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ABSTRACT

EVALUATION OF NATURAL AGGREGATES IN
KALAMAZOO COUNTY AND VICINITY
MICHIGAN

By

Balkumar Prataprai Shah

The surface geology of Kalamazoo County was
remapped with the help of Frank Leverett's manuscript
field maps (available at the Michigan Geological Survey)
and extensive field checks. The drift samples from the
county were collected using the channel and pebble volume
sampling methods. The petrographic analyses of gravel
samples were carried out, and the data are correlated with
the similar data from the surrounding nine counties in
southwestern Michigan.

Kalamazoo County lies in a reentrant district of
the Lake Michigan lobe and the Saginaw lobe of the middle
Wisconsinan glacial age. ©On the basis of provenance,
observed lithologic distribution, and field evidences,

a viable glacial history of the area has been pictured
in seven figures. It is suggested that the Lake Michigan
lobe and the Saginaw lobe were out-of-phase with each

other, The Saginaw lobe sediments being laid down first
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in the county and then pushed and overlain by the eastward
advancing Lake Michigan lobe sediments. Characteristics
of glacial, glacio-fluvial, aeolian, and other features
and their associated clastics are described in detail.
This information should help in future exploration of
aggregate sources in Kalamazo¢ County.

It is desirable, however, to incorporate the in-
formation regarding the nature and structure of local
bedrock, thickness of glacial drift, and scils and their
relation to the parent material, to complete the total
picture of the area under investigation. Using available
surface and subsurface information, attempts are made to
present the total picture with the help of maps, cross
sections, diagrams, and tables.

The lithologic data are presented by a series of
maps on which the percentages of each major lithologic
group is entered, and isopleths are drawn. The resulting
distribution patterns are clearly indicative of two pre-
dominant source areas in relation to sediment dispersal,
and of glacial processes of two gquite separate lobes. On
the basis of above lithologic distribution patterns and
gecmorpholegy, the interlobate line is proposed (Plate I).
The engineering properties, such as physical strength and
chemical reactivity, show direct correlation with the

lithologic composition of the drift in Kalamazoo County.
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With the aid of petrographic analyses and the
glacial geoclogy, a map "Gravel Resources of Southwestern
Michigan" is prepared. This map is a guide for giving
preferences to the areas for prospecting future sand and

gravel deposits.
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CHAPTER 1

INTRODUCTION

This investigation was undertaken initially at the
request of the Research Laboratory Section of the Michigan
Department of State Highways, and subsequently has been
developed as a dissertation for the doctoral degree. As
such it forms an expanded phase of the statewide investi-
gation of the availability and quality of sand and gravel
deposits of glacial origin, and provides an opportunity
for a contribution to the glacial history of southwestern
Michigan. On the practical side it is hoped that the study
will have value in meeting the increasing demand of suit-
able natural aggregates for future highway programs in
this state, as well as some fresh insights into the aca-

demic view of these practical matters.

Aims and Purposes of the Study

For the purpose ¢of this investigation, it was
decided to study one area, preferably as large as a county,
to be geclogically and gecographically representative for

the systematic evaluation of sand and gravel deposits in



Michigan. The first aim is, of course, use in planning
by the State Highway Department. Kalamazoo County was
selected for the study because of a shortage of known
aggregates for highway construction in that region. To
determine the origin and quality of material in the
Kalamazoc area, a systematic geological study is essen-
tial. The glacial sediments in this region have been
deposited by glacial and glaciofluvial processes of two
separate glacial lobes of the Wisconsinan glaciation,
i.e., the Lake Michigan lobe and the Saginaw lobe affect-
ing the area with repeated invasions of ice. This has
produced what will be referred to as an interlobate
"reentrant district," defined as an area in which mater-
ials from two different sources have become intermixed.
Because, this situation makes field interpretations often
gquite difficult, the writer has mapped and sampled a
large number of surficial deposits in the study area,

and using field and laboratory interpretive technigues,
attempts to clarify Pleistocene stratigraphy of these
complex surface deposits. By applying time-stratigraphic,
rock-stratigraphic, soil-stratigraphic, and morpho-
stratigraphic analyses to the sequence, a glacial history
of the area is evolved. Although some important questions
remain unanswered, it is hoped that the new information
here presented will be helpful in future exploration of

such aggregates and in the interpretation of geologically



significant interlobate areas elsewhere in this state and
in other regions where glacial, glacio-fluvial, and
glacio~lacustrine processes have been dominant.

The origimfilly stated specific aims of this
investigation, both for the Highway Department and for

the dissertation were:

l. To prepare a detailed surface geologic map of
the study area, and describe the geology and the

glacial history of the area.

2. To point ocut sand and gravel deposits of the

area with economic potential.

3. To determine the lithologic distribution of
aggregates in the glacial drift by petrographic

and other applicable methods.

4, To determine if the deposits of two different
glacial lobes can be traced on the basis of

their composition and engineering properties.

Previous Work

Previous work which bears on this subject, con-
sists of some small scale areal mapping and the descrip-
tion of surface features in this area. Leverett and
Taylor (1915, the Pleistocene of Indiana and Michigan,
U.S.G.S. monograph 53) and Leverett (1924, Map of the
Surface Formations of the Southern Peninsula of Michigan)

are broad reconnaissance studies of the glacial geology.



These do not show the details necessary to characterize
efféctively the glacial aggregate sources, Helen Martin
(1955) compiled a map of the Surface Formations of the
Southern Peninsula of Michigan, which also depicts the
general distribution of the surface features. She also
reported informally on the glacial history of Kalamazoo
County (1957).

Detailed glacial mapping on a one-county basis
was done by Terwilliger (1954) in Van Buren County as
part of a state groundwater resources survey. Kneller
(1964) studied the gravel scources of Washtenaw County and
prepared a gravel resources map. Ibrahim (1970) made wide
use of the gravity method to delineate buried bedrock
valleys in Kalamazoo County, and prepared a bedrock
topographic map of the county. Folsom (1971) did his
doctoral thesis on the Hastings Quadrangle area in Barry
County, Michigan, and worked on the interlobate problem
between the Lake Michigan lobe and the Saginaw lobe; but
the area of his concentration was too restricted to give
much understanding of the situation pertaining to the
whole reentrant district.

Wingard (1969) carried out a study of glacial
gravels in Michigan, also under the auspices of the
Research Laboratory Section of the Michigan Department
of State Highways. His work also concerned a broad
region in a reconnaissance fashion to determine the

engineering properties and lithologic compositions of



glacier-related aggregates, and their provenance and dis-
persal throughout the southern peninsula of Michigan.

The present investigation was originated as a
continuing and more detailed phase of the program intro-
duced by Wingard, therefore, some specific references
will be made to his research. Though the present study
is mainly concentrated on the interlobate procblem, it
concerns itself as well with aspects of the bedrock
geology, bedrock topography, drift thickness, and scoils
of the area. These aspects are covered in Part II. In
Part III lithologic distribution, economic considerations,

and engineering usage of aggregates are considered.



CHAPTER Il

PHYSICAL SETTING

Location
Area
Kalamazoo County lies in the southwestern part of
the southern peninsula of Michigan (Fig. 1). The area is

nearly square in shape and has sixteen full civil town-
ships. The total area covered by this county is approxi-
mately 562 square miles. It is surrounded by seven other
counties: Allegan, Barry, Calhoun, Branch, St. Joseph,
Cass, and VanBuren. Selective supplementary studies,
equally significant to this investigation in southwestern
Michigan (Fig. 2) have also been conducted in these sur-
rounding seven counties and in Berrien and Eaton counties.
Geologically, Kalamazoc County is located on the
western*édge of an interlobate reentrant district betwecen
the Lake Michigan lobe and the Saginaw lobe of the Wis-
consinan glacial age. The position of the reentrant is

shown on Plate I.

Cultural Geography

Kalamazoo County was organized as a Civil Unit in

July, 1829, the earliest settlers having come chiefly from

&6
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New York State. The population by 1850 had risen to
13,179, and by 1860 it had about doubled. The 1970 cen-
sus reports a population of 201,550 for the entire county,
and 85,550 for the city of Kalamazoo.

The area is easily accessible by federal and state
highways, county roads, and township roads. The main
across—-state highways serving the county are I-96, US-131,
M-43, M-89, and M-96. All county and township roads, which
usually parallel the section lines, are well surfaced. The
county is further served by the Grand Trunk, New York Cen-
tral, and Pennsylvania railrocads,

The industry of the area involves manufacture of
diversified products, among the most important being paper
and allied products, pharmaceuticals, chemicals, trans-
portation equipment, and various types of machinery.
Mineral industries in the county produce processed sand
and gravel, marl, and scme peat.

The county also yields a variety of specialized
and general farm products, the most important agricultural

exports being celery, blueberries, cherries, and grapes.

Geomorphological Character

Relief

The present géomorphic features of Kalamazoo
County area were formed during the Cary stage of the
Wisconsinan glacial age, and thus are largely in a youth-

ful stage of geomorphic development. The highest elevation
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in Kalamazoo County is in Oshtemo Township, the elevation
being 1,040 feet above sea level. The general relief of
the county is 50 toc 275 feet above the bed of the Kalamazoo
River. Surface relief in the northwestern and west-
central parts of the county, however, is appreciably
higher due to marginal features. The rest of the area
below about 900-fcot elevation is generally flat, and
consists of glacio-fluvial sediments, with a maximum re-
lief of 80 to 100 feet. Most of the flat area is breached
by the Kalamazoo River and is dissected by several small
tributaries. Some remnants of the outwash plain in the
northeastern part of the county lie at elevations as

much as 960 feet above sea level. The elevation is 800
feet where the Kalamazoo River enters the county, and

734 feet where it leaves the county.

Drainage

The Kalamazoo River, the principal drainage way
of the county, flows in a westerly direction as far as
the city of Kalamazoo, and then in a northerly directiocn,
leaving the county in a northwesterly direction. 1In
general, the northern half of the county is in the
Kalamazoo River drainage basin, and most of the tribu-
taries flow into the Kalamazoco River. The rest of the
county lies in the drainage system of the St. Joseph
River, only a few tributaries of which reach the county.

The northwestern corner of the county is drained by the
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Paw Paw River basin. All the drainage from Kalamazoo
County eventually reaches Lake Michigan.

There are numerous lakes in the county, several
of which are interconnected. Gull Lake is the largest of
all, the next largest being Austin Lake. Chains of lakes
abound in the upper reaches of the main streams. 1In
general, most of these lakes were formed during de-
glaciation, and lie in the reentrant district between
the two glacial lobes noted above.

In general, drainage in the county is marked by
irregular stream courses, swamps, ponds, and lakes, and it
can be described as a "deranged pattern" in geomorphic

terms (Thornbury, 1962).

Climate

Weather-wise, Kalamazoo County experiences short
and warm summers and long winters which are not unusually
severe. In winter the temperatures may fall to 15° to
20°F or more below zero, for a week or so, but not for
prolonged pericds. In summer the temperatures may range
from 34°F to 100°F. The mean annual temperature is
around 50°F. Lake Michigan greatly affects the weather
in the county, as the.prevailing westerly winds are
warmed in winter and cocled in the summer while passing
over the lake, thus giving the region a slightly “mari-

time" aspect.
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The annual precipitation in this area averages
about 35 inches a year, with precipitation being heaviest
in spring and summer., The driest month is February, in
which the average precipitation is only about 2 inches.

Kalamazoo County lies on the eastern edge of the
snow belt, which is induced by moisture and warmth picked
up by the westerly winds crossing Lake Michigan. Conse-
quently, the average annual snowfall in the county is
10 to 15 inches greater than in the central and eastern
parts of southern lower Michigan. In the last decade,
the snowfall has averaged about 55 inches annually,
though the secular climatic trend, at present involves
a gradual winter cooling of several degrees since the
1940's. Nevertheless, the climatic conditions are

essentially temperate.



PART II



CHAPTER III

FIELD INVESTIGATIONS

Keeping the initial scope and objectives in mind,
systematic and detailed field investigations were carried
ocut. Objectives of the field investigations were divided
into the following phases: (l) to prepare a detailed
surface geclogic map and work out the glacial history of
Kalamazoo County, so that it can be used to locate and
evaluate natural aggregates of glacial origin; and (2) to
locate suitable exposures for sampling and ccllection of
representative glacial drift for petroclogical analysis,
so that evaluation can be made of its potential for use in

construction projects in southwestern Michigan.

Surface Mapping

Originally the surface geology of Kalamazoo County
was mapped by Frank Leverett and published by Leverett
and Taylor (1915) in U.S. Geological Survey Monograph 53.
Later, Leverett, who was largely responsible for the field
work in this area, published (1924) a slightly revised map
of the surface formations of the southern peninsula of

Michigan. Helen M, Martin in 1955 published another 1large

13
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scale map ¢©f the surface formations of the southern penin-
sula of Michigan, in which very few changes were made from
Leverett's maps.

The above mentioned maps cover large areas and are
very general in their applicability to a small area like a
county. To answer the need for more detailed studies, the
writer decided to remap Kalamazoo County from field obser-
vations, using additional available surface and sub-
surface information which has recently come to light.

The surface mapping was carried out by obser-
vations along roads, with occasional foot traverses off
the roads of course, often with the permission of property
owners. The county has a very good network of section-
line roads, and is covered by topographic guadrangles.

