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ABSTRACT

Late Wisconsinan Drift Stratigraphy
of the Saginaw and Lake Michigan lce Lobes in
Southwestern Michigan

By
George William Monaghan |1
Three Lake Michigan lce Lobe till units are exposed along the

Lake Michigan shoreline in southwestern Michigan (Glenn Shores
section). The lowermost (Glenn Shores), the middle (Ganges), and
uppermost (Saugatuck) tills are each overlain by lacustrine deposits.
All three tills are easily differentiated by .7A/10A X-ray diffraction

peak height ratios of their clay-size fraction.

X-ray diffraction analyses performed on Lake Michigan Lobe till

sampled from the Lake Border, Valparaiso, and Sturgis-Kalamazoo

morainic systems suggest till from each correlates with the Saugatuck
till at Glenn Shores, while till sampled from the Tekonsha Moraine and
subsurface exposures correlates with the Ganges till at Glenn Shores.

The occurrence of lake deposits between these tills at Glenn Shores
implies a significant reg;eat of the Lake Michigan Lobe between the
formation of the Tekonsha and the Sturgis-Kalamazoo moraines. Clay
mineral analyses of Saginaw Lobe tills similarly suggest a significant

retreat of the Saginaw Lobe between the Tekonsha and Kalamazoo

moraines.
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INTRODUCTION

Although in regions bordering Michigan recent glacial geologic
research has been directed towards a Pleistocene, particularly
Wisconsinan, history based on drift stratigraphy, the Wisconsinan
glacial history in Michigan remains based primarily on the morphology
of end moraines first defined by Frank Leverett (Leverett and Taylor,
1915) during the early part of this century. The focus of this
research is to establish lithologic criteria which can be wused to
differentiate and correlate till deposits in southwestern and
south-central Michigan. The goal of such research is to set up a
stratigraphic system and to relate these units to major flucuations of
the Laurentide Ice Sheet. |In order to establish such a stratigraphic
system in Michigan, two ice lobes, the Lake Michigan and Saginaw
iobes. were studied. This involved: 1) detailed mapping of geologic
deposits, 2) locating and sampling tills in section, borings, and
}oad-cuts, and, 3) analysis of the lithology of the till samples.
Laboratory analysis focused primarily on differences in relative

amounts of clay minerals found within the till samples.

f///’ This research has shown that the drift in southwestern and

|

south-central Michigan can be differentiated based on unique clay
mineralogies of each till sheet. Once the litho-stratigraphic un‘'ts
were established for the Lake Michigan and Saginaw lobes, broad

correlations between stratigraphic systems established for the Lake



Michigan, Saginaw, and Huron-Erie ice lobes in other parts of the
Great Lakes Region could be proposed. These correlations are based on
morphologic relationships of drift deposits within areas where two
adjacent lobes actually abutt. Kalamazoo County (Monaghan, et al.,
1983) was chosen for detailed mapping since at least two time
equivalent ice-edge positions associated with both the Lake Michigan
and Saginaw lobes (the Kalamazoo moraines and Tekonsha moraines) occur
with in the are: These relationships are critical because by tracing
till sheets established for each 1lobe to these moraines, the
stratigraphic systems of both lobes can be chronologically correlated

with each other.

7 The paper is divided into three chapters. Chapter 1 outlines a

proposed Late Wisconsinan drift stratigraphy for the Lake Michigan
Lobe. Chapter 2, on the other hand, outlines a proposed drift
stratigraphy of deposits associated with the Saginaw Lobe and also
suggests correlations with other stratigraphic systems in the Great
Lakes Region. Chapter 3 presents a detailed description of the drift
deposits within Kalamazoo County as well as a summary of the
deglaciation history of both the Lake Michigan and Saginaw ice lobes

in southwestern and south-central Michigan.

