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ABSTRACT

THE RELATIONSHIPS BETWEEN MORPHOSTRATIGRAPHY,
ROCK STRATIGRAPHY, AND ASPECTS OF TILL FABRIC
IN CENTRAL ILLINOIS

By
David Alan Castillon

This thesis is concerned with the relationship between
selected morphostratigraphic units and aspects of rock
stratigraphy including pebble orientation in central Illinois.
Investigations were made to determine the nature of the areal
relationships between rock stratigraphy and morphostratigraphy
of the Woodfordian end moraines in central Illinois. Included
in these investigations was an analysis of long-axis pebble
orientation of the till fabric. The nature of the sedimentary
contact zone deposited by two lobes of Woodfordian glacial
ice was studied to determine if morphostratigraphic units in
an interlobate area could be delineated by the use of pebble
orientation data or rock stratigraphy. Analysis of the pebble
lithology of elongate stones was made to determine if a
discernible difference in lithologic composition exists
between delineated morphostratigraphic units or between

delineated rock-stratigraphic units.
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David Alan Castillon

Thirty-eight analysis sites within the till of the
Bloomington, Champaign, Eureka, and Normal Morphostratigraphic
Units were selected. At each of these sites a random
fifty-pebble sample was examined by established methods of
till-fabric analysis. The pebbles' long-axis orientation was
measured to the nearest five degrees and the dip strength was
recorded. These same pebbles were classified lithologically
in the laboratory. A sample of the till matrix surrounding
the fifty pebbles was collected and analyzed by the laboratory
of the Illinois State Geological Survey providing data on
grain size, clay mineral composition, and carbonate content.
Data on the color of the till matrix were provided by the
author. These data were used to identify and correlate rock
stratigraphic units.

The findings of this study indicate that the Eureka and
Normal Morphostratigraphic Units should be mapped as a single
unit identified as the Eureka-Normal Moraine (Drift). The
physical characteristics of the till within the Eureka-Normal
Moraine (Drift) indicate that this morphostratigraphic unit
has a single rock-stratigraphic unit surface till which can
be correlated with the Malden Till of the Wedron Formation.
Pebble-orientation data from analysis sites along the trend
of the Eureka-Normal Moraine (Drift) reveal that the long
axis of elongate pebbles within the Malden Till prefer a
perpendicular alignment to the trend of the moraine. These

orientations indicate a Lake Michigan Lobe source. Pebble
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David Alan Castillon
lithology data show that a lower percentage of crystalline
pebbles and a larger percentage of carbonate pebbles are embedded
in this till than were found in tills from the other morpho-
stratigraphic units of this study.

The data from analysis sites within the till of the
Champaign Moraine (Drift) indicate that this morphostratigraphic
unit is well defined topographically and that the surface till
of this unit can be correlated with the Snider Till of the
Wedron Formation. This same rock-stratigraphic unit was
correlated with the till on the eastern flank of the inter-
lobate region. This portion of the interlobate region adjoins
and can be associated with the Champaign Moraine (Drift) of
this study. The long-axis pebble orientations of the Champaign
Moraine (Drift) tend to be orthogonal to the trend of the
morphostratigraphic unit outside of the interlobate, then
become parallel to the trend of the landform in the associated
interlobate region. An Erie Lobe source can be postulated
for the Snider Till from these orientation findings. Pebble
lithology data from the Champaign Moraine (Drift) and
associated interlobate area indicate that pebbles within till
from an Erie Lobe source have approximately 9 per cent fewer
carbonate pebbles when compared with pebble lithology data
from the Eureka-Normal Moraine (Drift) which has a Lake Michigan
Lobe source.

The findings of this study reveal that the Bloomington

Moraine (Drift) is very complex. Three distinct surface
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David Alan Castillon
tills within this morphostratigraphic unit can be delineated:
the Tiskilwa, Malden, and Shamrock Till Members. The latter was
named and defined in this study. As was the case with the other
units investigated in this study, the long axis of pebbles
embedded in these tills preferred a perpendicular alignment to
the trend of the moraine outside of the interlobate area. In
the interlobate region associated with the Malden Till of the
Bloomington Moraine (Drift) pebble-orientation data once again
reveal a strong tendency for pebbles to align themselves
parallel to the trend of the landform.

Because the relationships between morphostratigraphy,
rock stratigraphy, and till fabric did not complement one
another within the area of the Bloomington Moraine (Drift)
as they did on the other units of this study, an alternate
interpretation of the morphostratigraphy was investigated.
An alternate interpretation must account for three distinct
rock-stratigraphic units and also account for an ice source
region that will explain its fabric. An analysis of the
topography of the Bloomington Moraine (Drift) indicates that
it is not necessarily one morphostratigraphic unit. Instead,
it may represent a situation where three units of different
age converge on one another. The oldest unit identified by
the presence of Tiskilwa Till, which is the surface till west
of Bloomington, Illinois, and exists over a wide area in the
subsurface, was deposited by an ice advance from the north.

The Shamrock Till, whose fabric orientations suggest it was
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deposited by a western advance, possibly of the Erie Lobe,
was deposited and overlies the Tiskilwa Till. A third and
younger till unit which is the surface till within the moraine
everywhere east of the Kickapoo Creek Valley and also the
surface till on a part of the proximal slopes to the west of
this stream was deposited contemporaneously with the Snider Till
of the Champaign Moraine (Drift) forming the interlobate
moraine. The time-stratigraphic correlation of Malden and
Snider Tills suggested by the fabric orientations in the inter-
lobate region, which are parallel to the ice-contact zone,
and the similar physical characteristics of these two till
members suggest that the landform associated with this region
be named the Champaign-Bloomington Interlobate Moraine (Drift).

Of general interest to the area of glacial geomorphology
is the finding of this study that morphostratigraphic units
exist and can be useful geomorphically when sedimentary

parameter data complement the landform unit.
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Chapter 1

INTRODUCTION

Statement of Problem

This thesis is concerned with the relationships between
selected morphostratigraphic units and aspects of rock
stratigraphy including pebble orientation in central Illinois.1
Several specific matters, listed below, were investigated in
an effort to determine these relationships. (1) The nature
of the relationship between rock stratigraphy and morphostrati-
graphy of the Woodfordian end moraines in central Illinois was
investigated. (2) The nature of the relationship between the
pebble orientations of the till fabric and morphostratigraphy
of the Woodfordian end moraines in central Illinois was
investigated. (3) Investigations of the contact zone between
two glacial lobes of the Woodfordian glacial ice were made to
determine if morphostratigraphic units in an interlobate area
could be delineated by the use of pebble-orientation data
or rock stratigraphy. And (4) investigations were made to
determine if a discernible difference in pebble lithology of
the collected orientated stones exists between delineated
morphostratigraphic units, or between delineated rock-

stratigraphic units.

lThe study area is defined on page two and illustrated
in Figure 1.
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Studz Area

The study area selected in central Illinois contains one
of the best examples in North America of arcuate-lobate end
moraines with good topographic expression that merge into what
appears to be an interlobate area. The study area has an
approximate east-west extent of 40 miles (73 kilometers) and
north-south extent of 30 miles (48 kilometers), and includes
parts of Champaign, Ford, McLean, Piatt, and Woodford Counties
in I1linois. The study area is delineated in Figure 1, a
map of Illinois.

The literature describing various aspects of all or part
of this area is extensive. An early work, very comprehensive
for its time and entitled "The Illinois Glacial Lobe,™ was
written in 1899 by Frank Leverett. This monograph describes
the Pleistocene landforms of the state of Illinois and has
served since its publication as a primary reference for glacial
geology studies in the state. Leverett's interpretation of the
glacial landforms of the study area was modified only slightly
during the first thirty years following publication. He revised
some of his interpretations in 1929 and again in 1932. These
revisions included minor changes in both the delineation of
moraines (Leverett, 1932) and the interpretation and terminology
regarding substages of the Wisconsin glacial stage (Leverett,
1929). From 1932 to the present, changes in the interpretation

of the Wisconsin glacial stage have continued. Two of the more
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4
important works concerned with the chronology of the Wisconsin

glacial stage in Illinois were made by Leighton (1958) and Frye
and Willman (1960).2

Many other publications describing various characteristics
of the Wisconsinan glacial drift of Illinois were published in
the 1960's. To cite a few of the more important works: Frye,
Glass, and Willman (1962) published a study on the stratigraphy
and mineralogy of the Wisconsinan loess; Willman, Glass, and
Frye (1963, 1966) wrote on the mineralogy and weathering profiles
of glacial till; and Piskin and Bergstrom (1967) described the
thickness and character of the glacial drift of Illinois.

Two recent publications describing the study area were
written by Willman and Frye (1970) and Kempton, DuMontelie,
and Glass (1971). The former, Bulletin 94 of the Illinois
State Geological Survey entitled "Pleistocene Stratigraphy of
Illinois," is general in nature and covers the entire state
whereas the latter is specific and focuses on till units in
McLean County.

Bulletin 94 is useful because Willman and Frye review
the principles of stratigraphic classification for Pleistocene
deposits. Four different types of stratigraphy may be
recognized: (1) time stratigraphy, (2) morphostratigraphy,
(3) rock stratigraphy, and (4) soil stratigraphy. The study
area for this thesis is a part of the Woodfordian time

2Hereafter in this study the term "Wisconsinan" will be
used for Wisconsin when referring to the glacial stage as
suggested by Frye and Willman (1960).
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5

stratigraphic unit, the morphostratigraphic units broadly
defined by the Peoria Sublobe of the Lake Michigan Lobe and
the Decatur Sublobe of the Erie Lobe, the Wedron Formation
rock-stratigraphic unit, and the Jules Soil soil-stratigraphic
unit (see Figure 2). This study is concerned with certain
relationships between morphostratigraphy and rock stratigraphy.

The Kempton, DuMontelle, and Glass (1971) work on the
stratigraphy of Woodfordian tills in McLean County is useful
because it defines five till units, three of which are surface

tills in the study area of this thesis.

Morphostratigraphy

A morphostratigraphic unit is defined "as a body of rock
that is identified primarily from the surface form it displays;
it may or may not be distinctive lithologically from contiguous
units; it may or may not transgress time throughout its extent"
(Frye and Willman, 1960, 1962). Morphostratigraphic units
were proposed in an effort to explain the relationship and
significance of topographic forms to rock, soil, and time-
stratigraphic units. The term "Drift" is attached to a named
morphostratigraphic unit and is used to connote the deposit
of glacial till and outwash associated with a moraine and
traceable from it into the ground moraine, outwash apron, and
beneath younger drifts (Willman and Frye, 1970). In this study
the term "Moraine" will be retained to include the landform
which is discernible by its topographic expression and the

term "Drift" when included in parentheses following Moraine
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Figure 2 Stratigraphic classification of the Pleistocene

deposits of Illinois (after Willman and Frye,

1970)
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7
is interpreted to be at least partially representative of the
morphostratigraphic unit as defined by Willman and Frye (1970).
During the Woodfordian Substage two lobes of glacial ice
covered approximately one-third of the northeastern sector of
the state of Illinois (see Figure 3). The Erie Lobe had only
one sublobe in Illinois called the Decatur Sublobe (Frye and
Willman, 1970). The Lake Michigan Lobe had six sublobes (Frye
and Willman, 1970). This study is concerned with some of the
deposits of both the Peoria Sublobe of the Lake Michigan Lobe
and the Decatur Sublobe of the Erie Lobe. These two sublobes
deposited a sequence of Drifts that form the basis of the
morphostratigraphy of the study area (Frye and Willman, 1970).
The map entitled "Woodfordian Moraines of Illinois" (see
Figure 4, in pocket) is included in this dissertation by
permission of the Illinois State Geological Survey and shows
all mapped Woodfordian morphostratigraphic units in the state.
The individual morphostratigraphic units defined as Drifts
by Willman and Frye (1970) and selected for investigation in
this study are based on part of the Bloomington and Eureka
Moraines and all of the Normal Moraine of the Peoria Sublobe
and part of the Champaign Moraine of the Decatur Sublobe. The
drifts of this study from the Peoria Sublobe merge with the
drift of the Decatur Sublobe to form the interlobate area

(see Figure 4, in pocket).
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Rock Stratigraphy

The American Commission on Stratigraphic Nomenclature
Code (1961, page 649) defines a rock-stratigraphic unit as
follows:

A rock-stratigraphic unit is a subdivision of

the rocks in the earth's crust distinguished and

delimited on the basis of lithologic characteris-

ties....Rock-stratigraphic units are recognized and
defined by observable physical features rather than

by inferred geologic history.

The study area for this thesis lies entirely in the rock-
stratigraphic unit named the Wedron Formation (see Figure 5).
The Wedron Formation consists of glacial tills, outwash sands
and gravels associated with the glacial tills, and silt
deposited in Illinois during the Woodfordian Substage of the
Wisconsinan Stage (Frye et al., 1968; Willman and Frye, 1970).
The formation is bounded below by the Morton Loess or older
deposits and above by the Richland Loess (Frye et al., 1968).
Its type section is the Wedron Section, Wedron Silica Company
pit, SE SW Sec. 9, T.34 N., R.4 E. (Willman and Frye, 1970).

Willman and Frye (1970) differentiated eight till members
in the Wedron Formation in Illinois. Kempton, DuMontelle, and
Glass (1971) defined five till units in the Wedron Formation
in the McLean County region. And Johnson, Follmer, Gross, and
Jacobs (1972) recognized four till members in the Wedron
Formation in east-central Illinois. Figure 5 gives the areal

distribution of the named till members as published in

Guidebook Series 9 of the Illinois State Geological
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Survey (Johnson et al., 1972). The reader should note that the
five till units of Kempton, DuMontelle, and Glass (1971) have
not been incorporated into the information on this map.

On the basis of works by Willman and Frye (1970); Kempton,
DuMontelle, and Glass (1971); Johnson, Gross, and Moran (1971);
and Johnson et al. (1972) the defined or correlated surface
units for the study area of this thesis are (1) the Tiskilwa
and Malden Till Members of Willman and Frye (1970); (2) Till
Units 1, 2, and 4 of Xempton, DuMontelle, and Glass (1971);
and (3) the Glenburn, Snider, and Batestown Till Members of
Johnson, Gross, and Moran (1971).

According to Willman and Frye (1970) the Tiskilwa Till
Member is the uppermost till of the western part of the
Bloomington Moraine (Drift) in the study area. The western
part of the Bloomington Moraine (Drift) is here defined as the
drift west of Bloomington, Illinois. The type section for the
Tiskilwa Till Member is a roadcut in Bureau County known as
the Buda East Section. It is located in the SE SE SW Sec. 31,
T.16 N., R.8 E., 5 miles (8 kilometers) northwest of Tiskilwa
(Frye and Willman, 1965, page 96, unit 1). In the opinion of
the author the Tiskilwa Till Member can be correlated areally
with Unit 4 of Kempton, DuMontelle, and Glass (1971). Unit 4
is correlated with the Glenburn (Johnson, Gross, and Moran,
1971).

The Glenburn Till Member, which has a possible correlation

with the Tiskilwa Till, is named for the town of Glenburn and
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its type section is the Emerald Pond Section NE SW SW Sec. 33,

T.20 N., R.12 W., Vermillion County (Johnson, Gross, and Moran,
1971, page 211). Radiocarbon dates indicate that this unit
may be pre-Woodfordian (Johnson et al., 1972).
The Malden Till Member is the uppermost till of the
eastern part of the Bloomington Moraine (Drift) and is the
uppermost till of the Eureka and Normal Moraines (Drifts) in
the study area (Willman and Frye, 1970). The type section for
the Malden Till Member is in the Malden South Section, SW SE SE
Sec. 5, T.16 N., R.10 E., roadcuts 2 miles (3 kilometers) south
of Malden (Willman and Frye, 1970, pages 185-86). The Malden
Till Member is differentiated into two units (Xempton, DuMontelle,
and Glass, 1971). Unit 2, broadly defined, represents the
uppermost till of the eastern part of the Bloomington Moraine
(Drift), and Unit 1 is the uppermost till of the Eureka and
Normal Moraines (Drifts) (Xempton, DuMontelle, and Glass, 1971).
The Batestown Till Member is correlated with the uppermost
till of the Champaign Moraine (Drift) in the study area
(Johnson et al., 1972). The type section for the Batestown
Till Member is the Emerald Pond Section in Vermillion County,
NE SW SW Sec. 33, T.20 N., R.12 W., (Johnson, Gross, and Moran,
1971, page 211). Unit 3 of Xempton, DuMontelle, and Glass (1971)
was not shown to exist in the study area of this thesis.
However, it has been suggested that the Batestown Till Member
correlates with Unit 3 (Johnson, Gross, and Moran, 1971; Johnson

et al., 1972). Previously the Batestown Till was called
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Tazewell by Eveland (1952), and Cerro Gordo and Champaign
by Ekblaw and Willman (1955).

The Snider Till Member was not previously recognized or
correlated with any of the tills in the study area of this
thesis, but the data collected in this study suggests a possible
correlation (see Chapter 4). In the Danville region the Snider
Till is the youngest till and is separated from the Batestown
Till Member below by stratified drift and is named for the
town of Snider, Illinois (Johnson, Gross, and Moran, 1971).

The BEmerald Pond Section in NE SW SW Sec. 33, T.20 N., R.12 W.,
Vermillion County is the type section (Johnson, Gross, and
Moran, 1971, page 211).

Unit 5 of Kempton, DuMontelle, and Glass (1971) is
reported to exist in the study area only as a subsurface till
and was correlated by Johnson et al. (1972) with the Oakland
Till Member of Ford (in preparation).

Figure 6 summarizes the relationship between Till Members
or Till Units with suggested possible correlations.

Kempton Johnson | Johnson
Ekblaw Willman |DuMontelle Gross et al.
Eveland Willman Frye Glass Moran (1972)
(1952) (1955) (1970) (1971) | (1971)
T Snider Snider
Champail Malden 2 Batestown | Batestown
azewe Cerro gordo 3
skilwa g Glenburn | Glenburn
> Oakland

Figure 6 Correlated till members
and till units
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Till Fabric

Holmes (1939) defined till fabric as the space relations
among the component rock and mineral fragments in undisturbed
till and used a quantitative interpretation of these space
relationships in an attempt to explain the direction of glacial
ice movement. The technique established by Holmes to determine
fabric has not been modified significantly over the past
thirty years, but refinements in methodé of analysis have been
described during this period of time. Examples include
Harrison (1957a), Kauranne (1960), and Andrews and Shimizu
(1966). Practical uses for till-fabric analysis have expanded
to include determination of the speed of glacial ice movement
(Harris, 1968), stratigraphic variation in tills (Rains, 1969),
reorientation of till by readvancing ice (MacClintock and
Dreimanis, 1964), and correlation with landforms such as
drunlins (Wright, 1957) and moraines (Hoppe, 1952). Also
variability of till fabrics both horizontally and vertically
has been studied by West and Donner (1957) and Young (1969).

The only till-fabric studies performed near the study
area of this thesis are included in papers by Harrison (1957b),
Smith (1970), and Lineback (1971). The results of the studies
by Smith and Lineback are summarized in Guidebook Series 9
of the Illinois State Geological Survey (Johnson et al., 1972).
Orientation findings for the Glenburn and Batestown Till
Members of the Wedron Formation in the Danville, Illinois

region show the Glenburn Till Member to have a southwest
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Til1l Fabric

Holmes (1939) defined till fabric as the space relations
among the component rock and mineral fragments in undisturbed
till and used a quantitative interpretation of these space
relationships in an attempt to explain the direction of glacial
ice movement. The technique established by Holmes to determine
fabric has not been modified significantly over the past
thirty years, but refinements in methodg of analysis have been
described during this period of time. Examples include
Harrison (1957a), Kauranne (1960), and Andrews and Shimizu
(1966). Practical uses for till-fabric analysis have expanded
to include determination of the speed of glacial ice movement
(Harris, 1968), stratigraphic variation in tills (Rains, 1969),
reorientation of till by readvancing ice (MacClintock and
Dreimanis, 1964), and correlation with landforms such as
drunlins (Wright, 1957) and moraines (Hoppe, 1952). Also
variability of till fabrics both horizontally and vertically
has been studied by West and Donner (1957) and Young (1969).

The only till-fabric studies performed near the study
area of this thesis are included in papers by Harrison (1957b),
Smith (1970), and Lineback (1971). The results of the studies
by Smith and Lineback are summarized in Guidebook Series 9
of the Illinois State Geological Survey (Johnson et al., 1972).
Orientation findings for the Glenburn and Batestown Till
Members of the Wedron Formation in the Danville, Illinois

region show the Glenburn Till Member to have a southwest
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orientation and the Batestown to have a south-southwest

orientation (Johnson et al., 1972).

The till-fabric analysis for this study utilizes the
technique of Holmes (1941). Both dip and strike were measured
while the pebbles were in place in the till. Pebbles were then
removed, measured to the nearest millimeter, and classified
according to shape and lithology. The field and laboratory
procedure of the till-fabric analysis is described in

Chapter 2.

Till Matrix Composition

The till matrix was analyzed for grain size, clay mineral
composition, and carbonate content by the laboratory of the
Illinois State Geological Survey in Urbana, Illinois. Their
help and cooperation is gratefully acknowledged. The
laboratory procedures used to analyze the till matrix are
described in Chapter 2.

The Illinois State Geological Survey classifies gravel
as particles larger than 2.0 millimeters, sand as particles
between 2.0 and 0.062 millimeters, silt as particles between
0.062 and 0.004 millimeters, and clay as particles smaller
than 0.004 millimeters.

The clay mineral composition is determined by X-ray
diffraction of oriented aggregates for clay-size particles.
Three categories--expandable clays, illite, and chlorite plus
kaolinite--are separated by this technique. The X-ray

diffraction process is also used to determine the carbonate
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content. Carbonates are measured in counts per second giving
either calcite or dolomite depending on the angle of analysis.

The till matrix was also described according to color.
Till samples were moistened and a Munsell Soil Color Number
was determined, and a verbal notation of the dry color was

determined.

Data and Analysis Sites

In this study till-fabric and till-matrix composition
analyses were performed on samples collected at 4 to 5 mile
intervals (6 to 8 kilometers) along the trend of the moraines
and at approximately 2 mile (3 kilometers) intervals in the
interlobate area. A discussion on analysis site selection
is presented in Chapter 2.

A total of thirty-eight analysis sites were selected
with thirteen of these in or near the interlobate area. For
each analysis site data collected includes (1) location of the
site; (2) elevation; (3) type of exposure (roadcut, pipeline
trench, etc.); (4) depth of sample; (5) topography of the
area including location of site with regard to the outline of
the moraine (proximal, distal, or central); (6) till-pebble
data which includes the size, shape, long-axis orientation, and
lithology of each pebble; and (7) till-matrix composition data
which includes the till color, grain-size distribution, clay
mineral composition, and carbonate content. The data for all

thirty-eight analysis sites are included in the Appendix of
this thesis.
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The relationship between landforms and sedimentary
parameters can be found extensively in the literature of glacial
geomorphology. For example, Hoppe (1952) carefully described
the location of each of his till fabries in terms of its
location with respect to the outline of the moraine or hummock
from which it was taken. Such descriptions made it possible
for him to state certain relationships between sediments and
landforms. Rains (1969) used the sedimentary parameters of
till-fabric analysis to confirm the existence of two till
units stratigraphically at a particular location. Anderson
(1955) used the sedimentary parameter of pebble lithology and
reports that pebble lithology is determined largely by the
position and distance of the source area relative to the
direction of ice movement and can be used to distinguish tills
from different ice lobes. Willman and Frye (1970) used
sedimentary parameters to differentiate the rock-stratigraphic
units defined in Illinois.

The purpose of this thesis is to analyze and describe
the relationships that exist between certain sedimentary
parameters and landforms. The landform unit in this thesis
is the morphostratigraphic unit (end moraine). The sedimentary
parameters are pebble orientation, pebble lithology, and
till-matrix composition. This thesis will analyze and describe
the relationships between four morphostratigraphic units in
central Illinois and certain sedimentary parameter data

gathered from thirty-eight analysis sites along these units.
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Justification for the Study

Till-fabric analysis and till-matrix composition
analysis have proved to be important and meaningful field and
laboratory techniques in glacial geomorphology. In addition
to adding to knowledge of the glacial geomorphology of an
area, they may reveal especially significant relationships
between landforms and sediments. The writer knows of no
till-fabric studies that apply the concept to interlobate areas.
Such application may make it possible to determine at least
in part ice behavior in interlobate areas and to better
understand the nature of deglaciation in such regions.
Finally, the area selected in Illinois is especially favorable
for this analysis because the topography has been carefully
mapped and the landforms are a part of one of the best under-

stood Midwestern glacial landscapes.
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Chapter 2

FIELD WORK AND LABORATORY ANALYSIS

Selection of the Study Area

Introduction

The primary objective of this study is to determine
relationships between morphostratigraphy and certain aspects
of rock stratigraphy including pebble orientation, pebble
lithology, and till-matrix composition. Such relationships
would probably be most revealing (1) where the end moraines
have good topographic expression both vertically and
laterally, (2) where the proximal and distal boundaries of
end moraines are reasonably well defined, (3) where the end
moraines were formed by two distinct lobes of glacial ice,
and (4) where the end moraines of two lobes merge into an
interlobate area. An area that satisfies all these criteria
is located in central Illinois, where the Eureka, Normal, and
Bloomington Moraines (Drifts) merge with the Champaign

Moraine (Drift) in what appears to be an interlobate area.

Study Area
Willman and Frye (1970) defined and delineated the
Bloomington, Champaign, Eureka, and Normal Moraines (Drifts)
(see Figure 4, in pocket). The study area for this thesis
is shown on Figure 7 and can be delineated as follows: The
Bloomington Moraine (Drift) was studied from the McLean

County line on the west to the interlobate area in eastern

19
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McLean County. The Champaign Moraine (Drift) was studied in
the area between its two points of dissection by the Sangamon
River approximately marked by analysis site locations C6 and
Cl. The Eureka Moraine (Drift) was studied from the area of
its dissection by the Mackinaw River near analysis site EB2
to the interlobate area in eastern McLean County. And the

Normal Moraine (Drift) was studied throughout its entire extent.

Selection of Analysis Sites

Introduction

The Map "Woodfordian Moraines of Illinois" (Figure 4,
in pocket) summarizes more than seventy years of refinement
in the mapping of the surficial landforms of the study area
of this thesis. Leverett (1897, 1899) first mapped the
Pleistocene landforms of this area, and the Bloomington Morainic
System and Champaign Morainic System were named by him.
Leighton and Ekblaw (1932) and Ekblaw (1941, 1959) revised
and updated the mapping of Pleistocene deposits in the study
area, adding the Normal Moraine. Further revisions by
M. M. Leighton and J. A. Brophy (1961) altered the extent
of the Normal Moraine. Willman and Frye (1970) defined the
Eureka Moraine and established the extent of the Bloomington,
Champaign, and Normal Moraines to their present positions.

Analysis Sites
Analysis sites were spaced 4 to 5 miles (6 to 8 kilometers)
apart along the trend of the Bloomington and Champaign

Moraines (Drifts), but because of the close and problematical
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relationship between the Eureka and Normal Moraines (Drifts)
the 4 to S mile (6 to 8 kilometers) interval was alternated.
The series of alternating sites appears justified in this area
because according to Willman and Frye (1970) the Eureka and
Normal Moraines (Drifts) are both part of the same rock-
stratigraphic unit, the Malden Till Member. In the inter-
lobate area where greater definition and refinement of
relationships is sought, the interval between analysis sites
was reduced to a 1 to 2 mile (1 to 3 kilometers) interval.
A total of thirty-eight general analysis locations was
selected along the moraines (see Figure 7).

Once a desirable general location for an analysis site
was selected, two factors were considered before the
specific location was determined. First only an exposure
(such as a railroad cut, roadcut, pipeline trench, or borrow
pit) within the moraine deep enough to reveal till below
the zone of calcium carbonate (Ca003) leaching was considered
to be a suitable location for analysis (see Figure 8). The
surface till of the study area lies stratigraphically below
the Richland Loess (Willman and Frye, 1970). The thickness
of loess on top of the moraines of the study area ranged from
less than 1 foot (0.3 meters) to approximately 8 feet (2.3 meters)
in depth. Three feet (1 meter) of loess was very common.
The surface of the calcareous zone was usually found to be
about 4 feet (1.3 meters) and never exceeded 5 feet (1.5 meters)

below the top of the cut or excavation.
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Figure 8 Examples of analysis sites

Figure 8A Pipeline trench

. Six foot deep trench in Malden Till
at analysis site E7; (See Figure 7
for location)

Figure 8B Borrow pit
Borrow pit exposure of Shamrock
Till along I-74 at analysis
site B4; (See Figure 7 for
location)



24

Figure 8A
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Figure 8 Examples of analysis sites

Figure 8C Roadcut with dig
Twelve foot roadcut exposure
showing Richland Loess overlying
Malden Till at analysis site N2

Figure 8D Close up of dig illustrating dip measurement
Brunton compass measuring dip of pebble
embedded in Snider Till at analysis site
BD?7
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The average depth of till analysis was 8 feet (2.3 meters)
below the original surface but this figure ranged from 4 to
2S feet (1.3 to 7.5 meters). A second factor considered in the
selection of an analysis site was its location relative to the
surrounding topography. Glen, Donner, and West (1957) suggest
that, if care is taken to select deposits that do not appear
to have been seriously disturbed since deposition, reorientation
by gravitational movement can be minimized. When an exposure
was selected as suitable, an attempt was made to locate the
d193 in such a way that reorientation of the fabric by slides
or mechanical movement was minimized. This was accomplished
in most cases by selecting satisfactory exposures in the higher
part of the moraine in the area of the analysis. By selecting
such a location, the till under analysis could be assumed to
have most likely remained unmoved or unaffected in any way by
material that had moved as a result of gravitational mass
wasting since its time of deposition. Thus, the fabric of
the till would represent its original depositional environment.

Field Technique

Introduction
Most of the field data for this thesis was collected

during the summer of 1971. The field procedure was initiated

3

A "dig" is here defined to be the excavation into the
side of an exposure necessary to create a suitable working
surface for a till-fabric analysis (see Figures 8C and 8D).
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by the selection of an analysis site. Each location was
identified by a field note number which was to identify the
analysis site. The letter B was used to identify analysis
sites along the trend of the Bloomington Moraine (Drift),
C was used for Champaign Moraine (Drift), E for Eureka
Moraine (Drift), and N for Normal Moraine (Drift). The
letters EB refer to an analysis site located areally on the
Eureka Morphostratigraphic Unit but in a lower rock-stratigraphic
unit than the top till of the Eureka Moraine (Drift). 1In the
interlobate area, which was defined by Willman and Frye (1970)
as Bloomington Moraine (Drift), the letters BP and BD were
used to identify analysis sites. BP denotes defined Bloomington
Moraine (Drift) on the Peoria Sublobe side of the interlobate,
and BD denotes Decatur Sublobe side of the same unit. The
boundary between Peoria Sublobe side and Decatur Sublobe side
of the interlobate is defined as a line connecting the upper
limits of two intermittent streams as they bisect the interlobate
(see Figure 9). Along with each letter designation is a
number which identifies a specific location on the morphostrati-
graphic unit.

The identifying number, legal land description, elevation,
type of exposure, depth of sample below the top of the
exposure or cut, and topography were recorded for each analysis
site (see the Appendix). Topography was described by slope
development in the area of the analysis site and location with

respect to the outline of the moraine. Slope development was
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given by letter designation according to the scheme of the
U.S.D.A. Soil Soncervation Service Soil Surveys (see Figure 10).

Descriptive Terms
Slope | % Grade USDA-SCS (General)

~0-2__| Nearly level (Level-fiat)
2-6 Gently sloping (Undulating)

C 6-12 | Moderately sloping| (Rolling)

D 12-18 | Strongly sloping | (Hilly)

E 18=25_ V_S'Eeep Steep)

F 5-35 ery steep ery steep)
G Over 35| Very steep Rough)

Figure 10 Slope development classification

Location of the analysis site with respect to the outline

of the moraine was described as proximal, distal, or central.