The U.S. Geological Survey topographic quadrangle maps,
the Michigan Department of State Highways county roads
map (1 inch = 1 mile), and copies of Leverett's original
manuscript maps were essentially used as field guides,
All possible exposures were visited and auger holes
drilled at a number of places for evaluation of the
parent material of glacial origin. Additional infor-
mation from highway borings has also proved useful.

Study of aerial photographs has aided the mapping
in the field as well as in the laboratory. The indi-
vidual photographs used are at a scale of approximately

1:20,000. The composite index photo map for the whole
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county has also been useful, at a smaller scale, for a
detailed study of regional glacial features, and to locate
any gravel and borrow pits not listed in the Michigan
Department of State Highways' Gravel Pit Inventory. A
soil map prepared by the Bureau of Soils (1922) has also
helped in the mapping of glacial features and the assess-
ment of parent material uncovered at given locations.

Subsurface information regarding the nature of the
material and its association with glacial features was
obtained from waterlogs and oil and gas well logs avail~-
able at the Michigan Geclogical Survey. Also, infor-
mation from wvarious ground-water investigations was
referred to, and at times conversations with well drillers
and local people were carried out.

After gathering the above information in 1968, a
detailed map of the surface geoclogy of Kalamazoo County
was prepared (Fig, 6). Later on part of the studies were
extended into neighboring counties, so it has become neces-
sary to compile from all ~vailable information a map of

the surface geology of southwestern Michigan (Plate I).

Field Sampling

The sampling of glacial material was carried out
simultaneously with the surface mapping. Over 90 large
and small gravel pits were visited throughout Kalamazoo
County to determine their suitability for sampling. Out

of these, 18 pits were initially sampled, using the
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channel sampling method. Samples were collected for the
petrographic and mechanical analysis of the glacial
material. Later on, it was found necessary to gather
additional petrographic data in the county, with 23 more
locations being sampled by the spot sampling method. Over
100 locations (including the above) were sampled for
petrographic and mechanical analysis of sand, using
channel, spot, and auger sampling methods.

The locations to be sampled were based on the
following characteristics: (1) freshness of exposure,
though in several old gravel pits, fresh exposures were
unavailable because of extensive slumping and the growth
of vegetation, which made it difficult to obtain repre-
sentative samples in some cases; (2) type of deposit and
the nature of its glacial origin; (3) size and texture of
the material; (4) the associated glacial lobe and its
former direction of ice flow; and (5) sampling density.
Many gravel pits were not sampled because of lack of
fresh and suitable exposures.

It was desirable to take a commercial or engi-
neering type of sample, as this study is concerned with
evaluating the gravel deposits, as a wheole, for their
desirability as concrete aggregates. Suitable sampling
methods and procedures for an engineering type of sample
were decided from the outcome of earlier similar studies
conducted in the Research Laboratory, Michigan Department

of State Highways {Wingard, 1969).
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Large Samples—-Channel
Sampling Method

Channel sampling method was used for the first 18
samples obtained in Kalamazoo County, and samples 19-22
obtained by Wingard (see Table 3 in the Appendix). These
samples were large (weighing 600-1200 pounds) and were
used for laboratory petrographic and mechanical analyses.
Channel samples were always taken normal to the bedding of
the deposit. First, all materials that had slumped over
the face of an exposure or a pit were shovelled away in
order to prepare a more or less vertical face. Usually
about 20 feet of face (excluding the overlying soil pro-
file} was cleared to obtain a wide range of the material
to be analyzed. Precautions were taken to remove weathered
and out-of-place material from the face. Then a channel
about 9-12 inches wide and 5-6 inches deep was dug in the
wall. The depth of the channel was more than the diameter
of the largest pebble in the sampling zone. The entire
vertical column was sampled by using a two liter laboratory
scoop and a pick-mattock. Any excess of caved-in material
was discarded. In order to obtain a representative and
properly weighted sample, the material was sampled from
each bed in proportion to its thickness. Occasionally
sample transects were offset in order to obtain complete
vertical sections. 1In each gravel pit anywhere from one
to four channel samples were taken, depending on the

amount of fresh exposure.
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Small Samples--Spot
Sampling Method

An isolated sample taken at a particular point on
the exposure is termed a spot sample. But, here the con-
cept of a spot sample is used in a slightly different way.
These types of samples were taken from gravel pits, small
borrow pits, and other small man-made exposures. The
sample consisted of an integrated composite of a zone, or
selected random samples taken in a small vertical channel
in coarse sedimentary strata only. Using a laboratory
scoop, only coarse material was taken and the 1/2-inch to
l-inch pebble fraction was separated by hand sieving
through square mesh screens. Approximately 10 pounds of
material were bagged for further pebble volume analysis
(see Chapter 1IX).

This method of sampling and analysis has been
successfully used in earlier work by the Research Labora-
tory Division, Michigan Department of State Highways, and
has been proved by Wingard (1969) to be very economical
and reasonably accurate for determining lithologic compo-
sition of drift materials. The writer, therefore, decided
to use it, to compare his data with similar data acquired
by previous investigations of the Research Laboratory,
Michigan Department of State Highways in the vicinity of
Kalamazoo County.

Analysis of the first 18 samples suggested that

additional lithologic data were needed to make more
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precise glacial interpretations. Thus, an additional 23
locations were sampled by using the above described

sampling method and related volume pebble analysis.

Auger Sampling

In Kalamazoo County, wherever surface and sub-
surface information was insufficient for interpreting the
geology of the area, auger holes were drilled and samples
collected. In all 13 holes were drilled throughout the
county, the depths varying between 42 feet and 72 feet.

A truck-mounted six-inch uncased power auger was used,
provided by the Soils Division, District #7, Michigan
Department of State Highways. Subsurface information
was recorded at every five-foot vertical interval and,
as noted above, samples were collected for further
analyses.

Occasionally a six-foot hand auger was used in
the field for mapping purposes and for collecting small
samples, especially for sand analysis. Samples from a
large truck-mounted auger were also used for sand analy-
sis, but none of the auger samples could be used for
petrographic analysis of coarse size {(+3/16-~inch) material,
because of the inability of the auger to bring many large

rocks to the surface,

Sampling Problems

A few problems are associated with these sampling

methods. Caving or slumping was found to be the largest



20

problem encountered in the channel sampling method. Every
so often during sample collections material would cave in
or slumping would occur to upset the procedure. Almost
always there was at least some slight disturbance in the
middle of sampling. Thus the channel sampling method
proved to be quite a time consuming process--more so than
the spot sampling method, but it provided more information
than the other technigue. Alsco, when the water-table was
higher than the lower limit of a dug channel, serious
problems of caving-in were experienced. Just as caving-
in introduces complexities into the sampling picture,
induration further complicates the sampling. Generally
induration in sand and gravel deposits is the result of
carbonate or silica cementation. Such indurated material
{hardpan) is very difficult to scoop out or break loose,

and can offset the sampling continuity.



CHAPTER 1V

GLACIAL HISTORY AND STRATIGRAPHY

The Pleistocene Glacial Epoch in the geoclogic
history of Kalamazoo County and vicinity is the most
significant with respect to yields of commercial sand and
gravel, and to important resources of ground water for the
area. The rather comprehensive earlier studies of the
Pleistocene geology of this area, were done by Leverett
(Leverett and Taylor, 1915) and subsequently by several
others including water resources investigations {Terwilli-
ger, 1954; Travis, 1964). Earlier workers suggested
several probable invasions of continental Laurentide
glacial ice in southwestern Michigan, but the problem of
recognizing and dating the various invasions and ice
fluctuations remains inconclusive in most sectors because
of insufficient surface evidence. Also, glacial sediments
of earlier ice advances and retreats have either been
destroyed, covered, or modified by erosive and deposi-
tional effects of younger ice. Thus the recognition of
earlier ice age deposits in Kalamazoo County must be made

primarily from well records, which, because of improper

21
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and incomplete recording becomes a frustrating and diffi-
cult procedure. In fact, the nature and composition of
subsurface materials is too often inadeguately indicateqd

in well records, and if noted at all, usually cannot be
extended areally for any particular horizon owing to the
absence of records from adjacent sites, or because of in-
consistencies on the part of drillers in their descriptions

and use of terminology.

Pre-Wisconsinan Glaciation

It is a sufficiently established fact that all of
the surficial sediments of Kalamazoo County are related to
the Wisconsinan Glacial age except recent (Holocene)
alluvial sediments along presently existing rivers and
streams. ©On the basis of morainal seguences in Ohic and
Indiana to the south, we know that pre-Wisconsinan ice
once covered Kalamazoo County and presumably unlcaded
some of its material in the form of glacial and glacio-
fluvial deposits. The writer has observed what he be-~
lieves to be oxidized early Wisconsinan or pre-Wisconsinan
drift in the neighboring Parma area of Jackson County,
Michigan (see the Glossary). Also, others have reported
presumed pre-Wisconsinan material at the base of the
Wisconsinan drift in the Devils Lake sector south of the
Irish Hills in Michigan (Miller, personal communications,
1971) and in the Grand Rapids area {(Zumberge, 1964).

Also, one's attention can be drawn to the Glacial Map of
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the United States East of the Rocky Mountains (Geological
Society of America, 1959), on which a clearly delineated
zone of Illinoian and earlier drift is shown extending
across southern Illinois, southern Indiana, and southern
Ohioc, well covering the region adjacent to and south of
the study area.

It follows that Kalamazoo County lies on a direct
path of pre-Wisconsinan Laurentide ice, the provenance of
which was in the source area of the Lake Michigan and
Saginaw {(Huron) lcobes to the north, Whether Nebraskan
and Kansan glaciation actively affected Kalamazoo County
is not indicated by any identifiable older drift, though
a detailed study of well records alsc suggests that
Illinoian glaciation probably left its mark in this area.
It is fair to state that the uncertainty which surrocunds
the extent and nature of pre-Wisconsinan drift in Kalama~
zoo County stems simply from a lack of sufficient infor-
mation. What pre-Wisconsinan drift does occur is most
likely of Illinoian age, this drift or correlated ero-
sional topography of which seem to underlie much of the
Wisconsinan drift in this sector of Michigan's southern
peninsula.

It should further be noted that Leverett and
Taylor (1915) reported pre-Wisconsinan till farther east,
especially in the southeastern and eastern parts of

Michigan (U.S.G.S. Monograph 53). This till is generally
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unoxidized darker blue—-gray material, gquite distinct from
the newer dArift. This older material is alsoc described as
more stony, and considerably indurated. Sometimes this
older till is referred to as "hardpan" by well drillers
and in places is overlain by dark colored Sangamonian soil
profiles or deeply weathered zones marked by brown color-
ation from oxidation. 1In the Leverett and Taylor examples
the supposedly Illinoian deposits appear to be largely
sand and gravel or loose (non-compacted) textured material,
in which case they cannot easily be separated from Wis-
consinan deposits, except on the basis of rock-
stratigraphic and weathering differences.

It is suspected by the writer that Illinoian
deposits do, in fact, occur in Kalamazoo County as pre-
glacial valley fillings and in thin patchy zones over
buried bedrock surfaces. Some of this postulated
Illinoian drift could have been reworded and redeposited
by Wisconsinan glacial ice, in which cases the evidence
of earlier glacial effects would be largely destroyed.

The basis for this suggestion is that several deep well
records in Kalamazoo County reveal the presence of hard
stoney and bouldery clay, “hardpan," blue-gray clay balls,
and silt-clay just a few feet above bedrock. In several
areas above layers of hard blue clay there are thin

(10-15 feet) zones of brown silty clay and brown sandy

and gravelly clay, a situation which somewhat fits the
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Leverett and Taylor description of Illincian till in
southeastern Michigan,

In addition to the above, Abdelwahid Ibrahim
(1970) reports from Kalamazoo County finding references
in driller's logs to buried soil profiles containing tree
logs, brush stems, and muck and peat beds. He found
references to a sufficient number of places to reinforce
the belief that glacial sediments in Kalamazoo County
were indeed, deposited during more than one glacial age.
This writer has also found two driller‘'s logs reporting
soil profiles at considerable depth near bedrock in
Kalamazoo County. The presence of highly weathered
boulders found in a number of gravel pits in the county
may also relate to oclder presumably re-worked Illinoian

drift fragments,

Wisconsinan Glaciation

It has been well documented in the glacial
geological literature that the Wisconsinan ice spread
completely over the state of Michigan and about two-
thirds of Indiana and large adjoining areas of Illinois
and Ohic. As the present area of study is in south-
western Michigan, it is well within these borders, and
hence the surficial drift deposits throughout this area
are of the Wisconsinan age. The pattern of known ice-
sheet limits indicates a considerably more lobated form

at the time of its different stages than that of the
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Illinoian and earlier ice-sheets. Present landforms in
Kalamazoo County and immediate vicinity were essentially
the result of Wisconsinan ice pulsations, still-stands,
and withdrawals, during downwasting being characterized
by repeated small readvances producing myriads of oscil-
lation moraines and much varied relief. The ice was
believed to be enormous in thickness compared to present-
day temperate icefields around the globe, with the ex-
ception of the continental to subcontinental polar ice
sheets in Antarctica and Greenland which are considered
at least morphologically comparable. For this reason,
studies of such existing ice masses can improve one's
understanding of conditions in Michigan during Wis-

consinan time.

