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Dear Paul:

The field work on the Elgin and Geneva quadrangles
has been completed and a manuscript on the Geneva quadrangle
has been prepared by Powers. The advantages of publishing a
single report on the Barrington, Elgin, and Geneva quadrangles
are obvious. I should like to submit for your consideration
the plan of having Powers compile the combined report this sum-
mer, the title of the proposed report to be:

GEOLOGY AND MINERAL RESOURCES OF THE BARRINGTON,
ELGIN, AND GENEVA QUADRANGLES

Barrington quadrangle by Paul MacClintock
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Bedrock formations by L. E. Workman
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I should appreciate knowing whether the plan of a
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Illinois Geological Survey ,

| RECORDS DIVISION

Urbana, Illinois. | lhc_ClchT3tK FPaul.
Ms. X

ILLINOIS STATE

Geolozy and Mineral Resources of

the Barrington Quadrangle.

By Paul MacClintock

Chapter I  Introduction

Location and extent

The Barrington quadrangle comprises an area of approximately
227 square miles (i.e. about 13 x 175 miles) lying meinly in the
northwest part of Cook County, but including the southﬁest corner of
Lake County and small parts of Kane and McHenry counties (fiz. 1).
The central point of the area is about thirty miles northwest of the
heart of Chicagoe.

Culture

The quadrangle includes the towns of Palatine, Barrington,
and Cary on the Chicago and Northwestern Railway, and Zurich three miles
northeast of Barrington, besides several small villages. Just beyond
the western boundary lies the city of Elgin, while beyond the eastern
one is Arlington Heights.

The area is largely one of up-tb-date farming commmunities,
specializing in.dairy productse Its lakes and woods make parts of it

inviting for recreational purvoses, and afford an accessible and much-

(“( I(‘G} ALW RV



used playground for the people of Chicago. In addition, there
is a growing mumber of commuters whosg families enjoy the whole-
some rural environment.

Excellent rail transportation is afforded by the Chicago
and Northwestern Railway,crossing in a northwest southeast direc-
tion through the center of the area, and by the Elgin, Joliet and
Eastern Railroad, crossing in a northeast southwest direction
through Barrington and Zurich. A third, small,.railroad connect-
ing Wauconda, Zurich, and Palatine has been recently abandoned in
favor of the rapidly growing automobile traffic, Likewise motor
transportation is facilitated by many excellent concrete highways
traversing the area in various directions, as well as by the numer -

ous well=gravelled secondary roads.

Purpose and scope of the report.

This report is based on a study of the region during the

RO

R

_swmmer of 1921, augmented subsqggent{x L¥..8exeral short t;lps ana

e e s

AT

4conferen€ii. The study has two main purposes: (1) to ascertain the
geologic history of the region, both for the development of the science
and for its application to the solution of definite problems such as
those connected with water supply, with land drainage, or with highway
construction; and (2) to discover and evaluate actual or potential
economic resources.

It has been the aim in writing this report to make it both
intelligible and interesting to the lay reader, as well as useful to the
expert. While obvious difficulties are encountered in such a presenta-
tion, it is hoped that their solution has been at least moderately suc-

cessful,
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CHAPTER II - TOPOGRAPHY

Relief.

Thé region in general is a rolling plain consisting of hill
after hill of long gentle slopes, interrupted in certain areas by
steep~sided hills or depressions either isolated or in groups. The
country rises from an altitude of 670 feet along Salt Creek in the
southeast corner of the guadrangle to about 850 feet along.the north-
south divide in the middle of the.area, where several of the higher
points surpass 900 feet. From this divide the country graduelly
falls westward to 730 feet along the Fox River drainage, only to rise
at the west margin of the quadrangle to 900 feet, with the highest
point 950 feet near the northeast corner of Kane County. The ares,
consequently, has a maximum relief of 280 feet, though the average of

normal height of the hills is more like 100 feet above adjacent de-

pressionse.
Character of the topography.