Till-Fabric Analysis

At each site selected a horizontal surface approximately
3 feet square (2500 square centimeters) was excavated
(see Figure 8D). The surface was cleared and leveled with a
mattock and brushed with a small broom to expose the top
surface of any pebbles at that level. The matrix of till
around each pebble was then carefully removed with a pocket
knife in an effort to determine the long axis of the pebble.
Approximately 4 pounds (1.8 kilograms) of the excavated till
matrix was collected and bagged for later laboratory analysis
as the pebbles were uncovered. While the pebble remained in
pPlace within the till matrix, the direction of the long axis
was marked with a pencil line on the pebble. The Brunton

compass was used to determine the direction of the pebble's
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long axis to the nearest S5 degrees in the 180-degree sector
to the north of east-west. The clinometer measured the amount
of dip of each pebble to the nearest 5 degrees (see Figure 8D).
The measurement of pebbles to the nearest 5 degrees in the
field was utilized because it appears to provide an acceptable
degree of accuracy for till-fabric studies (Harris, 1969).
Both measurements were recorded in the field notes (see the
Appendix). The pebble was then removed, placed in an
envelope, and filed for later laboratory analysis. After all
pebbles of one layer had been measured, recorded, and filed,
a second lower level was scraped clean and the process repeated
until a random sample of fifty pebbles had been collected
(see Figure 11). Harris (1969) illustrates statistically that
a fifty-pebble sample is usually sufficient to show preferred
orientation.

On occasions when the long axis of a pebble was vertical,
the pebble's long axis orientation measurement (strike)
is actually a measurement of the orientation of the pebble's
second longest axis.? Pebble orientation data is presented in

the Appendix and summarized graphically on Figure 14 (in pocket).

Laboratory Analysis of Pebbles

Introduction
Each pebble collected was analyzed in the laboratory.
The laboratory procedure included (1) measuring the three

4An example of a study that discusses pebbles with a
vertical long axis orientation is Hoppe (1952).
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Figure 11 Random sample of fifty pebbles
The fifty-pebble sample from analysis
site N1 serves as an example to
illustrate size and shape of pebbles
for an analysis site location of
this study.

Figure 12 Representative pebble shape categories
1l and 2 == Tabular
3 and 4 -= Rhombohedroid
5, 6, and 7 -- Wedge-form
8 and 9 -= Ovoid
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dimensions of each pebble to the nearest millimeter,

(2) classifying the pebble according to shape (see Figure 12),
and (3) identifying and classifying each pebble's lithology.
These laboratory data are presented in the Appendix and

sumnarized in Tables 2, S5, and 7.

Pebble Shape

For this study pebble shape was divided into nine
categories (see Figure 12). Holmes (1941) used six major
forms and four categories of roundness to describe the shape
of his pebbles. The six major forms were called discoid,
ovoid, tabular, wedge-form, rhombohedroid, and varihedroid.
The roundness classifications were called sharply angular,
slightly rounded, moderately rounded, and well rounded.
Holmes' (1941) categories were based on the work of Wentworth
(1923, 1936), Wadell (1932, 1936), and Tester (1931).
Wentworth (1936) used thirteen descriptive categories of shape
to describe glacial pebbles from the Baraboo and Devil's
Lake region of Wisconsin. Holmes (1941, plate 1, page 1355)
illustrates seventeen of his twenty-four possible categories
of form and roundness. Holmes (1941, page 1307) states:
"tabular and discoid stones should be grouped together." For
this reason and because it is very difficult to differentiate
the sharply angular to slightly rounded varihedroid from the
sharply angular to slightly rounded wedge-form, the discoid
and varihedroid forms of Holmes (1941) were not used in this

study. Four forms--tabular, rhombohedroid, wedge-form, and
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ovoid--were expanded into nine shape categories (see Figure 12).
The first and second are tabular shapes, number one arrowhead
in form, number two less pointed, but both flat. Rhombohedroid
shapes were classified in two groups and numbered three and
four. The number four was more elongated than number three.
Three wedge-form shapes were recognized and numbered five,

six, and seven, with the number six shape more elongated than
five or seven. Numbers five and seven have basically the

same shape but were differentiated on the basis of roundness.
The number five shape would include all pebbles with a
roundness classified as moderately rounded or well rounded,

and the number seven shape would be more angular and include
the roundness categories classified as slightly rounded or
sharply angular (Holmes, 1941). The ovoid forms were

assigned the numbers eight and nine and differ only in the
ratio of the two longest dimensions, the latter being more
elongated. The data on pebble size and pebble shape are
included in the Appendix but will not be analyzed in this

thesis.

Pebble Lithology
Classification of the lithology of glacial pebbles has
been a research tool in glacial geomorphology for many years.
Milthers (1942) studied the lithology of glacial pebbles
in Norway and the Baltic region of Denmark; Holmes (1952)

studied variations in glacial pebble lithology in New York;
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and Anderson (1955) published an important work on the pebble
lithology of the Marseilles till sheet in northeastern
Illinois. More recently Ancin and Jacobs (in Johnson et al.,
1972) classified the lithology of glacial pebbles from tills
in east-central Illinois.

In this study only the elongate pebbles measured for
orientation were classified lithologically. Thus, the
sample was not a random sample. Since each sample of fifty
pebbles in this study was biased by the same collection
technique, they can effectively be compared lithologically.
However, future investigators using the sedimentary parameter
of pebble lithology should be aware of the restrictions
placed on the pebble samples of this study which were
classified lithologically.

Classification of each pebble's lithology was accomplished
by fracturing each pebble to expose a fresh surface. The
exposed fresh surface was then examined by hand lens and if
necessary through a binocular microscope. Each pebble was
identified and classified (see the Appendix). Five lithologic
categories were recognized: crystalline, carbonate,
noncarbonate clastic, chert-flint, and other. The crystalline
pebbles were dominantly granites, basalts, and quartzites,
but the category includes all igneous and metamorphic
crystalline pebbles. Carbonate pebbles include limestone,
dolomite, and all gradations between these such as limey
dolomite, dolomitic limestone, and cherty dolomite. The



37

noncarbonate clastic pebbles were dominated by shales and
siltstones but included sandstones and all gradations between
these three categories. The chert-flint group of pebbles
includes only those lithologies. The lithologic classification
of the remaining pebbles was diverse and statistically
insignificant. These were placed together in the category

termed other.

Laboratory Analysis of Till Matrix

Introduction

Laboratory analysis of the till-matrix samples collected
at each analysis site was performed to characterize certain
physical and compositional properties of the sediment. The
laboratory analysis provided numerical data on grain size,
percentage of sand, silt, and clay; clay mineral composition,
percentage of expandable clay minerals, illite, and chlorite
plus kaolinite; and carbonate content, counts per second of
calcite and dolomite. Clay mineral composition and carbonate
content was determined by X-ray diffraction analysis. The
color of a moist sample of the till matrix for each analysis
site was identified using the Munsell Soil Color Charts (1971),
and in addition a descriptive color was recorded for a dry
sample. The data from the laboratory analysis for each
analysis site are given in the Appendix and summarized in
Tables 1, 4, and 6.

Gross (1969, pages 33-37) has described the grain-size
analysis and X-ray diffraction analysis techniques used by
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the Illinois State Geological Survey and has given permission
(oral communication, June 1972) for use of a slightly
modified version of his description in this thesis. The
sections of this chapter, entitled Grain-Size Analysis and
X-ray Diffraction Analysis which follow are largely the

work of D. L. Gross.

Grain-Size Analysis

The grain-size distribution of the till-matrix samples
was determined in the sedimentation laboratory of the Illinois
State Geological Survey by a combined hydrometer and sieve
analysis. This technique has been standardized by the
Geological Survey so that the data may be compared with data
from other parts of the state of Illinois.

Samples from each analysis site were first air-dried in
the laboratory. The original sample was split into three
subsamples, one for grain-size analysis, one for X-ray
analysis, and one to be stored. Fifty-five grams of sample
were used for grain-size analysis.

The sample was transferred to a milkshake mixer,

25 milliliters of 4 per cent sodium hexametaphosphate (Calgon)
were added, and the mixer was filled with distilled water.
After thirty minutes of mixing, the sample was transferred

o a 1000 milliliter settling cylinder. After filling to
1000 milliliters with distilled water, the cylinder was
Vvigorously shaken and placed in a water bath heated to

30 degrees Centigrade. After three hours, if no flocculation
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was observed, the sample was reshaken for five minutes. A
single hydrometer reading was taken after one hour and
fifty-eight minutes. The hydrometers have been specially
calibrated for this temperature so that they can be read
directly in grams of clay present in the sample.

The sample was then wet-sieved through a 53-micron
sieve to remove the sand. The sand was dried and sieved on
a rotap machine for fifteen minutes to remove the greater-than-
2.00-millimeters and the greater-than-62-micron fractions.

The original S55-gram sample weight was divided by the
weight of the greater-than-2.00-millimeters-size fraction
to give the percentage of gravel. The weight of the less-~than-
2.00-millimeters-size fraction was divided by the weight of
the sand (2.00 millimeters to 0.062 millimeters) and the
weight of the clay (less than .004 millimeters) to give the
percentages of sand and clay respectively. The percentage of
silt (0.062 to .004 millimeters) was obtained by subtracting
the sum of the sand and clay percentages from 100 per cent.
The sand, silt, and clay percentages total 100 per cent and

are measurements of the less-than-2.00-millimeters fraction.

X-ray Diffraction Analysis
The composition of the clay mineral fraction and an
indication of the relative abundance of calcite and dolomite
were determined on oriented aggregates of the less-than-2-micron

clay fraction by X-ray diffraction procedures. These analyses
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were performed by Dr. H. D. Glass in the clay mineralogy
laboratory of the stratigraphy section of the Illinois State
Geological Survey.

Approximately 35 grams of the whole sample were placed
in a 100-milliliter beaker and distilled water added. The
beaker was vigorously stirred, and a small portion of the
suspension was immediately decanted into another beaker.

This procedure was repeated several times and the sand and
gravel fractions discarded. The clay fraction was then
dispersed. If flocculation occurred, the water was carefully
decanted off, more distilled water added, and the beaker
restirred. This was usually sufficient to disperse the sample,
but occasionally a little sodiun hexametaphosphate was added.

After settling for twenty minutes, a portion of the
less~than-2-micron suspension was removed with a pipette, placed
on a glass slide, and air-dried.

The oriented aggregate slides were analyzed with a
General Electric XRD-5 diffraction unit coupled with a
horizontal goniameter and a recording diffractometer. The
slides were run after exposure to ethylene glycol vapor.
Quantitative analysis of the percentages of expandable clay
minerals, illite, and chlorite plus kaolinite, and relative
abundance of calcite and dolomite has been standardized by
the Geological Survey so that these data may be compared with

data from other parts of the State of Illinois.
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The expandable clay minerals are identified by the
presence of a peak at approximately 17 Angstroms after treatment
with ethylene glycol. These minerals include montmorillonite
but are here priqgipally-forqu by»gxpandable vermiculite and

chlorite as well as their mixed lattice intermediates.

Illite is identified by the presence of a 10 Angstrom
peak, and is defined as a nonexpanding and noncollapsing
10 Angstrom clay mineral.

Chlorite plus kaolinite is calculated by the intensity
of the 7.2 Angstrom reflection. Chlorite is the dominant
mineral and is characterized by a 14 Angstrom periodicity.
A trace of kaolinite was present in some samples. The first-order
kaolinite reflection and the second-order chlorite reflection
both occur at about 7 Angstroms, but the second-order kaolinite
peak and the fourth-order chlorite peak could be observed
separately and the presence of kaolinite thus noted.

To calculate the clay mineral percentages, a base line
was drawn on the log-normal-diffraction chart. The differences
in intensity, measured in counts per second, between this base
line and the 7, 10, and 17 Angstrom peaks were then recorded.
The counts noted for illite were multiplied by three, the
counts noted for chlorite plus kaolinite were multiplied by
two, and the counts for the expandable clay minerals were
left unchanged in order to equalize the scattering difference
between the different clay minerals. These ratios were then

converted to 100 per cent.



fividir
seond.
in cow
Index
i the
st

04

tlay
his )
te 7

Te I
i

0% b

BN
toent,
téisu

the D



42

A diffraction intensity (DI) ratio was calculated by
dividing the intensity of the illite peak, in counts per
second, by the intensity of the chlorite plus kaolinite peak,
in counts per second. This DI ratio is used as a numerical
index of weathering. Illite is not appreciably weathered
in the Woodfordian Substage of Illinois, but one of the very
first effects of weathering is the alteration of chlorite
to 14 Angstrom vermiculite and eventually to an expandable
clay mineral at about 17 Angstroms (swelling chlorite).

This loss of chlorite is reflected by a loss in intensity of

the 7 Angstrom peak and causes the DI ratio to increase.

The Diffraction Intensity ratio is most useful in a vertical
section to compare samples within a profile. However, it should
not be used as an "index fossil."

The relative abundance of calcite and dolomite was
measured from the oriented slide. Calcite is measured in
counts per second at 29.4 degrees 2-theta and dolomite is
measured at 30.9 degrees 2-theta. These measurements reflect
the percentage of the minerals present and also the particle
size, crystallinity, and orientation of the minerals. Thus,
the measurements are not true percentages. Preliminary
results of work by Moran and Gross (oral communication,

July 1972) indicate that calcite counts per second as
determined by these X-ray methods correlate very well with true
calcite percentages as determined with the Chittack apparatus

(Driemanis, 1962). The correlation coefficient, based on
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134 sets of duplicate analyses, for these two parameters is
.90, which indicates a very high degree of correlation. The
calcite counts per second should be divided by 3.6 (the slope
of the regression line for the correlation) to get a true
percentage of calcite. The correlation of dolomite counts
per second to true per cent dolomite is not as good, with

a .56 correlation coefficient. This relationship is almost
one to one; the slope of the regression line is .97, which
means that dolomite counts per second are approximately
equal to true per cent dolomite.

This rapid clay mineral and carbonate X-ray procedure
is particularly well suited for working with large numbers
of samples. It is true that the numbers reported may not
represent actual clay mineral percentages, but these are
reproducible data which can be used for stratigraphic
correlations.

Quantitative estimation of the amount of each clay
mineral component present is difficult and an approximation
at best. The procedure described above is based on the
assumption that the greater the quantity of a particular
mineral, the more intense the diffraction peaks of that
mineral will be. However, other factors such as particle
size, crystallinity, and the degree of orientation on the
slide also influence the peak intensities and thus limit
the preciseness of quantitative estimates. Therefore, it

must be realized that the clay mineral data presented in this
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study are useful for stratigraphic correlation, but not

necessarily as precise measurements of clay mineral content.

Color Analysis

The color of the till-matrix samples was determined by
comparing a moist sample of the till matrix with the chips
of Munsell Soil Color Charts. The Munsell Soil Color Book (1971)
has seven charts containing 196 chips. The color of each chip
has a three-variable description. The three variables are
hue, value, and chroma. The hue notation of a color indicates
its relation to red, yellow, green, blue, or purple; the
value notation indicates its lightness; and the chroma
notation indicates its strength or departure from a neutral
of the same lightness (Munsell Color Company, 1971). An
example of a Munsell color notation would be 7.SYR 5/6,
with the 7.5YR representing the hue as a combination of
yellow and red, 5 as the value, and 6 as the chroma.

The technique previously described in this study for
X-ray diffraction analysis required the use of a slide that
contains a dry sample of the clay fraction of the till-matrix
sample. This slide was used to indicate a dry sample color
because the slides can be compared for color easily. The
descriptive words used included the following: yellow tan,
gray brown, violet, peach, salmon, green gray, gray, olive,

gray tan, tan, buff tan, and red brown.



Chapter 3

CHARACTERISTICS OF THE
EUREXA-NORMAL MORPHOSTRATIGRAPHIC UNIT

Introduction

The individual morphostratigraphic units considered in
Chapters 3, 4, and S of this thesis were delineated on the
basis of definitions by Willman and Frye (1970). Portions
of the Eureka, Champaign, and Bloomington Moraines (Drifts)
and all of the Normal Moraine (Drift) were studied (see
Figure 7). This chapter is concerned with the characteristics
of the Eureka and Normal Moraines (Drifts).

By definition a morphostratigraphic unit is identified
by the surface form it displays (Frye and Willman, 1960,

1962). A topographic boundary which delineates and separates
the Eureka and Normal Moraines (Drifts) as two separate
morphostratigraphic units is not apparent through field
observation or map study except possibly in the area around
Arrowsmith, Illinois. Therefore, these two morphostratigraphic
units will be considered as one unit called the Eureka-Normal
Moraine (Drift). Figure 13 (in pocket) is a Peoria

1:250,000 topographic contour map that may be referred to

when altitudes associated with the study area are described.
The distal base of the Eureka-Normal Moraine (Drift) in the
study area is approximately marked by the 800 foot (243 meters)

contour west of the city of Normal and by the 825 foot

45
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(247 meters) contour east of the city. The proximal base of
the Eureka-Normal Moraine (Drift) closely parallels the
800 foot (243 meters) contour except in the area where the
Fletchers Moraine (Drift) exists (see Figure 4, in pocket).
Here the proximal base of the moraine ranges from 800 feet
(243 meters) to over 920 feet (276 meters) where the Eureka
and Fletchers Moraines (Drifts) are adjoining.

The maximum relief in the study area is found in
sections 7 and 18, T.23 N., R.6 E., where the crest of the
Eureka-Normal Moraine (Drift) is 150 feet (45 meters) higher
than the distal margin. At an altitude of approximately
950 feet (285 meters) this crest is the highest elevation
in the study area. The rolling distal slopes are steeper
than the more gradual gently sloping proximal slopes and the
tops of the moraines are undulating. Within the moraine the
more rugged topography is generally located in regions where
streams have dissected or eroded the moraine. Thus, the present
topography is the result of both glacial deposition and
stream dissection. Possibly the best example of an area
within the Eureka-Normal Moraine (Drift) that shows such
effects is the Mackinaw River Valley (see Figure 13, in pocket).
The Appendix contains a statement on the topography at
each analysis site.

The trend of each moraine was determined to be a line
connecting the crests of each morphostratigraphic unit as
illustrated on Figure 14 (in pocket) and called the peak of

the moraine. Fifteen analysis sites were selected along the
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trend of the Eureka-Normal Moraine (Drift) (see Figure 7).
Six (E1, E3, ES5, E6, E9, and EB2) were located in a central

position on the moraine; two (E7 and Ell) were located on the
proximal slope; and seven (E4, E8, E10, N1, N2, N3, and N4)
were located on the distal slope. The average altitude of the
crests of the exposures used for analysis is 830 feet

(248 meters). The average depth of analysis below these crests
was 6 feet (2 meters). One analysis site (EB2) was strati-
graphically below the top till of the Eureka Moraine (Drift).
The stratigraphic relationships between the till at EB2 and
the till at E10 will be discussed where the Congerville Section
is described later in this chapter. Data from these fifteen
analysis sites will be presented and analyzed in this chapter
and later compared with comparable data from the other
morphostratigraphic units under consideration so that the

basic problem of relationships can be examined.

Physical Characteristics of the Till Matrix

The Eureka-Normal Moraine (Drift) represents some of the
deposits of the Peoria Sublobe of the Lake Michigan Lobe
(see Figure 3) deposited during the Woodfordian Substage of
the Wisconsinan Stage in central Illinois (Willman and Frye,
1970). The Eureka-Normal Moraine (Drift) is a part of the
Malden Till Member of the Wedron Formation (Willman and
Frye, 1970) (see Figure 5). Willman and Frye (1970) describe
the physical characteristics of the Malden Till Member as a
silty, locally sandy, yellow gray to gray tan till bounded
above by the Yorkville Till and below by the Tiskilwa Till.
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This till can be correlated areally in McLean County with

Unit 1 of Kempton, DuMontelle, and Glass (1971). These authors
sumnarized the physical characteristics of Unit 1 as a tan

or yellowish brown oxidized till or a gray or olive gray
unoxidized till with average grain-size distribution of

15 per cent sand, 49 per cent silt, and 36 per cent clay,

with average clay mineral composition of 2 per cent
montmorillonites, 82 per cent illite and 16 per cent chlorite
and kaolinite, and with a carbonate content of 10 counts per
second calcite and 16 counts per second dolomite. The percent-
ages given in the above description are based on thirty samples
from McLean County. Willman and Frye (1970, Table 3,

PP. 169-170) reported the results of similar analyses for four
samples, two from the Eureka Moraine (Drift) and two from the
Normal Moraine (Drift). Averages of the results of these four
analyses show a grain-size distribution of 15 per cent sand,

41 per cent silt and 44 per cent clay, a clay mineral
composition of 6 per cent expandable clays, 81 per cent illite,
and 13 per cent kaolinite and chlorite, and carbonate content
of 7 counts per second calcite and 23 counts per second
dolomite. Location of the type section for the Malden Till

Member can be found in Chapter 1 (see page 12).

5Montmorillonite has been used by some I.S.G.S. authors
in place of expandable clays. Data produced by X-ray diffraction
analysis at the Illinois State Geological Survey on clay
minerals is comparable for both categories. (H. D. Glass oral
communication).
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The physical characteristics of the Malden and Unit One
Tills are described in terms of the same variables investigated
in this study. Table 1 summarizes the data, on the physical
characteristics of the till matrix for the Eureka-Normal
Moraine (Drift), found in the Appendix. Data on color,
grain size, clay mineral composition, and carbonate content for
the fifteen analysis sites arranged from east to west along
the trend of the Eureka-Normal Moraine (Drift) are included
in this table (see Figure 7). Analysis site EB2 is
included here because its location is in the area of the Eureka
Moraine (Drift), but the till lies stratigraphically below the
top till unit. The till overlying EB2 is described by the
data for analysis site E10. A discussion of the stratigraphic
relationship between these two till members is presented later
in this chapter where the Congerville Section is described.

All till samples collected along the Eureka-Normal Moraine
(Drift) were calcareous and oxidized. The average depth of
leaching on well-drained level upland sites is about
4 feet (1.3 meters). The oxidation is reflected in the tan to
buff tan color (2.5Y 5/4) that may grade into unoxidized till
at a depth ranging from 12 to 15 feet (3.6 to 4.5 meters).
Average depth of analysis for Eureka-Normal till samples was
approximately 6 feet (2 meters) and ranged from 5 to 10 feet
(1.5 to 3 meters) below the crest of the exposure.

The averages reported in Table 1 for all Eureka-Normal
analysis sites, exclusive of EB2, are remarkably consistent

with the averages for Eureka and Normal Moraine (Drift)



50

sabeaaap @S9yl UT PapNTOUF 30U aae zg3 93TS STSATeue J0J eaeq #
931oTeO burbeasar jo asodand I0F O0adZ pPaISPTSUOD 3aP Y30q
Po3SIX® auou 3nq d3TOTED JI0F pPIazAteue -

93TOTPD JO 9DUIISTXD dTqPUOTISAND ¢ 4

6T L ST 18 4 143 V44 22 ¥/SAS° 2z | #°bay
9z A4 9T oL ¥t zg 1%/ Le v/sdAs | 243
92 0T £T z8 S 62 GS 9T v/SAs*z| T13
¢T é 1T v8 S A 8¢ (14 /SASs*z| o013
LT L 8T 8L v oy oy 0Z Yv/SAS*Z €3
44 AN €T €8 ¥ 8¢ St LT Y¥/SAS°Z ¥3
9T T T £8 3 A4 18 LT Yv/SAS* 2 2N
Lz TT yT Z8 v 8¢ ot 22 b/SAS°2 63
62 0T €T €8 v 12 9% (14 Yv/SAS°C YN
T2 9 9T 18 € 62 gt 82 v/SAS°2 83
Lz 44 AN 18 L 0g €S LT Z/SIR0T ¢N
ST - 9T 6L S 8T Sy LS ¥/SAS°C 3
€T 9 9T 8L 9 g€ 8v 6T ¥/SAS*2 N
6T 8 LT 08 € 1747 8¢ 82 ¥/SAS°Z s3
ST - 9T 18 € LS 6¢ 24 v/SAS°2 93
6 é ST 18 v e 8¢ 82 $/SAS°Z L3

93TWOTOO| »33TOTRD | °TO®X 3 AeT)

puodDas I3d S3UNO) | *IOTYD% | AITTTI¥ | *dx3% | Ae1d% | 3ITISY | puesy JoT0) | 9#31S

3uUd3U0) d3euUOqar) uotatrsodwo) TEABUTW A7) |UOTANQEIISTJ 9ZTS UTPIY * Teuy

TTTL TPUJION-B33an3g--XTIIeW TTIL 3Yy3 jJOo SOTISTIajoeaey) TedTshyd

T aTqer




51

samples for the Malden Till Member of Willman and Frye (1970)
and with the averages for Unit 1 of Kempton, DuMontelle, and
Glass (1971). The only notable difference exists in the sand
content of the grain-size distribution which shows sand content
somewhat higher than the 15 per cent reported by both Willman
and Frye (1970) and Kempton, DuMontelle, and Glass (1971).
However, Willman and Frye (1970) described the Malden Till as

a "silty locally sandy till" and the locally sandy condition
appears to exist at analysis sites El, ES, E6, E7, and E8 (see
Figure 7). The till-matrix composition at analysis site N3

is somewhat anomalous, but the color difference and high cal-
cite content are within the ranges for the Malden Till Member
reported for these variables by Willman and Frye (1970). The
averages of the numerical data in Table 1 for the Eureka-Normal
till samples are also comparable to the numerical data presented
for the Snider Till Member in the Danville, Illinois region
(Johnson, Gross, and Moran, 1971; Johnson et al., 1972,

Table 2, page 7). The relationship between Malden and Snider
Till will be discussed in Chapters 4 and 5 of this thesis.

Thus, the rock-stratigraphic unit to which the Eureka-Normal
Moraine (Drift) in the study area of this thesis is assigned is
the Malden Till Member of the Wedron Formation. This conclusion,
which is consistent with the findings of Willman and Frye (1970),
is based on the high degree of correlation between the physical
characteristics of the till matrix reported in Table 1 and

the description of the Malden Till.
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Characteristics of Till Pebbles

Introduction

Data on pebble lithology, long=-axis pebble orientation,
size, and shape were collected for a fifty-pebble sample at
each of the fifteen analysis sites along the trend of the
Eureka-Normal Moraine (Drift) (see the Appendix and Figure 7).
This study is concerned with the relationship between long-axis
pebble orientation, pebble lithology, rock stratigraphy, and
morphostratigraphy. Pebble size and shape data are included'
in the Appendix but will not be analyzed in this thesis.

Holmes (1941) was the first in this country to correlate
long-axis pebble orientation with the direction of ice move-
ment associated with an area of ground moraine in New York.

He recognized both parallel and transverse patterns of long-
axis pebble orientation and associated these with the direction
of ice movement. Hoppe (1952) correlated the parallel and
transverse patterns of long-axis orientation to ridge trends of
hummocky moraines in Sweden but found little or no pebble
orientation in the hollows between ridges. Wright (1962)
correlated patterns of pebble alignment with the axes of
drumlins in Minnesota and found them to parallel one another.
Today most if not all investigators using the techniques of
till-fabric analysis would agree that there is a strong
tendency for the long axis of an elongated pebble within glacial
till to be aligned either parallel to or perpendicular to the

direction of ice flow if the till was deposited in association
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with active ice. Thus, in instances where associated landforms
also bear a specific areal relationship to an active glacier
pebble alignment and landform trend may be directly related.
Possible realignment or reorientation of pebbles in glacial
till resulting from events subsequent to deposition were
reported by MacClintock and Dreimanis (1964) and by Ramsden and
Westgate (1971). In Alberta, Canada, Ramsden and Westgate (1971)
present evidence to support a till-fabric orientation change
produced by the advance of a later glacier. Harrison (1957b)
found that the clay till fabric of the Marseilles Moraine in
northeastern Illinois (see Figure 4, in pocket) showed a
greater tendency toward perpendicular than parallel orientation
to the trend of the moraine but many fabrics appeared to have
been reoriented slightly to an unpredictable alignment. It is
worth noting at this time that the lobate form of the Marseilles
Moraine is similar to that of the Eureka-Normal Moraine (Drift).

Another study which reports the findings of till-fabric
analyses on lobate form moraines was written by Andrews and
Smithson (1965). These authors describe four morainal forms
called linear, hooked, s-shaped, and asymmetrical. The latter
is a parabolic lobate form. The results of the Andrews and
Smithson (1965) study reveal that the orientation and dip
strength in asymmetrical form moraines is poorer than the
orientation and dip strength in the other three forms. They
also concluded the orientation strength was no different from
proximal to distal slope and that dip strength was only slightly

higher on the distal slope in asymmetrical form moraines.
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These conclusions have special relevance to the discussion of
pebble-orientation data described later in this chapter and in

Chapters 4 and S.

Till Pebble Orientation

The horizontal long-axis orientation of a fifty-pebble
sample was determined in the field to the nearest five
degrees (see Chapter 2 for a discussion of the field technique).
Such data have been represented and analyzed in various ways.
Holmes (1941) used rose and contoured diagrams in his analysis.
Harrison (1957b) used rose diagrams and maps with preferred
orientations indicated by arrows. Krumbein (1939), Kauranne
(1960), and Andrews and Shimizu (1966) have all suggested
statistical techniques for the analysis of orientation data
but they also used orientation diagrams in these works to
show associations. In this study it was concluded that pebble
orientation could best be analyzed and compared by using rose
diagrams centered at the location of each analysis site on
a map of the study area showing the morphostratigraphic units
(see Figure 14, in pocket).

Long-axis pebble orientation for the fourteen analysis
sites in Malden Till along the Eureka-Normal Moraine (Drift)
appear consistent with the findings of both Harrison (1957b),
and Andrews and Smithson (1965). These works will be used for
comparison in the remainder of this sectian as the findings

of the till-fabric analyses of this study are reported.
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Comparison of data from site E10 on the distal slope
with that of site Ell on the proximal slope does show the
distal orientation strength is somewhat better than the
proximal orientation strength, but the consistency of this
result is not demonstrated by the orientations at the remainder
of the analysis sites on this moraine. The tendency for long-
axis orientations to be parallel to the trend of the moraine
exists at analysis sites E8, N4, E9, and N2 but is not as
pronounced as the parallel tendency in the region near the
interlobate area at analysis sites E5, E6, and E7 (see
Figure 14, in pocket). A secondary mode orthogonal to the
primary mode is present in the orientations at analysis sites
N2 and N4. At all the remaining sites except N3, which is
trimodal, the tendency of the long-axis orientation is toward
a perpendicular to the trend of the moraine.

Both long-axis orientation and dip orientation and
strength are considered in most till-fabric studies. These
variables have a high degree of correlation and when used in
combination strengthen the fabric representation. Holmes (1941),
Harrison (1957a), West and Donner (1957), and others have
used both measurements. Dip orientation and strength will
be discussed in this study only when the rose diagram of the
long-axis orientation shows a poor or unoriented pattern.

At analysis site N3, which has a trimodal long-axis
orientation, and at analysis sites Ell, E8, and N1 where the
long-axis orientation is poor, dip orientation is considered

an alternate fabric determinant. At N3, which has little or
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no orientation, there exists a moderately strong dip orientation
to the south-southeast. At N1, where there is a weak unimodal
long-axis orientation to the north-northwest, the same moderately
strong dip orientation to the south-southeast exists. The dip
orientation is moderately strong to the west at E8 and weak
to the northeast at Ell. The dip orientation shows a tendency
toward a perpendicular to the trend of the moraine except at
E8 where it tends toward a parallel alignment to the trend of
the moraine.

Figure 14 (in pocket) shows a greater tendency of fabric
orientation toward a perpendicular than parallel alignment
to the trend of the Eureka-Normal Moraine (Drift). However,
careful examination reveals that a majority of the fabrics
show a discrepancy between a perpendicular to the trend of
the moraine and the actual pebble orientation. Harrison (1957b),
in investigating the very arcuate Marseilles Moraine (see
Figure 4, in pocket), and Andrews and Smithson (1965), in
investigating the asymmetrical form moraines on Baffin Island,
found their fabrics to be slightly askew from the perpendicular
alignment to the moraine trend they expected. Harrison (1957b)
suggested that these differences were the result of a till
deformation process which altered the original depositional
environment of the till. Andrews and Smithson (1965)
associated the asymmetrical form of moraines to a process of
pushing and overriding which altered and weakened the fabric
strength. If Harrison (1957b) and Andrews and Smithson (1965)

are correct regarding the relationship of the long-axis



57
pebble orientation to the trend of a lobate form moraine, then
the data of this study supports the contention that the original
depositional enviromment of the pebbles in Eureka-Normal Moraine
(Drift) was altered slightly in the formation of this moraine.
As suggested by Glen, Donner, and West (1957), great care
was taken to avoid locations for analysis sites in this study
where alteration of till fabric as a result of gravitational
forces would be a factor (see Chapter 2, selection of analysis
sites). The processes by which such reorientation might take
place can only be speculated on the basis of available
information. However, it would appear that if a reorientation
did take place it is most likely that the alteration was
accomplished by a pulsation or slight readvance of the
Woodfordian ice sheet after the original formation of much of

the Eureka-Normal Moraine (Drift).