Time-Stratigraphic Relations

The stratigraphy of the Wisconsinan age has been
rather descriptively treated by earlier workers because of
its complex nature, and the lack of sufficient direct
glacialogical experience in regions of existing glaciers.
Leverett and Taylor (1915}, who were well-trained Pleisto-
cene geologists, in their U.S, Geological Survey Monograph
53 worked out in broad ocutline the approximate time re-
lations of these ice lobes and morainic systems, empha-
sizing the Wisconsinan glaciation in Indiana and southern
Michigan, Because of the large number and intricately

combined nature of these moraines, Leverett and Taylor
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considered them in groups, rather than correlating each
individual moraine across the whole region. They right-
fully considered that this method simplified guestionable
correlations of individual moraines, and of course it
served its purpose by providing a fine general framework.
But they left many details untouched.

Since about 1950, the stratigraphy of Wisconsinan
age deposits has been reexamined in more detail. A criti-
cal study of newly available rcad cuts, gravel pits,
building foundations, streambank exposures, and other
types of outcrops has provided a new basis for major
improvements in and alterations of the earlier concepts.

Classification of the Wisconsinan age has been
reviewed recently by Leighton (1958, 1959, 1960}, Frye
and Willman (1960), and Wright (1964); also in some re-
cent studies by Wayne (1963) and Gooding (1963). In 1958
the Illincis State Geological Survey issued a report on
its official classification policy (Willman, Swann, and
Frye, 1958), and in 1961 the American Commission on
Stratigraphic Nomenclature (A,C.S.N.) issued its proposed
stratigraphic code for North America (A.C.S.N., 196l1}.
From these two publications, the principles of classifi-
cation are reviewed and modified in detail into a recent
report, "Pleistocene Stratigraphy of Illinois," by

Willman and Frye (1970).
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In most of the papers, it is difficult to determine
what type of classification is being used. The most common
form is based on time-stratigraphy. The Illinois State
Geological Survey recognizes several independent categories
of stratigraphic classification, out of which the follow-
ing four are formally used in the report by Willman and

Frye (1970):

Time - stratigraphic
Rock - stratigraphic
Soil - stratigraphic
Morpho - stratigraphic

For the purposes of the present paper, reference
is made primarily to the most recent and commonly applied
time-stratigraphic classification. The evolutionary his-
tory of the Wisconsinan age is shown diagrammatically in
Figure 3. According to the A.C.S.N. Code of 1961, "A
time-stratigraphic unit is a subdivision of rocks con-
sidered solely as a record of a specific interval of
geologic time." More detailed description of a time-
stratigraphic classification need not be repeated as it
ig given in the A.C.S.N. Code (1961, p. 657). With re-
spect to the sequences in Figure 3, the Leighton chrono-
logy appears to be more applicable to the present study
because it is in more detail than the chronology found to

apply in Illinois alone,
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Distribution of Drift

The entire Kalamazoo County and vicinity was
covered by two lobes of the Wisconsinan age continental
glacier, the Lake Michigan lobe which advanced from the
northwest, and the Saginaw lobe from the northeast. These
two lokes, along with the Erie lobe to the east, extended
southward intoc northern Illinois, norchern Indiana, and
northern Ohic. The maximum advance of these three lobes
is considered tc be the Minooka moraine of the Lake
Michigan lobe, the Iroquois-Packerton Moraines of the
Saginaw lobe, and the Union City moraine of the Erie
lcbe (Fig. 4). 2Zumberge (1960) considers that these
moraines mark the Cary drift border in Illinois, Indiana,
and Ohio. Retreat of the ice margin of all these lobes
formed the present surface features in northeastern
Illinois, northern Indiana, northern Ohio, and southern
lower Michigan. Therefore, the present surface geology
of Kalamazoo County and vicinity came into existence
because of the major withdrawal of ice in middle Wis-
consinan time (Fig. 3), with minor readvances of the
Lake Michigan lobe and the Saginaw lobe of the Cary
stage of the Wisconsinan age, It is probable that the
thickness of glacier ice in these two lobes, within a
few miles of its border, was more than one mile, which
effected the huge bold morainic patterns found. Advances
and retreats of both the Lake Michigan and the Saginaw

lobes were presumably controlled by glacio-climatic
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changes in the net accumulation in nourishment zones

(Névé areas), or inner areas, i.e., the interior icesheet.

L.ake Michigan lLobe.--In terms of the Wisconsinan

glacial history, the Lake Michigan lobe continued to
fluctuate in marginal position and volume during all of
the time between the deposition of the Minoocka meoraine in
northeastern Illinois and the readvances of Valders ice
in the late Wisconsinan time. The Lake Michigan lobe fed
by ice flow from one or more ice centers located around
and probably somewhat southwest of the Hudson's Bay area.
This lobe (along with the Green Bay lobe) flowed south-
ward into the Lake Michigan lowland along preglacial
river valleys, with glacial erosion taking place on weak
rocks of Middle and Lower Paleczoic age.

The major ice limits of all stages and main
Wisconsinan moraines were first worked ocut by Leverett
{1902), using topographic and morphologic methods. Accord-
ing to Leverett and Taylor (1915), after the development
of the Bloomington morainic system there seems to have been
rapid recession along the junction (Fig. 5) ©of the Lake
Michigan and Huron-Erie lobes across the Kankakee basin
and on neortheastward into southern Michigan as far as the
Kalamazoo area. Late retreatal history of the Lake
Michigan lobe is intimately related tc the history of
Lake Chicago and associated low-water stages (Bretz,

1951, 1955; Hough, 1955, 1958; Zumberge and Potzer, 1956).
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Figure 5. Designated morainic systems of Michigan and Northern Indiana (after
Leverett and Taylor, 1915).
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Horberg and Anderson (1956) believe that the Lake
Michigan and Green Bay lobes were deflected southwestward
by ice streams from the east which deposited huge piles
of drift east of the interlobate area at the time of the
Tazewell stage. They support this interpretation on the
bagis of d4rift lithologies (rock-stratigraphy) and moraine
patterns (morpho-stratigraphy), which in effect involves a
litho—-morphostratigraphic interpretation. This concept of
a westward shifting of the axis of the Lake Michigan 1lobe
was described by Leverett (1915) in U.S. Geological Sur-
vey Monograph 53. The eastern side of the Lake Michigan
lobe had thus less freedom for deployment than the western
edge, with the ice tending to hold its position on the
east while advancing on the west. The present glacial
features of the Lake Michigan lobe and the Saginaw lobe
in Kalamazoo County were formed during this eastern
orientation of the axis, followed by the downwasting and

retreatal phases of the Cary stage (Fig. 5).

Saginaw Lobe.--At the time of the Cary stage, the

Saginaw lobe of Laurentide ice moved southwestward through
and beyond the Lake Huron-Saginaw Bay area into Michigan
and northwestern Indiana. Irogquois-Packerton moraines in
northern Indiana represent the maximum advance of the
Saginaw lobe at the time of Cary glaciation. Horberg and
Anderson (1956) placed the boundary of the ocuter Cary at

the Iroquois moraine. This is lithologically distinct
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from the Lake Michigan lobe Cary moraines, but it is
similar to the Tazewell moraines found farther southwest.
Leverett studied moraines and deposits of all three lobes
(Leverett and Taylor, 1915, p. 123) and concluded the
following:
A study of the moraines of northern Indiana and
southern Michigan has shown that the portion of the
ice sheet which moved southwestward from the Saginaw
basin inteo Indiana melted back and disappeared from
northern Indiana while the Lake Michigan and Huron-
Erie lobes still extended into that state. This
perhaps is not surprising, for the path of the Sagi-
naw lobe, especially the part beyond the immediate
basin of Saginaw Bay, was across more elevated
country than the path of the bordering lobes. Its
thickness must have been correspondingly less and
its movement correspondingly weaker, and these
differences would become more noticeable with the
waning of glaciation and decrease in the bulk of
the ice sheet.

It is of interest that this description connotes
strong out-cf-phase fluctuations of major proportion in
these two main lobes, Further evidence of this and its
consequences will be considered later with respect to
specific features in this study.

On the same page Leverett also explains the strong
moraines in southern Michigan formed by the Saginaw lobe,
in spite of its degenerative regime compared with the
Michigan lobe at that time. He suggested that simul~
taneous convergence of the three lobes might have caused
an excessive loading with drift material in the part of
the ice sheet which subseguently became differentiated

into the Saginaw lobe. Further, Leverett thinks that
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this excessive loading may have been even more influential
than the comparative thinness of the ice in bringing about
the reduction in flow.

With the further recession of the Saginaw lobe
into southern Michigan, reentrant angles developed between
it and the Lake Michigan lobe in southwestern Michigan,
and between it and the Huron-Erie lobe in southeastern
Michigan. This was the simplest possible explanation
given by Leverett {1915). He suggested that the actual
history may have been much more complicated. The border
of these lobes, for instance, may have readvanced instead
of merely halting at the moraines formed during recession.
Due to a lack of more detailed evidence, however, Leverett
did not go into a complicated interpretation., From the
last quarter of a century's studies of existing glaciers
around the globe, it is a well-documented fact that major
ice retreats from vigorous advance positions are usually
associated with minor readvances and vice-versa. These
pulsations are related to many factors in the general
systems nature of ice sheets as quite sensitive responders

to climatic perturbations.

The Lake Michigan-Saginaw Interlobate Area.--An

interlobate area is defined as an area between bold end
moraine systems from different glacial lobes and also
along the line of junction of two adjacent glacier lobes.

In this definition southwestern Michigan is a classic
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interlobate area frequently referred to as a reentrant
district (Leverett's term). The reentrant angle is the
angle at the junction of two end morainic systems formed
by two quite separate glacier lobes.

Most of Kalamazoo County and vicinity lies within
such a reentrant district, situated between the bold
Kalamazoo morainic system of the Lake Michigan lobe to
the northwest and the bold moraines of the Saginaw lobe
to the northeast (Fig. 6 and Plate I). During the for-
mation of the Kalamazoo morainic system, the interlobate
junction was in Barry County, a few miles southwest of
Hastings and immediately north of Kalamazco County
(Plate I}. From this location, the interlobate tract
runs northward in a zigzag course toward southern Wex-
ford and Missaukee counties, which lie in the upper
middle center of the western "hand" of Michigan (Fig. 5).
In this interlobate tract are the most prominent moraines
developed anywhere in the southern peninsula. From the
axis of this interlobate tract, there is a general west-
ward topographic descent toward the Lake Michigan basin,
and a general eastward descent toward the Saginaw basin.

At the interlobate Junction southwest of Hastings
in Barry County, the Kalamazooc morainic system i€ _charac-
terized by larger lakes than are commonly found else-
where along the interlobate tract. Also the tract includes

several small gravel plains developed as an outwash from
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Surface geology of Kalamazoo

Figure 6,
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one or both of the ice lcobes. According to Leverett
(1915), these outwash plains are in places characterized
by small in-filled basins of sediments at the border be-
tween the gravel plains and the associated moraines. He
thought that the slopes of the outwash plains and the
distribution of these basins indicated the source of the
ocoutwash, which in some places appeared to be the product
either of one or both lobes.

Leverett (1915) further pointed out the relation
and trends of the moraines of both lobes in the reentrant
angle. Moraines of the Lake Michigan lobe lead up to the
line of junction from southwest or south, and those of
the Saginaw lobe lead up to the junction line from the
southeast. At this junction much outwash is found.

Leverett (1915, p. 186) thought that both lobes
for a while retreated from scuth to north along the line
of junction up to the southwestern part of Mecosta County.
He thought that probably both lobes thinned and shrunk
away toward the Lake Michigan lowland to the west and the
Saginaw lowland to the east, leaving a massive moraine
system extending northward from southwestern Mecosta
County to Cadillac. This interpretation may be correct,
but it is guite different from Leverett's interpretation
regarding the earlier disappearance of the Saginaw ice
from northern Indiana while the Lake Michigan and Huron-

Erie lobes still extended into that state. The present
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writer suggests that Leverett's second interpretation is
probably more realistic in the interlobate area between
the Lake Michigan lobe and the Saginaw lobe.

Broad scale correlative studies of all three,
the Lake Michigan, Saginaw, and Huron-Erie lobes, have
been carried out by investigators such as Leverett and
Taylor (1915), Wayne and Thornbury (1951, 1955), Horberg
and Anderson (1956), Anderson (1957), Zumberge (1960),
Wayne and Zumberge (1965) and several others in Indiana
and Michigan. Most of the studies, however, are focused
on the regiocnal relationship between terminal moraines of
all three lobes in northern Illinois, northern Indiana,
and northern Ohio. Very few detailed correlative studies
have been done along the border between Michigan and
Indiana, and particularly the present area of study.
Leverett (1915) has described individual glacial features
and deposits in the Kalamazoo area, but he posed problems
for interpretation of the history of deposition of the
complex intermingling of various kinds of tills, outwash
sediments, and lake deposits, both here and in the
northern part of Indiana. These problems have not yet
been adequately solved.

