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MINERALOGY OF GLACIAL TILLS AND
THEIR WEATHERING PROFILES IN ILLINOIS

Part 1. Glacial Tills

H. B. Wiliman, H. D. Glass, and John C. Frye

ABSTRACT

The mineralogy of sand, silt, and clay fractions is used
to characterize the tills in Illinois that were derived from sev-
eral source areas. Tills from the northwest are distinguished
by relatively high percentages of montmorillonite, epidote, and
calcite, fromthe Lake Michigan basin by relatively high percent-
ages of illite and dolomite, from Green Bay by the presence of
abundant vermiculite, and from the Saginaw-Lake Erie lobes by
relatively high percentages of garnet and illite. Withinthe state
many of the stratigraphic units are also distinguishable by their
mineral composition.

INTRODUCTION

Throughout most of Illinois the deposits lying immediately below the sur-
face consist of loess or glacial drift of Pleistocene age. These near-surface de-
posits are important sources of construction raw materials; they are involved in
virtually all types of construction work; they serve as raw material for ceramic pro-
ducts; they serve as aquifers and aquitards for ground-water supplies; and they
are the parent materials for most of the soils of the state. Because of the impor-
tance of these deposits in Illinois, the State Geological Survey has been engaged
in a regional study of their mineralogy, particularly of the sand, silt, and clay
fractions that compose the predominant part of their bulk. Mineralogical data on
Iilinois loesses were reported in Circular 334 (Frye, Glass, and Willman, 1962)
and the present report describes the results of studies of the glacial tills. The
second part of the present study will describe the mineralogy of the weathered
zones in the tills and of the accretion-gley deposits on them.

In addition to describing the mineralogy of the matrix of the tills in various
parts of the state, the mineral composition is used to identify the areas crossed by
the glaciers—~the source areas of the deposits. Furthermore, the contrasts in the

1



2 ILLINOIS STATE GEOLOGICAL SURVEY CIRCULAR 347
S. N.
RECENT
Vaolderan
= Twocreekan T Glacial moraines from
] [ AT = = -
I i
E LHLEEL Winnebago fill
% HH“ Roxana I - I¥ L
0001 2 JIHHHiI o .
g Attonian Major intsrval of
o | e
60000 TRe: ||||||||||||”||||||”“HH“H“““?"_—EjG‘ﬁﬁ;ﬁ;‘f""“"m
: i
sl JJIllllllll i || i
é,‘-’qﬁ Sangamon Inferval of weathering;
k-3 oi known dgposition only
LE ST >WW% ° accrein de dwoste
w
Buffalo Till defined Buffal
i alo
Hart | Hane :;eorair?eyA
?
4
< Loveland
(=]
Z 2y — — — T Til defined by
__JJ Jacksonville i ? ? Jacksonville and 0sso-
= g T T Tf”:""f"e‘:“’”i
i .
Payson rd |L'znd z;:ocia?:d z::
\ Pe aines,
n i B
_Egz/Y\or% Interval of weathering;
o 53 known deposition only
£(>
5
] Titl in western I[llinois
2 that entered from the
(2] 2 west south of Jo
o| Daviess Co.
‘E ‘£ Tilt in eastern ond south
< central Itlinois from the
l x northeast,

Silt lincluding loess), sand ,and pea?: not including
outwosh gravels, alluvium or durne sonds,

- Glaciat till

([

Fig. 1 - Time-space diagram of post-Nebraskan Pleistocene deposits in Illinois.
Time control for the Wisconsinan is based on radiocarbon dates; all radio-
carbon dates used were determined in the Washington laboratory of the

U. 8.

Geological Survey.

a composite of an east-west belt the entire width of Illinois.

depos

its, alluvium, and dune sands are not shown.

The diagram is arranged north-south, but it is
Outwash




MINERALOGY OF GLACIAL TILLS 3

mineralogy of the several tills can be used in many places to identify the various
stratigraphic units within the till deposits.

Prior to the present study, few mineral analyses of Illinois tills have been
available., In order to evaluate the geographic and stratigraphic variations in
composition of the tills, mineral analyses of more than 350 samples from localities
throughout the state were made. Some of these analyses were published in a report
discussing gumbotil, accretion-gley, and the weathering profile (Frye, Willman,
and Glass, 1960). :

The X-ray analyses were made by Glass, the heavy-mineral separations
and counts were made largely by Constantine Manos, the light-mineral counts
were made by James Bloom and Manos, and the chemical analyses were made by
L. D. McVicker. We express our thanks to George E. Ekblaw and Paul R, Shaffer
for helpful suggestions during the progress of the work.

STRATIGRAPHY

The stratigraphy of the glacial deposits in Illinois is complex and diversi-
fied because the state was invaded by glaciers during all four major stages of
Pleistocene glaciation (figs. 1 and 2) and by lobes from different directions. Dur-
ing the Kansan, Illinoian, and Wisconsinan Stages, ice sheets advancing from the
northeast spread over large areas of Illinois. The Illinoian ice, reaching nearly
to the southern tip, covered about 90 percent of the state. During the Nebraskan
and Kansan Stages, glaciers advancing from the northwest spread over parts of
western Illinois. With the exception of a small area in western Illinois, where
Kansan drift is at the surface, the older drifts were everywhere overridden by the
Illinocian ice sheet. Thus westem Illinois, and a bordering area in eastern Iowa,
is the only region south of the Driftless Area of Wisconsin and Illinois in which
tills from northwestern source areas are overlain by till from northeastern areas.
The stratigraphy of the Wisconsinan loesses of Illinois has been described in a
previous report (Frye, Glass, and Willman, 1962).

Nebraskan

The Nebraskan glacier appears to have invaded western Illinois (Horberg,
1950, p. 100; Flint and others, 1959), but its deposits have been so extensively
eroded that the area it covered is highly indefinite. Only a few exposures have
been identified as Nebraskan till {(Bell and Leighton, 1929; Wanless, 1957) and
many of these are questioned. Deeply weathered gravel beneath Kansan till appears
to represent Nebraskan outwash in a few localities., None of our samples were
collected from Nebraskan till in Illinois, but one sample is from Nebraskan out-
wash near Peoria, and three samples represent Nebraskan till at Dubuque, Iowa.

Drift that may be Nebraskan in age has been noted in central Illinois (Hor-
berg, 1953), but the evidence is not conclusive. Inclusions of weathered till in
calcareous Kansan till at Danville have been interpreted as evidence of an eastem
lobe of Nebraskan ice (Eveland, 1952), but the age of the till called Kansan has
been questioned (Ekblaw and Willman, 1957). The existence in Illinois of an east-
emn Nebraskan glacier has not been demonstrated.
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Kansan

The Kansan glacier that advanced southward west of the Driftless Area to
the Missouri Valley in Missouri spread eastward into Illinois, to approximately
the present position of the Illinois Valley (Leverett, 1899; Horberg, 1856; Wanless,
1957; Flint and others, 1959). The mineralogical evidence given in this report
strongly supports this general distribution for the western drift (fig. 2).

A lobe of Kansan ice also entered Illinois from the northeast and spread
westward nearly to Illinois Valley and southwestward to Mississippi Valley, It
appears not to have extended as far south as the later Illinoian glacier, but occui-
rences of the Kansan drift in southern lllinois are so scattered that the position
of the Kansan boundary is indefinite.

The pre-Illinoian glaciation of central and eastern Illinois was recognized
by Leverett {1899) and MacClintock (1929), although they did not specifically
assign the drift to the Kansan. The degree of weathering of the eastem pre-Illinoian
drift has been thought to be no greater than that of the western Kansan, and the
designation of Kansan has become generally accepted.

As overlapping deposits of eastern and western Kansan till have not been
demonstrated, there is at present no evidence as to their relative ages. The Kan-
san record is probably much more complex than has so far been recognized (fig. 1}.

Illinoian

The Illinoian witnessed the greatest westward and southward flow of ice
from the region of eastern Canada that occurred during the Pleistocene. The ice
extended westward across Illinois into Iowa and southward until stopped by the
slopes of the Shawnee Hills. The great extent may have resulted from a particu-
larly strong flow of ice from the Erie and Saginaw lobes that diverted the Lake
Michigan lobe glacier into a westerly direction.

The distinctive belt of ridged drift that rises above the nearly flat Illinoian
till plain and extends from the Wisconsinan front near Pana southwest to the Mis-
sissippi Valley near Belleville appears to be an interlobate complex marking the
zone of contact between the lobes. The pronounced differences in the mineralogy
of the till on the two sides of the ridged drift, reported in this study, support the
interpretation of the ridged drift as dominantly morainic and interlobate, which was
suggested by Leverett (1899, p. 73) and long advocated by George E. Ekblaw, rath-
er than dominantly crevasse deposits, as advocated by Ball (1940) and Leighton and
Brophy (1961). The mineralogical data do not oppose the concept that the ridges
mark the front of a lobe of ice that remained in southeastem Illinois after ice re-
treat from western Illinois, which was favored by Leverett (1899, p. 74). However,
the many distinctive linear features and the absence of definite westward-facing
fronts oppose its interpretation as a normal end moraine.

Although the Iilinoian drift southeast of the interlobate ridges is essentially
contemporaneous with that to the northwest, it lacks end moraines comparable to
those that were formed during the retreat of the western ice and that serve as a
basis for subdivision of the Illinoian Stage into the Payson, Jacksonville, and Buf-
falo Hart Substages. The moraines represent readvances after intervals of glacial
retreat. Features suggesting stagnation of the ice are widely present in the area
of Payson drift (Leighton and Brophy, 1961). The Buffaloc Hart drift, particularly
in the type region in Sangamon and Logan Counties, has a relatively fresh appear-
ing morainic topography, not unlike much of the Wisconsinan drift, and suggests
active ice during its retreat.
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In many localities along Illinois Valley and its tributaries, Illinoian till
overlies calcareous outwash silts and loess deposited during the advancing stage
of the Illinoian glacier. This silt has been correlated with the Loveland Loess of
the upper Missouri Valley (Leighton and Willman, 1950), but the type Loveland
Loess is considered to be largely late Illinoian in age (Prye and Leonard, 1952).

A local rock-stratigraphic name is needed for these deposits which in most local-
ities consist of both water-laid and wind-deposited silts. The name Petersburg
Silt is here proposed from an exposure in a road cut just south of Petersburg,
Ilinois, that is described in the Petersburg geologic section. At this locality

the Petersburg Silt is overlain by Illinoian till and overlies the Yarmouth Soil.

The name Petersburg has been used informally for these silts in previous reports.

The name Loveland will continue to be used for the Illinoian loess beyond
the limit of Illinoian glaciation where the material is mostly, if not entirely, loess
and represents the deposits of Illinoian age.

In some areas calcareous, fossiliferous silts, thought to occur beneath
Payson till, as in the Carlinville area (Ball, 1952), have been interpreted as evi-
dence of an interglacial climate, and the underlying till has been classified as
Kansan. Because the underlying till is calcareous and essentially unweathered,
the silts thin and nonpersistent, and the fauna meager, it seems more likely that
these silts represent an interval of ice withdrawal during Payson time and that
the till below as well as above these silts should be classed as Payson.

The Jacksonville drift is overlapped extensively by the Buffalo Hart in
western Illinois (Wanless, 1957) and in this area sand, gravel, and silt deposits
frequently mark the position of the missing Jacksonville till. Fossiliferous silts,
recently named Roby (Johnson, 1962), separate the Buffalo Hart drift from Jackson-
ville drift in central Illinois.

Several soils have been found in the silt sequence of Illinoian age in Neb-
raska and Kansas (Frye and Leonard, 1954), but soil zones have not been recog-
nized definitely within the Illinoian sequence in Illinois. ' If such soils are present,
they may have been misidentified as the pre-Illinoian Yarmouth Soil, because of
the assumption that the first soil beneath the Sangamon must be Yarmouth. As no
evidence of leaching of carbonates has been demonstrated in the many exposures
of intra-Illinoian deposits, an alternative possibility is that the Sangamon Soil in
the Mississippi Valley and at its type locality is a composite of the several soils
in the Missouri Valley, which therefore are by definition Sangamonian rather than
Illinoian.

A soil which may be intra-Illinocian is exposed in the Pleasant Grove
School Section, the type section of the Roxana Silt (Frye and Willman, 1960, p. 10).
In that exposure the Wisconsinan loess rests on the Sangamon Soil which is de-
veloped on silt leached to a depth of about 10 feet. The lower part of the silt is
calcareous and rests on weathered till which is leached to a depth of about 3 feet.,
If the till is Illinoian, and the surface till in this area is Illinoian, the soil on the
till is intra-Illinoian. As the Illinoian till in this area is oldest Illinoian, the till
may have been weathered before deposition of the overlying silt during late Illinoian
time, and the weathered zone therefore would not necessarily be found where the
Illinoian sequence is more complete.

On the other hand, the area was covered also by the Kansan galcier, and
the till may be Kansan. In this case, the weathered zone on the till, which is
much weaker than the normal Yarmouth Soil, was partly truncated before deposition
of the overlying silt. It is completely truncated by the silt in part of the exposure.
The silt would then probably correlate with the widespread Petersburg Silt. De-
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velopment of the Sangamon Soil on the silt requires that the Illinoian till be
eroded completely before or during early Sangamonian time, which is not improb-
able because of the bluff situation.

The mineralogical data are not conclusive in this case, but the slightly
greater content of garmet than epidote (samples P-1, P-1A) is more characteristic
of Payson till than either eastern Kansan or southeastern Illinoian tills in which
garnet is generally several times more abundant than epidote. As the locality is
a short distance west of the interlobate ridged drift of the Illinoian, the till can be
Payson, but if Kansan it must be eastern Kansan. The high dolomite content of
the samples may be even more suggestive because dolomite exceeds calcite in
nearly all Illinoian samples, but calcite exceeds dolomite in all 11 samples of
eastern Kansan. The high montmorillonite content is consistent with Payson com-
position, but Kansan drift in the bluff aréas could be enriched in montmorillonite
by the glacier riding over a possible westem-derived loess and thereby modified to
resemble Payson.

Indentification of tills by counting soils assigns automatically the till at
Pleasant Grove to the Kansan. This interpretation may be preferable until the pres-
ence of intra-Illinoian soils in Mississippi Valley is definitely established. Nev-
ertheless, intra-Illinoian soils, if present, are likely to be found among those
previously called Yarmouth on this basis.

Wisconsinan

During the Wisconsinan Stage of glaciation, ice from the Lake Michigan
lobe spread widely over northeastern Illinois. Two major episodes of glaciation
are indicated in the Illinois sequence:

(1) The earlier, or Altonian, is represented by a sequence
of loesses (Roxana Silt) best developed in the Illinois River
bluffs beyond the Wisconsinan till plain and in the Missis-
sippi Valley bluffs below the mouth of Illinois River, by sur-
face drift in extreme northern Illinois, and by isolated oc-
currences of drift elsewhere.

(2) The later, or Woodfordian drift, represents the maximum
extent of Wisconsinan glaciation in Illinois, except in ex-
treme northern Illinois, and includes all the end moraines
deposited in Illinois during the withdrawal of the ice

into the Lake Michigan basin.

Altonian tills.-The Altonian drift exposed in northern Illinois was long
assigned to the Illinoian, but when the degree of weathering was found to be
much less than represented by the Sangamon profile on Illinoian drift farther south,
it was assigned to an early Wisconsinan age and correlated with the Farmdale
Loess (Shaffer, 1956). Reclassification of the Wisconsinan Stage, among other
factors, was required by evidence that most of the loess assigned to the Farmdale
had a different lithology and was older than type Farmdale. This made it desirable
to apply a rock-stratigraphic term to the northern drift, and the name Winnebago
was introduced (Frye and Willman, 1960, 1963). The Winnebago drift was assigned
to the Altonian Substage of glaciation, and because of its slight depth of weath-
ering beneath Peoria Loess and a radiocarbon date from similar drift in southem
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Wisconsin, it was believed to correlate with the youngest of the Altonian loesses.
More recent studies in northem Illinois have shown that the Altonian drift is com-
plex with intervals of retreat and readvance indicated by relatively weak morainic
ridges and changes in drift composition. Subsurface studies have shown a prom-
inent readvance of the ice at Rockford (Hackett, 1960), and three distinctive till
sheets have been differentiated in the Winnebago drift in Boone and McHenry Coun-
ties, largely by detailed lithologic studies of samples from closely-spaced borings
along the Northwest toll road (Kempton, 1962). Several of the intervals of Altonian
glaciation indicated by the loess sequence may be present in northern Illinois.
However, as evidence of weathering between the Winnebago till sheets is com-
pletely lacking, the oldest Altonian loess (Roxana Zone I), which is strongly al-
tered by weathering, probably was deposited before the earliest Altonian glaciation
recognized to date in Illinois.