Till Pebble Lithology

The fifty pebbles measured for long-axis orientation
at each analysis site were classified lithologically in the
laboratory. Chapter 2 contains an account of the laboratory
procedure and the resulting data can be found in the Appendix.
The purpose of the investigation of pebble lithology was to
show if a relationship exists between either pebble lithology
and morphostratigraphy or pebble lithology and rock
stratigraphy.

At this point it is appropriate to mention some of the
deficiencies of the pebble lithology analysis of this study.
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The sample size of fifty pebbles appears too small, especially
when pebbles without a long axis were not considered.
Anderson (1955) used 100 pebbles for each sample location when
studying the pebble lithology of the Marseilles Drift in
northeastern Illinois (see Figure 4, in pocket) and found a
great deal of variability both from proximal to distal side
of the moraine as well as laterally. He also found local
concentrations of particular lithologic types and his distri-
bution of sample sites was more dense than the 1 to S mile
spacing of analysis sites for this study. In spite of these
deficiencies slight variations in pebble lithology, which
appear worthy of consideration, did exist between both
rock=-stratigraphic units and morphostratigraphic units.

To accentuate these differences and facilitate analysis,
the various pebbles were grouped into lithologic categories.
The procedure involved first dividing the pebbles into
crystalline and noncrystalline groups. Then the noncrystalline
pebbles were separated into four groups: carbonate, noncarbonate
clastic, chert-flint, and other (see Chapter 2 for lithologic
types included in each group).

Lithologic characteristics of Eureka-Normal Moraine
(Drift) pebbles are summarized in Table 2. Two general
conclusions can be drawn about the lithologic composition of
Eureka-Normal Moraine (Drift) pebbles in comparison to pebbles
from till associated with other morphostratigraphic units
treated in this study. First, the average number of crystalline

pebbles is very low, and, second, the average number of
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carbonates, the majority most probably Silurian dolomites,

is very high. These conclusions were drawn after the data in
Table 2 were compared with the data in Tables 5 and 7. However,
an effective comparison of these data cannot be made until the
characteristics of the Bloomington and Champaign Moraines
(Drifts) have been discussed. Therefore, a more detailed
discussion of pebble lithology will be presented in Chapters 4
and 5 where the lithology data for pebbles from these units

are discussed.

Congerville Section

The Congerville Section is located areally on the Eureka
Moraine (Drift) and is included in this chapter because of its
location. The importance of this stratigraphic section is
that it establishes the relationship between three Woodfordian
units: the Richland Loess, the Malden Till, and the Tiskilwa
Till.

Data on physical characteristics of this section can
be found in Table 3. The upper two tills in this section
are defined as Malden and Tiskilwa Till. The data for samples
from this section are comparable to averages for samples from
analysis sites defined to have these till units. A sharp
line of demarcation between the Malden Till and Tiskilwa Till
can be found in this section. A boulder line at the base of
a thin zone of outwash clearly establishes the contact and

stratigraphic relationship of these two till members.
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Congerville Section

Measured in roadcuts in NE SE NE Sec. 3, T.25 N.,
R.1 W., Woodford County, Illinois, 1971, 1972,

Thickness
(ft)
Pleistocene Series
Wisconsinan Stage
Woodfordian Substage
Richland Loess
9. Loess; tan to tan brown, leached;
contains modern surface soil 2.0
Wedron Formation
Malden Till Member
Eureka Drift
8. Till, silty, upper part leached;
buff tan to light brown; oxidized 3.0
7. Sand and gravel, calcareous, dark
tan, shape contact boulder line at
base 0.5
Tiskilwa Till Member
6. Till, sandy, pink to red brown,
calcareous, compact angular blocky
in upper part grading to unconsolidated
near base, contains silt lenses 9.5
5. 8Sand and gravel, calcareous, yellow
tan 2.0
Illinoian Stage
Undifferentiated
4, Till, silty, calcareous, buff tan to tan 2.0
3. Silt, yellow tan to lemon 0.5
2. Till, silty, olive to olive tan to
pale green 1.0
1. Ti1l1, sandy, dark tan to gray to brown 9.5

Total 30.0
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Long-axis pebble orientation data for the top two till
units is also included in Table 3. The fabric of the Malden
Til1l has a northeasterly orientation in this section and the
fabric of the Tiskilwa Till has north-northwest orientation.
The original depositional mode of Tiskilwa Till is believed
to be represented by the fabric orientation at analysis site
B1S (see Figure 14, in pocket). The long-axis pebble
orientation at analysis site EB2 shows the reorientation
effect that the glacial ice, which deposited the Eureka Drift,
had on the Tiskilwa Till in the till plain behind the
Bloomington Moraine (Drift) (see page 88 for a more detailed
discussion).

The Woodfordian Units overlie a sequence of undifferentiated
units believed to be Illinoian in age. The important aspect
of the Congerville Section is that it clearly establishes the
stratigraphic relationship between the Tiskilwa and Malden
Till Members of this study.

Conclusions

The major conclusions of this chapter are the following:
(1) The Eureka-Normal Moraine (Drift) is one morphostratigraphic
unit. (2) Physical characteristics of the surface till within
this unit indicate that it belongs to the Malden Till Member
of the Wedron Formation. (3) Pebble orientation findings
reveal that the long axis of elongate pebbles within this
till prefer a perpendicular alignment to the trend of the
moraine. These orientations indicate a Lake Michigan Lobe
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source. And (4) pebble lithology data indicates that a
lower percentage of crystalline pebbles and a larger percentage
of carbonate pebbles are embedded in this till than was found
in tills from the other units of this study.



Chapter 4

CHARACTERISTICS OF THE CHAMPAIGN
MORPHOSTRATIGRAPHIC UNIT AND
ASSOCIATED INTERLOBATE AREA
Introduction

The Champaign Moraine (Drift) as delineated by Willman and
Frye (1970) was studied between the two valleys of the |
Sangamon River which are approximated by analysis site
locations Cl1l and C6 (see Figures 4 and 7). Near C6 the Sangamon
River Valley separates the Champaign Moraine (Drift) from the
interlobate section to the northeast, and near C1 the Sangamon
River traverses the Champaign Moraine (Drift) and separates
it into two segments.

The base of both the proximal and distal slope of the
Champaign Moraine (Drift) in the study area is clearly
defined topographically by the 750 foot (225 meters) contour
(see Figure 13, in pocket). However, the topography of the
Champaign Moraine (Drift) is more subdued than that of either
the Bloomington or Eureka-Normal Moraines (Drifts). The
distal slopes tend to be slightly steeper than the proximal
slopes but both could be categorized as gently sloping to
rolling (see Figure 10). In the study area the total local
relief on the Champaign Moraine is approximately 80 feet
(24 meters), but the average relief is less than 50 feet
(15 meters) per square mile. A maximum altitude of about

830 feet (248 meters) is attained in a number of locations
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between Bellflower and Saybrook (see Figure 13, in pocket).
Though the moraine is the least prominent in the study area,
it is the best defined topographically in terms of both extent
and boundaries.

Five analysis sites were selected along an 18 mile
(29 kilometers) extent of Champaign Moraine (Drift) within the
study area. Two analysis sites (C2 and C3) were in the central
part of the moraine and three (Cl, C4, and C6) were on the
distal slope (see Figure 7). The average altitude of the
exposures is 790 feet (237 meters) and the excavations average
about 11 feet (3.3 meters) below the present land surface.

The associated interlobate area of the Champaign Moraine
(Drift) is defined as the area of BD analysis-site locations,
and the criterion used to establish this area is the same
as that used to separate it from the area of BP analysis-site
locations (see page 28 and Figure 9). The base of this
area is approximated by the 750 foot contour (225 meters),
and the altitude in the central part of this region is slightly
more than 900 feet (270 meters). For purposes of discussion
and analysis, the data from the three BD analysis sites are
considered along with the data from the Champaign Moraine (Drift)
so that the relationship between the interlobate area, which
Willman and Frye (1970) refer to as Bloomington Moraine (Drift),
and the Champaign Moraine (Drift) can be established.
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Physical Characteristics of the Till Matrix

The Erie Lobe has been divided into sublobes including
the Decatur which deposited a sequence of drifts (see Figure 4,
in pocket) in east-central Illinois during the Woodfordian
Substage of the Wisconsinan Stage (Willman and Frye, 1970)

(see Figure 3). The Champaign Moraine (Drift) deposited by the
Decatur Sublobe is a part of the Wedron Formation rock-
stratigraphic unit that was undifferentiated by Willman and Frye
(1970). Johnson, Gross, and Moran (1971) have studied the
previously undifferentiated Wedron Formation in the Danville,
Illinois region and have recognized three till members that
they correlate with proposed units in the McLean County region
of the study area.

Figure 6 illustrates the relationship between the
Batestown, Unit 2, and Snider Tills. This figure also
correlates these three units with tills that were named prior
to the works in which the Batestown, Unit 2, and Snider Tills
were defined. A discussion of the physical characteristics
of the Batestown, Unit 2, and Snider Tills follows so that
their relationships to the till of the Champaign Moraine (Drift)
and associated interlobate area can be established.

The Batestown Till Member is described as a gray or dark
gray often silty till which oxidizes to a characteristic
light olive brown (Johnson et al., 1972). It is known to
exist stratigraphically between the Snider and Glenburn Till
Members in the Danville region (Johnson, Gross, and Moran,
1971). Some physical characteristics of the Batestown Till
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Member are (1) a grain-size distribution of 28 per cent sand,
38 per cent silt, and 34 per cent clay; (2) a clay mineral
composition of 3 per cent expandable clay, 80 per cent illite,
and 17 per cent kaolinite and chlorite; and (3) a carbonate
content of 5 per cent calcite and 19 per cent dolomite
(Johnson, Gross, and Moran, 1971; and Johnson et al., 1972).

Unit 2 is described as a gray silty till, but a pinkish
tint has been noted in some samples on the outer margin of the
till (Xempton, DuMontelle, and Glass, 1971). The averages
for 150 samples of Unit 2 till showed (1) a grain-size
distribution of 27 per cent sand, 45 per cent silt, and
28 per cent clay; (2) a clay mineral composition of 3 per cent
montmorillonite (see footnote 5, page 48), 79 per cent illite,
and 18 per cent chlorite and kaolinite; and (3) a carbonate
content of 14 counts per second calcite and 21 counts per second
dolomite (Xempton, DuMontelle, and Glass, 1971).

The 8nider Till Member is a gray brown to light olive brown
till where oxidized and a dark gray where unoxidized
(Johnson, Gross, and Moran, 1971). In comparison with the
Batestown Till it contains less sand and slightly more illite
(Johnson, Gross, and Moran, 1971; Johnson et al., 1972).
Johnson, Gross, and Moran (1971) reported the average physical
characteristics of the Snider Till Member to be (1) grain-size
distribution 19 per cent sand, 45 per cent silt, and 36 per cent
clay; (2) clay mineral composition 3 per cent expandables,
85 per cent illite, and 12 per cent kaolinite and chlorite; and

(3) carbonate content 6 per cent calcite and 19 per cent dolomite.
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With some of the physical characteristics of the Batestown,
Unit 2, and Snider Tills established, a discussion of the data
provided by analyses of till-matrix samples from the Champaign
Moraine (Drift) and the associated interlobate area may be
presented. These data are contained in the Appendix and
sumnarized in Table 4. Averages for the BD locations and C
locations are figured separately so that they may be compared.
The data in the table are arranged in order from north to south
along the trend of the moraine (see Figure 7).

Till samples from analysis sites C2 and C4 were from a
depth of 15 feet (4.5 meters) and were an unoxidized gray.
The till-matrix samples from locations Cl and C3 came from
a depth of 9 feet (2.7 meters) and S5 feet (1.5 meters)
respectively. Their colors were a greenish gray to olive gray,
the characteristic oxidation colors for both the Snider and
Batestown Till Members (Johnson et al., 1972). All the
remaining samples listed in Table 4 came from shallow depth
analysis sites, (see the Appendix for depths) were oxidized
but calcareous, and have a tan color.

Comparison of the physical characteristics of the till
samples of Champaign Moraine (Drift) with those from the
BD locations in the interlobate area reveal no major
consistent differences. From the numerical data in Table 4,
it can be concluded that the till from BD locations on the
interlobate and till from the analysis sites on the Champaign

Moraine (Drift) are the same till.
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A comparison of the numerical data for physical
characteristics of the Batestown Till Member and its correla-
tive Unit 2 with the numerical data of Table 4 reveals two
differences: (1) the Batestown Till and Unit 2 have a
slightly sandier texture, and (2) the Batestown Till and Unit 2
have a little less illite. However, these differences are
the same differences that separate the Batestown Till Member
from the Snider Till Member. On this basis a correlation,
though somewhat uncertain, may be drawn between the Snider Till
Member and the various till samples whose physical
characteristics are summarized in Table 4. This correlation
of numerical data is strong enough that it can be concluded
that the till on the Decatur Sublobe side of the Bloomington
interlobate (see Figure 9) and the till of the Champaign Moraine
(Drift) in the study area of this thesis are a part of the
Snider Till Member of the Wedron Formation rock-stratigraphic
unit. This conclusion is not inconsistent with the correlation
drawn by Johnson, Gross, and Moran (1971), who correlated the
Batestown Till with both Unit 2 and upper till in the Champaign-
Urbana region of Kempton, DuMontelle, and Glass (1971), because
the latter authors did not define the till in the section of
Champaign Moraine (Drift) studied in this thesis. The
correlation between the till described in Table 4 and the
Batestown Till still remains a possibility on the basis of
data from analysis sites BD8, C6, and Cl1 because of the sandier
texture of the till at these locations. However, the high

illite content in the clay mineral fraction at BD8 and C6
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agree with the Snider Till correlation. Therefore, the till
samples from analysis site Cl are the only ones which might be
correlated with the Batestown Till. These findings are not
inconsistent with the findings of Willman and Frye (1970)
because the till of the Champaign Moraine (Drift) was not
differentiated by them and because there still remains the
possibility that the Malden Till Member, to which they assigned
the interlobate region, can be correlated with the Snider Till
Member (this correlation will be suggested later in this

study).

Characteristics of Till Pebbles

Introduction

The purpose of this section is to discuss and analyze
first, the relationships between long-axis pebble orientation,
and both rock stratigraphy and morphostratigraphy; and,
second, the relationships between the lithologic composition
of pebbles and both rock stratigraphy and morphostratigraphy.

Data on pebble orientation, lithology, size, and shape
for a fifty-pebble sample from each analysis site on the
Champaign Moraine (Drift) and from each BD analysis site
in the associated interlobate area can be found in the Appendix.

Data on pebble size and shape were not analyzed in this study.

Till Pebble Orientation
Long-axis pebble orientation data for the analysis sites
along the Champaign Moraine (Drift) and the BD locations in

the associated interlobate region are illustrated on
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Figure 14 (in pocket). Analysis sites Cl, C4, and C6 are
located on the distal side of the moraine while C2 and C3
are near the crest. The three analysis sites in the associated
interlobate region would be on the proximal slope if this
till was deposited by the Decatur Sublobe. However, Willman
and Frye (1970) have mapped the drift of this segment as
having been deposited by the Peoria Sublobe which, if correct,
would place the analysis sites on the distal side of the
Bloomington Moraine (Drift). Regardless of the interpretation
selected, assuming Andrews and Smithson (1965) are correct,
the position of analysis site with respect to the outline of the
moraine makes very little difference in pebble orientation
strength when asymmetrical (parabolic-lobate) form moraines
are being considered. Therefore, the pebble orientation
data from both the Champaign Moraine (Drift) and associated
interlobate area will be discussed together and consideration
of location with respect to outline of the moraine will not
be included in a discussion of the interlobate area orientations.

Reasonably strong long-axis orientation patterns exist
at seven of the eight locations studied (see Figure 14,
in pocket). The one exception is at analysis site Cl where
the long-axis orientation is bimodal and weak. The alternate
measurement of dip strength is strong to the southwest for
this location. Such an orientation at location C1 tends
perpendicular to the trend of the moraine. The tendency towards
a long-axis pebble orientation which is orthogonal to the

trend of the moraine is more prevalent along the Champaign
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Moraine (Drift) than along the Eureka-Normal Moraine (Drift)
previously described. In the associated interlobate section,
however, the tendency of the primary pebble fabric is to
became parallel to the morainal unit with the secondary mode
tending toward the perpendicular. This important relationship
is also shown in the interlobate area associated with the
Bloomington Moraine (Drift) and is elaborated upon in Chapters
5 and 6. Comparison of the actual long-axis pebble orientations
as represented by the rose diagrams on Figure 14 (in pocket)
with the true perpendicular to the trend of the moraine once
again reveals a discrepancy. The orientations are slightly
askew from a true perpendicular indicating, as was the case
with the Eureka-Normal Moraine (Drift), that a pulsation or
readvance of a retreating ice sheet may have reoriented the
fabrics slightly from their original depositional environment.
This possibility is based on the long-axis orientation findings
of this study and the previous work of Harrison (1957b)
and Andrews and Smithson (1965).

Till Pebble Lithology
The lithologic classification of each pebble from

analysis sites along the Champaign Moraine (Drift) and the

BD locations of the interlobate area can be found in the
Appendix. These data are categorized and summarized in

Table S. A comparison of the data for C locations with the
data for BD locations reveals a small difference in percentage
of crystallines and a slightly larger difference for percentage

of noncarbonate clastics. The latter difference can be
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attributed to a local concentration of shale pebbles in the
area of the interlobate. Anderson (1955) believes that the
sedimentary parameter of pebble lithology can be used to
distinguish deposits from different lobes. Within the study
area the only discernible differences in pebble lithology
between the samples from the Peoria and Decatur Sublobes are
reflected by the 9 per cent difference in carbpnates. It
appears that when the sample size is large (700 Eureka-Normal
pebbles versus 400 Champaign-BD pebbles) that this degree of
variation may be significant enough to provide a basis for
determining primary source.

Conclusions

The major conclusions of this chapter are the following:
(1) The till within the Champaign Moraine (Drift) and the
till within the associated interlobate area are both correlated
with the rock-stratigraphic unit named the Snider Till Member
of the Wedron Formation. (2) The long-axis pebble orientations
of the Champaign Moraine (Drift) tend to be orthogonal to the
trend of the morphostratigraphic unit outside of the interlobate
then become parallel to the landform in this area. These
orientations indicate an Erie Lobe source for this till. And
(3) the pebble lithology data from the Champaign Moraine (Drift)
and associated interlobate indicate that pebbles within till
from an Erie Lobe source have approximately 9 per cent fewer
carbonate pebbles than pebbles within till from a Lake Michigan

Lobe source.



Chapter S

CHARACTERISTICS OF THE
BLOOMINGTON MORPHOSTRATIGRAPHIC UNIT
AND ASSOCIATED INTERLOBATE AREA
Introduction

The Bloomington Moraine (Drift) as defined by Willman
and Frye (1970) was studied from the Tazewell-McLean County
line on the west to the interlobate area just east of the
Ford-McLean County line on the east (see Figure 4, in pocket).
This section of the Bloomington Moraine (Drift) has the most
massive topographic form of any of the morphostratigraphic
units under consideration in this study (see Figure 13,
in pocket). The local relief repeatedly exceeds 100 feet
(30 meters) and the moraine varies in width from 1.5 to
4.5 miles (2.4 to 7.2 kilometers). The areal plan of the
Bloomington Moraine (Drift) does not show the consistent
arcuate lobate form that is exhibited by the Eureka-Normal and
Champaign Moraines (Drifts) (see Figure 4, in pocket).
Topographically, it can be divided into three sections:
(1) a section west of Bloomington, Illinois, which has its own
small lobate form; (2) a central section which is almost
linear in form; and (3) an interlobate section which has a
form similar to the other moraines that merge to form this
area. The western section is separated from the central section
by the valley of the Sugar Creek (see Figure 13, in pocket).
This western section has a distal base which is approximated

77
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by the 750 foot (225 meters) contour and a maximum altitude
of 883 feet (265 meters). The central section is separated
from the interlobate section by the valley of the Sangamon
River. The central section has a distal base of approximately
800 feet (243 meters), and crest altitudes of over 900 feet
(265 meters) are common in this part of the Bloomington Moraine
(Drift) giving it a massive and prominent appearance (see
Figure 13, in pocket). Here the proximal slopes are more
gently rolling than the steeper distal slopes due in part to
the higher altitude of the proximal base. This base is some-
what variable but generally parallels the 800 to 850 foot
(243 to 265 meters) contour depending on location. The third
section is the associated interlobate area of the Bloomington
Moraine (Drift). This section is defined by the BP analysis
site locations and the areal extent is illustrated on Figure 9.
The base of this area is approximately 825 feet (260 meters)
and the crest altitude exceeds 900 feet (265 meters).

At four places stream erosion has resulted in extreme
dissection of the Bloomington Moraine (Drift) (see Figure 13,
in pocket). Sugar Creek, Kickapoo Creek, and the Sangamon
River traverse the Bloomington Moraine (Drift) while the
North Fork of Salt Creek partially dissects this same moraine.
The topography near their associated valleys is more rugged
and very steep slopes are common (see Figure 10).

Fifteen analysis sites were selected for the purpose
of collecting samples from the Bloomington Moraine (Drift)

(see Figure 7). Two sites were on the proximal slope, four
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were in the central area near the crest, five were on the
distal slope, and four were situated along the west flank of
the interlobate section (see the Appendix for specific
locations). Average depth of analysis below the top of the
soil profile was approximately 9 feet (3 meters) with excava-
tions ranging from 4 feet (1.3 meters) to 25 feet (7.5 meters)
below the surface of the Bloomington Moraine (Drift). The
surface of this drift above the analysis sites had an aveiage
altitude of 834 feet (250 meters). Data on physical
characteristics of the till matrix, long-axis pebble orienta-
tion, and the lithology of pebbles collected from the fifteen
analysis sites on the Bloomington Moraine (Drift) are contained
in the Appendix. These data will be compiled, summarized, and
presented in this chapter so that the basic question of relation-
ships between morphostratigraphy, rock stratigraphy, pebble

lithology, and pebble orientation can be answered.

Physical Characteristics of the Till Matrix

The Bloomington Moraine (Drift) in the study area of this
thesis does not have the consistency found in the Eureka-Normal
and Champaign Moraines (Drifts). Both Willman and Frye (1970)
and Xempton, DuMontelle, and Glass (1971) recognized two till
units in this part of the study area. Willman and Frye (1970)
mapped the till on the Bloomington Moraine (Drift) west of
Bloomington, Illinois, as belonging to the Tiskilwa Till Member
and the till east of that same city as a part of the Malden
Till Member (see Figure 5). The latter authors describe the
till on the Bloomington Moraine (Drift) in McLean County to



80
the west of Danvers,6 Illinois, as Unit 4 Till and the till in
McLean County to the east of the Danvers area as Unit 2 Till.
These authors also postulated and mapped a third till named
Unit 1 overlying the proximal slope of this moraine in places.
The Malden Till and Unit 1 were previously described in
Chapter 3, and Unit 2 was described in Chapter 4.

The Tiskilwa Till was described by Willman and Frye (1970)
as a sandy, pink tan to reddish tan brown till (usually called
pink) that is overlain by the Malden Till and may rest on the
Delavan, Esmond, or Lee Center Till Members. Some of the
physical characteristics of the Tiskilwa Till Member are
represented by data from two samples of Bloomington Moraine
(Drift) reported by Willman and Frye (1970) to contain this
unit. Averages show (1) a grain-size distribution of
approximately 29 per cent sand, 37 per cent silt, and
34 per cent clay; (2) a clay mineral composition of 18 per cent
expandable clays, 68 per cent illite, and 14 per cent kaolinite
and chlorite; and (3) a carbonate composition of 23 counts per
second calcite and 36 counts per second dolomite. Kempton,
DuMontelle, and Glass (1971) gave the following description
of Unit 4 Till in McLean County:

It is normally a reddish brown to pinkish gray till.

Locally, this till grades to brownish gray. It can

nearly always be differentiated from the upper three

units in the region on the basis of color and clay
mineral composition, particularly when one or more

of the upper units are found in sequence with Unit 4.
This till unit is slightly silty, averaging 30 per cent

6The location of Danvers is approximated by analysis

site BS on Figure 7.
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sand, 40 per cent silt, and 30 per cent clay.

The average clay mineral content is 8 per cent

montmorillonite, 70 per cent illite, and 22 per cent

chlorite plus kaolinite. No significant change in

clay mineral composition or grain size of the unit

occurs with changes in color. Unit 4 contains the

greatest amount of carbonate of all five units.

Numerical data describing certain physical characteristics
of the till matrix for the fifteen analysis sites on the
Bloomington Moraine (Drift) are summarized in Table 6 and
arranged in this table in order from east to west along the
trend of the moraine (see Figure 7). Because previous workers
have recognized more than one rock-stratigraphic unit within
the Bloomington Moraine (Drift) (Willman and Frye, 1970;
Kempton, DuMontelle, and Glass, 1971), it may be more
revealing if the samples are divided into as many groups as is
meaningful on the basis of available data. The result is the
recognition of three distinct till units within this part of
the study area. For purposes of this discussion these are
named Units A, B, and C to avoid confusion with the Kempton,
DuMontelle, and Glass number system. Unit A is defined on the
basis of data for till samples from analysis sites Bl13, Bl4,
BS, and B15 (east to west); Unit B by till samples from sites
B4 and B3; and Unit C by till samples from all the remaining
analysis site locations whose data is summarized in Table 6
(see Figure 7 for locations).

Comparison of the averages of Unit A data reported in
Table 6 with the average numerical physical characteristic
data of the Tiskilwa Till Member (Willman and Frye, 1970)

and also Unit 4 (Kempton, DuMontelle, and Glass, 1971) reveals



82

a3foTeo HurbHeasae Jo sasoduand a0F OI9Z Se, PAISPTSUOD 3IP Y3o0q
PO3STX® dUOU Inq IJTOTPO J0F pozATeur -

93TOeD JO 90U93SIXd BT

euorasenb §

18 6¢ 6€ ze ue],
9¢ 62
8z ST vt 99 (174 LS LE 9z v/S¥xs°L | st1d g
43 24 +T zL pT 9¢ LS Le ¢/S¥A0T| s€ |~
Lz 8T LT L9 9T S§ 8s Lz b/surs e | vta |7
¥/S9R0T >
£z 9 8¢ Z/VAS°2 5
3 9z b2 L2 S €€ 8s 62 z/vascz| ¥4 | o
1z 1T ST 9L 6 9¢ (114 e v/Sks°¢| zd
0z ¢ €T 18 9 8¢ ot zz v/Sas‘z| 14
A4 ¢ +T 18 S LS sY 0z v/Sxs°z| 64 o
pT 8 oT L8 € 8t 9¢ 9T v/SAs 'z | z1d 2
T2 A LT 8L S ™ G¢ ve v/SAS°z | 949 o
LT L et €8 S ob 9¢ vZ v/SAS°2 | Ldd o
ST ¢ ST 8L L 8s oY ze v/SAS°z ptdd
6T AN €T 18 9 8¢ A (174 b/SAS°¢z [ttad
2 0T €T 18 9 X A Y4 v/SAs°z | 8dg
| __S3fwoTo( | 4®3TOTEQ | “TO®X 3 Led 93¥1S
puodds a8d S$3UNOD *IOTWP¥X | ITTIIX | *dxa% | AeTo¥ | ITISY | puesy | JOTOD [ Teuy

3Ua3U0) 33PUOQIE)

uotaTsodun) TeJauIW AeTd

UOTINQTIISTJ 9ZTS UTRI

TTFL @3eqOTI83UIl Pa3eTO0ssy pue TTIL uolbutwootd
==XTI3eW TTEL 3Y3 JO SOTAsSTaaloeaey) TedTsAud

9

a1qelL




83

a high degree of similarity. This is especially well shown
when comparing the low illite content, high carbonate content,
and pink color. On this basis it is reasonable to conclude that
the surface till on the Bloomington Morphostratigraphic Unit
to the west of the city of Bloomington belongs to the Tiskilwa
Till Member of the Wedron Formation rock-stratigraphic unit.
This correlation is commensurate with the mapping of this unit
by Willman and Frye (1970), but does not agree with the tenta-
tive boundary drawn between Unit 2 and Unit 4 by Kempton,
DuMontelle, and Glass (1971). The findings of this study
would suggest that this tentative boundary of Kempton,
DuMontelle, and Glass (1971) be placed near the Kickapoo Creek
Valley and that the distribution of Unit 1 till be restricted
to the proximal slope of the Bloomington Moraine (Drift).

Unit B, the second of the three groups under discussion,
can be differentiated from Units A and C on the basis of
color and clay mineral composition. This unit is violet gray
when unoxidized and a gray brown or tan when oxidized. The
clay mineral composition of this unit has less expandable
clay than Unit A and less illite than Unit C, producing a
greater percentage of chlorite and kaolinite than either of
the other units. Less significant differences exist in both
texture, Unit B a little sandier than both Units A and C,
and carbonate content, slightly more calcite in Unit B than
Unit A and a great deal more calcite in Unit B than Unit C
(see Table 6). Willman and Frye (1970) included the area
defined by analysis sites B3 and B4 in the Malden Till Member,
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but findings of this study indicate that Unit B is clearly
different from the Malden Till. Furthermore, Unit B cannot

be correlated with Unit 4 Till, which was recognized and mapped
in this area by Kempton, DuMontelle, and Glass (1971), because
the differences between Unit B and Unit 4 Till are the same as
the differences already described between Unit B and Unit A

of this study. Thus, in the opinion of the author, Unit B
should be treated as a separate and distinct till that has not
been correctly correlated with any other rock-stratigraphic
unit to this date. It should be pointed out, however, that the
conclusion that Unit B Till has not been defined by previous
investigators is based on the physical characteristic data
from two analysis sites. Because data from only two sample
sites may be judged insufficient for the purpose of naming a
new till member, additional data were gathered from drill borings
in McLean County. Data from drill borings MclLean 10, 12, 13,
17, 18, 20, 21, and 25 support and extend the existence of this
till unit. Figure 15 gives the location and elevation of these
drill borings. At each of these drill-boring locations
analyses of the clay fraction of split spoon samples reveal

the existence of a till which is violet gray in color and has

a clay mineral composition of approximately 7 per cent expandable
clay, 70 per cent illite, and 23 per cent chlorite plus
kaolinite. These data are on file in the geologic records
section of the Illinois State Geological Survey in Urbana,
Illinois. With the addition of this evidence the author
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proposes that Unit B be hereafter referred to as the Shamrock

Till Member of the Wedron Formation. The suggested name is
for the town of Shamrock in McLean County. The type section
is an exposure in a borrow pit (see Figure 8B) on the north
side of I-74 1.5 miles (2.4 kilometers) west of Shamrock,

SE SE SW, Sec. 25, T.23 N., R.2 E. The name Shamrock Till
will be used in the remainder of this paper to refer to Unit B
Till, and the type section will be described later in this

chapter.
McLean No. Location Elevation
10 MV SE Sec.22 T.23 N. R.2 E. 785
12 SE SE NW Sec.26 T.23 N. R.2 E. 849
13 NE NW Sec.36 T.23 N. R.2 E. 803
17 N4 SW NE Sec.33 T.24 N. R.2 E. 774
18 SW NW MW Sec.5 T.23 N. R.2 E. 730
20 SE NW Sec.5 T.22 N. R.3 E. 747
21 NN NW Sec.5 T.22 N. R.3 E. 784
25 SE NW Sec.5 T.22 N. R.3 E. 748

Figure 15 McLean County drill boring locations

Unit C Till has very different physical characteristics
from either Unit A or Unit B Till. The most noticeable
differences are (1) finer texture, (2) high illite content,
and (3) fewer carbonates. The averages reported in Table 6
for Unit C are from sample sites within both the Bloomington

Moraine (Drift) and the associated interlobate area. The data
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in Table 6 indicates that the till samples from all analysis
sites included in the Unit C group probably belongs to the same
rock-stratigraphic unit. Comparisons of the numerical averages
which represent the physical characteristics of Unit C Till
described in the area shows that a strong similarity exists
between Unit C Till and Malden Till. On the basis of this
similarity it is probable that a correlation exists between
Unit C and the Malden Till. This interpretation is consistent
with the findings of Willman and Frye (1970). XKempton,
DuMontelle, and Glass (1971) separated the Malden Till in the
study area of this thesis into Units 1 and 2 mainly on the
basis of texture. The results of the till-matrix investi-
gations for this thesis do not provide a basis for the
separation of the Malden Till into two units. There are some
locally sandy places in the Unit C group, but, in the opinion
of the author, the relatively small differences in texture do
not provide an adequate basis for the recognition of more than
one till member. Therefore, it is concluded that the till in
Unit C is the equivalent of the Malden Till and is referred

to as such in the remainder of this study.