Although the techniques employed for <¢lay mineral analysis of
till samples is briefly outlined in chapters 1 and 2, a more detailed
description is pre nted in Appendix A. Appendix B contains lists of
the raw <c¢lay mineral data for each sample analyzed. |t also has
compilations of the statistics used in this paper. Deta}led

descriptions of four sections containing buried or multiple till units



discussed in chapter 1 are shown in Appendix C.
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CHAPTER 1
LAKE MICHIGAN ICE LOBE DRIFT STRATIGRAPHY

INTROBUCT I ON

Over the past two decades much research has been directed towards
the establishment of an objective stratigraphy for Wisconsinan drift
in the Lake Michigan basin (Frye and Willman, 1960; Willman and Frye,
1970; Johnson, 1976; Lineback, et al., 1974, 1979; Acomb, 1978; Acomb
et al., 1982; McCartney and Mickelson, 1982). While most of these
investigations have relied on unique lithologic <criteria for
correlating and differentiating till sheets, the subdivision of the
Wisconsinan in western Michigan (Melhorn, 1954; Bretz, 195L4a, 195Lb;
Eschman and Farrand, 1970; Evenson, 1973; Farrand and Eschman, 197L4;
and Dreimanis, 1977) is still based essentially on
morpho-stratigraphic correlations that have not changed significantly
since Frank Leverett originally mapped the state around the turn of
the ;entury (Leverett and Taylor, 1915). In recent vyears, some of
these correlations have been supplemented by radio-carbon dates of
organic material buried between till units (Farrand, et al., 1969;
Zumberge and Benninghoff, 1969; Miller and Benninghoff, 1969; Eschman,

1968) .

The purpose of this chapter is: 1) to establish litholcy.c
criteria for recognizing Lake Michigan Lobe till units exposed along
the Lake Michigan shoreline in southwestern Michigan, and 2) wusing

these lithologic <criteria, to correlate the till units along the

11



lakeshore with Lake Michigan Lobe tills exposed 2 to 50 kilometers

further inland. |In addition, the tills in Michigan will be correlated
with Lake Michigan Lobe till units already defined by Willman and Frye
(1970) in northern lllinois.

COASTAL TILLS

One of the most complete multi-till exposure in southwestern
Michigan, informally named the Glenn Shores section (Gephart and
Larson, in prep.), occurs in a wave-cut cliff along the Lake Michigan
shoreline just west of the town of Glenn in Allegan County (Figure
1-1) . Here, three tills separated by lacustrine sediments are exposed
in a 20 to 25 meter high bluff. The section (Figure 1-2) begins at
the present Lake Michigan beach level (177 m) with a dense, silty-clay
till which 1is informally named the Glenn Shores till. The total
thickness of this till unit is not known and only the uppermost meter
is exposed. This till sheet is locally intruded by‘clay diapirs and
dips beneath the present Lake Michigan beach both to the north and
south of the section. The till has not been observed at any other

locality.

The Glenn Shores till is overlain by a 5 to 10 centimeter thick
discontinuous deposit of beach gravel containing detrital spruce wood
and peat balls. Two meters of lacustrine sand and laminated silt,
also containing detrital organic material, overlies this gravel
deposit. Organics from both the beach gravel and sand/silt deposits

have been radio-carbon dated from 37,150 + 540 (BETA-3311) to >L8,000

(1565-948) years BP (table 1) . No organic material has

12



FIGURE 1-1.

Map of Late Wisconsinan moraines and location of till sampled
from the Lake Michigan lce Lobe in southwestern
Michigan. Location of sections shown by closed

circles. Location of morainal samples shown by open circles
with 7JA/10A ratios values labeled beside each point.

Moraines of the Lake Michigan and Saginaw Lobes
in southwestern Michigan:

Lake Michigan Lobe Moraines:
Lake Border System:
LBM -- Inner and Quter
Lake Border moraines
Valparaiso System:
IVM -- Inner Valparaiso Moraine
OVM -- Quter Valparaiso Moraine
Sturgis-Kalamazoo System:
IKM -- Inner Kalamazoo Moraine
OKM -- Quter Kalamazoo Moraine
STM =-- Sturgis Moraine

Saginaw Lobe Moraines:
TkM -- Tekonsha Moraine
KM -- Kalamazoo Moraine
LaM -- Lansing Moraine
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FIGURE 1-2.
The Glenn Shores Section showing the clay mineral variability
of the till units along two vertical sampling transects.
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been observed above the sand and silt deposits.

