was a locus of more drlft derivation than
drift deposition.

East of this line within the basin and particu-
larlyin that part of western Michigan north of
Muskegon drift accumulated in great thicknesses.

In a description of the geologic work in Wis-
consin between the Devonian and glacial
periods Chamberlin® discussed the question
whether the Lake Michigan basin was due pri-
marily to preglacial stream erosion or was
principally excavated by the glaciers them-
selves. From: a comparison of the conditions
of stream erosion in the Mississippi Valley on
the west side of the Wisconsin arch with the
depth and configuration of the Lake Michigan
basin and the bordering eastern part of Wis-
consin, he concluded as follows: 2

In short, all the evidence which we can gather seems to
support the simple rational view, free from violent hypoth-
eses, that erosion on the east and west sides of our State in
preglacial times went forward in like manner and with like
results, giving rise on the one hand to the Mississippi
Valley and on the other to a similar valley occupying the
site of Lake Michigan.

While, therefore, it is maintained that a valley of very
considerable dimensions occupied the lake basin, it is not
believed that it had the-breadth and general depth and
symmetrical contour which the lake now presents.

E. W. Claypole, in a psper on the preglacial
geography of the region of the Great Lakes,

refers to a possible buried southward outlet

from the Lake Michigan basin, but presents no
very convincing evidence of it.?

In a paper on the preglacial valleys of the
Mississippi and its tributaries Leverett * makes
the following statements concerning possible
southward drainage from the Michigan basin in
preglacial time:

The headwater portion of the streams forming the pre-
glacial Wabash may prove to have been in the Lake Mich-
igan basin. But if so the connection with the Wabash is
through a very much narrower trough than that occupied
by Lake Michigan. Borings at North Judson, Winamac,
and Monticello, Ind., situated near the line connecting the

1 Chamberlin, T. C., Geology of Wlsconsm, vol. 1, pp. 253-259, 1883.

2Idem, p. 257.

3 Canadian Naturalist, vol. 8, new ser. ., PD. 187-206, 1878.

4 Leverett, Frank, The preglacial valleys of the Mississippi and its
tributaries: Jour. Geology, vol. 3, pp. 744-745, 1895.
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head of Lake Michigan with the preglacial valley of La
Fayette, go to a level about 100 feet below the surface of
Lake Michigan before entering rock. But within a few
miles east of this line, rock ledges have an altitude as great
ag the surface of Lake Michigan, while immediately west
of this line they rise 90 to 125 feet above that level. This
trough can not have in the vicinity of Monticello a breadth
of more than 10 miles. Monticello is situated near-the
middle of the trough. The probabilities are, therefore,
against the existence of a much deeper channel in it.

Borings have been made at frequent intervals westward
and northwestward from this trough across northwestern
Indiana and northeastern Illinois, and none of them show
80 low a rock surface as this line presents. They usually
enter rock above thelevel of Lake Michigan. There seems,
therefore, no ground for suggesting a southward or south-
westward outlet of the Lake Michigan basin further west
than the line which leads from the head of the lake to
La Fayette, Ind. Furthermore, this seems the most prob-
able line for a channel, since it follows nearly the western
edge of the soft Devonian shales, where degradation would
naturally proceed more rapidly than in the ﬁrm and re-
sistant limestone ledges to the west.

If the Niagara dolomite continues plunging
down eastward beneath the lake at the same
rate of dip as between Waukesha and Mil-
waukee. the base of the formation beneath the
middle of the basin is about 1,100 feet below
sea level and unless the dolomite is much thicker
than in eastern’ Wisconsin its surface lies well
below the deepest parts of the basin. That the
dip of the formation does not decrease appears
from the fact that a well at Muskegon, Mich.,*
on the east shore of the lake nearly opp031te
Milwaukee did not reach the Niagara dolomite
at a depth of 2,600 feet, or about 2,000 feet
below sea level. This well penetrated shale,
principally, to a depth of 1,700 feet, or about
1,100 feet below sea level. Below this level the
well was drilled through 900 feet of strata, re-
garded as of Hamilton, Oriskany, Helderberg,
and Salina age, principally limestone and dolo-
mite. Wells at Allegan, Ludington, and Man-
istee, Mich.,® penetrate drift to depths ranging
from 240 to 640 feet, and beneath this prin-
cipally shale to depths ranging from 960 to
1,595 feet—that is, to levels ranging from 300 to
1,000 feet below sea level. From this it is'seen
that; the lake basin is probably for the most part
excavated in easily erodable shales, material -
which would favor the remodeling of a river
valley with branching tributaries into a broader -
and deeper basin of smoothly rounded contours .
as the result of its being traversed longitudinally
by one of the lobes or by a succession of lobes
of the continental ice sheet.

sLane, A. C., Michigan Geol. Survey, vol. 3, pl. 43, 1895.
6 Idem, pls. 4, 27-32.



CHA-PTER V.—OUTLINE OF PLEISTOCENE HISTORY.

GLACIAL STAGES.
DRIFT SHEETS AND INTERVALS.

The long interval following the emergence
of the borders of Wisconsin from the waters
of the Devonian seas was brought to a close by

a change in climatic conditions that resulted
in the development of vast sheets of ice that
covered the northern part of the North Ameri-
can Continent as the great ice cap now covers
Greenland. (See fig. 6.) There were three
great centers of accumulation; one on the Lab-
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FIGURE 6.—~Map of North America showing the area covered by the Pleistocene ice sheets at their maximum extension and the main centers of
accumulation. '
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rador Peninsula, one on the Keewatin Plateau
west of Hudson Bay, and one, the Cordilleran,
in the mountain region of western Canada.
From these centers the ice spread radially, that
from the Labrador and Keewatin centers coa-
lescing and extending southward into the area
of the United States. The period of glaciation
was marked not by a single advance and melt-
ing of the ice but by successive stages of gla-
ciation during which the icé accumulated and
spread widely over the surface of the land, al-
ternating with stages during which the climate
became so much warmer that the ice in large
- part melted and the glacial margins retreated
northward. Whether or not theice wholly dis-

appeared during these intervals of deglaciation
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is not known, but the presence of buried soils,
vegetal matter, and faunal remains at several
horizons indicates that the climatic conditions,
during the interglacial stages, simulated those
of the present. Evidences of more than
one stage of glaciation and deglaciation are
found in soutbeastern Wisconsin, but it has
not been determined that this area was in-
vaded by ice at each stage of continental
glaciation.

The following outline of stages of glaciation
and intervals of deglaciation is in part general
for the northern portion of the United States
lying east of the Rocky Mountain region and
in part it refers specifically to southeastern Wis-
consin and northern Illinois.

Outline of stages of glaciation and deglaciation in order of age, the oldest at the top.
Pleistocene. .
Pre-Kansan stage of glaciation (of Chamberlin). (Possibly represented in southeastern Wisconsin.)

Aftonian stage of deglaciation (of Chamberlin).

Kansan stage of glaciation (of Iowa geologists).

Yarmouth stage of deglaciation (of Leverett).

Illinoian stage of glaciation (of Leverett).
consin.)

Sangamon stage of deglaciation (of Leverett).

Main stage of loess deposition. Regarded as closely asso-
ciated with the closing phase of the Iowan stage of gla-
ciation (of Iowa geologists), and the early part of the
succeeding Peorian stage of deglaciation.

Peorian stage of weathering and soil formation (of Leverett).

Wisconsin stage of glaciation (of Chamberlin):

Early Wisconsin drift in Illinois:

(Not certainly known to be represented in southeastern Wisconsin.)
(Possibly represented in southeastern Wisconsin.)

(Possibly represented in southeastern Wisconsin.)

(Abundant evidence of presence of drift of this stage in southeastern Wis-

In southern Wisconsin and northern Illinois represented °

by the superficial modification of the Illinoian drift by

. weathering and erosion, by the deposition of the over-

lying loess and loamy clay, by the formation of alluvial

and lacustrine deposits, and by the growth and accumu-
lation of vegetal material. i

Substage 1. Shelbyville and Champaign morainic systems.

Substage 2. Bloomington and Marseilles morainic systems. (With the Bloomington system is probably to
be correlated the Marengo ridge of western McHenry County, Ill., and the Brooklyn moraine
in southern Wisconsin.)

Later Wisconsin drift, as represented in southeastern Wisconsin, Illinois, northwestern Indiana, and south-
western Michigan:

Substage 3:

a. Great bowlder belts and accompanying moraines, including, perhaps, the Minooka moraine of Illinois,
b. Kalamazoo morainic system of Lake Michigan glacier in southern Michigan and northern Indiana.

Delavan lobe of Green Bay
Lake Michigan Glacier. Glacier.

Genoa moraine.
Darien moraine.

Elkhorn moraine. ....... Milton moraine.
: Lake Mills morainic

system and other

morainal deposits.
Green Lake moraine.
Waupun moraine.
Rush Lake moraine.
St. Anna moraine.

c. Valparaiso morainic system of Lake. Michigan Glacier.
(As mapped in northwestern Indiana, northeastern
Illinois, and southeastern Wisconsin it may include
undifferentiated deposits of the Kalamazoo morainic|ther morainal deposits.
system.)

}J ohnstown moraine.

d. Lake Border morainic system of Lake Michigan Glacier.......................

Lake Chicago. Michigan. .
Substage 4: Glenwood stage. {Port Huron morainic
Readvance and deposition of red till by Lake Michigan|Calumet stage. gystem.

Low water stage.
Toleston stage.

and Green Bay glaciers in eastern Wisconsin.
, Lake Chicago submergence.!
Glacial Lake Algonquin. :
Nipissing Great Lakes.
Lake Michigan.

Recent.

1 Only those stages of the Great Lakes involving Lake Michigan basin are included in this outline.
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PRE-KANSAN STAGE OF GLACIATION.

Deposits of glacial drift found in southern
Iowa show that at the earliest known stage of
glaciation, the pre-Kansan or sub-Aftonian
(of Chamberlin), the ice from the Keewatin
center extended as far as southern Iowa.! The
limit of Labradorean ice in the Mississippi
Valley at this stage is not known. Certain
deposits bordering the northern part of the
Driftless Area in Wisconsin and regarded by
Weidman as pre-Kansan glacial drift may be
evidence of glaciation in Wisconsin at this early
stage. Theicemay have extended over eastern
Wisconsin and southward into Illinois. It has
been suggested by Weidman that certain scat-
tered drift deposits along the eastern border of
the Driftless Area in Wisconsin may be the
residuum left after long erosion of such an early
drift sheet. (Seep.170.) However, there are
grounds for referring this scattered drift to a
later stage.

AFTONIAN INTERGLACIAL STAGE.

Very interesting soil and vegetal deposits
and faunal remains of the Aftonian interglacial
stage have been found in Iowa, but none are

- certainly known to represent this horizon in
the area under discussion.

KANSAN STAGE OF GLACIATION.

At the Kansan stage of glaciation the Kee-
watin ice sheet reached its southernmost limit
in northeastern Kansas and northern Missouri.
The thickness of the drift in parts of Rock and
Walworth counties, Wis., east of Rock River
(with certain other phenomena) indicates that
it may include buried drift referable to a stage
earlier than that of the surficial drift and pos-
sibly referable to the Kansan stage of glaciation.

To deposition at one of these early stages of
glaciation (Kansan or pre-Kansan) may also be
referred the conglomerate exposed at intervals
along the east side of the Rock River valley
south of the State line. ’

YARMOUTH INTERGLACIAL STAGE.

The only known deposits in southeastern
Wisconsin that may possibly be referred to
the Yarmouth interval of deglaciation have
been found beneath the Illinoian drift in well

1 Credit for data used in this outline other than the writer’s is given
in the detailed discussion (Chapters VI-XT).

131

drillings. Their correlation, however, is wholly
problematic.

ILLINOIAN STAGE OF GLACIATION.

There is abundant evidence of the extension
of the Labrador ice sheet into eastern Wisconsin
at the Illinoian stage of glaciation, although
the relations of the Keewatin Glacier in the
area west of Mississippi River are not yet
clearly understood. North of the southern tier
of Wisconsin counties the deposits of this stage
are obscured by those of a later glaciation.
Outside the limits of this later drift, however,
in Walworth, Rock, and Green counties, the
Illinoian glacial deposits are well developed,
extending westward to the Driftless Area and
southward over much of Illinois. The com-
position of the drift and the trend of glacial
strie in southern Wisconsin and northern Illi-
nois show that at this stage the glacial move-
ment was westerly across the Rock and Sugar
river valleys, shifting to northwesterly as the
ice closed about the southeastern side of the
Driftless Area. That the unglaciated area was
not overwhelmed at this stage of glaciation was
due not to its greater elevation but to the fact
that the main axial movement of the ice was
directed farther south by the great trough in
which now lies Lake Michigan.

SANGAMON INTERGLACIAL STAGE.

‘The mélting of the Illinoian ice sheet was
followed by a considerable interval of degla-
ciation, during which the surficial parts of the
Illinoian drift were subjected to modification
by weathering, a soil (the Sangamon) was de-
veloped, and the surficial configuration of the
drift was modified by stream erosion. During
the recession of the margin of the Illinoian ice
sheet in northern Illinois the marginal waters
discharged southwestward to Mississippi River
across a series of cols and intervening valleys,
thus reestablishing Rock River below Rockford,
111, along a new course.

MAIN STAGE OF LOESS DEPOSITION.

The development of the glacial deposits in
northeastern Iowa has led to the belief that
after the extension of the Labrador ice at the
Illinoian stage over so large a part of Illinois
and adjacent areas and after a succeeding inter-
val of deglaciation, to which the name Sanga-
mon stage was given, there occurred an exten-
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sion of the Keewatin ice southward into north-
eastern Iowa. For this latter stage of glacia-
tion the name Iowan has been used. Certain
characteristics of the drift in northern Illinois
and in Rock and Walworth counties, Wis., also
led to the view that at the same stage the
Labrador Glacier extended across this latter
area southwestward to MississippiRiver. Later
studies, however, have led to the abandonment
of belief in an JTowan invasion of the ice into
this part of the region east of the Mississippi.

Following the Sangamon stage came a time
~ during which large quantities of dust or loess
were blown about by the wind and spread
widely over the weathered and eroded surface
of the Illinoian and older drift deposits and also
over unglaciated parts of the Mississippi Valley.
It is supposed that this loess deposition was
closely associated with the closing phase of the
fourth (Iowan) pre-Wisconsin stage of glacia-
tion and the early part of the succeeding Peorian
stage of deglaciation.

PEORIAN STAGE OF WEATHERING AND SOIL
FORMATION.

In the region of Peoria, Ill., the post-Sanga-
mon loess shows evidence of having been ex-
posed to leaching and oxidation for a time be-
fore the deposition of the Wisconsin glacial
drift which there overlies it.

WISCONSIN STAGE OF GLACIATION.

EARLY WISCONSIN SUBSTAGES.

Generally speaking, the continental glaciers
at the Wisconsin stage fell somewhat short
(in Iowa and Illinois more than 100 miles
short) of reaching the southern limit of gla-
ciation. In places in Wisconsin the Labrador
ice encroached on the eastern margin of the
Driftless Area and in eastern Ohio it reached
the unglaciated area. In the Rocky Mountain
region the Keewatin ice sheet probably reached
the maximum limit of continental glaciation.
Being the last main stage of glaciation many
of the distinctive phenomena resulting from
the occupancy and melting of the ice are well
preserved and permit of much greater detail of
interpretation than is possible in connection
with the earlier glacial stages. :

From the study and mapping of the various
phenomena, particularly the terminal moraines,
it has been determined that the Wisconsin
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stage of glaciation was rather complex. Fol-
lowing the maximum extension of the glaciers
there was a series of successively less extensive
developments of the ice alternating with more
or less extensive recessions of the ice fronts as
the result of melting of the glaciers. This is
illustrated in Plate XX (p.194), a map prepared
by Leverett and Taylor,! on which are shown
the more important positions of the fronts of
the lobes of the Labrador Glacier as indicated
by terminal moraines. In the early part of
the Wisconsin stage the ice in Illinois extended
to a position marked by the Shelbyville mo-
rainic system. (See Pl. XXIII, p. 208.) Fol-
lowing this it receded successively to the posi-
tions of the Champaign, Bloomington, and
Marseilles morainic systems.

LATER WISCONSIN SUBSTAGES.
ADVANCE OF THE ICE.

A somewhat more marked interval of reces-
sion of the glacial margins appears to have
been followed by a somewhat greater differen-
tiation of glacial lobes and some shifting of the
lines of axial flow as the ice again deployed
over the surface of the land. This advance
has usually been designated the late Wisconsin
substage. The limit of readvance of the Lake
Michigan Glacier in Illinois and Indiana at this
time is marked by the Valparaiso and Kala-
mazoo morainic systems. In eastern Wiscon-
sin the differentiation and deployment of a
great lobe of the ice sheet, known as the Green
Bay Glacier, resulted from the controlling in- .
fluence of the broad Green Bay-Lake Winne-
bago trough and of the Niagara escarpment on -
the east. On the west this glacier encroached
somewhat on the great Driftless Area, which
had escaped glaciation at the earlier stages of
ice advance. The limit of the advance is
marked by the Johnstown moraine which ex-
tends southward in a broad curve through
Adams and Sauk counties and into Dane
County, past the cities of Kilbourn and Bara-

‘boo and over the Baraboo quartzite bluffs and

the valley of Wisconsin River. At a point
southwest of Madison the moraine, curving
southeastward, enters the area of the Illinoian
drift. Entering Rock County the curving
moraine swings eastward, crosses the Rock

-1 Leverett, Frank, and Taylor, F. B, The Pleistocene of Indiana
and Michigan and the history of the Great Lakes: U. 8. Geol. Survey
Mon. 53, pl. 5, 1915.
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River valley north of Janesville and coalesces
with the moraines of the Lake Michigan Glacier
in northwestern Walworth County.

Topographic conditions and the convergence
of the ice currents of the Green Bay and Lake
Michigan glaciers led to the extension from the
Lake Michigan Glacier of a minor lobe (the
Delavan lobe), whose outer limits are defined
by the Darien and Genoa moraines. These
moraines curve eastward across Walworth
County past Lakes Geneva and Delavan in an
arc of nearly 180° and, in western Racine and
Kenosha counties, merge with the Valparaiso
morainic system, which is traced southward
through northeastern Illinois and northwestern
Indiana about the head of the Lake Michigan
basin. (See Pl. XXIII, p. 210.) In southern
Michigan and northern Indiana the Kalama-
z0o morainic system is developed next outside
the Valparaiso system and appears to mark the
outer limit of the ice advance on the east side
of the Lake Michigan lobe. With these are
correlated, respectively, the Kalamazoo mo-
rainic system and the Charlotte morainic sys-
tem of the Saginaw lobe and the Mississinawa
morainic system, and later moraines of Indiana
and Ohio.

The distribution in southeastern Wisconsin
of the several moraines and other phenomena
of the Lake Michigan and Green Bay glaciers
is shown in Plate III (in pocket), and an ex-
tended description and delineation of the
geologic history is presented in Chapters VI to
XI. The purpose of this chapter is to sum
these up in the barest outline.

During the advance of the glaciers a till
sheet of considerable thickness was added to
the earlier drift within the area overrun. The
conditions of advance and radial deployment
of the ice currents, particularly those of the
Green Bay Glacier, also furnished the condi-
tions requisite to the building up and shaping
of a remarkable series of elongated ridges and
elliptical hills comprising a large number of
variations of the drumlin type, whose distri-
bution and axi-radial arrangement are well
shown on the map. (See Pls. IIT and IV, in
pocket.) Systems -of glacial strise, whose
trends are shown by arrows on the map, were
graven on the surface of the bedrock by the
moving rock-shod ice. Streams of glacial
waters flowing in channels or tunnels in the
lower part of the ice and discharging at the ice
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front filled their courses with gravels, so that
when the overarching ice and the frigid retain-
ing walls melted away the gravels were left
winding over the surface as sinuous ridges
known as eskers. Waters discharging at the
ice fronts were in places ponded in obstructed
valleys or basins forming temporary lakes,
such as glacial Lakes Wisconsin and Baraboo,
which spread over the plain between and north
of the Baraboo Bluffs and discharged across the
divide in Jackson County to Black River. In
these lakes were deposited fine laminated silts
and near the ice front was spread an extensive
outwash terrace of sand and gravel. Similar
outwash material was swept down the valleys
of Wisconsin, Sugar, and Rock rivers, adding
to the terrace deposits and valley trains formed
during the earlier stages of glaciation.

RECESSION OF THE ICE FRONT.

Deposition of recessional moraines.—When as
the result of the amelioration of the climate the
ice again began to melt, the retreat of the glacial
margins did not proceed without interruption.
A succession of minor marginal moraines within
the outer moraine indicates stages of halt, or of
readvance and halt, during which these mar-
ginal -accumulations were formed. There is
a general correspondence between such phe-
nomena of the Green Bay and Lake Michigan
glaciers, and correlation of the principal ones
with moraines extending farther east into
western Pennsylvania, New York, and Ontario
shows that these successive deposits indicate
glacial oscillations due to climatic variations of
more than local extent. :

Elkhorn and Milton moraines.—The first of
these stages of recession of the Green Bay
Glacier ended with the formation of the Milton
moraine, which lies a few miles within the
Johnstown moraine. To the east of this the
Delavan lobe contracted to the Elkhorn mo-
raine, while the main front of the Lake Michi-
gan Glacier still stood at the Valparaiso mo-
rainic system. As the ice on the east of the
Kettle interlobate moraine thinned and melted
away in northern Walworth County, great
quantities of outwash gravel were swept out
from the Green Bay Glacier (which continued
snugly pressed against the interlobate moraine),
burying great masses of ice of the Delavan
lobe. The basins of the Lauderdale- and
other small lakes in northern Walworth County
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resulted from the subsequent melting of these
ice masses and the settling of the gravels.
Lakes Delavan, Geneva, and Como also origi-
nated about this time.

Lake Mills morainic system.—The next halts
of the front of the Green Bay Glacier were
along the lines marked by the deposits grouped
as the Lake Mills morainic system. These de-
posits (see pp. 277-284) are for the most part
patchy, discontinuous, and topographically
insignificant. They are not at all of the rank
of the great bulky Johnstown and Elkhorn
moraines or the Kettle interlobate moraine.
The morainal system into which they are
grouped (if indeed it be justifiable to treat
such deposits as constituting a morainic sys-
tem) is, therefore, probably the index of events
correspondingly insignificant as compared with
the major facts of the glacial history.

The recession of the front of the Green Bay
Glacier to the Lake Mills morainic system
cleared the Wisconsin Valley and permitted
glacial Lakes Wisconsin and Baraboo to be
drained about the east end of the Baraboo
Bluffs. The reestablishment of the drainage
lines in new courses across the drift located
Wisconsin River across a broad buried sand-
stone ridge in the vicinity of Kilbourn; and
the erosion of the new channel, a narrow gorge
cut in the sandstone, gave rise to The Dells,
the most famous and beautiful feature of the
Wisconsin Valley. Baraboo River, instead of
discharging to a stream flowing ‘southward
through the Lower Narrows and the Devils
Lake Gorge, as in preglacial time, now flowed
eastward through the Lower Narrows and
joined the Wisconsin near Portage. The melt-
ing of the ice also cleared the basins of the four
lakes of the Madison region and reestablished
Rock River. The flooding of a large depression
on the line of the ancient Rock River valley
north of the moraines initiated Lake Kosh-
konong, and the outflow at the lowest outlets
across the motaine reestablished Rock River
in a new course. The melting of ice masses
buried in the morainal and outwash terrace
gravels in northwestern Waukesha County
gave rise to the multitude of beautiful lakes
which make the Oconomowoc region so famous
as a summer resort.

On the east, when the front of the Lake
Michigan Glacier receded to and beyond the
easternmost of the several lines of deposits
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which mark the decadence of the Delavan lobe
and which are connected with the Valparaiso
morainic system, the basins of Pewaukee Lake
and the basins of the small lakes in southeastern
Waukesha County and western Racine and
Kenosha counties were cleared of ice.

Green Lake and associated moraines.—The
next stage in the deglaciation of the area is
marked by a group of similar slight moraines
of the Green Bay Glacier which are designated,
in order from older to younger, the Green Lake,
Waupun, Rush Lake, and St. Anna moraines.
These are correlated with the ridges of the
Lake Border moramic system of the Lake
Michigan Glacier, which have been traced
southward from Sheboygan County and through
northeastern Illinois and northwestern Indiana,
about the head of the Lake Michigan basin and
thence northward into Michigan, and which
have been generally correlated by Leverett
with the Lansing moraine of the Saginaw lobe
in Michigan and the Defiance moraine and
associated moraines of the Huron-Erie lobe in
Ohio. (See PL. XXIII, p. 208.)

The recession of the ice front eastward across
Marquette and Green Lake counties caused the
ponding of waters in the Fox River valley and
their overflow across the low divide near Port-
age to Wisconsin River. The flooding of the
basins of Puckaway, Green, and Rush lakes
resulted from the recession of the ice’ front
from the morainal deposits which blocked the
underlying preglacial valley and left the basins
inclosed. Beaver Dam Lake and the smaller
adjacent lakes were formed in like manner, and
Horicon Lake spread over the basin now occu-
pied by the big marsh north of the morainal
dam on which the city of Horicon is built.
All these recessional moraines merge with the
great Kettle interlobate moraine, into connec-
tion with which on the east are traced several
moraines of the Lake Border system. The St.
Anna moraine is overlapped by later deposits
and can not be correlated directly with any
one of the Lake Border moraines.

Lake Duluth.—The next event of importance
in the history of the glaciated area appears to
have been a considerable recession of the lobate
margin of the ice sheet, followed by a distinct
readvance. This succession of events appears
to be well marked all across the area from east-
ern Wisconsin to western New York and may
involve the Lake Superior basin and districts
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to the west in Minnesota and the Dakotas.
The contracting of the glacial margins in the
Lake Superior basin caused the flooding of its
western part up to the level of the col leading
to the St. Croix Valley. This high-level glacial
lake has been designated Lake Duluth. When
the recession of the convergent margins of the
Superior and Green Bay glaciers cleared a
lower pass across the northern peninsula of
" Michigan, the pent-up waters found an outlet
southward into the Green Bay-Lake Winnebago
valley and thence eastward across Door Penin-
sula from the Green Bay valley to the Lake
Michigan basin. ‘

Lake Chicago (Glenwood beach).—In the
meantime the contraction of the margins of the
Lake Michigan Glacier had resulted in the
flooding of the south end of the Lake Michigan
basin and the initiation of glacial Lake Chicago.
The waters of this lake found an outlet across
the Valparaiso morainic system by the valley
now traversed by Des Plaines River southwest
of Chicago and thence to Illinois River. (See
fig. 20, p. 327.) The highest well-marked beach
. of Lake Chicago is the Glenwood beach, which
has an elevation of about 640 feet above the
sea, or nearly 60 feet above Lake Michigan.
This beach has been traced northward on the
west side of the basin to the vicinity of Wind
Point near Racine. From Milwaukee north-
ward it is believed to be represented by a
deposit of stratified sand and gravel exposed
in the lake bluff overlying the bluish glacial till
and underlying laminated red clay and red till.

READVANCE OF THE ICE.

Deposition of red till.—The occurrence of red
‘clay in a belt bordering Lake Winnebago and
Green Bay and the western part of the Lake
Michigan basin as far south as Milwaukee is
explained on the supposition that the south-

ward-flowing waters from the Lake Superior

basin brought with them a considerable quan-
tity of fine red silt which was precipitated in
quiet waters in the Green Bay-Lake Winne-
bago valley and in the western part of the Lake
Chicago as far south as Racine.

Following the deposition of the red silt the
ice in the Lake Huron basin readvanced to the
main moraine of the Port Huron morainic
system and the ice in the Lake Michigan basin
and the Green Bay-Lake Winnebago valley
readvanced into eastern Wisconsin, On the
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east side of the basin the Lake Michigan Glacier
extended to a moraine which has been traced
southward to the lake shore near Muskegon,
Mich. (Pl. XXIII, p. 208) and the Glenwood
waters of Lake Chicago were crowded south-
ward as far as the latitude of Racine. On the
Wisconsin side the ice reached the shore of
glacial Lake Chicago at Milwaukee and ex-
tended upon the land approximately to the
line of Milwaukee River.

The extent of this encroachment on eastern
Wisconsin beyond the position of the present
shore line gradually increased northward to
about 15 miles in the latitude of Sheboygan
and Plymouth, in Sheboygan County. The
expanding glacier overrode the blue-gray Wis-
consin till, the lacustrine sands, and the red
silts in the western part of the basin; and much
red clay was commingled with pebbles, carried
inland and spread over the blue-gray drift as
red til. Near Random Lake, in southern
Sheboygan County, the margin of the red till
overlaps a part of the Lake Border morainic
system; farther north it encroaches on a drum-
lin topography; and in Manitowoc County it
covers even the Kettle interlobate moraine.

The distribution of the red drift and the
trend of glacial striz in western Manitowoc
County and Calumet County (Pl. XXXVI,
p- 316) show that the front of a minor lobation
of the glacial margin curved northwestward to
thecrestof the Niagaraescarpment. Inthe Lake
Winnebago basin a lobe extended southward
nearly to thesouthline of Fond du Lac township
and formed a well-marked red-drift moraine.
The distribution of the red drift in the Fox River
valley shows that the ice extended westward to
the vicinity of Berlin. Thelake which occupied
the Winnebago basin during the readvance and
the preceding recession of the ice front was thus
nearly obliterated, and the waters were again
ponded in Fox River valley southwest of Berlin.

Lake Chicago (later stages).—The Glenwood
stage of glacial Lake Chicago was initiated
(see p. 326) as the margin of the Lake Mich-
igan Glacier receded from the Valparaiso
morainic system. The waters appear to have
continued at the Glenwood shore line during
the recession of the ice front from the Lake
Border moraines, while the red lacustrine silts
were being deposited during the readvance
of the ice to the main moraine of the Port Huron
morainic system in Michigan and during the
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deposition of the red till in Wisconsin, The
lake appears also to have been maintained at
approximately the same level during the next
stage of the glacial melting, when the ice again
disappeared from the south half of the basin.
The waters of the Glenwood stage thus en-
croached on the lower parts of the red drift area
northward to a point midway between Sheboy-
gan and Manitowoc. Similar extension north-
ward from Muskegon on the east side of Lake
Michigan is reported by Leverett and Taylor.

The next definite stage of the lake is marked
by the Calumet beach, which has an elevation
of about 35 feet above the present lake level,
or 616 feet above the sea. . The Chicago outlet
had been gradually cut down, but the final drop
to the Calumet level appears to have been
rather sudden, as if due to the giving way of
the last obstruction to the outflow. The
Calumet beach is well marked northward to
Wind Point north of Racine, but there is little
trace of it farther north owing to its removal at
later lake stages. _

Evidence found in the depth of filling in the
lower parts of valleys tributary to the lake and
in peat buried beneath beach deposits of a later
stage indicates that a low-water stage followed
the Calumet stage. It dppears that the open-
ing of a lower outlet to the northeast drew
down the water level something like 50 feet
below the present level of Lake Michigan.
Following this either a readvance of the ice or

a northward elevation of the land closed this
~ lower outlet and renewed the discharge through
the Chicago outlet. Evidently there had been
considerable erosion of the outlet during the
Calumet stage, for the next definite shore line,
leading into this outlet, the Toleston beach, is
about 22 feet above Lake Michigan, or 603 feet
above the sea. Itispossible that the low-water
stage may have followed rather than preceded
the Toleston stage. :

GLACIAL LAKE ALGONQUIN.

When the ice front had retreated so far as to
permit the confluence of the waters of the
Superior, Michigan, and Huron basins, a single
great lake was formed, known as glacial Lake
Algonquin. (See Pl. XXXVII, p. 336.) The
outlet was eastward through the Trent Valley
to the Ontario basin via Kirkfield, Ontario, and
“thence across the Ontario basin (occupied by
glacial Lake Iroquois) to the Mohawk Valley
and the Hudson. After a time, the Kirkfield
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outlet was closed by uplift of the land, and the
waters for a time probably discharged partly
by the Chicago outlet and partly past Port
Huron, Mich., to Lake Erie, and thence to Lake
Iroquois and Mohawk River.

Deepening of the Port Huron outlet gradu-
ally reduced the flow from the Chicago outlet,
and continued recession of the glacial margins
finally opened the Ottawa Valley and permitted
discharge that way. This is believed to have -
drawn down the waters in the Lake Michigan
basin to a level below that of the present lake
in the southern half of the basin. This stage
may be regarded as closing the Pleistocene
history of the area under discussion, as it
terminated the direct influence of the glaciers
on the phenomena of the district.

POSTGLACIAL LAKES.
NIPISSING GREAT LAKES.

The discharge eastward from North Bay,
Ontario, and thence to Ottawa River was
finally terminated by elevation of the land and
the southward tilting of the lake basins, in
consequence of which the flow through Port
Huron outlet was resumed. The three upper
lakes at this stage are known as the Nipissing
Great Lakes. (See Pl. XXXVIII, p. 338.)
The Nipissing shore line in eastern Wisconsin
is about 14 feet above the level of Lake Michi-
gan and is well marked in places by a bluff
and cut terrace. (See Pl XXXIX, p. 340.)
The northeastward elevation of the land which
was initiated at the time of Lake Algonquin
continued-but did not affect the attitude of the
shore lines in the southern half of the Lake
Michigan basins. North of latitude 44°, how-
ever, the ancient shore line gradually rises
northward, showing the effects of the differ-
ential elevation. The Nipissing beach, at the
north end of the basin, is now nearly 50 feet
higher than the present beach of Lake Michi-
gan, and the Algonquin shore line stands
about 250 feet above the lake.

LAKE MICHIGAN.

The adjustment of the depth and capacity of
the outlet at Port Huron to the discharge
from the upper lakes gradually lowered the
water level in the Huron and Michigan basins
to their present altitude and initiated the
present stage of the lakes. To this stage of
the waters in the western basin the name

‘“Lake Michigan” is applied.



CrAPTER VI.—PRE-WISCONSIN GLACIAL DRIFT.

ILLINOIAN DRIFT AND EARLIER DEPOSITS.
GENERAL RELATIONS.

In southern Wisconsin and northern Illinois,
outside of the well-marked terminal moraines
formed at the Wisconsin stage of glaciation
and their bordering gravel terraces, is a deposit
of glacial drift which bears evidence of some-
what greater age. (See fig. 7, p. 153.) The
greater part of this tract lies in Illinois, where
it has been studied by Frank Leverett and
previously, in part, by I. M. Buell and Oscar
Hershey. Hershey has published several pa-
pers treating of Pleistocene deposits and asso-
ciated phenomena observed in the region, and
Buell* has discussed some of the phenomena in
his paper on the bowlder trains from the out-
crops of the Waterloo quartzite area.! The
writer has also had access to a more extended
unpublished manuscript by Buell on the same
subject, from which he has obtained considerable
information concerning the pre-Wisconsin drift
of southern Wisconsin and northern Illinois.
Leverett 2 has embodied with his own observa-
tions the results of earlier studies by others in
Hlinois.

More or less difference of opinion has existed
concerning the number and ages of the glacial
invasions of this tract (between the Wisconsin
terminal moraines and the Driftless Area),
and some change of opinion has taken place;
so that it has been thought best to present
herewith not only a somewhat detailed descrip-
tion of the deposits north of the State line,
which have been studied in detail by the
writer, but also to include the writer’s inter-
pretation of the phenomena in the northern
Illinois district, based on a study of the earlier
papers and on a somewhat careful personal
examination of a belt 10 to 20 miles in width
bordering Rock River on the east and west,
from the State line to Morrison. As the

1 Buell, I. M., Bowlder trains from the outcrops of the Waterloo quartz-
ito area: Wisconsin Acad. Sci. Trans., vol. 10, pp. 485-509, 1895.
3 The. Illinois glacial lobe: U. S. Geol. Survey Mon. 38, 1899.

earlier views have been stated somewhat fully
by Leverett in his monograph, to which there
is easy access, the present presentation is
based principally on the writer’s own obser-
vations. The description and interpretations
have been submitted to both Chamberlin and
Leverett in correspondence and conference and
are believed to be in accordance with their
present opinions.- ‘

The conclusion reached is that the upper-
most drift exposed outside the Wisconsin mo-
raines and terraces is of practically identical
composition throughout the tracts in southern
Wisconsin and in adjacent counties of northern
Illinois and composes one and the same drift
sheet; and that, though it shows differences
in its degree of superficial alteration by weather-
ing and erosion in different parts of the area,
these differences, after taking into account origi-
nal variations in the preglacial topography and
in the thickness of the drift, are insufficient to .
warrant referring the deposits in different parts
of the area to two or more different stages of
glaciation separated by stages of deglaciation.
There may be an underlying older drift sheet,
but the main and uppermost deposits of glacial
drift seems to have been deposited at the Illi-
noian stage of glaciation when the great ice
sheet centering in Labrador spread over almost
all of Illinois and encroached on eastern Iowa.

PRE-WISCONSIN DRIFT IN'WISCONSIN.

SUBDIVISIONS OF THE AREA.

Different parts of the tract present some-
what different aspects, from which have arisen
legitimate differences of opinion as to their in-
terpretation. Because of this and for con-
venience of comparison these several parts are
discussed in three more or less arbitrary subdi-
visions, the first lying between Rock River and
the Darien moraine, in southeastern Rock
County and southwestern Walworth County,
Wis.; the second between Rock and Sugar
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rivers; the third principally in Green County,
Wis., and extending from Sugar River to the
limits of glaciation on the west. Following
this, corresponding tracts in the northern coun-
ties of Illinois are considered.

PRE-WISCONSIN DRIFT IN TRACT EAST OF ROCK
RIVER.

CHARACTER.

The drift overlying the upland between the
preglacial Troy Valley on the east and the
Rock River valley on the west, in Rock and
Walworth counties, Wis., is, in general, un-
modified till of the ordinary bowlder clay type.
Several cuts on the lines of the railroads afford
excellent exposures of the upper 15 to 20 feet of
the drift. Generally on fresh exposure the
clayey matrix of the till has a pinkish tinge,
only faintly perceptible on small pieces at close
range but giving a decided pinkish or reddish
tint to the section as a whole when viewed from
a distance of a few yards. At some exposures
the tint is so decided as to be noticeable at a
much greater distance. In other sections the

color is a light grayish-buff. At moderate-

depths the clay takes on a light-bluish cast,
which in numerous wells is seen to persist
through considerable thicknesses. There is
usually a good deal of quartz sand mixed with
the clay, and embedded in this finer material is
the usual content of subangular and glaciated
fragments of rock, ranging in size from coarse
sand to bowlders 2 to 3 feet in diameter. By
far the greater part of this stony material is in
pebbles less than 10 inches in diameter, but
some larger stones are usually present. In
many places the drift contains layers and
pockets of stratified gravel and sand, most of
the wells penetrating more or less of this as-
sorted material. Other wells penetrate con-
siderable depths-of solid clay before any sand
or gravel is reached.

Where the carbonate of lime has not been
removed by the leaching action of percolating
waters since it was deposited, the clay ma-
trix of the till is usually highly calcareous.
Testing with acid showed the leaching to be
thorough for 2 to 5 feet from the surface, usu-
ally from 2 to 4 feet. Most of the limestone peb-
bles have been removed from the upper part of
this zone, and those just below are roughly
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etched by solution or are rotten. A cut near
the crest of a drumlin in western Walworth
County showed the following section:

| Bxposure of till in the NW. % sec. 34, T. 2 N., R. 14 E.

(Bradford Township), Wisconsin.
Feet.
Brown clay with included scattered small chert and
crystalline pebbles........ccoeennneieeaan ...
Reddish-brown gritty drift with etched and rotten
limestone pebbles....... .. ......oooiiiiiLL
Buff, partly leached, pebbly limestone till.......... 2

A little farther up the slope the brownish ma-
terial was absent, having been removed by wash
so that the buff till reached the surface. The
variation in the thickness of the weathered zone
depends on the texture of the drift and also on -
the relative rates of alteration by weathering
or removal by surface wash. In some places
where the drift was loose and sandy the depth
of the leached zone was considerably more than -
where there was a clay matrix. Oxidation of
the iron ingredients has in most places changed
the original color of the drift to a brownish or a
yellowish-brown to a depth about as great as
that of the leaching or to somewhat greater
depth. Generally the upper one-half to 1} feet
is bleached to a dirty gray. Over the wholeis a
goodly coating of black humus, giving a warm,
loose, loamy soil. The gray zone is deeper as
the humus layers become thicker. The degree
of the leaching and oxidation shows an ex-
posure to the weather considerably larger than
that of the moraine-bordered drift of the
region.

LITHOLOGIC COMPOSITION.