Characteristics of Till Pebbles

Introduction
The purpose of this section is to present the data on
long-axis pebble orientation and pebble lithology for
750 pebbles from analysis sites associated with Bloomington
Moraine (Drift) (Willman and Frye, 1970). Orientation and
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lithologic data are contained in the Appendix and are

sumnarized in Figure 14 (in pocket) and Table 7 respectively.
The discussion of these data will be directed toward a clearer
understanding of the relationship between the sedimentary
parameter and associated landform unit.

Till Pebble Orientation

Due to the complexity in morphostratigraphic and
rock-stratigraphic units within the Bloomington Moraine
(Drift), long-axis pebble orientation data will be discussed
in association with Units A, B, and C as previously described
because a definite relationship can be shown to exist. The
fabric orientations of pebbles measured in Unit A Till
(Tiskilwa Till) exhibit a consistent tendency toward a
perpendicular aligmment to the trend of the moraine (see
Figure 14, in pocket). The strong north-south alignment of
pebbles at analysis site B15 probably best represents the
original depositional mode of Tiskilwa Till because the Malden
Till does not overlie the proximal slope of the moraine in this
area. However, it appears likely that the till at locations
BS, B13, and Bl14 may have been deformed slightly by ice that
eventually constructed the Eureka-Normal Moraine (Drift)
because Kempton, DuMontelle, and Glass (1971) report Unit 1
Till on the proximal slope of the Bloomington Moraine (Drift)
in this area.

The Congerville Section previously described in Chapter 3
shows an exposure of Tiskilwa Till stratigraphically below
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the Malden Till. Pebble-orientation data from analysis site
EB2 (see Figure 14, in pocket) reveal that a slight
reorientation may have occurred in the ground moraine deposited
in association with the Bloomington Moraine (Drift). The
slight reorientation is illustrated by comparing the rose
diagram associated with the pebble aligmment at EB2 with the
comparable diagram for B15 (see Figure 14, in pocket). A
probable cause for this slight realignment is believed to be
a result of subsequent ice movement that deposited the Malden
Til1.

Within the Bloomington Moraine (Drift) the Shamrock Till
(Unit B), represented by analysis sites B3 and B4, can be
separated topographically from the Tiskilwa Till on the west
by the valley of the Sugar Creek, and from the Malden Till
on the east by the valley of the Kickapoo Creek. These
boundaries extend topographically to the south and incorporate
parts of the Shirley and LeRoy Drifts (see Figures 4 and 13,
in pocket). Data from drill boring MclLean 17 (see Figure 15
for location) indicate that the Shamrock Till is stratigraphic-
ally overlain by the younger Malden Till and probably rests
upon the older Tiskilwa Till in the subsurface. The long-axis
pebble orientation data from Shamrock Till at analysis site B4
is the strongest orientation discovered in this study. Fifty-six
per cent of the pebbles were oriented in a 30 degree sector
around east-west and dip strength is to the east. Analysis
site B3 from the same till also has an east-west fabric

orientation with 28 per cent in the same east-west sector.
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This strong east-west orientation of pebbles in Shamrock Till

is clearly at variance to other nearby sites and suggests it
formed in association with westward-moving ice. If this con-
clusion is correct, it is reasonable to suggest that the source
of the Shamrock Till may well be from the Erie rather than the
Lake Michigan Lobe. The Erie Lobe source for Shamrock Till
is postulated under the assumption that certain pebbles tend
to align themselves parallel to the direction of ice move-
ment (Richter, 1932; Cailleux, 1938, and Lundquist, 1949),
and supported by the fact that the Shamrock Till is unlike the
drift in this area deposited by the Lake Michigan Lobe. How-
ever, because of the limited data and complexity of the drift,
it is recommended that additional study be initiated regarding
the Shamrock Till so that the conclusion of an Erie Lobe
source for this till can be definitely confirmed or rejected.
Fabric orientations in Unit C (Malden Till) on the
Bloomington Moraine (Drift) show a high degree of similarity
to the fabrics of the Eureka-Normal Moraine (Drift) to the
north, which has also been classified in this paper as Malden
Till (see Chapter 3 and, Figure 14, in pocket). Strong
perpendicular orientations to the trend of the moraine are
found at analysis sites Bl, B6, and Bl2. Locations Bl and B6
are on the proximal side of the moraine and Bl2 is near the
crest. Unimodal but weak fabric orientations were found at
analysis sites B2 and B9 both near the crest of the moraine.

Dip strength, an alternate measure of orientation, is to the
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south at B9 and to the southeast at B2, giving both fabrics

a weak preferred orthogonal aligmment to the morainal trend.
The interlobate analysis sites on the Peoria Sublobe
side of the interlobate section (see Figure 9) show a
tendency toward a parallel alignment of pebble axis to trend
of the topography. This tendency for pebbles to align them-
selves parallel to the landform is illustrated by the fabric
diagrams at most BD and BP analysis sites as well as at the
three E locations near the interlobate region (see Figure 14,
in pocket) and is especially worthy of attention and
explanation. Parallel aligmment of pebble axis to landform
trend is not unusual. The fabric of sediments associated with
a drumlin often reveal such a relationship. Wright (1957),
in his studies of drumlins in Minnesota, reports that almost
all rose diagrams representing pebble alignment show a strong
preference toward a parallel aligmment with the landform trend.
Glen, Donner, and West (1957) conclude that the mechanisms by
which stones become oriented in till are most favorable to an
alignment parallel to the direction of ice fiow. Data from
this study indicates that the long axis of pebbles prefer
an orthogonal arrangement to the end moraine outside the
interlobate area but changes to a tangental arrangement in
the interlobate area. If Glen, Donner, and West (1957) are
correct, then the pebble orientation data outside the inter-
lobate area indicates ice flow perpendicular to the end moraine
and the pebble orientation data in the interlobate area

indicates that the ice flow associated with an interlobate
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landform is moving parallel to the ice-contact zone. It is
reasonable to assume that the pressures produced at the
contact between two glacial ice lobes could force the ice and
its associated sediments to flow parallel to the contact zone.
Therefore, it is a conclusion of this study that the sedimentary
parameter data of pebble orientation may reveal the nature of
ice behavior in an interlobate moraine and that the till fabric
in areas believed to be interlobate landforms could possibly

be identified using the data of this parameter.

Till Pebble Lithology

Table 7 contains a summary of the lithologic classifi-
cation of pebbles from all B and BP analysis sites. The
original data can be found in the Appendix. A discussion of
the limitations in the use of this data and a discussion on
the lithologic categories used in this analysis can be found
in Chapter 2. In this section an attempt will be made to
analyze and compare the data in Table 7 with the data in
Tables 2 and 5. Results for data on lithologic composition
of pebbles in Tables 2, 5, and 7 are not consistent.
Crystalline percentages are highly variable between analysis
sites. The same is true of noncarbonate clastic percentages.
The only patterns that have become apparent in the study of
pebble lithology for all units in the study area are these:
(1) the percentage of carbonate pebbles for the entire inter-
lobate area and the Champaign Moraine (Drift) is consistently
low; and (2) the percentage of chert and flint pebbles in the
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entire interlobate area and Champaign Moraine (Drift) is
slightly higher than the comparable percentages for Eureka-
Normal Moraine (Drift) pebbles and nearly double the percentage
of chert and flint pebbles found in the Bloomington Moraine
(Drift) exclusive of its associated interlobate analysis sites.
A comparison of lithologic composition between all
interlobate analysis site locations (see Figure 9) reveals
very little variation. The same is true in a comparison of
the lithologic composition of pebbles from the C analysis
sites with pebbles from both the BP and BD locations. Based on
the data provided by analysis of the lithologic composition of
elongate pebbles, it appears that the interlobate area of this
study has a higher degree of similarity to the Champaign
Moraine (Drift) (Snider Till) than to any other unit. However,
the till-matrix composition data and pebble orientation data
from the till within the interlobate area indicate the following:
(1) The till found in the interlobate area associated with the
Bloomington Moraine (Drift) (Malden Till) and the Champaign
Moraine (Drift) (Snider Till) are very similar (see Tables 2
and 5); and (2) the pebble orientations within the till of
the interlobate area indicate that the Malden and Snider Tills
were probably deposited contemporaneously. Therefore, based
on all the appropriate data, it is suggested that the landform
defined in this study as the interlobate area, which was
defined by Willman and Frye (1970) as Bloomington Drift, be
named the Champaign-Bloomington Interlobate Moraine (Drift).
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Shamrock Section

The Shamrock Section is the type section for a new
suggested till member defined in this study. Analysis site
B4 on Figure 7 marks the location of this section, and
Figure 8B is a photo of the exposure. A description of this

section follows.

Shamrock Section

Measured in a borrow pit in SE SE SW Sec. 25, T.23 N.,
R.2 E., McLean County, Illinois, 1971, 1972.

Thickness
(ft)
Pleistocene Series
Wisconsinan Stage
Woodfordian Substage
Richland Loess
2. Loess; thin layer of tan to tan brown to black
loess, locally coarse textured, leached modern
surface soil grades into unit one below 2.5
Shamrock Till Member (type section)
l. Till, tan to gray brown in upper part where
oxidized to violet gray where unoxidized
in lower part, compact angular blocky, silty
till zones with very few pebbles irregularly
spaced in profile 14.5
Total 17.0

The Shamrock Till physical characteristics are (1) a
grain-size distribution of 30 per cent sand, 38 per cent silt,
and 32 per cent clay; (2) a clay mineral composition of
7 per cent expandable clays, 70 per cent illite, and 23 per cent
chlorite and kaolinite; and (3) a carbonate content of 18 counts
per second calcite and 30 counts per second dolomite. Drill
boring McLean 17 (MW SW NE Sec. 33, T.24 N., R.2 E.) to the
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north of the type section shows the stratigraphic position of

the Shamrock Till as between the older Tiskilwa Till and the
younger Malden Till. Xempton, DuMontelle, and Glass (1971)
map the area defined in this study to have Shamrock Till as
Unit 4 Till, which is correlated with the Tiskilwa Till. The
Shamrock Till can be differentiated from the Tiskilwa and Unit 4
Till on the basis of color and clay mineral composition. The
Shamrock Till is a tan or yellow tan till when oxidized and
a gray or violet gray when unoxidized with the zone of
oxidation at approximately 13 feet (4 meters) in the type
section. The Tiskilwa Till has a salmon or peach color when
oxidized and is pink to red brown where unoxidized. An
easily discernible difference in clay mineral content separates
these two units. The Shamrock Till has an average of

10 per cent less expandable clay than the Tiskilwa Till, and
this difference is nearly balanced by the 8 per cent greater
chlorite plus kaolinite content found in the Shamrock Till.
In the Kempton, DuMontelle, and Glass (1971) paper these
variables were not considered. Only illite content was
considered, which is approximately the same for both the
Shamrock and Unit 4 Tills. These differences clearly
establish the necessity for defining a new till member. The
till fabric data in the area of this type section confirm the
need for a new unit. The long-axis pebble orientation data
of this study indicate that the Shamrock Till could possibly

have come from an Erie Lobe source because the fabric has a
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strong east-west orientation in the type section. The
topography to the south of this type section indicates the
possibility of a north-south trending landform which, if it
did contain Shamrock Till, would strengthen the Erie Lobe
source hypothesis. Analysis of the till and till fabric to the
south of the Shamrock Till of this study is suggested for
future investigation. The significance of the Shamrock
Section is that it represents a significant exposure of till
from the Bloomington Moraine (Drift) not previously defined.

Conclusions

The major conclusions of this chapter are the following:
(1) The Bloomington Moraine (Drift) has three distinct surface
tills in the study area: the Tiskilwa, Malden, and Shamrock
Till Members. The latter was named and defined in this chapter.
(2) Pebble-orientation data indicate that elongate pebbles
prefer a perpendicular aligmment to the moraine trend outside
of the interlobate area but a parallel alignment to the landform
is preferred in the interlobate area. And (3) the data of
this study indicate that the interlobate area should be
named the Champaign-Bloomington Interlobate Moraine (Drift).



Chapter 6

CONCLUSIONS AND IMPLICATIONS

Introduction

The purpose of this thesis is to establish the relation-
ships that exist between certain sedimentary parameters of
glacial till and particular glacial landforms. The sedimentary
parameters investigated were long-axis pebble orientation,
pebble lithology, and matrix composition. The glacial land-
forms studied were end moraines which represent recognized
morphostratigraphic units. Two of the end moraines
investigated merged into an interlobate moraine. Figure 16
summarizes the relationships between morphostratigraphic and
rock-stratigraphic units established by this study. Also
illustrated on this map is direction of ice flow as indicated
by pebble-orientation data. Implications of the specific
findings of this study have general application in geomorphology.

General Implications

The morphostratigraphic units of this study represent
one interpretation of the glacial landforms in central Illinois
that have been delineated mainly on the basis of topographic
expression (see Figures 4 and 13, in pocket). Findings of this
study indicate that morphostratigraphic units clearly exist,
but a reevaluation of their forms and sedimentary associations

may make them even more useful and meaningful as geomorphic

97
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flow in the study area
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units. Such reassessments were a major objective of this study,
and the following are examples of findings or problems that
have been recognized as a result: (1) the reinterpretation of
the Eureka-Normal relationship as discussed in Chapter 3,
(2) the variation in till associated with the Bloomington
Moraine (Drift) which calls for a reassessment of that
morphostratigraphic unit as discussed in Chapter 5 and to be
discussed later in this chapter, and (3) the complexity and
interrelationship within the interlobate area between the
Bloomington and Champaign Moraines (Drifts) that indicate it
was formed in association with an Erie-Lake Michigan Lobe
ice contact as discussed in Chapters 4 and S.

It is also important to recognize that certain problems
are associated with any attempt to show relationships between
morphostratigraphic units and sedimentary parameters. If two
or more morphostratigraphic units merge, it may be impossible
to understand their relationships without sedimentary parameter
data and even that information may be insufficient for a
reasonable interpretation. This problem is just one of the
many difficulties that will present itself in studies that
attempt to relate morphostratigraphy with associated sediments.
However, the morphostratigraphic unit can be a very useful and
meaningful unit when carefully mapped. The Champaign Moraine
(Drift) of this study is a good example. This unit is easily
delineated by its topographic expression. The surface till
throughout its extent is a part of the same rock-stratigraphic

unit. And the fabric complements its shape and depositional
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mode. This situation demonstrates that it is possible to define

morphostratigraphic units which have positive relationships
to their sediments and related fabrics.

Evaluation of the relationships between morphostrati-
graphic and rock-stratigraphic units, which is one of the stated
purposes of this thesis, has revealed evidence that supports
a reinterpretation of the morphostratigraphy of central
Illinois. A proposed alternate interpretation of the
morphostratigraphy in central Illinois is a major conclusion

of this study and is discussed below.

An Alternate Interpretation of the

Morphostratigraphy in Central Illinois

Figure 16 illustrates the relationship between
morphostratigraphic units and the defined or correlated till
members of this study. Ice-flow direction, which is suggested
by the preferred long-axis orientation of each till member,
is indicated with arrows on this map. A congruent relation-
ship exists between the Eureka-Normal Moraine (Drift) and the
Malden Till and also between the Champaign Moraine (Drift) and
the Snider Till. Pebble-orientation data indicate that ice
flow reflects a direct relationship to these end moraines.
However, the relationships between the morphostratigraphic
unit, rock-stratigraphic units, and ice flow for the
Bloomington Moraine (Drift) do not complement one another.

Previous workers have recognized this situation but have
not correlated rock stratigraphy with morphostratigraphy in
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this area. Any reinterpretation of the glacial geomorphology
associated with the Bloomington Moraine (Drift) must account
for three separate and distinct rock-stratigraphic units
within a feature that has been mapped as one morphostratigraphic
unit and also account for an ice source region that will
explain its fabric. An analysis of the topography of the
Bloomington Moraine (Drift) indicates that it is not
necessarily one morphostratigraphic unit. Instead, it may
represent a situation where three morphostratigraphic units
of different age converge on one another. This is substantiated
by the existence of three distinct rock-stratigraphic units.

The data of this thesis and the topography said to be
associated with the present east-west trending LeRoy and
Shirley Moraines (Drifts) indicate that these units could
equally as well be explained by north-south trending moraines
which extend to join the Heyworth Moraine (Drift) and
portions of the Shelbyville Moraine (Drift) (see Figures 4
and 13, in pocket). By interpolating between sections of
land outlined by the 750 foot (225 meter) contour, two or
three north-south trending landform units take shape which
intersect the Bloomington Moraine (Drift) at nearly right
angles (see Figure 17).

This alternate interpretation of the morphostratigraphy
can account for variations in the rock stratigraphy of the
Bloomington Moraine (Drift) by assigning the western Tiskilwa
Till to an east-west trending moraine, the eastern Malden Till
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Figure 17 An alternate interpretation of the
morphostratigraphy of Central Illinois
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to a relatively younger unconformable moraine more closely
associated with the Eureka-Normal Unit which contains this
same rock stratigraphic till member, and the Shamrock Till to
a previously unrecognized north-south trending moraine named
in this paper the Randolph. These interpretations are supported
by the preferred long-axis orientation of pebbles within each
respective till and are consistent with topographic
expression. The suggested name Randolph for the westernmost
north-south trending unit (see Figure 17) is for the town of
the same name in McLean County, Illinois, which is near the
crest of the postulated moraine (see Figure 13, in pocket).

The rock-stratigraphic correlation of the Shamrock Till
with the tills of the Shirley Drift, which are defined as
part of the Delavan Till Member of the Wedron Formation
(Willman and Frye, 1970), has been suggested by H. D. Glass.7
Because the study area of this thesis was restricted to the
boundaries of the morainal units under consideration, this
suggested correlation of Shamrock Till and Delavan Till was
not confirmed. It is suggested for future investigation that
the tills of the LeRoy, Shirley, and Heyworth Drifts be studied
and analyzed in an attempt to establish their relationship to
the Shamrock Till.

7H. D. Glass, Clay Mineralogist of the Illinois State

Geologic Survey, in oral communication suggested this
possible correlation.
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Conclusions on the Glacial Geomorphology

of Central Illinois

The morphostratigraphy, rock stratigraphy, and pebble-
orientation data examined in this study suggest the following
glacial chronology for central Illinois: (1) An ice advance,
possibly even pre-Woodfordian from the north, deposited the
Tiskilwa Till as a surface till on the Bloomington Moraine
(Drift) to the west of the city of Bloomington, and this same
till was deposited over a wide area because it is an extensive
subsurface unit in the remainder of the study area. (2) An
ice advance from the east or east-northeast overrode the
Tiskilwa Till and deposited the Shamrock Till of the Randolph
Moraine (Drift), with a north-south trending drift border.

And (3) an ice advance from the north-northeast contemporaneous
with an ice advance from the east-northeast deposited the
Malden Till of the Bloomington Moraine (Drift) and Snider Till
of the Champaign Moraine (Drift) respectively, forming an
interlobate moraine named in this study the Champaign-
Bloomington Interlobate Moraine (Drift) in the area of ice
contact. The ice marginal retreat of the glacier to the
north-northeast was marked by a slight readvance to form the

Eureka-Normal Moraine (Drift).

Suggestions for Future Investigations

In a number of places in this thesis where data were
limited or where there was doubt about findings and inter-
Pretations, recommendations were made for further investigation.

The following is a summary of the suggestions for future
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investigation of the central Illinois region as indicated by
the results of this study. (1) Of primary importance for
further study is an analysis of the relationships between
topography, till-matrix composition, and till-fabric orienta-
tion to the south of the Bloomington Moraine (Drift) of this
study. An alternate interpretation of the morphostratigraphy
of this region has been proposed. Additional investigation
may provide evidence to support this proposed alternate inter-
pretation. (2) The high degree of correlation between the
morphostratigraphic unit termed the Eureka-Normal Moraine
(Drift) and the rock-stratigraphic unit called the Malden Till
Member has been established by this study. This relationship
also exists between the Champaign Morphostratigraphic Unit
and the Snider Till Member. However, some of the relationships
between morphostratigraphy and rock stratigraphy along the
Bloomington Moraine (Drift) remain unclear. For example, the
lines of demarcation between till members are questionable
and there is a need for further investigations of the till and
till fabric of the Bloomington Moraine (Drift) to establish
clearly the boundaries of the rock-stratigraphic units.
And (3) future studies of interlobate moraines might well
include an analysis of the till fabric in order to confirm
or reject the hypothesis of this thesis that the long axis
of pebbles embedded in the till of these landforms tends to

pPrefer a parallel alignment to the associated ice-contact zone.
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Explanation of Data in the Appendix

Depth of Analysis -

Type of Exposure -

Topography -
TILL PEBBLE DATA:

Dimensions -

Shape -

Strike -

Dip -

Misc. =

In feet below the crest of the
exposure

See Figure 8

See Figure 10

Longest dimension first, shortest
dimension last; all dimensions in
millimeters

(See Figure 12)

1. Tabular-elongate

2. Tabular

3. Rhombohedroid

4. Rhombohedroid-elongate

S. Wedge-form-rounded

6. Wedge-form-elongate

7. Wedge-form-angular, subangular
8. Ovoid

9. Ovoid-elongate

Orientation of the pebble's long axis

Angle and direction of the pebble's
dip

S - pebble shows glacial striations

W - pebble was deeply weathered

LAV - long axis was vertical, there-
fore strike data is for
second longest axis

TILL MATRIX COMPOSITION DATA:

Grain-Size Distribution -

Carbonates -

Sand -062"200 mm.
Silt -004"’.062 MMme.
Clay 1less than .004 mm.

? the existence is questionable
- none exists
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Analysis Site Number Bl Morphostratigraphic Unit Bloomington

Location NE NE NE Sec. 25, T.33N., R.3E.

Elevation 860' Depth of Analysis

Quadrangle LeRoy

Topography C and D slopes on proximal side of moraine

A Type of Exposure Roadcut (old)

Prﬁbbh Pata:
No. Dimerisions Shape Strike Dip Lithology Misec.
1 39 74 15 2 NZSA 0 Dolomite w
Y4 20 13 h2) T o DA Uolc Jte
3 13 / S [ HEOL 150 Dolnaite
2] 1€ 14 5 N 205 Lolonite W
17 17 11 € N Lo Finalt
15 # 1 1 NBEL: 150w chiie
] 16 10 9 3 NOR Al Iglonite
12 10 4 1 N2A K itasalt
16 12 10 6 RS [N 131w tone
10 16 3 S 3 [N vl (‘ronite
11 26 24 3 2 jony 5S40 Chale
12 15 10 10 3 NLYUs R 'olomite ]
1 3 78 1 9 6 HGOE 400w el
14 19 1S 3 2 N 0 chale
15 23 1% 10 ] NSQOE 10w Lironite
6 23 17 1S S H20L 1065 olenite
17 18 12 > 6 [T 1) Lingnite
18 28 2] 14 6 hanis JSCW Limestone
19 13 16 g € H12L [} Dolonite
0 18 13 12 S ME SW 25SE Limestone
21 18 1¢ 3 2 1ISE 0 Limonite
22 18 15 10 5 N7 08 0 Siltstone
23 22 12 8 [ N25% 10s4 Basalt
24 12 10 2 S N1oW 2004 Limestone
25 a5 2z pRs] S N 2 Limectone
L0 20 14 9 S N20L 0 Shale
27 35 22 20 9 REY 1SN Limestone W
28 16 13 6 1 E 0 Limestone
29 10 7 7 3 N20OW 0 Red Limestone
30 10 7 S ] NESE 255w Dolomite
31 29 11 10 9 N3SW 0 Dolomite B
32 17 10 10 4 HUW 103 Dolomite w
33 18 ] 19 o 2 HW 0 Limestone
34 29 2y 20 8 N20E 304 Dolomite
35 25 1y 10 [ N 108 Sranite _
36 15 8 S 6 N10E 10w Dolomite
37 13 11 7 < N6OE 300 Quartzite |
38 26 20 18 s Nl oW 156K Nolomite ___ 1 ]
39 10 5 5 3 _N20E 2000 Red Quartzise )
40 | 13 19 8 4 N70L n Limestaone
41 10 €. 6 4 N75E 1O W_| Cranite
4. 13 10 8 3 N20E 153 Dolonite ]
4 17 15 14 5 MN70E 9n Dolomite LAV
44 18 | 16 15 5 N2SE 40NE Limestone
45 1 15 1 13 8 7 NSE 0 volomite
46 22 R _5 6 N75W 40N Limestone
47 23 12 11 4 NSOE_ 0 Nolomite
A8 | 27 13 5 1 NAOW 10SE chale
49 32 13 12 £ N2QE 2 Limestone
50 37 28 23 5 ___N70C 695 Dolomite
[TTIY Matrix Composition Data: Color Y-llow tan Munsell Soll Color No. 2.5Y S/%
Clay MIneral Composition
Graln-51ze Distribution xpsndable Chlorite Carbonates Cts./Sec
Sand T St | CTlay Clay Illite plus Calcite T Dolomite
22 | AC T 3k Minerals Xaolinite 7T | A0
[ B1 13

Figure 18

Data for analysis site Bl
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Analysis Site Mumber _p2 Morphostratigraphic Unit ploomington

Location NE NL SE Sec. 28, T.23N, R.3E.

Elevation 820' Depth of Analysis

Topography D and E slopes near top center of moraine

Quadrangle LeRoy

8' Type of Exposure Roadcut (old)

PIII Pebble Data:

No. Dimensions Shape Strike Dip Lithology Misc.
1 21 16 14 5 N5 OwW 15t Dolemite
Z 1% ] 4 L:§ RO 35T DoTlonite
3 23 22 10 2 N1OE 305 Chert
4 26 12 10 6 N1SE 65N Siltstone
S 23 20 14 2 ) OE 10N Lolonite
6 22 18 15 S N2 OW n Grecnstone
i 23 | o5 13 3 N7SE 105 olomite
13 4] S 1 L 305 Basalt
16 15 11 3 NIOE 0 Dolomite
10 1l 10 5 S N25E 30t Lircstone
1) 37 2y 18 S NECW 10N Lolonite
12 2 18 12 S N 4OE 250E llolonite
1 3 24 20 1 2 H>5SW 401N Dolomite
4 20 1, | 14 7 NELT 155 Chert W
15 22 14 11 3 N/SE 45N Dolonite
16 14 1l ] 2 NUOF, 0 Doloujte
17 12 10 £ S NUSL SW Kasalt
1€ 21 17 1¢ [’ N/SE 19 Limestone
19 12 4 1 6 NIQE 70N Dolomite
0 20 14 10 S N75E 0 Siltstone
21 22 19 9 2 N4SE 40NE Dolomite
22 19 14 11 S NoSW 20:W Limestone
23 22 14 2 1 N7Qy 10¢E “hale
24 11 2 £ 3 NSQd 25SE Dolomite
25 19 9 7 9 NSOE 15NE Basalt
26 43 25 18 1 N15W 0 Dolomite
22 10 7 1 T BEES AT ThaTr
28 13 11 S 1 —_ N3IBA PERIN Dolomite —
29 12 10 7 3 NESW 0 Dolomite =
30 18 9 9 [ NzSE 30 Dolomite TRV~
31 16 8 g 6 N 0 Dolomite
32 30 24 16 3 N2SE IEN Dolomite L
33 48 42 33 8 N3OE TJ75NET]~ Dolomite |
34 18 11 9 3 NEOW 40 Tranodiorite | ]
35 15 J) )0 5 NS SW IO Doloinite -
36 10 8 B 3 N4SE JONC [T "Lincstone -
37 13 10 S S NGSW JOTT Tolonite T D
38 9 15 7 1 NSE 0 Timonite .
39 12 9 5 S N1OE 0 T Biltstone T ———_-—J
40 10 8 S S N70E LB Timestone -
41 9 7 S 2 NBOL L Dolonite
42 17 13 10 S NSST TONT Shalc
43 9 6 S [ NSO 105E ToIcnite
43 11 9 5 2 NGSE 0 Tranite
45 13 9 7 9 N7 3158 Shalc
46 12 8 8 7 NSSW 0 Tolonite
47 16 12 S 1 NZ20L 35T Thalc
4 13 9 5 [ N 105 Dolomite
4 15 10 S 1 NIOW 206 Dolonite
S 18 13 S 1 NSW 200 Thale
trix Compos on ta: olor Yellow tan Munse o: olor No. 2.
Clay Mineral Composition
Grain-Size DIstribution Expandable Chlorite Carbonates Cts./Sec
Sand | S11c T Tlay Clay Illite plus Calcite | Dolomite
28 | 30 [ 3% Minerals Kaolinite i1 1
9 75 15

Figure 19 Data for analysis site B2



114

Analysis Site Mumber B3 Morphostratigraphic Unit Bloomington

Location SE NE SE Sec. 21, T.23N., R.2E.

Quadrangle LeRoy
Blevation B850' Depth of Analysis 25' Type of Exposure Roadcut (new)

Topography C and D slopes on distal side of moraine

F’ebble Data:
No. Dimensions Shape Strike Dip Lithology Misc.
1 15 12 8 S N85SW 0 Dolomite
‘ 22 21 13 Y N 1L Lincstopne
3 2¢ 1 17 16 7 SROL 90 Doloajte LAY
19 15 12 K Ny UwW VETR Dolomite
)2 10 2 3 1¢35E 0 Linesrone
[ 10 [ 1 2 HAW 1001 “hale
] 23 20) 12 2 N30T 100 Dolomite
8 35 32 10 2 1i SOW qCN ¢ (o1l
10 S 4 3 N3SW 30154 Dolomite
10 13 1] 3 4 HYSE ~I5A l'olcinite
1] 15 )] 8 [ NCOW [4] Lhort
¥ 22 16 10 2 N30A ANCE tiscovite Gneiss
3 172 1S 11 5 N1S4 200 DoTriite
21 16 14 [ NSO~ 15N Limestone
1S 15 13 3 1 N20LE ~ 30cC Thalc
L 13 10 8 S L 305 holonite
17 13 8 1 1 N4OE 200A Shale
1€ 27 18 18 S N5SE 3584 Quirtzite
1€ 11 10 4 1 1550 S5 Dolomite
0 16 ] 6 6 N1COW 20S Dolonite
21 19 15 7 1 E 45N Shale
22 17 12 6 6 E 30 Shale
23 11 8 S 6 o4l 30N Quartzite
2 13 9 4 1 NoOW 0 Limni:stone
25 12 10 7 S N3OU 30t Basalt _
26 18 15 9 S N8SE 0 Basalt -
27 12 & S 6 N 0 Dolomite
28 16 10 7 6 10 25HW Dolonite )
29 19 13 11 7 N4 OW 0 Chert ]
30 16 11 5 1 145w 50SW Siltstone W]
31 13 10 3 1 NSUW 30 shale LAV
32 23 17 8 1 N4SW 6SNE Dolomite
33 14 | 10 6 6 N504 0 Lolonite
34 28 21 11 1 N6SE 305w Dolomite
35 20 12130 3 N2OW 90 | Dolomite LAV
36 10 8 7 3 HE5W 104 Dolomite -
37 20 17 13 S NBOE 104 Dolonite —
38 13 8 4 6 N 30 Timestone 1TV T
39 19 15 10 3 E 30 Dolomite TAV ™)
40 16 15 7 2 N1SW 604 Dolomite
4] 26 16 16 5 N1SE €] 1.incstone
2 23 20 10 1 NSOE 45:W Dolomite
4 40 16 12 6 N3UE 358 Doloni te
44 17 12 9 S N25E 20 W Limcstone
3 9 6 S 9 N1SE 158 Dolomite
15 12 ] 3 N4 OW 0 Dolomite
15 ] 13 S 1 1400 SONE Shale
4 15 9 5 6 N3SE 105W Dolomite
49 23] 18 10 1 N&OA 40t Dolomite ]
23 14 14 7 N8 5W 450 Basalt

[TIIT Hatrix Composition Data: Color Gray brown Munsell 501l Color No. 2.5Y 372 )

» Clay Mineral Composition
rain-Size stribution Expandable Chlorite Carbonates Lts./oec
Sand [ 51Tc T Tlay Clay Illite plus Calcite | Dolomite
8 |1 A4 | 3b Minerals Kaolinite E° 3
6 71 23

Figure 20 Data for analysis site B3



115

Analysis Site Number B4  Morphostratigraphic Unit Bloomington

Location SE SE SW Sec. 25, T.23N., R.2E. Quadrangle LeRoy

Blevation 830' Depth of Analysis 20' Type of Exposure Borrow Pit

Topography B, C, and D slopes on distal side of moraine

Pi Pebble Data:

No. Dimensions Shape Strike Dip Lithology Misc.
31 24 20 5 t. 35t Dholomite w
'I J7 9 7 [ L il holomite
3 15 10 8 M [T 20 thale
4 14 12 ] S N2OE 90 Lolomite 1oV
S Y S 5 5 N4 S s Lotomjtg
6 9 7 4 7 1802 90 Loal LAV
7 13 3 1 J HrOW 10w (hale
7 5 2 J NS E ) shale LAV
12 7 6 6 N /UN SiA iJolomite
10 [?] [3 ] 1 i €LN thale
11 8 [} 4 f M75E 90 volomite LAV
12 18 12 ‘) 7 i uC 01l LAV
13 11 10 7 5 HoON [{] 'olomite
14 15 12 19 7 N79Z Q9 Chert __ LAV
1S 10 8 5 6 1,702 100 polomite
16 20 19 ) 2 Nall, 45, Granjte
17 16 19 9 2 hail 90 Lplomite LAY
8 15 13 2 2 NIOE a0 _Li:ectone LAY
9 8 4 3 (3 o9k 200 Llolomite
0 10 7 7 o REIAI 400w eabtbro
21 14 10 pYf] S ROGOCG [ pRlomnite
22 10 6 4 6 NYoL 105W__] Linestone
23 I ) N L 3 Cliert ]
24 8 9 3 I NEUL 28 Quartzite ]
[ 25 | 1 1 08 [ /7 s [ _we ] 45N | Limestone [
2t Y 6 4 2 NGO Yy l.imestone ]
27 S 4 2 1 NESE 1] Shale
28 10 7 3 e NUYOE 90 loTomite
29 )4 10 7 5 N75E 60N~ Dolomite
30 77 15 ] 1 NESE | SSSE Dolomite —
3] 11 2] b [ N/LW 30 Dolomite LAV
32 11 [ T 4 N7%E 0 Dolomite ”
33 35 17 15 7 N3LE 45F Chert
34 24 15 14 7 NEOS 2SE Dclomite
35 9 8 5 > N7 90 Litcstone LAV
36 24 71 17 T H50E 30 Dolomite LRV —
37 J1 7 5 LS N7SwW [¢] Limestone
38 13 7 [ 7 E 400 Dolcomite
39 11 9 G S 14 SON Tolorite
40 13 11 a4 2 N3OE ~ B5N Dolomite
41 13 14 7 1 NJOE 30 Chert TRV ]
42 10 7 L [ NBSE 0 Chert
43 15 16 kB py £ LN Ticlcml te
44 | 13 1 10 J S NESW 50 Tolomite 19:\
45 13 13 3 k) NG5 ELY Dolomite LAV
46 12 [ 7 7 NEOL SONE Dolomite
47 34 27 15 1 NS0T 0 Shile W
48 48 26 10 6 RIH 150w Basalt
49 31 24 14 2 N70W 90 Quartzite LAV
50 14 13 7 S HE SW 350 Gabbro
TIYI MatrIx Composition Data: Color violet Munsell SolJ Color No. 2.5Y &/72
Yay M{neral Composition
Graln-5]ze Distribution] [Expandablle ThYorite Tarlnonates Cts./oec
Sand ] SiIc T Cla Clay Tllite plus CaJcite [ Dolomite
29 | 38 | 33 Minerals Kaolinite 26 1 Y
S 71 74

Figure 21 Data for analysis site B4
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Analysis Site Number BS Morphostratigraphic Unit Bloomington
Location NE NE NW Sec. 24, T.24N., R.1IW.