The character of the topography may be described in various
ways. TFirst of all, the hills may be grouped into four kinds: (a)
the wide and hizh hills, a quarter to a half or, in some cases, a mile
wide, and 50 to 60 feet high; (b) wide and low hills, the seme width
as (a) but only 10 to 20 feet high; (¢) narrow and high hills a hundred
yards across and 40 to 50 feet high; and (&) narrow low hills, a hundred

yards across and only 10 to 20 feet high. While all four kinds are



found together in many places in the area, it is true that the central
part of the area is made up largely of the first kind, i.e. the wide
and high, giving to fhe topography a massive aspect. It is further-
more true that the southeastern part exhibits the second type largely,
i.e. the wide low hills, in the neighborhood of Palatine and thencse
southward to the boundary of the area; while the third type dots the
landscape in the western portion, particularly near Fox River Grove
and in a belt near the west margin of the quadrangle. The fourth
type is scattered promiscously over the area, usually as minor features
on the surface of one of the other types.

On the other hand the depressions, both larzge and small, fall
naturally into two groups: (a) those with steep} high walls, and (D)
those with gentle sides. The former abound in the western half of
the quadrangle, with only a few in the eastern one and these few con-
fined to the northeastern part; while the latter prevail in the eastern
half and are less typical of the western. The depressions in which
Spring Valley, Goose Lake and Honey Lake lie are typical of the former,
while the low marshy tracts near Palatine represent the latter. It is
our nurpose later to give some ideas of how and why these various types

of topography were formed.
Topographic arrangement.

The key note to the topographic arrangement of the land forms

in this area is irregularitye. Aside from a very crude general north-

south alignment of some of the major features, there i1s no rhyme nor



reason to vhere the hills and depressions are, nor to their shapes or

up of

i}

sizes. The topography is quite obviously the result of piling
materisl in irregular masses, rather than cutting out of valleys in the
orderly process of stream erosion. It is technically kmown as con-

structional topography, as contrasted witn destructional tovogravhy.

It is our hope to explain these phenomena later in the discussion.

Drainage.

The Fox Eiver’crossing the northwest corner of the quadranzle,
in a fairly deep narrow valley, flows southward a few miles west of the
western boundary through Algonquin, Carpentersville, Dundee, and Elgine.
Flynn and Spring Creeks, draining the northwestern part of the area,
Jjoin the Fox River near Fox River Grove; while Poplar Creek, in the
southwestern part, joins it near Elgin . Indian Creek and its tribu-
taries in fhe north, and Salt Creek with its tributaries in the south,
carry off the surplus water from the eastern half of the area. It is
to be seen that the higher land through the middle of the gquadranzle
forms the watershed between the eastward-flowing streams which are
tributary to the Great Lakes and St. Lawrence drainage basin and the
westward-flowing ones tributary to the Illinois and Mississipopl system
to the Gulf of Mexico. This divide consequently is one of the most
important onesof the continent. As in the case of the topographic
arrangement of the land-forms, so it appears with the streams that they
are flowing in valleys quite irregular in size, shape, and direction.

Spring Creek Valley is wide in its upver course, and narrows to a ravine



near its junction with the Fox. Flynn Creek flows northwest from
Barrington, as though it were to join Spring Creek, only to turn, when
within a quarter of a mile of this objective, veer off at 120°, and flow
north®est and north to Jjoin the Fox four miles above the debouchure of
Spring Creek. ©Poplar Creek rises in & broad open depression in the
lower middle part of the area, but leaves it in the southwest corner
through a deep narrow valley. It is obvious that the streasms did not
carve the valleys in which they are now flowing, but are rather flowing
through depressions formed in some other way. It will be our duty to
inquire into this haphazard drainage arrangement later in the discussion.

In addition to the many small lakes, ponds,and marshes which
dot the landscape, there are three lakes of considerable imvortance for
their scenic and recreztiocnal value. Lake Zurich, the largest of the

H

three, lies in the north central part of the quadrangle. Yoney Lake
lies a mile west of Lake Zurich, and Diamond Lzke occupies the extreme
northeast corner. All three are shallow, simoly occupyinz gentle
depressions among the rolling hills. Soundings in Lake Zurich showed
it to be 5 to 10 feet deep, though in the very middle one measurement
showed 30 feet of water. The fact of the many lakes, ponds, and

marshes all occupying basin-lilkte depressions bears witness to a con-

structional rather than a destructional origim of the topography.