This writer's interpretations are based on field
examinations, laboratory analysis of surficial gravels
and sands, and study of other literature some relating to

the area of Kalamazoo County and vicinity. The
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interpretations given in the following pages may, of
course, be subject to change in the future when additional
data may become available from future road cuts and exca-
vations. The present chapter presents a brief glacial
history of the reentrant district, with detailed descrip-
tion of individual glacial features in Kalamazoo County
covered in the succeeding chapter.

Anderson (l1957) determined pebble and sand lith-
clogies of the major Wisconsinan glacial lcbes of the
central lowland in this country, and he interpreted distri~
bution of lithologic types in terms of provenance, lith-
clogic properties, and glacial processes. 1t appeared
difficult for him to differentiate glacial lobes on the
basis of a single "indicator" lithology. Only the Saginaw
lobe contained the always identifiable Precambrian
(Huronian Gowganda) tillite and the well-recognized
jasper conglomerate from the Lorraine formation (also
of Huronian age) which are not found in the Lake Michigan
and other lobes. The present writer considers that these
two indicator rocks (index erratics) are ideal for differ-
entiating deposits of the two different lobes in this
study area, on the basis that the Saginaw lobe only con-
tains these indicator rocks with a provenance in Ontario.

Anderson's investigation suggests that the relative
proportion of lithologic types is the most fruitful method

for the differentiation of glacial lobes. Lithologic
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composition of a particular drift must be dependent upon
the sources of the ice and the composition of the bedrock
floor over which it passed. Comparison of the lithologies
of the drift depcsited by ice lobes moving over different
bedreock lithologies should, therefore, show differences
intimately related to the former directions of flow.

A detailed petrographic analysis of gravels from
several locaticons in Kalamazoo County was carried out by
the writer, and the data (see Tables 3 and 5 in the Appen-
dix) are correlated with similar types of data from sur-
rounding counties, It is clear that pebble-sized fractions
show significant differences between the Lake Michigan
lobe deposits and the Saginaw lobe deposits. More de-
tailed interpretation of various proporticns of lithologies
associated with each lobe is given in Chapter X, under the
heading "Lithologic Distribution of Aggregates.” As in
Anderson's (1957) investigation, this writer finds that
the correlation of the relative proportions of certain
types of groups of lithologies~-i.e., rock-stratigraphy--
provides the most useful method for differentiating
deposits of these two lobes.

Considering all available information, it is
suggested what Leverett had apparently unwillingly hinted,
that, the terminal behavior of the Lake Michigan lobe and
the Saginaw lobe in middle Wisconsinan time were gquite

out-of-phase with each other. A seqguence of regional
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trends within the glacial borders of both lobes in the
Kalamazoo reentrant district are illustrated in Figures
7-13. Arrows in these figures only indicate shift in
position of ice margins due to downwasting and not the
direction of actual ice flows.

First, the Saginaw lobe ice (Fig. 7) was extended
through most of Kalamazoo County, all the way, passing
southward across the Michigan-Indiana border. At this
time the Lake Michigan lobe ice margin was farther west
and northwest (Figs. 3 and 4, and Plate I) and well con-
tained in the Lake Michigan basin. When the ice margin
of the Saginaw lobe started retreating with associated
small ice advances, its terminus shifted towards the
Saginaw basin leaving in its way a series of relatively
becld maraines, till plains, outwash plains (valley trains
in narrow linear areas), and recessional moraines; the
Lake Michigan lobe in contrast appears to have started
advancing again towards the southeast and east in the area
of southwestern Michigan. Presumably this represented a
difference in the dominant storm track pattern affecting
the different source areas, or névés, of these ice systems,
as has been well demonstrated in comprehensive studies of
smaller icefield systems of present glaciation in the
middle latitudes (Miller, 1963, 1972).

The retreating Saginaw lobe (Fig. 8) resulted in
the Sturgis moraine (Figs. 4 and 5; Plate I} in St. Joseph

County, part of the Alamo moraine in the northern part of
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Alamec Township of Kalamazoo County; and possibly the
Kendall moraine (Fig. 5) in northeastern Van Buren County,
which is believed (Leverett and Taylor, 1915) to be a
possible westward extension of the Alamo moraine. This
may also be the earlier phase of the Kalamazoo moraine

in Van Buren, Kalamazoo, and Barry counties, which is
considered to be the outermost bold moraine of the Lake
Michigan lobe in this area. Field evidence indicates that
at this time the previously stagnant and retreating Lake
Michigan ice border advanced again into the western part
of Kalamazoo County and overrode previously deposited
Kendall and Alamoc moraines of the earlier Saginaw lobe.
The ice then stagnated near the present main axis of the
northeasterly and southwesterly striking Kalamazoo moraine.
Greater relief and boldness of this moraine indicates a
vigorous ice push, followed by a rapid retreat from this
moraine, and then continuing stagnation, as a still-stand
phase, characterized by minor fluctuations, as shown by
the existence of many lesser moraines.

Overriding of the Lake Michigan lobate front over
the Alamo and Kendall moraines is suggested on the basis
of two lines of evidences: Firstly, the petrographic
analysis (Figs. 28-37) of samples taken from the Alamo
and Kendall moraines area have lithologic composition
guite similar to the rest ¢of the known Saginaw lobe

samples. Leverett (1915, p. 183) described the Kendall
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moraine, at least its northern half of which is very
hummoky and bouldery, and he suggested the possible
correlation between this moraine and the Alamo moraine
in Kalamazoo Ccunty. Leverett also pointed out that in
the northern half of the Kendall moraine there were many
huge boulders, some up to 8 or 10 feet in diameter.
Amongst these boulders he reported conglomerates of
various kinds, including the red jasper conglomerate
from Ontaric which has been previously regarded as an
indicater rock of the Saginaw lobe. He also reported a
few pieces of gypsum, and numerous limestone fragments
from Mississippian formations to the north. Such evi-
dence shows strong correlation of these two morainic
ridges with the Saginaw lobe moraine system. Secondly,
the strike of the Alamoc moraine and northern half of the
Kendall moraine, north of the village of Kendall in Van
Buren County (Plate 1), is east-west. This strike is
parallel to most of the moraines of the Saginaw lobe.
Suggesting further that these two moraines were formed
by ice earlier from the Saginaw lobe,

From the glaciological studies of Miller {1964,
1970) and others of the existing glaciers of today in
Alaska and elsewhere in the world, we know that glaciers
retreat and advance and thin and thicken due to clima-
tological changes, and changes in other physical param-

eters contreolling individual glaciers. Recent studies
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of Taku glacier and adjoining Norris Glacier (Lawrence,
1950; Eagan, 1971) of the Juneau icefield in Alaska show
that Taku Glacier since the 1890's has been advancing
abnormally fast, while the Norris Glacier since the
1910's has been slowly downwasting and retreating. The
former advancing phase of the Norris Glacier ice once
overrode but did not destroy earlier terminal moraines
formed by the Taku Galcier in its previous advance and
retreat 200 years ago (Miller, Egan, and Yates, 1964).
This modern small scale example can be applied to large
scale continental glacier lobes, where the terminal ice
was probably of comparable thickness, at least suffici-
ently thin in its terminal zone to override moraines like
the Alamo and Kendall without disturbing them.

After formation of the Sturgis moraine, the Saginaw
lobe (Fig. 9) continued to retreat more rapidly, forming a
series of till plains (Plate I) and outwash plains up to
the Tekonsha moraines (Figs. 4, 5, and 6), where it then
experienced a stillstand and allowed establishment of the
Tekonsha moraine as a strong recessional feature. The
Lake Michigan lobe was more or less at a standstill too,
with smaller advances which built the western end of the
Sturgis moraine (Plate I) in Cass County and the outer
part of the Kalamazoco moraine north of Kalamazoo River
in Kalamazoo and Barry counties. This part of the

Kalamazoo moraine in the Hastings gquadrangle in Barry
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County is described by Folsom (1970) as an interlobate
moraine.

The Saginaw lobe (Fig. 10) readvanced slightly
for a short time as far as the outer limit of the drumlin
field (Plate I} lying southeast of Kalamazoo County. This
readvance is indicated by drumlins and thin ablation till
(Fig. 16) on the top of the northwest-southeast trending
Tekonsha moraine. At the same time the Lake Michigan ice
readvanced over the Kalamazoo moraine up to the Saginaw
ice border in the socutheastern part of Kalamazoo County,
a situation shown in Figure 10. This readvance of the
Lake Michigan lobe appears to have pushed the surface
material east of the Kalamazoo moraine, previously de-
posited by Saginaw ice. Pushed material was thus re-
deposited in the form of weak morainic ridges marking
the outermost advance of the Lake Michigan lobe in
Kalamazoo County.

North-south trending ridges (Plate I), which are
also allied to the Tekonsha moraine system of the Lake
Michigan lobe in eastern Kalamazoo County, are correlated
by Leverett (1915) with the Takonsha moraine of the Sagi-
naw lobe. There are a couple of other weak ridges, one
in Comstock Township (Fig. 6) and another just northeast
of the city of Kalamazoc. These two ridges were probably
also formed as push moraines at the same time. The writer
suggests that material was pushed eastward by this re-

advance. The evidence here is that the lithologic
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composition of samples taken to the east (Figs. 28-37)
of the Kalamazooc moraine of the Lake Michigan lobe shows
strong correlation with the samples of the Saginaw lobe
towards the northeast. Yet the geomorphic character of
glacial features shows stronger ties with those of the
Lake Michigan lobe. In this sector, readvance of the
Lake Michigan ice is also marked by sandy ablation till
on the top of the Kalamazoo moraine,

On the basis of the above interpretation, an
interlobate boundary line (Plate I) is drawn through these
weak ridges formed by the maximum advance of the Lake
Michigan ice in Kalamazoo County. This interlobate line
passes farther north through the interlcbate moraine
described by Folsom (1970), in socuthwestern Barry County.
Similarly, the interlobate line to the south of Kalamazoo
County is considered to pass through weak moraines per-
pendicular to the Sturgis moraine of the Saginaw lobe in
the western part of St. Joseph County. It is suspected
that this line may pass through farther northwest part
of St. Joseph County. A sample taken from the Sturgis
moraine in St. Joseph County falls into the Saginaw lobe
lithology class, and the sample taken from the Sturgis
moraine in Cass County falls into the Lake Michigan lobe
lithology class (Figs. 28-37),

Figure 11 indicates how the Saginaw lobe ice
retreated rapidly, shifting its front back to the line of

the Tekonsha moraine and forming drumlins on the top of
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till plains, In contrast, the Lake Michigan lobe retreated
slowly tc the Kalamazoo moraine position, and produced a
few north-south trending weak ridges in conseqguence of

its minor marginal fluctuations. These weak ridges are
mapped (Fig. 6) as thin linear moraines in the southeast
Prairie Ronde, northeast Portage, and northwest Cooper
townships of Kalamazoo County.

After forming these small ridges, the Lake Michigan
lobe ice retreated (Fig. 12) rather rapidly to the present
Kalamazoo moraine position. Such an accelerated recession
is explained by the presence of a thin till capping
(Fig. 6) outwash deposits in Cooper and Prairie Ronde
townships of Kalamazoc County. In contrast, at this time
the Saginaw lobe experienced a slow retreat, forming series
of parallel and quite subdued moraines northeast of the
outermost main Tekonsha ridge. Some of these ridges of
the Tekonsha morainic system show a plexal relationship,
indicating again that small readvances characterized the
retreat of Saginaw ice.

Figure 13 shows the last significant event or
trend in the glaciological regime when ice from both
lobes retreated to their respective positions of the
present Kalamazoo morainic system. Here a major still-
stand occurred for a long period but again with minor
fluctuations resulting in the strikingly irregular scenes

of superimposed small ridges on the massive structure of
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the main bold moraines in southern lower Michigan. The
behavior of both lobes during the main retreatal phase
that followed, i.e,, through the rest of Wisconsinan
time--have been generally described in the Leverett and
Taylor monograph (1915).

The integration of all factors supporting this

interpretation is given in the Conclusions, Part III,

pages 170-71.



CHAPTER V

CHARACTER OF SURFACE GEOLOGY

The surface geology of Kalamazoo County is made up
of unconsolidated materials, predominantly of glacial
origin. The near-surface materials have been deposited
directly by the Wisconsinan ice, or indirectly by melt-
waters from the retreating glaciers, along with a very few
aeolian deposits of post-Cary age. Surface features are
classified, in four major categories: (1) glacial, (2)
glacio~-fluvial, (3) aeolian, and (4) others. The charac-
ter of each major feature and associated clastics is
described, with the idealized interrelationship and
sequence of formation of these features illustrated

diagrammatically in Figure 14,

Glacial Features

Glacial features in Kalamazoo County include
terminal or end moraines, lateral moraines, ground
moraines or till plains, and drumlins. These features
are mostly comprised of tills containing local lenses

of stratified sand and gravel.
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Terminal and Lateral Moraines

Moraines of Kalamazoo County are associated with
the activities of the Lake Michigan lobe and Saginaw lobe
of the Wisconsinan ice sheets. Evidences for assigning
the follow{pg moraines to a particular lobe are also

considered in the previous chapter and Chapter X.

The Kalamazoo Morainic System.--This moraine

system of the Lake Michigan lobe occupies the northwestern
part of Kalamazoo County (Figs. 5 and 6). It includes
mostly all of Oshtemc Township and parts of Alamo, Cooper,
Texas, and Prairie Ronde townships.