Elevation 820' Dpepth of Analysis

Quadrangle Danvers

9' Type of Exposure Roadcut (new)

Topography B and C slopes near top center of moraine

JFIYY Pebble Data:

No. Dimensions Shape Strike Dip Lithology Misc.
1 &0 53 45 3 N20E 0 Quartzite )
y 10 3 L3 5 NaSE TOSW T T5TOMITe
3 16 11 7 6 NE5SW 15E Shale
4 26 21 14 5 NEOL 0 Lolomite
2) 14 10 6 NGLUW 45N Limestone
A1 ] 3 2 N6SA 25SE Limestone
7 24 15 1) 7 N30L 10w Limestone
24 A8 & 1 120 25C Gabbro
15 8 S 6 450 250 Dolomite W
1 13 1l 8 7 N704 255E hert
1) 18 11 9 7 N (%) 258 Dolomite
by 94 95 47 4 NS E 108 Basalt
2 (X 33 20 5 NESE Z5E DoJomite W
19 12 12 9 N /ON 10! Diorite
S 20 12 10 6 HASE 1SIE Dolonite
€ 210 | 13 9 6 N6OL UNE Limestone
17 16 9 2 1 N/UL SOL Thale
bY: 12 13 7 2 N4AOL 30 Linestone
S 25 1 15 7 3 0 Diorite W
20 _B4 45 39 [3 NBOE 20E Chert
21 24 17 14 6 N50A 25N Timastone
22 22 1l 9 6 NE S 0 Boloms te
2 121 18 1 7 2 N20E 1050 polomite
24 15 12 3 1 35w 105 Dolomite
25 | 21 13 15 5 N10OW 90 Dolomite TRV
70 29 P4 14 q W15E I5SW Cakyro W ]
1 9 7 4 S NlSE v Limestone w
28 28 16 13 6 N 358 Dolomite
29 18 12 S ] NBOE 408 Shale
30 24 20 1) 2 NSOE 25SW Dolomite
31 19 18 10 2 N45W ) Dolomite
32 14 9 5 6 N20A 105 1  Dolomite
33 43 26 13 1 N25SE 40 Dolomite
34 19 10 ] 9 6 N30L 0 Limestone W
35 10 6 S [3 NI0E __10NE Limestone
36 24 1g 16 S N152 0 Granite w
3 12 11 S E 10E Limestone -
38 13 9 7 [ N20E 20NE Shale
39 12 ? [ [ _NBSE Q _Dolomjte __
0 45 | 32 18 1 NSE 25N Limestone
4 16 1 8 3 Nast “ONE_ Limestone =
42 _18 13 9 S N70W 20SE Shale
43 19 9 9 S _N15W 305 Lolomite
4 15 1) 7 6 N70W 10LE Chert
31 28 a8 S N3SE 25NE Granjite
20 )6 8 2 HESW 10E Limestone
19 14 S 1 N3OW 20SE Shale
8 15 13 9 3 N6OE 40S Gabbro
9 28 18 12 [ _NSW 30N | Limcgtone
50 26 23 1 N 0 Shale
trix ComposItion Data: Color €ac nse. ) olor No.
Clay Mineral Composition
Grain-Size Distribution txpandable Chlorite Carbonates Cts. C.
Sand | S5ilt J Clay Clay Illite plus Calcite | Colomicte
27 | 37 [ 36 Minerals Kaolinite | [ 28 kS
14 72 13

Figure 22 Dpata for analysis site BS
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Analysis Site Number B6 Morphostratigraphic Unit Bloomington

Location NE SW SW Sec.20, T

«23N., R.6E. Quadrangle Arrowsmith

Elevation 830' Depth of Analysis

S' Type of Exposure Fipeline Trench

Topography C and D slopes on proximal side of moraine

Fﬁbble Data:
No. Dimensions Shape Strike Dip Lithology Misc.
1 36 29 20 3 Now 90 Siltstone "]
Y. 14 9 7 9] WA oW O RISTENAE
3 14 10 5 9 NA LW 150 Quartzite
3 7 S 6 NAUA PR l.irncstone
S 13 11 10 7 AL B siltstone LAV
3 13 8 Y E] N30 0L chert
7 28 18 14 S N0 pUTH (;ranite
16 11 10 [} Ne Svi SE holomite
) 16 10 3 7 N7oW 5US Dolomite
10 16 13 & 7 N4OE 705w 1.imes tone
11 20 15 Y 3 NEOw 3LA Liltstone
12 13 11 6 3 NSO 15N Chale
3 10 7 7 3 NS 0 Quartzite
14 7 S 6 N35E 355W Limestone
15 18 14 3 1 NO W 15NW chale
16 1y 12 9 S bid vl 0 olomite
17 27 18 17 1 NoOW 205kl Lolonite w
18 29 17 4 1 LY Vo chale -
19 )5 9 5 6 NIOW__ 104 limnstone ]
20 12 9 2 S NACL; 3SNEL Dol onite
21 27 1 )5 4 Y 1i55W 509 chale
22 9 6 4 [ N2 0 holomite
23 113 | 10 4 7 _ NS5 20N Yhade | W __
24 2 19 15 3 NSO 20 ] Lirestone | W
25 1 11 3 S N Py _Jimeguone
26 15 10 2 [ H4OW. Q QuArtzitge A ]
27 1_.8_]__2 4 i _NSSw__ L 2sg | bolomite___ 1 ___ ___ ]
261720 119 5 2 NSy~ | Tesswl " polomite
29 23 15 11 S _NoOp 15w _Dbolomite
30 25 1 16 1 15 1 NSE 105k __Dolomjte W
31 1 1 3 1 HM30A 0__ chale
32 9 S 4 6 NeOgW 0 Shale
33 19 12 9 3 _NSOW 0 _Polomite —
34 15 12 8 5 NESW 3SE Dolomite _
35 13 11 8 3 NAQW 45NF, Dolomite
36 17 10 6 6 N25v 605W Chert [
37 8 S S [ NSOW 0 holomite
38 11 6 6 3 N4 SW 25W Shale
39 18 11 _Jo 3 _N6OW SCSE Dolomite
40 15 | )2 [ 1 NaowW 20My Limcs tone
41 18 12 8 6 N40E 0 Chert
42 | 15 10 8 7 N70F 40:W Dolonite w
43 18 16 11 S N1SE 304 Dolemite
44 24 20 14 3 N4OW 355w Limestone
45 14 12 20 g N50W 0 Shale
_46 10 g 2 2 N2Cd SONE chale
47 9 5 S 6 £ 255 holomite
48 9 2 2 2 N2SW SONY] Quartzite
49 | 10 S 2 [y NAOW | 20NW Bagadl
50 12 10 9 1 N35W 2040 Diorite
TIIY Matrix ComposIition Data: Color Yellow tun Hunsell Soll Color No. _2.5Y 574
Clay Mineral Composition
Braln-51ze Distribution Expandable Thlorite | [Tarbonates Cts./oec
Sand ] S1lt | <Clay Clay Illite plus Calcite T Dolomite
241 35 1 41 Minerals Kaolinite 2 1 21
78 17

Figure 23 Data for analysis site B6
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Analysis Site Number B9 Morphostratigraphic Unit Bloomington

Location S4 SE SW Sec. 27, T.23N., R.4E.

Elevation 890' Depth of Analysis

Quadrangle Arrowsmith

5' Type of Exposure Roadcut (new)

Topography C and D slopes near top center of moraine

@hbbﬁ bata:

No. Dimensions Shape Strike Dip Lithology Misc.
1 24 1Y 7 1 MISE 90 o) omite
13 9 4 4 HSon S| Chort —]
3 12 € (1 [ NASY 2004 Basalt
15 2. 1 2 1 149y o0 shale _LAY

< 13 1l 19 9 JBn el Limostone

6 STTE Y 10 6 e P Llinc

! 1& 1z [ 12 Hbl Yy nolomite

8 12 9 (% yi JIWA 4.0 _holonite

9 12 2 1 pA L0 | Lincstone
10 2 (3 3 (4 NOON 0 Guartzite
11 16, 9 y £ IV 1058 Lnolonite
12 J8 S 3 O 2 100k Basalt

3 17 & 7 6 N4SE 10w Dolerite

4 22 17 12 6 [ 10, llolcaite
18 17 Y S b HN35W SCE Jolomite

) € 9 7 [ S N3N 102 Liuestone

17 1 10 6 7 1552 S ‘quirtzite
R 11 [ 6 6 b0 10 Pasalt
19 13 10 6 7 165w 255 Dolonite
20 47 55 19 7 N4 3c:0d Dolomirte
21 14 12 7 3 NS08 Q Nolomite
22 20 15 10 5 NESE 158 Chert
Z3 14 10 7 3 14 99 B1salt LAY |
24 14 & 6 3 HSE 3045 Basalt — —
25 13 10 5 3 NaW__ | 1550 | Basalg -
26 9 ] S 7 N7 25 chale 1]
77 | 17 | 17 5 2 HGST 2500 Limestone
28 13 [4 LS 6 NEOW 2000y _ Jimonire _ 1 .
29 19 14 9 7 N2 5 15°L_ | __ Dolomire I
30 117 & E) 6 N4OE 20M0 1 _ Cranodiorite 1
11 11 7 3 6 3 1% Chert o

EYIE BRSNS L K 1§ ¥eoe 17255 T volomite _ _ 1
33 7T & 12 7 N5GA 35k holomite L
34 16 10 9 q N1OE 208 volomite

[ 3% 13 E] LS 1 NZ20W 155 __ | Dolomite_ _ ] o

|36 20 15 12 6 N3UZ 40 v Dolonite —_— e —
7 110 i LS & N30% 3CNi Nolomite _

[ 38 16 12 E) 5 70 450 bolomite _ ____ _ 1 e
39 12 10 7 S NLOL | _15SW Polomitg X _—
20 11 7 6 6 NH oW I'olomite .

41 10 7 7 3 N3SE { re
42 13 10 2 1 HALE shile
43 135 /] 7 [ NSSE Limestoneg
4 1¢ 13 10 7 N30C Diorite
S 9 8 6 ] N75¢ Jnlomite
[ 20 13 12 6 N70E _Sandstone W]
47 E] S 4 6 N75W. Iolomite
468 | 11 10 3 1 N8SE Shale -
49 15 12 8 S NoOL 100w Jolomite.
50 | 20 13 7 6 N20E 10N | Dolomite

[TTIT Matrix Composition Data:

Color Yellow tan Munsell Soil Tolor No. 2,5y 5/4

Clay Mineral Composition
Grain-5ize Distribution xpandable “TChlorite Farbonates Cis./tec
Sand | S5i1c T Clay Clay Illite plus . Calcite [ Dolomite
1 43 1 37 Minerals Kaolinite [ 2
S 8l 14

Figure 24

Data for analysis site B9






119

Analysis Site Number B12 Morphostratigraphic Unit
Location _NE NE SW Sec. 33, T.23N., R.SE. Quadrangle Arrowsmith

Elevation 880' Depth of Analysis

Bloomington

7'  Type of Exposure Roadcut (old)

Topography B and C slopes near top center of moraine

Fgl‘rebble bata:

No. Dimensions Shape Strike Dip Lithology Misc.
3 127 68 51 6 NGOV 10MW Dolowite S
Y4 20 19 9 1 N70L 30N Lolonite
3 19 g8 9 9 N7SE 304 Quartzite
11 10 S yi H1oW 30K 2bale
S 20 15 7 1 NSE A Limgstone
6 27 21 1 1 N20E 60N shle
7 21 15 1 1 N/0L 300 shale
19 16 13 4 NeLid 2008 _Limostone
16 12 bi 3 NeQul SN Dolonjte
10 20 A4 S 1 M1OL 20 uhale
1] 11 24 22 6 N1OE 90 Limonite
2 12 u [ [ MIGE 0 Dolomite
3 22 1 19 5 1 NLOC 25N {iltzlone
4 16 9 1 7 [ 1) 56 10N Tolonmite
5 15 11 2 3 N304 10]09 Doloni te
6 14 10 ) S NJOL 20N Lolomite
17 20 19 10 2 ey _2UNd Dolomite
8 22 14 12 yi Nz 0 Dolomite
19 13 10 bl S H20 30N Lolomite
20 13 8 3 1 N1 90 Bazalt
21 45 | 21 25 I N20L 805 cranite W
22 30 16 10 C 1300 0 Limestone .
23 12 22 17 A 220 0 Limestone _ .
24 3G ] 32 19 2 M1 105 Linesrone R
25 15 2 [y 6 __hN25k Ss_ 4 therr L .
26 15 4. 12 1 10 — S _NGOL ZONE Basalt _ . . 1 ___ . .
27 30.). 18 | 12 2 Noa__ {0l polemire  _ __ | _._

28 1s | 14 ° 1.1 N2SE 3ONE _ Shale IR U
29 35 25 21 5 _N2&w __ 4 _25¢E 4 _ _ Quartaite | __ .
30 32 1 29 5 2 NeQL _ L ASNE d _ shade  _ f __ ___ |
31 10 8 S B 4 Now ) __QON_{ _ Limestone L
32 a8 1 13 1 10 [ —N__ 1 .o 1 _polomize _ _ | ___ _.|
33 36 § 30 12 1 . N3aw_ 1 20sE ]l Dolomite _. . _ " S
34 12 23] 5 1 NBSw___|__90 | _ Dolomive ._ _ __J ____ _._
35 1 e 2 [ 6 NSQE _ | __JO0sW § __ Shale = . __ 4 ____
36 12 10 4 1 N3sw__ L _1CN § ____ Diorite . L ___ . _ _]
31 12 1 10 6 3 NASE 1ONE }  Limeztone ) .. ..
38 28 ] 172 ] 15 3 NeSa 1 90} _ Dolomite ____ . | _LAV-W
39 11 21 6 4 | NRSE Q Lolomite A
:g 16 1 18 4 2 N3SE ] 0 Shale _—

14 ‘ 8 [} 2008 0 siltstone | W .
42 12 & S 6 N70F AW | Dolomite
43 10 7 f 9 _N25W S8 Dolomite ]
44 10 £ 3 1 E 20N | Limestone
45 20 ] 10 8 3 NEBOE. 10w Basalt
46 12 7 ] 6 245 10s Quartzite
47 15 9 8 a N2SW 40N Granite
48 | 3o A 5 2 NZ5SE 0 Dolomite
9 23 12 2 1 N1OW 20N | __ Shale
50 10 Z 5 6 NSQE 200w | _Ouartzite W
™YY Matrix Composition Data: Color Yellow tan Munsell Soll Color No. <.5Y S/7%
Clay Mineral Composition
Graln-5{ze Distribution Expandable “hlorite arbonates Cir./oeC
Sand | 31t | Clay Clay Illite plus [[Talcite 7 T'olomite
16 | 36 | 48 Minerals - Kaolinite 8 B 14
3 T

Figure 25 Data for analysis site B12



Analysis Site Number B13 Morphostratigraphic Unit

120

Location N# NW NC Sec.l4, T.23N., R.1E.

Bloomington

Quadrangle Mcl.ean

Elevation 790' Depth of Analysis

8'

Type of Exposure Roadcut (old)

Topography C and D slopes on distal side of moraine

bble Data:
No. Dimensions Shape Strike Dip Lithology Misc.
1 73 15 3 [ LY SUH 5iItstonc
. 27 Z0 13 c NIoW 301 Tacalc
3 22 14 2 [ NAoW J0LE NDolomite
23 2] 13 3 NEowl 0 J.imestone
S 16 9_ & [ Nevl 90 L.imes tove LAV
3 13 9 9 3 LSS 90 limcstone LAV
7 34 11 4 1 N7CW 90 Liscstone LAV
19 16 12 7 NASE, 30 Linostone W
20 14 13 c NTSE 90 Siltstone W
10 12 10 9 3 5 90 Dolomite
11 45 35 25 S N1OFE 45N 1,imcstone
2 19 17 3 1 HIOL 90 Chale LAV
3 16 12 5 2 NGSW an Lhale LAV
14 20 12 9 6 NYHOE 3554 Dolomite
15 | 19 | 1% 14 7 N50L 751k Tilcstone 7
16 16 12 i 6 NiOwd aon Cabbro _
17 | )z | 10 7 2 Lo QN Chert ]
18 31 27 22 1 HEOL 0 holomite ]
19 30 20 16 5 N2 S0 ] Chert
20 57 3 4 J H15w 25y Limesvone.
21 30 20 Y] S TR 45N |__Jlimegtone )
2 1 23 T1¢ [ 2 N2 90__ Siltatone .
23 261 18 4 1 MZ0L A0N__{_ Ldmestone L
24 33 1k 10 1 N__ a1 shate .
25 T 26 |11 3 1 MI0L__ ] 4SNL ] shale . .. . L .. 7]
26 17 10 S E 0.l __firtscone . .
27 1 15 8 S S _N3SE 90 holomite LAV
26 T4 9 6 ] uesk 1 300w | bolomite ) N
29 111 T 10 5 8 N70F 40NE Nolomite T
30 18 15 10 2 NHOE_ 0_ Chert
31 18 1 4 6 115049, _omw_|  chale
32 133 |1 9 7 NBSE 90__ | _Basalt _ . _ . |_Lav__ ]
33 37 23 16 3 N6OE 30C | _ Limestone _
34 22 1 14 4 1 N3SE 90__ | shale _
5. 122 s | 13 3 NSE 35N Dolomite  __ _ __| ——
36 1 18 10 4 Y 104 1 90 | _ Limestone _ ____ | _LAV__ ]
37 24 28 10 yi NAOY 45NW Dolomite B
38 14 23 3 2 R 10% Basalt -4 o
39 25 19 3 1 N7QE 90 Dolomite 1 LAV __ ]
0 40 | 15 4 1 NB sy 0 Shale .
41 49 19 3 1 N2OE 10N cshale 1 ___ _ ]
42 | 20 ] ¢ 9 5 10K 20N | GCranite Gnedss __f W _ |
43 | 28 | 23 13 -5 Nesa 1 90 | dolemite . _ ] jaAv_ ]
44 15 | 10 10 5 T 200N Lolomite .
45 154 | 1¢ 10 4 N25E 1043 polomite - __4
46 20 | 1% 11 S N7St 20y Loionite R
47 | oc 20 1 14 2 N 90 Lirenite LAV |
12 11 ol NCO 90 | Dolomi N
4 14 13 S ] N2SE 0 Lolomite ]
S 17 15 7 1 N2OL 15N Dolomite

T Hatrix Eanpos!don Data: Color Pcach Munsell 501 Color No. JOYR S/%

Clay MIneral Composition
Grain-Size Distribution Expandable “Thiorite Larbonates S./5¢C
Sand | Silt T Cla Clay Illite plus Calcite | DoJomite
20 ] 46 34 Minerals Kaolinite [ 1T 32
17 67 16

Figure 26 Data for analysis site B13
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Analysis Site Mumber Bl4 Morphostratigraphic Unit

Location NE NE NE Sec.S, T.23N., R.1E.

Elevation _800'

Depth of Analysis

Bloomington

Quadrangle Mclean

Topography B and C slopes on distal side of moraine

6' Type of Exposure Roadcut (old)

Fn'l_Febble Data:

No. Dimensions Shape Strike Dip Lithologqy Misc.
1 15 12 <] 6 NZ5, 25\ Limestone
Y. 17 10 b 4 TN PE Limeztone
3 25119 14 2 N2l 1564 Poloajge
17 10 4 [} dutis 1524 Shale
S 80 34 24 3 NI 25¢E Dolomjite
6 o4 39 19 3 N2 25 Limcstone
7 29 23 16 -1 NOKL Qi Lolomjite
30 17 3 4 A 450 <hale
1l yi yi ] 8258 200 Bas i)t
1 18 14 [ 6 N29QC a0g dorostone
1] 12 2 4] [ HESE 20 ciltstone v'-1.AV
] 2 23 13 10 ) N0 29 Qlonjte LAV
3 11 Vi 3 (4 N1 0 Basalt
14 9 7 a 3 0 90 Dolomite
15 10 2 a4 yi NE‘ 99 Qudartzite Lav
16 11 10 9 8 M7 a0 Quartzite
7 12 10 S 2 [7es 000 Polonite
18 2% 1 g bl Ny 20 Chale 1.AV
19 13 12 Vi g N2 2Q Limegtone ] LAY
20 11 8 3 1 Beide)| 992 Bagalt ]
21 14 bl 5 bl 2iOF 0 Chert
22 13 10 3 1 fite (s 90 Polonite LAY
23 38 i 26 3 M2 Skl 0 Dolomite. —
24 1s_ | 14 9 S TR 10 Quaptzite
25 28 12 6 4 ti3SE 455W vhale
26 14 13 10 S HSSE 0 Dolomite
27 14 10 7 3 N7°E 29 D2lomive
8 12 I°] 7 S NiOW 408 ___ Limestone —
29 5 12 8 5 HiSA 25N Quartzite —
30 1 10 b 7 HSSW 40 Uolomite LAV
31 a 12 3 2 NGSE 90 _ Shale -
32 1 9 [ 5 N40C 90 ___ Dolomite _ LAV
33 11 8 7 S NGO 90 Dolomite - LAV ]
34 12 11 10 S N70E 90 Chert ] LAV
35 11 9 S 2 N20L 0 Shale _
36 13 9 S 2 N2OW 90 Dolomite LAV
37 1 10 ] 3 ) H20E 705 Dolomite —
38 13 9 7 7 N CON 0 Dolomite .
39 23 21 7 1 MW 192 Polomite
40 11 10 S 7 NGO 1081 Dolomice
41 12 8 B 3 N1SW 20 Dolonmite LAV
42 9 8 S 5 N70E 108w Diorice
43 16 13 7 5 N1Ow 154 Limes tone
44 15 13 4 1 NROL €08 lolomite
45 35 20 12 2 o0 558 Limonite
L 11 / 3 1 N 30E 90 Chert TRV
4 17 1 19 S 1 NZST 99 “hale LAV ]
48 18 | 14 7 3 NS W 30MW Dolomite I ]
49 20 14 9 7 5O 0 holomite ]
50 25 18 10 7 NAUW 20t volomite _
[T Matrix Composition Data: Color Calmon Munsell Soll Color No. 7.5YR 57%
Clay Mineral “omposition
rafn-Size Distribution Expandable Chlorite -arbonates Cts./Sec
Sand | SIlt T Tlay Clay Illite plus Calcite | Tl'oJomite
27 1 38 | 35 Minerals Xaolinite 18 | 27
16 67 17

Figure 27

Data for analysis site Bl4



Analysis Site Number BlS5  Morphostratigraphic Unit

122

Location SE NW NE Sec.19, T.24N., R.1W.

Blevation 790' Depth of Analysis

Quadrangle

Topography C and D slopes on distal side of moraine

Bloomington

Mackinaw

__ 7' Type of Exposure _Roadcut (old)

mbueima :

No. Dimensions Shape Strike Dip Lithology Misc.
Y1 | 43 24 19 6 N 2SN Dolomite S
2 27 11 Z T o5 _ACTA Thale
3 22 13 3 1 HIOW 5 chile
10 A 9 3 1FSE 5w Dolomite
E € 4 2 2 oW 401N Shhle
€ 33 17 8 2 25W 301 Chert
] 14 9 bl S LLSE 207y Limcstone
3 10 3 2 1)1 0 25N hale
13 10 7 B 10 ZUNE wolonite
| 15 1% [ 1 RGO TrA DoTonite
1] 59 | SO 33 k] NZOE €O Li.estone
1+ 9 6 5 3 NS T Chert
13 11 g q E 50t Tohe Dolomite
14 24 1% 7 2 12 0d 2001 Cicalt S
15 2] 17 14 7 NSL 40 holonite
6 1€ 15 8 5 NZ 0N CON hale
17 24 19 15 7 13 4 154 I.in.co.tone "]
18 13 10 2] 6 [N BH] Dolomite
19 31 7 S HI0L 701
20 15 10 3 7 11354 7]
21 10 5 3 4 N G m
22 ) 7 6 3 I 5A 30N Dolomite
23 119 Y 7 4 NC Son Noiomite [T
24 13 ] e 3 ? N U Dotomite |7 W
25 21 15 12 6 N1SE UEN lolomite o
20 1 o1 0 5 . nEo 50 DR GRS DR
27 | 27 117 16 7 NIOE 10N DoJomite 1"
75 14 G q 4 RARTH 5H Po¥onite  _ | " 7]
29 24 18 11 5 N204 500 _ ] lolomite o
30 62 30 17 € N204 2 Dolomite -
311 30 | e 10 6 N304 15NA Dolonite [ ]
32 37 1 25 15 6 1754 304 Limonite _ _ T
33 S0 35 25 S N4 5w 0. Dolomite N
34 25 16 7 1 N&OW 15SNW Siltstone [ 7]
35 22 16 14 7 NEOE 15SNE Dolomite ~
36 19 18 10 5 N 30 Quartzite LRV~
37 23 17 3 1 N 90 Shale T TTIAV ]
38 20 | 14 7 S NAOJ 105% Shale ] ]
39 20 ] 11 ] 1 NSE 15N Shale { .
40 15 9 7 7 N20E 40N _Limestone i
41 17 15 10 5 NSE SON Siltstone
42 20 | 16 10 5 NSOC 0 Sands tone W]
43 16 14 13 7 N5wW 0 Nolomite _ ]
44 28 20 17 9 N70E 10E Quartzite
45 32 19 15 6 N4OL 45K L.imonite ]
46 34 23 S 1 N1ON 103 chale T
7 10 & 6 S N70% 1085 Siltstone
48 | 1) 6 S 6 N1oW 20N shale [ ]
4 11 [ 8 9 N30W 104E bolomite
S 24 16 13 S N65SW 0 lLimestone
TTIT Matrix Composition Data: Color Galmon Munsell Soil Color No. 7-5YR ﬁ“j
Clay Mineral Composition
Grain-S1ze Distribution Expandable Chlorite Carbonates ls./%ec]
Tand | 511t | Clay Clay Illite plus aJcite | lolonite]
206 1 37 1 37 Minerals kKaolinite 15 | 26
20 66

Figure 28 Data for analysis site B1S
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Analysis Site Number () Morphostratigraphic Unit _Champaign
Location MNW NE SW Sec.9, T.20N., R.7E.

Elevation 780'

Depth of Analysis

Quadrangle

Mahamet

Topography B and C slopes on distal side of moraine

Ell Pebble Data:

No. Dimensions Shape Strike Dip Lithology Misc.
1 20 13 6 8 N50L 15N Limestone
Y. 21 15 14 v RERA Tr JC
3 29 ] 22 16 3 N1SE 70N Tolon; Lo T
16 1L 9 S 1L, 546 Limestone
S 20 12 10 3 YIS 1074 olonite By
6 28 20 S J LLSE 149 thaile
? 17 13 3 Y b5 205 Chort
)4 11 [] 4 To5 300A ToIcatE
18 a2 8 S RO 55¢ Caboro W
10 20 B 1¢, 6 N2l 1NN l.inrctone
11 17 12 yi 1 1ir Uy 200 ol o te
12 Z0 14 1] 3 NeSE: 25.W [olomite
3 1% 10 2 3 LiaGh 30N bolonite
14 34 2¢ 1 16 5 M5 £0¢ Doiowite
15 19 20 9 3 TELYW Lolomite
16 1% 13 8 3 [RATY 10N _hert
17 24 20 12 9 HZSE 40:. Chert
Y 1& U ) 8 NS 30: olomite
19 21 14 2 5 146 W 3ULE liolomite
0 25 1k 1) 3 HEUN hiorite W
21 KT R 2 1 K Vi B0t W
22 15 12 2 S R 200w Dolonite —
23 34 25 14 2 NN 1CLE Dojomite I S
24 1 17 112 10 S Aok 352 chert w _
25 22 12 9 5 11750 sust. ) DPolomite _ I
;f; 16 12 10 S 1i200 30, Qu.artzite
24 20, N4 SW 755W Chert
78 | 27 1 7% 5 ; __:1.’»(1'{4. 1205 |~~~ Dolomite — 1~ " '
29 22 20 12 8 NaOW [T ISNET]T Dolomite "7l T
30 14 1) 7 4 N3OW “ Dbolomite ~— T
31 15 9 8 6 NO5W 201w Cher€ — —
32 17 14 7 6 N75E 0 ] Quartzite .
33 19 14 13 5 ficor ™ | 30SWTT T Chert” T T T "]
| 34 12 8 6 6 NATE i “Tolomite™ T T[T T ]
35 14 13 7 5 KIEET ] 3RA | Dolomite - T T
36 9 7 5 6 N&DL ISW [ "Tmartsite” T
37 26 19 14 5 N75L [—35%W |~ Dolomite D
38 13 10 4 1 NAGH 0 Tranite i S
39 2] 16 [ 4 5 12 SC 207W “TolomiEe - -
a0 14 10 S 5 N& W S0SE Chert - ~
4] 42 1¢ 17 4 NS 205 Tolomite ]
42 13 10 2 2 N Thert
45 18 13 9 6 oW Thert
44 2) 12 8 6 N35E 7553 Basalt
4 14 10 ] 6 E Tolomite
4 14 9 6 7 E 0 THCTE
13 9 3 5 N754 ToE Tolorite
46 27 26 S 2 N6SL 305t Shale
49 26 2) 4 2 NG5E Z0GE Thale
50 22 13 10 6 NGOE ~ 3SONL Chert
trix Compos on ta: olor GLrecn ¢ unse 5o olor No. <.
(C__Tay Mineral Composition
Grain-Size Distribution Expandable Jorite arbonatcs Cts./Sec
Sand | 511t | Clay Clay Illite plus mejme‘
20 ] 8 1 36 Minerals Kaolinite 1T 1 3
3 75 T8

Figure 29 Data for analysis é:lte C1
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Analysis Site Number C2 Morphostratigraphic Unit Champaign

Location NE NW NW Sec. 26, T.21N., R.6E.