At Danville, a pre-Shelbyville till, tentatively referred to as the "Danville"
till, occurs in a valley that was incised through the Sangamon Soil profile devel-
oped on Illinoian till and is assigned to the Altonian Substage. This till was first
classed as Illinoian (Eveland, 1952), but later, like the drift in northern Illinois,
was assigned to the Farmdale (Ekblaw and Willman, 1957). As radiocarbon dating
of wood from the "Danville" till indicates an age greater than 40, 000 years
(W-197), the "Danville" till may be mid-Altonian in age.

Despite a conflict in radiocarbon dates available from silt exposed at the
Lake Bloomington spillway (Leonard and Frye, 1960, p. 29), the underlying tills
are pre-Woodfordian in age and appear to lie above the position of the Sangamon
Soil and Illinoian till encountered in borings. These tills are assigned to the Al-
tonian and may be comparable in age to the "Danville" till.

Because of these occurrences, Altonian glaciers are believed to have cov-
ered a large area in northeastern Illinois (Frye, Glass, and Willman, 1962, fig. 3).

Woodfordian tills, —The Woodfordian drift is classified into morphostrati-
graphic units based on the end moraines and associated drift sheets. A sequence
of about 30 named units is present in the Illinois part of the sequence. Several
minor moraines have not been named, and the larger moraines, such as the Shelby-
ville, Bloomington, Marseilles, and Valparaiso, consist of several superimposed
moraines with traceable crests that also are not named separately. The Wood-
fordian drift is an outstanding example of the pulsating, cyclic nature of the re-
treat of a glacier front while the glacier remains active. The rough morainic topog-
raphy is in marked contrast to the generally flatter topography, containing eskerine,
crevasse, and ice-marginal features, of large parts of the Payson and Winnebago
drifts, which may have resulted from stagnation of the glacial ice.

As required by the short time span of the Woodfordian (less than 10, 000
radiocarbon years), individual cycles of retreat, readvance, and end moraine
building must have been much shorter than has been generally assumed (Horberg,
1955). This is further indicated by the absence of leaching or even significant ox-
idation between the drift sheets, with the exception of local evidence of slight
leaching between the Shelbyville drift and the LeRoy-Cerro Gordo drift (Ekblaw and
Willman, 1957).

The absence of any one break in the sequence of moraines that is more sig-
nificant than many of the others in length of time, in extent of retreat and read-
vance, in realignment of the ice front, in change in composition of the drift, or in
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lateral traceability resulted in adoption of the name Woodfordian for drifts pre-
viously differentiated in Illinois as Iowan (of Illinois), Tazewell, and Cary (Frye
and Willman, 1960, 1963). The Tazewell-Cary differentiation was widely accepted
in the mistaken belief that a significant time interval separated Marseilles and
Minooka drifts in northeastem Illinois. The Tazewell-Cary differentiation used

in adjacent states appears to correlate more nearly with the Valparaiso Moraine
than with the Minooka Moraine.

Many of the individual till sheets of the Woodfordian have distinctive
lithologies that permit surface tracing as well as identification in buried sequences.
Differences in color and in content of clay, silt, sand, pebbles, and boulders may
persist for 100 miles or more, but they also may change abruptly. Mineralogical
characteristics determined in this study show much greater uniformity than mechan-
ical analyses and field characteristics and therefore are less useful in differenti-
ating the individual morphostratigraphic units.

Where lithology does not distinguish the individual Woodfordian till sheets,
differentiation is based largely on the sequences of moraines, overriding relations
at intersections of the moraines, and the presence of water or wind deposits with-
in till sequences. The prevalence of readvance before deposition of successive
moraines is indicated locally by sequences of as many as 6 or 7 till sheets sep-
arated by water-laid deposits.

The relative ages of the Woodfordian moraines referred to in this report are
as follows:

Lake Border (youngest)
Valparaiso-West Chicago
Manhattan

Minooka

Marseilles

Farm Ridge
Cropsey-Gilberts
Marengo

Normal

Metamora

Bloomington

Urbana

Champaign
LeRoy-Cerro Gordo
Shelbyville-White Rock

The youngest one or two morainic units of the Woodfordian were deposited
north of Illinois along the lake shore in Wisconsin. The first widely traceable
interruption in the withdrawal of the Wisconsinan glacier from the Shelbyville front
is marked by the Two Creeks Forest Bed, which terminates the Woodfordian Sub-
stage. Although short, this interval of ice withdrawal is much longer than those
during the Woodfordian and its wide distribution justifies its recognition as a
substage, named Twocreekan (Frye and Willman, 1960).

Valderan glaciation.-The Valderan glaciation, which followed the Two-
creekan withdrawal, did not reach Illinois, but meltwaters discharged through
Lake Chicago and its outlet into the upper Illinois Valley.
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MINERALOGY

The glacial tills of Illinois have received intensive study with regard to
their stratigraphy, to their morphology, to the geographic pattern of their end mo-
raines, and to their age and correlation, but only minor attention has been given
to their mineral composition. The results of 167 analyses by optical methods of the
minerals in the fine and very fine sand (.062-.250 mm), 369 analyses by X-ray dif-
fraction of clay minerals, dolomite, and calcite, and 7 chemical analyses of the
gross samples, mostly from the tills of Illinois, are reported here. The geographic
distribution of samples used in this study is shown in figure 3, the samples are
described in table 1, and the results of analyses are presented in tables 2, 4, and
6 and figures 4, 5, and 6. Tables 3 and 5 give average analyses by stratigraphic
unit and geographic region. Figure 7 gives the ranges in clay-mineral composition
for Kansan and Illinoian samples, and figure 8 shows the geographic distribution of
montmorillonite concentration in Illinoian and Wisconsinan tills,

The mineralogical studies have
three major objectives: (1) descriptive
characterization of the tills in Illinois,
(2) differentiation of the several strati-
graphic units by their mineral composi-
tion, and (3) development of information
concemning the source of the materials
in Illinois tills and the direction and
route of movement of the transporting
glaciers.

Tills have a complex mineral
composition and may contain representa-
tives of all the rock and mineral types
that occur in the bedrock of the region
traversed by the transporting glacier.
However, irregularities in the depth and
extent of erosion by the glacier fromplace
to place, direction of ice movement, and
amount of local deposition may cause
significant differences in the mineral
composition of the till deposited by a
single glacial lobe. Within the tills of
Illinois, igneous and metamorphic rocks
and limestone and dolomite are dominant
among the cobbles and boulders; quartz
grains are dominant within the sand frac-
tion; the clay fraction is composed large-
ly of clay minerals; and other minerals
have peaks of abundance in different size
fractions.

As analyses of all size fractions
of all samples were impractical, it was
decided to concentrate on one fraction of
sand and on the clay fraction. Clay is
present in all samples, and even in well
sorted sands sufficient clay for X-ray Fig. 3 - Distribution of sample localities.
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analysis can be obtained generally by use of proper techniques. In the sand the
combined fine and very fine sand fraction (62-250 microns) was found to be the
coarsest material present in sufficient quantity through the entire range of samples,
which include tills, loesses, weathering profiles, and outwash. By use of this
size fraction the analytical data presented in our several related reports are com-
parable.

The degree of mineral differentiation was limited by the large number of
samples involved in the study, and emphasis was placed on those minerals most
indicative of differences in source areas. As the heavy minerals in the sand frac-
tions of the tills are not common in Paleozoic sediments, they must have been de-
rived largely from the more distant Precambrian rocks of the Canadian Shield. Var-
iations in the composition of the sedimentary rocks eroded by the ice should be re-
flected in the X-ray analyses of the clay fraction. Geographic differences in clay
minerals were anticipated because of the high montmorillonite content of Cretaceous
sediments in the western region, which contrasts with the abundance of illite and
chlorite in the Paleozoic sediments in Illinois and to the east. The dominance of
dolomite over limestone in Lake Michigan lobe drift, in contrast with the dominance
of limestone over dolomite in western drift (Horberg, 1956; Anderson, 1957; Wanless,
1957), reflects variations in the relatively local rather than distant bedrock. The
relation of limestone to dolomite reported by earlier workers was determined by
counts of pebbles, but as shown by the results reported here the relation of cal-
cite to dolomite may be more readily evaluated by the X-ray analyses of the fine
fractions in the tills.

Conventional methods were used in separating the heavy minerals. The
sand fractions of the tills were acid treated, sieved, and heavy minerals sepa-
rated from the 62-250 micron fraction using bromoform. The heavy minerals were
mounted in balsam on slides and the percentages determined by counting 200
grains.

Using oriented -aggregate techniques, the amounts of montmorillonite,
illite, chlorite, and kaolinite were calculated from X-ray diffraction data of the
less than 2-micron fraction. Montmorillonite as used here includes all clay ma-
terials that expand to about 17A with ethylene glycol. Mixed-layer clay minerals
and expansible chlorite or vermig:ulite are included therefore with the montmoril-
lonite. Chlorite includes all 14A material that does not expand with ethylene gly-
col, and it includes any nonexpansible vermiculite. Illite and kaolinite are used
as generally accepted. The values for kaolinite and chlorite are combined in the
tables; the values for montmorillonite and illite are given for each. Determination
of carbonate minerals was made by X-ray diffraction analysis of finely ground bulk
samples and, therefore, reflects the composition of the combined sand, silt, and
clay sizes. Data are expressed as X-ray counts per second, which indicates semi-
quantitatively the amount of calcite and dolomite.

Heavy Minerals

Certain heavy minerals provide an effective means of differentiating tills
from different source areas, even though they comprise much less than one percent
of most tills. The usefulness of heavy minerals has been particularly well shown
in Ontario by the studies of Dreimanis, Reavely, Cook, Knox, and Moretti (1957).

The large variety of heavy minerals found in the sand fraction of the tills
of Illinois is derived mainly from the Precambrian rocks of the Canadian Shield.
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Heavy minerals in the Paleozoic sandstones are largely limited in variety and low
in abundance. The Cambrian and Ordovician sandstones are mostly medium to
coarse grained, and consequently have a low percentage of the sand fraction an-
alyzed in this study. Northeast of Illinois, the Cambrian and Ordovician sand-
stones are not an important source of the sand in the till as they were overlapped
by Middle Ordovician limestones.

Pennsylvanian and Mississippian sandstones and siltstones could, and
probably did, contribute significant amounts to the sand fraction studied, but they
also have a low percentage and limited suite of heavy minerals, generally domi-
nated by zircon and tourmaline with minor amounts of garnet.

Contributions from the Paleozoic bedrock, therefore, did not significantly
modify the heavy minerals, either in abundance or species, even where they made
a major change in the composition of other fractions of the till. The heavy mineral
suites in the Illinois tills are similar to those reported in the drift of Ontario
(Dreimanis and others, 1957; Dreimanis,19 60) where most of the till is derived
directly from Precambrain rocks.

A relatively thin cover of Cretaceous and Pliocene sands and gravels on the
erosional surface of the Paleozoic rocks is probably the source of the staurolite,
kyanite, and andalusite in the tills from the western source areas. These minerals
are most abundant in the deposits of the earliest glaciers which may have complete-
1y eroded the surficial veneers from large areas. The mineral composition of Cre-
taceous and Tertiary sands in the upper Mississippi Valley is recorded by Andrews
(1958).

Our data show that tills deposited by glaciers that invaded Illinois from the
west and northwest can be differentiated consistently from tills deposited by gla-
ciers from the east and northeast by their heavy minerals. The westem-derived
drift is relatively high in epidote and low in gamet. It is also relatively high in
tourmaline, zircon, kyanite, staurolite, and andalusite, but these minerals are
individually low in amount, generally less than 5 percent of the transparent heavy
minerals. The western drift generally has a higher content of black opaque min-
erals. Analyses of heavy minerals in the western tills in Iowa are reported by
Kay and Graham (1943, p. 182) and Ruhe (1956). Ameman and Wright (1959) give
heavy mineral analyses for tills in the Des Moines lobe in Minnesota.

The eastern-derived tills in Illinois appear to include deposits from four
lobes. The Green Bay lobe eroded a trough in Maquoketa Shale along the position
of Green Bay, in the area where the strike of the Maguoketa outcrop is parallel to
the direction of ice movement. It is essentially a branch of the Lake Michigan
lobe. In extreme northern Illinois, the relatively high epidote content of the
Winnebago drift and of the northern part of the Woodfordian drift suggests deriva-
tion from the Green Bay lobe which has a high content of epidote (Murray, 1953).
The source of the heavy minerals may be in the area north of Lake Superior where
large percentages of epidote are reported by Dreimanis and others (1957, fig. 1).

The Lake Michigan lobe deeply eroded a trough in Devonian and Mississip-
pian shales. The presence of a Lake Michigan lobe in Kansan time has not been
demonstrated and the lobe may have first developed during Illinoian glaciation.
Till deposited by the Lake Michigan lobe is characterized by the abundance of
dolomite from the Niagaran (Silurian) and Galena (Ordovician) dolomites along the
west side of the lobe, and of shale from beneath the lake. The heavy minerals
appear to be characteristic of the Precambrian rocks north of Lake Huron, called
the Superior Province by Dreimanis and others (1957, p. 153), and in particular
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they lack the high percentage of gamnet present in the Grenville Province north-
east of Lake Huron and Erie.

Most of the Woodfordian tills of Illinois were deposited by the Lake Mich-
igan lobe, but a reentrant, marked by converging moraines near Gibson City in
eastemn Illinois, appears to represent a contact between the Lake Michigan lobe
and either the Saginaw or Erie lobe. Heavy minerals of the Woodfordian tills in
Illinois have been described by Wascher and others {1960).

The Saginaw lobe, consisting of ice flowing from the Lake Huron basin,
may be the source of the Illinoian till of southeastern Illinois. It contains much
more garnet than epidote, which indicates its derivation from the Grenville Pro-
vince, but it contains more dolomite than calcite. This combination suggests that
the ice moved from the Saginaw lobe across northern Indiana where the Silurian
formations could supply the dolomite. Farther east in northeastern Indiana and
northwestemn Ohio, in the area crossed by the Erie lobe, the Silurian formations
contain more limestone and the Devonian and Mississippian carbonate rocks are
almost entirely limestone.

The Erie lobe appears to have been the source of the eastern Kansan till in
Illinois because it contains the heavy minerals of the Grenville Province and more
calcite than dolomite.

Nebraskan

Three samples of Nebraskan till from near Dubuque, Iowa, are from local-
ities west of the Driftless Area and are representative of western-derived tills.
They are similar to the western Kansan in that they contain about twice as much
epidote as gamet (table 3). They also contain a significantly larger amount of
kyanite, staurolite, and andalusite than all eastemn drifts. These samples con-
tain about 15 percent more hornblende than the samples of western Kansan till.
The common presence of 2 to 3 percent of staurolite distinguishes both westem
Nebraskan and Kansan from the eastern tills which commonly contain only a trace
of staurolite. The Nebraskan samples also average higher in percentage of black
opaque minerals than the western Kansan and both contain more than the eastern
tills. Diopside-augite minerals are rare in both western Nebraskan and Kansan
tills.

Kansan

Western. —Western Kansan till commonly contains 2 to 4 times as much
epidote as gamet (10 samples average 10% gamet, 23% epidote, table 3). The
proportion of epidote was highest {3 to 5 times greater than gamet) in samples just
west of the Mississippi River in Missouri and Iowa and in extreme western Illinois
and lowest (13 to 21 times greater) near Peoria. As there was no available gamet
in the bedrock of western Illinois, the change in ratio may indicate a lateral change
within the lobe and that ice flow was more from the north than the west.

The relatively high epidote content generally distinguishes the western
Kansan from the overlying Illinoian till as only 12 of 49 Illinoian samples con-
tained more epidote than garent, and in 7 of the 12 the difference was only 1 or
2 percent. The difference apparently results from both more garnet and less epi-
dote in the eastern tills, rather than a large increase in one mineral.
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A good example of the Kansan-Illinoian differentiation in western Illinois
is at Eliza in Mercer County, as shown by the following analyses:

Gamet Epidote
Illinoian {P-541) 24% 17%
Kansan (P-538) 8% 23%

The relatively higher content of epidote in the western Kansan till distin-
guishes it even more clearly from the eastern Kansan in which gamet averages 4
times greater than epidote. However, only 4 samples of eastern Kansan till were
analyzed.