Leverett (1915, p. 174) described this system in
southern Michigan as having two well-defined ridges (ocuter
and inner ridges) separated by a narrow nearly continuous
gravel plain. In Kalamazoo County, however, this system
does not have this configuration. More often it appears
with the outer and inner ridges merging to form one large,
bold meoraine (Fig. 6). Disconnected shallow patches of
local cutwash commonly occur along the moraine axis.

The highest elevation of the Kalamazoo moraine in
this county is 1,040 feet in sections 92 and 10 of Oshtemo
Township. The moraine's average elevation is around 950
feet, and the average width, including the patches of
ocoutwash, 4 to 5 miles. The maximum width along an east-
west direction is about 7 miles, and is found in Alamo

and Cocoper townships.
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The outer margin of the moraine shows slight
relief above the onlapping outwash plain to the east which
in some places extends outward from the moraine. Patchy
outwash between the outer and inner margins of this
moraine is found close to the average elevation of the
moraine itself. The inner or western margin drops steeply
to a narrow outwash plain or valley train associated with
a glacial drainage channel,

The Kalamazoo moraine exhibits strong knob and
kettle topography. Several knobs are developed 50 to 75
feet above the neighboring kettle holes, but only 25 to
50 feet above the bordering ocutwash apron (Fig. 6).

Below this a number of kettle-like basins have depths

of 25 feet or more. Few of the kettles are occupied by
water, but where small lakes occur they are called kettle
ponds (Fig. 14). Many kettle ponds have become dry and
show deposits of stratified material near the bottom,.

High Ridge in the northeast corner ¢f Cocoper Town-
ship and the northwest corner of Richland Township, is a
north-eastward continuation of the Kalamazoo moraine
beyond the Kalamazoco River valley. It is this sector
which reaches in altitude of 1,040 feet above sea level,
in Section 1 of Cooper and Section 6 of Richland town-
ships. The bold topography and high relief resembles
that of the interlobate moraine in southern Barry County
(Folsom, 1971) which is, in fact, the northeastward

continuation of this ridge in Kalamazoo County.
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The Kalamazoo moraine is composed of assorted
material of various grades of coarseness. Most of the
drift is sandy and gravelly and in general thick beds of
sand and gravel are found interbedded with clay till
(Figs. 25 and 26) right down to bedrock. Layers of silt
are also reported in some wells. The layers of sand and
gravel are considered to be the result of deposition by
large amount of meltwater associated with the final dis-
appearance of large stagnant ice masses. More or less
throughout the moraine, near-surface material is either
loose-textured stony clay or sandy drift (Leverett, 1915),
with entrained cobbles and boulders. Such cobbles and
boulders, along with sandy or clayey material, are often
seen in cultivated fields (Fig. 15). In general, near-
surface sand seems to predominate over loose-textured
clay. The inhomogeneous character of the unstratified
sand and the loose texture of the clay, containing some
gravel and cobbles, indicate that ablation till covers
large surface areas in the Kalamazoo moraine. Below this
sandy ablation till, thicknesses of which vary from place
to place, brown discontinuous clay layers of varying
thickness also are present (Figs. 25 and 26). At greater
depth, in well logs, clay layers are described to be blue
or gray in color, with some exceptions of brown or yellow
clay.

The Kalamazooc moraine in the sector north of the

Kalamazoo River, in the northeast corner of Cooper
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Figure 15. Boulders and cobbles in a cultivated field on the
Kalamazoo moraine, Alamo Township, Kalamazoo County.

Figure 16. Ablation till overlying stratified outwash,
Tekonsha moraine, Charleston Township, Kalamazoo ’
County.
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Township, also has much sandy till at the surface with
many large boulders similar to those found in both the
Lake Michigan and Saginaw lobes. This relationship helps

the interpretation of an interlobate moraine (Plate I).

The Tekonsha Moraine.--In Kalamazoo County this

meraine was also formed by the interplay of glacial
activities in the Lake Michigan and Saginaw lobes (Figs.
5 and 6, Plate I). The Tekonsha moraine of the Saginaw
lobe, however, is stronger than that of the Lake Michigan
lobe, and comes into Kalamazo¢ County from Quincy,
Michigan in a northwesterly direction, passing through
Calhoun County. The Tekonsha moraine of the Saginaw lobe
also forms a reentrant angle with the Tekonsha of the
Lake Michigan lobe, just west of the Kalamazoo-Calhoun
County line and south of the Kalamazoo River valley in
Charleston Township (Fig. 6). This part of the moraine
trends northward from the reentrant area which forms a
couple of isclated spurs in Ross Township north of the
Kalamazoo valley. The reentrant area between the
Tekonsha moraine segments of both lobes extends south-
ward (Plate 1) beyond the boundaries of Kalamazoo County
and into neighboring counties.

The Tekonsha moraine, like the Kalamazoo, has a
general width of 4 to 5 miles east of Kalamazoo County
but is in places much narrower. The width reduces tc

2 to 3 miles and becomes very narrow in Pavillion and
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Brady townships toward the southwest (Fig. 6). The writer
believes that this weaker and narrower northeast-southwest
trending moraine was formed as a push moraine by the Lake
Michigan ice. Leverett in his Michigan Geological Survey
manuscript field maps, refers to this moraine as the
eastern limit of Lake Michigan ice.

Topography of the Tekonsha moraine is character-
ized by small knobs and kettles and is subdued compared to
the bold Kalamazoo moraine segments. The moraine also is
dissected by valley-like gaps in Brady Township where
glacial drainage (Leverett, 1915) seems to have been
forced across it while it was in contact with stagnating
and downwasting ice in Kalamazoo County. The maximum
altitude reached by this moraine is about 1,000 feet above
sea level, and this occurs at the moraine junction south
of Fort Custer Military Reservation in Charleston Town-
ship (Fig. & and Plate I). The greater part of the
moraine south of the Kalamazoo River, is a bit lower,
reaching elevations between 925 and 975 feet. The
morainal spurs north of the Kalamazoo River are slightly
lower reaching an average of 900 feet elevation.

The relief towards the outer margin of the
Tekonsha moraine is very gentle except for a few large
knobs and groups of knobs having 100 feet or so of
relief. The inner margin has slightly greater relief

than the outer margin. Width, relief, and elevation
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decrease considerably towards the southwest, in Pavilion
and Brady townships. North of Climax village this moraine
is known locally as "Tobys Hill." There are very few lakes
near the head of this reentrant district compared with the
head of the reentrant area between the Kalamazoo moraines
{Fig. 6). The Tekonsha spurs north of the Kalamazoo
valley, however, have large depressions below the border-
ing gravel plains, and surficial stratified materials
reveal much slumping, which suggests that stagnant ice
conditions may have persisted here during the building of
outwash from the Kalamazoo moraine.

The Tekonsha moraine in Kalamazoo County is com-
posed of loose-textured sand and gravel and isclated areas
of finer clayey material. Sand predominantes. Leverett
(1915) believed that this excessive sand was derived from
neighboring sandstone formations to the northeast, as well
as from the removal of finer material during deposition.
From a few well records (Figs. 25 and 26) it seems that
there are some thick layers of clay till 50 to 80 feet
below the surface, and near-surface sandy material is
oxidized to yellow to brownish-red color. Diversity of
structure even in small areas suggests too that ice borders
of both lobes must have been very active in this inter-
lobate area. The writer cobserved 6 to 8 feet of ablation
till overlying stratified ocutwash sediments at sample site

number 16 (Figs. 16 and 28 and Plate I). on the southern
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margin of the Michigan-Saginaw ice junction, in the
southwestern part of Section 22, Charleston Township (see
X on Plate I). This till connotes a significant readvance
of the Saginaw lobe towards the southwest. It is of
interest that similar type of till is not found on top

of the outermost northeast-southwesterly trending Tekonsha
moraine of the Lake Michigan lobe. Alsc, boulders and
cobbles are numerous at the interlobate junction area

south of the Kalamazoo River valley.

Other Small Moraines in Kalamazoo County.--There

is a norrow east-west trending ridge south of Marrow Lake
which connects the main Tekonsha Moraine of the Lake
Michigan lobe in Sections 24 and 25 of Comstock Township
(Fig. 6 and Plate I). Leverett, in his manuscript field
maps (Michigan Geoclogical Survey), named this as the
Battle Creek Moraine cf the Lake Michigan lobe and showed
a connection with the western part of the morainal spur

in Ross Township. On the basis of morphology and litho-
logic distribution of sediment, this writer disagrees with
this interpretation, believing instead, that this narrow
ridge marks the maximum advance of the Lake Michigan lobe
and was formed at the same time as the northeast-southwest
trending Tekonsha moraine (Figs. 5 and 6, and Plate I).
Also, this narrow east-west trending moraine may have

connected with the weak and disconnected almost north-south
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trending moraine in northwest Comstock and southwest
Richland townships (Fig. 6 and Plate I).

The east-west trending Tekonsha moraine in Comstock
Township has very low relief and is mostly composed of
loose-textured sandy material. According to this writer's
interpretation of interlobate line (Plate I) in the last
chapter, the nearly north-south trending moraine, in
northwest Comstock and southwest Richland townships, also
marks the latest maximum advance of the Lake Michigan
lobe against the Saginaw lobe. According to Leverett's
(Mich., Geol. Sur, manuscript maps) interpretation, he con-
sidered this as a pre-Kalamazoo moraine, but the writer
suggests that this moraine was formed between Lake Michigan
ice and Saginaw ice (Fig. 10), when the Lake Michigan lobe
ice overrode the bold Kalamazoo moraine. The rationale
here is that this moraine also has loose-textured sandy
material mixed with clay in some areas, but at a depth of
more than 50 to 60 feet thick clay till layers are present
according to well log data. In other words, this moraine
seems to show connection to the north with the bold int;r-
lobate moraine (Folsom, 1971) formed in the northeast part
of Cooper and northwest part of Richland townships. In
case the reader questions the validity of small linear
moraines representing the outer limit of Lake Michigan
ice, he is reminded that the regional trend of these

moraines is aligned with the well-established Lake

Michigan ice moraines to the west.
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A narrxow north-south trending morainal ridge abcut
3 to 4 miles long exists in Sections 17, 20, 29, 31, and
32 in Brady Township (Fig. 6). Its scuthern end is
dissected by Portage Creek. This ridge, too, has very
low relief and its width is about one-~third mile. Surface
material is again loose~textured and sandy looking similar
to the above described two small moraines which are sug-
gested as marking the limit of the Lake Michigan lobe in
Kalamazoo County.

There are also two small, elongated, spur-like
ridges present in this county (Fig. 6). One is a north-
south trending ridge mostly in Sections 2 and 11 of Port-
age Township, scuthwest of the Kalamazoo Municipal Air-
port. Detailed characteristics of this spur are not known
except in one gravel pit where sample 17 was collected.

In this gravel pit materials vary from clay to boulder
size. Some coarse gravel is crudely stratified and sand
and clay near the surface are not laminated. Boulders
and cobbles are scattered all over the pit. Thin clay
till is present on top of the loose-textured sand and
clay. A second northwest-southeast trending spur-like
ridge is present 2 miles north of Cooper Center in
Sections 4, 5, B8, and 9 of Cooper Township. Here, too,
there is little information available about this narrow
ridge due to lack of exposures and very few wells

drilled in the area.
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A small moraine (Plate I) in Sections 26, 34, and
35 of Prairie Ronde Township is believed (Leverett, 1915,
P. 147) to be the northward extension of the massive
Sturgis moraine lying to the south in Cass and St. Joseph
counties. We should recall the Sturgis moraine which lies
on the interlobate tract between the Lake Michigan and
Saginaw lobes (Plate I). Topography of this moraine in
Cass and St. Joseph counties is similar to that of the
interlobate moraine in southwestern Barry County. The
high knobs of this moraine are among the most prominent
in southwestern Michigan. In this connection, Leverett
(Leverett and Taylor, 1915, p. 149) suggested a possible
overriding by the Lake Michigan lobe on deposits of the
Saginaw lobe. Here the writer agrees with Leverett's
interpretation, based on analysis of petrographic data.
Further discussion of this point is given in Chapter X.

The northward extension of the Sturgis moraine in
northern Flowerfield Township, St. Joseph County and
Prairie Ronde Township of Kalamazco County, was mainly
formed by the retreating Lake Michigan lobe ice. Knob
and kettle topography 1is conspicuous. The altitude
reached by this moraine in Prairie Ronde Township is
between 850 to 900 feet. The average width of its
north-south trending ridge is 2 miles, narrowing to half
a mile in Sections 26 and 36 of Prairie Ronde Township.

Here the surface material is not as sandy as that

of the Kalamazoo moraine, but it differs by the presence
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of numerous boulders and cobbles and loose-textured clayey
till near the surface, This writer has drilled a few drill
holes up to the depth of 72 feet to the west of this
moraine, which revealed the presence of tight clay till

at depths between 40 and 60 feet. More detailed infor-
mation of the deeper part of this moraine is not available

because of the lack of deeper wells in the area.

Till Plains

There are three gently undulating till plains which
are important in the glacial history of Kalamazoo County
and vicinity (Fig. 6 and Plate I).