TABLE 1.
Radio-Carbon dates form organics at the Glenn Shores Section

| sAMPLE (No.) RADIO&%%ON AGE | LAB. NUMBER
Wood (GS0OI) 37,1504 540 BETA-33II
Wood (6S002) 38,130 ¢ 740 BETA-3310
>37,000 GX-8193
Peat (GS003) »43,000 SI-5i83
Wood (GS005) > 48,000 1SGS-948

Above the lacustrine sand and silt is a 5 to 6 meter thick
blue-grey, <clay-rich till informally named the Ganges till. A 5 to 6
meter thick lacustrine sand deposit overlies the Ganges till; thg
contact between these two deposits is sharp. The lacustrine deposit
above the Ganges till is overlain by a third till that is 2.5 meters
thick and is informally named the Saugatuck till. This till is
blue-grey in color and is clay-rich; the upper 0.3 meters consists of
a brownish-red silty clay. The section is capped by 3 to 4 meters of
Lake Chicago (Glenwood Level) sediments. The contact between this

deposit and the underlying Saugatuck till is sharp.

17



FIGURE 1-3.
Frequency histograms showing clay mineralogy of the three
tills exposed at the Glenn Shores section (above dashed line)
compared with till sampled from Lake Michigan Lobe moraines
(below dashed line).
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CLAY MINERALOGY: In order to further define the lithologic
characteristics of each of the three tills exposed in the Glenn Shores
section, semi-quantitative X-ray diffraction analyses were performed
on the <clay-size fraction of 85 till samples. These samples were
collected at set intervals along both vertical and horizontal

transects, as well as randomly throughout the section.

Each sample, weighing 25 to 50 grams, was first pre-treated to
removed soluble salts, free calcium carbonates, and free iron oxides
(Jackson, 1956; Carroll, 1972). The clay-size (<2 mu) fraction was
then separated out by gravity fractionation, deposited on glass
slides, and air-dried. Prior to X-ray analysis, the slides were

placed in a desiccator containing ethylene glycol to expand the

vermiculite to 14A and the smectite to 17A - 18A (Jackson, 1956;
Carroll, 1972). The prepared slides were then scanned from 2 to 15
degrees 26 on a General Electric X-ray diffractometer (model no.

XRD-5), rotated 180 degrees, and scanned again. The diffraction
patterns were analyzed by comparing the intensities of the 7A and 10A
peaks. These peak heights were measured to the nearest .025 cm from a
predetermined base line (Grim, 1968; Carroll, 1972) and the 7A/10A

ratio reported as an average of the two rotations.

The results of the clay mineral analyses are presented in Figures
1-2 and 1-3. The clay mineral data displayed in Figure 1-2 are from
two of the vertical transects. The elevation of each sample point s
shown along the vertical axis, while its 7A/10A ratio value is ;hown
along the horizontal axis. Figure 1-3, on the other hand, shows

composite histograms of all the clay mineral data from each of the

20



three tills exposed at Glenn Shores. The horizontal axis of each
histogram represents the calculated 7A/10A peak height ratio values
and the vertical axis indicates the number of samples that have a

particular 7A/10A value.

The data in Figures 1-2 and 1-3 suggest that the three tills
exposed in the Glenn Shores section have significantly different clay
mineral compositions. Figure 1-2 shows that there is no regular
vertical trend in clay mineralogy within a till unit, while Figure 1-3
suggests the occurrence of a significant step-wise increase in the
amount of 10A clay, relative to 7A clays, from the lowermost till unit

to the uppermost till. Based on the data shown in Figure 1-3, the

mean 7JA/10A ratio for the lowermost till unit is 1.22; the mean ratio
value for the middle till is 0.85; and the mean ratio for the
uppermost till is 0.58. Application of the T-test to this data shows

that the clay mineralogy of each of the three tills is significantly
different to the 99.9% confidence level. Since they have
significantly different clay mineralologies, the three till units are

unlikely to represent tilT facies of the same ice advance.