The pebbles included in the drift of this tract
are principally of local derivation. It is not
everywhere possible accurately to assign all the
limestone pebbles to their parent formations,
for the identification must be made on the basis
of lithologic character and there is more or
less gradation from one type to another, but
the distinction can usually be made fairly well.!
Estimates made at several of the exposures of
this older drift, the averages of which are
shown in the accompanying table, showed that
nearly 81 per cent of the coarser stony mate-
rial is of limestone.

1 The term ‘‘limestone’’ used in the discussion of the glacial deposits
includes dolomite, as these two materials have not generally been dis-
criminated.
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PRE-WISCONSIN

Average lithologic composition of pebbles of pre-Wisconsin
drift east of Rock River, Wis.

' Per cent.
Niagara, Galena, and Trenton limestones........... 80.79
Chert, mostly from local limestone................. 1.70
St. Peter and Cambrian sandstone. ............... 1.83

Huronian quartzite........... ... ... ... .14

Crystallinerock. ... 14. 50
Doubtful, mostly limestone. . .................... 1.00
99. 96

Percentage of foreign material..................... 16. 47

At some exposures the greater part of the
limestone pebbles were from the Galena and
at others the large majority was from the Ni-
agara. The high percentage from the Niagara
indicates an -easterly derivation for the drift.
Of the sandstones, quartzites, and crystalline
pebbles estimated to be of foreign derivation,
only 19.15 per cent could not have been
derived from rock beds within less than 25
miles of the places of their deposition. No
representatives of the “‘Cincinnati’’ shale were
recognized among the coarser material. It is
probable, however, that owing to their soft and
friable character, the contribution from these
beds is to be found almost entirely in the finer
clayey parts of the drift, where they are less
easily distinguished.

Of these pebbles and bowlders the foreigners
are nearly all well rounded. Of the local lime-
stones, the Niagara is generally much more
worn than the Galena, which is largely in an-
gular or little-worn fragments. The pieces are
usually clean and fresh looking, and the Niagara
pebbles especially show polished and striated
surfaces. At a few of the exposures a part of
the pebbles have a yellowish or brownish coat-
ing of iron oxide, and the crystalline pebbles are
disintegrating. These apparent evidences of
age, however, are but little more marked than
have been observed at some of the exposures in
the later drift area. .

No attempt has been made to identify the
different species of igneous and metamorphosed
crystalline rock represented in the pebbles and
bowlders within the drift and sprinkled so gen-
erally upon the surface. They range in char-
acter from granites to diorite and diabase, with
much gneiss and various schists, the more basic
varieties predominating. Blocks of quartz por-
phyry, which are especially noticeable on ac-
count of their bright-red color, are plentiful;
one block of greenish, schistose, quartz-pebble
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conglomerate was seen in the village of Sharon;
and some pebbles of quartzite occur that closely
resemble the quartzite of the ledges of the
Waterloo region in southern Dodge and north-
ern Jefferson counties. In many places blocks
of Niagara dolomite lie upon the surface.

A large part of these surface bowlders show
the effects of prolonged exposure to the weather.
The crystallines, especially the more basic va-
rieties, are oxidized to such a degree that shell-
like pieces one-eighth to one-fourth inch in
thickness may frequently be broken off by light
blows of the hammer. Some show incipient
cracks., The most marked contrast between
the bowlders of this and the moraine-bordered
drift areas is the condition of the bowlders
of the Niagara dolomite. In the later drift
areas these show fresh, clean surfaces such as
are seen on pebbles which have been
taken but recently from the body of the drift.
Niagara bowlders that have been exposed on
the surface since the older drift was deposited
would hardly be recognized at first glance.
Their surfaces, instead of being fresh, white, and
smoothly polished or glistening with crystal
facets, are dull grayish to buff, granular, and
in many cases grotesquely irregular, with solu-
tion pits extending nearly or quite through
them. Fresh fractures, however, reveal the
whitish crystalline Niagara dolomite, unmis-
takable even where fossils are not present.
This evidence of long exposure is unques-
tionable.

TOPOGRAPHY.

For the purpose of illustrating the difference
in topography of different parts of the pre-
Wisconsin drift area of Walworth, Rock, and
Green counties, Wis,, portions of the Sho-
piere, Janesville, and Brodhead topographic
sheets are presented. Plate XV, 4, illustrates
the topography and thickness of the drift in
portions of the towns of Clinton and Sharon in
the tract under discussion east of Rock River.
Topographically the tract is a gently undulating
drift plain set with numerous low elliptical
hills, first recognized as drumlins! by I. M.
Buell., Its surface has been modified only
slightly by erosion.

10n the maps illustrating The Delavan lobe of the Lako Michigan
glacier (U. 8. Geol. Survey Prof. Paper34, 1904) these drumlins werenot
differentiated from the rest of the pre-Wisconsin ground moraine.
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THICKNESS.

Either the Illinoian drift is much thicker
in this part of the area north of the State line
than south of it, or else the combined thick-
nesses of two or more drift sheets are present
in this part of Wisconsin.

Of 49 wells in the towns of La Prairie,
Bradford, Turtle, and Clinton, concerning
which information was obtained, 44 reached
rock at depths of 4 to 144 feet, with an average
of 36 feet of drift, and the remaining 5, in the
towns of Turtle and Clinton, did not reach rock
at depths of 40 to 140 feet. . In the western
half of this tract numerous rock exposures occur.
As the surface of the rock slopes eastward,
however, the drift thickens, so that in the town

of Sharon, of 21 wells concerning which data

were obtained, 18 failed to reach rock—S8 at 28
to 98 feet, 7 at 105 to 176 feet, and 3 at 215 to
250 feet. Only 3 were reported as reaching the
limestone—the village and creamery wells at
Sharon, in which the rock was encountered at
217 and 242 feet respectively, and a well about
3 miles northeast of Sharon, in which there was
said to be 248 feet of drift.

The thickness of drift penetrated by many of
these wells, together with certain other phe-
nomena, suggest but do not confirm the possi-
bility of more than one drift sheet. In L.
Roth’s well, 1} miiles northeast of Sharon, the
following sequence is said to have been pene-
trated:

Log of Mr. L. Roth’s well, NE. } sec. 27, T.1 N., R. 15 E.
(Sharon Township).
Feet.

L) 1 30-40
Sand...ocoei il 60-70
Clay. . oo 148

Depth. .o 248

This sequence suggests that the two deposits of
till separated by water-laid material belong to
distinct stages.

BURIED VEGETAL DEPOSITS.

The occurrence of buried vegetal deposits has
been reported at a few points, but the data are
insufficient to establish the presence of an in-
terglacial soil.

Mr. Conree’s well, in the NE. } sec~27, T. 1
N., R. 14 E. (Clinton Township), is said to have
penetrated a deposit of black muck, which may
account for the trouble in obtaining good
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water from this well, and H. A. Ravenum’s
well, in the NE. } sec. 35, T. 1 N,, R. 13 E.
(Turtle Township), penetrated a similar de-
posit. In neither well, however, could the
exact depth of the muck be ascertained.
Driftwood is reported from a well in the SW. 3
sec. 25, T. 1 N., R. 15 E. (Sharon Township), but
it was not learned that it was connected with
any soil horizon. Rotten wood was reported
in the creamery well at Sharon at a depth of
210 feet, below which was 3 feet of black muck
lying on limestone. It is said that the water
at the time of drilling this well had an odor
like marsh water.

PRE-WISCONSIN DRIFT IN TRACT BETWEEN ROCK
AND SUGAR RIVERS,

EVIDENCE OF. AGE.

In the upland tract between Rock and Sugar
rivers, which is mantled by pre-Wisconsin drift,
the rock formations rise markedly. East of
Rock River the preglacial eroded valleys lay
almost entirelyin the Galena dolomite and Tren-
ton limestone, but west of the river the Galena
was almost entirely removed and the streams
had cut down into the St. Peter sandstone, where
more rapid erosion was possible and the slopes
were more dissected. Plate XV, B, repre-
sents the present topography of drift-mantled
portions of the towns of Avon and Newark
and the thickness of the drift in the tract be-
tween Rock and Sugar rivers. Except in val-
ley bottoms, whose marshy condition is due in
part to blocking of the drainage in the lower
courses by outwash from the later glaciers, the
topographyappearssomewhatmore mature than
that shown in Plate XV, A. This difference,
however, seems to be due rather to the under-
lying preglacial topography than to the amount
of erosion since the glaciers disappeared. West
of Rock River the drift coating is generally thin
on the crests and higher slopes of the ridges, so
that the underlying rock is exposed at the
surface or in very shallow cuts at nearly every
point where a road crosses a crest, yet numerous
wells in the valleys are reported to have pene-
trated 60 to 240 feet of drift before reaching
rock. '

In sec. 18, T. 1 N., R. 11 E. (Newark Town-
ship), one of the valleys tributary to the ancient
Coon Creek valley has been entirely cut off by a
dam of drift, and its headwaters have been cap-
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A. ROCK PILLAR, ST. PETER SANDSTONE, NEAR FOOTVILLE, ROCK COUNTY, WIS., THE RESULT
OF POST-ILLINOIAN WEATHERING.

B. GALENA DOLOMITE EXPOSED IN ILLINOIS CENTRAL RAILROAD CUT EAST OF MONROE
STATION, WiIS.

The surface is deeply weathered and overlain by residual clay and brown loamy clay. Drift is absent or nearly so.
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A. MATURE EROSION TOPOGRAPHY ON GALENA AND TRENTON DOLOMITES IN DRIFTLESS
AREA NORTHWEST OF MONROE, WIS,

Very little if any of the upland remains not reduced to slope.

it e

B. MATURE EROSION TOPOGRAPHY ON GALENA AND TRENTON DOLOMITES THINLY COVERED
WITH ILLINOIAN DRIFT 3 MILES EAST OF MONROE, WIS.

Very little if any of the upland remains not reduced to slope.
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tured by North Creek and drawn off westward to
Sugar River. (See PL. XV, B.) The crest of
this drift dam, however, lies 40 to 140 feet
below the level of the divides surrounding the
basin. In the northwest part of sec. 26 a
minor tributary of this same valley is blocked
by a drift dam, én whose crest, within one-
fourth mile of a rock exposure, a well pene-
trated 160 feet of drift without reaching the
bottom of the ancient valley. Above the dam
the valley is broad and open. The postglacial
drainage has been diverted to one side and has
cut a channel about 20 feet in depth through
the narrow ridge of limestone to drain the
basin shut in by the dam. The crest of this
drift dam lies 120 to 160 feet below the level of
the upland crests 1 to 2 miles away. Similar
drift dams and drainage diversions in this tract
have already been described (see pp. 118 and
119), among them being one in secs. 9 and 16, T.
2N, R. 12 E. (Rock Township), where there is
at least 218 feet of drift filling, as shown in
H. Hayner’s well, within one-half mile of a
rock exposure in the creek bed. A second is
in the valley of Stevens Creek in adjacent parts
of the towns of Center and Plymouth, 1 to 2
miles northeast of Footville, where there is
140 feet or more of drift fill. A third is in the
vicinity of Orford, where a maximum thick-
ness of 212 feet is reported.

From these features it is apparent that the
ancient valleys in the tract between Rock and
Sugar rivers were never entirely filled with
drift, and that by far the greater part of the
presént relief and apparent maturity of the
topography is due not to postglacial erosion
but to the strong relief of the preglacial surface
which the drift mantled but did not obliterate.
The amount of erosion, allowance being made
for more rapid work on the steeper slopes,shows
no evidence of age greater than that manifested
by the drift in the tract east of Rock River.

Even with these qualifications, however, the
maturity of the postglacial drainage develop-
ment on the slopes and crests is distinctly
greater than that of the drainage systems
within the terminal moraine of the Green Bay
Glacier to the north.

In texture and lithologic composition the
drift of the tract is much the same as that of
the tract east of Rock River, except that it
contains somewhat less Niagara dolomite and
proportionately more Galena dolomite and
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Trenton limestone. The pinkish tint is also
less frequently noticeable, the upper part being
a prevailingly light buff. The degree of leach-
ing, oxidation, and other effects of exposure to
the weather is almost the same. There are
here no extensive uneroded upland plains like
that near Clinton Junction, so there has been
greater opportunity for surface wash, and this
has removed some of the weathered part of
the drift from the higher slopes and concen-
trated it in the lower tracts. In consequence
there is somewhat greater variation in the
results of tests at different points, but the
average result is almost the same. At a few
places in both tracts some gravels are coated
with brownish iron oxide, but most of the
pebbles are fresh, clean, and sound. At one
point in the town of Janesville gravels partly
cemented together by lime were found. In
Coon Creek valley, in the town of Newark, and
between Coon Creek and Sugar River valleys
there are considerable deposits of sand, which
in some places resemble a morainal deposit
and in others resemble dunes of sand blown up
from the Sugar River bottom.

One indication of the.lapse of a considerable
geologic interval since the glaciation of this
tract is the occurrence in the NE. % sec. 31,
T. 3 N,, R. 11 E. (Center Township), a mile
northwest of Footville, of a rock pillar of St.
Peter sandstone, smaller in size but resembling
in character the towers and castle rocks of the
Driftless Area. (See Pl. XVI A4.)

The pillar, which stands about 10 yards from
the low sandstone slope, has a height of about
15 feet and a maximum diameter at the base
of 10 or 12 feet, and has been developed by the
erosion, or disintegration and removal, of the
sandstone which originally connected it with
the adjacent slope. The significant feature is
that the isolation of the pillar, which in this
particular position must have taken consider-
able time, has evidently been accomplished
since the glaciation of the area, as it is incon-
ceivable that such a small tower could have
withstood the abrasion of the vast amount of
ice which passed over this spot when the glacier
was advancing to the limit of the drift area.

The effect of the overriding of such rock
towers as stood in the way of the advancing
ice is illustrated near the west line of the NW.
sec. 22, T. 2 N,, R. 10 E. (Spring Valley Town-
ship), where a disturbed mass of Trenton lime-
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stone was evidently pushed bodily from the
adjacent ridge into the ravine through which
the road descends the slope. The mass lies 50
to 60 feet below the top of the sandstone in
the adjacent ridge.

, MORAINAL DEPOSITS.

. The mild drumloidal features noted east of
Rock River are absent in the tract between
Rock and Sugar rivers, and their places are
taken by morainal deposits disposed partly
ir well-defined morainal ridges and partly in
irregularscattered tracts without definite trend.!
The disposition is such as to make it uncertain
just which morainal deposits are to be cor-
related as marking any given position of
the ice front. There is, however, something
of a general northwest-southeast trend nearly
at a right angle to the trend of the axes of the
drumloidal features east of the river and to
the strize observed by Buell, Chamberlin, and the
writer on the rock surfaces at several places.

The best defined of the morainal ridges
extends northwestward from the vicinity of
Beloit. A map and description of a portion
of this moraine have been published by Cham-
berlin.2 Except for several narrow breaks a
few rods wide this moraine may be traced from
the western part of the city of Beloit as a con-
tinuous narrow, sinuous, esker-like ridge, run-
ning north-northwest up and down and along
slopes and over crests of the rock ridges to the
marshy creek valley at the north line of the
town. The ridge, which is shown by several
exposures to be composed of sand, coarse
gravel, and bowlders, varies in height from 10
to 40 feet and in width from 100 feet to 40 rods
ormore. An effort to trace the-moraine farther
northward and northwestward did not meet
with very much success; other gravel deposits
do occur, as shown on the map, but their con-
tours and orientation are, in general, much less
clearly defined, and their distribution is such
as to make their correlation uncertain, though
perhaps not more uncertain than the correla-
tions suggested for some of the morainal
deposits of the Wisconsin stage.

About a mile west of Footville a similar
sharp, narrow, esker-like ridge of gravel and

1 On the maps illustrating The Delavan lobe of the Lake Michigan
glacier (U. S. Geol. Survey Prof. Paper 34, 1904) and in The drumlins
of southeastern Wisconsin (U. 8. Geol. Survey Bull. 273, 1905) the
terminal or marginal morainal- deposits were not differentiated from
the ground moraine in the area of pre-Wisconsin drift west of Rock
River. : )

2 Chamberlin, T. C., Geology of Wisconsin, vol. 2; fig. 10, p.217, 1877.
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sand rises above the marsh bottom of the
valley and extends with some breaks about
2 miles up the valley parallel with the railway;
north of the divide two small morainal tracts
rise above the marshy flat, and 2 miles south-
west of Evansville similar gravel deposits
occur, all of which might pérhaps be regarded
as belonging to one belt of morainal deposition.
From the road which runs west from Evansville
northwestward to the morainal ridge in sec. 13,
T. 4 N., R.9 E. (Brooklyn Township), there is
a considerable thickness of drift. In sec. 30,
T. 4 N, R. 10 E. (Union Township), this drift
lies against the east sfope of the rock ridge
with a somewhat definite margin, as though
it marked the position of the ice front at
a certain stage. This slight marginal ridge
has held the surface drainage up along the
slope and caused it to cut a small gorge in
the limestone crest at Arthur Spencer’s quarry,
in the NE. } sec. 31, through which the
waters escaped down the valley to the west.
The surface of the drift in this tract shows
erosional rather than morainal contours.
Other tracts mapped as morainal show con-
siderable deposits of gravel, and in places the
surface is knolled and pitted as, for example,
in the tracts northwest of Orford and east of
Footville. The original configuration, how-
ever, has in most places been much modified
by erosion. This is particularly true along the
north slope of the upland south of Marsh Creek
in Janesville Township, where the surface has
been so eroded that it is difficult to determine
the actual bounds of the very considerable
deposit of gravel. This is in marked contrast
with the terminal moraine of the Wisconsin
stage 1 to 2 miles to the north, whose surface
has been scarcely at all modified. Wells have
penetrated this deposit south of Marsh Creek
to depths of 50 to more than 200 feet before

.encountering the rock. The log of one of these

wells, that of John Church, is as follows:

Log of John Church’s well in sec. 22, T. 8 N., R. 12 E. ( Janes-
ville Township).?

Sandand gravel. ... ... ... ... ........... 100+
Redelay....oooooiniiii e 10
Pebble conglomerate.................. ... ... %
Sand and gravel. ... ... ... . ... ... il 40-50
Limestone and sandstone......................... 44-54

204

3 From notes of Frank Leverett, to- whom the data were furnished in
1886 by L. M. Wilson.
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It has been suggested that these morainal
deposits west of Rock River. mark the limit
of one of the major advances of the Pleistocene
glaciers and that these deposits and the ground
moraine marked by drumlins east of the river
belong to a stage of glaciation distinctly later
than the drift farther west. This interpreta-
tion has been kept in mind during the examina-
tion of the drift and during reexaminations of
parts of the area, but the writer has not been
able to bring himself to accept this view. It
has seemed to him that the differences of char-
acter, relations, and degree of surficial modifi-
cation between the drift of these western
morainal - tracts and that of the morainal

deposits east of Rock River were not sufficiently

marked to indicate deposition at distinct
stages of glaciation separated by an interval of
deglaciation of the first rank. He is rather
inclined to the idea that the morainal deposits
mark positions of halt during one of the minor
oscillations of the ice front following the maxi-
mum extension at the Illinoian stage of glacia-
tion and corresponding in magnitude to those
marked by the inner recessional moraines of
the Green Bay Glacier of the Wisconsin stage.
LITHOLOGIC COMPOSITION.

A careful lithologic examination of the peb-
bles of the drift in the tract between Rock and
Sugar rivers at 30 different exposures, most of
them in the morainal deposits described above,
shows the following average composition:
Average lithologic composition of pebbles of pre-Wisconsin

drift between Rock and Sugar rivers, Wis.

Niagara dolomite.........cooiieieieiiaiia....
Galena dolomite and Trenton limestone...........

s . 53. 51
Lower Magnesian limestone.......................

Chert, mostly from local limestone................. 2.26
St. Peter and Cambrian sandstone. ............... 2.65
Huronian quartzite.............. ...l .53
Crystalline rocks. . .......oooiiiiiiiiiiiiiiiiia 11.81
Doubtful, mostly limestone. . .................... 9. 50
: 99. 94
Percentage of foreign material..................... 11.81

The bowlders on the surface show about the
same variety as those east of Rock River. In
sec. 15, T. 2 N, R. 11 E. (Plymouth Town-
ship); secs. 9 and 18, T. 1 N., R. 11 E. (Newark
Township); sec. 22, T. 3 N, R. 12 E. (Janes-
ville Township); and a few other places, bright-
red quartz porphyries like those in the vicinity
of Sharon were seen.

Quartzite bowlders, although nowhere
abundant, are not scarce and have aroused con-
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siderable speculation as to their derivation.
Those observed by the writer vary in color
from white, through gray, greenish gray, blu-
ish gray, grayish purple, purple, banded pur-
ple, pink, and red. Most of them are less than
a foot in diameter, but at least one 2 to 3 feet
long was seen. Many closely resemble rock
exposed in the ledges near Waterloo, Wis., and
are regarded by some ! as having been derived
directly from these ledges. ;
When the drift of this tract was first studied -
by Chamberlin ? the presence of these bowlders
and the similarity of many of them to the
quartzite of the Waterloo ledges was noted and
was regarded as evidence that the Green Bay
Glacier had advanced southward into Illinois,
bringing these pebbles and bowlders. Later,
however, Chamberlin began to doubt this in-
terpretation, which seemed to .conflict with
more decisive evidence that the earlier glacial
movement was westerly across this tradct.

EARLIER DRIFT AND BURIED VEGETAL MATERIAL.

The writer knows no certain evidence of the
presence of underlying earlier glacial drift.
Cemented beds of sand and gravel and under-
lying consolidated material penetrated in a
few wells at some depth from the surface are
not improbably, though not certainly, asso-
ciated with an earlier stage of glaciation.
Such a bed is the pebble conglomerate and
underlying sand and gravel penetrated by
John Church’s well in sec. 32, T. 3 N., R. 12 E.
(Janesville Township), beneath 110 feet of
drift. Mr. Horn, driller, Brodhead, informed
the writer that in drilling a well for Mr. Highby

|in the W. % sec. 28, T. 4 N, R. 10 E. (Union

Township), he found between depths of 75
and 175 feet cemented sand layers alternating
with 15 to 20 foot beds of loose sand. Similar
cemented material was encountered in W. E.
Hatfield’s well in the NW. 1 sec. 29 of the same
township. In the lower 100 to 140 feet wood
was mixed with the sand, and the water from
a depth of 140 feet was black with fine vegetal
matter. Mr. Horn states that wood was en-
countered at a depth of 80 to 90 feet in a well
in the SW. % sec. 18. A well in the NE. 1 sec.
12, T. 2 N, R. 11 E. (Plymouth Township),
is reported to have penetrated at a depth of

1 Buell, I. M., Bowlder trains from the outerops of the Waterloo
quartzite area: Wisconsin Acad. Sci. Trans., vol. 10, pp. 496-500, 1895.

2 Chamberlin, T. C., Geology of -Wisconsin, vol. 2, p. 202, fig. 3, and
pl. 7, 1878.
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about 80 feet 10 to 15 feet of black clay lying
on 30 feet or so of gravel.. Possibly with these
deposits should be grouped those penetrated
by the city well at Brodhead * in the bottom
of the Sugar River valley. This well passed
through black sandy loam 4 feet, very hard
yellow clay 2 feet, yellow clay and quicksand
12 feet, yellow clay, blue gravel, and coarse
red sand 6 feet, and sand 2 feet, and entered
rock at 136 feet.

PRE-WISCONSIN DRIFT IN TRACT WEST OF
: SUGAR RIVER.

TOPOGRAPHY.

The topography of the area west of Sugar
River, which is mantled with the pre-Wisconsin
drift, is well illustrated by Plate XV, C (p. 138).
Taken as a whole the region is maturely dis-
sected by erosion. Scarcely an acre of upland
remains undrained and in many places the
tips of the erosion lines have notched the
crests, as, for instance, in the region of Monroe
(P1. XVII, B), where the upland slopes of the
limestone area are marked by drainage lines
at intervals of 10 to 40 rods, giving smoothly
rounded slopes. This topography is very simi-
lar to that in neighboring parts of the Driftless
Area (Pl. XVII, A4). The maturity of the
drainage system and the consequent thorough
dissection of the indurated rock formations is
shown on the map. (See Pl I, in pocket.)
Where the preglacial streams had cut their
valleys down into the St. Peter sandstone the
lower slopes are steep and in many places
abrupt, like bluffs, above which rise the gentler
slopes of the limestone caps. Where the Ga-
lena and Trenton were almost entirely removed,

narrow ridges and flat-topped buttes occur be-.

tween broader, gently undulating tracts under-
lain by the friable sandstone. As the south-
ward dip of the rock formations is steeper than
the grade of the main streams, these valleys
reach the Lower Magnesian limestone in Syl-
vester and Washington townships, and thence
northward. The surface of this formation is
very uneven (see pp. 82 and 83), being in fact
an ancient eroded land surface which was later
submerged and buried by the St. Peter sand-
stone. In many of the broader parts of the
valleys the sandstone has been stripped from
the crests of the ancient hills, leaving only

low scattered knolls of sandstone and of lime-
stone.

Though the topography as a whole is one of
mature erosion, it is evident that almost all the
dissection occurred prior to the deposition of
the drift. This is seen in the fact that most of
the valleys have flat alluvial plains underlain
by deposits which they are but now beginning
to erode, and in the further fact that at several
places broad valleys have been blocked, and
the streams in these places have shifted to one
side and have cut short, sharp, narrow gorges
in the rock, returning to broad, open valleys a
short distance below the obstructions. The
most notable example of this is 2 miles south of
Browntown (see pp. 121 and 122), where the
broad, flat bottomed valley of Pecatonica River,
one-half to 1 mile in width, is blocked for a mile
by a broad ridge 50 to 60 feet in height, past
which thestream flows through a narrow, newly
cut gorge. Below this dam the stream again
flows in the open valley for nearly 2 miles, where
it is again blocked at the State line and forced
into a narrow gorge east of Martintown. Simi-
lar stream diversions on smaller scales are seen
at several places.

LIMIT OF GLACIATION.

As far west as the limit shown on the map
by the sinuous line drawn through the towns
of Verona, Montrose, Exeter, Washington,
Monroe, Clarno, Cadiz, and Wayne there are
found evidences of Pleistocene glaciation.
Scattered crystalline pebbles foreign to the
area lie west of this limit, but these were prob-
ably transported beyond the glacial front by
ice blocks floating on lakes held temporarily

by the glacier occupying the lower parts of the

several valleys. No deposits have been ob-
served which show clearly that the ice ex-
tended beyond this line. Through most of this
distance the limit of the advance can be only
approximately determined, as along this border
the drift generally thins to a feather edge of
scattered pebbles with here and there isolated
deposits of till or gravel which show that the ice
must have extended thus far.

In 1862 Whitney ? discussed the absence of
drift and bowlders from the southwestern part
of the State and concluded that the area was
not submerged during the drift: epoch. He

1 Record and samples of drillings in the possessxon of William Roantree,
Monroe, Wis.

2 Hall, James, and Whitney, J. D., Report on the geological survey

‘| of Wisconsin, vol. 1, pp. 137-139, 1862.

2 BT g
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notes as a single exception the occurrence of
a group of loose blocks of sandstone at one
place on the surface near Mineral Point at an
elevation of 125 feet above the sandstone for-
mation. He writes, in part, as follows:

There can be no doubt that these masses of sandstone
have been raised, either artificially or by natural means,
125 feet above their original place of deposit; a circum-
stance which would be of easy explanation if the drift
had ever swept over this region; but as this is not the case,
as has been already shown, the solution of the problem
of their transportation is much less simple. * * *

The only natural agents capable of effecting these changes
of position of large fragments of rock are either currents of
water or floating ice masses. But to apply either of these
causes in this case it would be necessary to make the
phenomenon a strictly local one, since there is nowhere
else in the region any evidence of either currents or trans-
portation by ice. It is not impossible that ice having
been formed in the bottom of the valley a damming up of
the outlet may have taken place, so as to raise the stream,
form a temporary lake, and thus float sheets of ice having
masses of sandstone attached to them up to the ‘present
level at which they are deposited, where they would be
left when the barrier gave way and the water was drained
off. Since there is but little in the shape of the ground
* ¥ % {ofavor this idea, inasmuch as the neighboring
valley is in no respect differently formed from any other
in the neighborhood, this is only suggested as a possible
explanation.

Although the conditions resulting in the
damming of the Pecatonica Valley were some-
what different from those that Whitney had in
mind inasmuch as he referred the deposition
of the drift to diluvial rather than glacial
action, yet his suggested explanation is prob-
ably much nearer the truth than he supposed.
The blocking of the Pecatonica Valley by the
ice sheet south of the site of Browntown would
pond waters in each of the tributary valleys
and would raise the water level until an outlet
was found across the lowest point in the rim
of the basin. The outlet was probably in or
adjacent to the southern part of T. 1 N,
R. 4 E. (Gratiot Township), whence the waters
escaped southwestward to Apple River. The
writer is not informed as to the exact elevation
of either this outlet or of the lifted sandstone
blocks, but unless the blocks are too high on
the slope it is clear that, were they incased in
masses of ice, the rising water in this temporary
glacial lake might have lifted them to their
Ppresent positions.

DRIFT BORDER.

The character of the drift phenomena along
the border of the glaciated area is described by
townships, beginning at the north.

75473°—18——10
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Verona Township (T.6 N., R. 8 E.)—Three
miles northwest of the village of Verona, in ad-
jacent parts of secs. 4, 5,8, and 9, the terminal
moraine of the Green Bay Glacier is bordered
on the west for about a mile by a flat terrace
250 rods in width, on which a thin deposit of
gravel with scattered bowlders overlies lime-
stone. The gravel may be in part at least
older drift and in part outwash from the Green
Bay Glacier. In sec. 16 a sharp, narrow
ravine, whose west slope is of thinly covered
limestone, borders the abrupt west front of
the terminal moraine. Drift which could not
have come from the moraine is thinly scattered
over the ridge west of this ravine. Two miles
west of Verona and one-fourth mile north of
the road a small valley appears to be entirely
blocked by a filling of drift, and the drainage
has turned abruptly westward and has cut a
narrow gorge 35 to 40 feet in depth through
the bordering limestone ridge. A gully in
the south slope of the drift dam exposes a little
sandy till and crystalline pebbles beneath
3 to 4 feet of brownish loamy clay.

On the hill a mile south of Verona (8. 1 sec.
22) a road cut exposes 6 feet of glacial gravel
probably not belonging to the moraine of the
Green Bay Glacier, which lies just across the
narrow valley on the east. Thence southward
to Paoli only scattered pebbles and bowlders
were noted outside of this moraine.

Montrose Township (T. 5§ N., R. § E.).—
On the east side of Sugar River, northeast of
Paoli in sec. 2, occur low knolls and swells of
drift. Excavations in these expose 15 feet
of poorly assorted gravel and of interstratified
clay and gravel in which only a very small
percentage of the pebbles are foreign crystal-
lines. Thin drift occurs on the ridge east of
Sugar River, but very few scattered crystalline
pebbles were seen west of the broad terrace
bordering the stream, which is composed of
sand and gravel washed out from the later
glacier, until a point a mile northwest of
Belleville is reached. At this place (NE. }
sec. 33) there are low undulations, one at least
of which is shown by James Jeans’s gravel pit
to be composed of glacial drift, poorly assorted
morainal gravel, and till 20 to 25 feet deep.
At one point a mass of dense, stony till ex-
tends vertically through the section and is said
to have extended clear through the hill with
thicknesses varying from 1.to 8 feet. This
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till is fresh looking, brownish to pinkish in
color, and highly calcareous.

Ezeter Township (T. 4 N., R. 8 E.).—Wells
in the southern part of secs. 10 and 15, and in
the W. § sec. 23,1 to 2 miles west and south-
west of Dayton, penetrate 20 to 130 feet, prin-
cipally of sand and blue clay, in a belt about a
mile wide between exposures of sandstone
and limestone, showing that a considerable
filling of drift entirely blocks a preglacial valley,
which was tributary to Sugar River 1 to 2
miles south of Dayton. Northwest of this drift
dam a broad, flat lacustrine-like plain extends
3 to 4 miles up the valley. The present stream-
let drains the basin northeastward through a
narrow cut In the crest of the low sandstone
ridge near the railway a mile south of Belle-
ville. A few scattered pebbles west of the
railway may have been carried there by ice
floating on a lake which occupied the upper
part of the basin. .

The lowest point on the divide between the
head of Sugar River basin and the Black Earth
Valley on the north in the SE. { sec. 16, T. 7 N.,
R. 7 E! (Cross Plains Township), is 1,100 feet
above sea level. That between the upper
Sugar River basin and the Little Sugar River
basin is 1,000 to 1,050 feet above sea level, in
sec. 18, Exeter Township, and in sec.31, Mont-
rose Township. The lowest part of the divide
between the valleys of Little Sugar River and
Skinner Creek (a tributary of Pecatonica
River) in the southwestern part of Washing-
ton Township, is 1,050 to 1,100 feet above
sea level. So the ice-ponded water at its
maximum extension must have formed a con-
tinuous lake in the upper parts of Sugar and
Little Sugar river basins with an elevation be-
tween 1,050 and 1,100 feet above sea level, and
probably discharged southwestward to a simi-
lar lake in the Pecatonica basin.

Glacial gravels occur at Exeter and a thin
coating of till lies on the crest of the ridge one-
half mile to the southwest. Three miles north-
west of Exeter, in sec. 28, scattered crystalline
pebbles occur on the highest part-of the crest of
the ridge between Sugar and Little Sugar
basins at an elevation of 1,050 to 1,100 feet
above sea level. It is possible that these
erratics may have been carried to this position
on floating ice blocks, though it is not certain
that the crest was entirely submerged. - If not,
the glacier must have extended thus far. No
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other erratics have been observed in this
basin at higher elevations. A few have been
noted at lower levels in the eastern part of T. 4
N, R. 7 E. (New Glarus Township) and several
in the valley in the southwestern part of
Exeter Township. From the vicinity of
Exeter the glacial margin appears to have
extended southwestward to the northwestern
part of Mount Pleasant Township and the
northeastern part of Washington Township.

Mount Pleasant Township (I.3 N.,R.8 E.).—
There are indications of the partial blocking of
Little Sugar River valley by a filling of drift in
sec. 5, 2 miles northeast of Monticello; and the
south slope of the ridge in sec. 6, a mile north
of the village, shows a thin coating of till.

Washington Township (T. 3 N.,R. 7 E.).—
For a mile west of Monticello on the south side
of Little Sugar River there are low undulations
and numerous bowlders, and till is exposed in
the road cuts. Apparently the thickness of
drift in adjacent parts of secs. 12 and 13 is con-
siderable. Scattered pebbles were seen farther
west up the valley, and a few crystalline peb-
bles were found on the slope at the head of the
valley in sec. 18, somewhat more than 1,000
feet above sea level. This must have been
near the upper limit of the submergence.

Thin calcareous till lies on the limestone
ridge in secs. 13 and 14, and the ice appears to
have extended up the valley of the south
branch of Little Sugar River into secs. 25 and
35 and perhaps to sec. 22, where, one-half mile
east of the German Lutheran Church, a slight
till-like deposit is exposed in the road. Scat-
tered crystalline pebbles occur in the upper
part of this valley, but none was seen on the
higher slopes and crests west of the SW. 1 sec.
35, where a small pit exposed 7 feet of sandy
noncalcareous till over 3 feet of clayey sand.

Drift was penetrated by a well in the NW. }

sec. 36, as follows:

Log of E.W. Cheseboro’s well, sec. 36, Washington Township.
Feet.

Black soil, loam, and clay. .. ............... ...
Soft, slushy clay. . .o oo 5
Hard, tough gray clay, apparently without stones. . 30-35
In the W. 3 SW. 1 sec. 36 occurs another
small example of drift dam and stream diver-
sion. A 30 to 40 foot ridge of drift blocks one
of the small drainagelines in the north slope and
has forced the interrupted drainage to the east,
where it has cut a narrow ravine 40 feet deep
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through a limestone spur. Clearly the upper
part of the valley never was filled with' drift,
though the ice must have extended at least
three-fourths of a mile farther west.

Monroe Township (T.2 N., R. 7 E.).—South-
ward to Monroe the ice extended westward to
and in places slightly across the crest of the
divide. Scattered pebbles and bowlders and
in places a little till are seen, and in the SE. }
“sec. 11 a small deposit of poorly assorted glacial
gravel remains in the angle between two con-
verging drainage lines. Though the presence
of the drift does not manifest itself in the
topography thicknesses of 3 to 20 feet of fresh-
looking, pinkish, calcareous till are exposed in
several of the cuts on the Illinois Central Rail-
road beneath 2 to 4 feet of brown loamy clay.
Several other cuts show no drift or almost none
between the loamy clay and the residual chert
and limestone. (See Pl. XVI, B, p. 140.)

A small deposit of gravelly drift occurs a few
rods west of the Illinois Central Railroad sta-
tion in the north part of the city of Monroe;
and wells throughout all but the northwest
quarter of the city penetrate drift which ranges
in thickness from a layer of scattered pebbles
to 85 feet, although its presence is not apparent
from the configuration of the surface. About
a mile east of Monroe, in the SE. % sec. 36, Mr.
Hodge’s gravel pit exposes 25 feet of fresh-
looking interbedded and cross-bedded sand
and gravel, which may be grouped with ‘the
marginal drift. As nearly as has been deter-
mined the limit of glaciation appears to lie
near the Illinois Central Railroad station,
the courthouse, and the Chicago, Milwaukee
& St. Paul Railway station, and then to extend
west-southwest along the south side of the
valley traversed by the Chicago, Milwaukee &
St. Paul Railway nearly to Browntown.

Clarno Township (T. 1 N., R. 7 E.).—The
first semblance of a terminal morainal ridge
along the drift border south of Verona appears
in Clarno Township. Slight swells mark the
crest, which in places has a relief of about 70
feet. The ridge is plainly marked for 4 or 5
miles southwest of Monroe, beyond which to
Pecatonica River it again disappears in the
mature erosion topography. Insec. 4, south of
the Chicago, Milwaukee & St. Paul tracks, the
ridge blocks the upper part of the Honey Creek
valley, wells showing thicknesses of 67 feet of
drift. A lake was held in the upper part ot the
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valley west of Monroe and on the melting of the
ice a new outlet was cut through limestone and
drift in the northwest part of sec. 4. At the
railway bridge the narrow gorge is cut 50 feet
in limestone, though the buried valley be-
neath the moraine to the south is nearly 150
feet in depth. At one point limestone is ex-
posed in a gully 70 feet below the crest of the
ridge, so that there may be at least this thick-
ness of drift. Silts deposited in the temporary
lake furnish the brick clays used at the yards in
the northwest part of Monroe. As seen at one
point the deposit comsists of buff to bluish
laminated calcareous clay with streaks of fine
gravel, overlain by 1 to 2 feet of black soil.
The clay is fairly well leached of its lime to a
depth of 3 feet.

Just south of the crossing of the railways
west of Monroe the Illinois Central Railroad
cuts give a section of this drift ridge nearly
three-fourths mile in length. At the crossing.
4 to 5 feet of residual clay overlies the limestone
with no drift between. A few rods south the
drift begins and thickens southward with the
rising slope. The following sections show the
character of the deposits at several points in
these cuts:

Sections of terminal moraine in cuts on the Illinois Central
Railroau in sec. 4, Clarno Township.

North part of cut. -

. Feet.
Brown noncalcareous loamy clay . ............... 3-5
Reddish-brown stratified sand and gravel......... 10
Calcareous clayand talus. ...................... A few.
Pinkish calcareous till . ........ .. ... . ... 8
A few rods farther south.

Soil and brown loamy clay.................... ... 3-7
Fresh buff to pinkish till, highly calcareous below

8 feet from the surface of the ground; crystalline

pebbles, mostly sound (this resembles till east of

Rock River)......oooeiiinniiiii i, 20

' A few rods still farther south,
Noncalcareous brownish clay with some pebbles at

the bottom.........o.oiiiiiiiii i, 3
Pinkish leached till ................ ... ....... 2%
Pinkish highly calcareous till with pockets of sand

and browneclay......... .. .. ...l 25

In deepest part of the cut near the viaduct.

Brownish loamy clay............................. 2-3
Buff to brownish till.............................. 12-13
Pinkish till........o.oo i 15

Gravel pits near the cemetery in the south-
east part of Monroe, in the northwest part of -
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sec. 1 and the northeast part of seo. 2, afford the
following composite sections of a deposit of
drift shown by wells to be 30 to 35 feet thick:

Section in August Heinzelman's gravel pit.

Black soil. Feet.
Calcareous buff clayey till...... . ... . ........ 43-6
Cross-bedded gravels.........................o.... 3

Section in Flint’s gravel pit.