CHAPTER III - BED ROCK

Introduction

The surface of the quadrangle is mantled with from 100 to 330
feet of glacial drift, composed of clay, sand, gravel, and boulders.
In places sand and gravel prevailj elsewhere stony clay is in evidence.
Boulders are seen lying on the surface and scattered through the drift.
Nowhere within the area does bed rock outcrop; but not only does it
appear at the surface in surrounding areas, but numerous water wells
within the area have penetrated into it.

The bed rock of this area belongs in the long series of for-
mations formed during the various periods of the earth's history.

From study of the rocks of the earth in many districts, the follow=-

ing subdivisions of geologic time have been established and named:



Table 1

Princinal geologic eras, periods, and epochs

Epochs
BEras Periods within the Barrington Quadrangle
(Recent
terna :
Sinsnaie éQua s (Pleistocene
(Tertiary
(Cretaceous
(
(Comanchean
Mesozoic (
(Jurassic
(Triassic
(Permian
(Pennsylvanian
(Mississipian
(
(Devonian
(
Paleozoic (silurien Eﬁ:gx:; S
(
(
E (Richmond (Maquoketa)
(Ordovician E (S;:leg:t:z;d Platteville
E (Prairie du Chien ("Lower Magnesian")
(
(
(Cambrian Potsdam Group
Proterozoic Huronian Found as boulders in the drift.
Pr——— (Gneiss series

(Schist series
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Since, as has been said, no bed rock formations are exposed
in the Barrington Quadranzle, their iﬁterpretation and description is
based on study of the rocks where they do outcrop in other parts of
northern Illinois and southern Wisconsin, augmented by information
from well-logs within or near to the quadrangle. The formations, as
they are now known in northeastern Illimis, are given in the columnar
section (Pig. 4 ). They are seen to be rocks of Cambrian, Ordovician,
Silurian, and Pjeistocene ages. They are variously composed of sand-

1/

stone, limestone, dolomite, and shale. ™ Fossils in them show that

l/ For a discussion of the processes and results of erosion, sedimen-
tation, diastrophism, vulcanism, organic evoclution, etc., the reader
is referred to any of the standard text-books on general geology
available in local libraries and bookstores.

they are of marine origin, having been deposited in shallow marine em-
bayments that spread over the continent. Most of these formations
are separated by unconformities, which are erosional breaks showing
that the lower formation was exposed to subaerial erosion before sub-
mergence and re-invasion of the sea allowed the deposition of the next
overlying formatione. This situation means that the thicknesses of the

several formations vary from place to place, not only because each was

., deposited on an irregular surface, but because the top of each was eroded

unequally from place to place. A simple diagram may serve to make this

idea more clear (Fig.‘f ) N

Since there are only two wells within the Barrington area that
penetrate deeply into the underlying rock, and these only to about 900

feet, records are given also for what wells have been drilled in the
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ﬁeér vicinity (Pig. 9 ). Elgin is situated just west of the southern
part of the area, Norma (13 miles west of Desplaines) is 5 miles east of
the southeastern corner of the area, Park Ridge is 10 miles east thereof,
while Grays Lake lies 8 miles north of the northeast corner. Since

the formations are continuous beneath the Barrington area, these records

give a fairly accurate picture of the bed rock succession.

Cembrian System

The deepest wells in the vicinity penetrate into the Cambrian
rocks. They are kmown, by paleontologic evidence, to be Upver Cambrian
or Croixan in age. What lies below these formations in this district
is not knowni but 100 miles to the north in Wisconsin, where they out- .
crop, they lie on Proterozoic quartzites of great thickmess. It is
fairly safe to infer, therefore, that deep enough drilling would discover
these same Proterozoic rocks below the Barrington area. The Cambrian
rocks consist of two thick sandstone formations, the Mt. Simon below and

the Dresbach above, witi: the impure Eau Claire between. 1/

l/ Thwaites, F.T., Stratigraphy and geclogic structure of Northern
Illinois. Rept. of Investigation No. 13, Ill. State Geol.Surv.,1927.