In addition to semi-quantitative analysis, qualitative clay
mineral determinations were also performed on several samples. Sample
pre-treatments were identical to that ,used for semi-quantitative
analysis. However, after grav.ty separation the clay-size fraction
was deposited on porous ceramic plates, instead of glass slides. Each
sample was then X-rayed after the following treatments: 1) Mg
saturated and glycerol solvated; ) K-saturated and air-dried; | 3)

K-saturated and heated to 300° C; and 4) K-saturated and heated to

21



550° C. Following techniques outlined by Jackson (1956) and Carrol
(1672), it was determined that although minor amounts of the minerais
chlorite and vermiculite were present in the samples, kaolinite was
the dominate mineral occurring in the 7A peak while illite was the

dominate mineral in the 10A peak.

INLAND SURFACE TILLS

Inland from the Glenn Shores section, consecutively younger Late
Wisconsinan (late Woodfordian) ice-edge positions of the Lake Michigan
Lobe are represented by a series of end moraines (Figure 1-1) that
were first identified by Frank Leverett (Leverett and Taylor, 1915) in
the early 1900's. From oldest to youngest, they are: the Tekonsha,
Sturgis*, Outer and Inner Kalamazoo, Outer and |Inner Valparaiso, and
Lake Border moraines. These moraines trend in a northeast-southwest
direction and roughly parallel the present shoreline of Lake Michigan.
To simplify discussion, several of the morainal ridges have been
grouped into the following morainal systems: The Sturgis-Kalamazoo,

Valparaiso, and Lake Border morainic systems (see Figure 1-1).

* Although Leverett (Leverett and Taylor, 1915) suggested that the
Sturgis Moraine in Kalamazoo and western St. Joseph counties,
Michigan, was formed by the Lake Michigan Lobe, he considered it time
equivalent to the Sturgis Moraine of the Saginaw Lobe and, thus,
stratigraphically older than the Tekonsha Moraine. Recent detailed
mapping of the surficial deposits in southwestern Michigan by the
author and others (Monaghan, et. al., 1983), however, shows that the
Lake Michigan Lobe portion of the Sturgis Moraine more likely
represents the outermost ridge of the Kalamazoo Morainic System and is
therefore younger than the Tekonsha Moraine. Because of this
relationship, the author and others have preferred to call Leverett's
Kalamazoo Morainic System (Leverett and Taylor, 1915) the
Sturgis-Kalamazoo System.

22



_ FIGURE 1-L.
Bloomingdale section showing the clay mineral variability of
the three till units along two vertical sampling transects.
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CLAY MINERALOGY: In an attempt to correlate till associated with the
inland moraines to the tills exposed at the Glenn Shores section,
X-ray diffraction analyses were performed on the clay-size fraction of
65 till samples collected from exposures within these moraines. The
location of the sample points and associated 7A/10A ratio values s
shown in Figure 1-1. Samples were taken generally 2 to 3 meters below
the ground surface from fresh exposures. The till samples were

analyzed using the same methods applied to the Glenn Shores samples.

The results of the above analyses are presented in Figure 1-3 as
a series of frequency histograms comparing the calculated 7A/10A
ratios of the moraines with the three tills exposed at Glenn Shores.
These histograms show that the clay mineralogy of till associated with
the Sturgis-Kalamazoo, the Valparaiso, and the Lake Border morainic
systems is most similar to that of the Saugatuck till, while the clay
mineralogy of till associated with the Tekonsha Moraine is most
similar to that of the Ganges till. Application of the T-test
indicates that these associations can be supported to the 99%
confidence level. Hence, on the basis of the statistical similarity
of clay mineralogy, the author proposes that the till comprising the
Lake Border, Valparaiso, and Sturgis-Kalamazoo morainic systems
correlates with the Saugatuck (upper) till at Glenn Shores, and that
the till comprising the Tekonsha Moraine correlates with the Ganges

(middle) till.

25



FIGURE 1-5.

Frequency histograms showing clay mineralogy of till from the
Bloomingdale (below the upper dashed line) and Kalamazoo
County (below lower dashed line) sections compared with the
clay mineralogy of till from the Glenn Shores section.
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INLAND SUB-SURFACE TILLS

In addition to the surface tills, four inland sections that
contain buried or multiple tills were sampled. The locations of these
sections (Bloomingdale, Cooper, Ravine Road, and Comstock sections)

are shown in Figure 1-1.