Tourmaline and zircon are generally more abundant in the westem Kansan
till than in the tills from eastem source areas.

Homnblende averages less in western Kansan till {(49%) than in any other
group of samples (table 3}, and black opaque minerals are more abundant than in
most of the eastern tills.

As in the Nebraskan till, a low but persistent percentage of staurolite and
andalusite distinguishes the western Kansan from the eastern Kansan till.

Eastern.—The eastern Kansan till, although represented by only 4 samples,
appears to contain 4 times as much gamet as epidote, almost exactly the reverse
from the western Kansan. This reflects the southerly distribution of the eastemn
Kansan and therefore contrasts Saginaw-Erie till (rather than Michigan lobe till)
with the western Kansan. Such a large amount of garnet may not be found in the
more northern part of the eastern Kansan till.

The samples of eastern Kansan till have an average of about 6 percent
diopside-augite, which rarely exceeds 1 percent in other eastern tills and is very
scarce or absent in the westemn tills.

The average of 5 percent hypersthene in the eastern Kansan till is matched
only in the Wisconsinan Marseilles and Minooka tills.

Illincian

All the samples of Illinoian till from Lake Michigan lobe drift west of the
interlobate belt contain about equal quantities of garnet and epidote. The greatest
variation is about half again as much of either mineral. Some of the more extreme
variations may result from the glacier riding over the high-epidote western or high-
garnet eastern Kansan till. The heavy mineral contents of the Payson, Jackson-
ville, and Buffalo Hart tills are similar and do not differentiate these tills.

The Lake Michigan lobe Illinoian till can be differentiated from the under-
lying eastern Kansan till by its higher percentage of epidote, as shown by the
following analyses of samples at Taylorville, in Christian County:

Game“t‘ Epidote
Ilinoian (P-970) 24% 13%
Kansan (P-964) 26% 5%

In the Illinoian till southeast of the interlobate morainic complex, garnet
exceeds epidote by 2% times. Consequently, it generally cannot be differentiated
from the underlying eastern Kansan till which also contains abundant gamet., How-
ever, the Illinoian till appears to average somewhat higher than the Kansan in
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content of epidote, zircon, and tourmaline and lower in hypersthene and diopside-
augite.,

Tourmaline averages notably higher in all the Illinoian tills than in the
Wisconsinan tills {3% to 1%}, but zircon is about the same in both {2-3%).

Although the quantity of each is small (1% or less) the minerals rutile,
titanite, kyanite, staurolite, and andalusite are present more consistently in the
Illinoian tills than in the Wisconsinan tills.

Homblende appears to be slightly less abundant in the Illinoian than in
the Wisconsinan tills. Except for the Buffalo Hart till, the average hornblende
percentages are generally in the 50's in the Illinoian and in the 60's in the Wis-
consinan tills,

Wisconsinan

The Winnebago till differs from the Illinoian in averaging slightly higher in
epidote than garnet, but in this and other respects its heavy minerals are similar
to those in the bordering Woodfordian tills. The high content of epidote in the
Winnebago till and in the more northerly part of the Woodfordian tills appears to be
characteristic of the westem part of the Lake Michigan lobe and particularly of
till of the Green Bay lobe {Murray, 1953),

The Woodfordian tills differ from the Illinoian principally in averaging
slightly higher in epidote than garnet, whereas the Illinoian averages slightly
higher in garmet. Use of this criterion is complicated in the border area of the
Woodfordian tills because the Shelbyville till, like the Illinoian, averages slight-
ly higher in garnet than in epidote (table 3). However, there is a distinct change
in the composition of the Shelbyville till about at the latitude of Peoria. Shelby-
ville till at Peoria and northward averages distinctly higher in epidote {17%) than
garnet (13%), while that to the south and east averages more than twice as high
in garnet {16%) as in epidote (7%)}. Consequently, in both areas there is a fair
differentiation from the nearly equal garnet and epidote in the Illinoian. However,
east of the city of Shelbyville the Illinoian till has a high content of gamet, so
that the abundance of garnet is not a basis for differentiation.

In the Woodfordian tills of Bloomington age and younger, which were sam-
pled in the area north and east of Peoria, the amount of epidote increases and
reaches a maximum of about 23 times more epidote than garnet in the Minooka and
Valparaiso tills, The amount of epidote decreases again in the Tinley till, but
only two samples were analyzed.

In addition to more epidote, the younger Woodfordian tills (Marseilles to
Valparaiso) have about twice as much enstatite and hypersthene as the older Wood-
fordian tills. In general the Woodfordian tills have more enstatite and hypersthene
than the Illinoian tills.

The general differences between the Woodfordian and Illinoian tills are
well shown in several sections. In the Farm Creek Railroad Cut Section in Taze-
well County, the Illinoian (P-131) contains equal garnet and epidote, whereas
the overlying Wisconsinan {(P-138) contains 13 times as much epidote as gamet
and also more enstatite and hypersthene.

At Depue in Bureau County a sample of Bloomington till {(P-384) contains
twice as much epidote as garnet, but garnet was equal to epidote in one Illinoian
sample (P-374) and only 13 times epidote in the other (P-376).

Near Danvers in Woodford County, there is a good distinction because the
Shelbyville till (P-558) has the high garnet content characteristic of the southern
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area, but the Illinoian (P-550) has the equal gamnet and epidote content character-
istic of the area west of the interlobate ridged drift.

Light Minerals

Analyses of the light minerals in the sand fractions show some general
differences, but are perhaps more outstanding for uniformity (table 3). The aver-
ages show potash feldspars ranging from 10 to 21 percent and soda-lime feldspars
from 7 to 9 percent. Although no regional or stratigraphic trends are shown by the
soda-lime feldspars, the potash feldspars are clearly 5 to 10 percent higher in
the Wisconsinan tills than in the older tills. The lowest percentage of potash
feldspars is in the eastern Kansan till, only 5 and 7 percent in two samples.

The relative abundance of the feldspars in the sand fractions is in large
part related to the composition of the Precambrian rocks. From the composition of
the Nebraskan, Kansan, and Illinoian tills, it would appear that the ratio of potash
to soda-lime feldspars is similar in both the eastern and westem parts of the
Canadian Shield. The higher content of potash feldspars in the Wisconsinan tills
may indicate a variation in the amount of material contributed by either closer or
more distant parts of the eastern Precambrian,

Clay Minerals

The clay-mineral content of glacial tills in the Midwest has in recent years
been discussed for deposits in Chio (Droste, 1956), in Indiana (White, Bailey, and
Anderson, 1960; Murray and Leininger, 1956; Gravenor, 1954; Harrison, 1960), in
Wisconsin (Brown and Jackson, 1958), in Minnesota (Ameman and Wright, 1959),
and in Illinois (Beavers and others, 1955; Brophy, 1959; Frye, Willman, and Glass,
1960; Frye, Glass, and Willman, 1962; Wascher and others, 1960; Kempton, 1962;
Johnson, 1961, 1962). However, most of these studies were concermed with pro-
blems of mineral alteration in the development of weathering profiles rather than
the characterization of the unleached tills.

In Circular 334 on the mineralogy of loess (Frye, Glass, and Willman,
1962), the clay-mineral composition of tills in Illinois and adjacent states was
briefly summarized. We present here a more comprehensive description of the clay
minerals in the tills of Illinois by stratigraphic unit and source province. The clay-
mineral assemblages in the tills reflect a source in the Paleozoic and Mesozoic
rocks, generally within a few hundred miles of the point of till deposition. Tills
deposited by glaciers that advanced from the northwest strikingly reflect the ex-
ceedingly high montmorillonite content of the Upper Cretaceocus and younger de-
posits over which these glaciers advanced. In contrast, the tills deposited by
glaciers that advanced from the northeast contain a high proportion of illite char-
acteristic of the middle to late Paleozoic rocks that occur across Indiana, Mich-
igan, northern Ohio, and southern Ontario, and the tills from the north strongly
reflect the illite and chlorite of the Ordovician, Devonian, and Mississippian
shales. In addition to these adjacent sources of clay minerals, the Pennsylvanian
bedrock of Illinois has exerted an important influence on the clay-mineral compo-
sition of tills in all but the northernmost part of the state.
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Nebraskan

No samples of Nebraskan till from Illinois were analyzed. In order to
determine the general composition of Nebraskan till a few samples from Iowa,
South Dakota, and northeastern Kansas (fig. 4) were analyzed. These samples
all showed abundant montmorillonite (63% to 86%), minor amounts of illite and
kaolinite, and virtual absence of chlerite (table 5). The Nebraskan till of the
western region appears to be indistinguishable from the overlying Kansan till
which was derived from the same general region.

Kansan

The Kansan till derived from the west is essentially indistinguishable from
the Nebraskan till in the western province. Samples of Kansan till from west of
Illinois are from the type region of Kansas (Frye and Leonard, 1952), and from
South Dakota, Iowa, and Missouri. These samples were uniformly high (62% to
85%) in montmorillonite and contained minor amounts of illite and kaolinite, but
virtually no chlorite.

In western Illinois (west of the fourth principal meridian) the range in clay-
mineral composition of the Kansan till {figs. 4, 7) is similar to that farther west,
with montmorillonite averaging 65 percent of the clay minerals. A consistent
characteristic of Kansan till in this province is that the amount of kaolinite is
always greater than illite., Eastward in Illinois the percentages of illite and chlor-
ite progressively increase and that of montmorillonite progressively decreases
(fig. 9, table 5). Montmorillonite averages only 43 percent at the easternmost
extent of the till. This results from incorporation of illite and chlorite from the
local Pennsylvanian bedrock.

The Kansan glaciers that entered Illinois from the east and northeast {fig. 3)
deposited a till that contains a clay-mineral assemblage distinctively different
from that of westermn Kansan. The clay minerals of the eastern Kansan till are
characterized by abundant illite, some kaolinite and chlorite, and very little or
no montmorillonite. This composition is typical of the clay minerals in the
Paleozoic shales throughout the region lying east and northeast of Illinois., As the
till is traced southwestward toward its maximum extent in Illinois, some mont-
morillonite appears in the clay-mineral assemblage {fig. 4, table 5}, and it reaches
a maximum of 24 percent in Macoupin County. In this case the local bedrock of
the region crossed by the glacier contains relatively small amounts of montmoril-
lonite, and it is judged that pro-Kansan or older loess from the Ancient Mississippi
Valley was incorporated by the overriding glacier.

Illinoian

Glaciers of Illinoian age entered the state from the northeastern corner by
way of the Lake Michigan lobe. Farther south in Illinois, glacial lobes that moved
by way of Saginaw Bay or possibly the western part of the Lake Erie basin, depos-
ited the southemnmost till in Hlinois {fig. 3). Several glacial pulses entered Illi-
nois during the Illinoian Stage (fig. 1). As they contain different mineral assem-
blages (figs. 5, 7), it appears that their configurations and routes of movement,
and perhaps also their areas of maximum erosion, were somewhat different.

Preceding the first advance of Illinoian glaciers, but presumably related
genetically to the advancing glacial front, there was extensive deposition of both
water-laid and eolian silts, the Petersburg Silt. In the type region in Sangamon
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Fig. 4 - Three-component diagram showing the clay-mineral composition of
Nebraskan and Kansan tills.
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Fig. S - Three-component diagram showing the clay-mineral composition of
Nlinoian tills,



20 ILLINOIS STATE GEOLOGICAL SURVEY CIRCULAR 347
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Fig. 6 - Three-component diagram showing the clay.mineral composition of
Wisconsinan tills.



MINERALOGY OF GLACIAL TILLS 21

MONTMORILLONITE

ILLITE KAOLINITE
and CHLORITE

Fig. 7 - Three-component diagram contrasting clay-mineral compositions of the
several Illinoian tills with western Kansan (exclusive of the
eastern diluted margin) and eastern Kansan,



22 ILLINOIS STATE GEOLOGICAL SURVEY CIRCULAR 347

County, the Petersburg Siltis high in montmorillonite, averaging more than 50 per-
cent of the clay minerals, with about 38 percent illite and small amounts of both
kaolinite and chlorite. In western Illinois the montmorillonite ranges up to 85
percent, but unlike the underlying Kansan till it invariably contains some chlorite.
The high montmorillonite content appears to be related to a western silt source by
way of the Ancient Mississippi and Iowa Rivers (Frye, Glass, and Willman, 1962),
but, as the front of the Lake Michigan lobe glacier approached and contributed a
progressively larger portion of the deposit, the percentage of montmorillonite de-
creased and the illite and chlorite increased. This progressive upward change is
well illustrated by the samples from Rock Island County (HK-32 to HK-43).

The first advance of the Illinoian glacier from the Lake Michigan lobe gave
rise to the till classed as Payson. In Illinois the montmorillonite percentage in
the Payson till shows the largest range (17% to 64%) of any unit studied, exceed-
ing even the western Kansan. The montmorillonite content progressively increases
toward the western and southwestern limits of the Payson advance (fig. 8), and
the increase is attributed to the incorporation of materials from the Petersburg Silt
and western Kansan till which were overridden by the advancing Payson glacier.
Although the range in montmorillonite of the Payson overlaps that of the western
Kansan, at any one locality the percentage in the Payson averages lower than that
in the underlying western Kansan till and Petersburg Silt (fig. 9). In Payson till
the sum of chlorite and kaolinite is always less than illite. In contrast, in ex-
treme western Illinois {(west of the fourth principal meridian), the western Kansan
till contains more kaolinite than illite and has little or no chlorite. Therefore,
the clay-mineral assemblage characteristic of the Lake Michigan lobe is recog-
nizable at least to the Mississippi River.

The Illinoian till in the southeastern region, southeast of the interlobate
area, generally has less montmorillonite than does the Payson till {fig. 8), but
here also there is a distinctive increase in montmorillonite content as the peri-
phery of Illinoian glaciation is approached. Inside the marginal areas the south-
eastem till is uniform and averages 16 percent montmorillonite, in contrast to a
minimum of 17 percent and an average of 36 percent for the Payson till. Inasmuch
as the glacier that deposited this till advanced along a route east of the Lake
Michigan lobe, it could not acquire montmorillonite from either western Kansan
till or western-derived Petersburg Silts, and therefore it reflects the clay-mineral
composition of the bedrock over which it moved.

The clay-mineral composition of Jacksonville till differs from that of the
southeastern till only by its somewhat greater montmorillonite and less chlorite-
kaolinite content, but is distinctly different from that of the Payson till which has
much more montmorillonite and less illite. The kaolinite-chlorite content of the
Jacksonville is lower than that of any other Illinoian till {fig. 5, table 5), and
therefore it can be distinguished from them by its clay-mineral composition.

The clay-mineral composition of the Buffalo Hart till is regionally uniform
and is characterized by extremely low percentages of montmorillonite {fig. 5,
table 5}). The average montmorillonite content is the lowest of all Illinoian tills
and falls within the ranges of only eastern Kansan and Woodfordian. The kaolinite-
chlorite content, averaging about the same as that of the eastern Kansan, is on the
average higher than that of the Wisconsinan tills. The end moraine shows the
highest montmorillonite content within the Buffalo Hart till (figs. 8, 9), probably
due to incorporation of underlying material in the marginal zone.
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Fig. 8 - Contour map showing percentage of montmorillonite in the surface tills

of Wisconsinan and Illinoian age.
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Wisconsinan

The clay-mineral composition of the Wisconsinan tills reflect both strati-
graphic units (fig. 6) and geographic position. These tills were predominantly
derived from the Lake Michigan-Green Bay lobe, but in east-central Illinois some
of the till may have had a source in the Saginaw lobe, or perhaps even farther east.
The oldest Altonian tills examined are represented by an inadequate number of
samples to permit firm generalization (fig. 6), but they are similar to Woodfordian
tills and presumably were strongly influenced by local bedrock.

The late Altonian Winnebago till in north-central Illinois {the till described
by Shaffer, 1956) contains a clay-mineral assemblage that differs from both the
Illinoian tills and the Woodfordian tills. Winnebago till contains more montmoril-
lonite than does the younger Wisconsinan tills, and virtually all of the expansible
material consists of vermiculite or vermiculite-chlorite derived from chlorite and/or
biotite micas. Therefore, the expansible material classed as montmorillonite in
the Winnebago till is distinctly different from the indigenous western montmorillon-
ite that occurs in Payson till, western Kansan till, and western-derived loess, but
is similar to the expansible material in the younger Valders till (fig. 6) that was
deposited by the Green Bay lobe. This relation, together with the absence of
kaolinite (which can be derived from Pennsylvanian and Mississippian rocks) and
the geographic pattern of distribution, suggests that the Winnebago till sampled
in Illinois was deposited by the Green Bay lobe.