Brown stoneless noncalcareous clay; absent in

. places; maximum. ... .. ..o oiiiiiiiiiiiL.n 3
Buff semistratified leached till. ... ... ... ... 23

Buff semistratified calcareous till ................. 341

Horizontally bedded sand and fine gravels. ....... 4

Cross-bedded sand and gravel . ._...... .. ... ... b

Section in J. Taxacher's gravel pit.

Brown loamy clay; absent in places; maximum. .. 2
Very stony till and unassorted morainal gravels with
basic bowlders, some schist, and granites up to 1§

. feet in diameter largely disintegrated; absent in
places; MAKIMUM . coovieieenrarnrnencnenaraanns

‘ Stratified finer gravel. ... . ciiiiiiiiiiiiiiaan.,
Poorly assorted gravel.........coiieiiiiiiiL..

@ o

Section in Abe South’s gravel pit.

Buffsandy clayey till; absent in places; maximum. 3

Sandand gravel.... ... 1-2%
Calcareoussandy clay.......oooiioinninnnnnnan-n. 414
Interbedded sandy clay and fine gravel............ 3
Stratified sand with “cross-bedding, dipping south

and southwest. .. ... .. .. . il 6

In the western part of Clarno Township thick
deposits of drift remain whioh perhaps belong
with the terminal moraine. In the SW. 1 seo.
7, where there has been a slight stream diver-
sion and a newly made rock cut, a well pene-
trated 40 feet of drift. Several wells in the
southern part of seo. 18, in the north and west
parts of sec. 19, Clarno Township, and in the
SE. % sec. 24, Cadiz Township, penetrated thick-
nesses of 40 to 85 feet of drift. The digging of
. the cellar at Mr. Whitehead’s house just west
of the Honey Creek bridge in sec. 19 disclosed
only 5 feet of drift, but 60 rods farther west a
well penetrated 80 feet of drift without reaching
limestone. These conditions indicate the pres-
ence of drift completely blocking the preglacial
valley of Honey Creek. Insec. 17 this valley is
broad and open, but at the southeast corner of
sec. 18 the stream is turned to one side by this
dam, and at the bridge it cuts through a narrow
ridge of limestone. At two other places in sec.
19 the stream has been forced by the accumu-
lation of drift to cut through spurs of rock be-
fore it gets back to the unobstructed valley.
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Otto Prieve gave the following as his remem-
brance of the character of the material pene-
trated in digging a well some 20 years before
in the NW. 1 NE. } sec. 19, Clarno Township:

Log of well at Bert Cox’s, sec. 19, Clarno Tounship.

. Feet.
] 3 20-30
Blackmuck. ..o 10

Yellow clay and muck mixed.

Cadiz Township (I.1 N., R. 6 E.).—Near
the middle of sec. 3¢ Honey Creek valley is
again blocked, forcing the stream to make a
new rock cut at the bridge near the old mill,
north of which on the divide thicknesses of 28
to 40 feet of drift are penetrated by wells. A
mature erosion topography, however, obscures
the moraine.

Above a point 2 miles south of Browntown
the Pecatonica meanders through a flat-bot-
tomed valley one-half to 1 mile in width. At
the north line of sec. 27 this valley is com-
pletely blocked by a broad ridge of drift a
square mile in extent. The ridge has been
partly eroded but still rises 60 feet above the
valley floor to the north. Several wells on this
ridge penetrated 75 to 180 feet of drift, mostly
blue clay, without reaching rock. No drift
other than a few scattered crystalline pebbles
has been found farther north in this valley, so
this drift ridge is clearly part of the terminal .
moraine. Unable to penetrate it, the river
turns aside and for a mile traverses a gorge
barely wide enough for the stream and the
railway, and then returns to the open valley
south of the ridge. Two miles farther south,
at the State line, the valley is similarly blocked
and the stream similarly cuts through the
limestone ridge at Martintown and occupies
a tributary valley until the obstruction is
passed. The wells on the ridge west of the
village penetrate 20 to 80 feet of drift without
reaching rock. One well at Ditman’s en-
countered wood beneath 60 to 70 feet of blue
clay; the water was not fit for use.

The lake held in the Pecatonica Valley when
the ice front stood 2 miles south of Browntown
must have been very large (Pl. III, in pocket),
as the lowest place on the rim of the basin
outside the limit of glaciation is not far from
1,000 feet above sea level. This place is in
the vicinity of Warren, Ill., where the waters
must have overflowed along the glacial border
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to the head of Apple River and discharged
thence to the Mississippi. No exposure of the
silts was seen, but these probably underlie
the broad, flat bottoms which border the several
tributaries well up toward their sources.

A gully in the slope west of the bridge at the
northwest margin of the drift fill (SE.  sec.
17) exposes about-3 feet of buff to brownish
stoneless clay, grading downward into 15 feet
of fresh pinkish clayey till that carries many
fresh-looking pebbles of Niagara dolomite.
The upper clay is noncalcareous, and the till is
leached to a depth of 5 feet from the surface
of the ground, below which it is highly cal-
careous. This till closely resembles that seen
east of Rock River in Walworth County.

Scattered crystalline pebbles and bowlders,
a few quartzite pebbles, and other patches of
thin till were seen west of the river in the south-
western part of the township. .

Wayne Township (T. 1 N., R. 6 E.).—From
the drift dam in the Pecatonica Valley the ice
margin extended southwestward across the
southeastern part of Wayne Township. In
most places the only apparent evidence of
glaciation is the occurrence of scattered crys-
talline pebbles, pebbles of Niagara dolomite,
a few fragments of pink sandstone, and a little
thin till. In the northern part of sec. 33,
however, the valley of Spafford Brook is
blocked by a dam of drift 30 feet high, at the
west end of which the stream has cut a narrow
outlet through the drift and limestone. This
is the most westerly distinct deposit of glacial
drift noted, though near the State line, a
mile west of Spafford Brook, one crystalline
pebble and two small bowlders were noted.
Leverett informs the writer that he observed
a 3-foot bowlder near the southeast corner of
sec. 31, or one-half mile west of this point; so
it is probable that the ice front crossed the
State line into Ilinois within 1% miles west of
this stream. The writer’s investigations were
not carried farther west.

VALLEY TRAINS.

In connection with their admirable descrip-
tion of the border phenomena of the older drift
of this part of Wisconsin, Chamberlin and
Salisbury ! note the absence of trains of valley

1 Chamberlin, T, C., and Salisbury, R. D, Pre]iminaiy paper on the
Driftless Area of the upper Mississippi Valley: U. 8. Geol. Survey Sixth
Ann. Rept., pp. 270-271, 1885,
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drift leading away from the attenuated border

of this older drift and contrast this fact with the

notable development of these trains along the
border of the later drift. This relation is per-
haps more notable farther southwest, in Illi-
nois, where the drainage lines lead more directly
away from or along the drift border. In this
part of Wisconsin, however, the main drainage
lines lead toward the drift border, so that when
the ice sheet was present the upper parts of
the tributary valleys of Sugar and Pecatonica.
rivers must have been flooded by ponded waters.
whose level could not have been much below
the levels of the foot of adjacent parts of the ice
front. Such bordering bodies of standing
water would not favor the development of val-
ley trains leading away from the ice front.
They would favor the silting up of the bottoms
of these valleys, and this appears to have taken
place extensively.

GROUND MORAINE.

In the area between the morainic border
belt, the State line on the south, and the Sugar
River valley on the east, the topography is of a
mature erosion type everywhere except in the
silted-up bottoms of the valleys and in a few
small tracts to be noted. A comparison of
A and B, Plate XVII (p. 141), showing respec-
tively driftless upland slopes on the Galena
dolomite and Trenton northwest of Monroe and
similar limestone slopes thinly covered with
glacial drift northeast of Monroe, in Mount
Pleasant and Sylvester townships, indicates
their similarity in degree of maturity. In afew
places the topography within the limit of the
drift even more closely simulates that of the
Driftless Area—for example, in sec. 29, Mount,
Pleasant Township, where the removal of the
limestone caps from buttelike ridges has per- .
mitted the development by weathering of
towers in the friable St. Peter sandstone (Pl.
XI, B, p. 81) similar to the rock pillar near
Footville (P1. XVI, A, p. 140). All these have
been clearly formed since the disappearance of
the ice sheet, for otherwise they would not have
been preserved.

Generally throughout this area the drift is
very thin. Roads and gullies on the slopes and
uplands show, over considerable tracts, only a
thin layer of pebbles, mostly crystalline, and
rarely. a few quartzites with the residual cherts
on the surface of the limestone beneath the
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buff to brownish loamy clay soil. Scattered

"bowlders also occur on the surface but nowhere-

abundantly. Here and there in favorable situ-
ations a thin bed of till or a deposit of glacial
- gravel is seen. The amount of surface wash
accomplished by a single downpour of rain in
this region indicates that a considerable thick-
ness of drift may have been stripped off the
slopes and crests and deposited as alluvial silts
in the valley bottoms. Wherever a sufficient
thickness of till remains to show its origina]
character, it is found to hawve suffered but little
alteration. The upper 2 or 3 feet below the
loamy clayey soil is leached and oxidized to a
buff or brownish tint, but the material below
this depth is highly calcareous and usually has
the pinkish tint so frequently seen eastward to
Walworth County. Both crystalline and lime-
stone pebbles are usually sound, clean, and
fresh looking. Several cuts on the Illinois
Central Railroad between those near Monroe
(p. 147) and the State line expose thicknesses of
3 to 15 feet of this till overlying the limestone.
In one cut in the NE. } sec. 22 a finely polished
and striated block of Niagara dolomite 1 by 1}
by 2 feet was noted, which must have been
transported from some place at least 50 to 60
miles to the eastward.

At a few pla,ces inside the border belt there
are considerable thicknesses of drift, and there
is also evidence that the preglacial valleys were
not completely filled with drift.- About a mile
east of Oakley a preglacial tributary valley is
blocked by a drift dam on which a well was said
to have gone down 141 feet without reaching
rock. The postglacial stream shifted a littie to
oneside and cut into the drift to a depth of 50 to
60 feet. The crest of this drift dam lies 120
feet below the crest of the divide a mile to the
. south, making it evident that the valley was not
nearly filled with drift.

In Decatur Township preglacial erosion had
developed in the sandstone a broad basin sur-
rounded only with narrow ridges of sandstone
thinly capped with Trenton limestone. Here
the small amount of erosion since the deposi-
tion of the drift is remarkable. Wells show the
presence of 25 to 175 feet of drift, an undulating
drift topography with some kames is seen, and
the diversion of the drainage through the new
valley of Jordan Creek has left several square
miles of drift topography almest untouched by
erosion, though the higher parts rise 80 feet
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above Sugar River. Jordan Creek has cut a
little gorge about 80 feet in depth through the
sandstone ridge at one side of the inclosed
basin. Taken alone, the topography would
indicate a drift sheet entirely different from
that in Spring Grove Township to the south.
(See P1. XV, C, p. 138.)

Inthe S. } sec. 2, T. 2 N., R. 8 E. (Sylvester
Township), a valley is blocked by a drift ridge
causing slight stream diversion and the cutting
of a new channel in rock, and in secs. 2, 11, and
13 there are accumulations of glacial gravel
showing, in secs. 11 and 13, the sag and swell
topography of a terminal moraine. In the
NW. 1 sec. 14 there is some indication of a
tributary valley filled with drift. Some mo-
rainal deposits occur west of Sugar River in
the southern part of T. 3 N., R. 9 E. (Albany
Township).

MODIFICATION OF THE DRIFT.

Although the superficial modification of the
drift west of Sugar River by weathering and
erosion, as shown in the slopes and crests, is
striking, yet from the numerous drift dams
blocking the unfilled valleys and causing the
recent stream diversion it is evident that this
apparent maturity is due primarily to the deep
and thorough dissection of the area prior to the
ice invasion. With the exception of these
slight diversions the drainage follows pre-
glacial lines, having had to work in valleys
which were but partly filled and on slopes
which were but thinly mantled with drift.
Though the erosion of the drift on slopes of so
high gradient has necessarily been consider-
able and has greatly exceeded that accom-
plished on the drift of the Wisconsin stage, it
does not appear to be comparable to that
which drift of Kansan age has suffered. Nei-
ther is the degree of weathering and decompo-
sition so great as on the oldest Pleistocene drift
sheets. The fresh and unleached character of
the till beneath the shallow weathered zone
has been noted. Tests at 30 or 40 .different
exposures show the till to be leached of calcium
carbonate to depths of 1 to 7 feet from the
surface, with an average depth of 4 feet,
beneath which it was generally highly calcare-
ous. These depths include the surficial coating
of buff to brownish noncalcareous stoneless
loamy clay, which is generally present in
thicknesses varying from a few inches to 5 feet
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or more. The leached top of the till is usually
oxidized to buff or brownish, but beneath this
there is little or no evidence of alteration and
the till is loose and unconsolidated. Lime-
stone and crystalline pebbles, especially the
basic crystallines, though considerably disinte-
grated at a few of the exposures, are generally
fresh looking, clean, and sound, and the frag-
ments of Niagara dolomite below this super-
ficial zone show little more alteration than
those in the Wisconsin sheets.

LITHOLOGIC COMPOSITION.

Rough analyses of<the lithologic composi-
tion of the drift of this tract were made at 31
different exposures scattered through 11 dif-
ferent townships. Two of these exposures
were just east of Sugar River at Paoli. Asin
the tracts farther east these were made by
counting out one hundred to several hundred
pebbles taken indiscriminately from the drift
at each place and assorting them according to
their lithologic character. The averages result-
ing from this examination are presented n the
tablc below.

Average percentage of pebbles of different lithologic com-
postiion present in pre~W1,sconsm drift west of Sugar
River, Wis.

Per cent.
Niagara dolomite.......... ..ol 11.3
Galena dolomite and Trenton hmestone. e }55. 51
Lower Magnesian limestone....................... v

Chert, mostly from local limestone................. 14.7
St. Peter sandstone. ................. e 4.4
Huronian quartzite. . ... e e .55
Crystallinerock. ... ... .. ool 8.14
Doubtful, limestone, shale, etc................... 5.26
99. 86
Foreign material........ ... . .. ...l 8.14

Comparison of this table with those on pages
139 and 143, which give the composition of the
pre-Wisconsin drift east of Sugar and Rock

rivers, shows the remarkably uniform compo-’

sition of this drift sheet. Pebbles of Niagara
dolomite were noted in all but 3 of the 31
analyses in this western tract, though gener-
ally in smaller percentage (average, 11.3 per
cent) than farther east, as would be expected
on account of the greater distance from the
source of the material. With this falling off
there is an increase in the percentage of Galena,
Trenton, and Lower Magnesian pebbles, which
have not in most cases been distinguished from
each other. There is also a larger amount of
chert as a consequence of the greater extent of
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the area traversed by the ice, from which this
preglacial residuum of the limestones was to
be obtained. Crystalline erratics are present
in all analyses, ranging in amount from 0.5 to
20.5 per cent, with an average of 8.14 per cent.
~ Pink and purple quartzites are present in 13
of the analyses; they are, however, rare, their
average being but 0.55 per cent. Tifty or
sixty such pebbles were noted scattered over the
tract under discussion as far west as the extreme
west margin of the drift, except in Wayne
Township, where none was found. The largest
were 6 by 8 inches in diameter. The average
percentage present at the places where esti-
mates were made was about the same as that
at 30 places farther east between Sugar and
Rockrivers, where similar analyses were made.
Many of the pebbles resemble quite closely, so
far as can be determined with the hand magni-
fier, rock from the quartzite ledges in southern
Dodge and northern Jefferson counties. Their
derivation and distribution are discussed on
pages 163-166.

THICKNESS OF TIIE DRIFT.

The estimated average thickness of pre-Wis-
consin drift in the three tracts between the
Johnstown terminal moraine, the border of
the Driftless Area, and the State line, based
on a large mass of data, is 45 feet.

AGE OF THE PRE-WISCONSIN DRIFT.

The pre-Wisconsin drift in the three tracts
in southern Wisconsin—that east of Rock River,
that between Rock and Sugar rivers, and that
extending west from Sugar River to the limit
of glaciation—is practically identical in litho-
logic composition and in degree of weathering.
Its greatest differences lie in the amount of ero-
sion, which is apparently progressively greater
from east to west. The difference in this re-
spect is such as to afford ground for legitimate
difference of opinion as to its relative age in the
several tracts. But, though this difference is
plainly evident to the writer, he believes it to
be due to differences in the preglacial topog-
raphy and in the thickness of the drift cover-
ing, and does not regard it as clearly indicating
a sufficiently great difference in age to warrant
the assignment of the drift of the several tracts
to successive stages of glaciation separated by
stages of deglaciation comparable to the main
subdivisions of the Pleistocene time scale.
After repeated efforts to find some satisfactory
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ground for the subdivision of the drift exposed
at the surface into two or more distinct sheets
of different stages of glaciation, the writer has
always come back to the conclusion that any
boundary, wherever placed and however plausi-
bly placed, would have on both sides practi-
cally the same association of conditions, after
due allowance had been made for differences
in preglacial conditions and for those of original
deposition. Consequently, the differencein age
may still be considered an open question. The
present opinion of the writer, which has not
been reached without some misgivings, is that
the drift exposed at the surface in these three
tracts is' of practically the same age and was
deposited at one and the same stage of glacia-
tion, though perhaps at two or more substages,
or minor retreats and advances of the ice front,
in consequence of which the more easterly
tract was more thickly covered and the drum-
loidal features, which are probably to be cor-
related the morainal deposits west of Rock
River, were more strongly developed. It is
also quite possible that part of the tract east of
Rock Riveris underlain by an earlier driftsheet.

Study of the continuation of the drift of these
several tracts southward across the State line
into the northern counties of Illinois has
strengthened the writer in this belief because,
although the drift in Illinois is generally similar
to that in southern Wisconsin, it exhibits a
somewhat different discordance in drainage de-
~ velopment and in the amount of its superficial
weathering. Study of the conditions of weath-
ering and erosion of the Illinoian drift sheet
farther south, as described by Leverett, and
conference and correspondence with him in
regard to the age of the deposit, has led the
writer to the opinion that all the drift seen by
him exposed at the surface outside the Wiscon-
sin moraines in southern Wisconsin and north-
ern Illinois, except the later gravel terrace de-
posits and some older gravel deposits described
below (see pp. 168 and 169), is to be referred to
the Illinoian stage of glaciation.

It is understood that Chamberlin and Lev-
erett concur in this opinion. In his discussion
of the drift of northwestern Illinois, Leverett !
treated the main deposit of glacial drift be-
tween the terminal moraines of the Wisconsin
stage and the Driftless Area as probably of Illi-

1TU. 8. Geol. Survey Mon. 38, chaps. 4 and 5, pl. 12, 1899.

‘detail by the writer.
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noian age, but (following Hershey and Buell)
he considered the part of the deposit bordering
Rock River and extending west across Peca-
tonica River in Winnebago County and east-
ward to the terraces bordering the Wisconsin
moraines to have been invaded by the ice of a
later invasion, the Iowan, to which he referred
a rather thin superficial portion of the drift be-
lieved to be distinct from the main underlying
drift sheet. After later and more extended
studies in other parts of the Mississippi Valley,
however, Leverett questioned this interpreta-
tion, and after reexamination reached the con-
clusion that no glacier hdd invaded these coun-
ties during the interval between the melting of
the Illinoian ice sheet and the incursion of the
glaciers of the Wisconsin stage. Leverett’s
change of opinion is believed to have taken place
independent of and prior to the writer’s studies
in northern Illinois. Chamberlin seems never to
have been fully satisfied of the presence in these
counties of a sheet of drift intermediate in age
between the Illinoian and Wisconsin deposits.
The writer's studies in these counties of
Illinois were directed toward ascertaining
whether or not the drift there really included a
sheet intermediate in age between the Illi-
noian and Wisconsin and whether the main de-
posit, regarded by Leverett as probably of
Illinoian age, was the same as that in southern
Wisconsin, where it had been examined in
The writer's investi-
gations in Illinois were not intended to clear
up all questions concerning the drift of that
area and were not sufficiently extended to do
so. They were, however, sufficient to con-
vince him that the conditions were, in general,
the same as north of the State line and to cause
him to conclude, as stated above for the pre-
Wisconsin drift of southern Wisconsin, that the
uppermost drift in Boone County north of
Kishwaukee River, in Winnebago County,
eastern Stephenson County, Ogle County,
northern Lee County, and northeastern White-
side County, all in Illinois, was of practically
the same age and not of two distinct stages of
glaciation, and that the whole, together with
that of the tracts north of the State line, was
probably deposited at the Illinoian stage of
glaciation. It is recognized that there is much
the same ground in Illinois as in_southern Wis-
consin for legitimate differences of opinion on’
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this point, so that the matter must still be
regarded as open. It is probable that there is
underlying this Illinoian drift, at least in
places, the remains of a still earlier deposit,
of Kansan or pre-Kansan age. Leverett has
raised the question® as to whether there was
not a somewhat greater extension of the early
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them. In figure 7, however, these tracts are
provisionally included in the area of Illinoian
drift. On this map minor features, such as
kames, eskers, and drumlins are not differen-
tiated. The following description and inter-
pretation of the deposits examined by the
writer in these counties of Illinois is presented
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are taken from Ieverett, Frank, The Illinois glacial lobe: U. 8. Geol. Survey Mon. 38, pl. 12, 1899,

Wisconsin ice sheet than that shown on the
maps in Monograph 38 into the tracts south
and east of Dixon and south of Belvidere. Not
having examined these tracts, the writer is
not prepared to express an opinion concerning

as an alternative for that given in Monograpn
38, to which reference should be made for the
earlier and more complete discussion of the
drift, the drumlins, eskers, and kames, and
associated loess and fossiliferous silts.

1 Personal communication.
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ILLINOIAN DRIFT OF NORTHWESTERN ILLINOIS.
DRIFT EAST OF ROCK RIVER.

The topography and drift of the upland east
of Rock River in Turtle, Clinton, and Sharon
townships, Rock and Walworth counties,
Wis., continue southward without change in
character in eastern Winnebago and Boone

counties, Ill., to the valley of Kishwaukee:

River. The upland is a gently undulating
plain, with some slight undrained sags and low
drumloidal swells, scarcely touched by erosion
except ‘on the slopes of the preglacial valleys
which head in this area. Wells in northern
Boone County show 100 feet or more of drift
‘and even in eastern Winnebago thicknesses of
30 to 90 feet are reported, though the usual
thickness is much less, especially on the valley
slopes. In the western part of Guilford
Township the till sheet extends nearly across
. the preglacial valley of Rock River, having
never been removed by erosion. The valley,
~which at Harlem is 3 miles in width,is reduced to
a, width of barely one-half mile at Rockford, and
in pre-Wisconsin time was entirely blocked by
this filling and its waters forced through Kents
Creek valley in the western part of the present
city. The position of the preglacial valley east
of Rockford is indicated by the thickness of
drift penetrated by E. A. Kuharske’s well in the
creek valley in the NE. % sec. 18, T. 44 N., R. 2
E. (Guilford Township), 11 miles northeast of
the upper bridge at Rockford. This well,
starting about 30 feet above the creek and not
more than 75 feet above Rock River, pene-
trated the following deposits:

Log of E. A. Kuharske's well, NE. } sec. 18, Guilford
Township, Ill.

Feet.

Blueclay till....... ..o L . 90

Sand with a little gravel in streaks and at the bottom. 154

244

From this record it appears either that there
was a considerable deposit of sand and gravel
in the preglacial valley prior to the advance
of the Illinoian ice sheet or that the sand was
deposited at the time of this advance and then
covered by ‘the till sheet as the ice crossed the
valley.

The till mantling the eastern upland 1is
similar in character and composition to that
found in Wisconsin. Where seen it is clayey,

=
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rather compact but not indurated, pinkish or
bluish in its unaltered part, and, if one may
judge from the character of the pebbles, con-
tains 70 to 90 per cent of calcareous material,
a large part of which is from the Niagara
dolomite. This drift has been more or. less
altered since the time of its deposition by
exposure to the weather, which has oxidized
its ferruginous constituents and has removed
by solution the more soluble constituents,
particularly the finer calcareous ingredients.
The depth to which this alteration has pro-
ceeded varies somewhat from place to place.
In the railway cut 2 miles southeast of Roscoe,
sec. 2, T. 45 N., R. 2 E. (Harlem Township),
the leaching has gone down 10 to 13 feet in
the finer material of the matrix but has
not removed all the limestone pebbles. The
leached part is oxidized to brownish and the
unaltered till is light gray. In sec. 36, T. 43
N., R. .1 E. (New Milford Township), 7 miles
south of Rockford, in a cut on the Chicago,
Milwaukee & Gary Railway, the zone of weath-
ering is 8 to 15 feet in depth, below which the
till is highly calcareous and contains a high
percentage of Niagara material. The removal
of the calcareous rock flour so largely com-
posing the matrix of the till has left the
weathered part loose like a bed of gravel upon
the unaltered clayey till (Pl. XVIII, B), but
examination shows this upper part to be not
a distinct deposit of water-laid material but
a residue due to long-continued leaching.
This exposure and the one in sec. 2, T. 45 N,
R. 2 E. (Harlem Township), show the greatest
known depths of alteration in the area. Evi-
dently at these places but little if any of the
weathered drift was removed by surface wash.
The known depths of alteration elsewhere east
of Rock River vary from 2 to 6 feet and aver-
age about 4 feet. Most of the exposures are
on slopes where at least a moderate amount
of removal of the altered drift by surface
wash must surely have occurred. At most
exposures, although much of the finer calcare-
ous material has been leached out.to the depths
indicated, the limestone pebbles have not usu-
ally been removed, or if removed from the top
part they occur in increasing numbers with
etched surfaces lower and lower in the zone
of alteration.

A few pebbles of quartzite and some bowlders
1 by 2 by 2 feet in size were observed by the
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4. ILLINOIAN UPLAND DRIFT PLAIN OF REMARKABLY LONG, GENTLE UNERODED SLOPE 10
MILES WEST OF ROCKFORD, ILL.

The drift is probably of moderate thickness, overlain by a few feet of loess and underlain by Galena dolomite.

B. ILLINOIAN DRIFT EXPOSED IN CHICAGO, MILWAUKEE & GARY RAILWAY CUT 7 MILES
SOUTH OF ROCKFORD, ILL.

The lower part is dense calcareous unmodified boulder clay; the upper 8 feet is gravelly leached and oxidized
drift; all limestone pebbles and limestone flour are removed from the latter by solution,
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writer on the upland east of Rock River in
eastern Winnebago and western Boone counties.
Overlying the weathered surface of the till

at many places in the towns of Roscoe, Harlem, '

and Guilford, in Winnebago County, there is a
coating of loess 1 to 6 feet thick. Only where
this loess is more than 5 feet in depth is its
lower part calcareous, and here it is grayish.
Where thinner, it is buff-colored and noncal-
caroous. The loess lies principally on valley
slopes, where it appears to have been deposited
after most of the weathering and erosion had
been accomplished. On the undissected up-
land the till is covered by a more compact
grayish clay resembling the clay of the matrix
of the till below. This clay is stoneless and
noncalcareous and is usually 2 to 3 feet thick.

DRIFT WEST OF ROCK RIVER.
TOPOGRAPHY.

Between Rock and Sugar rivers, in the towns
of Rockton and Shirland, Winnebago County,
conditions are similar to those north of the State
line. Coon Creek follows the line of a drift-
filled valley of considerable dimensions. Two
wells in sec. 9, T. 46 N., R. 1 E. (Rockton Town-
ship), show the character of this filling.

Log of D. N. Grant’s well, sec. 9, Rockton Township, Ill.

Sandysoil....oo....o il 8
Pebbly blueclay. .. ... oo 100
Gravelandsand...... ... ... .. ... ... 20
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Log of W. C. Johnson's well, sec. 9, Rockion Township, Ill.

Sandy soil. Feet,
Blue clay. . cooiee e 140
St. Petersandstone...... .. ... ... .ol 6

146

About three-fourths mile west of Mr. Grant’s
well Trenton limestone is exposed in the road
marking the west side of the buried valley.
Evidently the ancient valley of Coon Creek
was never reexcavated after the disappear-
ance of the Illinoian ice sheet. The soil is
sandy throughout this tract, and in Shirland
Township it forms sand dunes. At one point
6 feet of thoroughly leached till, which looked
like a gravel bed, was exposed below the
sand. Closer examination, however, showed
that it was probably weathered till with
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pebbles of chert and crystallines and a few
of limestone whose surfaces were roughly
etched by solution.

West of the broad alluvial plain of Sugar
River the sandy soil, as in Wisconsin, is absent,
giving place to a heavy stoneless clay, like the
clay matrix of the till, neither loose like the sand
or loamy like the loess, and like the soil east of
Rock River in the upland in Roscoe and Man-
chester townships. This clay is 2 to 4 feet
thick and overlies the brownish leached and
oxidized upper part of the till. A large gulley
in sec. 35, T. 29 N., R. 10 E. (Laona Township)
gives an excellent exposure of the till. The
upper 1 to 2 feet is this stoneless brown clay.
Beneath this is 1 foot of rusty brown till, thor-
oughly leached and compacted with indefinite
banding as though due to settling or pressure.
Through the next 5 feet the clayey till is brown
and well leached but looser, with a few rotten
or roughly etched limestone pebbles. In the
lower part of this portion lime carbornate begins
to show and for the remaining 6 feet of the
section the clayey till is highly calcareous and
contains abundant fresh, smooth limestone
pebbles, most of them of Trenton limestone but
some of Niagara dolomite. At one point a
thickness of 15 feet seems to be entirely leached
of its lime carbonate. The slopes in south-
eastern Laona and northern Durand are gen-
erally long and smooth and very little marked
by drainage lines.

In preglacial time the upland south of the
Pecatonica Valley and west of the Rock River
valley in Winnebago, Ogle, Lee, and Whiteside
counties, Ill., stood 400 to 500 feet above the
bottom of the Rock River valley. Wells in
Wisconsin show .the present elevation of the
rock bottom of this ancient valley to be as low
as 450 feet above sea level as far north as Lake
Koshkonong. The well at the Malleable Iron
Works on the outwash terrace south of the east
side of Rockford penetrated sand and gravel
for 285 feet, or to about 445 feet above sea
level, before reaching the St. Peter sandstone,

-which here formed the bottom of the ancient

valley. Less than one-half mile west of this well
limestone is exposedin a quarry on the east bank
of the river, and on the west side of the stream it
rises in a bluff from the crest of which the surface
rises gradually westward to the upland. The
upper slopes on the limestone were long and not
greatly dissected. Coon Creek and Pecatonica
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and Sugar rivers flowed in valleys 150 feet or
more below the level of theirpresent flood plains.

LITHOLOGIC COMPOSITION.

On this upland the Tllinoian ice sheet left a
deposit of till of the same character as that in
southern Wisconsin and that east of the Rock
River valley in Illinois. This till is pinkish
or grayish stony clay, and is fairly compact but
not indurated—a highly calcareous magnesian
limestone till. Estimates made of the pebbles
at four places showed the following average
composition:

Averages of four estimates of pebbles in the Illinoian till.

Per cent.
Niagara dolomite......... ... ..o.....oio.. 23.37
Galena dolomite and Trenton limestone........... 57.12
Chert. .o 3.00
Sandstone. ... . ... e 1.12
Quartzite. .. ... ..o 1. 50
Crystallinerocks. ......... ... .. ... 14.12
Shale, €1C. ..o v .25

With this till are some esker and moraine
gravels of similar lithologic composition. Ero-
sion and slope wash subsequent to the disap-
pearance of the Illinoian ice removed a certain
amount of the finer clay of the drift, and this
accumulated, in part at least, in the valley
bottoms as compact bluish or gray clay. From
3 to 5 feet or more of this clay is exposed in
many gully and creek banks bendath a later
deposit of black alluvium 1 to 6 feet or more
in thickness, which probably represents the
wash since the drift became covered with vege-
tation and the humus soil was developed and
possibly is very largely the alluvial wash swept
from the cultivated slopes.

About the same varieties of rock are repre-
sented among the bowlders on the surface in
this part of Illinois as in the adjacent part of
Wisconsin. A few bowlders of quartzite, one
of them about 14 by 2 by 3 feet in size, were
observed, and quartzite pebbles are plentiful
as far south as the line of the Illinois Central
Railroad, approximately as shown by Buell:
South of the Illinois Central line the writer
observed quartzite bowlders much less fre-
quently, though he saw them here and there
southward through Ogle County and as.far as
the line of the Chicago & North Western
Railway in northern Lee County.

The writer’s studies were not extended west-
ward to the limit of the drift in northwestern

1 Buell, I. M., Bowlder trains from the outcrops of the Waterloo
quartzite area: Wisconsin Acad. Sci. Trans., vol. 10, pp. 496-500,
pl. 15, 1895.
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Illinois, so that he is unable to state whether or
not the quartzite content of the drift continues
westward to this limit as it does in southern
Wisconsin. Quartzite was seen, however, at
one point 45 miles or so south of the State line;
which is even farther west than in Wisconsin.
In an exposure 6 to 8 miles northwest of Morri-
son, Ill., in a ravine in the SE. } sec. 11, T. 22
N.,, R. 4'E. (Ustick Township), Whiteside
County, quartzite bowlders were notably nu-
merous, and one measured 13 by 3 by 4 feet.
Here as elsewhere a part of the fragments re-
semble the rock composing the quartzite ledge
of the Waterloo, Wis., region.

The matter of derivation and distribution of
the quartzite in the drift south of the State line
is considered further in discussing the direction
of the ice movement. (See pp. 163-166.)

THICKNESS.

The drainage systems on the drift-covered
slopes were developed mostly along preglacial
lines, but in a few places where drift dams
blocked the old lines small gorges were cut
by the diverted drainage. One of these
occurs in secs. 25 and 26, Burritt Town-
ship, others in secs. 33 and 34, Pecatonica
Township (T. 27 N., Rs. 11 and 10, respec-
tively). At these places considerable thick-
nesses of drift must still remain. In one place
a well penetrated 70 feet of gravel, and in
other places on the slopes and uplands thick-
nesses of 25 to 40 feet of drift are reported;
similar thicknesses are exposed in some of the
railway cuts. .

The numerous exposures of the underlying
limestones show that the average thickness of
the drift sheet is not very great; and, although
there are evidences that more or less drift has
been removed from the slopes since its deposi-
tion, the general character of the topography
does not indicate that the amount has been
great. The slopes are generally long and
smooth and not sharply cut by drainage lines,
and there are large, gently undulating, nearly
flat or plain tracts, which show no noticeable
modification by erosion (Pl. XVIII, A), though
it is true that a small amount of this might be
obscured by the thin deposit of loess which is
generally present. The drift overlying the
limestone at most of the exposures is less than
10 feet thick, at many it is only 3 to 4 feet,
and at not a few it consists of only a thin layer
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of gravelly drift between the rock and the base
of the loess.
ALTERATION.

Generally throughout this tract the upper
part of the drift shows the effects of altera-
tion by exposure to the weather during the
long time since its deposition. The amount
of this alteration is one of the most impor-
tant reasons for referring its deposition to
the Illinoian stage of glaciation. Where the
drift is very thin it is little more than a layer
of gravel composed of pebbles of less readily
soluble rocks such as dense fine-grained crystal-
lines, quartzites, quartz, and chert. Where
thicknesses of 2 or 3 feet remain the drift is
brown or reddish brown, sandy, and gravelly,
with perhaps some noncalcareous clayey matrix
but with few limestone pebbles (and those with
surfaces roughly etched by solution). Where.
“thicknesses of more than 5 to 6 feet remain
the drift below this depth is usually unaltered,
highly calcareous, fresh till. The top of the
unaltered clayey till is generally marked by
an abrupt change in color from bluish, gray,
pink, or buff to dark brown or red; the matrix
becomes more gritty and less clayey, is largely
or quite leached of its lime carbonate; and the
limestone pebbles are few and rotted or have
roughly etched surfaces. A few inches above,
or within about a foot, the limestone pebbles
disappear entirely and only sand and pebbles,
of the less easily soluble rocks are found, com-
pactly bound together by a little sticky, non-

calcareous olay. In this part, which in many

places is 2 to 4 feet thick, there is sometimes |

an indefinite banding as though due to settling
Or pressure.

The altered drift is in reality the residuum
of thorough leaching and rotting of the mag-
nesian limestone till and its thickness is not
the full measure of the alteration. If the high
percentage of calcareous material still present
in the yet unaltered till originally continued
to the surface of the deposit, as there is good
reason for thinking it did, then the residual
layer of insoluble constituents is only about
20 per cent of the thickness subjected to
alteration. In other words the 3 to 4 feet of
residual till represents the concentration of
the insoluble congtituents contained in an origi-
nal thickness of 15 to 20 feet. Even if, for
conservatism, the calcareous and other soluble
material is considered as comprising two-
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thirds of the unaltered drift, a thickness of 9
to 12 feet must have been reduced to yield 3
to 4 feet of residuum. This is much greater
than the reduction in the Wisconsin drift and
indicates much longer exposure.

The following descriptions of "exposures of
the much altered drift are typical:

Ezxposure of drift half a mile south of Seward, Ill. N

On the slope; a coating of buff, noncalcareous loess;
-the lower 16 inches of the thickest part is banded
but not stratified. ..... .. .. .. . ..o.lL.

Dark-red residual till, containing chert, quartzite,
and crystalline pebbles but no limestones; not
loose but gritty and compact, breaking in little
unindurated blocks; rests directly on limestone
through most of the exposure...................

In the lower third of the gully’s length the lime-
stone drops below the bottom and the red resi-
dual till grades downward into light-buff highly
calcareous limestone till with abundant {resh
clean pebbles of Niagara dolomite.
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The electric-raitway cut back of John Eaton’s
place, sec. 1, T. 26 N., R. 11 E. (Seward Town-
ship), 2 mlles northwest of Winnebago, gave
the following section:

Ezposure of drift 2 miles northwest of Winnebago, Iil.

Feet.
Brown noncalcareous loess; enveloping a buried

bowlder..... . ...l
Dark-red gritty residual noncalcareous till, from

which most of the limestone pebbles have been

removed. ... ...l
Brownish partly leached till; gradation zone. . ... 3
Buff highly calcareous till.

An estimate of the character of the pebbles
from the unaltered till showed the following:

Estimate of pebbles in unaltered till from same exposire.

Per cent.
Niagara dolomite............. .. .. ... ... 32
Galena dolomite and Trenton limestone............. 56
Crystallines.........o.oiiiii it 12

A third exposure, afforded by the bank of a
small creek 8 miles west of Sterling, sec. 29,
T. 21 N, R. 6 E. (Hopkins Township) White-
side County, just south of the Chicago & North
Western Railway, showed the following:

Ezxposure of drift 8 miles west of Sterling, Ill.

4. Typical buff calcareousloessstanding with vertical -
or overhanging face, indefinitely banded 1 the
lower part

3. Brown noncalcareous chert and quartz gravel or

residual till ... ... oL i 4
2. Compact yellowsand . ....... ... ... ... .. .. 1-2
1. Dense hard calcareoustill, containing dolomite and

crystalline pebbles and coal fragments. Upper

3 to 5 feet oxidized buff, grading downward to

bluish gray . ...oooenomiiiii i 8
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This last section is somewhat ambiguous.
The lower dense till (1) more nearly resembles
the Kansan till occurring to the west in Iowa
than the unaltered Illinoian till seen farther
north. If No. 1 is Kansan, No. 3 is probably
the residuum of a thoroughly weathered bed
of Illinoian till. The deposit, both north and
south of the road, looks more like this than it
does like a bed of water-laid gravel. If, how-
ever, the lower dense till is Illinoian, the drift
is different in character from that seen farther
north, for it contains a smaller contribution
from the dolomites and a larger one from the
Magquoketa (‘‘Cincinnati”’) and Carboniferous
shales. : :

That the lower dense till (1) is probably Illi-
noian appears from the fact that similar dense
gray unaltered till is exposed beneath the loess
in a road cut 3 miles to the east and also about

10 miles to the northwest, in the SE. } sec. 18, |

T. 22 N, R. 5 E. (Clyde Township), Whiteside
County. )

At the latter place, which is 5 miles north of
Morrison, there is evidence that a till which
underlies this blue-gray till may be the Kan-
san drift. In the creek bank, 40 rods north of
the road, 15 feet of solid clayey calcareous till,
containing pebbles of Niagara dolomite and
fragments of coal, is exposed. This is oxidized
buff to brown at the top, grading downward in
8 feet to grayish buff and bluish gray. Below
this, at the water’s edge, is tough, sticky stone-
less blue clay. In the barnyard just north of
the road the bank exposes 7 feet of similar buff
to grayish calcareous till, overlying 2 to 2% feet
of tough stoneless blue laminated silt, under-
lain in turn by 5 feet of yellow or brownish
oxidized clayey till. :

This looks as if till (possibly Kansan) had
been deposited, had been oxidized (and per-
haps eroded), and had then been covered by a
deposit of glacial silt, which wds in turn buried
by the deposition of Illinoian till. In placesin
the roads near by a gray calcareous clayey till,
like the Illinoian, is exposed. Higher up the
slope this unaltered till disappears beneath
brown leached till, from which the limestone
pebbles and other calcareous material have
been removed to a depth of at least 2 feet.