Quadrangle Gibson Cicy

Elevation 790' Depth of Analysis 15' Type of Exposure Railroadcut (old)

Topography B and C slopes near top center of moraine

Fm Pebble Data:

No. Dimensions Shape Strike Dip Lithology Misc.
1 23 17 7 2 N8Ot 0 UoJomite
Y4 20 12 12 a HESO 105 Lglomite
3 22 13 <] 4 N6SA 10N Limecstone
13 9 7 6 N6EWU 105 nolonite
S 17 15 10 S NZCE 0 Tolomite
€ 16 8 7 4 NICFE, 39 bolomite
7 16 15 ji S NSOk 2500 Rigalt
14 10 2 S N 3N Linestone
] 15 9 2 4 N754 _30n Cliorg
) 29 29 13 6 NSOk A0 polomite S
) 37 26 23 9 HAQ 10:0 Lolonige
2 2¢ 23 19 1 HAVE S0y Bagale
3 25 V) 13 H BRI B R paolconite
70 12 10 & L (1} Quarteite —_—
15 27 1t 4 1 Nk 354 shale __=S
6 26 18 1 35 A 250 20N Zhale e _
? 14 1) 3 1 JAUH 00 chale _
18 16 12 11 I3 TR 304 Liarite
9 24 72 9 [ NZCE 1820 lizeatane —_——
20 10 1 4 @ JIREV 0 Cuurteice _ R
z] 22 iy 9 9 H0E 29N Lizonire S
22 19 16 1 S I 19N | shale
23 1172 1 12 8 I KOO 25N} Granite __ S
24 14 16 1l S L5y n [Qiomite o
25 19 15 1. 7 NAYW 203 Gibbro —
26 37 24 12 & N30 59 volowive 4 _ ]
<7 22 A2 £ bi Ridal] 20 Chert - e
26 | 35 | 23 20 3 NGOE, SUN nolomite _ ]
29 28 19 S 1 E_ 15N thale  _ __
30 25 13 t [ NESE 2086 T Chert
31 71 | 13 3 T z 2053 Yolomite
327 17 14 g 3 NeOd | 45N — Thert i
33 17 12 11 5 N6SE “ZENv colomite — — |
34 35 | 20 17 [ NG5 10 71 TGuabbro __i
35 21 20 12 5 N75¢— | 3ORE Tolomite -~ ~ ~ |~
36 30 20 10 (38 HZ5W SUSE ] TIlEstone " — | T
37 30 27 27 B K2CT L Basalt-——~ T — —°
38 29 | 71 15 4 N75¢ IO Tolomite e
39 80 65 13 S N 353 Tolomité — — -
40 36 31 13 1 oW 205 TcTomita s -
41 16 10 o LS BEESH IS Timestone ~ [~ T T
42 16 11 10 b SO 355 frecons rone T B
33 13 9 7 S 500 3T T Tolomite -
44 26 17 15 5 L 0 Tolomite ~
45 16 15 10 7 NBTH J04 "] Tolomite "
LIS Y 7% 75 T HAOW 0 Cranite. 1T ]
47 36 3 22 € 1455 405 Bisalt
48 1 12 11 S 7 NoSE 10NE Chert -
LE] 20 1 10 10 3 NA0E 0 Dolomite [~ 7 7]
50 11 7 S 8 1SSE 0 DoJomite .
¥IIT Mactrix Composition Data: Lolor Gray Munsell Soll Color No. 2,5 2
Clay Mineral Composition
‘Grain-Size Distribution Lxpandable Chlorite carbonates Cts./Sec
~ Sand | Silc [ Clay Clay Illite plus Calcite | Dolomite
18 | 3 1 43 Minerals Xaolinite 8 T 15
2 83 15

Figure 30 Data for analysis site C2
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Analysis Site Mumber C3  Morphostratigraphic Unit _Champaign

Location _ NW NE NW Sec.9, T.22N., R.6E.

Quadrangle Arrowsmith

Elevation _820' Depth of Analysis 5' Type of Exposure Roadcut (old)
Topography B and C slopes near top center of moraine

1]l Pebble Data:

No. Dimensions Shape Strike Dip Lithology _Misc.
1 37 27 3 2 N 30F, Shale
£ 15 9 A 0 W75, 30T, ToJonl e
3 24 10 8 4 N75E 108 “hale
10 7 5 S Ik 0 Dolorite
S 8 7 5 6 N20 0 lolomite
€ 20 12 9 4 N A0S 0 Bas41lt
7 27 17 3 1 NSSE 405 Shale
8 17 10 7 6 15}, 25CF iltstone W
: 17 11 p) 6 1704 255% holomite
10 13 7 3 2 11305 20t Shalc
11 13 1.0 7 S 165E 254 Dolomite
2 24 15 8 6 NA oW 308 Bisalt ]
3 )4 11 10 3 N SUC 0 sabbro
4 62 3 25 5 NSLE 10N Nolomite ]
15 12 6 [ [ NAGE 0 l.imcs tone
16 14 9 7 4 HAGW 0 Dolomite i
17 12 12 g 3 [P 3SNE holoaite
18 39 25 20 S N8BS SSL Lime- tone
19 20 | 10 9 3 NSOL 10ME Limes tone N
20 26 20 10 7 N10W 155 Limcstone
21 35 1 23 22 [ N 505 Giranite
22 14 e 4 il NG5 0 Thale
23 14 | 11 10 8 N 0 Dolomite [
24 1 16 8 7 4 NSW 10s_ | Limestone
25 1 3 o 7 NASE 25NA Dolomite
2¢ 1 2¢ 1 33 0} 4 J180W 2007 quartzite
27 9 S 4 6 N8OW 0 Dolomite o
28 18 | 14 6 2 N704 1504 Chert B
29 13 9 [ 6 N&SC 1SNC Basalt -
30 31 19 8 1 NSSW 25NE Dol omi te
31 10 8 4 8 N35W 0 Quartzite .
32 10 9 4 8 N2ow 0 | bolomite _ | ]
33 22 16 14 [ N45W 0 Chert ]
34 15 12 6 7 E 10w Dolomite
35 15 10 2 1 NEOAN 155 Shale
36 17 11 3 ] NSW 35SE Shale 1
37 16 15 6 7 N70W 50S Siltstone _
38 12 8 5 6 NGOE 0 _Quartzite_ ]
39 11 10 3 2 N&ON_ SON Shale
40 10 4 2 4 N4OE 0 Limestonc
41 15 9 6 6 NZ0W 20t Limestone _ i
42 23 17 4 2 N15W 300 Siltstone
43 20 11 8 6 NaGW o5k NDolomite
44 18 14 2 2 N3SE 30L Shale
45 17 12 8 7 NSSW 30SE Dolomite
6 14 7 6 6 N 0- Chert ]
11 7 4 6 £ 25 Limestone
48 22 10 7 6 N1OW 0 Basalt S ]
49 49 38 1) 7 N75W 0 Chert 1 ]
50 61 36 24 4 NSOW 40NE Dolomite ] ]
[TIIY MatrIx Composition Data: Color Olive __ Munsell 5ofY Color No. _2.5Y 573
Clay Mineral Composition
Craln-51ze Distribution Expandable “CThlorite | rtm.‘aw‘s
Sand | 511t | (lay Clay Illite plus [Talcite T Dolomite
% S | 33T 56 Minerals Kaolinite - 1 17
2 14
Figure 31 Data for analysis site C3



Analysis Site Number

4

126

Location SW SW NW Sec.32, T.22N., R.GE.

Morphostratigraphic Unit Champaign

Quadrangle Arrowsmith

Elevation 760'

Topography B and C slopes on distal edge of moraine

Depth of Analysis 15' Type of Exposure Railroadcut (old)

Pebble Data:
No. Dimensions Shape Strike Dip Lithology Misc.
1 25 15 14 9 NSL 550 Dolomite
y. TT 3] | | S T o5 JONA Tolonite
3 19 18 11 3 N7 5 358 Limestone
12 [} 6 ] NGSW 30iiN Greenstone W
14 ] (] 7 1501 3IA flint
1S 10 4 1 N75L 204 Dolonite
19 1% S 2 {SOL 0 Shale
36 26 19 6 N4OLC 20NE Limes tone
14 1z 2 2 NSSE 305 Chale
p 14 10 6 b N20f 10N Basalt
1) 19 12 10 3 M10Z 3ON Granite
2 17 14 8 8 NCOW 0 bolcmite
3 26 19 1 1 NOEW 65SNE shale
11 & 3 € H50L 154 Limestone ]
p 13 13 6 3 HYA 0 Dolonite
16 16 | 25 | 10 5 NGOF, 20 Dolomite ]
17 18 12 4 d _Hast 90 Siltstone
€ 15 12 € 3 N3OE 0 Chert
E 32 1 ae 1 12 [ N23E ] 10w holomite S
0 14 9.1 8 S _N2SE A00E Lolomite
2) 14 1 21 € S NOSE 0 'olomite
<2 1 17 12 8 8 NGSW | 104 Dolomite
23 13 1 4 [ M ___] _70N Jiinestone [ ]
24 14 |11 3 2 N1OW 154 Limgstone
25 _15 12 ] 6 1 d_ NAoL__ | JSHE_ | __ Dholowite -
26 1 12 2 3 1 NAse_ 1 30u _<hale I
27 18 9 3 1 NEOW 90 _Shale —4 LAV
28 16 12 6 8 NSQW 90 Limesto L
29 18 14 11 S NAOW 90 Dolomite LAV
30 44 35 18 5 NAOC 503 Chert
31 19 15 13 3 NSOW 90 Granite LAV
32 37 23 21 7 NuOL ~205W Dolonite
33 23 16 15 5 N45E 30t Chert )
34 20 12 9 4 N75W 30E Limnestone S
35 24 21 13 S N30E 0 Quartzite
36 31 20 18 S NSO 0 Diorite W
37 16 10 10 7 NSOW JONW Dolomite
38 15 11 7 S NISE 303 Timestone
39 11 7 5 b NESW 305 Quartcite
40 15 8 [ 4 NSOE Z0NE Chert -
41 14 10 7 S NSSE TO4 T.imcscone ]
42 20 16 [{] 5 NZ5E t0C Nolomite S
43 22 13 8 [ N 0 Dolomite
44 11 ] S 5 N204 0 Dolonite
45 13 12 [ 7 NSSE 555 Bacalt S
46 | 12 10 8 7 NGO, ~ 10ONE DoTomi te
4 10 6 [] 3 MUSE 0 Lincstone
48 19 10 9 4 N25E J0SW Dolomite S__
49 15 0 10 S NSSW 405 (hert ) ]
50 16 9 8 S NE8QW 20L Dolomite
TIIT Matrix Composition Data: Color _ Gray Hunsell SoIl Color No. Z.5Y 577 ]
Clay Mineral ComposItion
Grain-Size DIstribution Expandable Chlorite arbonates Cts./Sec
Sand ]| Silt [ Clay Clay Illite plus Calcite [ Tolomite
18 | 40 [ 42 Minerals Kaolinite 9 1 20
2 79 19

Figure 32 Data for analysis site C4



Analysis Site Mumber C6 Morphostratigraphic Unit
Quadrangle Arrowsmith

127

Location SE NE NW Sec.33, T.23N., R.6E.

Elevation 800' Depth of Analysis 4'

Champaign

Type of Exposure Roadcut (old)

Topography B and C slopes on distal edge of moraine
sbble Data:
No. Dimensions Shape Strike Dip Lithology Misc.
T T 77 13 5 1ESL Sl Dolomite
Z 13 17 10 2 N7k Sl Laloaite
3 17 10 ) 4 NESY led Lolomaite
10 8 3 2 NOA 0 (hopt
< 22 21 1l 3 20 10.r Chert
6 17 13 8 3 HEss Lo Iliat
7 26 14 10 6 B0y 15.E Dolomite
13 £} 4 & pALLY A0y Limcstone
12 Ju 8 S R [s] Lolopite
1 19 PR 12 5 JIREAVE U Lizauite
1] 17 Ja 11 S R{EIN 104 Dolomite |
: 17| 1% 9 7 175 U Lolomite -
] 3 15 13 7 5 L1404 BUS Bacalt
1 32 20 17 6 N3 S0 ciltotone —
1 5 14 10 9 ) 1oLyl VAU Ligecstone
6 | 1¢ 10 9 5 ity oo Basalt ]
17 17 8 S 3] HeoW PRIy shale
8 22 17 9 DY RUBAYI 1058 Linestaue
9 135 12 vi BN NP 2008 Chert
20 18 13 11 b 7ok 10 Cabbro
21 17 11 10 € NisSW a5 Lirestone
22 22 10 7 6 NB U 40.. thale
23 | 22 14 11 3 NI 5ol Dolomite .
24 27 20 8 1 NGSW 10 Shale ]
25 1 13 [ 1) 9 S NGSW 1520 Basalt
26 30 22 115 7 N 305 20E Shale
22 ic 19 S 5 RS 3] Delenien
28 15 [ 10 S 6 E 304 Siltstone ]
29 | 20 | 16 6 5 N 204 Siltstone
30 )7 16 4 1 M40E 15NC Shale
31 12 10 3 G N70W 20004 Chert .
32 | 20 12 7 [4 NESY 458 Siltstone ]
33 | 17 11 9 3 N354 15<E Nolomite ) R
34 14 9 S 3 N754 109 Giltstone | h
35S 11 9 9 7 NEOE 10 Dholomite _
36 14 9 8 7 N3OL 105w Chert 1 ]
37 14 10 2 5 NS 9 holowite oW
38 36 32 15 2 SO 305E bolomite ] -
39 | 15 12 10 5 N7 0 _Dolomite T
40 10 7 4 6 N7SH 352 holomite _
4] 25 13 10 6 [ NSOE 2504 Granite W
42 [ 16 1 17 7 5 | Nesw 104 Dol onite T
43 4] i8 10 ) N794 300 lincstone_ _ |
44 16 12 10 6 N7 0 (uartzite
45 116 |12 2 ] H15E 10N chale ]
46 10 7 6 6 | N8OW _ 0. Nolomite _
47 20 18 12 5 H60W 20N bolomite ]
48 | 36 | 2¢ 18 6 N7 10w Quartsite ]
9 113 | 1 3 7 N70E 159 Chert
50 13 11 S 2 HSE 155 Dolomite

[TTI1 Matrix Composition Data:

Color Gray tan _ MunseIl Soil CTolor No. _2.5Y 5/4

Clay Mineral Composition

Graln-Size Distribution xpandable Chlorite Carbonates Cts./Sec
Sand [ SIlc T Clay Clay Illite plus Calcite | Dolomirte
40 ) S5 | 39 Minerals Xaolinite 10 )| 17
2 85 13

Figure 33 Data for analysis site C6



Analysis Site Number

128

Morphostratigraphic Unit Eureka

Location N4 M4 MW Sec. 15, T.23N., R.SE.

Quadrangle Arrowsmith

Elevation 910' Depth of Analysis 6' Type of Exposure _Roadcut (o0ld)

Topography B and C slopes near top center of moraine

mbbhﬁﬁca :

No. Dimensions Shape Strike Dip Lithology Misc.
1 €0 27 26 6 N 105 Dolomi te
4 29 1L 12 9 111 OF a9, acalt
3 52 32 25 [ N30E 205 sileoione W
23 20 14 i Neod 2000 Lolomite
H 25 18 10 1 RV 2004 silistone
€ 38 24 1S 9 N1 101l Lincatone W
7 24 13 13 6 NADE 20 ] Pigalt
26 1 10 1 TR 2000, yiltorong
16 14 8 5 N2i5i; Py Limestong
b 15 11 5 7 NALE 2504 Chort
)1 40 24 16 6 NHOOL 20 1,01 ¢l te
2 18 J1 7 S HiSL 200 L.imestone -
3 32 73 15 6 $H45:; 15 iolomite W,
4 44 29 29 7 NAOE 15w holomite
1S 54 24 22 6 N1Ow 34, dolomite 13
6 54 32 29 6 N 402 Dolomite
17 20 16 5 1 N7SE 0 'olcmite
18 19 13 1 1) 5 N4 5 3018 holomite
19 24 Y 10 1 M15: 200 Syenite
20 62 35 30 4 HaSC _55¢W Dolomite
21 27 e 15 6 N4SE 0 Dolomite
22 22 19 2 1 RS 40N Shale
23 23 20 [ 1 N1y 255 chale
24 19 16 } 10 g __N2Qu 358 Dolomite
25 30 20 12 3 NowW 305 volomite
<® Yl <3 1 < _NZoW (] 4 bolomite —
27 32 17 10 p] N 10N Nolomite -
28 14 20 5 S NSQA 20144 Dolomite I
29 22 ] 1% 12 S N2OW 0 NDolomite | W___
30 1 19 16 K N30J__ 1 SN | Limeztone [ |
31 45 <8 25 9 NSSL 407W _ Dolomite
32 28 35_ 20 yi NIOW, 35w L Dolomite _
33 44 25 21 6 ___NSW_ 205__] lolomiw _  _ _ |
34 20 1 14 o € N 105 _ siltstone . __ _| —
35 28 25 18 S N65SL 0 Dolomite ____ 1__ W __.
36 19 17 Al 2 NeSE ! 90 | _Dolomite 1 _ LAV__ |
37 1737 [ 12 4 2 Mo | 7051 Delomite ] _ ]
38 1 18 | 15 12 S Mg f_ 205 L Dolomive . f_ .
39 198 17 A1 8 N1 | 10c |  bolomite ). |
40 19 | 13 12 7 Mmod | 20N |  ocilestone o
4] 15 1) 5 2 N70C GON siltstone
42 | 26 1 12 9 Y NASE 40N <hale
43 20 13 12 3 NIOW 408 [lint
44 38 25 21 3 N1SA 15H Lingstone ] -
E 50 32 26 3 N1QY 255 Dolomite
46 28 | 19 2 & Now L 309 1 Lolomite
) 17 15 S 2 NSW 50S shale
48 38 3] 17 2 N10OE 505 Dolomite
49 35 21 14 6 N15E 455 Lolomite
50 23 15 pIo) [ N2QwW 90 Basalt LAV.
[IIIT Matrix Composition Data: Color Tap HMunsell Soll Color No. 2.oy 5/4
Clay Mineral Composition
rain-5ize DIstribution txpandable Chlorite Carbonates Cts./Se
Sand | Silt | Clay Clay Illite plus Calcite T Dolomite
37 1 45 | 18 Minerals Xaolinite - 1 15
S 79 16

Figure 34 Data for analysis site El



Analysis Site MNumber f3 Morphostratigraphic Unit

129

Eureka

Location _NF MJ MJ Scc.28, T.25N., R.1E. Quadrangle Dpanvers

Elevation 830' Depth of Analysis

S! Type of Exposure

Topography B and C slopes near top center of moraine

Roadcut (new)

mﬁﬁe Data-

No. Dimensions Shape Strike Dip Litholoqy Misc.
1 15 11 5 1 N SH Dolomite
Y4 7 g 5 5 T.SSW 75LL Tolonite
3 28 25 8 Py N20E 1510 Limcstone
4 11 9 3 1 1i25W __s0% Doloumite "]
1€ 11 2 [} N20L 18- Doloaite
) 19 | 17 13 JIN 158 Dalouite
7 9 S S 4 N30 158 Polomite
18 10 2 4 NUSE 15 Liscstone.
24 7 6 4 keI 3 Shale
19 s 6 1 LY 252 Loloaite
1) 1] 7 ) 7 I Q Chert
f 16 14 7 S RERV) 200 Limeatonc
3 20 16 15 3 NSO 154 Chert
18 14 9 3 N0 10 granite
15 13 7 S 4 NLSC 1680 clule
6 17 15 1 S N 252 Biotite Cneiss | W |
17 20 17 2 2. L 253 Siltotane
1€ 17 12 10 3 H2su 25E Doloaite.
19 15 11 10 yi 3954 a0 Dalomite LAV
0 23 20 4 2 N4SE 0 Shale
21 2] 13 12 [ 1455 208 Dolouite o]
2 16 10 10 [ 108 0 lL.imestone
23 14 9 4 1 N25E 205W Chert
24 10 8 7 6 N3SE 20104 Qquirtzite
25 26 1e 15 7 N3SW 25SE Dolonite
26 22 12 10 4 NSE SN Granite
27 10 8 S 6 ] 0 Lircstone
26 17 pia 12 3 150 U Dulunile ™
29 47 36 26 S N7SE 25w Dolomi te W ‘1
30 16 12 8 3 N1OE SN Dolonite
31 17 12 8 7 Ni0f 20S__ | Jdmestone
32 17 8 7 3 NAOW 10SE, Giltstone .
33 Z3 1 ] 3 HZ0E 10HE Dolomite ] "
34 21 16 13 S NAOv 0 Limcstone W
35 37 23 16 4 F. 45S holomite
36 | 13 10 3 7 NISE 20:04 Dolomjite
17 IS [ 10 B 5 NJSE 0 l.imcstone ]
38 bY 9 B T NAO- 10<W Nolomite
39 9 L L [ REET 25NE Quartzite
30 77 1% 172 g RELZ] 0 olomite
4) 15 J? 5 J. NYOWl SN Dolomite
32 20 18 13 8 N10W 5S Dolorite w
43 13 7 b 4 £ 15w Dolomite
44 19 7 [ [ e S 0 Shale
[y 37 77 10 [ NEW 25N Doloaite
L 15 11 q 1 NIJE 20NE olomite
4 17 14 [ 1 NEOE 20E Shale
48 | 22 16 12 5 NISW 155t Limestone
49 1o 11 [ S NESW 25SE NDolonite
S0 19 12 9 6 N&OE 25E Dolcmite
[TIIT Matrix Composition Data: Color Tan Hunsell 3ol Color No. 2.5y 5/4
Clay Mineral Composition
Graln-SIze Distribution xpandable Chlorite Carbonates Cts./Sec
Sand [ Silc [ Clay Clay Illite plus Calcite | Dolomite
200 [ 40 | 40 Minerals Xaolinite 7 1 17
4 78 18

Figure 35 Data for analysis site E3
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Analysis Site Number E4 Morphostratigraphic Unit Eureka

Location SE SW SW Sec. 34, T.25N., R.1lE.

Quadrangle

Danvers

Elevation 840' Depth of Analysis

6!

Type of Exposure Roadcut (old)

Topography B and C slopes on distal edge of moraine
Pebble Data:
No. Dimensions Shape Dip Lithology Misc.
1 44 57 20 B 490 Greenstone
Z ig 15 b S 0 T111.0
3 15 13 & 7 35, Lolonite
6) 44 3 7 w0 Iatonite LY
S 10 Y 3 4 1008 'olomite (7)
[3 12 11 P 7 30! [
7 )2 i 7 5 IR frint
11 i [ 6 0 Clert
)7 13 7 / P l.inestone
10 12 H 7 B 1) vajomite
1 12 i [ [ qul; Colietono
2 18 12 Yy 4 hOL! tolomite
3 13 17 7 8 1064 ‘Hlomite
4 15 5 y 5 FRIRTS Lnert
15 22 14 12 3 AUNi, P alt
6 18 14 A ) 90 Shale
17 14 9 D) 5 L iolcite
8 [ 3 1 3 0 l.onestone
19 18 14 i3 7 255 fhert
20 9 & 3 1 0 ted shile .
21 32 27 < 1 ) Thale iV
22 15 11 9 5 B 2L Chert
23 30 | 24 3 1 astid Shilce
4 21 12 10 2 0 'olomite )
25 11 7 4 2 ] 108 Granite ]
26 e ] J2 11 5 10, nolonite
27 12 & ; 8 154 Dolomite
id 5 P - - ] 1=~ ronn T
29 13 9 (9 6 10NE polonite .
30 11 & S € ) Chere
31 16 )4 13 S Y Dolomite _
32 12 ] 4 2 fusg _{_ lLinestone  _ I _j
33 1Q [ 3 i 304, _ lirestone 1 i
34 16 12 D) 7 555 bolonite 1 . _ p——
35 3¢, 39 19 7 N 3014 'olonite I S
36 1S 11 10 5 AL 0 Granite_ 1 ]
37 16 11 2 C RBEER 25¢ Lolomite e —— o
38 12 1l 7 / il 0 taert 1 :
39 11 2 6 Y N5 150 i:olomite N
40 10 8 A 5 N 100 Dolonite _
41 15 10 8 6 3 1.0 Flint
42 13 1l Y 7 N30T 30 Chere
43 16 | 11 & 3 HESE 3¢, Dolomite _
44 44 35 1! 1. NASE TONE Lolonite
45 11 3 5 4 NSSE 10NE Dolon; te
46 8 2 [ 5 N75E 35NE Chert
_47 11 I3 5 3 NAO;; 0 Dolcrite
48 | 20 | 19 8 3 N1OE 40s Dolomite
49 11 2 g 6 N3OE 4nNE Dolomite
50 22 1 19 14 S N70%; 155 Geode
YT Matrix Composition Data: Color Tan Munsell SolY Color No. 2.5Y 5/%

Clay MIneral Composition
~Grain-51ze DIstribution xpandable Chlorite Carbonates Tts./Sec
Sand | SIlc T Tlay Clay Illite plus alcite olomite
17 | 45 | 3H Minerals Xaolinite 17 1 <
.38 B3 13

Figure 36 Data for analysis site E4
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Analysis Site Number ES Morphostratigraphic Unit Eureka

Location SE MW N4 Sec.10, T.23N., R.6E.

Quadrangle

Arrowsmith

Elevation 900' Depth of Analysis S' Type of Exposure Pipeline Trench

Topography B, C, and D slopes near top center of moraine

Peblble Data:

=
No. Dimensions Shape Strike Dip Lithology Misc.
hS 15 1} E] 3 1.OSE 4] Limectone
Y4 T 14 T 5 T 3 TSIOTIYT
3 13 1] q 7 PGS PSR noJoinite
4 )1 t, 6 L 120t 100N T rostone
S )4 1] Vd 1 S [H TraTe
[ 19 13 11 S 1 o0 10N Nolomile
7 15 )2 7 7 REEYS 36, A 1inostone
1% 1] 3 1 LDV AR Thale
14 1) A 2 “Nolomite
10 11 ‘3 B 5 Toloni Ce
11 18 11 S Y Tolonite
12 1S 12 11 5 Tincstone
13 Bl B LS q Tiootone ]
4 1] 3] B 5 Cuirtzi te
15 12 10 9 % T.:hhro ]
16 11 Y !, 4 Quartzite
7 ?3 17 7 7 Cincatone 7
)8 [ 34 JH 5 Dotorite TRV=-5
1Y 45 32 <& S holomite
20 27 15 12 3 Tolonite TRV
2] 5k 7Y 23 [3 vonqloicrate W
22 22 15 < 6 Nolomte
23 22 14 ] 6 hoiomnite -
24 12 | S 4 Limen tone — 1
25 2n | 17 1y 7 Siltstore 1 |
26 1 15 | % a 6. T hage T T
z/ 19 i 14 7 bolomite
28 14 )3 7 7 i limrstone 7]
29 11 7 6 4 L25L0 0 Shalc '
30 15 18 9 7 Lo 109 Crert
31 21 1 10 3 1 HEEI 10:E Stale _
32 17 s 4 1 D N | __riitstonc
33 15 1 10 7 © R 20C Chert
34 16 14 2 S rZ5d 10.E Nolonite ]
35 15 10 4 2 HEEW St Thale ]
36 19 1] 2 1 217 1510 chale
37 24 13 20 6 NEW 35T T Dolomite —
38 14 1] & 5 N35L 0 Quirtaite T '
39 37 25 16 [3 RS G0 T.imestonc 1AV T
40 15 13 10 5 R 100w Cuartoite - )
4] 32 17 1t ") K7W A0 loTomy te TTTTTT
42 15 10 5 1 FRET 45:. hoJomlte '—'_"j
43 21 10 11 > NG A0 [ T1ltstone s
44 21 30 7 4 TN — 0T molomite -
45 13 17 2 1 N a0 “hale ] -
46 1% ‘y [} 2 N7 20T Thale
47 14 11 7 S RV 90 Nolomite |
48 16 10 10 7 L EUW KR <hale
49 JE 15 10 7 1oSW LESH “hert
50 24 18 12 ] WaNk SONH Chert
[MIIY Matrix Composition Data: Color Tan Munsell SolY Color No. 2.5Y 5/%
Clay MIneral Composition
Craln-Size Distribution Expandable “Tilorite | [Tarbonates Cts./Sec
Sand T S517c T Clay Clay Tllite plus Calcite 7 Tolonite
286 ] 38 | 34 Minerals Kaolinite 8 1 19
3 80 17

Figure 37 Data for analysis site ES



Analysis Site Mumber L6 Morphostratigraphic Unit

132

Location NE SW SW Sec. 35, T.24N., R.6E.