The Woodfordian tills (with the exception of the White Rock till which re-
flects a major incorporation of Winnebago material) possess a clay-mineral assem-
blage different from that of the Winnebago till (fig. 6). In general these tills re-
semble Buffalo Hart till because of their low montmorillonite and high illite con-
tent {table 5), but the Woodfordian contains little if any kaolinite. The similarity
in clay-mineral composition seemingly reflects a similar origin in the Lake Mich-
igan lobe, and the kaolinite in the Buffalo Hart till may merely reflect the fact
that all samples of this till were from areas underlain by Pennsylvanian bedrock.

The Woodfordian tills have an average of 4 percent montmorillonite, and
it appears that this expansible material is derived entirely from altered chlorite.

In the peripheral zone of the Woodfordian, particularly in the Shelbyville
Moraine (fig. 86) and the LeRoy, Bloomington, and other moraines where they ap-
proach the limit of Woodfordian glaciation, there occurs a small but significant
increase in the percentage of expansible materials, probably reflecting the in-
corporation of some loess, accretion-gley, and older till materials in the leading
edge of the advancing glacier. A similar relation is shown in extreme northern
Illinois where materials derived from the Winnebago till are incorporated in the
White Rock, Marengo, and West Chicago Moraines. Inside of this peripheral
zone, the composition of the Woodfordian tills is homogeneous and the amount of
expansible material rarely if ever exceeds 5 percent.
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Carbonate Minerals

Based on pebble counts from tills in lllinois and eastern Iowa, Horberg
(1956), Anderson (1957}, and Wanless (1957) have demonstrated that till from the
Lake Michigan lobe is characterized by more dolomite than limestone whereas the
westem tills contain more limestone than dolomite. In order to extend and refine
this method of differentiation, semi-quantitative X-ray diffraction analyses of
calcite and dolomite were made on the bulk samples from all localities used in
this study. This method provides an analysis of the fine sand, silt, and clay
material in contrast to the earlier studies that were concerned only with pebbles.

Data from these samples confirm the general conclusions of the earlier
studies. Samples from the middle Missouri Valley (Kansas) show virtually no dol-
omite, but the dolomite percentage increases eastward in the western tills. At
the eastern limit of the western Kansan till in Peoria, Putnam, and Bureau Counties,
Illinois, dolomite exceeds calcite and thus reflects additions from the Ordovician
and Silurian dolomites over which the eastern margin of the lobe passed.

Payson till from the Lake Michigan lobe contains markedly more dolomite
than calcite throughout most of its extent, but as the Mississippi River Valley is
approached the ratio diminishes, and at the westernmost localities in Illinois (in
Hancock County) calcite and dolomite are approximately equal. The progressive
westward increase in calcite reflects additions from the Mississippian and Penn-
sylvanian limestones and western Kansan till over which the Payson glacier passed.

In all other Illinoian and Wisconsinan tills in Illinois, dolomite exceeds
calcite {table 5, 6). In contrast, the eastern Kansan till in east-central and south-
ern Illinois contains more calcite than dolomite. This relation suggests that the
source of the material was from the Lake Erie lobe {Dreimanis and Reavely, 1953;
Anderson, 1957; Harrison, 1959, 1960).

SUMMARY AND CONCLUSIONS

Illinois, by virtue of its geographic position, is unique among regions in
North America that were invaded by continental glaciers because it was invaded
by glaciers from sources lying both to the northwest and to the northeast. Because
the mineral composition of the rocks underlying these source regions are signifi-
cantly different, strong contrasts occur in the mineralogy of the several tills in
Illinois.

Nebraskan glaciers apparently reached only into the western part of the
state and, as exposures of this till are exceedingly rare in Illinois, the mineral-
ogical data presented here are from the Nebraskan west of Mississippi River.
Kansan glacie;s entered the state from the northwest, south of Carroll County and
north of Calhoun County, and extended eastward approximately to the position of
the present Illinois River. A Kansan glacier also entered Illinois from the east
and, although it extended to the vicinity of St. Louis, it approached but did not
cross the position of Illinois Valley.

During the Illinoian Stage a major lobe of ice entered the state by way of
the Lake Michigan basin. In the east-central and southern parts of Illinois, the
Lake Michigan lobe glacier was deflected to the west by lobes advancing from
farther east, from the Lake Huron and possibly Erie basins. The latter extended
to the Mississippi River Valley from St. Louis to Chester. The deflected Lake
Michigan lobe spread westward across the Ancient Mississippi Valley ( the present
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Illinois Valley) and crossed the present Mississippi River Valley in the area from
Hancock County to Rock Island County. The northeast-southwest belt of ridged
drift in the Kaskaskia Valley is an interlobate morainic complex marking the con-
tact of the Saginaw-Erie lobe with the Lake Michigan lobe.

The Illinoian Stage is complex but two major episodes of retreat and read-
vance resulted in deposition of the Jacksonville and Buffalo Hart end moraines
which serve as a basis for three substages—Payson, Jacksonville, and Buffalo
Hart. The Payson may include a major retreat and readvance. In large areas final
wastage of the Payson glacier was by stagnation.

During the Altonian Substage of the Wisconsinan, glacial lobes from Green
Bay, from the Lake Michigan basin, and probably also from farther east entered
Illinois and extended as far south as Vermillion County. A major ice withdrawal
occurred during Farmdalian time. During the Woodfordian Substage, the most ex-
tensive of the Wisconsinan glacial advances were made by the Lake Michigan and
Saginaw-Erie lobes. These lobes withdrew by a series of pulses that gave rise
to more than 30 named moraines.

The Valders glacier advanced through both Green Bay and the Lake Michi-
gan basin but did not reach as far south as Illinois.

The glacial lobes that entered Illinois transported materials from five
source-provinces that are distinctive mineralogically. The first of these is the
northwestern source, represented in Illinois by tills deposited by the Nebraskan
and Kansan glaciers that entered the state from Iowa and Missouri. The second
and third source areas lie to the north and northeast and are represented by tills
that were brought into Illinois by way of the Green Bay and Lake Michigan lobes,
the fourth source area is farther east, more directly northeast, and is shown by
the tills that were derived from the Saginaw (Lake Huron) lobe, and the fifth source
area is still farther east and is represented by the tills that were derived from the
Lake Erie lobe.

Tills from the westermn source are characterized by considerably more epi-
dote than garnet and relatively large amounts of kyanite, staurolite, and andalu-
site among the heavy minerals. Among the clay minerals, montmorillonite is dom-
inant (always more than 60%) and chlorite is virtually absent. Calcite is more
abundant than dolomite.

Tills from the Lake Michigan lobe are characterized by approximately equal
amounts of gamet and epidote, although epidote becomes relatively more abun-
dant in the younger tills within the lobe. They contain more potash feldspars than
tills from other lobes. Illite is dominant among the clay minerals and chlorite is
consistently present. Dolomite is more abundant than calcite.

Tills from the Green Bay lobe are similar to the tills of the Lake Michigan
lobe but have a much higher content of expansible minerals derived from the alter-
ation of chlorite and possibly biotite micas and have a higher content of epidote.

Tills from source areas lying east of the Lake Michigan lobe are character-
ized by much larger amounts of garnet than epidote, by the dominance of illite, and
by the presence of both kaoclinite and chlorite. Tills deposited by glaciers that
advanced across Michigan and northern Indiana from the position of Saginaw Bay
contain more dolomite than calcite, whereas the tills from the Lake Erie lobe con-
tain more calcite than dolomite.

The mineral composition of the tills derived from each of these source areas
was progressively modified by the erosion of local bedrock and of older Pleistocene
deposits along the route of advance.
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Such modifications are well illustrated by the progressive westward in-
crease in montmorillonite in the Payson till, the source of the montmorillonite
being the western Kansan till and the western-derived Petersburg Silt over which
the Payson glacier advanced.

In addition to characterizing the composition of the tills derived from the
several source regions, the mineralogical data presented here also serve as a
means of differentiating stratigraphic units. Western Kansan till can be readily
distinguished from the overlying Illinoian by its much higher content of epidote than
garnet whereas in the Illinoian these two minerals appear in about equal proportion,
by their higher percentage of staurolite, by their higher content of montmorillonite,
and by their high calcite content versus the high dolomite content of the Illinoian.
Eastern Kansan is everywhere distinguishable from the overlying Illinoian by its
higher percentage of calcite than dolomite, but it also generally has a higher per-
centage of hypersthene and diopside-augite and a lower percentage of tourmaline
and zircon.

Among the Illinoian tills deposited by the Lake Michigan lobe the percentage
of montmorillonite is generally higher in the Payson than in the Jacksonville and
much higher than in the Buffalc Hart; the Jacksonville is generally lower in kao-
linite and chlorite than either the Buffalo Hart or Payson tills.

Among the Wisconsinan tills the Winnebago is distinguished from Lake
Michigan lobe Illincian by the facts that its montmorillonite content is largely
derived from expansible chlorite, vermiculite, and biotite micas and that it con-
tains no kaolinite, whereas all Illinoian tills contain some kaolinite. The Wood-
fordian tills are distinguished from Payson, Jacksonville, and Winnebago tills by
their much lower content of montmorillonite and from the Buffalo Hart till by the
general absence of kaolinite in the Woodfordian tills; also, the Woodfordian tills
generally contain more epidote than do the Illinoian.




MINERALOGY OF GLACIAL TILLS 29

REFERENCES

Anderson, R. C., 1957, Pebble and sand lithology of the major Wisconsin glacial
lobes of the central lowland: Geol. Soc. America Bull., v. 68, p. 1415-1449,

Andrews, G. W., 1958, Windrow Formation of Upper Mississippi Valley region—
A sedimentary and stratigraphic study: Jour. Geology, v. 66, p. 597-624,

Arneman, H. F., and Wright, H. E., 1959, Petrography of some Minnesota tills:
Jour. Sed. Petrology, v. 29, p. 540-554.

Ball, J. R., 1940, Elongate drift hills of southern Illinois: Geol. Soc. America
Bull., v. 51, no. 7, p. 951-970.

Ball, J. R., 1952, Geology and mineral resources of the Carlinville Quadrangle:
Illinois Geol. Survey Bull. 77, p. 110.

Beavers, A. H., Johns, W, D., Grim, R. E., and Odell, R. T., 1955, Clay
minerals in some Illinois soils developed from loess and till under grass
vegetation: National Academy of Sciences—National Research Council, Third
National Conference on Clays and Clay Minerals Proc., Pub. 395, p. 356-372.

Bell, A. H., and Leighton, M. M., 1929, Nebraskan, Kansan and Illinoian tills
near Winchester, Illinois: Geol. Soc. America Bull., v. 40, no. 2, p. 481-490.

Brophy, J. A., 1959, Heavy mineral ratios of Sangamon weathering profiles in
Illinois: Illinois Geol. Survey Circ. 273.

Brown, B. E., and Jackson, M. L., 1958, Clay mineral distribution in Hiawatha
sandy soils of Wisconsin: NAS—NRC, Fifth Natl. Conf. on Clays and Clay
Minerals Proc., Pub, 566, p. 213-226.

Dreimanis, A., 1960, Pre-classical Wisconsin in the eastern portion of the Great
Lakes region, North America: Internatl. Geol. Cong., 21st Session, Norden,
pt. IV, p. 108-119.

Dreimanis, A., and Reavely, G. H., 1953, Differentiation of the lower and the
upper till along the north shore of Lake Erie: Jour. Sed. Petrology, v. 23,
p. 238-259.

Dreimanis, A., Reavely, G. H., Cook, R. J. B., Knox, K. S., and Moretti, F. J.,
1957, Heavy mineral studies in tills of Ontario and adjacent areas: Jour. Sed.
Petrology, v. 27, p. 148-161.

Droste, J. B., 1956, Clay minerals in calcareous till in northeastern Ohio: Jour.
Geology, v. 64, p. 187-190.

Ekblaw, G. E., and Willman, H. B., 1957, Farmdale drift near Danville, Illinois:
Illinois Acad. Sci. Trans., v. 47, p. 129-138.

Eveland, H. E., 1952, Pleistocene geology of the Danville region, Illinois:
Illinois Geol. Survey Rept. Inv. 159.



30 ILLINOIS STATE GEOLOGICAL SURVEY CIRCULAR 347

Flint, R. F., Colton, R. B., Goldthwait, R, P., and Willman, H. B., 19589,
Glacial map of the United States east of the Rocky Mountains: New York,
Geol. Soc. America.

Frye, J. C., Glass, H. D., and Willman, H. B., 1962, Stratigraphy and miner-
alogy of the Wisconsinan loesses of Illinois: Illinois Geol. Survey Circ. 334.

Frye, J. C., and Leonard, A. B., 1952, Pleistocene geology of Kansas: Kansas
Geol. Survey Bull. 99.

Frye, J. C., and Leonard, A. B., 1954, Significant new exposures of Pleistocene
deposits at Kirwin, Phillips County, Kansas: Kansas Geol. Survey Bull. 109,
Pt. 3, p. 29-48.

Frye, J. C., and Willman, H. B., 1960, Classification of the Wisconsinan Stage
in the Lake Michigan glacial lobe: Illinois Geol. Survey Circ, 285.

Frye, J. C., and Willman, H. B., 1963, Development of Wisconsinan classifica~
tion in Illinois related to radiocarbon chronology: Geol. Soc. America
Bull., v. 74; in press.

Frye, J. C., Willman, H. B., and Glass, H. D., 1960, Gumbotil, accretion-gley,
and the weathering profile: Illinois Geol. Survey Circ. 295.

Gravenor, C. P., 1954, Mineralogical and size analysis of weathering zones on
Illinoian till in Indiana: Am. Jour. Sci., v. 252, p. 159-171.

Hackett, J. E., 1960, Ground-water geology of Winnebago County, Illinois:
Illinois Geol. Survey Rept. Inv. 213.

Harrison, W,., 1959, Petrographic similarity of Wisconsin tills in Marion County,
Indiana: Indiana Geol. Survey Rept. Prog. 15.

Harrison, W., 1960, Original bedrock composition of Wisconsin till in central
Indiana: Jour. Sed. Petrology, v. 30, no. 3, p. 432-446,

Horberg, Leland, 1950, Bedrock topography of Illinois: Illinois Geol. Survey
Bull. 73.

Horberg, Leland, 1953, Pleistocene deposits below the Wisconsin drift in north-
eastern Illinois: Illinois Geol, Survey Rept. Inv, 165,

Horberg, Leland, 1955, Radiocarbon dates and Pleistocene chronological problems
in the Mississippi Valley Region: Jour. Geology, v. 63, p. 278-286.

Horberg, Leland, 1956, Pleistocene deposits along the Mississippi Valley in
central-western Illinois: Illinois Geol. Survey Rept. Inv. 192,

Johnson, W. H., 1861, Weathering profile information on some Wisconsinan end
moraines in east central Illinois: Univ. Illinois [Urbana] unpublished M.S.
thesis.



MINERALOGY OF GLACIAL TILLS 31

Johnson, W. H., 1962, Stratigraphy and petrography of Illinoian and Kansan drift
in central Illinois: Univ. Illinois [Urbana] unpublished Doctoral Dissertation.

Kay, G. F., and Graham, J. B., 1943, The lllinoian and post-Illinoian Pleistocene
geology of Iowa: Iowa Geol. Survey, v. 38, p. 1-262,

Kemption, J. P., 1962, Stratigraphy of the glacial deposits in and adjacent to Troy
bedrock valley, northern Illinois: Univ. Illinois [Urbana] unpublished
Doctoral Dissertation.

Leighton, M. M., and Brophy, J. A., 1961, lllinoian glaciation in Illinois:
Jour, Geology, v. 69, p. 1-31.

Leighton, M. M., and Willman, H. B., 1950, Loess formations of the Mississippi
Valley: Jour, Geology, v. 58, p. 599-623.

Leonard, A. B., and Frye, J. C., 1960, Wisconsinan molluscan faunas of the
Illinois Valley region: Illinois Geol. Survey Circ. 304.