The Mt. Simon 1is a fine- to coarse-grained grgy to pink
sandstones, The Elgin well shows it to be more than 580 feet thick,
while a well at Dixon has penetrated 842 feet into it without reaching
its bottom. It contains thin beds of shale of erratic distribution.
It is commonly a source of abundant water, though there are some fine-

grained zones that carry little water.
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The Eau Claire formation consists of a variety of fine-

grained, dolomitic, gray end pink sandstcnes, calcareous red, gray, and
greenish shales, and sandy or shaly grayish dolomite. As may be in-
ferred from this variable composition, it is noted for its changeability,
for no two well-logs show precisely the same succession of materials.
Its thickness ranges from 100 to 400 feet.

The Dresbach is a medium-grained, pure white to yellowish
sandstone. Its thickness varies from 100 to 250 feet, though near
Weukegan it is only 30 feet. It is one of the best water-bearing
formations in northern Illinois.

The accumulation of these Cambrian sandstones and sandy shales
took place in a shallow arm of the sea which spread over this area in
Upper Cambrian time. Into this body of water sand and mud were washed
from adjacent lands which appear to have existed in Wisconsin and southera
Canada at this time. Waves and currents distributed the sediments along
the ancient shores and out into the body of water. (Silica, lime, and
iron, either déposited along with the sediments or subsequently brought
in by circulating ground water, together with the pressure exerted by
subsequently deposited superincumbent beds, have gradually cemented the
particles and grains into solid rock.) The sea then withdrew, due to
a lowering of sea-level or an uplift of this area, and the Cambrian rocks
were subjected to prolonged subaerial erosion by wind and running water.
Their upper surface was dissected into hills and valleys. When the sea
re-zdvaenced into this region, sediments filled valleys and overlay hills
in such a way as to preserve the evidence of an erosional break in the

sedimentary'succession. Such a break is known as an unconformity.



o X =

Ordovician System

The Ordovieian period is commonly divided into three epochs:
the Lower (Prairie du Chien), the Middle (St. Peter, and Galena-Platteville),
and the Upper (Richmond or Maquoketa). The system is not only uncon-
formable at its bottom and top, but contains within it three urconformi-

ties.

Prairie du Chien Series

This m like the Cambrian, is divided into three forma~
tions: the Oneota dolomite below, the Shakopee dolomite above; and the
New Richmond sandstone between., The lower 80 to 150 feet of the Oneota
hes been called the Mazoneanic formation. It is a glauconitic sand-
stone so heavily cemented by dolomite that it resembles closely the over-
lying dolomite and has been separated therefrom in only a few well records.
The absence of unconformities within the Prairie du Cphien series shows
that there was continuous deposition through this epoch. The dolomites
are commonly light gray in color, though buff and even pink is seen in
places. Thin beds of bluish shale are not uncommon in both the dolomites
and the sandstone. In the vicinpity of the Barrington ares the thickness
is about 300 feet, though elsewhere in the state it is recognized to be
as much as 520 feet,

This thickness of calcareous sediment must have been deposited
in water free from clastic material (sand and clay) except for an occa-
sional influx of sand and mud. Two extreme conditions may be pictured
to account for this situation: either the site of deposition was so far
from shore that no sand or mud got to it, or fhat the shore and land was

so low and covered with vegetation that little or no clastic material
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entered the sea.  The probability is that a combination of these ideas
more correctly pictures the coniitions; namely, fairly far from a fairly
low land=-mass. At any rate both chemical and organic processes evi-
dently caused the precipitation from sea water of fairly pure lime mud
(CaCOz) which was subsequently altered to dolomite (CaMgCOz) by the addi-
tion of magnesium from the sea water. The silica, precipitated at the
same time as the lime mud, has subsequently been aggregated into chert

concretions and quartz geodes, both of which are abundant in some places.