Elevation &60' Depth of Analysis

Eureka

Quadrangle

Gibson City

5'

Type of Exposure Pipcline Trench

Topography B and C slopes near top center of moraine

1 Pebble Data:
No. Dimensions Shape Strike Dip Litholoqgy ju_.c_
1 14 3] 7 6 NSE 0 Dolomite
7 37 7 13 7 LD I Tolomite
3 30 21 10 1 NYSE PRIHK Chert
4 19 9 5 & Hi 0L, 14 A bolgmite
S 16 11 4 2 LSk 402 fhale
[: )Y 14 2 1 Lt Q] <hole
7 15 12 7 [3 HAMY] 90 Chory LAY
A4 5 7 [ tiy D) Diorite
32 27 21 [ NSS4 3000 Dolomj te
1 11 9 g 9 b 2048 ciltsvone
1) 21 14 29 g L5 40Q% chert
F 19 11 3 6 HEON 0 Chort
3 12 9 ) 5 MAC 3905 Lologite
4 14 | 12 & 9 NRSD 0 Lima: tone _
15 10 Y [ 6 NZSE 200 Limgotone
6 10 2 4 1 Ngsd 80k volonite _
17 16 1 11 10 [ o S Dolonite
18 13 10 [ 2 NS 204 cdluatone
19 13 13 9 1 LLOL 40 ciltutone
20 17 13 12 3 s 25uF volopite _—
F3} 16 10 [ 4 ML Q Ligeztene 1
22 22 i [ 4 5L o .} _shde L
23 13 u 2 Niuk _2hid Lolomite -
| <4 | _s2 1 29 18 S L1052 99 Lodowite 1 LAV-W__
25 13 1 4 2 __H2or 4509} DPoleadte ..o}
26 20 18 11 A HLSE oo ) . sbabe o o
27 25 11 10 1 N o e LimpzrQue, _ )
78 12 9 5 5 (R A Dolonite w__
29 15 15 7 7 M15E 90 Flint
30 6 114 2 7 NIGE |4 Lhale -
31 36 33 27 5 H75E 401 ~Cabbro ]
32 1o 11 8 6 NSE 108 Nolomite
33 16 13 17 3 D 255 tiltstone -
34 16 71 9 7 NS5E 102 Dolomite
35 24 16 S 1 N3SE 50w Siltstone
36 16 11 kS 1 REDIS 753 Shale .
37 12 ] Y] 2 TISE 80S Chale T
38| 12 9 5 6 TN IR 1.imes tone T
39 13 11 g 7 N50C 90 Dolomite LAV
40 13 9 g 6 NS 155 Bisalt
a1 | 32 | 3 3 1 K104 0 Dolomite ]
42 16 10 e 6 N20d 0 Rasalt
43 43 a0 16 7 N 505 chert
4% 66 36 24 6 1204 20NW Ghlto s
45 33 23 13 3 M55W 3004 L.ir_svone
16 9 7 % 2 NS 10%E Dolcaite ]
47 12 10 7 5 M 10=- bolonite
8 78 70 14 4 NG5S SONW Lolomite _
9 23 18 17 7 oW 155 bolomi te
12 9 9 S N1SE 25N Granite
[TTI] Matrix Composition Data: Color _ Tan Munsell Soil Color No. 2.5Y 5/4
Clay Mineral Composition
rain-5lze Distribution ] [Expandable hlorite [Tarbonates Cts./5ec]
a € clay Clay Illite plus Calcite | Dolomite
24 | 3 1 37 Minerals Kaolinite - 1 15
3 81 16

Figure 38 Data for analysis site E6



Analysis Site Mumber E7 Morphostratigraphic Unit

Location SW SE SW Sec. 24, T.24N., R.6E. Quadrangle

133

Blevation 810' Depth of Analysis

Eureka

Sibley

Topography B, C, and D slopes on proximal side of moraine

6' Type of Exposure Pipeline Trench

1Y Pebble Data:

No. Dimensionc Shape Strike Dip Lithology Misc.
1 2) 12 8 6 NSE S Basalt
< 1 26 17 10 f 11 Sl siltotrone
3 13 g 6 4 4208 nolamite
20 16 9 2 G X Cheer
14 11 i 9 13l 1000y imalt
17 2 6 5 HeCE 200 Che 1t
7 17 17 11 3 NS 39 W Dalomite
8 37 12 14 [ REEH Nholoaite
9 5L LU 17 7 G 1) Gilt.tone LAY
10 16 1z 11 S NAUU 2001 folonite
11 75 1Y 12 3 NS HONL Ll tone =
12 14 7 7 4 oS YO N holomite
3 )7 14 17 5 N 54 200 l:oloaite
4 2] 13 S 1 Ml 15:! holemite ]
15 2t iH 15 9 705 ;. Li~estone
16 11 [ 4 3 HLE a0 folonitae
17 14 15 10 7 [ 10 olouite
18 )6 12 Y 6 0L l.i~estone
19 36 7 Y9 1 N 7TON Doloumite
20 20 14 10 3 HASE 10N Dolcaite
2] 13 10 S 1 e a5y Dolomite
22 19 6 3 4 MW 200 Dolomite ]
23 19 16 9 5 NoW 30 Holomite TAY
74 17 10 6 & TNk Shale ]
25 11 7 3 6 N20E 0 Lincstone
20 1] (<] 5 6 1id 58 10HE Limostone
P i0 3 4 ) ticdi. 4., bolomite w
78 20 13 12 A N 0d N Dolonite W
29 <0 a7 9 1 NS oW on Chale o
30 17 13 10 S N1O4 10N Limestone - ‘
31 22 16 12 S HAOY 200 Limestone | .
32 15 11 g 3 N 108 polomite, 1
33 10 9 4 1 HEO 15w Limegtane _1 .j
34 16 11 0 S NEUN 200 Plomite . ¥
35 24 17 7 1 Nz5E 10 _bolomits . .
36 1€ 12 10 6 H254 25¢E didmesrone __ L ]
37 14 10 S 2 NIUW 10i; Chert I
38 12 1N t 7 1601, 10 Chert S
39 12 10 6 5 NLOL ERRE _Limegtone ey =
40 1E 17 3 7 Nast Chert, ]
41 27 15 7 2 /5L ot Chert L
42 12 10 4 ] NIOL 3N Chery L
43 | 10 4 2 4 RS 1E: chale
LY 390 70 16 3 NZSul Big 1L 8
45 16 7 3 4 N7SW 250 lolomite
46 4] 17 11 3 oy | folonite -
a7 71 17 9 3 N 15N Dolomite
48 13 g 6 6 N1SE 201 thalg
49 8 14 7 5 NIOW | 45N shale
50 36 30 227 8 N/SE 35N Limestone Ry
PHYY Hatrix Composition Data: Color _ Tan Munsell SolI Color No. 2.5y 5/4
Clay Mineral Composition
Grain-5ize DIstribution Expandable ~Chlorite Carbonates Cts./Sec
Band | Silt [ Clay Clay Illite plus Calcite | Dolomite
28 1 38 | 34 Minerals Kaolinite 2 | q
4 81 A5

Figure 39 Data for analysis site E7



Analysis Site Number ES8 Morphostratigraphic Unit

Location _ NW N4 MW Sec. 3, T.23N., R.3E. Quadrangle LeRoy

134

Eureka

Elevation 840' Depth of Analysis 5' Type of Exposure Roadcut (old)

Topography B and C slopes on distal side of moraine

PIIY Pebble Data:

No. Dimensions Shape Strike Dip Lithology Misc.
1 10 4 4 [} N1 OE 15H I'olomite
Z 17 10 7 A T RALS M CETIEY
3 13 7 6 4 NA LR Jisalt
4 H < 4 3 koA ) Lolcmite
S ) H 4 4 ] 10570 shale (Lpores)
3 25 27 12 7 N Zisd Lol loJomite
7 10 7 S (9 M)W Yoy hotomi ce
)0 7 4 6 Uy Zimi 1.2 mestone
) 52 23 12 7 N3OA Y d Cnert
10 75 74 12 7 3 10 iolonite
11 15 g 5 [ N e et
2 27 17 14 5 N6 (A 40Nt bolonite W
13 10 b 4 4 [ Su, (hert
14 17 10 8 7 HISW 75 Thort
S 1% 10 7 S N7 BT (hort
1 10 / S 6 HvOn 204 “olomire
17 17 14 11 7 NZJ 0 Chle
8 13 V) 10 6 HALY 1500 Grarice
19 3] 21 12 2 2304 90 <iJtotone LAV
20 20 1] 7 1 N5SW 3007 Chert
21 15 11 10 3 M)W 30 l'olomite
22 )8 117 11 7 ] 2%\ linlomite
2?3 1€ 7 3 4 N3OL 200 hale ]
24 | e 1) 7 8 N3OE U l'olomite e
25 oc. 14 B ) NESE T “hala Y
[ 20 217 16 11 3 o 20d__ ) __lLimestone 1 |
[ 7 29 24 19 S M5 ASNA_ | Polomite T T T
28 3 20 1 A LW 251w tnile W
29 e [ 12 a4 1 ) AT 20 _ ] thile _ __ I
30 31 ¢z 1 10 _2 NGSE 358Nk | _mitstone
)y 21 19 10 2 NS OW 35NW_| _lolomite ]
32 17 ] 12 a4 2 N2UA 20:L “hale -]
| 33 2 5 3 [ Hace MY Lolomite ]
34 12 | )0 [ 6 N2 Y 200K | _Limestone
|35 25 20 8 ] NSOW 24w Limestone_
36 17 11 10 6 1 waow_ 1 ssou (
37 26 1 19 } 1% 3 NEQOE 200
.38 14 1] 10 7 H1bW 15H
39 1 1S 13 1 6 8 N30W 200! Limcstone 1
a0 59 _{ 18 S 1 MBSV 10 ‘hale
41 28 bE] 12 6 NBOW 10w Limestone
42 | 19 12 9 2 N75W 100 Chale
43 13 10 6 7 1B an Limcstone
44 19 | 17 15 5 NASE SSNW I'olomite
45 28 24 10 2 NSOW 90 Shale LAV
46 26 17 e 7 N75E 25E volomite ]
47 22 15 10 6 NSOW 90 Quurtzite
48 | 67 49 32 S NSW 455 Polonite
49 25 22 10 2 N3sWw___]_ 90 Limestone
50 25 15 12 3 N70W 30w Siltstone
11 Matrix Composition Data: Color Tan Hunsell Soll Color No. _2.5Y 5/4
Clay Mineral Composition
rain-Size Distribution xpandable Chlorite arbonates Cts./Sec
Sand | S1l- T Clay Clay Tllite plus Calcite T Tolomite
28 1 a3 1 29 Minerals Kaolinite [ 21
3 81 16
Figure 40 Data for analysis site E8
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Analysis Site Mumber E9 Morphostratigraphic Unit Eureka
Location N oW SW Sec, 10, T,24N., R.2E. Quadrangle Normal

Elevation 840' Depth of Analysis

Topography C and D slopes near top center of morajne

5' Type of Exposure Roadcut (new)

MBIQ: Data:

No. Dimensions Shape Strike Dip Lithology Misc.

1 42 I3 23 6 HESW PEY] Dolomite <

2 {4 o5 2] D T o ToOTonICe

3 20 ] )4 10 7 1ik 5 i Chort

4 22 12 11 3 N3YL 17W 'olcmite

S 42 42 2l 3 HEOg il holcnite

6 25 20 3 1 NEOE 30.. Laale

7 11 | 10 7 2 1180E 0 LUolomite

10 4 3 [} N 157 lolomite

] A€ 28 2 6 REDIN 250 bolumite
10 7 4 S 175t 15 Lclomite
11 1S 14 8 5 HATA 20 llolcnite B
12 19 12 10 6 MLTW 20l 'olomite B
13 1k 12 11 3 et 20 Dolomite _l
14 25 20 1 9 N il 0 Tolomite
15 24 25 20 4 L 90 olonrite "1
16 28 20 14 O Lot 10 lolemnite 4
17 20 14 11 4 J 3 liig ] lolomite R
18 11 Y 4 6 NASL 0 . imestone
19 15 14 12 5 HE 1:01 03 tn
20 13 10 7 3 NoSL Chore
21 24 72 12 7 M75u bolomite

[ 22 | 26 15 10 [ 0L bolomite LAV
23 15 12 10 5 N7 I’olomite ]

[ ¢4 | o3 517 24 [ NI L.imestone _
25 1| 29 14 S NasSy Poionite 1 =~
26| 17 | ¢ ) 5 i ite

| 7 ] PR 1) 5 L :

% " I sz | 74 y [ sl —___lolomite -

29 291 17 11 _4 NEOE Chert 1 .

30 46 | 39 19 6 N1uw oM _bolomite

31 17 13 11 1 ¢ HISA _9) Polomite _ i

32 45 44 20 3 N CIL] 0. ___Linmestone _ __

33 22 1¢ 14 3 M1SE 453N Dolomi te 1 o

34 10 ] 4 & E 25:, Quartzite _ _

35 13 10 7 3 N2 105 i'lolomite _

36 20 15 10 7 H10w 20N Dolomite

37 16 10 9 3 NSOL 2S%E Limestone T

38 21 | )4 10 6 3 10w Chnrt B

39 25 21 18 7 N6 SW 250 Dolomite

40 22 15 10 3 NS/ 40N Limes tone

4] 12 4 € ZESY] 0 Dolomite

42 17 14 9 S H15W 10N Limestone ]

43 16 ! 3 1 NCCE 1358 Thile -

44 18 10 10 7 N7 306CE horc

45 12 7 5 3 NSOW 3550 L.Imcs tone

46 30 19 15 S___ . N79C 40 ‘lioTomite

47 11 3 3 4 N3OE 30NE “laralt T T

48 16 14 14 8 NSOL 35NE holomite W T

LENE BRI 2 6 N 40X Dolomite T - 7

50 1s [ a0 p) 3 NGO 104 Gandstone_ | W]
TI11l Matrix Composition Data: Color Tin Munsell SolY Color No. 2.5Y 5/4

(1ay Minera) Composition
Grain-Size Distritution Expmﬁble = ChYorIte Carbonates Cts./Sec
Sand T T1Jc T Clay Clay Illite plus (Calcite T ToTomite
22 1 40 [ 3 Minerals Xaolinite 11 { 27
4 82 14

Figure 41 Data for analysis site E9



Analysis Site Number E10 Morphostratigraphic Unit

136

Location NE SE SE Sec. 3, T.25N., R.1W.

Elevation 770' Depth of Analysis

Eureka

Quadrangle
6' Type of Exposure

Danvers

Roadcut (new)

Topography C, D, and E slopes on distal side of moraine
Y1 Febble Data:

No. Dimensions Shape Strike Dip Lithology Misc.
1 14 12 7 3 N700 90 holomi te LAV
< § 14 b 2 [ JTEIRA 00k ldue.tone il
3 12 9 6 2 HASN R (hert

45 23 13 1 HHEE Z0ONL tink Nolomite
E 14 10 6 7 NA YA 35104 Crort
6 20) _12 [ 4 Nifd SUN Dolonite
7 12 ¢ 2 2 108 108 e

13 £ S [ HZ5E 15 Nolgnite

A& 45 S 2 Y 20 l,irmestone

1 13 g [4 (] NSO 2531 lirestoneg
1) 15 10 Vi S N4OE 10w [olomite

1z 14 11 2 9 NSSE 0 polyarite
3 13 L) 2 3 T 4CN nolenite
4 52 2 1 22 3 708 304 solgmite

1S | 13 17 < © NZOE 105w fo) ool te

16 21 17 15 8 NS&A 90 Lizcegtone LAV
17 15 22 9 2 I3 10 Yole

18 16 14 11 2 127 255 Lircgtone

19 1 172 13 10 S M1OE 305 ] Lirestone
0 15 12 10 2 H2SE 39 W ] Quartzite

21 14 12 9 Y 2SE. S00 Quartzite

22 18 14 13 S NG 40N Do lom te .

23 24 20 10 S HALE 45CE Lim stone
24 | 14 19 9 9 NASE 30N 'olomite )

25 38 23 16 2 ML 15HL holomite

26 19 1 17 10 S NTLL 10L Bigalt

27 20 25 25 3 NIOA 0 l.izcctone

ig LU P R By R 251 1030 tone

29 1z 19 5 S N3LE | _20NE | Chert
30 9 1 9 _ 6 NOSA 6SE Dolomite

31 13 10 8_ S N1ON 20N Red_Jasper
32 )8 14 6 5 N20L ZON lolomite _

33 2| )4 13 6 H1OT 30n Chert
34 17 10 & 3 NEW 15N Dolomite
35 15 Jo S 1 N5 5W 208w Chert

36 13 10 2 1 N4SE 15Ne Shale

37 14 10 & 5 NCSE 0 Dolomite

38 12 7] 2 1 N8SE SoW Snale

39 26 1S 14 2 NSSW 15NV Chert

40 12 7 S 3 NEOW 304 Colomicte

41 15 7 & 6 N25¢ 20°W Shale

42 14 9 8 6 NsCA 10SE Dolomite

43 13 12 4 1 NEOW | 204 )

13 12 9 i H3SE 105W Chere
S 12 9 _5 S N3SE | 1ONE I'olomite
14 11 7 3 MASE ] Sy Chort

4 121 1) 7 6 N2sy 10°E bolomite

A8 19 12 9 3 N20E 255W Nolomite

43 40 20 6 1 NSE 10N Shale 3

S0 12 10 € 3 N704 150E olomite

[TIIT Matrix Composition Data:

Color

Bufl tan Munsell SolI Color No.

2.5 5/4

(Clay Mineral Composition
~ Grain-Size Distribution Expandable Chlorite Carbonates Cts./Cec
TSand | 511t | Clay Clay Illite plus [ Talcite T Dolonite
20 ] 3% 1 42 Minerals Kaolinite 2 1 13
5 84 11

Figure 42

Data for analysis site E10



Analysis Site Mumber Fll Morphostratigraphic Unit

137

Location _SW NE SE Sec. 34, T.26N., R.1W.

Elevation 700' Depth of Analysis

Eureka

Quadrangle Danve

rs

€' Type of Exposure _Roadcut (ncw)

Topography C, D, and E slopes on proximal side of moraine
1] Pebble Data:
No. Dimensions Shape Strike Dip Lithology Misc.

1 10 7 5 4 NIOE 0 Flint

V4 B 12 Vi 2 W 8] TTetL

3 16 A4 9 [3 13UE 1 W {iltstone

4 12 10 7 o 100 5ee Tolanite

s 1 20 } 15 b A1 ] 20t T 1ivestone ]
6 20 1 12 ] 6 LEow I 1. ime s Cone

7 11 2 9 6 1S 0 ol

2 < 4 s 7R 0O G Llro

) 13 | 1z bi 3 T 1008 Liolemate
10 138 1 u P L0 Ao 1.1 ontone
1) 17 19 1 6 Leue 1508 Litec. tone

2 a3 1 a0 Yy S 1 RS

13 18 10 10 K] NS

14 < LU 49 b MIOL
15 2i 120 12 7 [ ]
16 25 20 1 5 1ALE W
17 14 12 L S 13Uk
18 16 z 4 1 [
19 49 KN 22 S E Tolonite LRV
20 11 L 7 1 H 305 v | voromite —
21 12 L 7 6 ohd I vol - )

| 22 19 )} 3z 1 10 Y TS lolonitn

43 18 13 Y 5 NaW Dol oni te
5 —_—— - p—— 4

24 | 14 11 7 S Hod | ; Solomte
25 15 12 9 7 N2 stone
26 | 1y 7 5 ] 6 NeSA 1604 holon: te -

B BRY N ESY “ 5 i 11T | Thaanire — 1T T
26 11 9 7 & NdOW 4t ¢ | Quirtmite T
29 21 17 9 4 1sW_ | se Lire«tone ]
30 14 1 12 A 7 NS W 1Sia_|_bolemite
31 12 7 6 6 Ny 10N lioloni e
32 12 7 5 5 NESE 104 | _Crere _ ]
33 10 21 6 5 N2 OW SE Dol o te N
34 43 24 ] 1% 1 3 3

[ 35 24 18 1Y < NESW
36 €2 52 33 3 N754
37 Y S o 6 L CW
38 23 20§ Ja 6 l6W
39 10 t 4 [ HAYW __Shale —

40 A8 20 ] ¢z 3 N25W | Dolomite S
41 201 16l 11 4 TR Gl Dolomite T T T
42 | 4] 10 f ¢ HINE ]
43 [ 49 x) 6 N
44 10 Ja 10 3 NL(W ) I -
LH 251 19 1l 6 NG RS
46 39 21 / 1 N/SE Thile
47 6] 12 $ 1 REOT: Thiic e
48 43 221 4 3 /0w {olomite -
9 1 1 5 5 o W7W Cuartzite
50 2 11 P b NA W hert
[TIYI Matrix Composition Data: Color Tan Hunsell 5olT Color No. 2.5Y 5/%
CYay Mineral Composition

Crain-51ze Distribution “trmfme “Thlorite | arbonates Cts./56C

Sand | 511t T Clay Clay Illite Plus Calcite T DolomI<e

I6 1T 55 [ 29 Minerals Kaolinite .0 1 A

S 02 15

Figure 43 Data for analysis site Ell



Analysis Site Number N1 Morphostratigraphic Unit

Location _NW SE MW Sec. 18, T.23N., R.6E.

138

Elevation 830' Depth of Analysis

gt

Normal

Quadrangle _Arrowsmith

Type of Exposure _Roadcut (old)

Topography B and C slopes on distal edqge of moraine

FZI] rebble Data:

No. Dimensions Shape Strike Dip Lithology Misc.
1 73 51 35 B N10E 15N [:olomite
<z 17 iz Jn (4 NRSO KSNE Hacalt W
3 76 1k 12 7 NSOE 1) Jorel toupil
4 S¢ 27 20 g N1S# 250 oranite
S 26 22 17 8 HENE v Liolemite
6 14 J) o S post, Joag Jpisezrong
7 34 20 b D D aleite
A 9 S 4 25 . Lirestone
] 14 12 7 S 30z Jholomite _
10 37 2] PR 3 0 Linentone ]
11 30 Y 2 o 19¢ uairtsite
12 ¢ lu 12 ; 200 Jthert .
13 70 19 11 S Y tartaite
14 24 Y 12 s 2 oic-ite o
15 14 10 / b Ju_t_Jbimedstone .
[3 16 N 6 2 20, ' hile
b? 14 17 a 1 15 i [ hort j‘
18 14 )] A 7 1o Teneeet .
19 12 B i 7 Jartsite ]
20 24 1Y 14 6 _Jsacie _—
| 2) 40 5 7% 7 _Juolonite
22 & o ¢ 9 int _ o
23 SV BSVER I 1 %] Lie:rone ]
24 13 10 6 8 siltztone —
25 22 12 16 3 Chorg
% 3s 20 1 3 Lircctope | W
? 22 BN EBX] 4 | Smpmm e
%8 14 10 3 6 Shale
29 13 7 6 5 Light Crystalline(?)
30 28 26 19 S Lolomite
31 14 9 8 6 NICW 335a1¢ ]
32 14 1] 7 5 ] Basalt ___
33 15 B 7 6 HENE, Giltstone W]
34 13 12 b 7 REIY] veonite -]
[ 35 17 9 7 4 0L .~ [13rcntone - T
3t 13 5 3 1 MNLGE <haile
57 |15 P I [ {Limonite — ~ 7T ] ]
38 13 1] 7 S REES] ha
39 E3 ] 3 1 N/SE
40 [ 10 7 6 9 R I
4] 16 14 9 7 W00
42 751777 13 5 Niow 1
43 20 18 2 S —_NGOL “Tvolomite
44 15 12 7 ] NuSE Dolomite 7 .
35 17 11 t 7 N0 [ [Amestone
L1 14 11 T 7 NTOE holom: te ~]

47 T3 7 5 J _iA04 2087 Tiofonite ' -
L1 17 [ 713 b 6 WeoW 0 " T<ITtstone - __
a9 15 10 8 [ R 155 [Boaue | T ° ]

B 13 10 9 5 170C 155 fChert
[TIIY Matrix Composition Data: Color 1an Munsell 501l Color No. 2.5Y 5/4
13y MIneral Composition
Graln-51ze DIstribution Expandable Thlor{te arbonates Cts./hec
Sand | 511t | Clay Clay Illite plus alcite olomite
19 1 4s ) Y] Minerals Kaolinite 6 13
6 78 16

Figure 44 Data for analysis site N1
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Analysis Site Number N2 Morphostratigraphic Unit

Location SW NE NE Sec. 14, T.24N., R.1E.

Quadrangle

Normal

Danvers

Elevation _800' Depth of Analysis 10' Type of Exposure Roadcut (new)

Topography B and C slopes on distal edge of moraine
Ell Pebble Data:
No. Dimensions Shape Strike Dip Lithology Misc.
1 25 1y 8 2 ey 10% Chale
Z 29 23 1 20 i 2y [o] Limcotone
3 11 10 bi 9 LS 2ot viorive
4 22 14 A 1 _neoy S0ty Jlolonite
H 12 10 8 S 175 Y0 “hert L\
6 11 & 4 9 TR 490 tolemite Y
? 23 14 € 1 R Jih [ holomite
8 30 23 20 3 IR 300 (n-rt
9 17 14 9 8 o 50 Lolomite
10 1S 14 1 2 135k Gl troale
1) 13 10 10 < L AS7 Dolonice
12 18 16 B 4 N an L0l te
3 13 7 3 6 e S <C.. olomite
30 25 5 1 VELL 40 ‘hile
15 21 19 17 3 Pyt 0 Lolonite
16 8 3 S 2 NizUW 0 olomite . 1
| 17 10 6 S 5 £ 0! Jidmestone
18 13 & S 3 peoy 90 Lolomte LAV
19 21 17 10 yA r PN iolamite
20 e 15 12 3 N75T 304 __| lolowite
2] 17 14 ] 8 Jeoa 105 ] olomite
22 0 e 1 J NSO 20§ chale
23 16 14 9 [ NoW LSW ] Linegtone [
24 12 & 2 < R 205 rolouite |
25 %6 46 <0 5 H25tE 5S:i Ciltstone _
| 26 ] _1¢ 1310 | & ] N __[ 90 _ | lamesvone_ _ S A
27 10 Z 6 3 LA oL v tolomite ] o
2t 1K 13 9 @ | NZwAd ] JSAd__| Dolomite R _]
29 <0 14 7 1 LASW _ 90 [ <he _
30 27 16 f 15 _ 5 N7OM 304 | Nolomite __ 1 R
31 16 ) 8 4 NN 0 tolouite 1 s
32 16 91 9 (1] NSO 1 1 C [P G
33 42 31] 23 9 NAOE 0 _] bolomite 1 B
34 14 10 9 5 NS0 15N _| Limectone L ]
35 31 201 13 6 NaOW 26| holemite
36 30 1E 15 3 N1SE 208 | silwseone 1 ]
37 27 22 15 S R{ 204__| Cherty Lolomite | B
§ 38 | 17 14 11 5 NOOW 0 Chert_ ] .
39 21 12] 10 [ 2ow ] Jon | ciltztone e ]
40 42 30 15 5 HOoSW | 0i_] rolemite _
4] 21 16y 11 3 NLSE 102 | Iclomite
42 16 1] 10 2 NEv a0 Chert LAWV__ ]
43 25 16 10 [ HZ0E, 40} Tolomite
44 27 25 13 S N.OL 60N “hale
45 21 1G 12 3 OB 0 ~holonite
.13 45 31 24 3 HI0C 07 Tolonite ]
7 )9 15 Y 3 [ERY] IENT [ Cuartzite
48 14 12 S 2 NAOW JONL | Shale
49 41 28 27 K] N30Z 0 Cranite
S0 18 9 6 6 N1SW ~ 251 | Shale
[TTI1 Matrix Composition Data: Color Tan MunseIl S5oIY Color No. <Z2.5Y 5/%
(lay Mineral Composition
Grain-Size Distribution xpandable - ChIorite | [ Tarbtonates Tts. /Sec)
Sand [ 511t T Clay Clay Illite plus ~ Calcite T Tolonite
17 | 4] | 42 Minerals Kaolinite 1T ) Tt
3 83 13

Figure 45 Data for analysis site N2



Analysis Site Number N3 Morphostratigraphic Unit

Location

140

NE SE SE Sec. 8, T.23N., R.4E.

Normal

Quadrangle

LeRoy

Elevation 870' Depth of Analysis 6' Type of Exposure Roadcut (0ld)

Topography B and C slopes on distal edge of moraine

1]l Pebble Data:

No. Dimensions Shape Strike Dip Lithology Mise.
1 27 17 10 6 NS 10 Limestone
Y4 74 27 21 D oo U Tolcuite
3 12 7] Y 5 NUSA O LImesrone
4 18 L 3 P] 150 0 Thijc
S 12 s 3 G tie el 1) Tolomite
3 13 10 & S NN 30 [ Tm-.Cone
7 17 10 ) 6 Y 1.0 H¢ C.roens tone
1) 9 H 3 vt 1601, Golomite
) 11 i 5 [5 L) 8] 1.1 we: tone
10 45 23 19 5 NG 10, Tolomit e
1) 26 /0 14 7 N QOUNN fOlomi vy
12 13 # 3 1 [ 0 1.inee tone
13 T a9 ] 30 9 ) N (k] 0 i olomitae ]
14 10 2 6 5 ] 100 Liacrntone ]
15 13 10 3 1 N3G 4CNi; Shile
6 10 1 S [ Wi [0 Ioloaite ]
17 13 Vi 2 & Netd 35 olemite
18 11 9 4 2 Nt U hale
19 16 10 [ 6 RYDIS 2eH tiltsteone
20 18 10 9 9 NG 3500 Limostone
21 7] 4 S N70C 10 iolomite
22 14 | 11 ) S NGSE 305 liolomite
43 1 9 6 [ NSLL s lolonite _ | I
24 1 7 A € TS 9 _Nolonite [ LAV
25 22 16 RN [y _hasd 1 oMy ] iolonite | S
v | 13 f S 6 NZaL Q Limestone ]
:’ 44 2] o] [} NeOr, Y] Lluwe s Lo _—
761 16 ] 10 8 i Mokl | 39k | olomite 1 .
}—2-(" 17 14 _ 10 8 RED Y] _Asui ) bolamite
30 12 9 2 2 N25E 90 holomite
31 20 25 20 3 nw 555 _ | silvatone
[ 32 1 25 | 1) 5 bl natd_ ] o | " ihae ]
53 2 4 1 6 1 N3 L odso I cabbro__ — T ]
34 9 7 6 7 1210 —20uE | bolowite. | T T
35 1 2% 20 1 1% 3 : 0 Limestone . __ 1 "™
3¢ 20 19 9 5 JSNE_[_ _Limcsitone B .
37 1 14 | )0 6 2 155 olomite 1
38 1 23 9 6 L 0 ] Limestore ]
39 1705137 3 3 305 ] Cranodiorite T [T
40 12 9 S S 35S Siltstene | 77|
4] 18 )4 _3 1 55 Shale I
42 12 | 10 [ S <O Limestone ]
43 2 6 4 6 N70W T305C ] Lincstone .
44 21 1 10 2 6 NaSW J0SE_| Dolemive.
45 11 1 _6 3 NGOV 25SE Dolomite _
46 11 A 6 [ b25W 0 Limestone
47 1) 6 6 6 E 104 rolomite
48 | 10 B S 5 NiSd 30LE Chert
49 22 1S 13 2 N3SC 4ONL Siltstone
50 20 15 12 S L 10k Chert

[TTIT Matrix Composition Data:

Color _Cray tan Munsell Soll Color No. I0YR 572 ‘

CYay Mineral Composition
Graln-51ze DIstribution Expandable ‘Chlorite arbonates Cts./Sec
Sand ] SiTc T Tlay Clay Tllicte plus Calcite T Dolomite
1z 1 55 [ 30 Minerals Kaolinite AP GNP
7 81 12

Figure 46 Data for analysis site N3



Analysis Site Number N4 Morphostratigraphic Unit

141

Location NE NW NW Sec. 1, T.23N., R.2E.

Elevation 860' Depth of Analysis

Quadrangle
S' Type of Exposure

Normal

LeRoy

Roadcut (new)

Topography B and C slopes on distal side of moraine

@'Pebbr. Data:
No. Dimensions Shape Strike Dip Lithology Hisc.
1 16 7 S 3 HBOL 101 [Basalt
7 3T 77 1B 3 7o T5r_JT.l=tone W
3 2 11 5 S HEE 0 hert
4 9 4 2 [{FRIN 202 Jshale
S 3 10 6 [ N2OW gl i‘olomite LAV
6 9 6 S 3 NESE 15::_ Ji.irc~tone
? 12 10 [ [} N1 40,5 asalt
18 14 13 S N-Od 0 hert
1 31 17 7 i /0A 445 Dol o te
10 16 1) 8 3 1i4 0y LA Joranite
1] 12 9 S S N1OW 102 o) i tes
2 JY 14 9 S HIOW 255 |Polcnite
3 16 14 10 3 N7 0l 555 [holomite
4 1) 7 3 [ NuSE 0 [thaie _
S 13 1] 3 by H0W 204 __[holomite J
16 15 11 6 5 N W JLimestone )
17 18 15 10 S H754 45¢  |biorite |
€ 9 6 6 6 HyUE 0 Lircstone i
19 23 1¢ 13 S N6CS S0st_[Limwestone
20 17 13 10 8 N1OL 55 [Banalt
21 14 1) 3 6 N7 15 Jcherc
22 15 10 S 255 90 :olonite W
23 22 12 [ [ ] 40 |holomite
24 21 | 14 3 1 N1OL 205 Johale
25 J6 Al 6 S f—Nist__ 1 105 _JLirme:tone o
26 15 g 3 6 _ohase__ fo_ st eranite T [T T
22 49 34 25 6 NAOK, S¢W |Aranite W
28 11 bl 4 € N7SE 1O [chade T l
29 |3 2 19 5 NAOL 10NE_lGranite !
30 30 ] 20 9 17 N8SE 10k _JChert |
3] 12 10 [ 5 NuOL 10C__ Jlircstone ] !
32 12 6 1 2 1 NZsvi___| 505 _JShale 1
33 32] 22 19 6 ] _ N3W___| 2S5N4 |Dolomite B
34 18 a1 8 3 NEOW ___0 _ |Limestone B
35 12 8 S [ NIOE 20 Dolomite .
36 11 ] 30 S 8 NIOE | 25N _Jcranite ]
37 1 11 6 9 [ NSSW 0__ JLimestone )
38 20 15 9 2 N70t__ |20t | Dolomite
39 30 26 18 S _N60C 0 Nolomite Y
a0 24 | 14 8 6 N2OE 1SN _| Basalt W
4l 26 1 13 3 N8SE 0 tlint
42 1 e ] 73] s7 3 E 45t | Dolomite
43 10 8 6 & _N20W 105 ] Basalt
44 25 1% 14 3 NBUA _ 201 | Dholonite
45 12 9 S 6 N 10S | bolcnite
46 1s ] 1] 10 S N1UY 0 Dolorite
47 25 12 10 6 NBSW SW_| hork Crystalline (?) ‘
48 23 16 15 7 E 0 Limestone
49 19 16 13 8 N75W 25| Dolomi te
50 20 19 6 1 NSOE SONE [ Dol omi te
[TTIY Hatrix Composition Data: Color Tan Hunsell oIl Tolor No. _2.5Y 574

Clay Mincral Compos{tion
raln-Size DIstribution Expandable (hlorite Tarbonates 5.
Sand T 35ilt [ Clay Clay Illite plus [Calcite 1 To to
20 ] 46 | 34 Minerals Xaolinite 10 1 29
4 83 13

Figure 47 Data for analysis site N4



Analysis Site Number
Location SE SE SE Sec. 22, T.23N., R.6E.