Another exposure in the SE. % sec. 11, T. 22
N, R. 4 E. (Ustick Township), about 24 miles
northwest of those last described and about 43
miles north and 1§ miles east of Union Grove,

I blocks of limestone.
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is north of the east-west road in a gully tribu-
tary to Otter Creek near its head. This shows
in generalized section:

Exposure of drift northeast of Union Grove, IlL.

Buff loess (absent in places); maximum. ......... 5
Dark-red or brownish-red till, purplish in part, es-
pecially at the bottom, with noncalcareous clay
matrix, in which the pebbles are of fine-grained .
greenstone, quartzites, quartz, and chert, with few
or none of limestone. Cracks and holes in the till
from which limestone pebbles have probably been
removed by solution are lined with a dark-brown

coat of unctuous clay......... ... .. LoioL. . 4-10
Cherts and rotten limestone fragments............. 3
Tine loesslike buff clay, slightly calcareous........ 1

A few rods north of the road yellow weathered lime--

stone is exposed in the gulley bottom and with this

some dense, sticky, tough white clay. In places

the limestone is disintegrated to a yellowish pow-

der or even to a dark-brown residual clay.

Though few limestone pebbles are contained”
in the till, there are some large surficially rotted
There is a remarkably
large number of quartzite bowlders (one % by 3
by 4 feet in size), most of which have smooth,
rounded surfaces. Another constituent of this
drift, not previously noted by the writer, is a
hard ferruginous conglomerate with pebbles
mostly or entirely of yellow chert, of which
many pleces were found. This is from some
preglacial gravel conglomerate, perhaps from
remnants of Cretaceous or Tertiary gravels,
such as have been reported from northwestern
Illinois, southwestern Wisconsin, and north-
eastern Iowa. (Seep.101.) The alteration of
the drift exposed in the main gully is so marked
that at first it appeared to the writer that the
till must surely be older than Illinoian, as in-
deed it may be; but a few rods up, in one of the
short tributary gullys, the red residual till was
found to grade into buff highly calcareous till,
with fresh glaciated limestone pebbles barely
5 feet below the base of the loess. Here the
conditions are more like the Illinoian drift.
The relations show that a preglacial gulley in
the limestone was filled with drift and was then
partly eroded. The drift was weathered and
the gully was again filled with loess and still
later was again partly eroded. The line of the
main gully, which is 15 to 20 feet deep, is along
that of the earlier ones, which may account for
the greater depth and thoroughness of the al-
teration exposed along it, as compared with
that seen in the drift a few rods distant in the
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tributary gulleys. The Niagara dolomite peb-
bles seen are of rock such as occurs at Racine,
Wis., an indication that the ‘drift came from
the east

RELATIONS OF WEATHERING AND SURFACE
‘WASH.

From the above descriptions it appears that
the surficial alteration of the drift both east
and west of the Rock River valley indicates
the lapse of considerable time, geologically
speaking, since the drift was deposited, and
this despite the apparent slightness of the
erosion on the slopes and upland south of
Pecatonica River.

Throughout this area, and in many places
in the immediate vicinity of much weathered
residual till, other exposures of this same till
show very little alteration. Often no residual
layer is found and even the matrix of the till
is highly calcareous nearly or quite to the base
of the overlying loess orloam. Moreover, there
are numerous knolls and ridges of calcareous
till, or of limestone gravel, some of them
eskers rising 5 to 25 feet above the surrounding
plain surface. The drift of these knolls and
ridges is generally fresh looking and but little
if any leached or oxidized. The- relations
northwest and west of Rockford are such that
when first seen by the writer it seemed to him
that a later ice sheet must have overridden the

- Ilinoian till sheet and have left .thereon a
scattered deposit of fresh drift. Careful exami-
nation, however, showed that most of these
exposures of little weathered drift were on
slopes where the weathered surficial part
might have been removed by slope wash. At
many places there was little or no indication in
the topography that more erosion had occurred
than in adjacent situations where the residual
till Jayer was still preserved. That such re-
moval had taken place, however, was clearly
evident in very many places where the calca-
reous, little-altered drift was found disappear-
ing beneath a layer of brown or red residual till
higher up the slope. Nowhere was fresh unal-
tered drift found overlying the weathered top
of the Illinoian till. Even the unaltered drift
composing the knolls and ridges showed no
evidence other than the freshness which might
be taken toindicate their later origin. In these
cases it seems that, even if the weathered sur-
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ficial part has not been removed by erosion,
the configuration and structure of the eleva-
tions may explain their lack of weathering.

In the first place, the rounded surfaces of
knolls and ridges rising above the plain shed
most of the water falling on them much more
readily than do the surrounding plain tracts,
especially where the latter have long, gentle

slopes, such as characterize the area in ques-

tion. The gravel of the knolls is particularly
loose and open, so that such of the meteoric
water as penetrates percolates through and out
of the gravel very readily has but a compara-
tively small contact with the surface of the
calcareous particles or pebbles. This is true
not only because of the large interspaces allow-
ing rapid passage of water but also because the
total amount of surface exposed by the pebbles
is far less than that where the material is finely
comminutéd, as in the rock flour matrix of the
till.  The result is that even though the waters
percolating slowly downward may have rela-
tively large solvent action on the calcareous
till of the plain and may remove the finer cal-
careous particles and even thelimestone pebbles
to considerable depths, they may fail to alter
drift of the same age on the knolls and ridges
except by solution of a small amount of the sur-
ficial parts of the limestone pebbles in the upper
part of the elevation and by cementation of
the gravel in the lower parts by deposition of
the lime carbonate carried down from above.
In considering the relative aniounts of altera-

‘tion of two drift sheets due to weathering one

must compare clayey till with clayey till, sandy
till with sandy till, and sand and gravel deposits
with like deposits. Further than this, note
should also be taken of the general surface con-
figuration, the relations to drainage lines, and
the heights and gradients of slopes.

In studying the evidences of age of the drift
considerable differences have been found in
different parts of what seem to the writerto be
one and the same sheet. Comparison of the
topography east and west of Rock River in
southern Wisconsin with that in this part of
Illinois might readily cause confusion if topog-
raphy alone was considered. West of Rock
River in Wisconsin the topography apparently
becomes more mature and more closely resem-
bles that of the Driftless Area as the limit of
the drift is approached from the east. Little
if any of the upland plain remains, practically
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the whole area being reduced to slopes, which
have usually fairly high gradients and which
are scored at intervals of about 10 to 20 rods
with drainage lines, many of which notch the
crest lines of the divides. This is in marked
contrast with the extensive gently undulating
upland tracts and long smooth slopes in the
area west of Rock River and south of Peca-
tonica River in Illinois and east of Rock River
in both Illinois and Wisconsin. Nevertheless,
the drainage system in the Wisconsin area west
of Rock River is not nearly so mature as might
be thought at first sight of the scored slopes
and narrow notched upland crests. Numerous
drift dams in the valleys have caused the diver-
sion of the drainage and the cutting of narrow
rock gorges. The crests of these dams are well
below the upland levels, and the basins above
them have clearly not been excavated since the
disappearanceof theice. Itfollows that theval-
leys never were filled with drift and that their
present relief of 200 to 300 feet is due not to
postglacial erosion but to the larger features of
the preglacial topography, and that the streams
for the most part follow preglacial courses with
but local diversions due to the drift. Although
there are in many places thick deposits of drift
in the valleys and even in some pilaces on the
upland (as near Monroe, Wis.), the slopes of the
mature preglacial erosion topography in general
were rather thinly mantled and the surface
gradients as left by the ice were rather high.
Where this was the case, conditions were favor-
able to erosion, and a good deal was accom-
plished. Such conditions of drainage were more
favorable to removal of the upper part of the
drift than they were to slow downward percola-
tion of the waters and thorough leaching and
oxidation such as reduced the upper part of the
drift on the upland tracts west of Rock River
in Illinois to the residual condition. The con-
dition of good drainage—that is, ready run-off
of the waters—seems not to favor thorough
leaching and oxidation as much as do low
gradient and slow percolation.

The conditions found to-day in the several
parts of the drift sheet in question are the re-
sultants of the relative rates of leaching and
oxidation as compared with the rates of surface
wash in those particular places. Where condi-
tions favored alteration by weathering most
and surface wash least the upper part of the
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drift has been reduced to the condition of re-
sidual till. Where the conditions were reversed
the drift is fresh orlittle altered nearly or quite to
the surface; thisis the result in places through-
out the whole Illinoian drift area in north-
ern Illinois and southern Wisconsin, particularly
where the rather abrupt marginal slopes drop-
ping down from the Illinoian upland to the val-
leys are considerably dissected by erosion.
Where the rate of surface wash lagged some-
what behind the rate of alteration by weather-
ing the clayey matrix of the till is found to be
fairly well leached of lime carbonate to depths
of 4 to 6 feet and the color of the leached zone
is changed by oxidation from pinkish, bluish,
or gray to buff or brownish, but the limestone
pebbles have only their surfaces etched or are
only partly removed by solution. This is the
condition most generally observed where a
sufficient thickness of the till is exposed
throughout the whole area of the Illinoian
drift examined by the writer southward into
Lee and Whiteside counties, Ill., excepting only
on the nearly flat or gently undulating upland
tracts. '
CONCLUSIONS.

After consideration of all factors in reference-
to the pre-Wisconsin drift the writer is con-
vinced that the conditions were, in general, the
same in the tracts north and south of the State
line, and he is led to the conclusion already
stated (p. 152) that the uppermost drift outside
the moraines of the Wisconsin stage in south-
ern Wisconsin and northern Illinois (at least
in that part of it examined by himself—Boone
County, north of Kishwaukee River; Winne-
bago County; eastern Stephenson County; Ogle
County; northern Lee County; and northeast-
ern Whiteside County) is of practically the
same age throughout instead of representing two
or more distinct stages of glaciation separated
by stages of deglaciation, and that the whole was
probably deposited at the Illinoian stage of
glaciation. He admits, however, that there is
legitmate ground for difference of opinion in
regard to this matter and that the question of
age is rot to be considered as positively settled.

DIRECTION OF THE ICE MOVEMENT.
PROGRESS OF INVESTIGATIONS.

When Chamberlin first studied the tract west
Qf Rock River in southern Wisconsin he ob-
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served that not only were quartzite bowlders
scattered in abundance along the lines of the
later glacial flow from the quartzite ledges in
the region of Waterloo to the terminal moraine
but also that pebbles and bowlders of similar
quartzite were scattered, though much less
abundantly, over the drift outside the moraine
west of Rock River southward to the State
line.! As no strie had then been observed
outside the moraine (except immediately west
of Rock River at Beloit, where Buell had found
striee trending due west) these quartzite pebbles
and bowlders were very naturally regarded as
derived from the Waterloo ledges and as being
in themselves clear evidence that the Green
Bay Glacier continued its southerly advance
welldown into Illinois. Chamberlin stated that
the material of the drift, the surface contours,
and the striation observed by Buell furnished
abundant evidence that the westerly movement
of the Lake Michigan Glacier extended to the
west side of Rock River and that the line of
junction of the two glaciers was west of that
stream.

By June, 1882, when Chamberlin submitted
for publication volume 1 of the Geology of
Wisconsin, the last of the set of four volumes
prepared under his direction, doubt had arisen
in his mind as to the reliability of the quartzite
pebbles and bowlders west of Rock River as
indicating a southerly movement of the Green
Bay Glacier extending into northern Illinois.
The drift west of Rock River had been found
to show the same evidence of easterly deriva-
tion as that east of this stream, and it was
thought the quartzites might have been
brought from more distant sources to the
northeast. In consequence of this the hypo-
thetical map of Wisconsin during the ¢first
glacial epoch’’ ? was so drawn as to indicate the
movement of the Lake Michigan Glacier . as
southwesterly across the extra-morainal tracts
here under discussion, though the character of
the drift and direction of the ice movement in
the particular tracts was not discussed. About
thissame time Chamberlin’s preliminary paper
on the terminal moraine of the “second glacial

i Chamberlin, T\ C., Geology of Wisconsin, vol. 2, p. 202, fig. 3, and
pl. 7, 1877; also, On the extentand significance of the Wisconsin kettle
moraine: Wisconsin Acad. Sci. Trans., vol. 4, p. 229, 1878; also, Le Kettle
moraine et les mouvements glaciaires qui lui ont donné naissance: Cong.
géol. internat. Compte rendu sess. 1878, p. 265, 1880.

2 Geology of Wisconsin, vol. 1, pl. 9, 1883.

87. 8. Geol. Survey Third Ann. Rept., pp. 201-402, 1883.
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epoch’ appeared, in which he showed, more
elaborately than had previously been at-
tempted, the distribution of the great terminal
moraine in the several States and its relation
to the drift outside the moraines. On the map
of the “Green Bay loop of the terminal moraine

~of the second glacial epoch’’ in that report*

the only indication of direction of flow of the
earlier ice sheet in southern Wisconsin is an
arrow pointing due west near Beloit. Like
the preceding one, this report did not discuss
specifically the drift outside the moraine in
Wisconsin.

So also on Plate IT of the atlas accompany-
ing the Geology of Wisconsin, dated 1881,
a westward-trending arrow on the map near
Beloit is the only indication of direction of the
movement of the ice of the earlier epoch or
stage.

A diagrammatic map of drift currents ad-
jacent to the Driftless Area, published in
1885 by Chamberlin and Salisbury,5 indicates
the general, and in part hypothetical, direc-
tion of ice flow in southern Wisconsin and
northern Illinois as curving from southwest-
erly to westerly and extending clear across
to the border of the Driftless Area, practically
as shown on Plate IV (in pocket) of the
present paper.

An arrow indicating striee at Beloit but ap-
parently not accurately oriented is the only
index of the direction of movement of the
earlier ice in southern Wisconsin shown on
Chamberlin’s map of the glacial striee of the
eastern United States issued in 1888.° :

The drumlins east of Rock River, first ob-
served by Buell, mapped on the Delavan and
Shopiere topographic sheets in 1891 by V. H.
Manning, jr., and printed in 1893, have ap-
proximately the same trend (S. 75° W.) as
striee observed by Buell” on the bottom of a
roadside gully near the west line of the town
of Clinton.

Leverett ¢ quotes observations of glacial
striee made by Buell at several points outside.

4Idem, pl. 29.

5 Chamberlin, T. C., and Sahsbury,R D., Preliminary paper on the
Driftless Area of the upper Mississippi Valley U. 8. Geol. Survey Slxth
Ann. Rept., pp. 192-322, 1885.

6 The rock scorings of the great ice invasions: U. 8. Geol. Sur\ey
Seventh Ann. Rept., pl. 8, 1888, .

7 Buell, I. M., Bowlder trains from the outcrops of the Waterloo quartz-
ite area: Wzsconsm Acad. Sci. Trans., vol. 10, p. 494, 1895.

8 U. 8. Geol. Survey Mon. 38, p. 88, 1899.
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the terminal moraine in Winnebago and Lee
counties, I1l., as follows:

Striz in Winnebago and Lee counties, Ill., observed by
I. M. Buell.
Direction.

Near Winnebago, Ill., at quarry in sec. 6, T. 26,

R 1UE.......... et S.75° W.
Bluff of Kents Creek mear Rockford, Ill., two
exposures, secs. 28 and 29; T. 44, R.1 E. ... S. 75° W.

Cutting on Chicago, Milwaukee & St. Paul
Railway west of Fielding, Tll.............. S.65° W.

Cutting on Chicago, Milwaukee & St. Paul
Railway east of Fielding, IM................ S. 75° W.

In September, 1901, the writer observed
" markings on an exposure of Trenton limestone
3 miles southwest of Janesville, NE. 1 sec.
16, T. 2 N., R. 12 E. (Rock Township), that
showed the direction of movement to have
been 10° to 28° north of west, or S. 100° to
118° W. At this place diversion of the creek
to a new course had removed the gravels from
a portion of the rock, exposing a beautifully
glaciated surface. (See Pl. XXI, A. p. 204.)
The rather soft limestone contains small hard
chert nodules which resisted the glacial plan-
ing and were left protruding a fraction of an
inch above the surrounding smoothed surface.
In-the lee of each of these projecting nodules a
little half cone of limestone, with the nodule
forming its base, was left tapering away in the
direction of the ice movement. These are ex-
cellent examples of phenomena described by
Chamberlin as ‘‘knobs and trails.””* The tail
of one nodule, 1} inches in width, could be
distinguished for 15 inches. Three and one-
half inches from the base this cone was broken
and cut across by a rather coarse striation
bearing N. 68° E. or S. 72° W. No other
striation of similar trend was found on the
surface. The absence of others and the char-
acter of the scratch itself raised a question as
to its being of glacial origin. Instead of being
clean-cut like those trending northwestwatd it
was coarsely bruised and became fainter to-
ward the northeast as if due to the movement
of a bowlder, possibly frozen in ice, along the
the creek bed, to which it is nearly parallel. Tt
seemed to the writer that the coarse northeast-
southwest scratch was clearly developed sub-
sequent to the formation of the cones and that

.lChamberl'm, T. C., U. S. Geol. Survey Seventh Ann. Rept., pp.
244-245, 1888,
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if it were formed by ‘a southwesterly moving
glacier the other cones and other parts of the
exposed glaciated surface could not have failed
to show similar effects.

The writer’s observations on the character
and lithologic composition of the pre-Wiscon-
sin drift are entirely in harmony with the hy-
pothesis that the movement of the glacier was
westerly clear across to the border of the Drift-
less Area. A

In 1907 the writer observed at two points in
southern Green County excellent and plainly
marked strize confirmatory of the belief that
the pre-Wisconsin ice advance continued west-
ward, shifting to somewhat north of west as it
closed about the southeast side of the Driftless
Area. Near the middle of the N. § sec. 32, T.
1 N, R. 8 E., about 40 rods north of Fairfield
Evangelical Church, 7 miles southeast of Mon-
roe, a well-glaciated ledge was observed in the
gully beside the road, bearing striee N. 63° to
75° W. (or S. 105° to 117° W.). Here the ice
was ascending a gentle slope. One and one-
half miles northeast of this, in the NE. }
SE. % sec. 28, a ledge in the creek bed in the
bottom of the valley showed strie bearing N.
35° to 60° W. (S. 120° to 145° W.), or about
parallel to the valley down which the ice was
moving. Taken altogether, therefore, there is
good evidence that the general direction of the
Illinoian ice advance was westerly (more ex-
actly, S. 75° W. to S. 145> W.) across the
tracts under discussion to the border of the
Driftless Area.

GLACIAL STRIZ WITHIN LIMITS OF LATE WIS-
CONSIN GLACIATION BUT POSSIBLY OF EAR-
LIER ORIGIN.

Certain strisee observed within the moraines
of the Green Bay Glacier of the Wisconsin
stage have a more southwesterly trend than
those of the later ice movement at the same
localities, and it is thought possible that they
may be the work of the Illinoian ice sheet,
which very probably traversed the same area
in a direction varying from southwesterly to
westerly. They may, however, have been the
work of an intermediate advance, or they may
have been due to a local deflection of the last
ice movement, for striee trending southeast as
well as southwest have been found in some
places, even on the same rock surface.
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Glacial strize possibly formed by the Tllinoian ice sheet within the moraines of the Green Boy Glacier.

D@rccltign “?t moyemelnt
5 Stri ibl f th 1{1 ate lSCOHSln‘ giae
LOCathDf T.N. | R.E. Sec. prcr-l{”%’i.s%g;s;iny(ﬁacie‘;. %?r s;;l;gl\lw(? ]i)yf sgégar o
drumlins.
DANE COUNTY.

Burke station, on Lower Magnesian lime- 8 10| 26, NE. } S.65°-72°W....... S. 30°—40° W.

stone hill southeast of. - . S.108°W.......... :
Cooksville (Dunkirk Township, southwest 5 1 I S.50°+ W......... S. 25° W,

part), on Trenton limestone near.e

JEFFERSON COUNTY.

R. Hooper's quarry, Milford Township, on 7 14 (6, SW.1..... S. 42°-46°W....... S.12°W.

Trenton limestone. . N
Crawfish River, in road cuts near@.......... 7 1416, SW.2..... S.60%W ... ... S. 10°-30° W.
Aztalan Township, in railroad cut on Tren- 7 14 | 20, SW. S.40°44°W....... S. 20°-30° W.

ton limestone. . ) N
Aztalan Township, at quarry nearriver bank 7| 1420,SE.} S.35°-45° W.... ... S. 20°-30° W.

on Trenton limestone. . E
Sumner, in bottom of D. Pierce’s cellar, 1 5 13 [ 18, NE. } S.49°-64° W....... S. 15° W.

mile northwest of, on Trenton limestone.

ROCK COUNTY.

Lima Township......................... 4| 14{8 NE.}..... S.50°W.....oeunet Due south.
Milton, in wells and cellar bottoms neare....| . 4 L S.50°+ W.......... S. 10°-20° W.
Harmony Township, in D. Smith’s cellar .. . 3 13f{1lor2........ S. 110°-117° W..... S. 20°-27° W.

a Buell, I, M., Bowlder trains from the outcrops of the Waterloo quartzite area: Wisconsin Acad. Sci. Trans., vol. 10, p. 494, 1895.
b Idem. *‘On a rock surface uncovered in a roadway section across the end of a well-marked drumlin whose axis lies almost upon the -

meridian line.”
SOURCES OF ERRATICS.

DERIVATION FROM THE WATERLOO DISTRICT.

If the quartzite erratics which resemble the
rock of the Waterloo ledges really were de-
rived therefrom, they may possibly have been
transported by an earlier southward-moving
glacier whose invasion of the area is not other-
wise indicated. . ‘

Chamberlin has suggested transportation of
the quartzites southward from the ledges by
drainage along the border of the westward-
moving Illinoian ice sheet in or on floating
masses of ice. This might perhaps have oc-
curred at certain stages during both the ad-
vance and the retreat of the ice front, many
of the pebbles and the bowlders brought first
being incorporated in the drift and those
brought as the ice melted being left on its
surface. It has occurred to the writer that,
as the Waterloo quartzite ledges were prob-
ably surrounded in preglacial time by con-
siderable valleys (Pl. II, in pocket, and
p. 116) tributary to the Rock River valley,
pebbles and bowlders from the disintegrating

conglomerate or frost-riven angular fragments
might readily have found their way by gravi-
tative action or wash down the sides of the
ledges to the streams. Thence, especially if
frozen in ice, they might have been moved
down the valley season by season and might
eventually have reached points as far south
as any at which these erratics have been
noted. A time when Rock River was flooded
by waters escaping as the front of the Illi-
noian ice sheet approached the ledges and the
valley from the east would be particularly
favorable to such glacionatant transportation.
Some of the quartzite erratics thus strewn
along the valley might become incorporated
in the advancing Illinoian ice and be scattered
thence westward over the area, some even
reaching the limit of the advance.

It is to such a westward-moving glacial
advance as this that Buell! has referred
the quartzite pebbles and bowlders scattered
sparsely westward from the ledges to the ter-
minal moraine, within the limits of the later

1 Wisconsin Acad. Sci. Trans., vol. 10, pp. 500-504, pl. 16, 1895,
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advance of the Green Bay Glacier of the
Wisconsin stage.

One objection to accounting for the pres-
ence of quartzites in the pre-Wisconsin drift
outside the terminal moraines by stream or
combined stream and glacial action is that
it does not explain the.presence of a small
amount of quartzite of the same type on the
uplands east of the Rock River valley. It is
not apparent how such pebble-bearing waters
from the vicinity of the Waterloo ledges could
get into preglacial Troy Valley on the east
side of the uplands. A large part of the
" quartzites in the pre-Wlsconsm drift, of which
hundreds of chips have been collected from
the different tracts and examined with a

hand glass by the writer, do not resemble any

quartzite exposed in the Waterloo ledges, so
that much of it must have come either from
unexposed ledges in that vicinity or from some
other source.

DERIVATION FROM LEDGES NORTH OF LAKE
HURON.

Chamberlin has suggested that the quartzite
erratics outside the moraines may have come
from ledges north of Lake Huron. Although
no attempt has been made to identify the
numerous varieties of igneous and metamorphic
rock comprising most of the pebbles and
bowlders scattered over the surface of the pre-
Wisconsin drift in such a manner as to be able to
trace them to their source, a few erratics are of
such striking character as to attract attention.
Among- these are bowlders of red quartz por-
phyry, of red porphyry without quartz pheno-
crysts, and of pale-purple quartzless porphyry.
These, especially the bowlders of red quartz
porphyry, are most numerous about Sharon,
Wis., but they have also been noted at numer-
ous other places. Other erratics are pebbles
of blood-red jasper and pieces of conglomerate
of white sandstone or quartzite matrix carrying
pebbles of bright-red jasper.

Still other interesting erratics are the nuggets
of native float copper. Many of these have
been collected within the later terminal mo-
raines, and some have been reported from the
older drift outside the moraines. In a paper
published in 1885 Salisbury ! mentions the find-
ing of a bowlder of copper of 40 or 50 pounds

1 8alisbury, R. D., Notes on the dispersion of drift copper: Wisconsin
Acad. Sci. Trans., vol. 6, p. 46, 1885.
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weight in Walworth County, Wis., near the
State line. This was reported by Whittle-
sey, ? but as the exact location is not given
it is not known whether it came from east or
west of the limit of the later drift. Salisbury
states also that Chamberlin has records of
about 30 specimens from Walworth County,
but he does not say whether these were from
the earlier or the later drift. He also cites
Chamberlin as authority for the statement that
a specimen of 114 pounds weight, which was
found at Newark, Rock County, Wis., on the
older drift, had attached to it fragments of
Keweenawan rock. He cites James Shaw?® as
reporting drift copper from the area of the older
drift in Stephenson, Winnebago, Boone, Ogle,
and Lee counties, Il

Retracing in a general northeasterly direc-
tion the probable path of the Labradorean
ice which traversed the tracts under discussion
in southern Wisconsin and northern Illinois,
it is found that rock such as comprises these
particular erratics occurs in the pre-Cambrian
formations of Ontario north of Lake Huron
and along the east shore of Lake Superior and
on Michipicoten and some other islands. In
his report on the geology of Canada published
in 1863 Sir W. E. Logan * describes and maps
in this region several belts of white, gray, and
light to red quartzite, and also white quartzite
carrying bright-red jasper pebbles.

In a paper on the secondary enlargements of
mineral fragments in certain rocks,® Irving
and Van Hise describe the microscopic char-
acters of specimens of quartzite from the
typical Huronian region north of Lake Huron.
One of these is a purple vitreous quartzite;
others are gray, white, and red. Logan
states ® that in the Huronian country there is
scarcely any considerable area wholly desti-
tute of cupriferous veins. Most areas, it is
true, do not carry native copper, but its

-oceurrence is reported from several places.

Testifying before the Royal Commission on the
Mineral Résources of Ontario, E. B. Borrom?

2 Smithsonian Contr. Knowledge, vol. 15, p. 11, 1867.

8 Tllinois Geol. Survey, vol. 5, 1873.

4 Logan, W. E., Canada Geol. Survey Rept Progress, pp. 57-61,
1863. Map of Hu:oman rocks hetween Rivers Batchehwahnung and
Mississagui, atlas of maps and sections, 1865.

s Irving, R. D., and Van Hise, C. R., On secondary enlargements of
mineral fragments in certain rocks: U. S. Geol. Survey Bull. 8, pp. 23-27,
1884,

6 Logan, W, E., op. cit., p. 60.

7Report of the Royal Commission on the Mineral Resources of

Ontario and measures for their development, p. 98, Toronto, 1890-
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stated that 1,400 pounds of native copper had
been taken out at Point Mamainse (on the
east shore of Lake Superior, near latitude 47°
N.), of which the largest mass weighed 600
pounds. J. S. Williams, testifying concern-
ing the mine on Michipecoten Island, stated *
that native copper ‘‘occurs in masses of 40 to
50 pounds to minute particles of very fine shot
and leaf copper.”” D.W. Butterfield? reported
the occurrence of some native copper at the
Vermilion location in the Sudbury district.

Archibald Blue,® director of the Ontario
Bureau of Mines, reports that copper is found
in various localities on the north shore of Lake
Huron and on the east shore of Lake Superior,
generally as copper pyrites, but sometimes as
native and in sulphurets in amygdaloidal trap,
conglomerate, and sandstones, as at Mamainse
Peninsula and on Michipecoten Island in Lake
Superior and at points along the north shore of

the lake. In his second report Blue * states
that the native copper from Mamainse (on the
east shore of Lake Superior) and other points
north of Lake Superior is precisely like speci-
mens from the famous Michigan copper mine.

E. M. Burwash ® refers to the occurrence on
Michipicoten Island of a red quartz porphyry,
a red quartzless porphyry, and a purplish
quartzless porphyry. No detailed description
of these rocks is given, but the names call to
mind bowlders noted on the pre-Wisconsin and
later drifts in southern Wisconsin.

No reference has been found by the present
writer to the occurrence in Ontario of a bluish-
purplish quartzite, such as is so prominent a
constituent in the Waterloo ledges and such
as composes many of the quartzite bowlders
on the pre-Wisconsin drift. If the quartzites
of the Ontario area vary in color within short
distances as much as does the rock in the
Waterloo region they might include sufficient
purplish rock to yield all the purple erratics
noted and yet be prevailingly of the colors
indicated by Logan throughout their exten-
sive belts of outcrop.

From the citations given above it appears
that many of the quartzite erratics on the

1Idem, p. 103.

2 Idem, p. 105. .

8 Blue, Archibald, Ontario Bur. Mines First Rept., p. 175, Ontario,
1892. :

4 Blue, Archibald, Ontario Bur. Mines Second Rept., p. 192, Ontario,
1893. ’ .
5 The geology of Michipicoten Island: Toronto Univ. Studies, Geol.
ser., No. 3, pp. 22, 23, 29, 39, 40, 1905.
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Illinoian drift may have been derived from
formations in Ontario, and that some may, in
one way or another, have been transported
southward from the ledges at Waterloo, Wis.

If some of the quartzite erratics of the pre-
Wisconsin drift of southern Wisconsin and
northern Illinois were derived from the pre-
Cambrian formations of Ontario one would
expect to find a small amount of such erratics
scattered through the later drift of the Lake
Michigan Glacier and that of the eastern part
of the Green Bay Glacier, where there was no
opportunity for the introduction of quartzite
from the Waterloo ledges. As the ice first
traversing the Ontario ledges would have a good
opportunity of incorporating fragments loos-
ened by preglacial weathering and frost action,
it would be expected that the later ice might
not have so good an opportunity and that
there would be less quartzite in the later drift.
Of 268 analyses made at different places by
sorting and counting pebbles in the drift of
the Lake Michigan Glacier and of that part of
the Green Bay Glacier east of Rock River
(where there was no chance of the incorpora-
tion of Waterloo quartzite), 77 (28 per cent)
contained quartzite pebbles; and the whole
268 samples contained 0.23 per cent of quartz-
ite. The same samples contained 12.4 per
cent of crystalline rock derived from the great
Laurentian areas of Canada. Of 71 similar
analyses of the pre-Wisconsin drift of southern
Wisconsin and northern Illinois, principally
the former, 26 (36 per cent) contained quartz-
ite, and the 71 samples contained 0.56 per
cent. These analyses also contained 10.56
per cent crystallines.

LOCAL SOURCES.

In discussing the relations of the unexposed
pre-Cambrian rocks in the area (pp. 70-71) the
possibility was pointed out that some of the
crystalline bowlders, and particularly some of
the quartzites thought to.be foreign, might
possibly be from local ledges. . It was noted,
however, that the cover of Paleozoic sediments
thickens rapidly eastward and that the proba-
bility of such ledges having been exposed to
glacial abrasion decreases correspondingly.

In a personal communication to C. W. Hayes
in December, 1910, I. M. Buell stated that
careful study of a ledge surface uncovered in a
quarry  near Beloit had revealed fine strise
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bearing due south. He says it is- apparent
from their presence on a surface previously
polished and scored by lines of westward move-
ment that the clay mantle, consisting of about
10 feet of almost pebbleless clay, was moved
bodily over this smooth surface, scoring it with
fine cross lines. However, if there really was
a southward movement of glacial ice over the
Waterloo quartzite ledges into northern Illinois
the present writer is inclined to think it pre-
ceded rather than followed the westward move-
ment of the Illinoian ice sheet.

The general course of the Illinoian ice
reaching southern Wisconsin and northern
Illinois appears probably to have been south-
westerly across the Province of Ontario, the
adjacent eastern part of the Lake Superior
basin, and the northern end of the Huron
basin (if they were then lake basins) across
. the eastern part of the north peninsula of
Michigan, perhaps diagonally along what is
now the Lake Michigan basin, spreading
thence westward across eastern Wisconsin and
northern Illinois to the border of the Driftless
Area. If the ice was moving transversely to
or obliquely across the Green Bay-Lake Winne-
bago valley, it is doubtful if a Green Bay lobe
of the Illinoian ice sheet was developed.

OLDER DRIFT BENEATH DEPOSITS OF THE WIS-
CONSIN STAGE.

DIFFICULTY OF IDENTIFICATION.

At no place in the part of eastern Wisconsin
which was subjected to the vigorous glaciation
of the Wisconsin stage have soils or vegetal
deposits been found between the Wisconsin
glacial deposits and those of an earlier stage
of glaciation. There is also difficulty in dis-
tinguishing the earlier from the later drift
where interglacial deposits are lacking. This
is due to the comparative rarity of natural
or artificial sections of any considerable verti-
cal extent, to the degree to which the earlier
drift was eroded by the Wisconsin ice and
commingled with the later drift, and to the
fact that, as it appears, the glaciers of the
earlier and later advances traversing this area
followed not greatly different paths, so that
there is little difference in the constitution of
the several drift sheets. Very few places are
known to the writer where it seems at all cer-
tain that pre-Wisconsin drift can be identified.
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SURFICIAL EXPOSURES OF OLDER DRIFT.

The best surficial exposures for discrimina-
tion are afforded by the bluff along the shore of
Lake Michigan and the valley slopes of the
lower part of Menominee River at Milwaukee.

BLUFFS OF LAKE MICHIGAN.

In the lower part of the lake bluff section
near Wind Point, Racine County, in the towns
of Lake and Oak Creek, Milwaukee County, and
north of the mouth of Black River, and in the

-slopes of some of its tributary valleys in She-

boygan County, there is exposed at intervals
a very dense reddish to chocolate-brown till
and associated laminated clay which is very
resistant to wave action. . This till is thought
to have been deposited at the Illinoian stage
of glaciation and to be a part of the drift sheet
described above as extending outside the Wis-
consin terminal moraines. v
Where this till occurs along the lake shore,
the lower part of the bluff rises from the water’s
edge with nearly vertical face. So well does
it withstand washing by the waves that pieces
are rounded into balls and buried in the sand
and gravel of the beach. Such clay balls have
been found in several places in the sand and
gravel overlying the dense clay in the lake
bluff section and in the slopes of Menominee
Valley near Milwaukee, whence it appears that
even at the time of the deposition of the over-
lying sand and gravel the clay was very dense
and resistant, probably as the result of partial
cementation. It is possible that it may have
been frozen. At one point in southern Mani-
towoc County, about 5 miles north of Northeim,
this till where exposed in the lake bluff was
indurated to a hard conglomerate. The lami-
nated clay was probably deposited in the
waters of a glacial lake which occupied the
basin as the front 'of the Illinoian glacier
retreated. The deposits are very much con-
torted, probably as the result of having been
overridden by the ice of the Wisconsin inva-
sion. North of Sheboygan the dense reddish
till and contorted clay was not seen overlain
by the blue till of the Wisconsin stage, as in
Milwaukee County. The deposit is, however,
of the same character and shows the same
effects of being overridden by the glacier, sc
that there is little doubt that it is part of the
same sheet. Were the blue till present or
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better exposed throughout the bluff section in
Sheboygan and Manitowoc counties, the same
relation might be observed.

MENOMINEE VALLEY.

Some of the best exposures of stratified beds
are in the Menominee Valley near Milwaukee
at the several brickyards and at Story Bros.

‘stone quarry. At the quarry 50 to 60 feet of

stratified material occurs, including dense, fine-
grained, laminated red and blue clay, sandy
clay, cross-bedded sand, and fine and coarse
gravely, the coarser material occurring princi-
pally in the upper part of the section. At the
time of the writer’s visit there was a fine
exposure of stratified drift on the east side of
the valley southeast of Story’s quarry, near
the corner of Fortieth Street and Park Hill
Avenue. At the bend in the valley and in the

bluff north of the Chicago, Milwaukee & St. |

Paul Railway shops the coarser sand and
gravel is in places cemented into a conglom-
erate, which projects in ledges from the slope.
The stratified deposits are nearly everywhere
overlain by variable thicknesses of buff to
bluish till of the late Wisconsin stage.

SOUTH OF POYNEITE.

Two and one-half miles south of Poynette,
in the SE. } sec. 11, T. 10 N., R. 9 E. (Arling-
ton Township), a cut on the Chicago, Mil-
waukee & St. Paul Railway exposes what may
be an older drift sheet. This exposure is in the
lower side slope of a small valley through
which the railway ascends southward from
the sandstone lowlands to the Lower Magne-
sian uplands of Arlington Prairie. The slope
is coated with brownish clayey loam about 3
feet thick, beneath which, at one point, lies
1 foot of ashen-gray, compact, sandy till hav-
ing an indefinite cleavage as though due to
pressure. This till is leached of any calcare-
ous content which it may have once contained,
and the included basic and some of the acidic
crystalline pebbles and bowlders, as well as
those lying on its surface enveloped in the
brown clay loam, are largely disintegrated.
Beneath it lies 8 to 10 feet of highly calcareous
reddish sandy till, from part of which the over-
lying gray till appears to have been developed
by leaching and weathering. The line between
the two tills is sharp; indeed, where seen, it
appeared so sharp as to suggest that the gray
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upper part was an entirely distinct deposit.
However, later study of the Illinoian drift
beneath the loess in the northern counties of
Illinois disclosed very similar conditions, the
thoroughly weathered material at the top
being markedly different in color, texture, and
composition from the unweathered drift below,
though the change, which took place within
the space of a few inches, was truly a grada-
tion. So similar are the conditions that it
leads to the inference that the deposit near
Poynette is of similarly weathered Illinoian
drift, from whose surface the Wisconsin drift,
if any, was removed prior to the deposition of
the brown loess loam. Another reason for this
inference is that nowhere has a weathered zone
been found between Wisconsin drift and the
brown loam or loess.

OCCURRENCE IN WELLS.

The thickness and character of the drift de-
posits penetrated by many of the wells within
the area of Wisconsin glaciation also make it
probable that much earlier drift is buried
beneath the later deposits. In the following
logs of wells, for instance, it is very probable
that the deposit called ‘‘hardpan’ is pre-
Wisconsin glacial till. It is usually very dense
and hard to drill, in which respect it differs
from the overlying deposits. '

Log of well in SW. 1 sec. 5, T. 16 N., R. 23 E., Mosel Touwn-

. ship, Sheboygan County.
’ Feet
Red till. ... 20-25
Sand and gravel........... ... .. ...l ?
Blueclay. .. ..o ?
Hardpan...... ... . .. .. ...l 6
Niagara dolomite......... ... ... . .. .. ... 39

199

Log of Fred Leucke’s well in SW. } sec. 10, T. 16 N., R.
22 E., Herman Township, Sheboygan County.

Feet.
Redclay..... ...l 15
Blueclay.....oooiiiii 95
Hardpan. . ..o e 12
Gravel... ... ... L. 9
Sand. .. ..o
Gravel. ... ... ol } 2
156
" Partial log of Fond du Lac Water Co.’s well.!
) Fect.
Red Clay .o 40
Blue clay and bowlders..........0 ... .. .. ..., 40-50
Hardpan, locally known as concrete................ 10-15

Limestone.

1 Data from files of Wisconsin Geol. and Nat, Hist. Survey.
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Log of schoolhouse well, Harrisville, Marquette County.

Feet.
Drift. ... 60-70
Sand. ..., ?
Cemented hardpan............................... 3040

Sand and gravel.

The records of many of the wells show beds
of sand and gravel intercalated between beds
of clay or till, suggesting interglacial stages of
water deposition, but it is not possible to make
any very definite classification of the deposits
shown by these records.” One of the most de-
tailed logs of the drift is that furnished by L. C.
Trow, for the well at Yerkes Observatory, near
the west end of Lake Geneva.