St. Peter Sandstone

The St. Peter is a fine- to medium- to coarse-grained sand-
stonee In most places in this part of the state it is comvosed of re-
markably pure white quartz sand, the grains of which are very well round-
ed. Not uncommonly conglomerate of rounded quartz and chert pebbles
is seen in the lower part of the formation. Likewise shale seams are
encountered in its lower parf in many places. In this area its thick-
ness varies from 50 to 200 feet, though elsewhere it is kmown to be 500
feet or more.

The conditions of deposition of this sandstone have been one
of the interesting problems of geologye. Its great purity in places,
its perfection of cross-bedding, as seen in outcrops as at Starved Rock
along the Illinois Rjver, and its lack of fossils in this region, lead
early workers to consider it a deposit of wind-blown sand formed under

desert conditions. But more recent work l/ in other regions indicates

l/ Dake, C.L., The problem of the St. Peter sandstone. Univ. of Mo.,
School of liines & Metallurgy, vol.6,No. 1, p.l194, 1921.

& marine origin for the fo;mation.
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The deposition of theAShakOpee dolomite was brought to an end
by the emergence of the region. .The emergence must have been consid-
erable, for subaerial erosion cut deep valleys into the Prairie du Chien
rocks, and in places even cut througlh them into the unmlerlying Cambrian.
Over this eroded surface spread the sea in St. Peter time. During
this transgression the pebbles, sand, and clay which lay on the land as
- the sea encroached were washed about, sorted, and deposited to make the
basal conglomerates, sandstones, and shales. The source of the 'beacuti-
fully rounded quartz grains of the middle and upper part of the formation
is still something of a question, but it seems to be evident that they
came from the erosion of some pre-existing sandstone, which in turn was
formed by the reworking of some still older sandstone. Such a history
is depicted because the grains seem to be too much rounded to have been
shaped by abrasion during a single episode of transportation from land
into the sea. The cementing material, commonly silica, is present in
such a small amount that the whole formation is very porous and, on the
outerop, is commonly crumbly. It is a good water-=bearing horizong
one of the best in the north-central part of the state. Due to the
oxidation of pyrite, which is present in the upver part of the formation,

the water from this horizon commorly contains noticeable amounts of sul=-

phate.

Galena and Pjatteville Formations

The deposition of sand was brought to a close by another
emergence of the rezion. Erosion again cut into the upper part of the

newly deposited formation. Then followed a readvance of the sea. But



conditions of sedimentation were different, for now no clastic material
was deposited and only lime mud accumulated on the shallow bottom to
form the Galena and Platteville formations. Since these two can not be
differentiated in the well-logs in this part of the state, they are com-
monly grouped togethers. In some well-records a sandy dolomite (the

Glenwood formation.l/) is recognized as a distinct formation. In the

;/ Bevan, Arthur, The Glenwood as & horizon marker at the base of the
Platteville limestone: 1Ill. State Geol. Surv., Rept. of investi-
gations No. 9, p. 6, 1926.

western part of the state this formation is brown and green shale and
sandstone. The thickness of the combined Galena and Platteville

formation ranges from 300 to 450 feet.

Maquoketa Formation.

Emergence and erosion followed the deposition of the Galena-
Platteville. This was followed by a readvance of the sea. Into this
gea mud was swept to form the bluish gray to greenish gray Maquoketa :
shale. Some lime was deposited along with the mud to produce the dolo=-
mitic shale encountered in many wells. The formation varies from 50
to 250 feet in thickness.

Emergence and erosion closed this episode of deposition, as

well as the Ordovician history of this district.
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Barrington Twp. (XNW %, NE%, NWi, sec. 1, T.42 N., R.9 E. Cook County)

Drift 2004
Limestone (Niagaran) 115%

(Center S3, NW3, sec. 28, T.42 N., R.9 E. Cook County)
Blue clay 7518
Fine sand 150
Limestone (Niagaran) 122!

It ranges in thickness up to 200 feet in the near vicinity,
though it is kmown to be as thick as 400 or 500 feet elsewhere in the
state. . It represents a long episode of quiet.clear seas in which
organisms lived, extracted lime from the sea-water to build their shells,
and, when they died, contributed their shells to the accumulating sedi-
ments on the bottom. Waves comminuted these shells to form the lime
mud. Chemical precipitation doubtless contributed some lime also.