142

BDS

Morphostratigraphic Unit

Bloomington

Quadrangle Gibson City

Elevation 840'

Depth of Analysis

5'  Type of Exposure Roadcut (old)

Topography R, C, and D slopes on interlobate moraine

lebble Data:

No. Dimensions Shape strike Dip Lithology Misc.
1 (] G 5 G Ul 14N Chert
< 19 LG 11 g e T Tolonite
10 1 (1] (9 NGO 100w L.mes tone
[1] 6 S 3 NE U tolonmite
< 10 1 3 M VA 20 Cherc
6 24 17 12 5 RESY O Lim:stone
7 24 13 3 p] NEGE 6N chile
8 15 12 S 2 NE SLlE Chert
] 12 )1 [ £ IR 155 Limestone
10 32 20 14 [ N254 106 lolcmite
11 11 8 6 6 N4 S 4u i l.irmcstcne
2 1) 8 6 6 NS Y 4041 Quirtzize
3 16 13 10 7 N554 200N rolomite
& (3 2 1 NSSH 104y Siltstone
1S 5% 33 14 1 NS4 PR {hale W
€ 32 22 3 1 NSOE S5t Shale
17 20 13 11 6 : N Pelonite
e 9 1 1 6 TR ‘hiule
Y 10 [ S 4 nolomite
20 19 12 7 S Bisalt
21 30 b 14 9 I.imec tone
22 10 (4 6 6 _Chert U
23 )2 7 S € bolomite ] )
24 7 D) 4 5 QuarLzite SR
25 9 [ S 9 Quartzite |
26 79 i 12 Y viltstone__ ] .
rxi ;] “ 4 (3) yuarioite o
24 10 9 7 Y __ bolumite _ S
29 6 5 3 5 __ Jimestone S P
30 I ) [ 3 _oKline 1
N 20 16 | 12 7 — _Chere__ 1
32 4y 21 23 S . bolumite S
33 14 13 2 2 T _chile. - ]
34 12 [ 5 9 Limestone_ _ _
35 9 7 4 6 Limcstone d _—
36 20 1¢ 14 S NDolomite | o
3 17 11 7 6 Cherg ] _
38 7 5 3 S Liorite —
39 14 7 2 6 LQlomite | . _
a0 10 S [} 1] Limestope ]
41 11 e S 3 Cilystone
42 14 2 8 6 siligtone W]
43 15 12 8 7 N4 S 205 ¢hert
44 10 27 7 6 N15SE 155 Lirastone
45 18 15 8 6 N3O SN l.olomite -
46 12 10 8 S NEQW 0 JLimcstope
47 9 8 4 7 NS 20N ‘hale }
48 20 12 8 2 N10C 0N chale U
49 15 § )2 4 b REDZ I Y dale W
S0 | 72 50 37 3 NSOW oW sawdstone R
{TIIT Matrix Composition Data: Color _7anp Munsell Soil Color No. 2,9y 4/4
Clay Mineral Composition L
Grain-5ize Distribution Expandaule ~ Chlorite Carbonates Cls .[Sec]
Sand | &ilt Clay Clay Illite plus Caleite | Dolomite
19 | 44 37 Minerals Kaolinite K ] 21
3 85 12

Figure 48 Data for analysis site BD5
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Analysis Site Number BD? Morphostratigraphic Unit Bloomington

Location _SW NW NW Sec.24, T.23M., R.6E.

Quadr

angle Gibson City

Elevation 820' Depth of Analysis S' Type of Exposure _Roadcut (old)

Topography C and D slopes on interlobate moraine

Peblle Data:
No. Dimensions Shape Strike Dip Lithology Misc.

1 44 36 32 Y HT0N S Granite

Z 23 15 14 7 AT JO00A TiiresLone

3 73 14 12 6 SR Yl ciliotone

4 13 8 8 6 oL 100 nlcmite

S 24 1Y 9 4 hAd (KR Limestone

3 14 1) 7 4 07 10 Limestone

7 52 A7) 19 5 R 0 Quartzite

3 10 7 2 ) 200 0 ‘hile

] 5N 24 17 S 1154 20 Linastone
10 J) (2 4 b R A0 Holomite
11 25 24 3 Z 08 0 Chale
12 19 i3 ) 3 Y] 1501 Chale _

3 24 18 13 6 RS a0 o Lolainite
34 13 12 10 3 1A (XS olomite
15 14 17 10 7 li 0N <0l holomite _
16 15 10 7 v, TR 190 l'olonite o
17 27 X Y 6 iy ALl Do)enite —_ ]
16 30 20 14 © NG BN ‘hile s
19 10 9 2 v RV 10,4 (laort
20 9 7 3 1 HALA 0. Lirogtone .
2] 1l 19 [ Z L0y LI LimentQug
/2 10 Pl s 2 s L oeen 1 Jinenione e
23 18 13 9 Y 1195 PN 'Qlomite _—

[ 24 23 1 15 S Y 2k sy Y shae
@5 BV [ q4 3 R 1) | Lireitong —_——
2¢ ¢ 13 410 L 2 il R R ~

" 27 2] 18 13 7 1200 a0y "_Lolomite ] ]
2y 11 10 [ 9 N 205 1 (11 o S

[ 29 | )3 12 9 S [ 104 Dolomite

|30 3] 25 15 3 NEOW O Jitestone | _
31 25 16 8 6 s 205 Chert__ —_—
32 14 10 8 [ REB 108 Limestone
33 12 8 4 1 REFRI 10, t  Chert 2
34 11 & & 7 5y o0 Chert _

RE) 15 12 9 S 1190k 0 Limcstone_ —_—
36 1 1) 5 3 6 b5 100 Chale ]
37 113 1 1 3 S o [ “shale 7 _
38 25 1§ 15 S NER) 0 Shale .
39 15 11 1 8 5 IS0k, 0 Dolcmite |
40 24 19 13 S YA a0z Dolomite |
4l 15 14 9 S 8L 10 Lolomite 1. _
42 11 I 3 1 NSE B chale
43 9 & 6 9 Miot 0 Dolorite
44 9 e S & 15y 10 Quirtzite
45 25 1e 17 3 N84 0 Quartiige
46 18 12 9 9 NSLL [ 0___] Limestone. | .

7 15 1 10 8 g NELL 35w Lolowice L
48 | 11 2 4 2 MRSE 3048 ] Dolomite . _
49 11s [ 1 8 3 N3t _G0Ma | Dolomite -
50 | a9 25 1 21 6 N1oo 40} _Dolomite j

TII1 Macrix ComposItion Data: Color _Tin Munsell SolT CoYor No. _J2.5v 5/4

Clay MIneral Composition

Graln-5Jze Distribution Expandable ThlorTte | [Tarbonates Tls./vec]
Band | 511t | Clay Clay Illite plus [ Talcite | Tolowito]
22 | 40 T 3 Minerals Kaolinite ] | lu

3 85 12

Figure 49 Data for analysis site BD?7
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Analysis Site Mumber BD? Morphostratigraphic Unit Bloomington
Quadrangle Gibson City

Location

SW NW NW Sec.24, T.23N., R.6E.

Elevation 820' Depth of Analysis S' Type of Exposure Roadcut (old)

Topography _C and D slopes on interlobate moraine

11 Pebble Data:

Clay MIneral Composition

No. Dimensions Shape Strike Dip Lithology Misc.
! 44 36 32 Y N7 o5E Granite
Y4 23 B 14 7 AT TO0A LincsCone
3 73 13 12 h Nty 50l ciltotone
4 13 8 8 6 YL 107 olcmite
S 24 1Y 9 4 btz Yt Limestone
6 )4 1) 7 3] 1 ] 10 Limeatone
7 32 20 19 9 MLty 90 Quartzite
10 7 2 ! M20L 0 Chile
3n 24 17 s 'I154 200 Limastonn
10 J1 0 4 6 HEDY] Al tolomi to
11 Z5 24 3 2 Y208 0 Chale
12 19 13 6 6 R ISk Shale
3 24 1% 13 6 135E 0 5 Dolgni te ]
4 13 12 10 3 j1as 4. holomite
1S 14 BV} 10 7 1ilOW Siidl holonita
16 15 10 ? 5 ML 150 Ilolonite
17 27 23 11y G RS A lolomite ]
18 30 21, 14 < t3ud ETYHNA Lhale ]
19 U 9 2 § R 101 Clert
70 ) 7 3 1 HA A 0 Lirngtone —
2] 11 19 6 i NBAS 450 | Jmentone B
22 10 4 9 2 &z 2L Jimeutone |
23 | 15 | 13 9 S 1Sk 20 Qlomite u -
|24 23 1 15 S Y _ESk ROV | Shale _
25 19 6 4 A L 1) | Limestone
7z 1 -3 g L 7 Liig_ 1 aeir] e — =
¥ PN ST ISR 7 1200 aon Tlolomite _ ] ~ 7]
2y 11 10 [ S N 200 | cherg —
| 29 )3 12 9 S £ 104 Dolomite
30 5] 23 15 3 NEOW 0 Jimestone
31 PL 16 8 6 NELY 206 Chert _
32 14 10 8 6 NI 10s Limestone _
33 12 8 4 1 H39W 10, _Chert i
34 11 £ 1 6 7 RS [ thert —
35 15 12 9 5 i(50L 0 Limcetone_ [ .
36 11 3 6 HE S 10 Chale
37 13 1l [ 3 RPH n0% Shale _ _
38 25 1 16 | 1S S NER 0 Shale .
39 1% 11 | 8 A HEOE 0 Dolemite ]
40 24 | 19 [ 13 S L1SE anz Dolomite [ _
41 1s 1 9 S NSE 10:- Lolemite | ]
42 11 & 3 1 o8 10y Shale
43 9 & [3 6 Nisk o__ Dolorite
44 ) e S £ 1sw O _ | qurtzite
45 25 | 21¢g 17 3 K874 0 Quart:ite
46 18 12 9 9 NSLE 0 Lincatone 1 -
47 13 10 8 g8 N6QL 5o _f__ Lolagite
48 1 2 4 2 N2SE 304k 4 _ Dolomite |
49 15 11 8 £ N3 —£0N4 }  lolomite ~
50 | 40 | 25 1 21 8 NLSH 40K Dolomite j
1111 MatrIx Composition Data: Color _Tin Munsell SoIT ToYor No. 7.5V 573

Graln-5Tze DIstribution xpandable Thlorite | [Tartonates MNEWATS
Sand_ T 5{Tc T Clay Clay Illite plus Cilcite | Tiolanite]
22 1 40 ] 38 Minerals Kaolinite / 1 To
3 85 12

Figure 49

Data for analysis site BD7
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Analysis Site Number _pEng Morphostratigraphic Unit

Location _ oy oW N4 Sec.8, T.23N., R.7C. Quadrangle
8' Type of Exposure

Elevation 800' Depth of Analysis

B)oomington

Cibson City

Roacdcut (old)

Topography _B and C slopes on dnterlobate moraing
Fu Pcbile Data:
No. Dimensions Shape Strike Dip Lithology Misc.
1 1n [0 3 6 NALW 10y Basalt
Z 16 33 ) M N 0 Tolcomite
3 19 t 7 6 L8 20 ‘hale LAV
27 10 < 1 1G04 10°E chale
S 30 29 13 7 5 458 Crert
[3 44 22 18 6 N7'W 20:. _linestone
7 13 12 7 [} NS 1025 Disalt
35 20 14 F] N/ 200 Lolond te
17 14 ) S 255v] J Ot .Jimonite
70 77 10 5 T8 00 Basalt LAV
1) 14 10 9 7 NgsSi 256 l.im2stone
2 7] 17 5 6 W vl Loloaite
3 Ju S 5 3 Rk 100 uartezite
4 15 10 9 5 N 90 hert LAV ]
15 1) 7 [ £, M A0 l.anestone
6 15 12 b 7 2t L Jolerite |
17 14 1) 3 S R Mii Larestone
18 12 10 [ ) hAUL n l:0lonjte _
9 15 11 U] ) RO 220G lolonite
20 1 214 | 10 [ [ N702 IV Limegztone 1
21 poN 9 [ i N auN _Dolomite
22 14 10 5 2 NEUL 255E Chopt 1 e
23 24 29 9 2 H700 80 Liltatone {1 i
24 14 1 4 4 21708 100y “hale o
25 ) a4 [ 10 3 1 YV BT SRS ) R S
i 14 T 2 A1 Nous 1ML whale IS T
| 27 44 25 12 € NaOL 2OML Crapite 1 W . _
28 15 19 10 2 R10GT 0 Chert .
29 24 172 23 6 350 10NE _bolomite )
30 39 19 1 17 6 N3O Q_ Colonite LAY,
31 97 | 44 a7 5 4755 10y Dolomite S |
32 1 12 [ 10 2 8 N3O | cE ] Questzite
33 T e | 10 7 3 N30E 3099 ] Dolonite ]
34 12 11 20 [ HeOW 10N Limgstene
35 13 10 8 6 N708 3IONT | Siltstone
36 17 10 bi 4 VY 405E Siltstone . | ‘
37 40 37 13 1 N25k 203E _lolouite 1 ]
38 13 12 & S NI SQ¢E _Lasalt o
39 12 bl £ 6 NISL 1oH | i ] .
40 12 10 9 2 JI 10S Chert
41 BY! 8 5 9 N25L 25NT Quartzite
42 17 14 19 5 {208 £ s olomite
43 | 19 10 9 6 lieQL JONE . olomiye ] B
44 wi 1 37 1 1 Hisl 105N | chale ]
45 13 9 2 [ NSL oN. “olomjte o
4% 1 19 | 11 £ 2 HeSL 2554 ] Lireatorg | T
47 22 17 19 3 N206 90 Ddolomite LAY __ |
4 14 Q s 1 H25E S0ML | shade
A 22 1 15 | 10 5 N S04 Dologite i BT
| &) 12 9 S 6 N2SE 40NE chort
[TIIT Matrix Composition Data: Color _Tan nsell So olor No. 2.5Y 574
Clay Mineral Composition
Graln-T1ze DIstribution Expandable Chilorite Tarbonates cts./3¢c]
and [ 5ile | Cla Clay Illite plus Calcite T Tolonite
29 1 6 ] 35S Minerals Kaolinite 8 T 1o
S 82 13

Figure 50 Data for analysis site BD8
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Analysis Site Number BP7 Morphostratigraphic Unit _Bloomington
Quadrangle Arrowsmith

Location SE NE NE Sec.20, T.23N., R.6E.

Elevation 830’
Topography B and C slopes near edge of interlobate moraine

Depth of Analysis

S' Type of Exposure Pipeline Trench

11 Pebble Data:

No. Dimensions Shape Strike bip Lithologqy Misc.
1 70 53 28 7 [ PER] Crouite
< ) 19 10 o 7 LT A0 Lif7 . eont
3 20 25 9 ] *1 0t 45N jltctone
4 17 12 12 3 200 0 franite
S 1Y g 7 4 L6 O 15l Lolcalte
€ 16 7 8 6 NG5S 251 hert
7 17 10 6 6 Na(y 101N Lir.stone
16 1l 7 q 10 ZUN loloaite
22 9 9 4 NS 55N 2)01! cuite w
10 10 s S 7 N7l 15 holond te
11 19 10 2 4 11755, 90 Cuartzite A\
12 2 19 7 1 NEOL con $11stonc
13 1513 4 3 N4 90 Qirtzite
14 13 10 7 6 1S ST i TTo —- ]
15 11 b & 5 N 30L. ACNT hoToiite ]
| 16 219 2 10 [ N7 0 I.iims Tone ]
17 12 16 10 ] oL 0 WA
18 20 17 12 S N1SE 20 poloalte )
1y 55 § 49 25 5 H2LE 0 PoTonite _
<0 29 12 12 3 {1251 0 [olouite W
<1 22 1] 10 [ 7T “ASC T.5o0s
22 22 20N 15 5 NISW g0 1 Udio it i 7214
73 - 22 17 10 L] N3Ioh ] Chert
24 1% 12 G 25T T Dolonite i S
75 35 77 75 3 NS TTIN Toloni te 1
7n T I TS T WO ] O Tiltstonc T j
77 10 1< T 1 TicoL Rjotel AN -
3 75 pL:] 10 5 NESW — 1 amy Tranite —
29 pL:S 75 10 T NSSE oW bolcnite
30 13 7 LS [ N7TOW 35w Cranite ] -
31 15 10 7 7 NaOS | M5HW &¢Ntstone -
32 1 17 k] B 200 [T 155 [T Lolomite T
[ 33 28 1 15 13 5 TNGOE Tl CT0 1T Quartzite T T [ T T T
34 18 T ) 7 HESE 15<W |~ “Greenstone —— 7
D 17 10 3 3 R i Y e ]
36 17 10 ] 4 N&5W 0 T
37 23 195 17 —3 Mow— T 10cE ] - 1
3§ 4% A% Z5 5 TA0T vT T -1 =
T3y |17 7 L3 [3 N30 1105t Fed Tiimestone -
a0 | 20 16 10 T LESTIN < -
a) 23 17 T T — | meW s B ]
42 29 37 7 3 N1OL : - -
47 13 ] t [ msT [ 07 ] Glonte ik el
44 13 3 T NI [ Timestone ~ 1 7]
45 110 3 3 1 NI 5] VoTomite — 7
13 g 7 T I NIOE | I%W [ ToTomite - 717 ]
37 I3 1 10 ] T N[O ToTonTes = +- -
46 31 T 17 [ NSE TS ] holdmite [ )
49 13 ) 7 T HWSOW |~ 20%E | Amcstone 17T T ]
50 19 10 2 )y NSC 1oH thaJe " /]

TIIY Matrix Composition Data:

Color Yellow tan Munsell Soil Tolor No. 2.5 5/%

Clay Mineral Composition
Graln-Size Distribution Expandable Thlorite arbonates ' ts./Sec
Sand T 571c¢ T "Tlay Clay Illite plus Calcite T [olomite
2 1 3% [ a0 Minerals Kaolinite 7 { 17
5 83 12

Figure 51 Data for analysis site BP7
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Analysis Site Number _BPS Morphostratigraphic Unit _ Bloomington
Quadrangle Sibley

Location SE SW SW Sec. 21, T.24N., R.7E.

Elevation 810' Depth of Analysis

Topography C and D slopes on interlobate moraine

5' Type of Exposure Roadcut (old)

1] Febble Data:

No. Dimensions Shape Strike Dip Lithology Misc.
27 20 15 3 [H 90 ciltstone
7 1 17 7 T W TN Th.aloe
3 9 5 4 6 1] 0L f) Basalt
4 10 (4 S 6 N/oLi. 299 (uartzite
] 15 Y 4 6 741 n bholonmite _
3 15 9 7 € NIUN 100 Polomite
7 )k 17 10 7 111 (OW O Chert
18 17 9 7 AN agt ] Dolowite
15 17 [ 3 NAO: 100 Jolonite
10 15 10 4 B} H15E 55 thale W
1) 7] b 4 2 IREYS 20 ti1listone
12 14 7 ] 1 Nuth ) thale
13 )2 9 3 ] EH 108 Lhale
14 30 25 15 S N7 OO ‘olomi te
15 7 4 3 6 NS5l holomite W
6 8 [ 4 S N750 Limecstone i
17 & 7 5 € N75C Basalt -
18 13 [ 1 Z 3 N66E Tuale ]
9 11 6 4 S N3OS __ olonite —_—t
20 12 1 4 2 N70E e Lav-d_ |
2] 12 9 7 b3 NIW bolomite
22 16 10 9 7 NO i 5 ( Dolomitg W
73 14 1l 1 7 HLOL 2 Chert | — —_

LI ST TN v wren Tehi T quarkzitg | T
5 24 | .2 12 5 N__ 256 _]_ __Dolomive ____ | . ___ __
-3@.___1.')._1 I TN B Pl N7OE_ | 3SNL | Chect 4. _

A G Y SRCLN W Sooodo_Neow_ 1 0 L Chere 0} .
| 78] 14 3 S} NSRR 1 9o 1 Jimestone L __ LAY
__?‘J 2] )6 14 S J__NsOW | O . __bolomite S S
30 1n Jn 4 p| Ngsy _o0_ _bilistone .
31 71 14 1 32 7 N7UY Q0NN ] bolomite |
32 19 10 s 2 JNR0L 1 90 1 __Shale | I S .
33 16 9 [ 6 4 __s0ok JON __ polomite _ _ __ __l___ __  _]
_34 12 9 G [3) NSOW 20MN__ | __ Juartzite I
35 29 a7 6 b N10O2 45N Ghade_ i
36 29 20 9 2 N2ON SN liolomite I
37 14 13 9 S N2OJ 255 l.imestone .
38 9 7 3 7 _N758 1549 _bimestone_ __ | ___ ]
39 15 12 b 7 £ 10w Chert I
40 17z | 10 5 7 £ 20N Chert ]
41 16 10 S 6 N10% 0 bolomite w
42 14 f 3 ] N3OW 0 Shale
43 10 6 4 6 H2 5w S5LE Rasalt
44 18 15 3 2 NI0E A5 W _ Dolomi te
45 7 € 3 2 N20L, SSNL Chert
46 12 9 6 5 N35E Jo:w | Idimestone ]
7 14 ¢ 4 1 NASW a0 Basalt T
48 23 18 8 2 H20E SOSE shale ]
49 15 12 8 S N1SE 90 Dol omite ]
50 15 8 7 6 N4 vl 10N Chert

TIYI Matrix Composition Data:

Color Yellow tanMunsell Soll Color No. Z.5Y 5/4

Clay Mineral cComposition
Grain-51ze Distribution xpandable “ThYorite | arbonates Cts./}'\o-_t_q
Band | SITt [ Clay Clay Illite plus Calcite T Tiolonmite
25 42 1 33 Minerals Kaolinite Ju ] 144
b 81 13

Figure 52 Data for analysis site BP8



Analysis Site Number _pp1o
Location NW MW SW Sec. 14,

147

Morphostratigraphic Unit

Bl oomington

T.23N., R.6E.

Elevation 870' pepth of Analysis

Topography B and C slopes on interlobate moraine

Quadrangle
4" Type of Exposure Roadcut (o0ld)

Gibson City

11l Pebble Data:

No. Dimensions Shape Strike Dip Litholoay Misc. |
1 150 135S 76 7 NiOL 205 NoJomite
Y4l P ) 11 1 7 TN 101 Chert
3 13 10 6 [ NSOL TR Dolomite
4 1 N i 2 3 VI i Lolanite
S 19 14 1 19 3 JH [OR] dolomite
6 19 _Ja 0 3 N 0 saarizite
7 18 1S 1l 3 RN a4 glonite
] 11 8 4 S 1208 1011 Limestone
3 11 9 [] S SR 0 Lnale
10 17 9 ) ] RS 1S:4 Lolomite
1) 13 8 3 1 R VADGN ‘hle ]
2 20 14 2 B 14601 “ chale ]
3 12 1 3 V4 ISy LSl | [ERTH T J¢) - -
4 | 15 )0 6 A 1u0E 105 Clioct ———
15 27 12 2 b SRS SMic condatone o . W

| 16 1 33 1 20 ¢ 1 100 ooy Wewde 0 b L
17 15 ] 3 1 YN _uQ ddlitgne L
16| 1€ 14 3 1 RS ) e LT
19 17 14 4 2 LS 200 Jhole .
20 55 22 28 Y AW {29 1 _Dolomite c——— [
<1 31 22 ] 1 AN 200 Y jod Limestone 4
42_{1 12 11 4 1 N2 202 ] hale o). ..
23 16 )0 H 3 [ Joi l.imestone 1
24 22 16 12 S N5/ A3 ] ___Chert 1 W_

[ 25 13 10 8] S I (R ) __|__._._ lolomite _ O S

| 2% 1 19 15 A 1) . NeSE L o3%C | . Shile_ | N
27 14 10 [ i N7SE 0 olomite —
¢t A0 9 4 1 beSE A0 1 shade__ e —

29 1) 7 5 [ N /0L IONE_ | Limestone __  _{ ____ .

[ 40 15 13 6 3 N2OA 40N _ Dholomite _1 o
31 13 8 6 6 N _JON__ Limestone _ _ _,  ___ .
32 10 6 ) 6 N15E 30N _ Quartzite ¢ |

| 33 17 12 8 S HSSE 3084 _Chert _

33 15 17 7 6 DEH 158 Dolomite | w____
35 10 6 4 4 NISE 20S Shale I
36 € 26 | 17 5 NAST 3558 rolemite | W
37 17 12 10 ) N70F 208 l.imestone S
36 3 7 3 8 N6SE 10HL Chert .
39 12 9 6 6 1O0E 1SKE, Hisalt — o -

[ 40 12 7 6 4 NOSE 10w polomite W
41 15 Jo0 7 6 NAW 35¢c l'olomite ]
42 | 20 17 9 7 LS 90__ Iolomite ] ]
a3 | o N 3 3 N75 157 Limestone . _ |- ]
43 13 9 g 5 NAUFE, 10N Dolomite
45 1 19 € 3 3 N25W 3T T Chate I G
36 | 13 8 7 6 KSSL: GONE_| _ Lamcstone 1T T
a7 | 15 12 a 1 HEOW 0 shale _ o
48 14 10 3 1 N 358 Chert 1 ___ _ ]
49 12 9 8 S [ NSL_ 30s bolomite 1 _
50| 16 1 8 3 N1OC 208 j10lomite B

'Y Matrix Composition Data:

CoJor Yellow tan Munsell %oll Color No. _Z2.5Y 573~ ]

Clay Mineral Composition
Graln-5ize Distribution Expandable (hilorite Tarbonates CLr./oec)
Sand | SIJc |  Clay Clay Illite plus Talcite | lo.onmite
22 1 40 | S8 Minerals Kaolinite ? { [
7 78 15

Figure 53 Data for analysis site BP1lO
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Anslysis Site Number BP1l  Morphostratigraphic Unit Bloomington

Location NW NE MW See. 12, T.23N., R.CE.

Elevation 850'

Quadrangle (:jhson City

Depth of Analysis 10' Type of Exposure Roadcut (old)

Topography C and D sloprs high on interlob.te morainc

11 Pebble Data:

No. Dimensions Shape Strike Dip Lithology Misc.
T 30 19 6 1 RERY] SO_E Tiltstone W
Y4 10 7 T 3 ToOL ) RG]
3 J3 S 3 4 NZUL JON Doluinlte
13 J1 9 7 NSST Z0LA Lolomite
S Jl 9 ] 2 NYOW 2504 thert
6 10 9 7 7 HSSW 5550 nert
? 1e 15 14 3 [ 350 Cliert
JS 33 2 NGO 10SLC olomite
12 7 6 4 N30 105 Lolenite
101 12 10 S 2 N4 OF 1915 Nolcnite
11 21 15 15 3 N1 99 Dolomits
2 2% 4 9 2 N7 151! Lircstone
3 1) 7 3 ] N70A 107.C cale ]
4 17 14 9 7 N 15 W loionite
15 S 32 17 S "NiCt 307 [Lirestone ]
|16 14 10 g 6 NuGE JOCA Inlonite I ]
17 10 [3 K3 3 THI 30 "ol onl te 1
18 12 & [ 6 RN 0 Fisilt
19 1 ) & 4 3 H Q l.ir:stone .
20 3L 16 14 3 NS UE 100w Tanale
71 16 10 S 1 N1SE 25N [olonite W
[ 22 22 16 4 1 N1Gi: 255 Grinite _ W
23 23 15 9. S N5E 304 colonite R S
44 9 [ S 2 _N1E 105 lolomite o
25 12 9 4 1 __N2s& P! [ Limestone I _
76 4 ) a 5 ] 10N
27 1 22 = 3 3 RGN 30T "
78 2l 131 11 3 N6 ST 0| " Chert ]
o S ) 13 10 6 N2SE ISNC | _ Dolomite I —
30 20 BYi 2 7 N3CW 100w | _nholomite
31 ] 6 S 9 N0 0 " " Red Limestone
32 19 [ 2 Y N4OL 2SNE_| _ Dolomite . _ | ]
33 15 13 2 1 NA0E 90 __ ] Tolcnite LAV
34 20 131 10 1 M104 25N__|  Chert _ -
35 1 371 1ol 9 6 N30 30NE | colomite _ | W ]
36 13 ] 10 8 bl N7S 405E holomite 1 _ ]
37 12 14 [ 1 NI1OE 30N Chale T =
38 g 31 16 3 N SW 25NV cuirtrite . .
39 24 14 11 [ oW 15N Lolonite o
40 1 8 Q 6 NI5E 15N chert
41 ) 6 q 6 N30L 1ONE | Quartzite I S
42 22 13 12 6 N4 Oy QONE_] _tolomite _ N S
43 1T 12 g a 1 N3O 105W filtstone T
43 16 15 7 5 NGSW 28 [ ToTzite ]
45 16 10 3 1 NGSE 0 | ~hile -
46 15 10 9 3 NSSE 90 Tolomite - _
7 10 4 S 5 N30T | 10TW Thale D
48 12 10 3 2 NGSE. TONE ShaTe T
49 14 9 6 6 NGOL 0 LimcsTtone - — ]
S0 1 13 9 7 3 NAOW — J5NW Chert ]

{TTII Matrix Composition Data:

Color Yellow tan Munsell Soll Color No. 2.57 57%

CYay Minera] Composition
Craln-%ize Distribution Expandable Chlorite Tarbonates Cts./5ec)
Sand [ SiJc [ Tlay Clay Illite plus Caleite T Tolonmite
20 | 42 1 38 Minerals Xaolinite 12 T 19
6 81 13

Figure 54 Data for analysis site BPll



Analysis Site Number _ppo Morphostratigraphic Unit _pureka

149

Location NE SE NE Sec.3, T.25N., R.1W.

Quadrangle Danvers

Elevation 750' Depth of Analysis _23' Type of Exposure Roadcut (new)

Topography _? (stratigraphically lower till unit, top till see F10)
ebble Data:
No. Dimensions Shape Strike Dip Lithology Misc.
1 13 8 7 6 N W SN holomite
4 12 12 4 2 Mo Q0 Lolonite
3 a3 31 17 [} N3IOW 90 L.imestone ] LAY
13 9 6 6 129 _sum Granite
135 7 5 4 SUW s0LE Dolcwite
3 Jo J1 8 3 {Z0W 24k lolonite
7 22 16 15 3 N5 45 Quartzite
12 [ [ 3 N15Sw 1C5 l.imestone
37 13 12 4 SOW 20 Dolonite
10 1t 15 10 5 1750 458 L.imcstoneg
11 22 Jo 10 5 (RN ] Lires,tone
12 15 11 10 3 150 0 Silustone
T T 710 S S NC 25:; Greenstone W
4 1e 14 1 32 2 15 1454 tabhra
15 271 J6 17 S N1E 408 bolonite
16 27 14 10 [4 158, 40U holonite
17 7% 73 1Y ] < 5d 10:% Lolomi te
8 24 13 [ 1l {10 UL l.imestone
) TE 15 14 S NS 455 Basalt
20 30 71 16 3 N6OW ) ONW 'olomite
2) a7 7 3 2 R 0 Coal
72 70 16 10 5 NaTH 20if ] Lolamite -
21 2] 17 12 7 YU [§] Chert
26 19 13 9 7 N33E 35NE nNolomite —
z5 | 1% | 10 6 © N 5S4 306 | Dolomite
26 | 27 | 17 12 S N 50W 350 | sandstepe_ .. W |
27_1 207 18 5 1 _Naow _ 1 90 _ | oSwale____ _ | . .. -
26 15 12 [ 5 NASE, 30NE | Limestene.. o J
29 11 7 S 6 Nz2&A 0O__1 _ Limestone 4
30 14 12 3 7 N2OJ 20;_,_4 ____ bolomitc .
3 20 13 9 6 N_st _ISHE Juisalt
32 15 9 8 6 N1Ow 100 . __boledte 1 .. —
13 1) 23 17 9 N3tw 10NA_ | booade 1
34 23 15 11 6 N6W SO LQlomive __ ____ J
35 J0 6 S 4 N75d o] Qlomite 5 _——
36 | 17 10 4 3 N350C 25NE Shade _ _____ L ]
37 17 10 4 5 NS 158C _Granjte -4. A
35 13 10 8 5 N%Sd 90 Dolomite N LAV _ ]
39 1 13 1710 3 3 NZOJ 15HA Dolomite ]
40 14 11 7 S N 0 Dolomite | ]
41 | 14 12 10 7 NICN 90 Chert LAV
32 | 15 | 10 [ 4 13504 2550 Dol orite
3 27 15 13 4 1104 30N lolonite
[Y.S 0 12 7 2 N354 35SE holomite
LS 11 LS P NaTL 305w holomite
(4 pas 7 4 2 NS 0 olomite
47 15 7 7 6 10 1595 Rasalt
48 17 10 [:] 4 1354 0 Granjle
CH 27 22 8 1 N1SH 90 candstone
) 38 20 12 6 N3C. 356w _Shale

YT Matrix Composition Data: Color Red brown Munsell Soil Color No. _7.5yR /4

CJlay Mineral Composition
rain-5Jze DIstribution xpandable (hlorite arbonates Cts./Sec
Band | SI1t [ Clay Clay Illite plus Calcite T DoJomite
27 | 41 1 32 Minerals Xaolinite 22 ) TN

14 70 16

Figure 55 Data for analysis site EB2