Partial log of a well at Yerkes Observatory, Williams Bay,

Wis.

Feet.

Clay . 3
Dry gravel with large stones...................... .. 83
Redelay.......o.o .. 1
Blueclay... ... o .. 13
Redclay.......o...o. . 28
Gravel.. . ... ... .l ... 2
Grayclay. ©.......... ... .................... 10
Sand.......o. ] 10
Finegravel...... ... ... .. ... ... ... ... 2
Gray-colored elay............... .. ... ... ...... 58
Sand...... . 10
Sand and gravel........... ... .. ... ... . ... 15
Sand. ... .. 5
Coarsersand.........ocoooiiiiii i 8
Clay, hardpan....... ... ...... . ... .. ......... 8
Very tough clay, not mixing well with water. ... .... 13
Gray clay, no seepage of water...... ... ... ....... 86
Sand... ... ... 14
Gray clay....oooioiio e 3
Sand... ... ... 8
Sand and finegravel............................... 923
Sand witha littleclay...... ... ... ............... 2
Total thickness of drift........ . ... ... .. ... 405

This series of deposits is susceptible of various
interpretations, of which the following is a
possible though it is by no means certainly the
correct one:

Possible correlation of the deposits in well at Yerkes Observa-
tory.

Clay, 3feet..ccoeeeeaeannnaa...
Glacial morainal gravel, 83 feet. .
Glacial clay till, 54 feet. ........
Waterlaid sand and gravel (interval of glacial reces-

142 £
Glacial clay till (early Wisconsin glaciation)........
Water-laid sand and gravel (interval of deglaciation). 3
Glacial clay, till (Illinoian glaciation)...............
Water-laid sand and gravel (Yarmouth deglaciation).

Feet.

50
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It should be noted that it is by no means
safe to consider deposits of sand and gravel,
even if of considerable thickness, as evidence
of stages of deglaciation. At all times in the
vicinity of the ice front during the stage of
advance, during the minor oscillations of the
edge, and during the progress of the final
wasting of the glacier the waters from the
melting ice were apt to assort and stratify
drift which a slight advance of the ice might
bury in unassorted till.

ANCIENT GRAVELS IN THE ROCK RIVER VALLEY.

That considerable sand and gravel were
deposited in the preglacial valley of Rock
River either prior to the advance of the Illi-
noian ice or in connection with that advance
or at both times appears from certain occur-
rences. About 3 miles northeast of Rock-
ford, in what appears to be a buried portion
of this old valley, E. A. Kuharske’s well pene-
trated 154 feet of sand and gravel beneath 90
feet of till. This deposit may have been
made in front of the advancing Illinoian ice
and have been overridden by the continued
advance and buried beneath the till which
here nearly blocks the valley. At several
places there .are exposed in the valley slopes,
uncovered or overlain by Hlinoian till, gravels
which may belong to this same filling or to
an earlier stage. The occurrence of these
gravels has been previously noted by Buell
and by Leverett.! They are best exposed, so
far as seen by the writer, up to 30 feet or so -
above the Wisconsin outwash terrace in the
lower east slope of the valley between Harlem
and Rockford, where the valley is gradually
narrowing southward to the constriction formed
by the Illinoian drift at Rockford; so that the
gravel appears to be in the line of the old
valley. Insome of the exposures, as at A.John-
son’s, the gravel is mostly loose and clean
but partly stained buff cemented by lime car-
bonate and’overlain by a thin deposit of sand.
In other exposures, as just north of the school-
house, the gravel is overlain by highly cal-
careous Illinoian till and is partly cemented
by brown to purplish-red iron oxide, though
loose and buff below. The pebbles are prin-
cipally of limestone with occasional quartzites
and a small percentage of foreign crystallines,

1 Datafrom L. A. Perkins, driller, Westfield.

1T. 8. Geol. Survey Mon. 38, pp. 109-110, 1899.
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whose presence shows that they are of glacial
origin. One mile to the south, in sec. 18, T. 44
N, R. 2 E. (Guilford Township), similar gravels
are exposed beneath till in the slopes of a
creek valley. One mile southeast of Rockford
the Illinois Central Railroad cut exposes a
ridge of gravel containing masses of dark-red
conglomerate, the whole being overlain by cal-
careous till. The cuts are now so slumped
and overgrown that the exposures are poor,
but Leverett states that he saw them while
fresh and that masses of the conglomerate
were included in the till. From this he con-
cluded that the gravels were older than the
including till, as they were already cemented
when picked up by the glacier and incorporated
in the drift. This drift the writer is inclined
to refer to the Illinoian stage. If this is cor-
rect, the gravel is probably pre-Illinoian.
Similar lime-cemented gravels were observed
in creek valleys tributary to Rock River 2
miles west and 4 miles north of Oregon, IlL
It is not certain, however, that the latter
deposits are to be correlated with those in the
Rock River valley north near Rockford. The
. occurrence of similar gravel conglomerate near

Shopiere has been reported by Buell.

RELATIONS OF THE ILLINOIAN AND WISCONSIN
DRIFT BORDERS IN THE WISCONSIN VALLEY.

GENERAL FEATURES.

North of the town of Verona (T. 6 N., R. 8 E.)
no glacial till has been found outside the
moraine marking the limit of the Green Bay
Glacier of the Wisconsin stage of glaciation,
and no other form of glacial drift than scat-
tered bowlders of doubtful derivation has been

found to show that the early advance of the ice.

had a greater extension than the last advance.
The trend of the drift margin in northern
Green and southern Dane counties is nearly
north-south, making but a low angle with the
course of the moraine of the Green Bay Glacier
from’ this place northward. A moraine rising
above the plain about 2 miles outside the
terminal moraine of the Green Bay Glacier in
southern Portage County, about 19 miles
north of the north boundary of the area under

discussion, is described by Weidman,! who |

considers it much. older than the Wisconsin
stage. It extends northward about 20 miles

1 Weidman, Samuel, Geology of north-central Wisconsin: Wisconsin
Geol. and Nat, Hist. Survey Bull. 16, pp. 456-466, pl. 2, 1907.

GLACIAL DRIFT. 169

in a direction nearly parallel to the margin of
the later drift, beneath which it finally dis-
appears. It is not known that this moraine
(the Arnott moraine of Weidman) was formed
by the same ice sheet as the pre-Wisconsin
drift of southern Wisconsin, but it is not
improbable that such was the case. At any
rate this emergence of an older drift just outside
the Wisconsin moraine seems good ground for
inference that the ice margin in the inter-
mediate points was not far within the limit
reached by the later advance.

'BARABOO DISTRICT.

In a brief discussion of the glacial drift
in his bulletin on the Baraboo iron-bearing.
district * Weidman describes certain deposits
at several points west of the terminal moraine
of the Wisconsin stage which he regarded as
indicating that the pre-Wisconsin ice sheet had
greater westward extension in that region than
did that of the later stage. He refers to the
scattered bowlders, some of considerable size,
occurring at many places on the lower slopes
and within the basin and cites Salisbury and
Atwood’s interpretation ® that these came to
their positions by being floated from the front
of the Green Bay Glacier on bergs or floes of
ice, on the waters of a temporary glacial lake
held in the Baraboo basin by the ice sheet.
Weidman, however, regards the bowlder noted
below as probably not so-deposited. He says:
““On the north slope of the north range in the
NE. } NE. % sec. 36, T. 12 N., R. 4 E., a small
bowlder of gabbro was noted, 6 or 7 inches in
diameter, located about 50 feet above the level
of Narrows Creek immediately adjacent.”

This locality is near the head of the gorge of
Narrows Creek, and though it is perhaps not
probable that floating ice from the glacial front
10 miles to the east swept through the gorge
very often, it is certainly not impossible that it
may have sometimes done so and may have
dropped this bowlder and others that have
escaped observation, for the lake must have
extended through the gorge and far up the
valley beyond. So far as known to the present
writer, none of the scattered bowlders in the

2 Wéidman, Samuel, The Baraboo iron-bearing district of Wisconsin:
Wisconsin Geol. and Nat. Hist. Survey Bull, 13, pp. 18 and 101-102,
1904. :

3 Salisbury, R. D., and Atwood, W. W., The geography of the region
about Devils Lake and the Dalles of the Wisconsin: Wisconsin Geol.
and Nat. Hist. Survey Bull. 5, p. 130, 1900.
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Baraboo basin or in the Wisconsin Valley
north of the quartzite ranges lies above what
is believed to be the surface level of the ex-
tensive glacial lakes held by the glaciers—980
to 1,000 feet above the sea. Whether or not
the Illinoian - glacier extended onto the Bara-
boo Bluffs, as did the Wisconsin ice sheet, in
such a way as to block the Baraboo and Wis-
consin valleys and hold therein glacial lakes
of this -early stage is unknown. If it did, a
part at least of the glacio-natant, glacio-lacus-
trine, and outwash deposits in these valleys
may be of Illinoian age, but, even so, they
were deposited outside the limits of the ice
advance and can not be regarded as evidence
that the earlier ice had a greater westerly ex-
tersion than the later ice. Clay, sand, gravel,
and bowlders reported by Weidman as having
been penetrated by borings to a maximum
depth of 218 feet could have been deposited by
wash and flotation from the ice front at one or
another stage of glaciation, for they are not
known to include unmodified glacial till. The
“kettle’’ or depression cited as ‘‘developed in
coarse drift on the south slope of the sand-
stone hill about one-half mile southwest of
North Freedom, in the SE. } SE. } sec. 3,”” can
hardly be called a ““typical” glacial kettle, for
outcropping ledges of sandstone are exposed in
the west and north sides of the hole and sand-
stone blocks lie on the othersides. The present
writer observed no ‘‘coarse drift”’ other than a
few crystalline bowlders in the depression and
on the adjacent slope. It seems more likely
that the depression is a sink hole of some sort.

Weidman also states that there is ‘‘coarse

drift outside as well as within the valley be-

tween the quartzite ranges, as instanced by an
abundance of cgarse drift forming hills south
of the south range, north of Denzer, in sec. 10,
T. 10 N,, R. 5 E.”” Somewhat careful exam-
mation of these deposits by the writer at dif-
ferent times in company with other students,
once in company with Weidman, failed to show
the presence of any foreign material mingled
with the sand, pebbles, and bowlders. The
main deposit is a flat-topped ridge, 80 to 100
feet in height and about a mile in length, ex-
tending southward from the foot of the quartz-
ite bluff at the west side of a broad ravine or
amphitheater which indents the south slope of
the south range. The deposit probably origi-
nally extended clear across the mouth of this
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ravine but has been partly removed by the
deepening of the valley through the eastern
part ofit. The material exposed in a few places
is partly gravel and partly a heterogeneous
mixture of coarse and fine material that looks
much like glacial drift, but the pebbles and
bowlders are of quartzite and sandstone,
largely well rounded, and of less well-worn
pieces of chert, such as are abundant in the
Lower Magnesian limestone and as occur plen-
tifully scattered as loose fragments over the
quartzite range to the north. A road cut at
the south end of the ridge shows this material
overlying partly disintegrated sandstone. Con-
glomerate of waterworn quartzite pebbles in a
sandstone matrix occurs on the slopes of the
quartzite range immediately to the north.
The deposit may well be an ancient alluvial
fan formed by deposition of the material de-
rived from the opening out of the broad ravine
or amphitheater at whose debouchure it
stands. It certainly can not be regarded as
glacial drift. It was formed during an earlier
cycle of erosion and is now being removed by
the continued excavation of the valley. Simi-
lar but smaller deposits have been observed in
the lower parts of other ravines cutting the
south range. Weidman regards the large an-
gular bowlders of diorite occurring in the valley
beside this ridge as of local origin and thinks
them associated with a buried ledge encoun-
tered in drilling wells at the adjacent houses.
The various phenomena cited by Weidman
from the Baraboo region can not be regarded
as evidence that the Illinoian ice sheet ex-
tended farther west than the Wisconsin, In
fact there is no conclusive evidence known to
the writer that the Illinoian ice sheet extended
far enough over the Baraboo quartzite ranges
to obstruct the drainage of the upper Wiscon-
sin and Baraboo valleys through the Lower
Narrows and Devils Lake Gorge, even if it pre-
vented flow about the east end of the range.
There is no evidence that these gorges had been
obstructed by pre-Illinoian drift deposits and,
unless the Illinoian ice front reached one or
both of them, the rivers must have continued
in their preglacial course. (See pp. 105-107.)

.WISCONSIN VALLEY.

Certain evidences of age in the gravels of the
terrace bordering the terminal moraine of the
Green Bay Glacier in the towns of Sumpter
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4. MOUTH OF WISCONSIN RIVER VIEWED FROM TOP OF BLUFFS ON MISSISSIPPI RIVER,
SHOWING DRIFT-COVERED ROCK TERRACE NORTH OF BRIDGEPORT, WIS.

From Gen. G. K. Warren's Report, 1876.

B. LATER WISCONSIN GLACIAL MORAINAL TILL OVERLYING STRATIFIED SAND, SOUTH SIDE
OF WISCONSIN RIVER 2 MILES ABOVE PRAIRIE DU SAC, WIS.



PRE-WISCONSIN

" and Prairie du Sac, Sauk County, and the
relations of the two terraces to the several val-
leys in the towns of Mazomanie, Roxbury,
Berry, Black Earth, and Cross Plains, Dane
County, indicate that a part of the outwash
deposits in these townships may be somewhat
older than the late Wisconsin advance of the
Green Bay Glacier. Very careful considera-
tion of these evidences and comparison with
the results of studies on the Illinoian drift,
the outwash plains, and the Wisconsin terminal
moraines farther southeast, however, have con-
vinced the writer that he is not warranted in
referring the deposition of the Prairie du Sac
and Mazomanie outwash gravels to waters
issuing from a glacier older than the early
Wisconsin substage. (See also pp. 190-193.)

PRE-WISCONSIN GRAVELS IN THE LOWER
WISCONSIN VALLEY.

In several places along the Wisconsin Valley
between the outer moraine of the Green Bay
Glacier and the Mississippi lie remnants of
glacial gravels, some, at least, of which may
have been deposited by drainage from the Illi-
noian ice front. These were examined in part
by Leverett in 1907 and again by the writer in
1909 but have received no thorough study
such as would determine all their relations.

The most easterly point beyond the moraine
at which these gravels were encountered is in
the town of Eagle, Tps. 8 and 9 N, R. 1 W.
North of the river at Muscoda an undulating
tract about a mile in width, considerably dis-
sected and mantled with loess, lies between
the main bluffs and the river. Its general ele-
vation is 730 to 750 feet above sea level, or
40 to 60 feet above the sandy plain west of
Muscoda on the south side of the river. Its
appearance is that of an old eroded terrace,
later mantled with loess. It extends two-
thirds of the way across the town of Richwood
(Tps.8 and 9 N., R.2 W.), beyond which it has
been removed by erosion. Beneath the loess
"on this tract the writer observed at several
places pebbles of sandstone, chert, quartzite,
vein quartz, and crystalline rock but none of
limestone. The pebbles ranged from a fraction
of an inch to 10 inches in diameter. Similar
pebbles were noted on a lower sandy terrace 690
t0 700 feet above sea level, which extends west-
ward from Port Andrew. On the south side of
the river the mouths of tributary valleys are
partly blocked with accumulations of loess,
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beneath which in a few places there appear
remnants of an old gravel terrace. The gravel,
which was slightly exposed about 13 and 2 miles
west of Blue River, consists of crystalline, chert,
and quartzite pebbles but no limestone.

At Peter Flynn’s place, 3 miles southwest of
Blue River, a well at the bottom of the front
slope of the terrace remnant is said to have en-
countered small, rounded gravel at a depth of
11 feet and bedrock at 30 or 40 feet. The
writer was unable to ascertain whether or not
the bulk of the material composing the terrace
on which the buildings stand was gravel. The
elevation is about 700 feet above the sea. Most
of the village of Boscobel stands on the lower
terrace, which constituted the main valley plain.
The southern part is on a terrace some 20 to 30
feet or more higher. The writer had no oppor-
tunity to examine the gravels of the upper ter-
race so as to ascertain if they were sufficiently
old to have had their limestone pebbles removed
by solution. If the pebbles are mostly lime-
stone like those of the upper terrace at Mazo-
manie it is doubtful if they can be regarded as
older than early Wisconsin. If, however, only
the less readily soluble pebbles remain the
gravels may be of Illinoian age or even older.
Leverett * found gravel well exposed northwest
of Wauzeka in terraces up to 740 feet above sea
level—nearly 100 feet above the railway sta-
tion. He states that it contains numerour
stones 4 to 8 inches in diameter and notes one
14-inch granite bowlder. It contains green-
stone, quartzite, jasper conglomerate, - and
granite as well as hard sandstone and quartz
pebbles. Two terraces extend:about 2 miles
west of Wauzeka, where they are cut off by an
old channel of the river which lies close to the
base of the bluffs. In the southwestern part
of T. 7N., R. 5 W. (Wauzeka Township), there
is a well-developed terrace in the lower part of
Grand Gray Creek, through which the present
Wisconsin has cut a channel. This terrace
stands about 25 feet above the creek, or about
710 feet above sea level. Its material, so far as
exposed to view, is stratified sand. '

Just west of Grand Gray Creek the Wisconsin
swings to the south side of the valley, leaving
between it and the main line of bluffs on the
north aspace of nearly a mile, which for almost. 6
miles is occupied by a very much eroded terrace
having a maximum elevation of about 840 feet.
(See Pls. X1V, B, p. 108, XIX, 4, and fig. 5 (e),

1 Personal communication,
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p. 108.) Limestoneis exposed in the bluff along
the railroad toa maximum height of 50 to 60 feet
above the roadbed and is also found in wells
at about the same elevation (680 feet above
sea level), or 80 feet above Wisconsin and
Mississippi rivers. Thus, extending more than
halfway across the Wisconsin Valley is a lime-
stone terrace on which, as shown by wells, lies
60 to 100 feet of unconsolidated material, de-
scribed as hard red gravel and blue clay, be-
neath a coating of buff calcareous loess 1 to 15
feet thick. Old weathered drift is exposed at
intervals in the roads; and in one place, about
one-fourth mile north of the schoolhouse (which
is about a mile northwest of Bridgeport), &
road cut exposes on one side 5 feet of buff
loess and on the other 4 feet of brown, ¢om-
pact, gritty, residual drift. This drift is
thoroughly leached of its soluble constituents,
the pebbles being dense crystallines, quartzites,
and cherts. It is like the thoroughly rotted
residual layer found at the top of the Illinoian
drift in the region of Rockford, Ill. Here,
however, no unweathered drift was seen at any
point. George Ward informed the writer that
his well in the north part of sec. 9 penetrated
a bed of this hard red gravel overlying sticky
blue clay. At one point on the crest west of
the schoolhouse, 800 feet above sea level, a
bowlder of reddish quartzite, measuring 1 by 2
by 3 feet, lies on the surface. There is here,
therefore, a deposit of glacial drift of consid-
erable age extending up to a level about 800
feet or more above the sea, or 30 to 100 feet
higher than the old gravels noted farther up
the river. Moreover, the quartzite bowlder is
too large to have been swept down the river
from the Illinoian ice front in the Baraboo
region unless it was borne by floating ice.
Besides the evidence of age furnished by the
weathered condition of the drift, the terrace
was greatly dissected by erosion prior to the
deposition of the loess.

It may be that this deposit has no relation
to the Illinoian ice front in western Dane
County. Possibly it was deposited by an ice
front crossing the Mississippi Valley from the
west and thrusting itself into the lower part of
the Wisconsin Valley. If such was the case
the drift on the Bridgeport terrace is probably
of Kansan or pre-Kansan age. Were it not
for evidence at other places, which has been
regarded as conclusive, that the Mississippi
gorge reached its maximum depth prior to the

QUATEIiNARY GEOLOGY OF SOUTHEASTERN WISCONSIN,

first incursion of the ice, one might be led to
infer that this drift was deposited when the
rock shelf which underlies it was the bottom
of Wisconsin Valley and that the inner gorge
and the bottom of the Mississippi gorge in this
region had been excavated since the deposition
of this early drift. If such really is the case,
the drift probably belongs to the earliest of the
ice invasions. A part of the old gravels farther
up the Wisconsin Valley may be correlated
with this, and a part may represent a filling by
outwash from the Illinoian ice sheet. When
the Illinoian ice at its maximum extension
crossed the Mississippi farther south and in-
vaded eastern Towa a section of the Mississippi
is believed * to have been temporarily displaced
and to have flowed around the west front of the
ice sheet. It is Leverett’s present opinion 2
that the waters were then ponded to a height
of 720 feet in the district north of the Wapsipin-
icon Valley and discharged past Durant, Iowa,
to the Cedar, which also was greatly ponded.
Thence from the junction of Cedar and Iowa
rivers at Columbus Junction it discharged
through a sag leading southwestward to Skunk
River. From a tributary of Skunk River near
Salem, Iowa, it discharged southward to the
present line near Fort Madison. During the
temporary occupancy of this channel by the
Mississippi there must have been slack waters
in the upper Mississippi and Wisconsin valleys
up to the 720-foot level, or, if relative levels
were the same then as now, well up into eastern
Iowa County and western Dane County, Wis.
This condition would facilitate the silting up of
the Wisconsin Valley but would- not favor the
sweeping of coarse gravels far down the valley.
Indeed, those which occur above the 720-foot
level in this lower course seem likely to be pre-
Illinoian. With the reopening of the Missis-
sippi gorge the water level would be lowered
and a higher gradient developed which might
have resulted in sand and gravel deposition on
some of the lower terraces near the mouth of
the Wisconsin. Just what part of the filling
of the Wisconsin Valley should be referred to
outwash from the Illinoian glacial front in
western Dane and Sauk counties can not be
stated. Neither has the amount of reexcava-
tion of the valley by the river after the melting
away of the Illinoian glacier been determined.

1 Leverett, Frank, U. S. Geol. Survey Mon. 38, pp. 89-97, 1899.
2 Personal communication.
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CraprEr VII.—PHENOMENA CHARACTERIZING THE INTERVAL BETWEEN THE
ILLINOIAN AND WISCONSIN STAGES OF GLACTIATION.

IOWAN DRIFT.

The Towa Geological Survey has interpreted
certain deposits in northeastern Towa as evi-
dence of an invasion of that area by the Kee-
watin Glacier at a time intermediate between
the Illinoian and the Wisconsin stages of
glaciation and has given to these deposits the
name Jowan! drift. This invasion is believed
to have been separated from the preceding
Illinoian stage of glaciation by the Sangamon
interglacial stage and from the following Wis-
consin stage by the Peorian interglacial stage.

CORRELATIVES IN SOUTHERN WISCONSIN AND
NORTHERN ILLINOIS.

There appears to be no good evidence that
there was a corresponding invasion of the
Labradorean Glacier into southern Wisconsin
and northern Illinois. The interval between
the melting of the Illinoian ice sheet and the
incursion of the glaciers”of the Wisconsin
stage—that is, between the beginning of the
Sangamon stage of deglaciation and the close
of the Peorian interglacial stage as described
by Leverett>—was represented in this area by
the superficial modification of the -Illinoian
'drift by weathering and erosion, by the depo-
sition of the overlying loess and loamy clay,
by the formation of alluvial and lacustrine
deposits, and by the growth and accumulation
of vegetal material.

The character and amount of modification of
the drift by weathering, which involves the
development of the Sangamon soil, have already
been discussed at considerable length. (See
pp. 136-160.) Reference has also been made to
the laminated lake clays associated with drift,
probably of Illinoian age, in the bluff along
the shore of Lake Michigan. (See pp. 166-167.)
A part, at least, of the sand and gravel inter-
calated between successive deposits of glacial

1 Calvin, Samuel, Present phase of the Pleistocene problem in Iowa
Geol. Soc. America Bull., vol. 20, pp. 143-148, 1909; The Iowan drift:
Jour. Geology, vol. 19, pp. 577-602,1911. Alden, W. C., and Leighton,
M. M., The Iowan drift, a review of the evidences of the Towan stage
of glaciation: Towa Geol. Survey, vol. 26 (in press).

8 Leverett, Frank, U. 8. Geol. Survey Mon. 38, pp. 125-190, 1899.

till, such as was penetrated by the Yerkes
Observatory well (p. 168), may be the result of
stream work during this interval when the land
was freed from ice.

DRAINAGE DEVELOPMENT.

Attention has been directed (pp. 136-160) to
the development of the reestablished drainage
systems on the Illinoian drift in southern Wis-
consin and northern Illinois, for the most part
along preglacial courses, and also to certain
places where streams were diverted from the
ancient courses and forced to erode new chan-
nels in drift and rock. The most notable of
these diversions® was that of Rock River.
See pp. 113-114.)

On the withdrawal of the Illinoian ice front
to the east side of the old Rock River valley
(fig. 7, p. 153) north of the mouth of Kiskwau-
kee River (in southern Winnebago County, I1L.),
the waters ponded by the ice, which still occu-
pied the valley farther south,found outlet and
escaped southwestward to the Mississippi along
several valleys and across the intervening cols
in the course now followed by Rock River. The
post-Illinoian stream was thus compelled to
cut gorges in limestone and sandstone at several
places between the point where the river
leaves the old valley and Sterling. The
ancient valley south of the Kishwaukee was
thus abandoned and not reexcavated, so that
erosive work north of this point was consid-
erably retarded. It is not known to the writer
to what depth the gorges were cut nor to what
extent the valley to the north was reexca-
vated at that time, but it does not seem prob-
able that it was cut down to depths greatly
below that of the present stream.

The location of Rock River and the other
streams during this interval of deglaciation
within the limits reached by the next succeed-
ing ice incursion and the amount of erosion
accomplished there before the advance of the
Wisconsin glaciers can not now be stated.

8 Idem, pp. 483-492.
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That most of the development of the drain-
age systems on the surface of the older drift
was accomplished prior to the Wisconsin stage
of glaciation is probable from the fact that the
work of the streams established on the surface
of the later drift is generally very much less
than that noted on the drift outside the ter-
minal moraines. It is also clear from direct
observation that part of the weathering and
erosion of the Illinoian drift took place prior
to the deposition of the loess and loamy clay
which mantles its surface.

INTERGLACIAL DEPOSITS.
LOAMY CLAY, SANDY LOAM, AND LOESS.

Character and deposition.—A coating of buff,
brown, or grayish loamy clay overlies the
weathered and eroded surface of the Illinoian
drift outside the Wisconsin terminal moraines,
whence it extends westward over the residual
clay and chert on the slopes and crests of the
Driftless Area south of Wisconsin River and
northward over the Baraboo quartzite range
and onto the ridges north of Reedsburg. Lo-
cally it grades into typical loess. In Owen
and Burritt townships, Winnebago County,
I1l., north and northwest of Rockford, a patchy
deposit of typical loess 1 to 8 feet thick extends
southward to the line of the Chicago & North-
western Railway west of Rockford, beyond
which the loess is practically continuous.
Here it is generally 2 to 5 feet and in places 10
to 15 feet thick.

The loess is loose and loamy in texture and
buff to brownish in color. Only where the
thickness is greater than 5 or 6 feet is the lower
part calcareous. In such places its lower part
is apt to be grayish and to show indefinite
banding and, in some places in the valleys, to
include interstratified beds of sand.

At the top of the east slope-of the Pecatonica
Valley, just north of Martintown, Wis., in sec.
32, Cadiz Township, a road cut gives the fol-
lowing exposure of one of the thickest parts of
this deposit:

Section of loamy clay near Martintown. Feet

Brown loamy clay, noncalcareous, somewhat sandy. 5- 7
Fine banded sandy clay and clagey sands, with
lenses of bluish clay, highly calcareous below 6 to
7 feet from the surface of the ground..............
Stony till in road at the bottom.

The upper part of this deposﬂ; looks very
much like typical loess.
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About 2 miles west of Evansville, in the SE. 1
sec. 30, T. 4 N., R. 10 E. (Union Township)
an excavation beside the road exposed 6 feet
of clean buff to light-gray dustlike loess.
This shows no lamination and no pebbles and
is calcareous below a depth of 3 feet from the
surface. . The average of 60 measurements of
thickness of the loess and clay loam, mostly in
Rock and Green counties, Wis., is nearly 5
feet.

The typical loess seems to grade directly
into the brown loamy clay which is much
more widespread in the area under discussion.
It appears to the writer to be one and the same
deposit and it is believed to be principally a
deposit of wind-blown dust. The brown clay
corresponds to the upper weathered part of the
loess and is thought to be a deposit, of loess so
thin that it has been modified throughout by
leaching and oxidation and the action of the
humic acids, becoming in consequence less
porous and dustlike than in the thicker por-
tions. The clay is generally not more than 1
or 2 feet thick, though thicker in places, and
although almost wholly noncalcareous is
quite distinct from the sticky brownish to red-
dish residual clay which coats the weathered
surface of the limestone in the Driftless Area
and at many places within the limits of the
drift. It is also distinct from the weathered
and unweathered portions of the till.

In some places as east of Rock River, in
Illinois, the clay is gray and rather dense, re-
semblmg the fine rock flour of the matrix of
the underlying till, but is without pebbles.
No fossils have been observed in either the
loess or the loamy clay, but both are shown by
their relations to the weathered and unweath-
ered till and to the topography of the drift
surface to have been deposited long after the
Illinoian till sheet was laid down, the length of
the interval being shown by the weathering of
the underlying drift and the amount of its
erosion. Where the drift is unaltered or little
altered it is clear, not that there was no interval
but rather that the weathered till was washed
away before the loess and loamy clay were de-
posited.

A similar deposit (see pp. 341- 345) mantles
the surface of the later drift more or less gener-
ally as brown loamy clay but in places as typical
loess. There was thus a similar deposit made
after the melting of the glaciers of the Wiscon-
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sin stage. It is quite possible that some at
least of the loess and loamy clay on the pre-
Wisconsin drift and in that part of the Drift-
less Area within the district under discussion
was deposited at the same time—that is, after
the incursion of the Wisconsin glaciers, and
that the interval between its deposition and
the melting of the Illinoian ice sheet embraces
not only the time from the beginning of the
Sangamon stage of deglaciation to the close of
the Peorian interglacial stage, but also the
early and later Wisconsin substages of glacia-
tion. Certainly the superficial alteration of the
Ilinoian drift by weathering and erosion ap-
pears sufficient to represent so long an interval
when compared with the alteration of the sur-
face of the Wisconsin drift. The deposit of
loamy clay seems to grade into the loess, and
the latter has the same characteristics as
the main body of loess bordering the Missis-
sippi Valley and is more or less continuous
therewith. In central Illinois, east of Peoria,
a deposit of loess overlying the Illinoian till
and a Sangamon peat bed have been found
underneath Wisconsin till.! So also in Iowa
loess regarded as of the same age has been ob-
served by the present writer and others under-
lying Wisconsin drift.?

Certain leading geologists are of the opinion
that the deposition of at least part of the loess
was closely associated with the presence of
glacier ice. A recent statement by Chamber-
lin 2 is in part as follows:

I am therefore of the rather firm opinion that a certain
portion of the loess is to be interpreted as strictly con-
temporaneous with the presence of the ice and so de-
pendent upon it for its distribution, mode of accumulation,
etc., and that the older conceptions in this regard will be
fully justified when all the facts are brought into the
reckoning. :

The late Samuel Calvin was of the opinion *
that though there were deposits of loess of
different ages ‘‘there is one loess that stands in
intimate and close relation to the Iowan drift.”
In his last published paper he wrote:

The earlier view was that the loess was deposited at

the time of maximum development of the Towan glacia-
tion, when the Iowan area was still covered with ice.

1 Leverett, Frank, U, S. Geol. Survey Mon. 38, pp. 128-129, pl. 11,
1899. .

1 Calvin, Samuel, Present phase of the Pleistocene problem in Iowa:
Geol. Soc. America Bull,, vol. 20, p. 149, 1909. Alden, W. C., and
Leighton, M. M., op. cit. '

8 Personal communication, June 28, 1913,

4 Calvin, Samuel, The Iowan drift: Jour. Geology, vol. 19, pp. 599-602,
1911.
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The only modification of that view at the present time is
that loess deposition took place after the Iowan ice had
retreated to a greater or less extent after an interglacial
interval had actually begun.

Study of fossils found in many places in the
loess has led Shimek ® to the belief that much
of the loess was deposited under conditions not
differing greatly from those of Recent time.’
In some places, indeed, deposits of loess are
now being made of dust whipped up from the
river bottoms by the wind and carried thence
on to the neighboring uplands. . '

No exposures seen in the part of Wisconsin
under discussion or in the adjacent part of
northern Illinois show the loamy clay or loess
passing beneath the Wisconsin drift, so that
here the evidences of its age are not decisive.
It is quite possible that more than one deposit
of loess is present, but no sections showing
two loess deposits separated by a soil or weath-
ered zone have been observed.

Analyses of loess and loamy clay.—At the re-
quest of the writer, J. A. Bonsteel, of the U. S.
Department of Agriculture, had mechanical
analyses made of samples of loess and loess
loam with the results tabulated below. Anal-
ysis 1 is of typical loess taken by the writer
from 5 feet below the surface on a slope about
100. feet above Wisconsin River, a few miles
above its mouth, in Bridgeport Township (T.
6 N., R. 6 W.), Crawford County, Wis. Anal-
ysis 2 is a composite of samples of loess
loam from the following localities: 24 miles
northwest of Denzer, Sauk County, Wis., in
sec. 8, T.10 N., R. 5 E.; sec. 30, Dellona Town-
ship, Sauk County, Wis., above the level of the
glacial lake; 1 mile southeast of North Freedom,
Sauk County, Wis., sec. 12, T. 11 N., R. 5 E.,
above the level of the glacial lake; 54 miles
northwest of Lyndon, Juneau County, Wis.,
sec. 22, T. 14 N, R. 4 E. (Seven Mile Creek
Township), above the level of the glacial lake.
Analysis 3, mserted here for comparison, is
of a sample of typical loess from 5 feet below
the surface, overlying buff Wisconsin till in a
railway cut in sec. 28, T. 11 N, R. 12 E.
(Fountain Prairie Township), Columbia County,
Wis. Analysis 4, also inserted for compari-
son, is of a sample of laminated clay de-
posited in a glacial lake in sec. 6, T. 12 N,
R. 6 E. (Delton Township), Sauk County, Wis.

s Shimek, B., The genesis of loess, a problem in plant ecology: ITowa
Acad. Sci. Proc., vol. 15, pp. 57-75, 1908; The loess of the paha and
river ridge: Idem, p. 124,
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Mechanical analyses of loam and loess loam.

. - | Fi 7 Silt, 0.05 to
Fine | Conrso| JU5 | Ging | Ying | 0.005mm. | cay,
Locality. Description. o1 |1 100’5 |5and,0.5 0.25 to sand,0.1 0.005t0
“1t00.25) 0.1 t0 0.05 . 0 mm.
mm. § MM nme | mm. | mm. |Coarse.| Fine.
’ Perct. | Perct. | Perct. | Perct. | Perct. | Perct. | Perct. | Perct.
1. Bridgeport Township, Crawford | Loess.................... 0.0 00| 0.7]19.6|50.0 |14.8 | 14.7
County. i
o Driftless Atea. . omoom .. Composite of loess loams..|. .1| .1| .1 1.7|18.2|47.1|16.0| 16.4
3. Sec. 28, Fountain Prairie Town- | Loess. ................... .0 .0 .2 LO| 5.1/62.6|18.9| 12.2
ship, Columbia County. ) )
4, Sec. 6, Delton Township, Sauk | Glaciclacustrine clay.. ... .0 .1 0 4| 3.1113.9 355 46.9
County.

Comparison of these analyses shows that
the samples of loess loam from that part of the
Driftless Area within the district under dis-
cussion and from the loess near Mississippi
River to the west are very similar in their con-
tent of fine material. Sixty-three to nearly 65
per cent is silt with particles 0.05 to 0.005
millimeter in diameter, and 14 to 16 per cent
is ‘finer. The glacio-lacustrine clay is much
finer, having 49.4 per cent of the fineness of
silt and 46.9 per cent of finer clay with particles
0.005 millimeter or less in diameter. -

LACUSTRINE AND ALLUVIAL DEPOSITS.

There are probably considerable deposits of
alluvial and lacustrine silts underlying the
broad flats which border Pecatonica River,
Skinner Creek, Sugar, and - Little Sugar rivers,
much of them having probably been deposited
while the glacier was present in the area.
Scarcely any exposure, however, which showed
their character, was noted, and it is not known
to what depths they extend. The soil of the
bottom land is usually sandy loam or marsh
deposits. The thickness of the drift in the
ridge blocking the Pecatonica Valley indicates
that the filling in the vallcy to the north must
be at least 120 feet deep, and the depth of
drift penetrated by certain wells in the Sugar
River basin indicates the presence of fully as
much there. In the valleys of the smaller
tributaries leading from the uplands one would
expect to find evidence of erosion rather than
deposition, yet there are certain deposits even
here. Sections afforded by creek banks show
in most, places a deposit of black alluvium from
a few inches to 10 feet thick (average, about 4
feet), underlain by 1 foot to 10 feet of nearly
stoneless clay (average, 4} feet). This clay is
generally bluish, laminated, and noncalcareous.

In a few places it is oxidized buff to brownish
or reddish either throughout or in streaks and
spots, and in some places its lower part is
slightly calcareous. At the base there is gen-
erally a layer of angular chert fragments with
a small intermixture of drift pebbles overlying
either an uneven surface of till or the bedrock.

The following is one interpretation of the
succession: After the disappearance of the ice,
erosion began to strip the crests and upper
slopes of the finer drift material and to reex-
cavate the partly filled valleys. The coarser
parts of this wash were deposited along the
stream beds as a layer of chert and gravel, and
the fine calcareous silts were carried to the
main valleys. Following this came the deposi-
tion, of the loamy clay or loess, which mantles
both the drift and driftless surfaces throughout
the region. In the valleys the loess was
largely rehandled and to it was added wash
from the loamy clay on the higher slopes,
giving a bed of partly laminated clay. The
retention of the unoxidized bluish tint in the
valley bottoms, while the color of the clay on
the slopes and uplands was changed to buff or
'brownish, is probably due to the clay being kept
moist along the watercourses. The deposit of
black alluvium represents a still later stage,
being the wash from the slopes since vegetation
gained a foothold on the surface of the clay and
developed a black loamy soil, and especially
since the region became settled and cultivated
by white men. . The amount of black soil
washed down from the plowed fields at present
by heavy rains is very large; frequently it is
concentrated below the lower side of the
sloping field to thicknesses of 4 to 6 inches,
as a result of a single torrential downpour.
Much of the best soil is thus stripped from the
fields to be deposited along the valley bottom.
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There has been considerable silting in the
valleys tributary to Sugar River as a conse-
quence of their upper parts being occupied by
temporary lakes after the melting of the ice
therefrom, while their lower parts or the
valley of the main stream were still occupied
by the ice. The two valleys heading in Syl-
vester Township (T. 2 N.,, R. 8 W.) were left
blocked by a great accumulation of drift in
Decatur Township, Jordan Creek being forced
to cut. a new outlet through the sandstone rim
of the basin 3 miles northwest of Brodhead.
It is not known how much excavation of these
valleys was accomplished before the Green
Bay Glacier of the Wisconsin stage reached
southwestern Dane and northeastern Green
counties and poured its detritus-bearing waters
into the Sugar River basin, retarding the
further excavation by the western tributaries.
The Little Sugar River valley, especially
between Monticello and Albany, was probably
resilted after the interval of reexcavation as a
consequence of the influx of the Green Bay
glacial waters, though it is not apparent how
much of the outwash sand and gravel was
really backed up into this valley. A marginal
glacial lake in one of the tributary valleys and
possibly for a time a lake occupying the whole
Sugar River basin, must have overflowed
through the col traversed by the Chicago,
Milwaukee & St. Paul Railway between Monroe
and Juda in sec. 9, T. 1 N., R. 8 W. (Jefferson
Township). This outlet has an elevation of
about. 950 feet above sea level, so that the
water would have been ponded well up to the
head of the valley until the lower outlet was
opened over the rim of the basin southward to
the Pecatonica and thence to the Mississippi.
The length of time this outlet was utilized de-
pended on the configuration of the ice front.

VEGETAL REMAINS UNDERLYING WISCONSIN
DRIFT.

With the amelioration of the climate and the
melting away of the Illinoian ice sheet, vege-
tation gained a foothold and spread over the
newly exposed surface of the drift. Deposits
of peat and muck accumulated in the ponds
and marshes and vertebrate and invertebrate
animals took up their habitats in congenial
locations. When at length a renewal of the
conditions of glaciation occurred, so that the
glaciers of the Wisconsin stage spread widely
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over parts of the area which had been pre-
viously glaciated, much of this organic mate-
rial was destroyed. Trees were overthrown,
and some of their trunks .were incorporated in
the new sheet of drift which was being spread
over the surface of the old. In places beds of
peat and muck were buried, and some shells
and bones of animals, which escaped oblitera-
tion, are now encountered in drillings. Numer-
ous discoveries of such organic remains beneath
the later drift have been reported to the writer
and are cited below.