The Bloomingdale section (Figure 1-4) occurs within a gravel pit
southeast of the Inner Valparaiso Moraine near the town of
Bloomingdale in northeastern Van Buren County. It contains three till
units that are best exppsed in the south wall of the gravel pit.
Here, the lowest unit is represented by a 4L to 6 meter thick outwash
which is composed of very coarse sand, pebbles, and cobbles. A 2 to 3
meter thick, grey, clay-rich till overlies the outwash. This til)
unit dips towards the south and is completely absent in the north wall
of the pit: Directly overlying the grey till is a 2 to 3 meter thick
brown, sandy-clay till. The contact between these two till units is
sharp. Overlying the brown till is a 2 to U4 meter thick outwash
composed of medium to coarse sand and pebbles. The section is capped
by a third till that is 1 to 2 meters thick. This till is brown,
sandy, and pinches-out in a few places; the contact between it and

the underlying outwash is sharp. The texture and discontinuous nature

of the surface till suggests that it may be a flow till.

CLAY MINERALOGY: In order to correlate the till units exposed at the
Bloomingdale section with those exposed at Glenn Shores, clay mineral
analyses (identical to those described for the Glenn Shores tills)

were performed on a total of 34 till samples. These samples were
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collected along both vertical and horizontal sample transects, as well

as randomly throughout the Bloomingdale section.

The results of the analyses are presented in Figures 1-4 and 1-5.
Figure 1-4L shows the <clay mineral data from two of the vertical
transects, while Figure 1-5 is a series of JA/10A histograms of all
samples taken from each of the tills. Also shown in Figure 1-5 are
the histograms of the clay mineral data from the till units exposed at
Glenn Shores. Comparison of the Bloomingdale and Glenn Shores clay
data (Figure 1-5) suggests that the Bloomingdale lower till is most
similar to the Ganges (middle) till at Glenn Shores, while the
Bloomingdale middle and upper tills are most similar to the Saugatuck
(upper) till. Application of the T-test indicates that these above
associations can be supported to at least the 99% confidence level.
Therefore, based on the clay mineral similarities, the author proposes

that the Bloomingdale middle and upper tills correlate with the

Saugatuck (upper) till at Glenn Shores, while the Bloomingdale lower
till correlates with the Ganges (middle) till.
Three additional sections, each containing a single till wunit

buried beneath outwash, occur within gravel pits located east of the
Bloomingdale section in Kalamazoo County (Figure 1-1). The Ravine
Road and Comstock sections contain a brown, sandy, and loose-textured
till, while the till in the Cooper‘ section is brown, dense, and
clay-rich. The <c¢lay mineralogies ¢. samples taken from these
exposures is shown in Figure 1-5 as a composite histogram and suggests
that the till in each of these exposures correlates with the Ganges

(middle) till at Glenn Shores.
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FIGURE 1-6.
Generalized section showing stratigraphic relationships of
the Lake Michigan Lobe till units in southwestern Michigan.
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FIGURE 1-7.
Correlation chart of the proposed Lake Michigan Lobe till
units in southwestern Michigan with the Lake Michigan Lobe
till stratigraphy from northern Illinois.

Notes: 1 - After Zumburge (1960)
2 - After Frye and Willman (1973)
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SUMMARY OF TILL CORRELATIONS IN SQUTHWESTERN MICHIGAN

A generalized east-west cross-section through southwest Michigan
is presented in Figure 1-6 and summarizes the correlations proposed in
this paper for tills of the Lake Michigan Lobe. It shows that the
Saugatuck till can be traced inland, along the surface, from the Lake
Michigan shoreline to the Sturgis-Kalamazoo Morainic System, while the
Ganges till can be traced in the subsurface from Lake Michigan to

where it crops out at the Tekonsha Moraine.