Leverett, Frank, 1899, The Illinois glacial lobe: U. S. Geol. Survey Mon., v. 38.

MacClintock, Paul, 1929, Recent discoveries of pre-Illinoian drift in southern
Illinois: Illinois Geol. Survey Rept, Inv. 19, p. 27-57.

Murray, H. H., and Leininger, R. K., 1956, Effect of weathering on clay minerals:
NAS—NRC, Fourth Natl. Conf. on Clays and Clay Minerals Proc., Pub. 456,
p. 340-347.

Murray, R. C., 1953, The petrology of the Cary and Valders tills of northeastern
Wisconsin: Am. Jour. Sci., v. 251, p. 140-155.

Ruhe, R. V., 1956, Geomorphic surfaces and the nature of soils: Soil Science,
v. 82, p. 441-455,

Shaffer, P. R., 1956, Farmdale drift in northwestern Illinois: Illinois Geol. Sur-
vey Rept. Inv. 198.

Wanless, H. R., 1957, Geology and mineral resources of the Beardstown, Glas-
ford, Havana, and Vermont Quadrangles: Illinois Geol. Survey Bull. 82,

Wascher, H. L., Alexander, J. D., Ray, B. W., Beavers, A, H,, and Odell, R. T.,
1960, Characteristics of soils associated with glacial tills in northeastern
Illinois: Univ, Illinois Agr. Exp. Sta., Bull. 665,

White, J. L., Bailey, G. W., and Anderson, J. U., 1960, The influence of parent
material and topography on soil genesis in the Midwest: Purdue Univ, Agr.
Exp. Sta. Research Bull, 693.



(z) Latuiy N00D “*FTT “°NLE ‘T ‘MS ‘MS ‘MS 00—d (5*1) uolBuymoorg *op 95T—d
(€) £oTurl 00D “rEZT ‘*NLE ‘97 ‘AN ‘MN ‘MN 66€-d (2) °11184qT1248 *op SH1-d
(Z) ostexaediep 300D “°FZT 'N9E ‘S ‘MS ‘MS ‘MS ¥6€—~d (1) 3178 uolaol *op i-a
(¢) ueareyuer  TTIM “"HOT *°N9E ‘1€ ‘dS ‘ds ‘ES 76€-d (1) uetuoayy *op eh1-a
(z) =jooury Apunin ‘*gg ‘*NHE ‘YT ‘MS ‘MS ‘MS 16€=d (9) ueyuolly *op hi-d
(g) soTTT9saER ATTBSET ‘*Hhy *°*NWE ‘9€ ‘MS ‘dS ‘FS 06€-d (61) ueaToR
(y) °8pTy wxwy IITes®T ‘T ‘°NEC ‘T ‘MS ‘MN ‘MS 88€-d (6) ueyuolTy ‘*gz ‘"NST ‘T ‘AN ‘MS ‘MN i-d
(€) uwo3Bujwoorg *op $8¢~d T1eMazR],
(9) (3asH *q) °T1I *op 9.€6-d (1) ®aowelay ‘eMh ‘°N9Z ‘ZT ‘MS ‘MN ‘MS 6€1-a
(z1) puss *TTI *op sle-d (8%) °11TALqQIays *op 8¢1-a
(o1) (11
(61) (¢ 3a®H °d) °TTI neadang ‘*FOT “°NOT ‘Lz ‘dS ‘IS ‘MS Yi6-d (s° L) (3aeg *q€) °TII T1oMaZeL ‘°ME ‘°N9T ‘1€ 293u8) 1€1~d
(7) Lesdoap nwaang ‘°mOT *°NIT ‘ST ‘MS ‘ES ‘IS TLE-a T1ea
(g) £esdoap neaang *mOT ‘°*N9T ‘ST ‘MS ‘IS ‘AN 1L€-4 (06) °TT1TALqTays —eoz®l ‘*my **N9Z ‘97 ‘AN ‘MN ‘AN 0£1-3
(81) (32®H "€) °T1I mesang ‘0T “°NST ‘8T ‘MS ‘ES ‘MN 69€-d (8) (3xeq ‘@) °11I *op 9z1-d
114 (€2) (uosfeg) *T1I *op ¢z1-a
(#) (e11TAUOSYOEL) "T1I  —928L ‘"MG ‘°NGZ ‘z1 ‘S ‘MS ‘iN €9¢~d (9) -sumy *op vEZI-d
(¢°€) (3aeg @) *T11I ueBo7 ‘*My ‘°NIZ ‘9 ‘MN ‘ES ‘MN Ls€-a (11) ‘suey *op €Z1-4
(6) °11Tahqrays  ueBoT ‘*MT ‘°NTZ ‘9¢ ‘AN ‘N ‘aN 9c€-d (¥z) pues °suey *op 714
(#) AogsT uweTol ‘°MI ‘°NIZ ‘G ‘MN ‘dSs ‘AN §6€-d (Lz) 3118 °suwy *op vizi-d
(g) uolBumoolg uwIIOR ‘"FY “°NEz ‘Z€ ‘AN ‘S ‘AN 05€-d (Lz) 2118 “sumy op 121-d
(%) T1ewioN ueaToW ‘°3qYy ‘°NEZ ‘§ ‘ds ‘S ‘AN 6v€-d (0g) -suey *op 021-4
(€) TewioN uBITON ‘"AY ‘°NEZ 6 ‘MN ‘IN ‘MN the-a (y€) *suey *op v611-d
(g) 4Lesdoap uwoTol “*FS ‘°NGZ ‘CE ‘MS ‘S ‘dS 9vE-d (y€) *suwy (6€) ®Ta09g ‘*F9 “°NL ‘1€ ‘AN ‘MS 611~d
(7) fesdoay wuwaoR ‘°F9 ‘NGz ‘Cr ‘@S ‘MN ‘dS he-d (9) (uosfBg) *TII  (Z) uwo3ITnd “°*TS ‘N9 OT ‘AN ‘MN €11-d
(€z) uouw (9) (e117AUOSYDEL) “TTI *op L6-d
(L1) (e117AuOsyOB[) °*TII —®Bueg ‘°Mhy ‘°NYT ‘v ‘ds ‘AN ‘3S see-d (6) 3178 "T1I *op 96—d
(L) (3xeH *g€) *T1I uwo3Tng ‘¥z ‘°N8 ‘9¢ “MN ‘EN ‘IS Lz€-a (#1) (uosfeq) °TII Ww
(0z) (3aeH *g) "TITI  KLauag “*F¢ “°NST ‘ST ‘MN ‘MN ‘Ms z1€-3 s8B) ‘*MIT ‘°NST ‘11 ¢'1°3 193u9) ¢6-d
BMOT (81) (dTTTAUOSYOR[) “TTI *op 46—d
(6) *sued ‘*op wouTT) ‘*FY “°Nz8 ‘L ‘MS ‘ES 10€-d (01) 3178 8anqsadlag *op 16-4
(01) (uosfed) °TII (¥) 33098 ‘*MET ‘'NyT ‘Lz ‘S ‘AN LLz-a (82)
111 *op L61-d (07) 3115 Banqsaedag pasual ‘*M/ ‘°NBT ‘€7 ‘AN ‘MN ‘MN 06-d
*T1I *op 9614 'O/
*11I weyBuyIzg ‘*q9 ‘*NL 9 193Ul S61-d (g) “suwy €top MTd "My ‘°NZS ‘C ‘MS ‘MN €9-d
(aaey *q) 111 *op 781-d TR
(32eH *q€) 111 *op 181-4 (0T) *suwy  “*0p WTA "My “"NES ‘ST ‘MN ‘MN £€9-d
(33BH ‘g) *TII uwoaInd “*FE ‘°N8 ‘IE “MN ‘MS ‘MN 081-d (8) -susy NTd ‘"MG ‘*SY ‘€1 ‘MS ‘dES 19-4
*TII 888D “*MIT ‘°NST ‘9€ ‘MN ‘ds ‘dS €L1-d (%) . (uos{eg) *TII o0ouvy ‘Mg “*Ny ‘9 ‘MS ‘IS ‘IS 9v-d
111 puog ‘"ME ‘°NS ‘0T ‘MN ‘@S ‘AN 214 (1) uosy
uojButwoorg STIBSET ‘@AY *NHE ‘6 ‘MS ‘AN ‘MN 1¢1-d (01) ‘111 ~pBH “*MOT ‘°NS ‘0T ‘EN ‘MS ‘IS 9z-d
osteipd{BA 300D ‘*EZT ‘'N 9€ ‘1€ ‘AN ‘EN ‘MN 0L1-d (01) (*su®i 10) °I1I *op vi-d
(Z) TewaoN *op gy1-d £(62)
(¢*1) pues uolBujmoorg *op (914 (%) (*suwy 20) *III UOSTPEW ‘M8 ‘'NE ‘07 ‘IS 293u9) 1-d
(do3 moTaq 3993) (" ON uot3Ioeg 2180710%9) *oN (doy moTaq 38ej) #(*ON uoy3osg 2130109Y) *oN
ITU) £3unop €y ¢*3 ‘*ovg % a1dweg Itun L3unon ‘°y ¢°1 ‘ro9s % a1dweg
otydeadiyexas uo13eoo] otydex8iieaas uo}3ed07]

32

SYTINYS 40 NOIIJI¥OSAA —~ 1 ITAVI



33

(¥) i 3118 sTepuwaey
(S) § 3T¥S oTwpuaBg
(§*0) ¢ 3T¥S wuwxoy
(S) 3T11AuB(,

(2) 1 3118 PUEXOY
(5'0) 3118 wowsBueg
(z) 3178 uowsBueg
(s°0) *111

(€) 111

(6) *1uI

(1) § ‘euey

(Z) °11184q1auys
(%) °11184q18u8
(9) °111A4q79YS
(5) oBwqauuty
(9) oBeqauuyy

(L) oBwqauury
{(S°11) oBsqouuiy

(ST) o8wqauuiy
(§°5) oBzqouuty

(51) Loyat
, (01) @117A4q10YyS

(6*S) (3zeg *¢) *1I11

s1aava8 *aqeN
(01) (3aed *q) °*T1I
(6) (3x®H *q€) *11I

(v€) "111
uosfegd *111

(s1) (e117AUOSYORL) *T1I

(8) (uosfeg) °*11I
() 3115 Banqsaszeg

(12) 3115 Banqsaaiag
(5*%Z) 317s Bangsaeiag
(%7) 3118 Bangsaeseg

(5°0) "sumy

(1) "suey
(z1) (wosfeg) *11I

(Z1) *suey
(1) (uosfeq) ‘7111

*op
“op
“op
“op
‘op
‘op
'ov
00“
“op
“op
EOH._”.nE
—1ap **MZT “"H6T ‘T ‘MN ‘MS ‘MN
“op
2180 **3OT ‘*Ngz ‘01 ‘a0 aN
o180 **36 ‘°NET ‘8 ‘MN ‘Ms ‘FS

“op
“op
uosuaydaig
‘39 “*NBZ ‘6 ‘IS ‘MS ‘MM
“op
o8wvqauuiy
CrATT C*NLZ ‘€T ¢*T°E 393wl
o8eq
—uuty ‘*FT C°NEY ‘L CMN ‘MN ‘MN
“op
“op
an

Tremezel *ME ‘*N9z 1€ I93U9)
uwoang ‘=G **N9 ‘¢ ‘ds ‘@S ‘us
“op
uoarng ‘*d7 ‘°N§ ‘9¢ *MN ‘AN ‘ds
(1) 291
—Anyog ‘*MT NI ‘6z *MS ‘EN ‘MS
uosTPEN ‘*MOT ‘°NS ‘7 ‘MS *Fs ‘us

(zg) as1
—Anyog “°MT ‘N1 ‘€2 ‘MN ‘MS ‘MS
DOV
“op
“op
“op
Oov
Oov
(ge) za1
—Anyog *MT “°NT ‘91 AN ‘MS ‘MS
“op
(»6)
ze1hnyog “*MT ‘°NT ‘¢ ‘NS ‘Ms ‘MN
“op

™i-d
ohi-d
6€l~d
8€L~d
LeL-d
9el~d
Sei~d
WELl~d
€EL~d
ZeL~d

1€L~d
fgi-d
9ZL-d
wel-d
S1L-d
Y1L-d

€1i~d
90L-4d

S0L-d

869—d
L69—d
969—d

£89-d
989-d
Wi9-d
Y%19-d

84794
1£9-4

619-d
919~d
194
%194
VE19—d
€19-4d
V194

¢19-d
#09—d

1094
286~d

(£) (uosfeq) °*T711
(81) 2T1T8LqTaYys

(9) (axeq *q9) *T11I
(61) 311TALqT9YS

(6) (aed *g) *111
() @1T18Lq1aYs

(§) (aaem @) *111
(02) (uosfsg) 111
(6) *suwy

(z) ¢ *suwy

(z1) § “suwy

{L1) ToA®a8 caqeN
(02) ¢ ueyszaqayn

(Z1) | veyswIqeN
(£1) voaButwoorg

(6°1) °T11184qT0Ys
(8) ‘111

() *suey

(1) *suwy

(2) o8eqauuty
(€) ofeqauuty
(9) oBeqouury
(6*¢) oB3wqouutm
(7) oBeqouury
(5*€) oBeqauuty
(5°2) ooy a3Tup
(1) oBwdstyy 3I88M
(7) oBusaey
89TTTBBIRH
8329411

uo3Suiwooly

(2) o8wotTyn I89M

(¢ 291
—Anyos ‘g1 **NI ‘g1 ‘AN ‘AN ‘aS
‘ov
(0€) paogpoopm
‘*mz ‘°N8Z 0z ‘N ‘NS 193U9)

op
(6}
uBaTOH ‘*MI1 **NST ‘ZE€ ‘MN ‘AN ‘MN
“op
(02)
II3IMBQ ‘CET *UNIZ ‘ST ‘a8 ‘AN ‘MN
“op
19329K *MC ‘UNST ‘L1 ‘MS ‘MN ‘AN
“op
“op
.o.v

wmoT ‘*op anbnqng

‘emz ‘*M68 ‘€ *MN “*11'N 793U3D
BmoY “*on anbng

-ng **az *UN§8 ‘T ‘S *MN ‘Ms

“op
48))
STTeS®T ‘*uy ‘°NyE ‘6 ‘Mg ‘ds ‘ds
» ou
op
uolx

-Burysen **MI **SE ‘9T ‘MS ‘MS ‘MS

uosu

-yds3gs “*m9 **N8Z ‘S ‘MS ‘MS ‘MS
o8eq

-suuty “*FOT ‘*N9T S ‘MS ‘MS ‘AN
o8eq

~-auutH ‘*HTIT ‘*NST 61 ‘AN ‘MS ‘MN

o8sq
~ouuty ‘@z **No¥ ‘11 ‘4S ‘aN ‘u@s
“op
Ogoﬂ .-ﬂﬂ n.ZO# -Nn .BZ -Sm uﬂz
suoog ‘*ahy *Noh ‘T ‘MS ‘MN ‘MS