Buried vegetal remains in the area of the Green Bay Glacier.

Marquette County.

Westfield Township (T. 16 N., R. 8 E.), sec. 15, NE. }.
L. A. Perkins reports that in drilling a well for L. Kruger,
at the latter’s place 1} miles southwest of Westfield, he
penetrated 130 feet of blue clay, 50 feet of sand, 20 feet of
clay, and 30 feet of sand to a 15-foot stratum of soft, greasy,
carbonaceous material. Beneath this lay 120 feet of sand,
through which black material is said to have been scat-
tered. ‘‘Granite” was reached at a depth of 365 feet.
Daniel Dewar’s well in the village of Lawrence is also
reported by Mr. Perkins to have penetrated similar black
material.

Montello. Ben Neck states that in drilling a well for
Christ Tagatz on the flat near Fox River logs of wood were
found 20 feet from the surface.

Green Lake County.

Brooklyn Township (T. 16 N., R. 13 E.), sec. 24¢. H.F,
Wilkie says that in drilling the well at his place, 1§ miles
northeast of the east end of Green Lake, a bed of black
vegetal material containing leaves was found beneath 100
feet of clayey till.

Adams County.

New Haven Township (T. 14 N., R. 7E.), sec. 27, NE. },
Charles Martin informed the writer that in drilling the
well at the Big Spring creamery a black lustrous substance
resembling coal was encountered beneath a considerable
thickness of red and blue clay and sand. The question
naturally arises whether coal may not have fallen into the
well at some time when the hole was open, although the
driller seemed positive that the substance was in place.

Sauk County.

Delton Township (T. 13 N, R. 6 E.), sec. 23, NW. }.
N. Wheeler, a driller, of Reedsburg, informed F. T.
Thwaites thatin drilling a well for G. W. Fish, at the above
location on the terminal moraine, he encountered twigs
and branches of trees 260 to 270 feet from the surface.
Mr, Fish informed the writer that a bed of black muck
was found at a depth of 292 feet, or just above the sand-
stone.

Greenfield Township (T. 11 N., R. 7 E.), sec. 12. T. B.
Clarke, driller at Baraboo, Wis., informed Mr. Thwaites
that he drilled at Mr. Wyland’s place to a depth of 234
feet before encountering the underlying sandstone. This
well, if the location is noted correctly, is on the south
range, about 6 miles north of Merrimac, and indicates the
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filling of a preglacial ravine. It is stated that muck and
peat were encountered at 190 feet, above 40 feet or so of
sand and fine gravel, which may or may not be Illinoian
drift.

Dsne County.

Middleton Township (T. 7 N., R. 8 E.), sec. 2, SW. }.
W.J. Schneider, a well driller, states that a well drilled for
John Schraeder on the flat north of Middleton penetrated 1
foot of peat beneath 100 feet of sand and above 125 feet of
clay. Whether the clay is of pre-Wisconsin age or not the
writer is unable to state, but heisinclined to think itisand
that the 100 feet of sand overlying the peat bed represents
deposition during both the advance and recession of the
front of the Wisconsin ice. During the latter stage, at least,
the basin was occupied by a glacial lake held in front of the
retreating margin of the ice.

Middleton. Mr. Schneider also stated that the well at
the post office in Middleton encountered wood at a depth of
92 feet. The well penetrated sand 60 feet, blue clay 73
feet, and sandstone.

Middleton Township (T. 7 N., R. 8 E.), sec. 8, SE. {.
John Luth states that in drilling a well at his place in the
valley about 3 miles west of Middleton 8 to 10 feet of black
material was encountered beneath 80 feet of drift and above
an earlier drift into which the drill penetrated 38 feet.

Madison Township (T. 7 N., R. 9 E.), sec. 16. A well
drilled at L. Post’s house on the small crescentic moraine
was said by W. Haak, driller, to have encountered wood
beneath 240 feet of drift.

Fitchburg Township (T. 6 N., R. 9 E.), sec. 9, SE. }.
0. W. Stromme learned thata well at thisplace penetrated
a 6-foot bed of peat beneath 112 feet of drift and above a
lower bed of drift into which the drill penetrated 43 feet.
This wasin the filling of a preglacial valley blocked by the
moraine at the head of Nine Spring Marsh.

Same, sec. 35. B. D. Riley, a driller.at Oregon, Wis.,
informed the writer that in drilling a well for A. O. Fox
about 1% miles northwest of the village he found marsh
muck with driftwood just above the sandstone, which he
reached at a depth of 135 feet.

Dunkirk Township (T. 5 N., R. 11 E.), sec. 28, NW. .
Mr. Downer’s well is said to have encountered rotten wood
at a depth of 200 feet, beneath 50 feet of clay and sand and
150 feet of blue clay, and above 50 feet of sand and gravel.

Rock County.

Harmony Township (T. 3N, R. 13 E.), se¢. 23, NW. }.
In 1886 L. M. Wilson, of Janesville, informed Frank
Leverett that in drilling a well for I. E. Leake he found
oily, bluish-black clay beneath 40 feet of sand and gravel
and above a considerable thickness of other drift. ~

Same, sec. 15. From the same source it was learned
that the well of Manly Wilcox, near the south border of the
moraine, encountered, underneath 125 feet of drift, 15 feet
of drift with several feet of black muck, including bits of
wood of the size of one’sfinger. This overlay reddish clay.

Johnstown Township (T.3 N., R. 14 E.). Leverett col-
lected the following data concerning buried vegetal
deposits in the vicinity of Johnstown: “Mr. J. A. Fellows
dug a well about 1874 in sec. 21, Johnstown Township, on
the edge of the terminal moraine, at a point about 40 feet
above the outwash terrace. The well penetrated 40 feet of
clay and gravel. At this depth was found a shiny, brown
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substance resembling coal in everything except color. In
this were what looked like blades of grass. Below this
was a bad-smelling, dark-colored material, in which were
knotted roots and bits of wood an inch in diameter and
several inches long. Below the muck gravel extended to
the rock, which was encountered at a depth of 50 feet.
Water from this well was at first so foul that horses would
not drink it.”

In theirarticle on the Driftless Area of the Upper Missis-
gippi Valley Chamberlin and Salisbury ! make the follow-
ing reference to interglacial deposits in this region: ‘‘Be-
neath the overwash gravels that fringe the moraine in the
Rock River valley there are considerable accumulations
of vegetable material. The wells of Johnstown, Rock
County, sunk at various times during the last 30 years,
have frequently penetrated these. The maximum depth
of material charged with vegetal remains is several feet.
The time requisite for the accumulation of this vegetable
matter, while somewhat considerable, wasnot, geologically
speaking, necessarily prolonged. Such deposits have,
however, been regarded as proving distinct difference of

” .
agé. Walworth County.

Richmond Township (T. 3 N., R. 15 E.), sec. 18, NE. 1.
A well drilled on the south slope of the terminal moraine
a mile west of the village of Richmond by Mr. Thorne, of
Whitewater, is reported to have penetrated 2 feet of
black soil just above the limestone and beneath 230 feet of
clay and gravel.

. Jefferson County.

Farmington Township (T.7N., R.15E.). Arecordofa
well drilled at the Stearn place, about 2 miles southeast of
the village of Johnson Creek, shows that a 4-foot bed of
wood and other vegetal material was penetrated at a depth
of 60 feet, and beneath this was nearly 40 feet more of drift.

Waukesha County.

Summit Township (T. 7 N., R. 17 E.), sec. 6, SE. 1.
W. S. Bolson, driller, informed the writer that in drilling
Mr. Smith’s well, about a mile southwest of Oconomowoc,
2 feet of soft, oily, black muck was encountered beneath
60 feet of sand and clay and above 50 feet of blue clay.

Washington County.

Hartford Township (T. 10 N., R. 18 E.), sec. 28, NW. 1.
H. Jurgen’s well, about one-half mile south of Hartford, is
reported to have penetrated 2 feet of black muck beneath
30 feet of sand and gravel and above a considerable thick- -
ness of blue clay and reddish clay. .

Addison Township (T. 11 N., R. 18 E.), sec. 4, NE. }.
G. Hahn’s well drilled at this place penetrated 8 feet of
swamp soil (and the trunk of a tamarack tree) beneath 30
feet of stony clay and above 20 feet of hard clay and 2 feet
of gravel and sand.

Fond du. Lac County.

Eden Township' (T. 14 N., R. 18 E.), sec. 6, NW. .
Black sand and muck were encountered in drilling beneath -
90 feet of till and gravel. ’

Fond du Lac. William Sealey, well driller, of Fond du
Lac, states that in drilling wells on the flat plain in and
about the city he has often encountered black dirt and
wood at depths of 30 to 50 feet.

1T. 8. Geol. Survey Sixth Ann. Rept., p. 264, 1885.
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Buried vegetal remains in the area of the Lake Michigan
Glacier.

Walworth County.

Walworth Township (T. 1 N., R. 16 E.), sec. 7.—About
1} miles southeast of Darien the moraine of the later drift
overlaps the older drift with little or no intervening out-
wash. W. H. Featherstone informed the writer that in
drilling his well at this place 7 or 8 feet of black quicksand
was encountered at a depth of 71 or 72 feet, beneath clay,
reddish gravel, yellow sand, and hard blue clay. Water
from the black sand was said to taste marshy and to smell
disagreeable. .

Lafayette Township (T. 3 N., R. 17 E), sec. 14, NE. .
A well at this place is reported to have encountered a bed
of black muck at a depth of 180 feet.

Bloomfield Township (T. 1 N., R. 18 E.), sec. 36. In
a-letter to the State geologist at Madison, under date of
August 19, 1900, W. J. Miller & Sons, drillers, state that
in drilling a well for Mrs. Fry within a mile east of Genoa
Junction much wood was encountered between the depths
of 98 and 141 feet.

East Troy Township (T. 4 N., R. 18 E.). Otto Hem-
brook, a well driller of Mukwonago, informed the writer
that in drilling 4 well about 3 miles east of East Troy the
following beds were passed through:

Log of a well 8 miles east of East Troy.

Feet.
Glacial Arift. - . ... ittt ererereeeaaa 39
“Fireclay”...... e eteiererenaaa, 2
Soft red “drom ore” ... .. iii i 18
0 R 8
Limestone.

He also stated that about 8 feet of similar “ore” was
found in drilling a well at Honey Creek, about 3 miles
southeast of this well, beneath 60 feet of drift. This soft,
red ‘“iron ore” and associated “fire clay’> may perhaps
represent an interglacial bog deposit.

Kenosha County.

Salem Township (T. 1 N., R. 20 E.). In three wells
13 to 2 miles south of the village of Salem flows of gas were
‘obtained from gravel beneath 50 to 60 feet of solid clay.
The flow was small in amount, but it continued several
years. It may have come from buried organic matter.
In a neighboring well a few inches of what appeared to be
lignite was encountered. Fragments of this burned or
being thrown into the fire.

Milwaukee County.

Greenfield Township (T. 6 N.,R. 21 E.), sec. 21. A well
at the crest of the ridge 3 miles northeast of Hales Corners
is said to have encountered black sand at a depth of 26 feet.

Franklin Township (T. 5 N., R. 21 E.), sec. 1, NE. 1.
In drilling a well at this place, at the depth of 24 feet
black loam and a piece of float copper were encountered.
About 21 feet below was a cemented layer about three-
fourths inch thick, below which was 35 feet of yellow sand.

Oak Creek Township (T. 5 N., R. 22 E.), sec. 12. In
1889 a boring was made on the crest of the bluff east of
South Milwaukee 105 feet above the lake. At a depth of
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114 feet a bed of “dry turf” 6 feet thick was penetrated,
beneath which was clay and sand 7 feet, hardpan 12 feet,

and limestone,
. Waukesha County.

Lisbon Township (T. 8 N., R. 19 E.), sec. 29, SE. }.
Mr. Bennett, driller; informed the writer that in drilling
a well for Mr. Byers about 23 miles north of Pewaukee,
3 feet of black soil and wood was penetrated at a depth of
about 50 feet. Beneath this the drill passed through about
37 feet of drift without reaching rock.

Washington County.

Polk Township (T. 10 N., R. 19 E.), sec. 2, NW. 1.
Michael Gruel informed the writer that in deepening a
well at his place, about 4 miles northeast of Schleisinger-
ville; a bed of black material like peat or muck was en-
countered at about 180 feet. From this bed, which was
said to be in red clay, gas escaped. until shut off by the
casing. The well was drilled to a depth of 237 feet in drift.
Water pumped from the lower hole was said to foam in
the pail and to taste like sulphur and could not be used.

Jackson Township (T. 10 N., R. 20 E.), sec. 6, SW. 1.
August Schadz, who is himself a driller, states that when
he drilled the well at his place, between 4 and 5 miles
south of West Bend, he encountered, below 200 feet of
clay and 50 feet of quicksand, 5 or 6 feet of black peat or
turf and beneath this 110 feet more of sand. The water
from this bed of vegetal material was quite black.

Although it is impossible to prove that all
these vegetal deposits and buried soils were
formed in the interval between the melting of
the Illinoian ice sheet and the advance of the
glaciers of the later stage, yet it seems prob-
able that many do represent this interval of
deglaciation. A few of them may mark pre-
Illinoian deglaciation, and in those instanced
below, in which vegetal deposits were found
beneath red pebbly clay, they may have been.
accumulated in the short interval between the:
melting back of the glaciers of the Wisconsin.
stage and the readvance of the ice which:
brought about the deposition of the red till.
They may, however, mark a pre-Wisconsin
stage of glaciation.

Buried vegetal remains beneath red pebbly till.

Sheboygan County.

Holland Township (T. 13 N., R. 22 E.). George Shaver,
a well driller living near Hingham, reported to the writer
that he had found black muck 2 to 3 feet thick or less
beneath about 60 feet of clay and above sand in several
wells northwest of Cedar Grove. D. Dunn stated that in
drilling his well in NE. % sec. 7, about 2 miles southeast.
of Hingham, black muck and leaves were encountered at.
a depth of about 100 feet. Black muck is also said to have:
been penetrated below 62 feet of red till in a well in

SE. 1 sec. 23.
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CraprEr VIII.—WISCONSIN STAGE OF GLACIATION,

THEORY OF MULTIPLE GLACIAL ADVANCE. -

It is not the intention of the writer to under-
take in this place an exhaustive discussion of
the growth of the theory that the glacial epoch
was not characterized by a single continuous
glacial advance and retreat. However, as
Chamberlin was one of the leaders in the
development of the idea of the multiplicity
of the stages of glaciation and deglaciation
comprising the glacial epoch, and as the
phenomena which he studied in the part of
Wisconsin under discussion had an important
part in bringing about general acceptance of the
doctrine of multiplicity of glacial advances
separated by intervals of deglaciation, atten-
tion is called to a some of his papers indicating
the early development of this idea. In these
changes of opinion the relations of the terminal
moraines recognized as belonging to the latest
drift sheets played a very important part.

In a preface to a paper on the extent and
significance of the Wisconsin terminal moraine,*
which he presented before - the Wisconsin
Academy of Sciences, Arts, and Letters in 1877,
Chamberlin stated that threo years prevmusly
he had presented

some observations and conclusions in reference to a pecu-
liar series of drift hills and ridges in eastern Wisconsin,
known as the Kettle Range, and the views then advanced
afterwards found a place in my report on the geology of
eastern Wisconsin.? Similar observations were subse-
quently made by Prof. Roland D. Irving, of the Wisconsin
Survey, and his conclusmns are in perfect agreement with

-my own.?

In neither case, however was any attempt made to show
the full extent of the formations outside of the districts
reported upon, or to point out its theoretical significance,
the chapters being intended only as contributions to local
geology, made under somewhat severe limitations of space.

Continuing with a description of the great
moraine, its structure, composition, and dis-
tribution, and presenting a map of the moraine,
so far as known in the various States at that

time, he reached the conclusion* that it
was - “formed after the retreat of the glacier
had commenced, and marks a certain stage of
its subsequent history.”

Proceeding further with a consideration of
the glacial movements before the formation of
the moraine, the method of its formation, and
its significance, he says:?

Significance.—As 45 years have passed since Dr. Higch-
cock called attention to some of the phenomena under
consideration, or at least to some distinctly related to it,
and yet the matter has received so little consideration
that our present state of knowledge is limited to such a
degree that I lay myself liable to the charge of undue
temerity in attempting to correlate the observatxons Imay
be pardoned in attempting to indicate, briefly, something
of the significance and importance the foregoing conclu-
sions, if sustained, have in relation to the Quaternary
history of the region involved. The moraine constitutes
a definite historical datum line in the midst of the glacial
epoch and becomes a basis of reference and correlation for
adjacent formations. It is an historical rampart outlining
the great dynamic agency of the period at an important
stage of its activity and separating the formations on either
hand by a chronological barrier. * * *

If the evidence adduced to show that the Kettlemoraine
was due to an advance of the glaciers be trustworthy, then
to the extent of that advance, whether much or little, the
moraine marks a secondary period of glaciation, with an
interval of deglaciation between it and the epoch of ex-
treme advance. Its great extent indicates that whatever
agency caused the advance was very widespread if not
continental in its influence. The moraine, therefore,.
may be worthy of study in its bearings upon the interesting
question of glacial and interglacial periods.

In Volume I of the Geology of Wisconsin (the
last of the set of four volumes prepared under
his direction), which was submitted for pub-
lication in June, 1882, and issued in 1883,
Chamberlin inserted a discussion of the ‘‘second
glacial epoch’” and a note explaining why he
had, in this volume, divided the glacial epoch
in a way not done n the earlier volumes.
He said:

In the descriptive volumes of this report, two distinct
glacial periods are not formally stated, although the fact of

1 Chamberlin, T. C., The extent and significance of the Wisconsin

Kettle moraine: Wisconsin Acad. Sci. Trans., vol. 4, pp. 201-234, 1878,
2 Geology of Wisconsin, vol. 2, pp. 205-215, 1877 (revised edition, 1878).
3 Idem, pp. 608-635.
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.4Idem,p.228and plate. Seealso Chamberlin, T. C.,Le Kettle moraine
et les mouvements glaciaires qui lui ont donné naissance: Cong. géol,
internat., sess. 1878, Compte rendu, pp. 254-268, 1880.

5 Geology of Wisconsin; vol. 2, pp. 231-234, 1877.
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a second advance, with an intervening interval, is indi-
cated. This was due partly to the fact that investigations
were still in progress, which made it injudicious to prejudge
results by broad conclusions in advance of the fullest avail-
able data, and partly to the fact that the existence of two
such periods had not been generally recognized by Ameri-
can geologists, although the doctrine of separate glacial
periods had been entertained by several in this country,
following the lead of the Scotch school. The only Ameri-
can evidence then adduced, aside from theoretical pre-
sumptions, consisted of supposed superpositions of newer
upon older till, separated by supposed interglacial de-
posits—a class of evidence to be received with great
caution, since temporary oscillations, or the shifting of
subglacial streams, may produce strikingly analogous phe-
nomena. Where the section exposed to observation
chances to be parallel to the glacial margin or the course of
a subglacial stream, the phenomena may seem to be much
more prevalent than is really the case. A further and
more important ground of doubt arises from the fact that
certain subaqueous deposits so closely resemble true till
that they have been mistaken for it, and there is perhaps
no case of superposition of beds supposed to represent two
glacial periods that is not still.open to these doubts. Our
present firmness of conviction arises (1) from the discovery
and working out of an extended moraine stretching across
the whole of the glaciated area and belonging to a system
of glacial movements which differ in many important
respects from the éarlier ones; and (2) from the differences
of surface contour due to the greater erosion of the earlier,
ag already indicated. We-believe that this line of evi-
dence, when developed in its fullness, will prove entirely
demonstrative. Only a small part of the results now
gathered fall specifically within our present province as
chronicler of the geological history of Wisconsin, but the
total result is, in some important measure, the outgrowth
of investigations begun in this State.

Plate II, dated 1881, of the atlas accom-
panying the Geology of Wisconsin, distin-
guished the later from the earlier drift; and
Plates IX and X, Volume I, Geology of Wis-
consin, showed the distribution of the several
glacial lobes in Wisconsin and adjacent areas
during the ‘‘first” and ‘‘second” glacial
epochs. In 1883 Chamberlin published® a
preliminary paper ‘‘on the terminal moraine
of the second glacial epoch,” in which were
maps and descriptions showing the extent of
the glacial drift and the distribution of the
great terminal moraine which marked off the
later from the earlier drift, so far as it was
known at that time, Plate XXIX of that
paper shows the moraines in eastern Wisconsin
practically as on Plate III (in pocket) of the
present paper, differing only in minor details.
In the angle of divergence of the moraines of
the Green Bay and Lake Michigan glaciers a
minor lobation is shown, for which the present

1U. S. Geol. Survey Third Ann. Rept., pp. 201-402, 1883.
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writer subsequently 2 proposed the name Dela-
van Lobe. On the south side of this lobe
in eastern Walworth County and western
Kenosha County, near the point where Fox
River (of Illinois) leaves the State, Chamberlin
showed the moraine continuing southward and
curving thence eastward about the head of Lake
Michigan. This morainal belt, which included
approximately what is now known as the
Valparaiso morainic system and which is con-
sidered to mark the limit of the later Wisconsin
ice advance, was then considered to be the
terminal moraine of the ‘‘second glacial
epoch’’ (now known as the Wisconsin stage of
glaciation). Some light lines on the map west
of this moraine represent the position of
morainal ridges regarded as belonging doubt-
fully to this epoch.

Concerning the drift immediately outside the
moraine of the ‘‘second glacial epoch’” in
northern Illinois, Chamberlin said:3

A * * * yemark may be here made concerning a

considerable area in northern Illinois outside the moraine
described in this paper. The freshness of its drift and
the unsculptured contour of its surface bear evidence
of recent origin. Some portions of this area seem clearly
to be of lacustrine and fluviatile origin, at least superfi-
cially, and I have at times supposed that all might be due
to waters marginal to the adjacent glacier, since there is no
conspicuous bordering morainic ridge; but the tendency of
recent evidence, gathered in a special study of this class of
deposits, seems to favor the hypothesis of more extensive
glacial occupancy, even where the evidence of it in obvious
moraines is feeble or wanting. This questionable region is
now under investigation. The dotted lines on the map
indicate some of my working hypotheses.

Later papers by Chamberlin and his asso-
ciates, especially Salisbury and Leverett, show
progressive clearness of classification based
upon field investigations. A paper in the Sixth
Annual Report makes a separation into several
subepochs, three of which are within the last or
Wisconsin stage and based merely upon succes-
sive moraines, Altamont, Gary, and Antelope.
Later studies showed that these divisions are of .
minor importance compared with divisions
based upon superposition of till sheets of widely
different constitution and age. The results of
the investigations in the region bordering the
head of Lake Michigan and neighboring parts
of Illinois and Indiana are summed up in

2 Alden, W. C., The Delavan lobe of the Lake Michigan Glacier of the
Wisconsin stage of glaciation and associated phenomena; U. S. Geol.
Survey Prof. Paper 34, 1904.

3 Idem, p. 331.
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Monograph 38, in which Leverett, working
under the direction of Chamberlin, presented
an outline of the drift sheets and intervals.!
A modification of this outline with some addi-
tions is presented in the present paper. (See
p. 130.)

In this paper Leverett grouped as early
Wisconsin a series of till sheets and associ-
ated moraines lying outside the Valparaiso
morainic system to and including the Shel-
byville morainic system. He considered that
these had been deposited during the first ex-
tension and recession of the glaciers of the
Wisconsin stage and thought that the glacial
lobes, after receding to an unknown distance,
had shifted somewhat and had readvanced to
the moraines grouped by Chamberlin with the
Kettle moraine.

In Illinois these earlier moraines spread out
widely, indicating a considerably greater ex-
tension of the early Wisconsin ice than at the
later readvance.

In northern Illinois, in Kane and McHenry
counties, the moraines are crowded together

into a single continuous belt, showing that the-

extension of the earlier ice was restricted,
and that at the succeeding substages the ice
crowded forward nearly to the same limit.
The Valparaiso morainic system of the later
Wisconsin glacier crowds in with the others,
so as to form the eastern part of the belt.
Extending northward into Wisconsin in a’ re-
entrant angle near Fox River the correlatives
of the Valparaiso recurve sharply and pass
about the head of Lake Geneva to the inter-
lobate angle in the vicinity of Richmond, in
western Walworth County, where they join
the terminal moraine of the Green Bay Glacier.
As shown by Chamberlin in 1876 * and later
described more fully by the present writer,®
these moraines circumscribe a small lobe of the
Lake Michigan Glacier which extended from
the angle of convergence of the fronts of the
Lake Michigan and Green Bay glaciers in
such a way as to override the northward ex-
tension of the earlier Wisconsin moraines in
the vicinity of the State line. Thus the outer
terminal moraines of the Green Bay Glacier
and of the Delavan lobe of the Lake Michigan

1 Leverett, Frank, The Iilinois glacial lobe: U. 8. Geol. Survey Mon.
38, pp. 20-21, 1899,

2 Geology of Wisconsin, vol. 2, pl. 7, 1877.

3 Alden, W. C., The Delavan lobe of the Lake Michigan Glacier of the
Wisconsin stage of glaciation: U. 8. Geol. Survey Prof. Paper 34, 1904.
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Glacier are believed to be the correlatives of

the Valparaiso morainio system of the Lake
Michigan Glacier, and possibly also the Kala-
mazoo morainio system of the later advance
of the Wisconsin stage of glaciation. In the
part of Wisconsin under discussion the later
Wisconsin ice was generally more extensive
than that of the earlier advance, and very
little drift referable to the earlier sheet of the
Wisconsin stage is exposed outside the later
terminal moraines.

Some things, however, suggest that there
was an earlier advance which did not differ
greatly in its extent from the one that formed
the moraines. First, the early Wisconsin
moraines appear to pass beneath the moraines
of the Delavan lobe near the south line of Wal-
worth County and western Kenosha County.
Second; in northwestern Rock County, north-
eastern Green County, and southern Dane
County a moraine which is exposed for about
10 miles outside the terminal moraine of the
Green Bay Glacier and appears to pass be-

'neath it at both ends is thought to have been

formed by an earlier' extension of the Green
Bay lobe. Third, certain relations of the out-
wash gravel terraces in the Wisconsin, Black
Earth, and adjacent valleys (see pp. 191-193)
suggest drainage from an ice front somewhat
earlier than that of the Green Bay Glacier of
the later Wisconsin advance.

EARLY WISCONSIN INVASION.

MARENGO RIDGE AND ASSOCIATED MORAINAL
DEPOSITS.

The distribution of the moraines in Illinois;
indicating the deployment of the ice during
the earlier advances of the Wisconsin glaciers,
isshown on Plate XXIII (p. 208), compiled from
data obtained by Leverett. The successive
drift sheets so overlap in the northern part of
the State that in northern Kane County the
Bloomington and Marseilles morainic systems
connect with a broad morainal tract whose
component parts have not thus far been satis-
factorily differentiated. The outer or western
border of this composite belt is occupied by a
somewhat distinct moraine, called the Marengo
Ridge.

Near the village of Hampshire, in northwest-
ern Kane County, the Marengo Ridge passes
by the eastern end of the outer ridge of the
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Bloomington morainic system in a course nearly
normal to it, and thence northward to the vicin-
ity of Walworth, Wis., a distance of 30 to 35
miles, constitutes the outer moraine of the
early Wisconsin substage.! Leverett states ?
that the correlation of this ridge with the
moraines farther south can scarcely be said to
be settled. Several interpretations are sug-
gested by the phenomena, no one of which he
considers better sustained than the others.

By the first interpretation the Marengo
Ridge is considered the continuation of the
Bloomington system; by the second it is made
later than the outer ridge of the Bloomington
system, which it would thus be considered as
having overridden; by the third the outer
ridge of the Bloomington system is considered
to pass across the Marengo Ridge and to join
the composite belt lying east of that ridge, thus
referring the latter ridge to an earlier stage than
the Bloomington system.

Between the Marengo Ridge on the west and
Fox River on the east the composite belt, 8 to
15 miles in width, is generally morainic. In
this portion also satlsfactory correlations with
the more clearly differentiated moraines in
the districts to the south. have not yet been
established. Concerning these Leverett writes
in part as follows: 3

Two quite distinct intérpretations have been suggested
in the course of the investigation. By the first inter-
pretation this portion of the composite belt is made to be a
continuation of the inner part of the Bloomington morainic
system, which connects with it near Elburn. The very
strongly morainic tract immediately northeast of Elburn
would, in this case, be situated at a sharp bend or reentrant
- anglein the ice margin, and this may account for its greater
ruggedness.

The bulk of the Bloomington system is not greatly dlf-
ferent from that of the composite belt west of Fox River,
and presents no obstacle to this interpretation. The
topography of the composite belt is much sharper in ex-
pression than that of the Bloomington system but changes
of topography have been found to occur in other belts to as
marked a degree. * * ¥

By the second interpretation this portion of the com-
posite belt is thrown into the late Wisconsin series of mo-
raines, and its continuation found in the bowlder belts and
feebly developed morainic tracts lying outside of the Val-
paraiso morainic system in Kane, Kendall, Grundy, and
Kankakee counties. The belts can be traced into a reason-
ably close connection with the southern end of the un-
dulatory belt in southern Kane County. There seems,

1 Leverett, Frank, The Tilinois glacial lobe: U. S. Geol. Survey Mon.
38, p. 290, 1899.

2 Jdem, pp. 295-296.

8Idem, pp. 302-304.

posite belt is established beyond doubt.
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therefore, no formidable gap to bridge in making this
correlation. The greatest obstacle to the interpretation
appears to be found in the abrupt change in bulk which
the moraine presents in the district east of Elburn. - From
this point southward a thickness of only 20 or 25 feet is
presented by this moraine where best developed, while
to the north the thickness averages more than 100 feet.
The expression also is much stronger north than it is south
of this line,

Leverett further suggests a combination of
these interpretations by which the great bulk
of the belt north of Elburn is referred to the
Bloomington morainic system, and the slight
moraine in southeastern Kane County is
ascribed to the later Wisconsin invasion, which
is supposed to have overridden the composite
belt without greatly modifying its character.
The Kaneville esker northwest of Aurora, Ill.,
however, in Leverett’s opinion, throws the
balance of evidence in favor of correlation
with the Bloomington system.

This latter correlation also is more in accord
with the writer’s observations on the relations
of the Genoa and Darien moraines of the
Delavan lobe, which clearly are of later Wis-
consin age, to this composite morainal belt
near the State line. '

Near Elgin, Tll., the combined Marseilles
morainic system and Minooka moraine separate
from the eastern part of this composite belt.
In Kendall County they divide into the com-
ponent moraines, of which the Marseilles
system is referred to the early Wisconsin stage,
and the Minooka moraine provisionally to
the later Wisconsin Glacier. From northern
Kendall County northward the Marseilles
morainic system appears to have been over-
ridden by the later advance.

That the Valparaiso morainic system is
equivalent to the eastern portion of the com-
Lev-
erett states * that it probably should include
all of the composite belt north of Elgin on the
east side of Fox River and possibly also a small
part west of that stream. This also agrees
with the writer’s observations on the Wisconsin
side of the State line.

The relations of the moraines of Wisconsin to
Marengo Ridge and the associated composite
morainal belt may be stated as follows:

Marengo Ridge extends about 1} miles into
Wisconsin south of the head of Lake Geneva
and ends in a long north slope which appears to

4 Idem, pp. 304-305.
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be due to its dropping down into the depression
formed by the confluence of the preglacial
Geneva and Troy valleys. (See Pls. IT and
IIT, in pocket.) :

Where the Darien moraine crosses: this
trough west of Lake Geneva its crest, instead
of being depressed, reaches an elevation higher
than at any point northwestward to Richmond.
North of the Darien moraine a broad ridge
swings about the head of the Geneva basin.
North of Williams Bay and the head of Lake
Como, in the line of the continuation of this
ridge, the Elkhorn moraine reaches the highest
elevation in this part of the State—1,140 feet
above sea level—though farther north this
moraine is a very inconsiderable topographic
feature.-

From these facts it appears very probable
that Marengo Ridge in descending into Troy
Valley was deflected slightly toward the west.
It dammed Geneva Valley near the site of the
village of Walworth and thence swung toward
the northeast, ascended the east slope of Troy
Valley, and surmounted the Niagara dolomite.

This ridge so largely filled Troy Valley near
Walworth that when the Darien moraine was
deposited. across the drift-filled valley its crest
was not depressed but was higher than to the
northwest. The elevation north of Williams
Bay is well accounted for by supposing that the
Elkhorn moraine here crosses Marengo Ridge
as the latter ascends the preglacial slope.

The Genoa, Darien, and Elkhorn moraines
lie in curves transverse to the trend of Marengo
Ridge and of the whole composite morainal
belt of McHenry County, Ill.; and if the
writer’s interpretations are correct, the north-
ward extensions of these earlier morainal de-
posits were overridden by the Delavan lobe of

the later Wisconsin Glacier, which formed the’
| bowlders of quartzite resembling that of the

transverse moraines.

The Marengo Ridge just south of the State
line is a bulky deposit of drift. Several wells
on this were reported to the writer as penetrat-
ing 300 feet or more of drift. If the northward
continuation of this was of equal bulk and is
included in-the filling of the preglacial Troy
Valley it is not strange that this valley is so
nearly obliterated by the deposits of drift.
There is no good evidence as to where the west
front of the Lake Michigan Glacier of this
stage joined the south front of the Green Bay
Glacier. It may have been within the limit
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of the later moraines or it may have been in
the tract now covered by the outwash gravel
terrace bordering these later moraines.  In the
southeastern part of the town of Johnstown are
certain phenomena which have raised, in the
mind of the writer, the question whethér the
Green Bay Glacier may not have extended
somewhat farther south than the terminal
moraine. In the SW. % sec. 26, T. 3 N., R.
14 E. (Johnstown Township), about a mile
south of the terminal moraine, an abrupt
gravel hill or kame about 20 feet high rises
above the surrounding flat outwash plain.
The fact that about 70 per cent of its pebbles
are from the Galena dolomite and Trenton
limestone as compared with 11 per cent from
the Niagara dolomite suggests that it is drift of
the Green Bay Glacier deposited prior to the
surrounding outwash gravels. Near the east
end are some large crystalline bowlders, and in
sec. 25 are numerous small sags. In the W. }
sec. 30, T.3 N, R. 15 E. (Richmond Township),
a large depression contains gravel knolls in its
bottom. The- conditions suggest an earlier
morainal deposit not wholly obliterated by the
later outwash gravels.

BROOKLYN MORAINE.

Chamberlin called the attention of the writer
to a moraine which for 10 or 12 miles lies out-
side the terminal moraine of the Green Bay
Glacier in adjacent parts of Rock, Green, and
Dane counties, and suggested that it might
possibly be the correlative of early Wisconsin
deposits in southern Walworth County and in
northern Ilinois. This moraine was mapped
and described by I. M. Buell,! by whom it was
referred to deposition during a glacial episode
next preceding that at which the Johnstown
moraine was formed. It carries numerous

Waterloo ledges, but it lies somewhat south-
west of the line from the Waterloo ledges fol-
lowed by the later ice, so that Buell referred
it to a southwestward-moving ice sheet preced-
ing the last deployment of the Green Bay
Glacier. To this same southwestward advance
he referred the morainal deposits west of Rock
River in Rock County, Wis., and the south-
westerly trending drumlins east of Rock River -
in Rock and Walworth counties,, Wis., and

1 Buell, I. M., Bowlder trains from the outcrops of the Waterloo quartz-
ite area, pp. 492-496, 1895. . :
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Boone County, Ill. This moraine was also
mapped, though not described, in a previous
publication by the present writer.!

This moraine, which for convenience of refer-
ence may be designated the Brooklyn moraine,
appears to emerge from beneath the Johns-
town terminal moraine of the Green Bay
Glacier about 2 miles northwest of Evansville,
in northwestern Rock County. It extends
thence northwestward through the northeast
corner of Green County in the town of Brook-
lyn (T. 4 N, R. 9 E.), into the town of Oregon
in southern Dane County, a distance of 10 or 12
miles, where it again disappears beneath or
merges with the terminal moraine of the Green
Bay Glacier. This moraine is distinct from
the Johnstown moraine, being separated from
it throughout most of its length by a terrace

underlain by outwash sand and gravel, varying.

in width from a few rods to 2 miles.

Where the Brooklyn moraine first appears
in northwestern Union Township it is cut off
from the front of the Johnstown moraine by a
sharp little valley eroded by Allen Creek in
draining the area to the northwest between the
two moraines. The Brooklyn moraine ex-
tends thence northwest up the east slope of the
rock ridge which formed the divide between
the Sugar River basin and the tributaries of
the preglacial Yahara River. It broadens
from a few rods to 1% miles, with a relief vary-
ing from 15 to 40 feet. Reaching the crest of
the rock ridge in sec. 11, Brooklyn Township,
it follows this closely, changing its direction
from northwest to north, until it crosses the
south line of Dane County. At some places
its margin lies exactly on the crest of the rock
ridge, at others a few rods northeast of that
crest. Where it lies to the northeast, as it
does in the SE. % sec. 10, Brooklyn Township,
it blocked the drainage to the northeast and led
to the cutting by the discharge from the ice
front of a sharp ravine through the limestone
crest, by which the waters escaped to the
Sugar River basin. At this particular place
the edge of the moraine has an abrupt relief of
15 to 20 feet.
ice crossed the ridge crest and gradually de-
scended into one of the valleys of the Sugar
River basin, where it becomes more discon-
nected, having been cut through by the waters

! The Delavan lobe of the Lake Michigan Glacier: U. S. Geol. Survey
Prof. Paper 34, pl. 15, 1904,

In southern Dane County the |
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escaping from the Green Bay ice front as it
stood at the Johnstown moraine, and is backed
by outwash terraces which lead into these out-
lets. Insecs.7and8,T.5N., R. 9 E. (Oregon
Township); the Brooklyn moraine merges with
or passes beneath the Johnstown moraine and
is thenceforth indistinguishable therefrom.

Although the relief of the Brooklyn moraine
1s nowhere very strong and indéed is generally
very insignificant its surface configuration is
distinctly different from the erosion topography
of the thinly covered rock ridge which. it
crosses. From the crest of the divide in
northeastern Brooklyn Township, where the
rock surface is but thinly covered with a clay
soll set with angular fragments of chert and
scattered crystalline pebbles, one sees on the
one hand a mature erosion topography, but
little less strongly marked than that of the
Driftless Area, and on the other hand the dis-
tinctly marked margin of the moraine with
perhaps 20 feet of immediate relief and a sur-
face scarcely touched by erosion and marked
by gentle sags and swells, with occasional knolls
and sharper kettles. In preglacial times the
relief on both sides of this rock ridge was 300
to 400 feet, now it is 240 to 280 feet on the
west and only 100 to 150 feet on the east.
The present-difference is due to the difference
in the thickness of the drift.

Crystalline bowlders are much more a.bun-
dant on this moraine than beyond its margin.
Conspicuous among these are many bowlders
of red quartz porphyry, some of them of large
size. There are also scattered pebbles and
bowlders of quartzite which appear to have
been derived from the ledges of the Waterloo
area.

The thickness of drift in this moraine on
the rock ridge, as shown by wells, ranges from
15 to 20 feet. On either side of the rock ridge
in the preglacial valleys thicknesses of 50 to 150
feet are found. From the positions of several
rock exposures and the records of 19 wells the
thickness of the drift in this belt is estimated
ab 45 to 50 feet.

As has been indicated the surface of the
Brooklyn moraine is almost untouched by
erosion. The effects of weathering, the amount
of oxidation, and the depths of leaching of the
carbonates from the drift are about the same
as'in the Johnstown moraine to the east, so that
there seems to be little evidence of any con- -
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siderable interval between the deposition of
the two moraines, though they are quite dis-
tinct. It does not seem probable that the
Brooklyn moraine is a branch of the Johnstown
moraine formed at the limit of the last advance
of the Green Bay Glacier, and that after its
formation the ice front was melted back 4
miles to the present front of the Johnstown
moraine. The'front of the Johnstown moraine
is direct, continuous, and strongly marked,
evidently a unit throughout. Though it may
not be provable it is the opinion of the writer
that the Brooklyn moraine belongs to a drift
sheet which elsewhere in this part of Wisconsin
was overridden and buried beneath the deposits
of the late Wisconsin glacier. It seems prob-
able that the Brooklyn moraine, as suggested
by Chamberlin, is to be correlated with the
moraines of the early Wisconsin glaciers in
Illinois. The deployment of the moraines in
Illinois seems to indicate that the general trend
of the axes of the early Wisconsin glaciers was
more southwesterly than those of the later Wis-
consin ice sheets. (See P1. XXIII, p. 208.) The
Brooklyn moraine lies S. 35°-40° W. from the
quartzite ledges of the Waterloo district, and
the last ice to cross the ledges moved about
S. 15°-20° W., so that the quartzite pebbles
and bowlders from these ledges must have been
transported to the Brooklyn moraine by a
glacier which moved in a more southwesterly
direction than the last Green Bay Glacier.