The major till plain of Climax, Wakeshma, Brady,
and Pavillion townships in southeastern Kalamazoo County
(Fig. 6) was formed during the main north-eastward retreat
of Saginaw ice, accompanied by minor readvances of the
Saginaw ice, accompanied by minor readvances of the Sagi-
naw lobe. This till is traversed by a group of drumlins,
and later has been dissected by meltwater channels flowing
towards the southwest during retreat of the Saginaw lobe
ice. This till plain was formed at the same time and in
the same way that other till plains formed in neighboring
Calhoun, Branch, and northeastern St. Joseph counties. 1In
southeastern Kalamazoo County and immediate vicinity this
till plain is composed of clayey till and has a gently
undulating surface with numerocus 10 to 40 feet high

knolls. Some of these have drumlin shape. Boulders and
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cobbles are plentiful in the area as one may see along the
sides of the roads and in fields. It is believed (Martin,
1957} that some of the sandy and gravelly outwash from

the Tekonsha moraine in reentrant area covered the ground
moraine or this till plain by forming an outwash capping
over it (see Fiq. 14 as an example). There is very little
information regarding the detailed subsurface structure

of this till plain.

Till plain in Cooper Township (Fig. 6) has also
characteristic undulating topography resulting from the
westward retreat of Lake Michigan ice, This till plain
is composed of about 2 to 8 feet of boulder and cobbly
clay till overlying earlier formed valley train deposits,
just the opposite of the above described case in south-
eastern Kalamazoo County. This till plain, however, is
discontinuous at some places where the underlying outwash
is exposed at the surface. Good exposures can be seen in
the American Aggregate Company's gravel pit northeast of
Cooper Center. Such a till capping over valley train
deposits reveals readvance of the Lake Michigan lobe
overriding the earlier Kalamazoo moraine and outwash.

A similar but smaller till plain overlying an ocutwash
plain is present in Prairie Ronde Township (Fig. 6),
west of the Sturgis moraine. This one indicates a
seemingly rapid retreat of Lake Michigan ice up to the
Lake Michigan Kalamazoco moraine, in that stagnant ice

would produce more irregular terrain.
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Drumlins

Most of the drumlins in this area are formed over
till plains, except for a few surrounded by glacial drain-
age, in scutheastern Kalamazoo County. The "ideal” stream-
lined drumlin usually looks like an inverted half-
ellipsoidal bowl or spoon, but drumlins in Kalamazoo
County vary much from this ideal shape. Some are long
narrow elliptical hills; some have sharply pointed ends
pointing in both upstream and downstream directions, and
some are lacking systematic form. Their long axes, how-
ever, generally parallel the direction of flow of the
Saginaw lobe ice. The presence of drumlins in this county
({Plate I) connotes short readvance of the Saginaw lobe,
also in neighboring Calhoun, Branch, and St. Joseph
counties.

Due to the lack of sufficient exposures and sub-
surface information, the internal structure or composition
of these drumlins is not known, From the study of surfi-
cial deposits and soil types and a few well logs, it seems
that they are composed of clay till. These unusually
streamlined features are presumed to be the result of very
actively flowing ice of the Saginaw lobe just before for-
mation of the massive Kalamazoo moraine where complex and
rugged morphology was subsequently modified by stagnating

and dead ice conditions,
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Glacio—-fluvial Features

Glacio-fluvial features in the study area consist
of a group of stratified sediments and a group of ice-~
contact stratified sediments. In Kalamazoo County, most
of the glacio-fluvial features are proglacial, indicating
outwash plains, lacustrine plains, drainage ways, and clay
and silt capping on fluvial plains. Major ice-contact
features like kames and eskers have not been found in
Kalamazoo County. The guestion of their presence is dis-

cussed in a later part of this chapter.

Outwash Plains

Outwash plains of Kalamazoo County and vicinity
were built during the shrinkage of the Saginaw and Lake
Michigan lobes respectively. Whatever cutwash was built
by pre-Cary ice was overridden and destroyed or buried
before the two lobes reached their maxima in Kalamazoo
County.

Kalamazoc County has two-thirds of its area
covered by outwash plains developed (Plate I) by the melt-
waters from both ice lobes. The vigorous line of fluvial
discharge in the reentrant district produced an outwash
plain which descends southward continuocusly from the
reentrant angle between the two lobes to across the
Kalamazoo River valley up to S5t. Joseph River valley. 1In
places this outwash plain is more in the form of a

tributary valley train situation., As a unit, however,
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it constitutes most of the outwash in Kalamaéoo County.
The width of the outwash (Fig. 6) is about 12 to 15 miles,
and the elevation lies between 1,000 feet near the head of
the reentrant and 950 feet within a few miles to the south.
The elevation is nearly 950 feet along much of the outer
margin of the Kalamazoo moraine in the western part of
Kalamazoo County, and remains above 900 feet in the south-
western part of the county. The surface elevation drops
60 to 80 feet near the center of Kalamazoo County where
meltwaters from the west and northeast joined together and
flowed southward towards the Kankakee Torrent (Fig. 4)}.
Outwash to the north of the Kalamazoo River in the
northeastern part of Kalamazoo County and all the way up
to the head of the reentrant area is coarse with numerous
pits. Some of these pits are very large and indicate that
huge detached masses of ice remained when the Saginaw ice
retreated back to form the Kalamazoo morainic system.
Time was insufficient to melt these detached masses be-
fore they become surrounded by ocutwash, and also the cli-
mate might have been cooled a little to preserve these
masses, while the filling of ocutwash arcund them from the
downwasting Kalamazoo moraine system was completed.
Eventually, of course, the detached ice masses melted
away, leaving large pits, as inverted topographic forms.
Taking into consideration the general slope, the writer

interprets the lithologic composition as is similar to
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that found elsewhere derived from the Saginaw lobe. Thus
the outwash north of the Kalamazoo River is considered as
carrying meltwaters of the Saginaw lobe. Considering
similar factors, the outwash to the south of the Kalamazoco
River and to the west of the Tekonsha moraine of the Lake
Michigan lobe was formed by earlier retreating Saginaw ice
and later overridden by the Lake Michigan ice. Thus the
outwash east of the Kalamazoo moraine (the Lake Michigan
lobe segment) up to the line of southward flowing drain-
age (Fig. 6) was formed by meltwaters from the Lake
Michigan lobe.

The cutwash in the reentrant angle between the
Tekonsha moraines of both lobes slopes from northeast to
southwest. The elevation is 990 feet at the northeast
edge and drops to 912 feet at Scotts station in the south-
eastern part of the county. It is very coarse in the
northeast, but becomes sandy toward the scuthwest. South
of Climax this outwash seems to be spread over the north-
ern part of a till plain which was built earlier.

A long narrow body of ocutwash (Fig. 6) covered by
a thin till plain in Cooper Township east of the Kalamazoo
moraine, is a classic valley-train deposit. This valley-
train form of outwash indicates that active deposition
must have taken place by braided meltwater streams in a
narrow valley, with water derived from the ice of both

lobes. Thus it seems that the Kalamazoo River valley was
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blocked by advancing Lake Michigan ice. Presence of
current beddings (Fig. 17), slumped cutwash, channel
fillings, varying dip directions indicating rapid fluctu-
ations of streams, terracing, locally deposited lake clay
interbedded with sand and gravel (Fig. 18) and so forth
reveals the complexities of this depositional history.
About 60 per cent of the material is sandy and gquite a
few cocbbles are seen embedded in coarse gravel beds

(Fig. 17).

There is other outwash covering small areas in the
western part of the county. A small cutwash plain formed
south of the Alamo moraine slopes south indicating melt-
water direction from north. Small areas of patchy out-
wash along the axis of the Kalamazoo moraine also repre-
sent shallow local deposits, underlain by till and probably
filling large kettle holes in this major moraine system
(Fig. 14).

In general along the border next to the moraines
the cutwash material is much coarser than it is at a dis-
tance (Fig. 14). Cobbles and coarse gravels are common
for about half a mile from the moraine, but average grain
size diminishes downstream away from moraine, whereas
roundness of particles increases, as does the sorting in

a classic fashion.



Figure 17. Current bedding in a valley train deposit, American Aggregate
Co. pit, Cooper Township, Kalamazoo County.

Figure 18. Large pocket of locally deposited lake clay, American Aggregate
Co. pit, Cooper Township, Kalamazoo County.
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Lacustrine Plains and
Drainage Ways

Retreating Lake Michigan lobe ice made a halt, at
the west end of the Alamo moraine, forming proglacial Lake
Dowagiac to the north and proglacial Lake Alamo to the south
of the Alamo moraine (Fig. 6), When the ice retreated
farther west into Van Buren County, Lake Alamo was con-
nected to Lake Dowagiac which later drained through a
southwestward outlet west of the Kalamazooc moraine system,
Then Lake Michigan ice retreated after forming narrow
moraine of the Kalamazoo meoraine system in northwestern
Oshtemo and southeastern Alamo townships.

The Alamo lacustrine plain is made up of sandy
reworked outwash with very few pebbles, whereas the
Dowagiac lacustrine plain consists of clayey, silty, and
sandy material with boulders and cobbles in some areas.
These plains are 2 to 3 miles wide with gquite a flat
surface and they are parallel to the Alamo moraine.

The main glacial drainage in central Kalamazoo
County was southward, originating at the reentrant between
the Kalamazoo moraine systems of the Lake Michigan and
Saginaw lobes in southern Barry County. The drainage
flowed directly across the present course of the Kalamazoo
River east of Kalamazoo. When the northward trending
Kalamazoo River valley was blocked by the Lake Michigan
ice the Kalamazoo River flowed southward (Fig. 6) via

the Austin Lake area. Then most of the meltwaters from
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the reentrant drained through this cutlet and joined the
main trunk line drainage southward to eventually join the
Kankakee Torrent (Fig. 4). Earlier meltwaters from the
reentrant of Tekonsha moraines drained through two south-
westwardly flowing drainage channels in the southeastern
part of Kalamazoo County. O©One channel divides the till
plain in half, and another channel in Brady Township lies
west of the till plain between Glacier and the Tekonsha
moraine. This one cuts the terrace and cliffs along the
western margin of the Tekonsha moraine. Both of these
drainage channels flowed southwestward through main trunk
drainage in St. Joseph County.

After the ice had withdrawn from the Kalamazoo
River valley north of Kalamazoo, meltwaters from the re-
entrant between the two lobes in northeastern Allegan
County drained southward along the Run River valley to
the Kalamazoo River valley and finally southward through
the low channel west of the Kalamazoo mcraine system in

the vicinity of Paw Paw (Plate I).

Clay and Silt Capping on
Fluvial Plains

As the meltwaters from retreating glaciers drained

southward through these flat lowlands, fluvial plains of
fine stratified outwash sediments were built in some areas
(Fig. 6) especially south of the Kalamazoo River. Above
these sandy fluvial plains can be found about 1 to 4 feet

of lake clay and silt layers. It is probable that this
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clay and silt capping on fluvial plains was due to shallow
local ponding of waters. Major sites of this type in
Kalamazoo County are found in Schoolcraft and Prairie
Ronde townships, along with two small areas north of Long
Lake and south of Marrow Lake, Development of prairie

s0il made these areas fertile.

Aeolian Features

Wind-blown sediments are also present over some of
the glacial sediments in Kalamazoo County. The aeoclian
features are few in number, however, and cover too small
an area to draw any inferences as to climatic conditions

or their direct relation tc glacial activity in this area.

Sand Dunes and Loess Sediments

Inactive sand dunes or wind-blown sand deposits in
Kalamazoo County were probably originally built by reworked
glacial and glacio-fluvial drift. They have been recog-
nized in Alamo, Texas, Portage, and Pavillion townships
(Fig. 6). Sand dunes are difficult to recognize in the
field, because of the sandy nature of the surface drift
throughout the county. Alsco, some of them have become
covered with vegetation. Some sand dunes plotted in
Portage Township by Leverett on his manuscript field maps,
have been covered by recent construction. Where found,
they are very thin wind-klown deposits and vary much in

shape. Longitudinal dune patterns on both sides of
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Austin Lake and U-shaped dune patterns west of Pickerel
Lake indicate that some dunes were formed by eastward
blowing winds in a climate appearing rather dry, at least
locally.

Loess deposits in Kalamazoo County are not very
well recognized, but it is just a guess that silt associ-
ated with clay capping over an outwash (Fig. 6) may be

wind-blown in nature.

Other Features

Besides the features described above, there are
other lesser features deserving mention, as they are useful

in locating sand and gravel deposits.