The presence of lacustrine sands between the Ganges and Saugatuck
tills at Glenn Shores (Figure 1-2) suggests that a significant retreat
- of the Lake Michigan Ice Lobe into the Lake Michigan basin must have
occurred following the formation of the Tekonsha Moraine. This
retreat also suggests that the distinct increase in 10A clay
incorporated into the Saugatuck till resulted as the Lake Michigan
Lobe ice subsequently readvanced to the Sturgis-Kalamazoo Morainic

System.
REGIONAL LAKE MICHIGAN LOBE CORRELATIONS

In 1915, Leverett (Leverett and Taylor, 1915; plate V) suggested
that the Kalamazoo Morainic System in Michigan is time correlative to
the outermost ridges of the Valparaiso Morainic System in |Illinois.
More recent morpho-stratigraphic correlations proposed by Zumberge
(1960) , however, disagree with Leverett's original interpretat....
Based on reconnaissance mapping of terrace deposits associated with
the Kankakee Flood (Ekblaw and Athy, 1925), Zumburge suggests thaf the

Tekonsha Moraine in Michigan and the West Chicago Moraine (outermost
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ridge of the Valparaiso System) in |Illinois are time equivalent
(Figure 1-7). Fullerton (1980) has agreed with the correlation
proposed by Zumburge (1960) and has further suggested that till
associated with both the Tekonsha and West Chicago moraines represents
the base of the Wadsworth till member of the Wedron Formation as
defined by Willman and Frye (1970) in Illinois. |If correct, the
conclusions of Zumberge and Fullerton would not only imply that the
Ganges and Saugatuck tills exposed in southwestern Michigan both
correlate with the Wadsworth Till Member (Figure 1-7), but would also
suggest that the retreat of the Lake Michigan Lobe, which occurred
between the formation of the Tekonsha Moraine and the
Sturgis-Kalamazoo Morainic System in southwestern Michigan, must hava
taken place in Illinois during the formation of the Valparaiso

Morainic System.

However, a significant Late Wisconsinan (late Woodfordian)
retreat of the Lake Michigan Lobe, on the order of that recorded at
Glenn Shores, has not been recognized within the Ilower part of the
Wadsworth Till. Such a retreat, though, has been documented between
the top of the Yorkville and base of the Wadsworth tills (Willman and
Frye, 1970). Therefore, the author proposes it is more reasonable to
conclude that the Ganges till in southwestern Michigan correlates with
the upper part of the Yorkville Till, and that the overlying Saugatuck
till correlates with the Wadsworth Till (Figure 1-7). These
correlafions, which generally agree with the morainal correlations
first proposed by Leverett (Leverett and Taylor, 1915), suggest ‘that

the Sturgis Moraine (outermost ridge of the Sturgis-Kalamazoo System)
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in Michigan is time equivalent to the West Chicago Moraine in
I11inois, while the Tekonsha Moraine in Michigan must be approximately
time equivalent to the Minooka or Marselles moraines in northeastern

I1linois.
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CHAPTER 2
SAGINAW ICE LOBE DRIFT STRATIGRAPHY

INTRODUCTION

The establishment of an objective Wisconsinan drift stratigraphy
for the Great Lakes Region has been the focus of much recent research,
particularly, as was noted in Chapter 1 of this paper, with respect to
the Lake Michigan Ice Lobe (Willman and Frye, 1970, 1975; Johnson,
1976; Acomb, 1978; Lineback, et al., 1974, 1979; Glass, 1981; Acomb et
al., 1982) and Huron-Erie Ice Lobe (Gooding, 1961, 1963, 1971;
Dreimanis and Karrow, 1972; Dreimanis and Goldthwait, 1973; Dreimanis,
1977; Eschman, 1978). To date, however, and primarily because of the
absence of any multiple till expésure; few studies have attempted to
establish a stratigraphy for till déposits associated with the Saginaw
lce Lobe. In fact, the stratigraphy of the Saginaw Lobe is still
based on the morphologic relationships of moraines that were first
described by Frank LeveretF around the turn of the century (Leverett
and Taylor, 1915). Even in recent summaries by DOreimanis (1977),
Fullerton (1980), and Mickelson et al. (1983) the stratigraphy of the
Saginaw Ilce Lobe has been described either as a series of 12 to 16

named moraines (Figure 2-1), or has been ignored.

The focus of this ..apter is two fold. First, to establish
lithological criteria that can be wused to define till sheets
associated with the Saginaw Lobe in south-central Michigan, and

second, to suggest probable correlation of these till sheets with the
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FIGURE 2-1.
Map showing moraines in southern Michigan (after Leverett and
Taylor, 1915).
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FIGURE 2-2.
Map showing Late Wisconsinan moraines of the Lake Michigan
and Saginaw lobes and till sample point locations in
southwestern Michigan.