As an alternative explanation, held rather
lightly, it is suggested that the quartzite drift
found here may have been first carried west-
ward from the ledges by the Illinoian glacier,
and later brought southwestward to the Brook-
lyn- moraine by a movement but little dis-
cordant in direction with that of the ice of the
Green Bay Glacier, which formed the adjacent
part of the Johnstown moraine. '

A third interpretation, regarded by the
writer as poorly sustained, groups the Brooklyn

moraine with the scattered morainal depos1ts ’

farther south between Rock and Sugar rivers
as the marginal deposits formed at one stage
in the recession of the front of the Illinoian
ice sheet. This corresponds with the correla-
tion proposed by Buell except that the present
writer regards the morainal deposits west of
Rock River as formed at one stage in’ the re-
cession of the front of the Illinoian ice sheet,
while Buell regarded them as marking the limit
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of advance of a distinct ice sheet, to which he
also referred the drumlins east of Rock River.

Although the south front of the Brooklyn
‘moraine is clearly and in places strongly de-
fined, running obliquely toward the front of
the Johnstown moraine and there disappearing,
yet a mile or so farther south, in the area west
of Evansville, there is a heavy deposit of drift
lying on the east slope of the same ridge, which
in one place shows a distinct margin near the
[top of the slope and which strikingly differs
both in relief and configuration from the
strongly marked erosional topography thinly
coated with drift on the west. Here also, at
Arthur Spencer’s quarry, in sec. 31, T. 4 N,
R. 10 E. (Union Township), a sharp ravine
cuts through the limestone crest as a result of
blocking of drainage and westward discharge
from the ice front at this margin similar to
that noted at the margin of the Brooklyn
moraine. The thickness of the drift deposit on
this east slope of the rock ridge as shown by
wells ranges from a feather edge to 175 feet.
South of the valley of Allen Creek, however, in
Magnolia and the towns to the south, there is
the difficulty of distinguishing between the
drift deposits to the east and west which has
already been noted.

On the whole, the very slight erosion of the
surface of this moraine, the freshness of its
component drift, its distinctness, and its
apparent emergence from and disappearance
beneath the Johnstown moraine seem to favor
correlation with Wisconsin rather than Illi-
nolan moraines.

At no point north of southern Dane County,
within the area under discussion, has early
Wisconsin glacial drift been identified as
emerging outside the later (Johnstown) termi-
nal moraine of the Green Bay Glacier.

OUTWASH DEPOSITS.

DEPOSITS IN THE ROCK RIVER BASIN.

ROCK RIVER VALLEY.

The steep west front of Marengo Ridge is
bordered by a flat plain, known as Big Foot
Prairie, which is underlain by outwash gravels
in the southern part of T. 1 N., R. 16 E.
(Walworth Township), Wis., and extends
thence southward through western McHenry
County, IIl. (See fig. 7, p. 153.) In Marengo
this connects” with the plain in Kishwaukee
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River valley, which extends westward across
Boone County, Ill., to the point where the
two branches of Kishwaukee River unite in
the eastern part of Cherry Valley Township,
Winnebago County, Ill., at the head of the
post-Illinoian gorge. North of the State line
in Walworth Township this plain or terrace
rises gradually northward to the front of the
Darien moraine of the Delavan lobe of the later
Wisconsin substage, as though the gravels
were deposited by streams escaping from the
ice front as it stood at that moraine. = Doubt-
less at least the uppermost gravels were so
deposited, but it also seems probable that a
part, perhaps the greater part, of the glacio-
fluvial drift beneath this plain southward to
and in the Kishwaukee Valley was deposited at
the time the Marengo Ridge was being formed.

In the valley of Rock River south of the
terminal moraine of the Green Bay Glacier and
in the Turtle Creek valley west of the. terminal
moraine of the Delavan lobe, there are great
deposits of sand and gravel made by waters
flowing from glacial fronts, but there is no way
of determining what part of the filling is to be
referred to each stage.

In discussing ancient gravel deposits of the
Rock River valley (pp. 168-169) it was pointed
out that about 3 miles northeast of Rockford,
in what appears to be a buried portion of the
ancient valley of Rock River, a well has pene-
trated 154 feet of sand and gravel beneath 90
feet of till. This waterlaid material was
evidently deposited either prior to, or in
immediate connection with, the advance of the
Illinoian ice sheet, and there may also have
been much similar filling in the valley farther
north. There is no evidence that much reex-
cavation of Rock River valley was accom-
plished in the interval following the melting of
the Illinoian ice sheet. The indications are that
the valley in the vicinity of Rockford con-
tinued blocked with this earlier sand and gravel
overlain by Illinoian till. Kents Creek, which
originally flowed directly eastward through a
broad valley to join Rock River north of Rock-
ford, now turns abruptly, leaves its old valley,
and flows southward through a narrow valley
which is so cut across a salient of the limestone
upland in the western part of Rockford as to
isolate a limestone hill in the north part of the
city. The erosion of this rock gorge followed
the melting of the Illinoian ice and was probably
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due to Rock River having been diverted
through a col in the limestone ridge after the
main valley had been blocked by the ridge of
Illinoian drift, on which the east part of the
city now stands. This would very naturally
result if the till ridge which now constricts the
valley at this point were continuous across to
the point of the limestone ridge with a suffi-
ciently high crest, which it probably had after
the melting of the Illinoian ice, although
erosion later lowered it sufficiently to permit
Rock River to flow in its present course and
abandon the rock gorge in the west part of the
city to Kents Creek. The erosion of the drift
dam which finally diverted Rock River to its
present course, in post-Wisconsin time, was -
probably accomplished partly by the river
swinging about in a sharp bend to enter the
rock gorge and partly by slope wash and gul-
lying. In this way the drift dam was suffi-
ciently lowered to cause the stream, flowing on
the additional filling received by outwash from
the Wisconsin glaciers, to overtop it and begin
the excavation of the present channel through
the city. ,

The point of importance in the present con-
nection is that there is evidence that the
ancient valley of Rock River was not reexca-
vated after the melting of the Illinoian ice in
the vicinity of Rockford, and that under these
conditions it is doubtful if much of the filling
was removed from that part of the wvalley
between Rockford and the terminal moraine
north of Janesville prior to the advance of the
early Wisconsin ice sheets.

It is not known to what depth the rock
gorges below the point where the present
stream leaves its preglacial valley, 5 miles
south of Rockford, were excavated; but the
conditions in’ the vicinity of Rockford favor
the idea that the valley to the south was not
reexcavated much, if any, below its present
depth. The reexcavation north of Rockford
may not have reached the present depth of the
inner valléy. This also gives some check on
the amount of erosion accomplished in Kish-
waukee Valley and beneath Big Féot Prairie
during the post-Illinoian interval. A great
deposit of sand and gravel fills the preglacial
valley of Rock River between the point where
Kishwaukee River enters this old valley near
New Milford and the point where Rock River
leaves the ancient valley on the opposite side.
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One excellent 30-foot section seen by the writer |

near the bridge over Killbuck Creek exposed
stratified sand and gravel with a 5-foot. bed of
glacial till in the lower part. The presence of
this bed of glacial till would seem to indicate
that not more than the overlying 15 to 20 feet
or so of stratified material had been deposited
since glacier ice occupied the valley—that is,
since Illinoian time. ' '

As Pecatonica River joins the Rock River
valley above Rockford and as Sugar River is
a tributary of the Pecatonica there is presump-
tive evidence that none of these valleys were
reexcavated to any considerable extent during
the post-Illinoian interval and that, therefore,
no great part of the valley filling is to be
referred to the glaciers of the Wisconsin stage.

This is in consonance with the evidence in Sugar-

River and tributary valleys.
VALLEYS TRIBUTARY TO ROCK RIVER.

- The continuance uneroded of the 120-foot
filling of Illinoian drift in the tributary valley
southwest of Dayton with so slight an outlet in
the soft sandstone rim by the stream draining
the basin above appears to be conclusive evi-
dence that the Sugar River valley has not been
reexcavated since the Illinoian stage. The
stream here, which drains a basin of nearly
9 square miles, has not yet cut down to the
level of Sugar River a mile away, and the filling
above is almost wholly undissected, a con-
dition which it is unlikely would be found had
the main stream cleared out its valley at any
time. Several other diverted streams draining
basins not much if any larger on the older drift
have cut deeper gorges in the limestone. Those
other streams, however, had not filling high
enough below the drift dams to interfere with
their downcutting.

Another rock gorge that resulted from
diversion of drainage on the disappearance of
the Illinoian ice and that is particularly sig-
nificant in the matter of the filling and reexca-
vation of the Sugar River valley is that in
sec. 17, T. 4 N., R. 9 E. (Brooklyn Township),
'3 miles north of Attica. At this place a small
stream comes down from the upland on which
lies the Brooklyn moraine. At the head of the
valley, which is of preglacial origin and was
never wholly filled by Illinoian drift, are two
small Pleistocene rock gorges cut in the ridge
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crest where the Brooklyn moraine lies a little
east of the divide in such position that the
glacial waters were forced to cross the divide
to escape to the southwestward. Thus it

'seems quite clear that at this place not only

the ordinary drainage since the disappearance
of the Tllinoian ice sheet, but also glacial
waters from an ice frontage of nearly 2 miles

‘during the time the Brooklyn moraine was

being deposited and ordinary drainage since
the disappearance of the ice sheet, have di§-
charged down the valley to Sugar River. In
the S. 4 sec. 17, Brooklyn Township, a drift
ridge blocks the outlet of this valley and the
present stream draining the basin above flows
through a narrow gorge in St. Peter sandstone.
South of the dam it flows out upon the filling
of the main valley, which is here 2 miles in
width. This gorge has clearly never been cut
deeper and refilled. As in the case cited above,
it seems impossible that this gorge could have
continued so small and shallow in friable sand-
stone if the main valley immediately to the
south had ever had its filling removed.
Jordan Creek is another stream whose valley
is of like import. It drains a basin of about
20 square miles in adjacent parts of Decatur
and Sylvester townships, Green County. In
preglacial time it was a broad valley tribu-
tary to Sugar River near Brodhead with a
width of 24 miles between the crests of the
ridges forming the rim on either side. The
valley was partly filled with drift during the.
Illinoian stage of glaciation and the broad
outlet west of Brodhead is blocked by a ridge
of drift in which wells have penetrated to
depths ranging from 25 to 168 feet before
reaching rock. One well 175 feet deep in-the .
deepest part of the ancient valley did not
reach the bottom. The present stream drains
the basin through a narrow rock gorge or sharp
ravine 100 feet in depth which cuts through
the sandstone rim, at a point where the over-
lying cap of Trenton limestone has been re-
moved, and cuts 5 or 10 feet into the Lower
Magnesian limestone at the edge of the present
flood plain of Sugar River. This gorge also
has unquestionably never been deeper than it
is at present, whence it seems improbable
that Sugar River has flowed at any consider-
ably lower level since the Illinoian ice disap-
peared. The drift plain of Jordan Creek basin
is almost entirely unmodified by erosion, the
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surface, except the upper slopes at the head of
the basin, being as slightly gullied as that of the
later Wisconsin drift sheet. The relations at
the outlets of the other tributary valleys are
not such as throw any light on the question.
Wells in the northeastern part of Decatur
Township are said to penetrate blue clay, prob-
ably till, to depths of 40 to 164 feet, along what
appears to have been the main channel in the
ancient valley. This at least seems to be a
part of the Illinoian filling. The present flood

plain, however, southward to within 3 miles of

the State line, is bordered on the east by a flat
sandy terrace about 10 feet above the stream,
like that found farther north. The eroded
margin of this terrace exposes stratified sand
gravel with some not very coarse gravel in
beds dipping southward.

The following partial log of the artesian well
at Brodhead, preserved by William Roantree
and Dr. R. Broughton, shows in detail the
character of the filling of the ancient valley at
this place:

Partial log of artesian well at Brodhead, Wis.

Sandysoil........... e 2
Yellowsand..... ... 50
Yellowsand and gravel.............o....oool... 48
Blueclayandsand...... ... il 12
Blacksandyloam... ... ... .. ... ..ol 4
Very fine hard yellow clay.......................... 2
Yellow clay and quicksand......................... 12
Yellow clay, blue gravel, and coarse red sand........ 6

Total thickness of drift. . . ... ............... 136

Beneath the drift was rock apparently be-
longing to the lower part of the St. Peter sand-
stone or the upper part of the Lower Magnesian
limestone. A

From this record there appear to have been
two stages of filling in the ancient valleys, the
lower 24 feet representing the first stage and
. the soil developed on its surface. Samples of

the drillings penetrated above 148 feet were
not seen by the writer and he can not certify
that this first (24-foot) filling was really glacial
drift. It seems doubtful if this is all that
can be referred to the Illinoian stage of glaci-
ation, and so far as is yet known there was no
earlier glacial invasion of this region. It may
inrealitybe a pre-Illinoian fluviatile deposit,and
the overlying 112 feet of sand, gravel, and blue
_clay may represent the work of glacial drainage
during the advance and retreat of the Illinoian
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ice sheet. It seems rather strange, however,
if the valley has riot been reexcavated in post-
Illinoian time, that the section should contain
no representative of the heavy clay till found
west of this valley. »

The well at the schoolhouse in sec. 29, T. 1
N., R. 10 E. (Avon Township), is said to have
penetrated 175 feet of clay without reaching
rock, and one in the NW. % sec. 30 passed through
128 feet of solid blue clay before reaching sand-
stone. It is hardly probable that outwash
would furnish such a thickness of solid clay at
this place. It seems moro likely that it is the
Tllinoian drift.

If the amount of refilling in the Sugar River
valley is to be divided between the drainage of
the earlier and the later Wisconsin glaciers there
is thus a very moderate amount to be referred
to each. '

If the post-Illinoian Rock River, while cut-
ting the rock gorge in the western part of the
city of Rockford, Ill., meandered through the
old valley above that point and removed the
filling down to a gradient similar to that of
Wisconsin River between Portage and the
Mississippi (an average fall of 1% feet per mile),
the valley plain north of Janesville when in-
vaded by the early Wisconsin ice sheet must
have had an elevation of about 150 feet below
the present plain or approximately that of the
present stream.

If this is what occurred the deposits made by
waters flowing from the early Wisconsin ice
fronts may constitute a large part of the sands
and gravels lying above this erosion level and
underlying the great gravel plains which border
the later moraines. In none of the exposures
has there been noted anything indicating a
distinction between the earlier and later de-
posits. The amount of erosion of the outwash
deposits which has been accomplished in some
places has sometimes raised the question in the
mind of the writer whether most of the depo-
sition of the outwash sand and gravel in the
area under discussion was not accomplished
in connection with the early Wisconsin inva-
sion and whether the work of the waters from
the later Wisconsin glacier was not confined
principally to erosion of the earlier-formed
deposits.

Evidences of the amount of this erosion are
to be seen in the valley of Turtle Creek bor-
dering the Darien moraine of the Delavan lobe;
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in the small valley extending southwestward
through the southeastern part of T. 3 N., R. 13
E. (Harmony Township), to Rock River at
Janesville and other similar valleys; and in the
low elevation of the gravel plain in Marsh Creek
valley west of Rock River in the town of Janes-
ville, as compared with that to the east.

The relations of the gravel terrace to the
broad marsh-bottomed tract through which
Allen Creek flows for about 2 miles south of
Evansville, on the west side of the creek, are
such as to suggest deposition of the gravels
by early Wisconsin waters and erosion by the
drainage from the late Wisconsin ice front.
Between 2 and 4 miles northwest of Evansville
a gravel terrace, locally known as Jug Prairie,
rises gradually northward to the south front of
the Brooklyn moraine; and here again the
question arises whether these gravels are not
the outwash from the early Wisconsin ice.
This terrace is separated from the front of the
later Wisconsin moraine by the narrow valley
of Allen Creek, which likewise cuts off the
earlier from the later moraine.

Evidence to confirm these various sugges-
tions has not; however, been found, so that the
description and history of the outwash deposits
. in the Rock River valley is treated much as
in the writer’s previous paper on the Delavan
lobe,! being discussed in connection with the
description of the deposits of the later Wiscon-
sin glaciers. (See pp. 238-244.) ‘

Where the Brooklyn moraine lies on the
slopes and crest of the big limestone ridge,
there is evidence, as noted above; that the
waters escaped westward down valleys tribu-
tary to Sugar River, but in none of these places
are gravels found to have been washed from the
early Wisconsin glacier.

DEPOSITS IN THE WISCONSIN RIVER VALLEY AND
ITS TRIBUTARIES.

WISCONSIN RIVER VALLEY.

The relations of the outwash gravel terraces
-in the Wisconsin and tributary valleys are
somewhat more critical and require more de-
tailed discussion.

Distribution of outwash.—Irving’s first map 2
of the glacial drift and Quaternary deposits of
central Wisconsin locates the terminal moraine

1 U. 8. Geol. Survey Prof. Paper 34, pp. 38-40, 1904. .
2Irving, R. D., Geology of central Wisconsin: Geology of Wisconsin,
vol. 2, pl. 25, 4, 1877. -
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somewhat differently from the later maps. It
shows drift outside the moraine all through the
western part of Dane County and does not indi-
cate outwash deposits in the Wisconsin or other
valleys, nor is there any particular discussion
of them in that connection.. ‘ :

Chamberlin, dealing in later papers with the
distinctive phenomena of the earlier and the
later drift, makes frequent reference to the ex-
tensive outwash deposits extending down these
and other valleys from the front of the glacier
of the ‘“second” epoch of glaciation, and regards
them as indicative of stronger outflow from the
later than from the earlier ice and thus as evi-
dence of greater relative elevation of the gla-
ciated area during the later epoch of glaciation.
On the general map of the Quaternary forma-
tions of Wisconsin issued in 1881 * the presence
of lacustrine and fluviatile drift beyond the
general drift area is shown by dots in the Wis-
consin and some other valleys.

In 1883, under the title Valley drift, refer-
ence is made to the deposition of outwash
material from the Green Bay Glacier as fol-
lows: ¢

The Green Bay Glacier discharged largely through the
Rock River valley, filling up its old channel to a depth of
350 feet (including the débris left by the earlier glacier)
with a deposit of finely assorted sand and gravel, producing
a beautiful level plain 3 to 5 miles wide, and extending
40 miles or more southward from the moraine. A con-
siderable discharge from the west side of the glacier passed
down the Sugar River and spread over its valley a sand
plain of equal extent. From the Madison lake region there
was a discharge westward into the Wisconsin River.
* * * That portion of the glacier which lay across the
lower Wisconsin Valley of course discharged its waters

down that channel, giving rise to gravel terraces, remnants
of which still bear witness to the fact.

On the Quaternary map of the Driftless Area
and its environs,’® glacial flood drift of the later
epoch is mapped in the lower Wisconsin Valley
from the terminal moraine of the Green Bay
Glacier to Mississippi River but not in Black"
Earth and adjacent creek valleys. Of these
deposits the following description is given: ®
* The most notable flood train originating on the actual
border of the driftless region is that which stretches down
the valley of the Wisconsin River. The edge of the ice
10be crossed the Wisconsin in the western part of Dane and
Sauk counties. In the immediate valley of the river the
moraine is largely composed of gravelly constituents, dis-

3 Geology of Wisconsin, Atlas, pl. 2, 1881.

4 Geology of Wisconsin, vol. 1, pp. 284-285, 1883,

5 U. S. Geol. Survey Sixth Ann. Rept., pl. 27, 1885.
6 Idem, pp. 261, 262.
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posed in kamelike hills and ridges or undulatory and
pitted plains, showing the combined action of wash and
push on the part of the glacier and its waters. Origi-
nating from this gravelly moraine there stretches away a
flood train of gravel and sand, reaching down the valley
to the Mississippi, and, there joining similar gravel streams
originating higher up, it continues down through the Drift-
less Area and beyond, though only remnants now remain.
This valley drift originates at a height of about 90 feet above
the present level of the Wisconsin River, and as it stretches
down the valley gradually declines, so that, asit leaves the
driftless region, it is barely 50 feet above the Mississippi.
Near its origin coarse cobbles, bowlderets, and even occa~
sional bowlders are not infrequent. Farther down the
material becomes finer, and in the lower stretches only
pebbles and sand are found. The lessening coarseness of
the deposit seems to show that as the glacial waters issued
from the edge of the ice they were overloaded and strug-
gling with a burden too great for their complete mastery;
and, while they successfully carried the silt, sand, and
even some of the finer gravel far down their courses, the
heavier material in large part lodged near its origin and
progressively filled the bottom of the channel.

Discrimination of the drift.—Critical study of
these deposits, however, has raised some ques-

tion as to their all being referable to drainage|

from the later glacial advance.

In the Wisconsin Valley above Prairie du
Sac the terminal moraine of the later advance
of the Green Bay Glacier overlies a deposit of
stratified sand which is exposed in the bluffs
on either side of the river to a height of about
60 feet. (See Pl XIX, B, p. 170.) This
stratified sand is such as might have been
washed from the front of an earlier glacier
lying somewhat east of the limit of the last
advance. It continues west of the river
beneath the terrace which borders the front of
the moraine. Underlying this terrace but
above this level is also some gravel and sand.
The terrace, known as Sauk Prairie, is so
related to the moraine that one would say at
once that it was underlain by outwash ma-
terial deposited when the moraine was formed,
and it is probably true that at least the up-
per part near the moraine was so deposited at
the later Wisconsin substage. However, the
drift of the moraine contains a high percent-
age of limestone pebbles, but throughout the
30 square miles or more of the terrace one sees
only a few limestone pebbles among those
exposed at the surface or in cuts 2 to 5 feet
deep. Almost all the pebbles near the surface
are of the less readily soluble rocks, such as
chert, crystallines, sandstone, and quartzite.
For convenience this may be called residual
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drift gravel. Wells indicate that gravel runs

in streaks beneath the terrace and is not

everywhere present. A few cuts show an,
abundance of limestone gravel below 2 to 5
feet from the surface. One cut near the school- -
house, a mile south of Pains Corners, which the
writer examined in company with Weidman,
showed 2 feet of sand and sandy clay at the
surface, underlain by 1 to 2 feet of sand and
residual gravel, beneath which was 20 feet of
stratified sand and gravel, 73 per cent of the
pebbles of which were limestone, The material
exposed in this cut differs lithologically in no
respect from the drift of the moraine, less than
a mile to the east, but the limestone pebbles
have evidently been removed from the upper
part by solution of downward percolating
waters. This cut is also in a slope where more
or less of the material at the top may have
been removed by wash. The gravel has thus
been exposed long enough for considerable
leaching action to have taken place.

The terrace has also been considerably eroded
by Otter Creek, which has excavated a valley
30 to 60 feet in depth with a flat bottom nearly
one-half mile in width in places. West of this
valley there is a similar terrace, or a continua-
tion of the terrace blocking the mouth of the
Honey Creek valley which has a width of nearly
2% miles. Gullies in this sandy terrace 10 to
20 feet deep show but little gravel. Limestone
pebbles are found only in the bottoms of the
deeper gullies.

Estimates of the composition of these gravels
made at two points west of Otter Creek in
in secs. 32 and 5, T. 9 N., R. 6 E., Prairie du
Sac Township, showed the following percent-
ages, respectively: Chert, 46 and 49 per cent;
sandstone, 8 and 7 per cent; quartzite, 15 and
19 per cent; crystallines, 30 and 25 per cent;
red shale, 1 per cent. These pebbles are
mostly smoothed, rounded, and polished.

A short abrupt marginal slope extending
southwestward from the vicinity of Prairie du
Sac is the boundary between this upper terrace
and a lower one which evidently was developed
by the erosive action of Wisconsin River, as it
shifted laterally across the plain. Excava-
tions in this lower terrace show limestone gravel
which in places has been subjected to consider-
able weathering. One pit, 13 miles west of
Sauk City (also examined in company with
Weidman), gave the following section:
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Section of outwash gravel west of Sauk City.
Feet.

Black soil and brown sand with few pebbles........ 2-2%

Dark-brown sand containing chert, quartzite, sand-
stone, and crystalline pebbles but no limestone
pebbles except rotten ones in the lower part......

Stratified waterworn gravel, 70 per cent limestone,
10 per cent quartzite, 10 per cent chert, and 10
per cent crystalline pebbles......................

In places pipes of the weathered middle
stratum extend 2 to 3 feet downward into the
stratified gravel. The amount of alteration
by weathering at this place even raised the
question whether the gravels might not be as
old as Illinoian, There certainly would be
ground for such an inference if it were known
that the 20 feet or more of outwash material
which was removed in forming this lower
terrace was all thoroughly leached of its
soluble constituents and that the weathered
material exposed in the above section is only
what is left of a much deeper zone of weather-
ing. Asitis, however, after careful considera-
tion, the writer has not felt justified in referring
all this outwash deposit to a pre-Wisconsin
stage of glaciation. It seems probable, how-
ever, that there-must have been much deposi-
tion in the preglacial valley at the Illinoian
stage; and it also seems doubtful if much of
it was removed during the interval prior to
the incursion of the early Wisconsin glaciers.

Although much of the outwash may have
been deposited by waters from the glacier of the
Wisconsin stage, some things seem to indicate
two stages in the filling. If the first of these
stages was not the Illinoian, it may have been
that-of the earlier advance of the Wisconsin
stage, as has been suggested to the writer by
Chamberlin.

The second terrace ends in an abrupt mar-
ginal slope, which extends westward across the
valley from just below the Sauk City railroad
bridge. Below this, extending over about 22
square miles of the southern part of Prairie du
Sac and Mazomanie townships, is a broad
marshy plain, from most of which the sand and
gravel have evidently been removed by the me-
andering of Wisconsin River (if the upper ter-
race ever extended continuously southward to
Mazomanie, as remnants along the foot of the
eastern bluffs indicate that it did).

Just north of the village of Mazomanie a rem-
nant of an upper gravel terrace, corresponding
in elevation with the upper Sauk Prairie ter-
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race, extends from the mouths of Halfway
Prairie Creek and Black Earth Creek valleys
westward about 5% miles to Blue Mounds Creek,
2 miles east of Arena. This terrace is peculiar
in the vicinity of Mazomanie in that it extends
into only two (Halfway Prairie Creek valley -
and Black Earth Creek valley) of the four val-
leys tributary to Wisconsin Valley including
and north of Black Earth Creek valley. It
blocked the mouths of the first and third val-
leys with dams about 20 feet high, which were
subsequently cut through by the drainage from
the marshy bottom valleys. Evidently gravel-
bearing waters, which built this upper terrace,
issued from the second and fourth valleys but
not from the first and third, and this, in spite
of the fact that the marginal drift ridge mark-
ing the limit of later Wisconsin advance of the
Green Bay Glacier can be traced continuously
across all four of the valleys and the intervening
bulky rock ridges, which are 100 to 250 feet in
height.

The only way which has suggested itself to
the writer of accounting for this condition is the
following: Valleys 1 and 3 are short and head
less than 2 miles east of the marginal drift
ridge and consequently may have discharged
waters from only the last of the ice sheets.
Valleys 2 and 4 head much farther eastward and
are indeed through valleys, connecting by nar-
row cols with the Yahara River basin. These
valleys may thus have afforded outlets for
gravel-bearing waters from an earlier ice sheet,
possibly an early Wisconsin glacier, whose front
lay across these longer valleys but which did
not invade the heads of valleys 1 and 3. Condi-
tions would thus be afforded for building an
upper terrace extending down the Halfway
Prairie Creek valley and the Black Earth Creek
valley and spreading out in the Wisconsin Val-
ley. Valleys 1 and 3 were never graded up to
the level of the upper terrace in the Wisconsin
Valley. In valley 1 gravels are exposed in the
creek banks within 100 rods of the limit of the
ice advance, which is in the SW. % sec. 32, T. 9
N., R. 7 E. (Roxbury Township), but to the
west they pass below the level of the marsh,
which is graded to the level of the big marsh
tract in the Wisconsin Valley. These gravels
evidently represent the later Wisconsin out- -
wash.

In valley 3 the limit of glaciation is near
the schoolhouse in the NE. % sec. 20, T. 8 N,,
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R.7E. (Berry Township). Westward, downthe
valley, the bottom is all marsh and shows only
dark sand. At the mouth of the valley in the
NE. } sec. 15 (Mazomanie Township), the creek
cuts through the upper terrace which blocks
the valley’s mouth in a narrow ravine to drain
the marsh. Where crossed by the west line
of Berry Township, the terrace in Halfway
Prairie Creek valley (No. 2), which is graded
up to the upper terrace in the Wisconsin Val-
ley, is about 60 feet higher than the marsh level
on the same line in valley 1 to the north and 20
to 30 feet higher than the marsh level on the
same line in valley 3 to the south.

The upper terrace in the vicinity of Mazo-
manie has an elevation of 795 to 800 feet and is
composed principally of sand but contains a
small amount of fine to coarse (2-inch) gravel.
Limestone pebbles are plentiful below the sur-
face buthave been removed bysolution from the
upper part of the sections. So also pebbles left
in the bottom of “blow outs,”” or hollows a few
feet deep, excavated by the wind, are almost
wholly of relatively insoluble rock such as chert,
quartzite, and dense crystallines. The railway
cut about 3 miles west of the Mazomanie in the
SW. % sec. 13, T. 8 N, R. 5 E. (Arena Town-
ship), exposes 25 to 30 feet of finely stratified
sand with cross-bedding dipping westward in
the direction of flow down the valley. This
terrace is bordered on the north by a 30 to 50
foot abrupt, eroded, marginal slopé, dropping
down to the marsh on the north. For 1% miles
east of Blue Mound Creek it is bordered on the
north by a remnant of the lower terrace lying
about 740 feet above sea level.

The southern part of the village of Mazo-
manie is built on aTemnant of the upper terrace.
Most of the village is built on the second terrace,
782 4 feet above sea level, which was developed
by erosion by the outflow from the Black Earth
Valley, probably in connection with the later
Wisconsin ice invasion. Into this second
terrace the stream has cut its present channel
and developed a lower, narrow, flood plain by
meandering. There are considerable remnants
of the upper terrace on either side of the valley,
and above the village of Black Earth the upper
terrace spreads out broad and flat. The lower
terrace, which is nearly 20 feet below the upper
at Mazomanie, is only 8 feet below it at Black
Earth village. A short distance farther up, the
lower terrace rises to the level of the upper, and
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finally, within 2 or 3 miles of the village of Cross
Plains, it merges with the front of the later Wis-
consin terminal moraine, and itself becomes the
upper terrace. The gravel in this part of the
valley is coarser, containing pebbles up to 6
and 10 inches long. It is largely limestone,
clear, fresh, and sound, and is but little weath-
ered even at the surface.
that sand and gravel bearing waters from an
earlier glacier, sweeping down the valley to the
Wisconsin, built the upper terrace of the Black
Earth Valley. In thesucceeding interval of re-
cession of the ice front doubtless some erosion
was accomplished. Then, when the Green Bay
Glacier advanced to the site of Cross Plains and
formed the terminal moraine, coarse outwash
material was deposited, mostly between the
sites of Cross Plains and Black Earth villages,
grading up the valley, while the waters con-
tinuing down the valley cut into the earlier
terrace, developing the second terrace by ero-
sion and grading to a level corresponding with
the flow in Wisconsin Valley. The second ter-
race continues down the valley as a broad sandy
plain. The upper terrace terminates at Blue
Mound Creek about 4 miles west of Mazo-
manie. Nothing has been observed by the
writer to indicate that it extended farther
down the valley, although it may have done so.

DEPOSITS IN THE HONEY CREEK‘ VALLFY.

The valley of Honey Creek in the towns of
Honey Creek, Franklin, and Troy, Sauk County,
is occupied by a broad flat alluvial plain which
extends far up toward the heads of the valley
before reaching an elevation higher than 820
feet above sea level. This is the level of the
top of the deposit between Honey and Otter
creeks, to which the blocking of the valley and
the consequent silting up appears to have been
due. .

At one point 2 miles east of Witwen the
creek bank exposes 5 feet of sand over reddish
calcareous clay. No recognizable glacial ma-
terial was seen at this point or farther west,
but the fact that the clay is calcareous indi-
cates that it is probably a glacial silt, laid down
in ponded waters at the time of the filling of
the valley east of the creek, whether at the
later Wisconsin substage or earlier. The well
at Witwen creamery penetrated sand 16 feet,
blue clay 15 to 16 feet, sand 38 feet. A 20-foot
bank, where the creek has cut into the deposit

The relations indicate -
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in sec. 32, exposes finely laminated sand over
stratified sand and clay. The penetration in a
well one-fourth mile southwest of Leland of a
bed of black muck beneath 30 to 45 feet of
sand and above other sand probably indicates
two stages of filling separated by an interval of
exposure during which the muck accumulated
in a marsh. A neighboring well is said to have
penetrated sand to a depth of 100 feet, so that
the filling before this interval may have been
equal in amount to that deposited since.

It looks as though the filling in this valley
came from two opposite sources, that in the up-
per part of the valley, which has a clayey soil
over the sand, being wash from the slopes and
uplands with perhaps a coating of loess loam,
and that in the lower part of the valley, includ-
ing the calcareous clays, being a glacial wash
from the east. . In the upper plain the stream
has cut down about 15 feet, developing a lower
and narrower flood plain. This opens out as a
broad plain 1 to 2 miles west of Witwen. Far-
ther east the stream has cut into the second
plain, forming a still lower narrow flood plain
and leaving remnants of the second as a bor-
dering terrace near the town line. Between
‘the town line and Lodi mill, on the sand plain
which lies just west of Otter Creek, the stream
cuts a valley 60 feet in depth and flows out
across the big marsh flat to the Wisconsin.

DEPOSITS IN THE BARABOO AND UPPER WISCONSIN
VALLEYS.

The relations of the fronts of either the Illi-
noian or the early Wisconsin glaciers to the
Baraboo quartzite range are not known, and
positive statement as to the age of the deposits
in the Baraboo basin and in the Wisconsin Val-
ley north of the quartzite range is not possible.
The Illinoian ice front may have encroached on
the east end of the quartzite,range and may
have discharged detritus-bearing waters into
the Baraboo basin and the Wisconsin Valley
both north and south of the Baraboo Bluffs,
but the writer knows of no conclusive evidence
that this ice sheet pushed so far westward as
- to block the Lower Narrows and Devils Lake
gorges and to create temporary lakes in these
valleys. It may have done so, but the evi-
dence is not at hand to proveit. If the terrace
~ deposits south of the quartzite range, described
above as probably of early Wisconsin age, were
really made by the outflow from the Illinoian
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ice sheet, then it is probable that the Bara-
boo and Upper Wisconsin valleys were filled
at the same time to corresponding levels
with either glacial, lacustrine, or alluvial sedi-
ments. If, however, the Wisconsin Valley did
not receive a filling of glacial outwash at the
Illinoian stage, or if any that was deposited was
removed wholly or in part by erosion prior to
the incursion of the early Wisconsin ice, then
the deposits in the Baraboo and upper Wiscon-
sin valleys were probably laid down in connec-
tion with the early Wisconsin invasion, for it
seems clear that the valley south of the quartz-
ite range was filled prior to the later Wisconsin
glacial advance.

The uppermost exposed deposits underlying
the flat bottom of the Baraboo basin west of
the terminal moraine and the bordering sand
and gravel terrace both above and below the
Upper Narrows are laminated calcareous silts
(lacustrine sediments derived from unweathered
drift) and not alluvium derived from residual
clays washed from adjacent slopes. From this
and other evidence it is concluded that the silts
were deposited in a temporary glacial lake held
in the Baraboo basin by the blocking of the
Devils Lake Gorge with glacial ice and drift.
The elevation of the top of these clays is 880
to 900 feet above sea level. Similar clays in
the Wisconsin Valley north of the range in
Adams and Juneau counties extend in most
places where seen up to about the same level,
but in some places they rise 40 to 50 feet higher.

Sauk Prairie terrace, south of the quartzite
range, rises to 880 or 900 feet above the sea
at the terminal moraine, but it is not known
to have been quite so high when the early Wis-
consin outwash was being deposited. There
is thus no certainty that lakes of the requi-
site depth could have been or were held in the -
Baraboo and upper Wisconsin valleys prior
to the last advance of the ice.

It is known that not only the channel about
the east end of the range (if one had been pre-
viously opened) was closed but also that both
the Lower Narrows and the Devils Lake gorges
were closed by drift and ice at the advance of
the later Wisconsin glacier, so that the only
safe interpretation seems to be to refer at least
the uppermost of the lacustrine deposits in the
Baraboo and upper Wisconsin basins to deposi-
tion in temporary glacial lakes retained by the
drift and ice of the Green Bay Glacier of the
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later Wisconsin incursion. The deposits in
- these basins are therefore discussed in connec-
tion with the phenomena of the later Wiscon-
sin glaciation. (See pp. 222-230.)

In that discussion certain evidence is pre-
sented which seems to indicate that part of the
deposits were laid down at an earlier stage,
following which there was an interval when the
Baraboo basin was drained, soil was formed,
vegetation grew, and trunks, branches, and
leaves of trees, marsh muck, bones of animals,
and small shells accumulated. Later the basin
was flooded and sand and lacustrine silts were
deposited.

Whether the first stage of dcposmon was
preglacial, or was associated with the Illinoian
or early Wisconsin stages of glaciation, or is to
be correlated with an intervening stage of
deglaciation is not known.

RETREAT OF THE ICE FRONT.

It is not known to what extent the ice of
the early Wisconsin glaciers melted away before
a readvance of the glaciers occurred. Possibly
Wisconsin was wholly freed from ice. The rela-
tive disposition of the moraines of the early
and later stages in Illinois and Indiana has been
regarded as indicating a considerable shifting
of the ice lobes when the glacial fronts again
advanced and this was thought to imply ex-
tensive deglaciation of the region of the Great
Lakes. At present, however, this interval is
regarded as of minor importance. Little is
really known about the deployment of the
- early Wisconsin ice in Wisconsin, and the area
under discussion furnishes no evidence regard-
ing the extent of the deglaciation or the length
of the interval before the readvance occurred.

LATER WISCONSIN INVASION.

DEPLOYMENT OF THE GREEN BAY AND LAKE
MICHIGAN GLACIERS.

GREEN BAY GLACIER.

As the ice of the later advance of the glaciers
of the Wisconsin stage invaded Wisconsin the
troughs formed by the erosion of the soft beds

of the Cincinnati shale became the controlling |-

factors of the separation and deployment of
the Green Bay Glacier and, in the southeastern
counties, of the formation of the Delavan lobe
of the Lake Michigan Glacier. The pre-
glacial valleys seem not to have been obliterated
by the earlier drift deposits.
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The Green Bay—Lake Winnebago trough was
competent to give direction to the Green Bay
Glacier but was not sufficiently deep to confine
it. On the west the ice spread out 60 to 70 miles
from the main axis of the lobe. (See Pl. XX.)
In western Shawano County and eastern
Marathon County, where the ice encroached
upon the Archean rocks, the marginal deposits
are nearly 1,000 feet higher than at the bottom
of Green Bay, opposite Sturgeon Bay.

In Winnebago County, where the ice entered
the Fox River valley, the movement shifted
from southwesterly to westerly and the striated
crystalline ledges of southern Waushara County
show the direction to have changed to 20° to
30° north of west. Ascending the gently slop-
ing surface of the Galena dolomite in western
Fond du Lac County, the ice entered the heads
of the westward-discharging valleys or de-
scended the marginal escarpment and con-
tinued westward through Green Lake and
Marquette counties across the lowlands formed
by the preglacial Fox and Wisconsin river
valleys. (See Pls. I, II, and IV, in pocket.)
Crossing the Wisconsin Valley the ice reached
the limit of its advance and laid its terminal
moraine along the western slope of the pre-
glacial valley through adjacent parts of Mar-
quette, Adams, Columbia, and Sauk counties.
The ice advancing up the slope of the Galena
dolomite from Fond du Lac County into Dodge
County deployed very widely, as shown by
the remarkable system of radiating drum-
lins and by striee observed on many exposed |
rock surfaces. Some of it, swinging westward,
crossed the Lower Magnesian limestone up-
land in Columbia County, descended the
bordering escarpment, overrode the marginal
erosional hills, and crowded far up onto the
crest of the Baraboo quartzite. On the lower
lands north and south of the bluffs and in the
Baraboo basin between the ranges the ice
completely blocked the Lower Narrows and
Devils Lake gorges, ponding the waters over
the lowlands to the west and producing ex-
tensive temporary lakes.