Undefined Transitional Zones

In the field it is often difficult to recognize
an exact line separating morainal deposits from ocutwash
deposits, due to lack of exposures and difficulty of
access to the area. The dashed lines on the map (Fig. 6)
represent such undefined transitional boundaries or zones
between two recognized and well-mapped features. Such
zones are usually about one-fourth to one-~half mile wide
in which materials show gradation from coarse to fine or
vice-versa. For example, as noted in Figure 14, the
outwash in this zone is thin and coarse and usually under-—
lain by till at shallow depth, This transitional zone is
ideal for prospecting for coarse aggregates. As one goes

down slope, the outwash generally becomes finer.
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The Question of Kames

Kames are usually known to be ice-contact features
formed either by accumulation of water-worked detritus on
the surface or inside stagnant ice, or else in the form of
delta or cutwash cones built in front of the ice by vigor-
ous meltwater stream action. Usually a kame is a jumble
of conical knolls and hollows and is formed of stratified
gravel, sand, and silt which may contain local pockets of
till. The possibility of kames is usually higher in inter-
lobate areas, but due to practical difficulties in proper
identification in Kalamazoo County, they were not shown on
the map (Fig. 6). If kames are present at all in this
county, they would be mixed with the knob and kettle
topography in the complex moraines,

Folsom (1970, p. 110) reported kamic-type land-
scapes which cover about seven square miles of area in the
central part of Hastings guadrangle, Barry County. Ex-
cepting this area, there are no other kames reported or
observed in the reentrant districts. It is purely a
guess of this writer, that there were very large and
numerous kames built in the Saginaw-Huron-Erie inter-
lobate area in southeastern Michigan due to smaller re-
entrant angles than that between the Lake Michigan and the
Saginaw lobes. In addition to the reentrant angle factor,
other factors like longer periocds of stagnation of ice,

thickness of ice, and intensity of meltwater activities
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may be responsible for building large kames. The subject
needs further study beyond present purposes of this in-

vestigation.

Types and Associated Clastics

The most common clastic sediments of glacial origin
in Kalamazoo County can be divided into three major groups:
(1) boulders and cobbles, (2) gravel and sand, and (3)

silt and clay.

Boulders and Cobbles

Free boulders and large cobbles in Kalamazoeo
County are mostly associated with terminal and lateral
moraines and till plains, where they can be seen in the
fields or along the road sides. Boulders and cobbles are
found in moderate number on the surface of the Kalamazoo,
Tekonsha, and other small subterminal moraine zones of the
main Lake Michigan lateral moraine system. Also, they
are found in substantial number on the till plain of the
southeastern part of the county. Most of the boulders and
cobbles are no longer evident in densely populated areas,
having been used in foundations and building purposes.
Originally most of these were of crystalline rocks of
different sizes and shapes, and some show exfoliation on
the surface. These boulders and cobbles do not show any
particular system of patterns in Kalamazoo County, except
that they are most prevalent on interlobate moraines in

northeastern Cooper Township and southwestern Barry County.
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The majority of boulders and cobbles associated
with Saginaw ice are granite, granite gneiss, and pink and
white quartzites, but many are of other rock types. Among
these are index erratics such as the red jasper conglomer-
ate derived from Huronian ledges north of Bruce Mines,
Ontario, and a Precambrian tillite (quite certainly
Gowganda from Ontario) containing pink granite pebbles.
The writer observed large-sized cobbles and boulders of
jasper conglomerate and the Pre-Cambrian tillite in four
localities in Kalamazoo County. Specifically, these are:
(1) in fields associated with the till plain in Wakeshma
Township; (2) in a gravel pit associated with the morainal
spur in Ross Township, where sample 44 was taken; (3)
associated with valley train deposits in a gravel pit in
Cooper Township where sample 2 was taken; and (4) in a
gravel pit associated with the Kalamazoo moraine of the
Lake Michigan lobe in Prairie Ronde Township, where sample
18 was taken.

Boulders and cobbles associated with Lake Michigan
ice are granite, granite gneiss, some purple quartzites,
and many dark crystalline rocks. But, the Lake Michigan
lobe material does not contain any peculiar or exocotic rock
type such as the Gowganda, which can be used as an index
rock for this lobe. The foregoing information was taken
into consideration in interpreting the glacial history of

the area.
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Gravel and Sand

In Kalamazoo County and vicinity, gravel and sand
are easily accessible in many parts of the area. Gravel
is less widely distributed than sand, which makes up about
60 per cent of the surface material. Most of the gravel
and sand deposits of the county are associated with out-
wash plains and small outwash deposits; and they are better
sorted and stratified than in other areas. Some of the
outwash is rather poorly sorted and difficult to distin-
guish from adjacent till. As shown in Figure 14, generally
coarse gravelly material is present showing crude stratifi-
cation associated with the transitional zone between
moraines and outwash. In general, the grain size decreases
and the quality of stratification improves with increasing
distance downstream from the scurce. At several places
gravel and sand deposits are interbedded with numerous
lenses of fine sand, salt, and clay.

Gravel and sand deposits associated with other
glacial, glacio-fluvial, glacio-lacustrine, and aeoclian
features are described under each heading in this chapter

and so need not be repeated again,

Silt and Clay

Silt and clay deposits associated with tills of
this county are, in most places, toc full of stony and
sandy material, whereas, lake bottom deposits are pre-

dominantly fine sand, silt, and clays. The most recent
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drainage channel deposits, however, are locally inter-
bedded with lake-deposited silt and clay and are mantled
by silt deposits of the modern rivers in this county.
Clay and silt capping on the fluvial plains {(Fig. 6)
south of the Kalamazoo River is described previously in
this chapter. The silt deposits mixed in with clay in
this area may have partially been laid down by wind in
locally ponded waters or it could have been brought by
southward flowing meltwaters. In general, silt and clay
deposits near the surface have been observed to overlie
the glacio-fluvial sediments which cover such large areas

in Kalamazoo County.



CHAPTER VI

BEDROCK GEOLOGY

Consclidated sediments beneath the unconsolidated
glacial sediments of Kalamazoo County are all of Paleozoic
age, Owing to the total absence of rock outcrops and the
limited number of deep wells in the county knowledge of
the subsurface geology in this region is restricted in
scope. A few widely scattered oil and gas wells penetrate
the bedrock formations, and some water wells reach the bed-
rock surface; but many of the well logs lack adequate
descriptions of the rock penetrated. Hence, the follow-
ing discussion pertaining to the lithology, extent, con-
figuration, and structure of bedrock is based on rather
limited data obtained from wells within the county and
from available outcrops examined. 1In spite of this in-
adequacy, some knowledge of the bedrock formations, how-
ever, is essential to the interpretation of the source
and presence of local lithologies in the surficial

deposits of glacial origin.

88
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The Lithologic Seguence

The bedrock geology map of southwestern Michigan
(Fig. 19) and available well logs reaching bedrock in
Kalamazoo County reveal that the glacial drift is under-
lain primarily by Colwater shales and Lower Marshall sand-
stones of lower Mississippian age. Below these formations,
as indicated by deep borings, the stratigraphy is repre-
sented by older Paleozoic sediments of Devonian and
Silurian age. These older strata in turn may be under-
lain by still older Paleozoics resting upon crystalline
rocks of Precambrian age. The Coldwater shale forms
about 95 per cent of the bedrock surface in Kalamazoo
County. The remaining 5 per cent is formed by the Lower
Marshall sandstone. Both of these formations in Kalamazoo
County are briefly described as follows, and their strati-

graphic sections are pictured in Figure 20.

Coldwater Shale

The Coldwater shale is the main bedrock lithcology
in Kalamazoo County, running beneath the drift as a broad
belt about 25 miles wide trending northwest-southeast
across the county., This shale further extends toward
the northwest, southwest, and southeast well into the
neighboring counties. Cohee (1965) suggested that this
shale was deposited during early Mississippian time, and

its source was supposedly from the western side of the
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Figure 20. Generalized stratigraphic sections of the Lower Marshall
sandstone and Coldwater shale in Southwestern Michigan showing urique

identifiable characteristics.
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Michigan Basin as a result of uplift and erosion in the
Wisconsin highlands (Fig. 19),

The Coldwater formation was first described in
1895 by Lane. In the southwestern part of Michigan it is
dominantly a blue to gray and occasionally greenish shale
or sandy shale becoming more micaceous and arenaceous up-
ward, and gradually passing into overlying Lower Marshall
sandstone. These shales seem to be more blue than gray
towards the northeastern part of Kalamazoo County. There
are thin interspersed beds of limestone and dolomite
(Fig. 20) which are discontinuous over large areas. These
are more common in the western and southwestern parts of
the county. In the northeastern part of the county, near
the top, interbedded sandstones and shales are reported in
©il and gas logs. Hard brownish zones of shale, also
revealed by logs, are present toward the southeastern
part of the county. These shales are known to contain
thin zones of cherty limestone, oolitic limestone, dolomi-
tic limestone, fossiliferous limestone, and clay iren-
stone concretions., The writer visited the type locality
and several other cutcrops of Coldwater shale in Branch
and Calhoun counties, where he observed a number of zones
of clay ironstone concretions and ferruginous bands in
shale. Also he came across septarian-like structures with
secondary mineralization of calcite. One can also see,

in these outcrops, fossiliferous zones containing mainly
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varieties of brachicopods and other less common fossils,.
Near the base of several o0il and gas logs, a reddish or
purplish rock (called "Red Rock") has also been recorded.
This is variable in composition, and may not be used as a
direct horizon marker., The average thickness of the Cold-
water formation in Kalamazoo County is approximately 650

feet. T

Lower Marshall Sandstone

The presence of Lower Marshall sandstone in the
northeastern part of Kalamazooc County is indicated by a
very few well logs. 1Its contact line with the underlying
Coldwater shales (Fig. 19} is a matter of debate. Winchell
(1861) first described this sandstone as white, gray,
green, and red in color, locally very micaceous and
fossiliferous (Fig. 20). Again clay ironstone con-
cretions are present in blue-gray sandy shale lenses.
Streaks and pockets of coal and coaly vegetation impres-
sions are reported. Data pertaining toc the occurrence of
this sandstone in Kalamazoo County are mostly lacking, and
so it is not described more completely.

Bedrock Configuration and
Pre-glacial Drainage

Configuration of the bedrock surface (Fig., 21)
in southwestern Michigan is complex. Its character sug-
gests that different processes were active during a

series of geomorphic cycles. The present bedrock
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topography in the study area was shaped by preglacial
crustal deformation accompanied by fluvial erosion, then
glacial and glacio—-fluvial erosion, and then post-glacio-
fluvial modification. Interpretation of the principal
drainage lines has been attempted by several previous
workers on the basis of its general topography, bedrock
structure, and the differential hardness of bedrock,
i.e., whether shales, sandstones, or carbonates. Horberg
and Anderson (1956) and several other earlier workers
believed that the pre—glacial drainage flowed toward the
Lake Michigan lowland which further emptied eastward into
the St. Lawrence River. Bedrock drainage patterns observed
on the maps in Figures 21 and 22, suggest that bedrock
channels dip toward the Lake Michigan lowland, and are
generally parallel to the strike of the underlying bed-~
rock.

On a broad scale, bedrock topography also is known
to influence the pattern of ice movement, especially when
we take into consideration the dominant importance of the
angle of surface slope in the flow-law of ice (Miller,
1970). Therefore, it seems possible that the general
slope of the bedrock surface in southwestern Michigan
toward the Lake Michigan lowland could have promoted ad-
vance 0of the Lake Michigan lobe toward the east and south-
east, with the result being much glacial plucking and

erosional mecdification of the pre-glacial bedrock surface.



County (after Ibrahim, 1970).

22, Bedrock topographic map of Kalamazoo

Figure
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Similarly, the bedrock highland in the southeastern part
of the area (Fig. 21) of study may have reduced the
erosive effectiveness of the Saginaw ice. This bedrock
high is assumed to be the result of the greater hardness
of lithologies in this sector, as well as some control
exercised by structure (Fig. 21).

ITbrahim (1970) mapped in detail the bedrock topo-
graphy (Figs. 22 and 24) and buried pre-glacial bedrock
drainage channels of Kalamazoo County, using available
well log data and gravity surveys. His purpose was an
analysis of the pre-glacial and glacier marginal drainage
and groundwater potential of the county. In this he
also attempted to reconstruct the drainage pattern before
and during glaciation.

Figure 24 shows the distribution of bedrock
channels and surface geology in Kalamazoo County. It =Is
apparent that present surface drainage is westward, as
is the buried bedrock drainage, but they do not exactly
coincide with each other. 1In general, however, the sur-
face channels of Kalamazoo County exist more or less in
the same areas where underlying bedrock channels exist,
except where bedrock channels are blocked by great thick-
nesses of drift. In fact, some of the surface channels
coincide very closely with the buried bedrock channels,
although in a broader sense the correlation between
surface topography, drift thickness, and the bedrock

configuration is inversed in Kalamazoo County. To
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explain this, while the pre-existing bedrcck surface
generally slopes downward to the west in this county, the
present surface topography, as well as the average thick-
ness of the drift is highest at the western side of the
county, i.e., it slopes and thins to the east (Figs. 25
and 26). The situation appears to be just opposite in the
eastern part of the county. This situation is considered
in the next chapter, and is illustrated by the cross-

sectional diagrams in Figures 25 and 26.