NOTE: 1 - After Leveretrt and Taylor (1915)

Moraines of the Lake Michigan and Saginaw Lobes
in southwestern Michigan:

Lake Michigan Lobe Moraines:
Lake Border System:
LBM -- Inner and Outer
Lake Border moraines
Valparaiso System:
IVM -- Inner Valparaiso Moraine
OVM -- Quter Valparaiso Moraine
Sturgis-Kalamazoo System:
IKM -- Inner Kalamazoo Moraine
OKM -- Outer Kalamazoo Moraine
STM -- Sturgis Moraine

Saginaw Lobe Moraines:
TkM -- Tekonsha Moraine
KM -- Kalamazoo Moraine
LaM -- Lansing Moraine
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FIGURE 2-3.

Cross-section showing lithology and clay mineralogy of the
Bedford and Fulton tills sampled from the Eaton County
borings. Contacts shown between tills sheets are based on an
intervening sand unit between tills, and/or on a significant
difference in clay mineralogy. The insert 7A/10A frequency
histogram shows the distinct difference in clay mineralogy
between the Bedford and Fulton tills in BORE-2 AND BORE-6.
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established drift stratigraphy of the Huron-Erie and Lake Michigan ice

lobes.
TILL SHEETS OF THE SAGINAW LOBE

In an attempt to establish a till stratigraphy for drift of the
Saginaw Lobe in south-central Michigan, six 9 meter deep borings were
drilled between the cities of Charlotte and Grand Ledge in Eaton
County, Michigan. The locations of these borings are shown on Figure
2-2 (B-1 to B-6). For each boring, detailed lithologic descriptions
were logged; in addition, split-spoon samples of the drift were taken
at approximately 1.5 meter intervals. The lithologies and sampling
intervals for each bore-hole is shown on the cross-se:tion presented

in Figure 2-3.

Based on the lithologic logs, at least two tiIlAunits. separated
by sand and.gravel, were identified in BORE-2 AND BORE-6 (Figure 2-3).
The upper unit, informally named the Bedford till, consists of a red
to brown, sandy to sandy clay ¢till. The lower unit is composed
chiefly of a grey to tan, dense, clay-rich till, and is informally

named the Fulton till.

CLAY MINERALOGY: To further define their lithologic <characteristics,
semi-qu;ntitative X-ray diffraction analyses were performed on the
clay-size fraction of samples taken from the two tills. Preparation
of the till samples for analysis included pre-treatments that removed
soluble salts and free calcium carbonates for each 25 to 50 gram
sample (Jackson, 1956; Carroll, 1972). The clay-size (<2 mu) fraction

was then separated out by gravity fractionation, deposited on glass
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slides, and air dried. Prior to X-ray anaiysis, the slides were
placed in a desiccator with ethylene glycol to expand the vermiculite
to 14A and the smectite to 17A - 18A (Jackson, 1956; Carroll, 1972).
The prepared slides were then scanned from 2 to 15 degrees 286 on a
General Electric X-ray diffractometer (model XRD-5), rotated 180
degrees, and scanned again. The diffraction patterns were analyzed by
comparing the intensities of the 10A and 7A peaks. These peak heights
were measured to the nearest .025 cm from a predetermined base line
(Grim, 1968; Carroll, 1972). The 7A/10A peak height ratio was

calculated and reported as an average of the two rotations.

The results of the clay mineral analyses are presented in the
cross-section shown on Figure 2-3. The lithology of the logs is
indicated on the Figure 2-and the 7A/10A ratio at each sampling
interval is shown to the right of each log. These data clearly show
that where they are separated by sand deposits in BORE-2 and BORE-6,
the Bedford (upper) and Fulton (lower) tills have distinct clay
mineralogies. The clay mineralogy of till from these two borings has
been <compiled in Figure 2-3 as 7JA/10A frequency histograms. The
horizontal axis of each histogram represents the calculated 7A/10A
ratio, while the vertical axis represents the number of samples with a
particular ratio value. |t shows that in BORE-2 and BORE-6, the

Bedford till has ratio values less than 0.90 while the Fulton till has

ratio values greater than 0.90. On the basis of the distinct
difference at the 0.90 ratio value of till sampled from these two
borings, contacts between the till wunits in adjacent borings were
drawn. The samples from the 10 meter (30 foot) interval in BORE-2,
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FIGURE 2-k.
Frequency histograms showing clay mineralogy of the Bedford
and Fulton tills from Eaton County bore-holes (above dashed
line) compared with histograms of till sampled from Saginaw
Lobe moraines in south-central Michigan (below dotted line).