Lxuog
~oW ‘*®9 **N9Y ‘8T ‘AN ‘MN ‘N
Aausy
—~oW **ES ‘°N¥h ‘I1 ‘MN ‘Ms ‘Ms
“op
cov
Axuoyon
fegg “*NEh ‘627 ‘AN ‘MS ‘MS
Kauagol

feup fUNER 6T ‘MS ‘MS ‘MN

186—d
995~d

656—d
866~d

0gg-d
6%G~d
ehs-d
e—d
8€6~d
605~d
805—d
L0§-d
906-d

2054
96%—-d

G6%—d
064-d
87—d
Lyy-d
1€9-d
TZy—d
g1y-d
STy—d
24
TTy-d
80%—d
LOoy—a
SOo%—d
204
€0%~d
[Aty
10%~d

penutjuo) - T JILVL



(Z1) uw
. TUolTY . OTYo '
ey R
8RIqeN op 10 d ‘T g egeI-d
() umise Top 7
149 . 21~d {01
N uweydtuog ¢° gumy ‘*o0n 16214 ) (woskeq) *111 -
@1 u 20z ' o ¢ usy ** . 5
) u8 14 H 3120
yedueyy ey ¢ ? mmm ‘N oszt *suwy 8 “NE ‘16 ‘2 .mmo.
‘g ¢° u - - q
(8) (uosed) *11I 6 ‘°N6T ‘81 ‘S .MM@.BZ d ueTy ‘Mg C'Ny ‘€1 ¢ 3002 8 $56—d
- . £
(6) °*suey usy **ML *°Ng * (g) uosasp 6%21~d suwy — 78 *MS *MS
1) 8 ‘9¢ ‘Mg ‘an ¢ ( Mg ‘°NGC }o0d £56-d
1) .mﬂﬂM ‘op N °MS L671-1 Z2) (uosfed) *11I NG ‘zz ‘MN ‘MN ‘aN
() *wumy op 1071~ 62 rekony ~usH ‘*Hg **NG ¢ 390 2562
suey ‘op 4 7) (uosfmy) ° NS ‘ST ‘as *
(65) '8 . 90214 3 111 o g ‘ag ‘Mg
(). +sum uepy g ST S0z1-4 “op 166-d
(8) (3zen * suwy swep ..Bm *sT *6E ‘ms ¢ 40 (z) pues ‘*su P 0856~d
At AN IS 'ge ‘MS AN 'MN e1-d L ot ¢
qiays ‘*ug ..sz R ‘MS M ‘MN €071~d (6) (uoskeq) W oMb CTNp 0T .Nmnmaon 6%6-d
. 12 ‘3N ¢ 1021~ 1 - as ¢
® [z s ew R DGR T e g ] o
weyBuryyy ¢ 0 ‘MN ‘MN * ") 111 OO ‘°MT ¢° K ‘ES ‘MN
. N MN (g) 891 uo3ng ¢* T “°NS ‘T ¢ 106~
1) °1 39 ‘*N8 ‘91 CLTT~d 118838R qz ¢ . 100 g d
I - F1ey 5y » Ng ‘ot * 8 _
asqunn *mg ‘*N6 ‘£z ¢ puv] N 91T (2) pues wmﬁmﬁ@sm “op ¢ ‘gN 193u9) mmm-m
Mwaw *111 -—equny ¢ €2 ‘MS ‘NS ‘MS 1T arons PTTESTT ..mn’wv 9z8~d
2) T sedser 201 N6 ‘01 ‘NS MY ¢ e39pre) O NEE ‘T2 ‘AN ‘M 618-d
) *1 FOT *"NL ‘%€ ‘MN .wm ‘an e911d omoqTuER **uzz *°N 98Ty ‘40D g 8197d
‘
( T -hea) COMTT CUNS .oﬂmd po3 N 55117 8a5pTEA OOMOITUBY * mmumwm ”mw ‘as 608-d
£) * Ms ¢ ] rqzz ¢ o]
() ‘T Aasoa *my1 09 oo L§11-d siapTep  ssun zamomam ‘as ‘as
(s°8) ‘111 {9) uosweTITIA g 1 ‘MS ‘MN ‘aS * suwy waDy *3GT “"NzZ .wmw H.oo £08-d
4 :mm € [X 9% i . N Pl
0 %€ *as d umie op £l 908~
an ;i -u ’ i O Gy waoEq *5 *0p ® 26i-2
LS I TP 8c01-2 (6% Gastt @ 111 16 t'NZOT ‘61 ‘M 393 ¢
MC (3aey *g) “MaH hﬂau&mh..wwﬁ...zw .QN .MM ”wz “32 L60T-d 61) Amu.m,m -g) .M..m 81 “MW 23u3) cor-d
y) (3aeq ‘@) ° I *NOT ‘12 8 ‘MS a (s*8 7) puws * . 8LL~d
) AwaﬂﬂbcaaxuawW "T11 “op N ‘MN “EN WMMxM ) (2111AUOSYOBL) .MMM uoang **xe ..mw . qiti~d
I N 111 rop 246~ (c*6) (@ . g ‘MS ‘MS ¢ viLL~d
i Jop tie-a A@vH:>=0mxomnv 111 * me Ll
AOHV . ‘op oL IN N0>0Hw Owﬂﬂvﬁﬁ.ﬂ Imwﬂ.wm a..3¢ . gow €9L-d
sugy -sfayy ¢* 6~4 ) & 1033wy ** NST *%¢ *MN *3S *
*guwy Mz “*NeT ¢ ugyy a96~d (a1TTAuUCSNDED) * g5 **Nyz ¢ .mm MN -
€1 ‘9¢ *aN ¢ Hoer) *TII ~ 01 ‘MN ¢ 2914
3118 *suwy op 4 “us V096~d m umnv BuRqLf BBuvg '*Mh NG ‘vE ¢ uow MN ¢51-d
-1 P - 18 wUB N My ¢ [
(do3 #073q 2993) W "Mz “NET ‘9t ‘aN et "967d ¢ (&) ﬁmﬂqn__gmmw .Mu s m 0s.-d
ITUn #(*o ¥ ‘38 €96~ @ .n._”v S11TA4qT8Yg . ov i~
stydeadia ("N uof3oag 338 4 puss 271784q P ovL-a
B13g Junop ** 1807099) K 1248 *op
LR AL . 11§ °1® . ghi-d
uoT3IeD 28 % o pued op i-d
3 s1dusg (do3 mo1aq 3993) o eyL-d
Jrun #(0 L-d
orydeasiaeaag ausm°M0mwoom.oﬂonoouv
do& 1 **99g % *oN
13wo0] s1dueg

34

panuUIIUO) - T FIGVL



(g%) *suwy
(oy) °*suwy
(ge) *suey
(0g) *suwy
(gz) *suwy
(0z) °suey
(S1) *sueyi
(01) ‘suwy
(c) °suwy
(6) (311s Banqsaalag) 111
(01) (uosfed) °TTI
(¢) (uosf®g) *T11I
(¢) *T1I

(1) (i33®H *4) °*T1I
(01) (23x®H °*€) *T1I

35

(§) (zaasH *q) °11I

(0z) °susa

(s1) ‘suey

(01) °suex

(s) *suey

(1) (uosdea) *11I
(01) (uosded) °TII
(5T) oBeqsuuiy
(01) o8eqouuty
(5) oBeqauury
(01) ¢ °TEPUIBL
(S) ¢ 9TepwaEyg
(01) ®T1IALqTaYS
(€) 211TA4qT3Ys
(01) uo3Bujmoorg
(§) uo3Suywoolg
(09) 4Lesdoap
(56) Lesdoap
(0g) 4Lesdoxap
(%) 4Lesdoan
(sz) Kesdoap
(0z) Lesdoap

(01) 4esdoap

(0L) °*sumy
(g9) -suwy
(gg) *suwy
(0g) *suex
(s%) *suwy

“op

“op

“op

“op

“op

“op

“op

“op

“op

“op

“op

“op

“op

‘op

“op

y2nouoq

—-oW ‘*Mz ‘*Ny ‘ST ‘FS ‘dS ‘MS

“op
‘op
“op
“op
“op
“op
“op
‘op
“op
“op
“op
“op
‘op
“op
“op
“op
“op
“op
“op
“op
“op
a1Tes
-® ‘*HT ‘°N9E ‘€E ‘AN ‘EN ‘MN

“op
op
‘op
“op
-op

ST
811288
01¢
s07
00¢
S61T
0Lt
691
SO1
001
S6
06
S8
08
SL
0L
S9
09
(19
0s
7
LY
02

01
%S0€T-58
011
S01
S6
06
1]
69211-SS

(oy) "eusy

(sg) °suvy

(gz) *suey

(02) *suey

(s1) *suey

(01) °suex

(g) °susy

(6) (uosf®g) °I1I
(02) (3xeq *q) °11I
(1) (3aeH °q) °*T11I
(o1) (3a®H °@) °T1I

(9) (uosfed) °TII
(6*4) ("suey 10) *TII
(ST) °11TALqTaYS

(0z) (3zey *q) °*111
(1) 3118 °T11

() (¢ 3aeq *9) 111
(9) (3a®H °*q) ‘111

(6) (e11TAUOSYO®RL) °TTI
(8) (e117AUOEYORL) *TTI

(S*11) (e1TTAUOSYOEL) °TTI

(027) uBteduEy)
(L) (uosfed) 111

(eg) °T11
(L1) *suey

(22) "sumy

(0g) ‘*suwy

‘111

(5*%) oBeotyy 3Isapy
urIpIoIpPooM

£318 ueyuoaTy
UBTUOITY

(0€) uetpaozpooy
(1) ueuolly

“op
“op
“op
“op
“op
“op
“op
“op
“op
“op
uoaTng ‘gz ‘*N9 ‘Sz ‘MN ‘MN ‘MS
UosT
-PER ‘°MOT ‘°NS °TT ‘AN ‘@S ‘MN
(62)
uosTpER ‘°Mg ‘°NE ‘Oz ‘3§ 193U
“op
“op
Qo.v
T1=8
-az®] ‘°"M€ ‘*N9z ‘Of ‘S ‘MS ‘AN
(s1)
uolIng ‘*3E ‘°NL ‘8 “MS ‘MS ‘MN
usd

-20) **MOT ‘°N9T ‘€ “MN ‘Ms ‘aN
ueBio ‘*MIT ‘°NST ‘47 ‘MS
(9z7) £asuwoB
—~IUOW ‘*Mh °NL ‘€z ‘AS ‘MS ‘MS
uB8yedueyy
“*36 ‘°N6T ‘6T ‘MN ‘MN 193u9D
u221D ‘*MZT “*NOT ‘L ‘MS ‘MN ‘MS

weySuty Iy
u-ﬂm -ZN .# nmz -3@ uo.HOO 3_2
“op
BMOT “°0)
OO-H -.30 A.zmo uOH azz -Nz -Wz
BMOT
€c0p 997 ‘*Mhy ‘°*N89 ‘£€ ‘EN ‘MN
wey
—8ur3zd ‘*dS ‘N8 ‘vE ‘MS ‘MS ‘3S
98eg
-ng ‘*FOT ‘°N6E ‘9T ‘AN ‘MS ‘MN
“op
“op

oTyo “*op £q19ys ‘c1°¥
‘1°L ‘8 ‘MN ‘MS ‘Aoupis ‘S ‘TW T
“op
“op

08
St
s9
09
119
0s
s%
oy
s€
o¢
114
69211-8S

91¢1~d
86%1~d
L8%1-d
Tih1-d
Tiy1-d
oLy1-d
9%1-d

SEVI—-d
Yew1-d

©6€1-d

€6€1-d
€8€1-d

12€1-d
£€0€1-d

Z0€1-d
7621~d
871-d
04214
9971-d
§921-d
%921~d

96214
VATAS

penutjuo) — 1 ATEVL



(5°6) (uosfeg) *11I *op 0Z1-MIH (€) 118 Banqsieleg °op 8€—MH
(L) (uosdeg) *11I *op 6T1-MIH (S°€) 31T Bangsxaleq *op LEMH
(5°%) (uosdeq) °11I *op 811-MIH (%) 3118 Bangsaelag *op 9E—H
(7) (uoskeg) °111 *op LTT-MIH (5°%) 3118 Banqsaadzeq *op SE-MH
(1) ‘*sumy *op ZT1T~MH (§) 3115 Bangsaajeg *op HE-MH
(L) °suey *op TIT-MIH (5*6) 311Ss 3anqsaaleg *op £E~H
(z) ‘suey *op OTT~MIH (z*9) 311s Bangsxelag *op TE-MH
(11) 3118 8anqsaalag “op 60T—MIH (8°9) 2178 8anqsaalag cop TEMH
(9) 311§ Bangsaslag *op 80T—MIH (do3) *suey *op 0E—9H
(1) 3118 8angsxalsg *op LOT—MYH (1) °suwy *op 67MH
(g) (uosfeg) °TT1I urdnoowy ‘*ML ‘°Ng ‘7z ‘IS 90T—MIH (z) °suey *op 879K
(0°8) °11I *op 88-%H (g) °suey *op L2
(eez1) ‘111 ‘op L8~YH (%) csuey *op 97-MH
(S°€1) °11L cop 98~H va * suey *op STMH
(9°61) °T11I *op S8~MH 9) *susy *op YZdH
(6°91) "T1L *op H8-AH (§-95-H) PuBISI
(6°11) °suwy *op YL~9H (L) °suey ooy ‘*MS ‘°NOT ‘0f ‘MN ‘MN €2H
(S°11) °suwy *op €L~MH (1) uwo3Bujwoolg *op T1Z~%H
(91) *suwy *op TLMH (02) (3w @) *11I *op -1
(5°%1) °suwy *op TLMH (€2) (azxeg *q) °T111 *op £NH
(1°0) (3115 218w)) ‘suwy *op 89~H (1) (uosfeq) °T1I *op T-MH
(z°1) (311§ 2188D) ‘suwy ‘op H9-3H (y-gS~H) neaz
(8°7) (3115 °18e)) °suey *op T9-4H (€) (uosfeg) °11I -ng ‘*FOT ‘°N9T ‘4¢ ‘AN ‘EN ‘IN T-MH
BUBTPUI ‘°0D (09) (3a®H °qQ) °T1I *op oL
(6°¢) (311s @18eD) °suwy weuing ‘*MG ‘°NZT ‘€1 “EN °3S LS—¥H (s%) (3awH °q) °*T1I op 19
(8'0) (uosfea) *11I op 95—H (61 (3a®H *q@) °*111 *op 174
(z°1) (uoskeg) °T1I *op GS=MH (01) (3a®H °@) °T1I *op 0z
(8°1) (uosfeg) °T11 *op HSNH (€) (3aeg *g) °*TII uwoafng “°g1 ‘°NG “z¢ ‘IS ‘ds ‘IS ST
(2°2) (uosfeg) *11I *op £5—H 6042755
(8°2) (uosfeg) °11I *op T6-MH (s9) (1) -suex *op 091
(z°€) (uosfeg) °T1I *op T6-MH (05) (i) °suey *op SStT
(8°€) (uosfeg) °T1I ‘op 0S—MH (%) (i) *suwy *op 0sT
(2°%) (uosfeg) °11I cop 691 (o%) () °suey *op H1
(5°%) (uosdeq) °TTI *op 8y~H (s€) (1) *sumy *op oyl
(8°6) (uosdea) °T1I *op Ly~9H (og) (1) °suwy *op SeT
(01) (wosfeg) °111 *op 9%-MH (sz) (1) °suwy *op 0€1
(z°11) (uosfea) °T11I *op SH-3H (0z) (1) °suwy *op gzt
(S°%1) (uosfeq) *11I *op 990 (S1) (&) ~suwy *op 0z1
(z°0) 317s 8angsaalzag *op S7—MH (01) () °suey *op 141
(8°0) 3178 3angsaszag cop FAaw: | (g) (z) *suwy *op 011
(2) 3118 8anqsi93ag ‘op TH=¥H (09) *suwy *op S0T
(Z) 118 Bangqsaedag *op O%-3H (sg) ‘suwy ‘op 001
(S-9S—H) PueTsI (0S) °suey yBnouogoW ‘Mz Ny ‘ST ‘ds ‘IS ‘Ms (13
(z*27) 3118 Banqsislag No0y ‘°MS ‘°NOT ‘0€ ‘MN ‘MN 6€—MH 8ST12-SS
(do3 mo1aq 3993) x(°ON uot3zoeg 23807099) *ON (do3 mo12q 3993) #(*ON uoy3losg 91807099) *ON
aTun L3junop ‘Y €°1 “*o9g % o1dueg 37Un Ajunoy €y €y €*oes % 97dweg
orydeadiiexas 0138007 otydealdiieasg UOTIBI0]

36

panuijuo)y - T F'IEVL



37

{yEE 2vINOATH) YIIID FTOM

(%0 x2INOITH) UOAPSIM

(y€€ avTMOaT)) wuamp

1 *ad f3xodax syy3 ‘1oouss TIePUIL
(40¢ 2BINOaYD) #Ho0H BYYL

(y€¢ a=noar)) uroysss

1 *3d “3xedex syy3 ‘eurinyog

(Y0t 2BINIIT)H) PUURARS

1 *3d f3xodex sTyy *(MG'H) OTTTAYSTY
T *3d “3azodex sTu3l ‘(ay*Z) STTTAYSTY
(sgz 2eINoa1d) (MY*0) STTIAYE™Y