The addition of magnesium from the sea-water converted large parts of

this lime into dolomite.

Post-Niagaran = Pre-Pleistoceng,vH;>*°V“\

No bed rock is preserved within the Barrington area to record
the events of this long interval; but Devonian rocks are known in south-
eastern Wisconsin, and are found in fissures in the Niagaren in several
places in northeastern Illinois. It is therefore confidently inferred
that Devonian rocks originally covered the Barrington area and have
subsequently been stripped away by erosion.

Several boulders have been found in the glacial drift near
Chicago in which there are fossils which are identified as of Mississippian
agee Since the glacier could have transported these boulders only in a

southerly direction from the outcrop of the formation, it is a tenable
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inference that Mississippian rocks may have covered the area and possi-
bly been present in the Barrington Quadranszle. If so, they, like the
Devonian, have been entirely removed by subsequent erosion. Nothing
" 1s known of the history of the region during Pennsylvanian and Permian
time, but it is inferred that erosion was in progress. Erosion appears
to have contimued through the entire Mesozoic and Tertiary times, for
no evidence of deposition has been found.
In the Barrington area this erosion cut valleys into the
Niagaran limestone, making the topography generally one of gentle relief,
though several valleys are more than a hundred feet deep with steep
Bad-nockTs poqvaphie map.
walls (see ., )e Southwest of Barrington two wells passed from

the drift directly into Magquoketa shale, showing that the Niagarsn had

been entirely eroded awsy in that neighborhcod.

Log of well drilled by Ray Rieke
1% miles southwest of Barrington.

Thickness  Depth

Feet Feet
BRI iy 5 o a5 s hvhai s A 275- 275
Broavel seicscocessascie % 20 205
U7 | S G S e g e SN B 160 455
Limestone <c.eccvvocccse 165 620

Sandstone at bottom
This may be easily explained since the strata of the region have a
gentle eastward dip and that here, near the western edge of the Niagaran
rocks where they have been reduced to a thin irregular edge, it was easy
for erosion to cut through them into the underlying formation. Coupled
with this situation, it is to be noted that the Niagaran was deposited

unconformably on the eroded surface of the Maquoketa. The Niagaran



was evidently thinner over a Mtfqnoketa hill than in a Maquoketa valley,

and hemce might be eroded off to expose Maguoketa rocks, while surround-
ing territory might still retain Niagaran above the Maquoketa. Such

a disposition of formations is known as a fenster (window). A fenster

is likewise produced in many places where an anticline has been eroded

' to expose the older formationse. There may possibly be a very gentle

anticline west of Barrington, but there is no proof of one, and the
pheromena may equally well be explained otherwise. Another similar

fenster is reported southeast of the quadrangle near Desplgines.



CHAPTER IV - THE GLACIAL PERIOD IN NORTH AMERICA

Evidence of Glaciation

4 During the Pleistocene period about 3,000,000 square miles

of North America were covered by a continental ice cap (Figjaé) similar

to those which now cover the larger parts of Greenland and Antarctica.
That this ice-sheet existed where now green fields and forests lie, is
shown by the abundant evidence found in the characteristic marks of
erosion left upon the bed rock as the ice-sheet spread from its center;
and in the drift found where the melted ice deposited its accumulated

load, *
BErosion

There are no exposures of bed rock in the Barrington quadrangle;
but in other areas covered by the ice, wherever the solid rock is exposed,
its surface is found to be smoothed, grooved and scratched (striated),
and in places highly polished, indicating that some fairly rigid, heavy
body bearing tools with which to gouge, polish, and scfatch)had ridden
over ite Here can be recognized the work of the moving ice with its em-
bedded drift. The hills of the glaciated area have a characteristic
shape, in that the side against which the ice impinged as it advanced is
gentle in slope, while the side away from the advancing movement of the
glacier is steep. Since there are no exposures of bed rock in the

Barrington quadrangle, no such ice-shaped hills or other direct evidences
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of erosion are to e seeny but it is evident that a large amount of
erosion must have taken place somewhere to have produced the immense

quantity of drift present in the quadrangle.