L6




: N oo._ . oant o..». . ou.._ . oo.- . [o]'] .o . ow..o . 114 .o.
0L°0 *A30°1S o U U Ut U . Ly
-N.m ..Su 2
07314 NIIWNYAQ SHAINO3IT N
20 a0us 0 0 Wwwuor 1,
ﬁ.” ..cuu 2
INIUYOW BHSNOW3L (5
mmm .>uu...wm 0 U :E._ U Uu _._ ”M oaus
INIHYOW 00ZHWH UM N
S0°1 *A30°18 _ — o . . . — ’ ’ ’ ’ ._
. ao.m zcmu 2
SONIN08 WO¥4 1111 (1S3IMOT) L Q3IWBNNN, €
wwm“. A3 18 — c.:E: rE:. 5 ,M
u [
SONI¥08 WO¥4 1111 (3100IW) NOLINA ok
o s —— e 5: —
ol N FZ "03y4
SONIY08 WOY¥4 1111 (¥3ddN) 0¥04038 [

47



BORE-3, and BORE-4 show ratio values that are greater than 1.L5.
Their stratigraphic position within the borings, as well as the
distinct difference in their clay mineralogies, suggests that these

samples may represent the top of an even older till sheet.

The clay mineral data from all samples associated with the
Bedford and Fulton tills have been compiled as 7A/10A frequency

histograms (Figure 2-4). These histograms show the probable range of

clay mineralogy of the two till units. The mean ratio value for the
Bedford till is 0.69, while the mean ratio value for the Fulton till
is 1.06. Application of the T-test to the clay data indicates that

the Bedford and Fulton tills are different to the 99% confidence

level.
END MORAINES OF THE SAGINAW LOBE

Two ice edge positions of the Saginaw Lobe, the Tekonsha ahd
Kalamazoo moraines, occur approximately LO to 60 kilometers southwest
of the bore-holes. These moraines were first identified by Leverett
(teverett and Taylor, 1915) and are shown on Figure 2-2. Also shown
is the location of the Lansing Moraine, which occurs a few kilometers
south of boring B-6. A drumlinized till plain (informally named the
Leonidas drumlin field) occurs southwest of the Tekonsha Moraine. The
southwest-nortneast orientation of these drumlins indicates that they
were formed by Saginaw Lobe ice (Leverett and Taylor, 1915; Monaghan,

et. al., 1983) .

CLAY MINERALOGY: In an attempt to correlate the Bedford and Fulton

.tills with till occurring south of the bore-holes, clay mineralogical
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analyses (identical to those described for the till sampled - from the
bore-holes) were performed on 28 till samples taken from exposures
within the Kalamazoo and Tekonsha moraines as well as the Leonidas
drumlin field. Samples were generally taken 2 to 3 meters deep from
fresh, unweathered exposures. The locations and associa{ed JA/10A

values of these sample points are shown on Figure 2-2.

The results of the analyses are presented on Figure 2-L4L in the
form of 7A/10A frequency histograms. These data show that the clay
mineralogy of the till associated with both the Tekonsha Moraine and
the Leonidas drumlin field is significantly different from the till
associated with the Kalamazoo Moraine. The mean ratio value for the
Leonidas drumlin field is 1.28, the mean ratio value for the Tekonsha
Moraine is 1.13 and the mean ratio value for the Kalamazoo Moraine is

0.78.

Comparison of the frequency histograms for the clay data from
moraine samples with those associated with the tills defined in the
bore-holes (Figure 2-4) suggests that the till from the Kalamazoo
Moraine is most similar to the Bedford till, while till from both the
Tekonsha Moraine and the Leonidas drumlin field is most similar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>