The ice crossing southern .Dodge County
spread widely, radiating over Dane and Jeffer-
son counties, the northern part of Rock County,
northwestern Walworth and westernr Waukesha
counties to the terminal arc of the south end
of the lobe. In this part the ice deployed over
the area drained by Rock River and its tribu-
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taries, apparently paying little heed to the
directions of the preglacial valleys, which
doubtless were largely filled with earlier glacial
drift.

On the east the deployment of the ice reached
only 20 to 30 miles from the axis of the lobe.
This limitation was not, however, wholly due
to the escarpment formed by the west margin
of the Niagara dolomite and the underlying
shales, for southward to southwestern Wauke-
sha County the ice overrode the éscarpment and
‘began to descend the gentle eastward slope of
- the Niagara formation.

LAKE MICHIGAN GLACIER.

The Lake Michigan Glacier advanced south-
ward along the lake basin and on the west
deployed laterally into the eastern counties of
Wisconsin, where its west front moved 8 to 30
miles up the gentle rock slope. Where the op-
posing fronts of the Lake Michigan and Green
Bay glaciers met on this slope the advance
ceased and the Kettle Range, or Kettle interlo-
bate moraine, was formed.

Most of the strize observed along the lake
trend southwestward, but those observedfarther
west, together with the.drumloidal ridgings, lie
nearly normal to the trend of the interlobate
moraine.

In Illinois, Indiana, and southwestern Michi-
gan the Kalamazoo and closely succeeding
Valparaiso morainic systems are believed to
mark the limit of the advance of the Lake
- Michigan Glacier at this stage. The relations
of certain outlying features have not been
clearly determined.

In southern Waukesha and Walworth coun-
ties, Wis., before reaching the limits of its
advance, the west front of the Lake Michigan
Glacier crossed the divide and entered Troy
Valley. This valley, through Walworth County,
has a breadth of 10 to 15 miles and its bottom
lies 300 to 500 feet below the level of the higher
parts of the rock surface on either side. To
what extent it was filled with drift of the
earlier ice invasions is not known, but evi-
dently it offered a channel of easy flow to the
ice nearing the limits of its advance on the
gently rising slope of the Niagara dolomite,
for the ice descended it to the vicinity of Rich-
mond, Darien, and Walworth, or nearly 25
miles farther west than the limit reached in
Illinois. Delavan,inwestern Walworth County,
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stands not far from the most southwesterly
point reached by this glacial lobe, so that the
name Delavan lobe is a convenient term by
which to designate this part of the Lake
Michigan Glacier.!

Though the origin of the Delavan lobe ap-
pears to have been due in large part at least
to the channel of easy flow offered by the Troy"
Valley, the lobe, once initiated, was not con-
fined to the limits of the valley but spread
southward over a more elevated tract between
Elkhorn and Burlington and over the lower
area to the south (in which is the Geneva
Valley), until its south front halted near the
State line along the northern border of the
composite morainal belt formed by the earlier
glacial advances of the Wisconsin stage.

STRIZE.

The trend of certain stri@ observed at sev-
eral places within the limits of the late Wis-
consin invasion of the Green Bay Glacier (see
p. 163) is more southwesterly than the apparent
trend of the late Wisconsin ice movements in
those particular vicinities, as shown by the
orientation of drumlin axes and by other striz.
It is possible that these southwesterly trending
strise were graved on the rock during an earlier
Illinoian or Wisconsin ice advance and escaped
obliteration by the ice of the later advance.
In the first of the following tables is listed
glacial strize observed by the writer and his
assistants at 143 different rock exposures in
the area of the Green Bay Glacier, including
those at 5 exposures noted above as of pos-
sibly earlier origin and including those at 10 -
exposures a short distance north of latitude
44° N. Strie were also previously reported
from many of these localities by T. C. Cham-
berlin and R. D. Irving.? In the second table
are listed the bearings of glacial strie reported
by these latter observers from 37 exposures
within the area of the Green Bay Glacier but
not seen by the writer and his assistants.

" 1 Subsequent to the publication in 1904 of “The Delavan lobe of the
Lake Michigan Glacier of the Wisconsin stage of glaciation and associ-
ated phenomena” (U. 8. Geol. Survey Prof. Paper 34) the writer
learned that G. L. Collie had in 1901 proposed the name ‘ Geneva” for
this lobe of the Lake Michigan Glacier in a paper on the Physiography
of Wisconsin (Am. Bur. Geography Bull,, vol. 2, pp. 270-287). For
this oversight the present writer offers his apologies to Prof. Collie. In
the latter paper the lobe was merely mentioned, named, and shown on
a somewhat distorted sketch map. In Prof. Paper 34 elaborate maps,
detailed description, and elucidation of its history and relations were
presented. In view of this it is hoped the present writer will be par-
doned for retaining the name Delavan for the lobe.
2 Geology of Wisconsin, vol. 2, pp. 200, 201, 205, 625, 1877.
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.

With these are listed one observation each by
Leverett and Thwaites. In the third table are
recorded observations of glacial strie at 29
exposures in the area of the Lake Michigan
Glacier made by the writer and his assistants;
and in the fourth are the bearings of strie at
4 exposures noted by Chamberlin but not seen
by the present writer and his assistants. This
gives a total of 172 observations of glacial
strize made during the present survey and 41
additional observations made by other ob-
servers within the limits of the late Wisconsin
glaciation in the area under discussion. To
this total should also be added 4 (see p. 163)
made by I. M. Buell within the area of the
Green Bay Glacier but regarded by him as of
earlier origin. This gives a total of 217 ob-
servations within the limits of the later drift
and 5 observations .in the area of the pre-
Wisconsin or Illinoian drift north of the
Illinois-Wisconsin State line.

Striz of the Green Bay GQlacier observed by the writer and his
assistants.

West of the axis of the lobe.

WINNEBAGO COUNTY.

Algoma Township, T.18 N, R. 16 E..:
Sec. 27, SE. }. Trank Last’s
quarry at Knapp and Thir-
teenth streets, Oshkosh, on
Galena dolomite............. S.
Sec. 27, NE. }, just southwest of
Oshkosh. Robt.Lutz’squarry,
on Galena dolomite.......... S.
Rushford Township, T. 18 N, R. 14
E., sec. 9, NE. 1. Lower Magne-
sian limestone in road............ S.
Nepeuskun Township, T. 17 N., R.
14 E., sec. 3, NW. ;. Lower Mag-
nesian limestone in road.......... S.

Trend.

33°-36° W.

37°-55° W.

85° W.

96° W.
WAUSHARA COUNTY.

Marion Township, T.18 N., R.11 E.:
Sec. 22, SE. . Granite ledge..S
Sec. 23, SE. }. Granite ledge

beside road..cccoivanveenn-... S.
Sec. 24, NE. 3. Granite ledge,

E. Tetzlaff’s land............. S.
Sec. 27. NE. 1. Granite ledge,

Milwaukee Granite Co........ S.

. 120°-127° W.
120° W.
100°-120° W.

95° W.
FOND DU LAC COUNTY.

Ripon Township, T. 16 N., R. 14 E.:
Sec. 20, NW. }. Quarry south

of road in Trenton limestone..S.
Sec. 28, northwest corner.
Quarry in Trenton limestone

in south part of Ripon....... S.

52°-54° W.

7°-92° W.
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Striz of the Green Bay Glacier observed by the writer and his
assistants—Continued.

West of the axis of the lobe—Continued.

FOND DU LAC COUNTY—continued.

Trend.
Metomen Township, T. 15 N., R. 14

E., sec. 28, SE. . Ledge of Ga-

lena. dolomite on 0. B. Knapp’s

land.......oooiiiiiiiiil S. 44°5-4° W
Waupun Township, T. 14 N., R. 15

E., sec. 33, SW. 1. On Galena

dolomite at 8, M. Randall’s quarry

in northeast part of Waupun...... S. 29°-30° W.

GREEN LAKE COUNTY.

Berlin Township, T. 17 N., R. 13 %,,
gec. 11, SE-%1. On Lower Magne-
gian limestone ledge in road. ..... S.

Brooklyn Township, T. 16 N., R.
13E.:

Sec. 13, NW.%. On Lower Mag-
nesian limestone ledge in

163° W.

10ad. e i S.48°W.
Sec. 14, SW. 1. On Lower Mag-
nesian limestone ledge in
077 SO S. 46°-65° W,
Sec. 35, NE. 1. Lower Magne-
sian limestone ledge at, mouth
of Mitchell’s Glen; faint..... S. 90° W.
Green Lake Township, T. 15 N., R.
13E.:
Sec. 25, W. 4. On Trenton
limestone in road............. S.32°W.
Sec. 29, E. 3. On Trenton
limestone in road............. S.67°W.
Sec. 29, SE. 1. On Trenton
limestone on Chas. Clavon’s
(V1VE:D o oG S. 60° W.
Sec. 32, NE. 1. On Lower Mag-
nesian limestone in road......S. 62° W,
Sec. 33, SW. 1. On Trenton
limestone quarry on L. Dans-
more’sland................... S. 60° W.

Seneca Township, T.17 N., R. 11 E.,
sec. 2, SE. 4. On Pine Bluff, a
knob of granite......c............ S. 60°-73°
Princeton Township, T. 15 N., R. 12
E., sec. 28, N. }. On Lower Mag-
nesian limestone in road..........
Marquette Township, T. 15 N., R.
11 E.:

Sec. 34, NE. 1. On rhyolite
ledge, 13 miles southwest of
village......coviii oL, S. 94°-123° W.

Sec. 2, NW. 4. On rhyolite
ledge % mile southeast. of
AbOVe. e et S. 90°-103° W.

-

w

MARQUETTE COUNTY.

Montello Township, T. 15 N., R. 10
E. Montello Granite Co.’s quarry i
at Montello...oovveeminnineno... S. 83°-103° W.
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Striz of the Green Bay Glacier observed by the writer.and his
assistants—Continued.

West of the axis of the lobe—Continued.

MARQUETTE COUNTY—continued.

Trend.
Buffalo Township:

T.14 N, R. 10 E,, sec. 8, SW.
4+ On Observatory Hill, rhy-
olite. . coeeeii i S. 101°-135° W.
T.14 N, R. 9 E., sec. 13, NE.
4. On rhyolite ledge on John
Stone’s (?) land.............. S. 97°-120° W.
Moundville Township, T. 14 N., R.
9 E., sec. 8§, NW. 1. On ledge of
rhyolite % mile east of Endeavor;
faint. . ocooiiiiiiiiiiiiii S. 122°-130° W.

DODGE COUNTY.

Chester Township, T. 13 N., R. 15
E. On Galena dolomite at Ran-
dall’s quarry, 1 mile southwest of
Waupun......coovviiennonat.. S. 29°-37° W.
Oak Grove Township, T. 11 N., R.
15 E. On Galena dolomite at A.
H. Bussewitz’s quarry,  mile NW.
of Juneau.............o.oiil.. S. 0°-15° W.
Trenton Township:
T.13N.,R.14E., sec. 29,SW. }.
On Galena dolomite, on J. B.
Cochrane’s (?) land. ...... L..8.41° W,
T.13N,,R.14E,, sec. 30, SW. .
On Galena dolomite south of '
road....ociiiiiiiiii i, S.44°W.
T. 13 N,, R. 14 E., sec. 32,
SW. 1. On Galena dolomite
at Peter Smith’s quarry...... S. 39°-41° W.
T.12N.,R. 14 E,, sec. 16, NW.
1. On Galena dolomite,on E.
' Propst’sland................ S. 32°-34° W.
Beaver Dam Township, T. 12 'N.,
R. 14 E., sec. 34, NW. 1. On
Trenton limestone, } mile east of
Beaver Dam, on north side of rail-
way; faint ...l S. 32°W.
Shields Township, T.9N.; R. 14 E,, :
sec.12,E.3. On Galena dolomite
in road ......................... S. 5°-10° E
Portland Township, T.9N.,R. 13 E.:

Sec.27,NW.%1. On qua.rtzu;e of

island ledge..ceveeeennnnann. S. 20°-36° W. -
Sec. 27, W. 3 SW. . On '

quartzite ledges. ............ S.5°-20°W.
Sec. 33, SE. 1. On quartzite of

the quarry ledge............. S. 15°-29° W.

Sec. 35, SE. 1. On quartzite,
1} miles northwest of Hubble-- . .
£70) 1 S S. 20°-35° W.

COLUMBIA COUNTY.

Randolph Township, T. 13 N., R.
12E.:
Sec. 1, SE. 1. On Lower Mag-
nesian limestone in road...... S.72°-84° W.

QUATERNARY GEOLOGY OF SOUTHEASTERN WISCONSIN,

Stria of the Green Bay Glacier observed by the writer and his
assistants—Continued.

. West of the axis of the lobe—Continued.

COLUMBIA COUNTY—Ccontinued.

Randolph Township, T. 13 N., R.
12 E.—Continued.

Sec. 9, NE. 1. On Lower Mag-
nesian limestone in road...... S.

Sec. 13, NE. . On Trenton
limestone at small quarry. ...S.

Fountain Prairie Township, T.11N.,
R. 12 E,, sec. 34, NW. 1. On
Lower Magnesian limestone in rail-
road cut, 80 rods northwest of Fall
River station.................... S.

Columbus Township, T. 10 N., R.
12E.:

Sec. 3, SE. . On Lower Mag-
nesian limestone at small
quarry 2 miles northwest of
Columbus................... S.

Sec. 36, NE. 1. On Trenton
limestone at small quarry

-northofroad................ S.

Marcellon Township, T. 13 N., R.
10E.: '

Sec. 7, NE. 1. On rhyolite
ledge east of road; faint...... S.

Sec. 7, SW. 1. On rhyolite
ledge near Elmo Morgan’s
house north of church;
faint... ... ....o.i....... S.

Sec. 30, SW. 3. On-Cambrian
sandstone in road............ S.

Leeds Township:

T.9N.,, R.10 E, sec. 4, E. }.
On Lower Magnesian lime-
stoneinroad.. ... ............ S.

T.10N.,R.10 E,, sec. 17, E. }.
On Lower Magnesian lime-

" stoneinroad................ S.

T. 10 N., R. 10 E., sec. 26.
Nearsouthwest corner of Lower
Magnesian limestone in road..S. 75° W

Fort Winnebago Township, T. 13N,

R.9E., sec.36, NW . On Cam-
brian sandstone at Herman Kutz-
Ke'SqQUAITY «evvvnvnenenennnnnnns S. 70°-85° W.

Arlington Township, T. 10 N., R.
9E.:

Sec. 10, near southeast corner.

On Lower Magnesian limestone

Trend.

74°-75° W.

75° W.

45°-50° W.

46°-49° W.

42° W,

75° W.

90° W.

65° W.

70°-85° W.

76°-86° W.

inroad ..occeieniiiiaaaen. S. 79°-114° W,
Sec. 28, NE. 1. On St. Peter
sandstoneinroad............ S. 87° W.
Caledonia Township:
T.12N,,R.8E..._ .. .......8.8°W.

T.12N.,,R.8E., sec. 27, NW. {.
On Cambrian (?) sandstone on
the Baraboo quartzite range. .S. 87° W.
T. 12 N, R. 8 E., sec. 34,
NW. 3. On Baraboo quartz-
8. crereiiiiiienanns ....8.90°-100° W.



WISCONSIN STAGE OF GLACIATION.

Striz of the Green Bay Glacier observed by the writer a

assistants—Continued.

West of the axis of the lobe—Continued.

COLUMBIA COUNTY-~continued.
. . i Trend.
Caledonia Township—Continued.

T.11N., R. 8E,, sec. 4, SW. .
On Baraboo quartzite......... S.

T. 11 N, R. 8 E,, sec. 5,
NE. 4. On Baraboo quartzite
inroad....ccoeviiiiiaai... S.

83°-87° W.

125° W.
SAUK COUNTY.
Tairfield Township, T.12N.,R.7E.:
Sec. 21, SE. }. On Baraboo
quartzite............... ... S. 65
Sec. 25, NW. 4................ S.
Greenfield Township:
T.12N,,R.7E., sec. 26, NW. }.
On Baraboo quartzite on crest
of west bluff at Lower Nar-
TOWS. ot cerieesaneaennnnnnnns S.
T. 12 N,, R. 7 E., sec. 30,
SE. 3. On Cambrian sand-
stone, 2 miles northeast of
Baraboo........ociiiaen S.
T. 12 N,, R. 7 E., sec. 32,
middle north line. On Bara-
boo quartzite ............... S.
T.11N.,R. 7 E., sec. 3, middle
S. 4. On Cambrian basal
conglomerate in road......... S.
T. 11 N, R. 7 E., sec. 11,

SE. 4. On Baraboo quartzite °
inroad............oliall S.50° W.

Baraboo Township, T.11N.,R.6 E.,
-gec.2,NE.1. On Cambrian sand-
stone at Pratt & Burke’s quarry.S.

80° W,

92°-95° W.

80° W.

63°-67° W.
DANE COUNTY.
Cross Plains Township, T. 7 N,
R.7E., sec. 1, NE. 4. On Lower
Magnesian limestone (bearing not
read) (7). .coiiininiiiiiiiiiaaan SW.
Dane Township, T. 9 N., R. 8 E.:
Sec. 1, NW. 1. On Lower Mag-
nesian limestone............. S. 88°-90° W.
Sec. 7, middle south line. On
Lower Magnesian limestone in
{7:1s IR S S. 86° W.
Sec. 15, SW. 1. On Lower Mag-
nesian limestone at -small

QUAITY . eieeannn eeeaaeae. S. 75°-80° W.'

Sec. 15, south line, SW. 1. On
Lower Magnesian limestone in
) road.....coviviiiiiiiiana, S. 75° W.
Springfield Township, T. 8 N., R.
8E.:
Sec. 16, W. 3. On Lower Mag-
nesian limestone in road...... S.97° W.
Sec. 21, W. 4. On Lower Mag-
nesian limestone in road...... S. 68° W.
Sec. 21, NE. 4. On Lower
Magnesian limestone at old
quarry hole. ................ S. 64°-79° W.

°

nd - his

100°-105° W.
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Strize of the Green Bay Glacier observed by the writer and his

assistants—Continued.

West of the axis of the lobe—Continued.

DANE COUNTY—continued.

Middleton Township, T.7N.,R.8E.,

sec. 34, middle. On Trenton

limestone in road (bearing not

| (22216 ) RN (?) SW.

Vienna Township, T. 9 N., R. 9 E.,

sec. 14, NW. 3. On Lower Mag-

nesian limestone at Chris John-

BONS QUATTY . - ¢ cveeereeaencnennn S. 67°-70° W.

Westport Township, T.8N., R.9E.:

Sec. 10, SE. 3. On Lower Mag-

nesian limestone at Martin
O’Malley’s quarry............ S.

Sec. 26, NW. . On Madison

sandstone at railroad cut,
northwest of Mendota station. S.

Sec. 36, SE. . On Mendota
limestone at railroad cut......S.

Madison Township, T. 7 N., R. 9 E.:

. Sec. 21, NW. 1. On Lower
Magnesian limestone at David
Stephen’s quarry, 1} miles
west of the University of Wis-
[616) 1 -1 ) SR S.:

City of Madison, east of Fourth
Ward School, at Brooks and
Chandler streets. On Men-
dota limestone. . ............8.

Sec. 29, SE. .. On Lower Mag-
nesian limestone in Illinois
Central R. R. cut; faint...... S.

Sec. 25, E. 3. On Lower Mag-
nesian limestone in road. .... S.

Windsor Township, T.9N., R.10E.:

" Sec. 14, south line SW. . On
Trenton limestone in road. .. .S.

Sec. 26, east line NE. . On
Lower Magnesian limestone in
) 07:Y¢ SN ....S,

Burke Township, T. 8 N., R. 10 E.:

Sec. 26, NE. 1. On Lower Mag-
nesian limestone hill southeast
of Burke station1............ S.

Sec. 27, NW. 3" On Madison
sandstone at small quarry 1%
miles west of Burke station ..S.

Sec. 33, NW. 4. On Mendota
limestone at Andrew Lillick’s
QUAITY . e eeeeinaennnes e S.

Blooming Grove Township, T. 7 N.,
R.10E, sec. 11,,NE. 4. On
Trenton limestone at A. G.
Estes quarry............... S.

Dunn Township, T. 6 N, R. 10 E.,
gec. 23, SE. . On Cambrian
sandstone, point on west shore

Trend.

60°-65° W.

45°-65° W.

68°-70° W.

55°-60 W.

25°-43° W,

37°-50° W.

60° W,
56°-58° W.

50° W.

65°-73° W.
32°-35° W.

33°-45° W.

30°-38° W.

of Lake Kegonsa. ........... S. 12°-23° E.

S.23°W.

and .

10n top of hill east of Burke station a few strize bearing 8. 72° E.-

8. 108° W. show local divergence of the ice movement.
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Strie of the Green Bay Glacier observed by the writer and his

assistants—Continued.

West of the axis of the lobe—Continued.

DANE COUNTY—continued.

Trend.
Sun Prairie Township, T.8 N., R. 11
E., sec. 14, NW. 1. On Tren-
ton limestone at John Blaska’s -
QUAITY .« o eecieeeeen e S. 20°-26° W.

Pleasant Spring Township, T. 6 N.,
R.11 E.:
Sec. 4, southeast corner. On

Trenton limestone in road....S. 25°-48° W.

Sec.” 14, NE. 3. On Trenton
limestone near road; faint....S.10° W,
Sec. 23, middle south line, On
St. Peter sandstone in road..S. 15° W.
Sec. 24, NW. 1. On Trenton
limestone in gully............S. 0°-8° W.
Sec. 28, NW.1. On Lower Mag- .
nesian limestone at H. O. .

Hogan’s quarry. ............ S. 23°-25° W.

Dunkirk Township, T. 5 N., R. 11
E., sec. 12, SE. 1. On Trenton
limestone at Ole Wethal’s quarry.S. 37° W.
Medina Township, T.8 N., R. 12 E.,
sec. 6, SW. 1. On Lower Magne-
sian limestone in railroad cut 1

mile west of Deanville........... S. 25°-27° W.

Albion Township, T. 5 N., R. 12 E.,
sec. 17, SE. £. On Trenton lime-
stone, in bottom of Mr. Lawton’s
=11 5 S. 25° W.

JEFFERSON COUNTY.

Lake Milis Township, T. 7 N., R. 13

E., sec. 33, SE. . On Trenton _

limestone at Gus Schultz’s quarry .S. 7° W.
Oakland Township, T. 6 N., R. 13

E.,sec.27,SE.4. OnGalenadolo-

mite in gully besideroad......... S. 38°W.
Sumner Township, T.5N., R. 13 E.,

sec. 18, NE. ;. On Trenton lime-

stone in bottom of D. Pierce’s cel-

lar, 40 rods east of schoolhouse 1.S. 49°-64° W.

Harmony Township, T. 3N., R.13
E., sec. 2 east line. On Galena
dolomite in bottom of E. P.

Smith’scellar..._. ... ... ...... S. 20°-27° W.

. Milford Township, T. 7 N., R. 14 E.,
sec. 6, SW. 2. On Trenton lime-

stone at R. Hooper’s quarry '....S. 42°-46° W.

Aztalan Township, T.7N.,R. 14 E.:
Sec. 20, SW. }. On Trenton

limestone in railway cut 1...S. 40°-44° W.

Sec. 20, SE. 1. On Trenton
limestone at quarry near river

bank ... .. ... oLl S. 35°-45° W.

Striz ofithe Green Bay Glacier observed by the writer and his

‘assistants—Continued.
East of the axis of the lobe.

JEFFERSON COUNTY—continued.
' Trend.
Koshkonong Township, T. 5 N., R.
14 E.: '
Sec. 10, SE. 1. On Trenton
. limestone at Stephen Kemp’s
lower quarry................ S. 8°-38° W.
Sec. 10, SE. . On Galena dolo-
mite at Stephen Kemp’s upper -
QUAITY. e eeeiiiceanaaeannns S.11°-14° W.
Sec. 12, SE. 4. On Trenton )
limestone near Martin Schoell-
kopf’'s house............... S. 24°-29° W,

Cold Spring Township, T. 5 N., R.
15 E.,, sec. 32, NW. 1. On Ga-
lena dolomite in basement of F. G.
Blanke’s barn. .................. S. 8°-13° W.

ROCK COUNTY.

Lima Township, T.4 N., R. 4 E.:
Sec. 1, north line on Galena dolo-
mite in rqad west of creek....S. 6°-27° W.
Sec. 11, NW. 1. On Galena
dolomite on F. G. Fehly’s
land... ..., S.12°W.

DODGE COUNTY.

Lomira Township, T. 13N.,R. 17 E.:
Sec. 14, SE. 1. On Niagara
dolomite at small quarry. .. .. S.10°-15° W.

Sec. 30, SE. 1. On Niagara

dolomite at quarry near Chi-

cago, Milwaukee & St. Paul’
Ry S. 6°W.

Theresa Township, T. 12 N., R. 17

E., sec. 33, SW. }. On Niagara
dolomite. .. ... ... ... ..., S. 20° E.

WASHINGTON COUNTY.
Addison Township, T. 11 N., R. 18
E., sec. 20, SL. 1. On Niagara
dolomite in‘creek valley ......... S. 40° E.
FOND DU I’AC COUNTY.
Fond du Lac City, third ward. On
Galena dolomite at Moore's old
QUAITY - oo eecins ieeieeeaenes S.23°W.
Byron Township, T.14N., R.17E.:
Sec. 10, NE. 1. On Niagara
dolomite at old Sylvester

1 These southwesterly trending striee were cited on p. 163 as possibly

due to the Hlinoian or early Wisconsin invasion.

quarry, east of road.......... S.4°-8°W,, S.5°-12°
' E., main set later?
S. §7° E., older.

Sec. 10. On Niagara dolomite

in road just south of Middle..S. 8° W,

Sec. 11, east line SE. 4. On

Niagara dolomitein road......S. 9°-13° E.

Sec. 12, middle east line. On

Niagara dolomiteinroad......S. 27° E.
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Striz of the Green Bay Glacier observed by the writer and his
assistants—Continued.

East of the axis of the lobe—Continued.

FOND DU LAC COUNTY—continued.
Trend.
Byron Township, T.14N.,R.17E.—
Continued.

Sec. 12, NE. 4. On Niagara
dolomite at Christ Geiger’s
QUATTY .o e eeeeeteeaanannannns S.

Sec. 19, south line, SE. 1. On
Niagara dolomite near road...S.

Sec. 19, south line, SE. 3. On
Niagara dolomite in road....S. 8° E.-S. 10° W.

Calumet Township, T. 16 N., R. 18
E, sec. 1, SE. . On Niagara dol-
omite in creek bed at Johnsburgh.S.

Taycheedah Township, T. 16 N.,
R.18L.:

Sec. 9, east line, NE. . On
Niagara dolomite beside road.S. 4° W.; later.

S. 10°-22° E., earlier?

44°-49° E,

0°-20° W.

3°E.

Sec. 10 middle south line. On
- Niagara dolomite in road... .. S.
Sec. 11, middle south line. On
Niagara dolomite in road..... S.
Sec. 16, east line, NE. 4. On
Niagara dolomite in road.....S.
Sec. 32, NW. 1. On Niagara
dolomite at quarry east of
Peebles station.............. S.3°-12°W., later?
S. 21°-26° E., earlier?

12° E.
22° K.

18°-25° E.

Empire Township, T. 156 N., R. 18
E., sec. 19, NE. {. On Niagara
dolomite in Rienzi cemetery..... S.

Ashford Township, T. 13 N., R. 18
E., sec. 23, SE. 3. On Niagara
dolomite at Ulrich Legler’s at
Elmore ...c...oiiivniiaoa.. S.

Eden Township, T. 14 N,, R. 18 E,,
sec. 7, NE. . On Niagara dolo-
mite at Nast Bros.? quarry at Mar-
blehead.....coevveeiiiiiiilt

7°-13° E.
34°_54° .

S.6°-9° E., earlier?
S. 32°-48° E., later?

CALUMET COUNTY.

Brothertown Township:
Lot 152, east line. On Niagara
dolomite in road............ 8.
Lot 22, east line. On Niagara
dolomite in road.............. S.
Charlestown Township, T. 18 N,
R.20E.:
Sec. 28, north ling, NE. . On
Niagara dolomite in road.....S.
Sec. 28, SW. 1. 'On Niagara
dolomite at Union Lime Co.’s
10 E:D o o S. 23°-33° E.
New Holstein Township, T. 17 N.,
R. 20 E., sec. 4. On Niagara
dolomite in road south of middle..S.

6°-10° E.

25°-27° E.

22°-40° E.

34° E.
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Striz of the Green Bay Glacier observed by geologists other
than the writer and his assistants.

WINNEBAGO COUNTY.

Nepeuskun Township, T. 17 N.,

R.14E.:
Sec. 4, near middle south line..S. 94° W.1
Sec. 15, NW. 3. .. S.87° Wt
Sec. 15, near center............ S. 84° W.1

FOND DU LAC COUNTY.

Ripon Township, T. 16 N., R. 14

E,sec. 19 .o S.82°Wa
Metomen Township, T. 15 N., R.
14E.,sec. looooaeeaa....

PR S I R A

GREEN LAKE COUNTY.

Green Lake Township, T. 15 N., R.

13 E.:
SeC. 3.t it Due W.1
R o 1 S S.45° Wt

DODGE COUNTY.

Trenton Township, McFarland’s .
quarry (loc.?).....ooioiiiiatt S. 56° W.1
Westford Township, T. 12 N., R. 13
E., sec. 19, middle, SE. % (loc.?)..First set S. 24° W.;
: second set $.46°W .1
Calamus Township, T. 11 N., R. 13

E., sec. 18, near center........... S. 36° W.1
Portland Township, T. 9 N., R. 13

E., sec. 35, SE. { (loc.?)......... S. 30° W.!
Beaver Dam Township, sec. 20

[ LS P Due south.?

COLUMBIA COUNTY.

Lodi Township, T. 10 N., R. 8 E,,

sec. 23, SE. }. On Lower Mag-

nesian limestone................. .
Caledonia Township, T. 12 N., R.

8 K., sec. 26, NE. . On Baraboo

quartzite...... ...l S.85°W.3

SAUK COUNTY.
’

Greenfield Township, T. 12 N., R.
7E., sec. 26, NW. 1. On Baraboo
QUATEZIte. eee s eeeeieaeaaaeaaaannn S. 85°.W.3

DANE COUNTY.

Springfield Township, T. 8 N,
R.8E.:

Sec. 14, SE. . On Lower Mag-
nesian limestone............. S.73°W.z2

Sec. 15, NE. 1. On Lower Mag-
nesian limestone............. S.81°W.2

Blooming Grove Township, T. 7 N.,
R. 10 E., sec. 17, NW. % (loc.?)..8. 47° W.2

Christiana Township, T. 6 N., R.

12E., sec. 35, NW. 4............. S.5°W.3
Albion Township, T. 5 N., R. 12

CE.,sec.14,8W. 4. ...l S.35°E.2 -

1 Geology of Wisconsin, vol. 2, p. 202, 1877.
8 Idem, p. 626.

2]Idem, p. 201.
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_Striz of the Green Bay Glacier observed by geologists other
“than the writer and his assistants—Continued:

DANE COUNTY—continued.

Dunn Township, T.6 N, R. 10 E.:

Sec. 8, NW. }. On Cambnan
sandstone in gully........... S.

Sec. 21, middle south line. On
Cambrian sandstone in road..S.

Sec. 23, near southwest corner.
On Cambrian sandstone in
 o0:1s DU S.

42° W.!

16° W

10° E.t
" JEFFERSON COUNTY.

Milford Township, T. 8 N., R. 14

E.,sec. 33, SW. }....ocoiaiann S. 30° W.2
Koshkonong Prairie (loc.?)......... S.7°E.:3
Fulton Township, T. 4 N, R. 12

E,sec. 12, NE. 3.cevvvninnnnn.n. S.13° W2

ROCK COUNTY.

Harmony Township, T. 3 N., R.
13 E., near line between-secs. 1

and 2. In D. Smith’s cellar..... S. 20°-27° W.4

WALWORTH COUNTY.

Whitewater Township, T. 4 N., R.
15E.:
Sec. 8 or 9 (?). Near Kinney’s.S. 7° E.2
South of Cravath Lake.......S.12° W.2

FOND DU LAC COUNTY.

Fond du Lac City, third ward,

Moore’s qQUAITY . ..ovveneeennennns S.15°W2
Taycheedah (loc.?).. ..S.15° W.2
Taycheedah Townshlp, T 16 N R .

18E., sec. 29, SW.$ SE. }....... S.10° E.2
Empire [Taycheedah] Township, T. -

15N, R. 18 E, sec. 5, NW. }....8.18° E.2 .

Ashford Township, T.13N.,R.18E.:
Sec.11,NE. . On Niagara dol-
omite in railway cut......... S.
Elmore, sec. 26, NE. +........8.
Marshfield Township, T. 16 N., R. 19
E., sec. 30, 8W. 1. At J. Steffers’s
quarry (loc.?)....... e S.

59°E.2 .
44° E.2

28°E.2

WAUEKESHA COUNTY,

Delafield Township, T. 7 N., R. 18
E.,sec.20,SE. %................. 8. 116° W. [or S. 74°
. E]5

1F. T. Thwaites.

2Geology of Wisconsin, vol. 2, p. 202, 1877.

3Idem, p. 201.

4Frank Leverett. .

sCited in Geology of Wisconsin, vol. 2, p. 201, as strie of Lake Michi-
gan Glacier, but the outcrop is west of the main interlobate morainal
ridge and the striee appear to the present -writer to pertam to the Green
Bay Glacier.

QUATERNARY GEOLOGY OF SOUTHEASTERN WISCONSIN,

Strize of the Lake Michigan Glacier observea by the writer and
his assistants.

SHEBOYGAN COUNTY.

Sheboygan Township, T. 15 N., R.
23E.:

Sec. 7, NW. 1. On Nmoara dol-

omite, west bank of Pigeon
River ........................ S. 14°-22° W,

Sec. 9, SE. . On Niagara dolo-

mite at Sheboygan Lime Co.’s
quarry, on Pigeon River. ....S. 53°-58° W.

Sheboygan. On Niagata dolo-
mite, at lake shore, Light
House Point.................. S. 50°-82° W, earlier,
- S.12°-14°W., later.

OZAUKEE COUNTY.

Belgium Township: -
T.12N.,R. 23 E., sec. 19. On
Milwaukee formatlon at North-
western Stone Co.’s quarry, on
lake shore....... e S. 48°-75° W.
T.12N.,R.22E., sec. 36, SE. 1.
On Milwaukee formation on
lake shore.................... S. 79°-89° W.
Port Washington Township, T.11N.,
R.22E.:
Sec. 9, NW.1. On Nlagara, dol- »
omite at Druecker’s quarry...S. 91°-98° W.
Sec.29,NE. 1. On Niagaradol-
omite in creek bed, # mile
northwest of Port Washington.S. 86°-91° W,
Grafton Township, T.10N., R. 21 E.:
Sec.13,SE. 1. On Niagara dol-
omite besideroad............ S. 84°-90° W.
Sec. 24, SE. 3. On Niagara dol-
omite, in west bank of Milwau-

kee River at Grafton. . ..S. 46°-48° W,
S. 83°-111° W.

WASHINGTON COUNTY,

Germantown Township, T. 9 N., R.
20 E.: ,
Sec. 22, NE. 1. On Niagara
dolomite at Nehs Lime. Co.’s
quarry at Germantown...... S. 85°-87° W.
Sec. 35, SE. }. On Niagara dol-
omite at quarry mnear Jacob .
" Schmidt’s place............. S. 80°.W.

WAUKESHA COUNTY.

Lisbon Township, T. 8 N., R. 19 E.:
Sec.21,NE.1. On Nlagara dol-
omite in Chicago, Milwaukee
& St. Paul Ry. cut.......... 8. 128° W.
Sec. 34, near middle. On Niag-
ara, dolomJte .
Sec. 35, NW. 5; On Nxagara
dolomite at Potter’s quarry...S. 88°-96° W.

... 90°-104° W.



WISCONSIN STAGE OF GLACIATION.

Striz of the Lake Michigan Glacier observed by the writer and
his assistants—Continued.

WAUKESHA COUNTY—continued,

Pewaukee Township, T. 7 N., R. 19
E.:
Sec. 9, NE. . On Niagara dol-
omite at quarry at Pewaukee.S. 85°-90° W.
Sec. 26, SE. . On Niagara dol-
omite at quarry 2 miles north.

of Waukesha. ............... S. 66°-76° W.
Sec. 26, SE. %, 40 rods south of
above. c..iiiiii S. 81°W.

Sec.33,SW. 1. On Niagara dol-
omite at Siegel’s old quarry..S.

Sec. 35, NW. 4. On Niagara

dolomite at Hadfield’s quarry,
weot side Fox River. ........ S. 57°-74° W.
S. 75°-81° W.

Sec. 35, NE. 1. On  Niagara

dolomite at Waukesha Stone

Co.’s quarry, east side Fox
River................ e -S.

Waukesha Township, T. 6 N., R. 19
E., Waukesha. On Niagara dolo-

. mite near Carroll College........S.
Genesee Township, T.6N.,R. 18 E.,
gec. 26, NE. +. On Niagara dolo-
11117 J N S.

Menomonee Township, T. 8 N., R.
20 E.: '

Sec. 3, SE. 1. On Niagara dolo-
mite at Menomonee Falls... .. S.

Sec. 17, SW. 4. On Niagara dol-
omite at Lake Shore Stone
Co’s. quarry ................ S.

Sec. 18, NE. 1. On Niagara dol-
omite at Lake Shore Stone
Co/s quarry ..c..oeenennnn.. S.

72°-73° W.

30° W.
75° W.

30°-94° W.

73°-95° W.
92°-103° W.

96°-112° W.
MILWAUKEE COUNTY.

Granville Township, T. 8 N., R. 21
E., sec. 26, SW. . On Niagara
dolomite at quarry of F. A.
Zautcke'sestate....._........ ... S.

Wauwatosa Township, T. 7 N., R. 21
B.r

Sec. 26, N. 3. On Niagara dolo-
mite at A. F. & L. Manegold’s
quarry in Menomonee River
valley west of Milwaukee....S.

On Niagara dolomite at Story
Bros.” quarry, .southwest of
Grand Avenue viaduct ...... S.

20°-48° W.

56°-72° W,

44°-71° W.

RACINE COUNTY.

Mount Pleasant Township, T. 3 N,
R. 23 E.,sec. 6, On Niagara dolo-
mite at Horlick’s quarry on Root
River, 2 miles northwest of Ra-

[ U TP S. 83°-93° W.

203

Striz of the Lake Michigan Glacier observed by geologists other
than the writer and his assistants.

SHEBOYGAN COUNTY,

Sheboygan Falls Township, T. 15 N.,

R.20E.:
S. 55° W.
Sheboygan Falls®.._........... Due W.
Due S.
Do.cvereiii i S. 64° W.2

Sec.16, Howard’squarry (loc.?) 8. 78° W.2
MILWAUKEE COUNTY,

Milwaukee, fourth ward, Moody’s
quarry, north slope of Menomonee
Valley at Twenty-seventh Street..S. 86° W.2

- WALWORTH COUNTY.

East Troy Township, T. 4 N., R. 18
E., sec.11,SW. 1. At Castleman’s
old quarry, east of Potter Lake;
obsSCUTe. - ... S. 45°-50° W.3

RELATIONS OF THE ICE TO BEDROCK.
RECORDS ON THE ROCK.

The rock surface at the various exposures
within the glaciated area affords interesting
evidence of the action of the moving ice. At
many places where the upper layer of the rock
was sufficiently firm and indurated to resist .
the push and drag of the glacier and was also
of such texture as to receive and retain the
planing, polishing, and striating effects of
moving ice, shod with rock fragments and
supplied with fine abrasive material and
polishing powder, the effects of glaciation are
well exhibited. These effects are only observed, .
however, where the rock surface has but

recently been stripped of a protecting layer of

drift, either by wave or stream action, or by
artificial excavation as in quarries, cellars,
wells, and wagon road and railway cuts. Where
such a protecting mantle is absent, or where it
is thin and porous, the solvent effect by
meteoric waters and other agencies of weather-
ing has generally removed all traces of ice
action by etching and roughening the surface.

Of the sedimentary rocks the limestones,
where protected, show best the effects of
glaciation. A few strie have been observed
on the St. Peter, Madison, and older Cambrian

1 Whittlesey, Charles, On the icemovements of the glacial era in the
valley of the St. Lawrence: Am. Assoc. Adv. Sci. Proe., vol. 15, pp,
43-54, 1867, B
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