Deposition

Over the larger part of the area, once covered by the ice-
sheets, is spread a mantle of unconsolidated material, varying in thick-
ness from a few inches up to five or six hundred feet. It is clearly
of transpdrted orlgin, for it contains materials that did not arise from
the decay or disruption of the underlying bed rock. In the Barrington
quadrangle, for instance, the bed rock is mostly limestone, yet the
drift contains scores of different kinds of rocks such as granites,
basalts, and schists. And further, the drift is deposited in many
places regardless of the original topography. It is found in valleys,
on the sides of hills, and even on the tops, so that the agent which
deposited it must have spread over hills and valleys alike.

The drift is made up of particles of various sizes, ranging
from those of ultra-microscopic size up to boulders 10 feet and more
in diameter. There are, in general, two kinds of drift, unstrati-
fied and stratified, found either in separate deposits or in more or
less intimate association.

The unstratified drift is called till. It is both physically
and lithologically heterogeneous; physically heterogeneous in that it
is made up of material ranging in size from the finest particles, through
sand grains, to pebbles and boulders many feet in diameter; and in that
these different materials are mixed together quite independently of size

or shape (Fig.ﬁ;). It is lithologically heterogzeneous in that the drift
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containg a great number of rock varieties, many of which must have come
long distances, mixed together. A piece of granite, whose nearest
parent bed rock outgrop is several hundred miles away, may lie next to
a cobble of Niagaran limestone derived from a near-by source. The
great body of the till is made of boulder clay or very fine material
made by the grinding up of rock, not by its chemical disintegration.

The stratified drift is comrosed chiefly of gravel and sand.
It shows clear evidence of ﬁaving been deposited by water which was
formed by the melting of the ice. In carrying the sediments along, this
running water has sorted them according to size, shape, and specific
gravity so that the coarse material is found more or less separated from
the fine. In any one place the power of the water varied from time to
time depending upon the rapidity of melting. The amount and kind of
load carried by the water varied with the amount and kind of load the
glacier contained, and with the volume and velocity of the water. Strat-
ification resulted from the combination of forces: fine material was
deposited during time of slow water, as in winter when little melting
was going ons coarse material was deposited when the currents were strong,
as in summer when the ice was melting rapidly. Interbedding of coarse
and fine material is the result as shown in Figuré]#. The stratified, or

fluvio=glacial drift, while not notably heterogeneous physically, is yet

heterogeneous lithologically, being composed of a variety of rocks and

minerals.



Topogravhic expression
The drift, deposited by ice, has a characteristic surface
expression not produced by any other geologic agent. Under the edge
of the glacier, where it remained more or less stationary for a long

time, a thickened belt of drift, known as terminal moraine, accumulated.

Under the body of the ice a thinner sheet of drift accumulated, called

%, ground moraine, while beyond the margin of the ice glacial waters de-

posited sand and gravel in a sheet, designated as outwash plain, or, if

concentrated into a valley, filled the bottom of the valley to meke a

v
valley train (fig.\ﬁ).

Terminal moraine

The position of the edge of the ice at which the terminal mo=-
raine is deposited is determined by a balance between the rate of forward
movement of the ice and the rate of meltinge. If the bedy of the ice is
moving forward faster than the edge is melting backward, the edge will
advance. On the other hand, if the melting is more rapid than the for-
ward movement of the ice, the margin will recede. For instance, if
there were a long, cocld winter followed by a short, cool, rainy suumer,
the gutumn would find the ice margin farther out than if there had been
a short winter and a long hot summer. Also, if there were a period of
great snow-fall the glacier would grow, while if there were a deficiency
of snow, it would recede. In fact, the edge of the glacier fluctuates
from time to time and from place to place, and any particular place at
which the ' edge stood one season might be over-ridden the next. Deposi-
tion under the edge of the ice was naturally very irregular, and it was

made more irregular because the ice carried an unequal amount of load at
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different times and at different places. These considerations account
for the fact that thexk surface of the termiml moraine, where well
developed, is hummocky, bumpy, rough, & veritable maze of small steep=
sided hillocks and deep abrupt undrained depressions. The term "knob
;xf““’;‘ and kettle" or "kame and kettle" characterizes this type of tovography
where the moraine is of pronounced type (fig.“f).
Distinct hills composed of gravel on or associated with the

terminal moraine are called kames. They are made of fluvio=-glacial

material and were devosited by water when it issued from the ice.
; Cracks, crevasses, and irregularities of the ice margin cause the depo-
(M “sition to take irregular shapes resulting in steep hills and abrupt de-
W “ pressions after the ice melted (fig.'?). A typical terminal moraine is

coin*_oosed partly of till and partly of fluvio-glacial drift.