1 *3d ‘3zodez eTy3 ‘(MI*0) STTTAUSTY
(¥€€ 210INOITD) NIIXD PUBTYDTY

(S82 aABINDATYH) TOOYDS A01H JUBSEITI
1 *ad ‘3acdex stys ‘Bangsasjeg

(#£€ 2BINDATH) YINOg uoIIBVI

*2 *3d ‘3zodea sTy3 ‘y Bumwueg

(e aenoxin) Loupnd Yiaxon

(YEE 19INOITD) AUOWIBH MON

(y€e 2eTnoaTd) A3TH MON

(y0€ 3FINOaTH) LJUNOH UOSER

A
‘1%
‘oY
*6¢€
1>
"Le
‘9¢
1%
*He
‘€€
A%
‘1€
"oe
‘62
‘8¢
‘Lz
‘9z
i 14
‘92

‘€z,

hkA4

(HEC IBINOXTH) ISIMYIION UOTI®Y

*Z *ad “3xodax s3Iyl “vesan Iutog Buog
(40€ aetnoayy) KLemqridg uojButmoord avey
*z *3d *azodsx syl ‘iooyng 91ddIH
(ygg 1BINOITD) MOTATITH

(587 a®TnOa1D) 81w

(hee avinoxin) Axzend uojing

(y€g awvInoatd) IFPTITA Youeay

(Y0€ IBINOITH) YINOS HOTIapaigd

°1 *3d ‘azodex syy3s *yooy 3814

(§9Z IWINBAYTD) IND pROITTEY NIWI) WIBY
(y£€ awnoay)) endsq

($e awINOITH) sasaueq

(7eg aeInoaT) £31) swITed

{y0¢ x°INSaTH) I00USS POOAUOIFO0D

*1 *3d ‘azo0dsx sIys ‘ssaumey)

*z *3d ‘axodex sTY3 *TTTH aoyung

(y0€ XBINDITD) PUNOK BUMOIY

(70€ 2»INOITD) ATePIFNIL

(70¢ aBINOI}D) Tauueq

(40¢ 2wIndx1)) Lxaend wolTy

"1z
14
‘61
*81
WA
‘91
‘61
‘91
‘€1
pEA
‘11
*01
‘6
'8
"L
‘9
‘S
Y
‘€
4
"1

13971 SuTMOTIOF #Y3 UT PITFTIUIPT su0TIo9s o1ToT098 paystiqnd o3 1939x sagayiuaard UT sIIQUMNy

(1) (uesdsq) °11I *op
Koy
“*aT “*NHT ‘6T ‘AN ‘AN €*100 aN

(01) (uoshed) *TTI
xowy “*FT *°NIT *v “ES

(12) (uosfel) ‘111

(91) (uosdeg) *11I

#S1~10H

(5) "111
€ST-MIH (L) 3118 Bangsaazeg
SYT-MIH (2) 3118 Bangexeaag

xouwy ‘*AT ‘*NIT *v ‘ds

*op

L334 4]

*35 *°M9 **NI ‘Z€ ‘EN ‘MS *MS

urdnoowy **ML ‘*N® ‘7z ‘3

Y49 1-MAH

HET-MIH
ZT1-MAH
121-M3H

panuriuo) — 1 ITLVL



38

[ ¥4 9 L €T % - - - - - = - = &= = = = = = - - - - - 8T —d
0° LT 8 L €1 zL - - -= = = == = ==- = = - - - - - 18T ~d
0°%z L L f¢T 1L - - - - = = = - = = =& - = = - - - - - 081 -d
v°82 - - = - -1 -1 g% 1 - = =1 = €€ 21 ¢t - 91 (1 6°1 [ A €LT ~d
292 - - - - Z - -7 68 1 = - - 1 - %€ %1 ¢ [4 01 92 1 S°61 LT ~d
9°21 - - - - I - 1T 1 §8& - - - - =161 % 1 T 6 ST 1 2 ¥4 LT ~d
- - - - - - 1 -1 €1 - - =1 -% L 1 1 € 91 9°1 z°9 0LT ~d
[ 3 T4 T L 6T € - 1 1T 1 € - = - 1T 1T - %1 %1 ¢ 1 €T 91 g0 L 81 ~d
S 1y L 9T %1 €9 - - ¢ ¢ 8¢ 1T - = = = = € 1¢ - 4 11 1% 8°1 S 11 1 —d
(] - 8 0z ¢ 1 - % T e - - - = = = 61 €1 (L 1 (44 11 6°0T 991 =4
0°¢e 1 L €T L ¢ 1T § - 9 - - - = - =% 8 1 [4 ST €1 €1 L*H1 1 ~d
stoY € 6 6 6L - = = - 19 = = = = = = 61 8 2T - s1 ¢ - - ™1 =d
0°0¢ 6 2T 41 €9 1 - 4% - W - 4 - ~ ~—- - 9T 81 ¥ 1 ST 92 °1 S°81 €1 —d
0°82 L ST ST € 1 ¢ T T 6 - = = = = = €61 61 ¥ - 9 11 1 8°81 w1 ~d
6*ze 2 €T 0T §& - 1 € ¢ 9 ¢ - - - - -6 ST 1 1 9 (L1 1°€ §*1e T =d
0°s¢e - 9 a L - - -1 s - - = - = = 81 0T € 1 FATR ! 9°0 L°91 6€T ~d
0°¢e [4 L 91 & T - T 7 §9 - = = -~ - = 97 01 ¢ - 8 6 [ 9°¢T 8€T ~d
1914 %1 9 91 % 1T - -1 9 - ~- = =~ = -6 6 T 4 7 8 z°t 6°01 €T ~d
0°ee 9 L i1 oz 1 - - w1 - - 1T - -6 8 ¢ € 9t 91 L1 LT 971 —d
19 74 1 S €T 18 S ¥ 1T 1 9¢ § = - T 1T 1T 91 1Z 1 L 1z 6¢ €1 L°0T 62T —d
0°€e T L €T L ¢ = = = & - =~ - - T - 8 €1 2 L [4 AN A <1 8° 41 €21 —d
0°T1 - - - - T ¢ ¢t O - =~ - - -11€ 01T 9 Y LT 61 6°0 6° 49 el ~d
0°€T - - - - - 1 € ¢€ ¢ - =~ = -~ 7 8¢ €1 U 1 6T €27 - %0 121 ~d
§°9¢ 6 L 1T ¢ 1 - 1T 1 89 1 - - = = 1 61 01 ¢ - Ty Y1 6°1 0" %1 0ZT —~d
€1z L L ST 1L € 1 - ¢ ¢ - = = - =8 (1 1 € €1 <1 9°1 Al 61T —~d
0°07 ST ¢ or oL - - ~- 1 % ¢ 1T - = 1 - 0C 91 ¥ 1 0z €1 9°1 L*ST €11 —d
0°92 € 6 81T O - - ~- - 09 % - - = = = 61 €1 € 1 01 01 L*0 8° €T L6 —d
9 [4 9 L €8 ¥ € 1T 1 %€ 9 = - = = 1 91 62 1 Y S a1 9°0 8°¢ 96 -—d
gt 1 #1 €1 OL € 1T = ¢ oy ¥ - 1 1T % 1 (1 € T 1 € %1 6°1 1° Lt €6 —d
0°Lz (V) LT 89 € 9 T ¢z 9%€ 9 - 1 -~ T - 61 (LI € K/ 7 91 L°0 [ ¥4 6 =d
0°1¢g € Y g1 18 € € 1 € I T - 1 - — - T %1 ¢ 4 v 1T g0 6° 16 -d
0°9T 9 0T 61 €9 € 8 - 1T 67 9 - - 1T 1 = €1 8 ¢ L z [A¢] g9°1 06 =d
LT 4 or ot 8 ¢ - ¢ - 9¢ ¢ T - -~ 1 T 06 S L 8 A} - %02 69 -d
z°st 9 9 M UL 6 - = = 9 7 = - = -16 8 ¥ S 6% - KAk 14 €9 -d
vy S 9 €T 9. 8 - -1 81 ¢z 9 - -~ - 1 1z €1 81 1 € - 8°9¢ 9 —d
- € 6 0T 8 8 - 1 - 9¢ % 1 2 1 - € 81 11 ¥ 11 Y - - 9% =4
z'6 7T 9 €T 69 91 - 1T - Ltz 1 - - - - % 6 Lz OT ¢ LE - z°oT 9z -4
0°82 L 9 oz (9 - ~- -1 9 - - - = = - 01T 61 1 1 61 L 6°0 8°91 vi -d
0°€C e L 1 &% 6 1T - - ¢ 11 - = = = 7 2 91 9 11 [4% - 9°81 1 =d
afqnyos | @ - b o 9 o = - w ®W oA ] N [ Q W ((A) (03] cou
i P R §|d Y ik ETE o3 EEEER G OE|EF| W wmogz*

e & [ = O o o - sTrIdUTW -290°

g E fs i Fer @ E P

o © B " o oo ® A®IH

(%) 3usyt (%) sTeasuty LAwep jusaedsuexl anbedg

(579%q 9913-93BU0GIED)
SASKTVNV TVYINIH IHOIT ONV XAVIH-T TTEVY



39

STee 4 L g1 €& - - €1 6 1T =~ = -~ = = 81 (T 1 Y 6 L 6°0 9°'81 eIy ~d
0°91 1 9 €T 8 1 -~ T - 29 - -1 = = - 81 61 1 1 A S 6°0 |44 i ~d
0°0% - L 81 & 1 1 ¢ 1 6§ - -~ = -— = = 9z 11 ¢ 1 8 (L €1 1°€1 1% ~d
0°8¢ 1 L 61 € -~ € ¢ - %% 1 - - = - = € ¥ 1 1 91 8 11 0°91 807 ~d
LA Y ot €2 € ¢ 1 ¢ % ¢ - - - -~ = = [T 01T 1 - 9 01 6°1 L1791 LOY ~d
0° gy € 0T s ¢9 € ¢ €% 99 - -1 - =~ =~ 11 8 1 1 y € 21 el so% ~d
0°1¢ 4 L g1 €& ¢ - 8 7 19 - =~ = - = = 901 [ - 1 01 11 9°Z 6°¢ 70% ~d
0° 8¢ 1 < 91 8 - ~- ¢ 1 29 - - - -~ 1 - € §1 - [4 [ S (AR 8° L1 €07 ~d
o'zy 1 < ¥1 08 1 - 1 € g8 - = =~ = 1 - 81 €1 ¥% 1 01 ¢ 1 8¢l 0% ~d
[ A 1 8 oz 9 % ¢ 6 11 &% =~ - = -~ = = 202 9 1 - 9 €1 8°2 ' T0% -4
0°62 g 8 € 9 € - =~ 7 Oz = - - = - € 9 1 1 11 2 €1 L°1 00y -4
€ 0C (1] S 8T (9 ~- - € - 28~ - - - - = ¢ g - 9 € 6°0 g°c 66€ ~d
00t 1T o1 1z 8 -~ 1 €1 (8 € -~ - ~—- =~ = 07 €1 1 1 i1 ¢ 01 L't #6€ ~d
$°8€ 6 0T 81 € 1 % 6 - € - =~ 1 ~ = = €1 01 ¢ 1 AR 8°1 0°9 Z6€ ~d
0°o% F4 S A I 09 € - 9 % 6 - - = = = = 9T 9 - - 1T 11 8°1 9°% 16€ ~d
G°8¢ L 1T 12 199 ¢ 1 1¢ €89 1 = = = = =322 L 1 - T 21 8°1 '€ 06€ ~d
0°0% 9 9 e 99 Tz Tz LT 8 - -~ - - = - 11 9 - [4 9 9 €1 z°9 98 -4
§°€E 9 S € 99 - 1 L ¢ 99 - - = - = = &1 L 1 1 FA S 0°1 et #8¢ ~d
062 1 8 et 62 ¢ 1 -1 w1 - - - = ~-1721 8 ¢ 1 81 €1 0°1 0°L1 9L€ ~d
§°9S 8 ZT 61 19 9 1T % 1 O - - = - - -~ 6 9 1 1 ZT 61 0°¢ 8°¢ SLE ~d
0°ze 9 L € % 1 1 2z € 9¢ ¢ -— ~ = = =~ (1 (1 - 1 sT ¥ 8°0 9°0z vig ~d
§°8¢ Y 9 6T 1L T - T - 19 =~ - -~ = = = % 01 1 - L 6 6°0 111 Zi€ ~d
(28 14 [ 1 61 9 ¢ ¢ ¢tz K1 -1 -~ - 01 L ~ 1 {1 21 8°0 9°6 69¢€ ~d
[ ¥4 S 9 iz 8¢9 ¢ - = - 68 - == = = = = 97 91 =~ 1 6 01 6°0 6°21 S9€ ~d
(14 £ or 21 §&& =~ - = ¢ 19 = - = = = = 0 9 1 1 12 S L*0 (A A LSE ~4
0°€e 6 6 1z 19 - 1 € - 8¢9 - - =« 1 = = (L 61 ~ 1 1T €1 e 1 LET 9¢6€ ~d
§°0¢ L 6 22 % - - € - oL - - = - - =~ 01 &1 1 - 6 (L 90 €61 §SE ~d
g9z Y 6 € %% - - 7z - £ - - - =1 - 91 €1 ¢ 4 €2 9 2°1 1°01 0s€ ~d
§°1E 8 It 61T 29 ~ ¢ & ¢ e - - - = =-¢€ €1 - 6 9 €°¢ T1°€ 6%€ ~d
0°0¢ < 21T 0z €9 § € =~ - 8 -~ - -~ T - =~ € 9 ¢ - 1 € avexy 1°01 e -d
0°8z 8 L Z 8 - ¢ 2 ¢ S&t 1 - - -1 -9 8 1 [4 01 § 61 1°¢ 9%€ ~d
§°2¢ Y 2Tzt oeL ¢z 1 -1 WE - -~ - = -~ 81T L % 4 2 L L0 vy e ~d
0°62 € g 81 % - 1 € - €& 1 - - - - - 11 01 € 4 ST 01 "1 641 g€E ~d
0°%1 Y 6 6 gL - z = - v -~ 1 = = = = 91 H1 ¢ 4 €T 02 8°0 g0t LZ€ ~d
8 1ot - - - - 9 1T 8 € 1T - =~ - = = ZT 91 % [4 7 €1 - - 1€ ~d
s°9 4 01T ¢ & -~ - = 2 08 T - =~ -~ = - 62 6 % Y L1 7t 1 76 10€ ~d
- 4 or &1 & 1 - 1 - ¢ 1 ~-~~ -1 - 6 11 ¢ 1 21 8 81 8yt LIT ~d
$° 8¢ S €T L1 9 - - = - = - = s s s e - - - - = ad - L6T ~d
ST €T 8 T §T 99 =~ = = = = = = = &= = = =~ = ™= - - = - - 96T “d
0°8¢ ki 0T %1 L - == = = e = e = = e - - = I - G6T ~d
alqnios | @ B W e g B @ B rposp2ry g N g8 B YA ¢4 ‘ou
Juad13g m wu o .W m. .m ﬂ m m 24 W. m rm m. m. .m“ g 8 £ 2 % | uoyjoezy uoyjoway ofdweg
" % - - T T -~ B~ - R - S~ - N S m g ¥ ut LT
o [ ] w ] W [ond o [~} [} [ [ g (a4 1] ]
o Z o7 8§ o B ®g ° o elezouim  -~z90°
5 £ 88 B R ER 7 Aavop
(%) 2u8¥1 (%) steasupy LAveH 3juazedsuei] anbedg

panuTauan~g AIEVL



Percent
soluble
64.5

45,5
24,0
22,5
30.0

NN NNMNONOOM

Light (%)

s12Y30

‘PI24 BD—EN

‘PTRA X

z3aend

21
11

20
10
12
19
20
13
14
17

69
67
87
76
67
65
75
74
72
78

TABLE 2-Continued
Transparent Heavy Minerals (%)
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fraction fraction
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Table 2-Continued
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TABLE 5 - AVERAGES OF

CLAY MINERAL DATA BY STRATIGRAPHIC UNIT
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Average Composition
(in percent)

Range of Composition
(in percent)

o
o
- o ©
gl 4 g har g
3l § 8 g 8
— d
r — o o - o
o - 29 9 wl oo
| 8 o BEd a4 F 8 " R
[} E 3 el M - - =] FY] Ee ]
£ o -l — 0O o -t 4 -~ - O
g =} o oed = = = 0 ~
Stratigraphic Unit = S g5 § 9 § H 33
Wisconsinan
Woodfordian 61 4 79 17 + 0-19 62-92 7-30
Winnebago 10 25 59 18 + 15-42  40-72 10-27
Illinoian
Buffalo Hart 40 5 69 26 + + 0-14 55-90 8-41
Jacksonville 12 21 68 11 + + 11-28 60-82 4-14
Southeast 17 16 63 21 4+ 4+ 1228 47-76 9-39
Payson 47 36 45 19 + +  17-64 19-69 7-34
Petersburg Silt 20 66 19 15 + + 47-85 6-43 8-25
Kansan
Western Kansan west of
4th principal meridian 39 66 13 21 + 56-85 4-19 7-30
Western Kansan east of
4th principal meridian 13 43 35 22 + + 35-50 25-44 14-29
Eastern 11 8 65 27 + + 0-24  47-79 17-40
Nebraskan 4 76 12 12 + 63-86 8-17 6-20