Ground-moraine

That part of the drift deposited under the ice back from its
margin,or under the margin of the retreating ice, is known as ground-
moraine. ' It is composed chiefly of till, but may have stratified
material on its surface deposited as the ice finally melted from the
areae. The topography is much less uneven than that of terminal mo-
raines. Hills of ground-moraine may be as high as those of the terminal
moraine, but they are much wider and the slopes are much more gradual,

t vma.king a gently rolling surface. The hills may be 40 or 50 feet high

but they are a mile or two wide. The name applied to this type of

. %x topography is "swell and swale" (fig. #)
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Outwash

The drift deposited beyond the edge of the ice by glacial waters
is called outwash. It is composed of stratified material -- mostly sand
and gravel. Where the edge of the ice stood oh flat country, the out-
wash is a plain, sloping away from the terminal moraine. This plain has
a comparatively flat surface, marked here and there by shallow stream
channels where the glacial streams flowed, and by pits where blocks of ice
lodged and were surrounded or covered by outwash, only to melt later and
leave a deep, steep-sided depression.

Where the glacier stood across a valley, as it did across Fox
River near Cary, the sediment-laden waters flowed down the valley, filling

up its lower part to form a valley train.

Rocks of the drift

There are many different kinds of rocks in the drift, for as the
ice-sheet moved southward from its centers in Canada, it picked up and car-
ried along fragments, large and small, of the various kinds of rocks over
which it passed. When the ice melted, these fragments were left as part
of the drift. The rocks (boulders) of the drift fall into three general
classes, i.e., sedimentary, igneous, .and metamorphic.

Sedimentary roéks were formed by the accumulation of sédiments
beneath bodies of standing water. There are four principal varieties.
Sandstone is solidified and cemented sand, formed near the shore of the
ancient seas much as sand is collected today near the shores of lakes and
oceans. Conglomerate is solidified gravel, and represents conditions
of shore deposition where coarse material is being worked by the waves.

Shale is hardened mud and clay, and represents deposition which took
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place where the waters were more quiet. This might have been either
farther from the shore or in places where the land was low and the streams
so sluggish that they transported only fine mud. The material of these
three kinds of sedimentary rocks is called clastic, because it came from
the breaking up of the rocks of the land. The fourth kind of sedimentary
rock found in the drift is limestone. This was formed by the deposition,
in parts of the sea where no clastic sediments were present, of lime mud, --
ground up shells, coral, et cetera, which subsequently became hardened to
solid rock. The calcium carbonate was extracted from the sea water by
animals and plants to build their shells or other hard parts, or rarely

by chemical precipitation.

Igneous rocks are solidified lava, and hencé do not contain
either fossils or bedding planes as do the sedimentary rocks. There are
three main types of igneous rocks: (1) the coarse-grained rocks, in which
the individual minerel crystals may be seen with the eye, were formed by
the intrusion of lava which cooled very slowly deep below the surface and
so zave the crystals time to grow large (granite, syenite, and diorite
are examples of this kind); (2) the fine-grained rocks, where the crystals
are too small to be seen by the unaided eye, were formed of lava which was
extruded upon the surface and hence cooled more quickly (basalts, rhyolites,
and in general "zreenstones" are examples of extrusive rocks); (3) the
third type is rovghly a combination of the two previous ones, in that it
has Dboth large and small crystals, the large crystals being scattered through
a fine-grained groundpméss. The origin may readily be inferred. The
large crystals must hae had abundant time to grow; and so must have formed
while the lava was still d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>