(Continued)
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TABLE 5 ~ Continued

The above averages are based on the following samples:

Woodfordian: P-130, 138, 139, 145, 146, 148, 170, 344, 346, 347, 349, 350, 355,
356, 371, 372, 384, 388, 390, 391, 392, 394, 399, 400, 401, 402, 403, 404,
405, 407, 495, 496, 549, 558, 566, 696, 697, 724, 726, 727, 744, 745, 747,
819, 826, 1249, 1270, 1393, 1487
HK-21, 13054-10, 13054-20, 13054-25, 13054-45, 13054-50, 13054-55, 13054-60,
13054-65, 13054-70, 13054-75, 13054-80

Winnebago: P-411, 412, 415, 418, 421, 431, 698, 705, 706, 713

Buffalo Hart: P-126, 131, 180, 181, 182, 312, 327, 357, 369, 374, 376, 542, 550,
559, 674A, 687, 732, 777A, 7778, 778, 945, 946, 971, 972, 1181, 1461, 1470,
1472, HK-3, HR-4, 11269-25, 11269-30, 11269-35, 21158-20, 21158-25, 22409-15,
22409-20, 22409-25, 22409-55, 22409-70

Jacksonville: P-94, 97, 335, 365, 619, 750, 762, 763, 970, 1394, 1434, 1435

Illinoian (Southeast): P-172, 195, 196, 197, 450, 977, 978, 1063, 1133, 1157,
1165, 1169, 1172, 1174, 1175, 1284, 1321

Payson: P-1, 1A, 26, 46, 95, 113, 125, 277, 541, 581, 582, 616, 631, 947, 949,
951, 954, 1237, 1383, 1498, 1516, HK-2, HK-44, HK-45, HK-46, HK-49, HK-50,
HK-51, HK-52, HK-53, HK-54, HK-55, HK-56, HK-106, HR-117, HK~118, HK-119,
HK-120, HR-144, HK-145, HK-153, HK-154, 11269-40, 13054-165, 13054-170,
21158-35, 21158-40

Petersburg Silt: P-90, 91, 613, 613A, 614, 615, HK-32, HK-33, HK-34, HK-35,
HK-36, HK-37, HK-38, HK-39, HKW-107, HKW-108, HKW-109, HKW~121, HKW-122,
21158-45

Kansan (Western)

West of 4th principal meridian: P-61, 63, 65, 301, 508, 509, 538, 603A, 6124,
796, 952, 953, 1201, 1203, 1204, 1205, 1206, 1207, 1252, 1294, 1302, 1303,
HK-23, HK-24, HK-25, HK-26, HK-27, HK-28, 21158-55, 21158-60, 21158-65,
21158-70, 21158-75, 21158-80, 21158-85, 21158-90, 21158-95, 21158-100,
21158-105

East of 4th principal meridian: P-119, 119A, 120, 123, 123A, 11269-60, 11269-65,
11269-75, 11269-80, 13054-195, 13054-200, 13054-205, 13054-210

Kansan (Eastern): P-447, 731, 964, 964A, 964B, HK-71, HK-72, HK-73, HK-74,
HKW-111, HKW-112

Nebraskan: P-502, 795, 1250, 1251
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SELECTED GEOLOGIC SECTIONS

Following are eight of the measured geologic sections used in this report; thirty additional
sections also used in this study were published in Illinois State Geological Survey Circulars 285, 304,
and 334. The numbers enclosed in parentheses, for example (P-565), are sample numbers used in the
tables and illustrations in this report. The sections are arranged alphabetically by name.

CHAMNESS SECTION

Measured in cuts along Interstate Highway 57,
SE% sec, 34, T. 9 S., R. 2 E,, Williamson Coun-
ty, Illinois (1961), This is the southern-
most exposure of glacial till studied.

Thickness
(feet)

Pleistocene Series
Wisconsinan Stage
4. Loess, brown to tan, darker in
lower part, leached, compact;
surface soil in upper part (Sample
P-1066 near base) 20,0
Illinoian Stage
3, Sangamon Soil B-zome; clay with
some silt, brown to red-browm,
leached, compact, sharp contact
at top (Sample P-1065) 2,0
2, Till, silty and clayey, pinkish
tan in lower part grading upward
to red-brown, jointed, calcareous,
massive; very few scattered peb-
bles; gradational top and bottom
Sample P-1064) 2.5
1. Till, tan, silty, compact, massive,
calcareous; scattered pebbles up
to 2 inches in maximum diameter;
well developed joints with calcite
filling approximately 1/3" thick
along joint planes; base on Penn-
sylvanian sandstone (P-1063,
lower) 5.0

Total 23,5

FLAT ROCK SECTION

Measured in cuts along Illinois highway 1, SW
NEY;, SW% sec. 6, T. 5 N,, R, 11 W,, Crawford
County, Illinois (1961),

Pleistocene Series
Wisconsinan Stage
4, Loess, tan-brown, leached, massive,
compact; some mottling in lower
part; surface soil in top (P-1,
(P-1160) 4,0
3. Coliuvium of silt with sand, be-
coming sandy and containing peb~
bles in lower part; gradatiomal
with loess at top; tan-brown,
leached (P-1159) 1.0

Thickness
(feet)
Illinoian Stage

2., Sangamon Soil B-zone; red,

micro-blocky, compact; clay

skins, Mn-Fe pellets; grada-—

tional at base (P-1158) 3.0
1. Till, yellow-tan, mottled with

gray and brown, massive with some

jointing, clayey, leached, tough

(P-1157 lower) 4.0

Total 12,0
PETERSBURG SECTION

Measured in cuts along county road in NWk Nwj
NEY% sec, 23, T, 18 N,, R. 7 W., Menard County,
Illinois (1957).

Pleistocene Series
Wisconginan Stage
Woodfordian Substage
Peoria Loess
4, Loess, tan, massive, noncalcareous;
surface soil in top 5.0
Illinoian Stage
3. Till, massive, calcareous, compact,
blue-gray, pebbly and cobbly (P-94,
2 feet above base); truncated Sang—
amon Soil at top 20,0
2, Till, silty, massive, tan; con—
tains fossil snails similar to
those in the unit below (P-93 top;
P-92 bottom) 2,0
Petersburg Silt
1, §8ilt, massive, compact, gray-tan
in upper part and purplish brown
in lower part, calcarecus (P-91
middle; P-90 lower); contains fos-
sil snails in upper half; a bur-
ried soil was penetrated in auger
hole a few feet below base of sec-
tion 20,0

Total 47.0

RUSHVILLE (0.1 WEST) SECTION

Measured in new highway cuts in SWj NEX SWk
sec, 23, T. 1 N,, R, 1 W,, Schuyler County,
Illinoigs (1959)

Pleistocene Series
Wisconsinan Stage
Woodfordian Substage



Thickness
(feet)

Peoria loess
10. Loess, massive, gray-tan, calcar—
eous below the surface soil
{P-658, P-659, P-660 from calcar-
eous loess; P-661, P-662 from sur—
face soil) 13.0
Altonian Substage
Roxana Silt
9. loess, massive, calcareous, pale
pinkish to gray-tan (P-656 base;
P-657 top) 8.0
8. Loess, massive, friable, calcar-
eous, medium dark gray-brown

{P-655) 8.0
7. Loess, massive, pink-brown, cal-

careous (P-654), : 3.0
6, Loess, massive, medium gray-

brown, calcareous (P-653) 5.0

5, 8ilt with a few pebbles and some
sand {colluvium), calcareous,
gray-brown (P-652) 1.0

Illinoian Stage

4, Sangamon Soil; developed in till
intermixed with silt, sand, and
gravel suggesting an ice-contact
deposit (P-651 from soil; P-650

from calcareous lower part) 10.0
3. Gravel, fine to coarse, poorly
stratified, calcareous (P-649) 23,0

2, Till, blue-gray, massive, com-
pact, calcareous, locally oxi-

dized (P-648) 2.0
Pennsylvanian System
1. Shale, gray 4.0

Total  77.0
RUSHVILLE (2.4 WEST) SECTION

Measured in new highway cuts in SW% SWkx NEX
sec, 16, T, 1 N., R, 1 W,, Schuyler County,
Illinois (1959).

Pleistocene Series
Illinoian Stage
4, Till, pebbly with silty matrix,
calcareous in lower part (P-616);
well developed Sangamon Soil in
top; thickens laterally and be-
comes extremely silty 8 to 20.0
Petersburg Silt
3. Silt, yellow, gray and tan, calcar—
eous, banded with limonite in
upper part (P-615); gradational at
base; in upper part contains fossil
snails 15.0
2, Silt, pink in top (P-614) to purple-
brown in lower part {P-613; P-613A);
some thin limonite cemented zones;
basal 2 feet gray and sandy 10.0

53
Thickness
(feet)

Kansan Stage
1. Till, leached, clayey, gray and
tan (P-612; P-612A); rests on
Pennsylvanian shale and clay 2.0

Total 40.0

RUSBVILLE (4.5 WEST) SECTION

Measured in new highway cuts in NWk SWk swk
sec, 5, T, 1 N., R, 1 W,, Schuyler County,
Illinois (1959, 1960).

Pleistocene Series
Wisconsinan Stage
Woodfordian Substage
Peoria Loess
9, Loess, massive, tan, noncalcareous;
well developed surface soil in up-
per part 6.0
Farmdalian Substage
Farmdale Silt
8, $8ilt, red-brown, massive, noncal~

careous 2.0
Altonian Substage
Roxana Silt
7. Loess, massive, tan to gray, non-
calcareous 1.5

6, Silt with some sand and a few peb-
bles (colluvium), noncalcareous,
gray-tan 2,0
Illinoian Stage
5. Sangamon Soil developed in till;
brown, clay-rich B-zone with
Mn-Fe staining op joint surfaces
and in small pellets; at base gray,

gradational (P-605 from B-zome) 8.0
4, Till, gray and tan, massive, cal-
careous, bouldery (P-604) 8.0

3. Till, brown and gray, few boulders
and large cobbles, calcareous;
this zone pinches out westward;
eastward sand and gravel in base ,
on till below. In local channels
in till below, this till inter-—
bedded with noncalcareous, red-
brown, sandy and clayey silt
(P-603F)

Kansan Stage

2, Yarmouth Soil developed in till;
dark red-brown, clay-rich B-zone
{P-603 B, C, D, E), grading down-~
ward into tan-brown Cl-zone (P-603A) 6.5

1. Till, massive, calcareous, fine tex-
tured; contains abundant shale with
some coal and weathered pebbles
and cobbles; locally contains some
masses of noncalcareous sand
(P-601, P-602) 10,0

Total 54,0

1-10.0
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SCHULINE SECTION

Measured in road cut and nearby creek bank, NW}
NE% NE% sec. 24, T. 5 S., R. 7 W., Randolph
County, Illinois (1961)

Thickness
(feet)

Pleistocene Series

Wisconsinan Stage
Woodfordian Substage
Peoria Loess

9.

Loess, massive, friable, light

brown to tan with gray-tan mot-—

tles, leached; surface soil in

top (P-1053 at base to P-1057

from B—zone of surface soil) 6.5

Altonian Substage
Roxana Silt

8.

Loess, massive, reddish brown, mot-
tled with and containing black

streaks and pellets of Mn-Fe; weath—
ers to a platy structure (P-1050

base; P-1051; P-1052 top) 2,5

Sangamonian Stage

7.

Sangamon Soil; colluvium of silt,

sand and some clay, brown, tan and

gray micro-mottled, leached; con—

tains a few small pebbles; atten—

uated A-zone and upper part of the
B-zone of the Sangamon Soil; upper

part gradational upward with over-

lying Roxana Loess (P-1048 base;

P-1049 top) 2,0

Illinoian Stage

6.

5.

4,

Sangamon Soil B-zone; developed in

till, brown, becoming darker up-

ward, mottled with light tan at

top, oxidized and leached; Mn-Fe
pellets and crust on joint surfaces;
laterally grades into a BG-zone

and at base is gradational with CL-
zone (P-1042 BG-zone; P-1043

top of CL-zone; P-1044 to P-1047
upward through B-zone) 3.5
Till (CL-zone), oxidized, leached,
tan-brown with some staining with

Mn-Fe (P-1040 base; P-1041 top) 2,0
Till, calcareous, mottled gray

and tan-brown; some CaCO; nodules

near top; well jointed with joint
planes marked by gray zones bor-

dered by limonite rinds (P-1037

base; P-1038; P-1039 top) 5.5

Petersburg Silt

3.

Silt, massive, pinkish brown with

gray mottles, generally noncalcar—

eous but locally weakly calcareous

and sparsely fossiliferous in up-

per part; locally in upper part

till interbedded with gray silt

(P-1033, 3 feet above base, to

P-1036 top) 7.0

Thickness
(feet)

2, Silt, gray with a few rusty streaks,
contains some clay, massive, Mn-Fe
pellets and nodules in lower part

(P-1032 base) 2,0
1, Covered to level of abandoned
creek channel 6.0

Total 37.0
TINDALL SCHOOL SECTION

Measured in borrow pit excavation along north
bluff of Illinois River Valley, SW% NE% sec. 31,
T. 7 N., R. 6 E,, Peoria County, Illinois
(1957, 1958, and 1960).

Pleistocene Series
Wisconsinan Stage
Woodfordian Substage
Peoria Loess
16, Loess, massive, upper 5 feet
leached and contains soil pro-
file; lower part weakly calcar-
eous, tan to gray; streaked with
limonite tubules, scattered
nodules and indistinct lamin-
ation 12.0
Farmdalian and Altonian Substages
Farmdale and Roxana Silts
15. Silt, massive to laminated,
weakly calcareous in mid-part but
noncalcareous above and below,
light gray with thin, dark, humic
bands in upper part. 4,5
Illinojian Stage
14, Sangamon Soil, A and G-zones,
leached; top 1 foot of A-zone
dark gray, granular to massive,
grading downward into massive
gley, gray mottled with tan 5.0
13. Till (Buffalo Hart), gray, thoroughly
interlaced with veinlets of hard
limonite, brown, noncalcareous in
gray matrix but locally calcar-
eous in iron-cemented veinlets 2.0
12, Till, calcareous, unevenly oxi-
dized, well jointed, gray-tan,
gradational at top and bottom
(P-126) 3.0
11, Silt and some sand, red, tan, and
gray; thin zones cemented with
CaC03; southward the silts pimch
out and a cobble zome is at same

stratigraphic position 2,0
10, Till, oxidized, calcareous,

jointed, brown 3.0
9, Sand and gravel in discontinuous

lenses, locally cemented, brown 3.0

8. Till (Payson), calcareous, pebbly,
blue-gray, well jointed throughout
with oxidized rinds on joints
(P-125 three feet above base) 18.0



Thickness
{feet)

Kansan Stage

7.

Yarmouth Soil, truncated to the
B,-horizon at top, leached, clayey,

dark brown; locally spots of sec—
ondary carbonate; siliceous peb-

bles and cobbles present through—

out; gradational with calcareous

till at base and sharp contact at

top except locally where blocks of

this soil are incorporated in

overlying till (P-124) 4,5
Till, calcareous, gray with mot-

tled patches of brown (P-123A) in

upper part, jointed throughout with
oxidized rinds along joints; len-
ticular, irregular masses of gray

silt and fine sand incorporated in
middle part (P-123) 18,0
Sand, fine to medium, calcareous,

brown with locally dark gray

streaks at top; upper and lower

contacts irregular (P-122) 4,0
§ilt and very fine sand, massive to
laminated, gray; locally soft

limonite in streaks and contorted

bands (P-121; P-121A) 2,0
Till, compact, clayey, calcareous,
oxidized; contains scattered peb-

bles and cobbles, streaks and pods

of silt, and flakes of coal

(P-120) 5.0
Till, compact, calcareous, clayey,
blue-gray (P-119; P-119A) 1.0
§ilt, calcareous, gray, contains

fossil snails 3.0

Total 96.0
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