Structures

The formations of lower Mississippian age, which
make up the bedrock in Kalamazoo County, are part of the
bowl-shaped structure of the Michigan Basin. The pre-
dominantly Paleozoic formations of this basin outcrop in
more or less concentric bands, the youngest being at the
surface in the central part of the structure and the old-
est at the surface around the perimeter. Kalamazoo County
and vicinity lies in the southwestern part of the Michigan
Basin. The Coldwater shale and Lower Marshall sandstone
(Fig. 19) gently dip northeastward toward the center of
the basin and strike northwestward. Here, it is note-
worthy that in the Kalamazoo County area the Lake Michigan
lobe ice eroded the bedrock formations along their strike,
whereas the Saginaw lobe eroded some formations perpendicu-

lar to their strike.
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In the southeastern part of the study area shown
in Figure 21, the major upland, which strikes northeast,
conforms very closely to the bedrock lithology and is
possibly a residual structure of an earlier age. This
lithology is predominantly the durable Lower Marshall
sandstone with the exception cf some hard facies of Cold-
water shale. This upland is named the Marshall Upland
(Horberg and Anderson, 1956), and it follows the strike
line of the sandstone. Apparently this upland to some
extent, impeded the advance of the Lake Michigan and
Huron-Erie lobes, a fact which is borne out by the
morainal pattern in southern lower Michigan. Residual
bedrock structure, if present, could in part at least

reflect the physiographic expression of the Marshall

upland.



CHAPTER VII

DRIFT THICKNESS AND STRUCTURE

Most of the Kalamazoo County landscape is developed
on unconsolidated glacial deposits, overlying bedrock of
varying configuration. These galcial sediments are parent
materials for Kalamazoo County soils, as well as being
important sources of building aggregates, and of ground
water. Thus they deeply affect land use, mining, con-
struction, and water drilling operations in the county.
Also, they must be removed or penetrated in any oil and
gas drilling operations that go intoc the bedrock. For
these reasons a description of the thickness and struc-—~
tural character of the unconsclidated deposits in Kalamazoo
County is significant, and the more detailed the infor-
mation the greater its potential in regional and local

site-~evaluation problems.

Isopach Map of Kalamazoco County

A generalized drift isopach map of Kalamazoo
County (Fig. 23) is compiled from deep well records, the

drift thickness map of 1938 (Mich. Geol. Surv., Pub.
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3528), and known differences in land surface elevatiocons
and the depth of bedrock (Figs., 25 and 26) in selected
areas.

On this isopach map, glacial drift in Kalamazoo
County is seen to range in thickness from less than 50
feet to above 500 feet. The thickest drift occurs over
major valleys cut into bedrock, Regionally, it is thick-
est in the northwestern part of the county. The thinnest
drift (less than 100 feet) occurs over a sector of south-
eastern Kalamazoo County. Additional regional details on
the drift thickness may be obtained from deep driller's
logs available in the files of Michigan Geological Survey.
The isopach pattern shown in Figure 23 reflects irregu-
larities at the base of the drift or at the top of the
drift, or both. The surface irregularities were, of
course, fashioned mostly by Wisconsinan glaciers and
subsequent Holocene erosion, Although the drift is very
thin in the southeastern part of the county, it becomes
even thinner in neighbering Calhoun and Branch counties,
a region where bedrock is widely exposed. These areas
may be of special interest to industry, especially those
which require guarried shale and sandstone, as well as to
highway engineers for planning. 8Such isopach maps can
also be useful for ground water studies and for the

petroleum industry in exploration drilling.
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Cross Sections

Six structural cross sections are presented here
(Figs. 24, 25, and 26) representing Kalamazoo County. Of
these, three trend approximately north-south, and the other
three trend approximately east-west. Bedrock elevations
are taken from the bedrock topographic map of Kalamazoo
County (Ibrahim, 1970), and the present land surface ele-~
vations are taken from existing U.S. Geological Survey
topographic maps. Subsurface stratigraphic information
is generalized from available water well logs and oil and
gas logs in the county.

These cross sections show the general character
and thickness of drift to vary from place to place. They
also indicate that unconsolidated materials are relatively
young and are terrigenic, as opposed to the consolidated
layered marinogenic bedrock underlying the drift. Drift
material generally consists of boulders, gravel, sand,
silt, and clay, most of it being sand and gravel with
lenses of clay. Most of the clay can be defined as clay
till, since it contains some sand and gravel and has no
stratification. 1In general clay near the surface is
brown (light) ccolored and near the bedrock blue-gray
{dark) colored, though there are some exceptions. The
source ©of the blue-gray clay is very well like that of
the Coldwater shale. Sand and gravel deposits are also

present on the buried bedrock surface and these are
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possibly of pre-Cary age. The cross sections show that the
bedrock has great gross relief and that the drift mantle
has somewhat lessened the contrel of the older topographic
configuration, as far as the subaerial surface of today

is concerned.

Correlations of Bedrock and Drift Thickness

A complicated erosion surface with valleys and
uplands was developed on the uppermost Coldwater shale and
Lower Marshall sandstone before and during glaciation.
This resulted in depesition of unconsolidated drift on a
very uneven floor. The glacial and glacio-fluvial pro-
cesses, however, have been mostly responsible for fashion-
ing the major landforms that make the upper surface of the
uneven drift. Holocene fluvial erosion in some areas has
produced further minor irreqularities. The cross sections
in this chapter (Figs. 25 and 26) and a comparison of
Figure 23 and Figure 24 show the tendency for drift to be
thicker in large bedrock valley areas and thinner in the
bedrock upland areas. For example, where the main Kalama-
Zzoo moraine either crosses or is aligned with bedrock
valleys, the drift is further thickened. Therefore, drift
thickness and the alignment of isopach lines essentially
reflect the bedrock configuration. The bedrock topography
may, therefore, have been a major controlling factor in

the thickening and thinning of terminal ice in the
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interlobate zone, as well as exercising a direct control

on the relief and depth of the glacial drift.



CHAPTER VIII

SOILS OF THE AREA

Soil is the collection of natural bodies in the
upper portion of the earth's crust that has been altered
in situ by natural processes into layers or horizons whose
physical, chemical, and biclogical properties differ from
each other and the underlying unaltered parent rock
materials from which they were formed.

In Kalamazoo County such materials are originally
of glacial origin and have been altered at various times
since by weathering, action of water, air, and organisms.
The s0il processes, of course, began after glaciers re-
treated, depositing unconsolidated glacial drift with
diverse textures and lithologies exposed to weathering.
Such soils are usually classified into more complex
classifications, than merely as glacial scils, depending
on the physical, chemical, and bioclogical properties of
the individual layers, or on soil profile characteristics
and their interpretations. 1In some places several grades
of s0il on a single glacial feature have been described

because of differences in their properties.

109
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Interpretation of soil morphology, soil genesis
and soil classification are related to the following soil
formation factors, which deserve mention here:

l. Parent rock material--texture, structure, or

fabric and mineralogical or chemical composition.

2. Soil climate--soil moisture, soil temperature,

and soil air.

3. Topography—-—-shape of the soil body in relation
to the earth's center of gravity, water table,

and sun's rays.
4. Organisms--plants or animals or man.

S. Time or age--for which land surface is exposed

t¢c above factors.

A genetic soil classification is based on the
above soil formation factors, and a morphological soil
classification is based on observed properties of soils.
But, the best classification is a combination of both.

The new soil classification system adopted by the National
Cooperative Soil Survey on January 1, 1965, is more
realistic as well as more comprehensive than any ever
developed in the United States. Because of the aim of
this investigation, the simplest approach is desired,
hence hereafter terms from the classification used prior

to 1965 are used.
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Soil Series

The first detailed report on the soil survey of
Kalamazoo County was by S. 0. Perkins and James Tyson,
published by the U.S. Department of Agriculture in 1928,
in cooperation with the Michigan Agricultural Experiment
Station. This report has a colored soil map (Plate II}
of the county prepared by the Bureau of Soils in 1922,

It describes all soils in detail and shows distribution
of the solil series and their types in the county. After
1928 no new detailed and revised soil survey report or
soil map of Kalamazoo County has been published. The
Kalamazoo County Soil Conservation District has made more
detailed soil maps of scattered farms for planning pur-
poses. The writer makes primary reference to the 1922
soil map and uses s0il series names which precede the

new classification.

In Table 1 an attempt is made to correlate soil
series names from the older classification with that of
the new classification. Also in the table, the associ-
ated natural drainage, parent material, and glacial fea-
tures are briefly described. In all, 13 mineral soil
series, and organic soils have been reported in Kalamazoo
County (Plate II). Out of these, the Bellefontaine series
is now a part of the Fox series and the Griffin series is
described as the Shoals series. According to Whiteside

et al. (1963), most of the better drained local soils



TABLE 1

PARENT MATERIALS, AND GLACIAL FEATURES

CLASSIFICATION OF SOIL SERIES IN KALAMAZOO COUNTY IN OLD AND NEW
CLASSIFICATION SYSTEMS WITH THEIR ASSOCIATED NATURAL DRAINAGE,

Soil Series Namea Order -
New New Classification
used in U.5.D. A, New Classification Associated Assoclated
ival ik
Soil Survey Report E‘:: v'u ent FIA:! y :;::le {Order - Natural Drainage Associated Pupent Malerial and Texture Glacial Feature
1928 riea (ARer 1987) Old Classification)
Bellefontaine Fine-loamy over eand ot Allisol U.story: Sandy loam to allt loam. 20"-40" | Moraines and Eekers
Fox sandy-skeletal, mixed, Well drained L. story: Grave] and Sand. | (some Drumlines and
mesic, Typic Hapludaifs {Zonal Soll) {Two-storied) Lhigh reltef Qutwash)
Brady Coarse-loamy, mixed, Altisol Imperfectly U.story: Loamy sand tosandy lcam. 20"-40"
-- mesic, Agquollic or somewhat L- story: Gravel and Jand. (utwash plains
Hapludalfs {Zonal Soil) poorly drained {T'wo-storied)
Coloma Sandy, mixed, mesic, Altisol Loamy sands or sands with textural banda,
Spinka Pasmmentic Hapludalls {Zoual Soil) Well drained {Cme -storied) Moraines
Conover Fine -loamy mixed, mesic, Alfinol Imperfectly
- Udollic Ochragqualis or somewhat Loam or silt loam Till plains and
{Zonal Soil) poorly drained {One-storied) Lake plains
Crosby Fine-loamy mixed, mesic, Alfisol Imperiectly
.- Aeric Ochraqualfs or somewhat Loam or silt loam, Till plaina
{Zonal Soll) poorly drained {One-atoried)
Fox Fine-loamy over sand or Alfisel U. story: Sandy loan. to silt !aam. 20740 | Qutwssh plains and
- sandy-skeletal, mixed well drained L. story: Gravel and sand. Glacial drainage un-
mesic, Typle Hapludaifa {Zona! Soll) {Two-storied) derlain by sand &
gravel
Griffin Fine-loamy, mixed Entlso) Imperfectly
Shoals mesic, Aeric Fluvaquents or somewhat Loam to slit loam Alluvial deposits
(non-acld) {Azonal Soil) poorly drained (Stratified)
Maumee Sandy, mixed, non-acid, Maollisol Poorly or
.- mesic, Typic Haplaquolls very poorly Sand to loamy sund Outwash plains
(noR-calcareous) (Intrazonal 3oil) drained (One or two storied) {Bandy)
Newton Sandy, mixed, acid Inceptisol Poorly or
-- mesic, Typic Humaquepts very poorly Sand Outwash plains
(Intraronal Soll) drained {One -storied) {Sandy)
Oshtemo Coarse - loamy mixed, Alfisol U, story: Loamy sand tosandy loam. 207-4¢"
-- mesic, Typic Hapiudaifs Well drained L. story; Gravel and sand. Qutwash plains
{Zonal Sall) {Two-storied) {Sandy)
Mainfield Sandy, mixed, acid Entisol ,
-- mesic, Typic Udipaam- Weil drained Sand Outwash plains
mebta {Azonal Foil) {One-storied) (Samiy)
[Rodman Sandy-skeletal, carbo- Mollisol U. story: Gravelly sandy loam to loam. Cabbly, graveliy
-- natic, mixed, mesic, Well drained L story: Gravel and sand. and aandy narrow
Typic Hapludolln {Intrazonal Soil) {Two-storied) Cutwash, and Eskers
Warsaw Fipe-lcamy over sandy or Mollisol U.atory: Sandy loam to silt loam. 20"-40" | Prairie over
-- sandy skeletal, mixed, Well drained L atory: Grave! and sand. Cutwash sod Glacial
mesic, Typic Argludolls (Zonal oil) (Two-atoried) drainage.
uek {Organic Soil) . o Histisol Very poorly B B
{intrazonal Soil) driined

¢It
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belonged to the Gray-Brown Podzolic soil group in the
former classification, or Alfisols in the new classifi-
cation. Principal subgroups are classified according to
the degree and type of soil profile development, texture,
the nature of parent material, and natural drainage
development,

In the column under new classification names the
family name is given, This includes the name of each of
the higher categories in the complete classification of
that series in the new system. The new names connote the
major properties of the kind of soils included in each
class, and the names also indicate how they are related
to each higher category. Each family, for example,
coarse-loamy, mixed, mesic, also indicates how it differs
within the higher categories. For more detailed infor-
mation regarding the new classification, one may refer to
"Pedological-Lectures on Soil Classification™ by Guy D.
Smith (1965), published by the Belgian Soil Science
Society, and "Soil Taxonomy" by the U.S., Department of
Agriculture (1971, in press).

Among the 13 mineral soils, five have one-storied
parent material, six ..ave two-storied parent material,
the Maumee series can have either one- or two-storied
parent material, and the Griffin series include Holoccene
stratified alluvial deposits along the banks of rivers

and streams. Seven soils are well drained, four soils



114

are imperfectly or somewhat poorly drained, and the re-
maining two so0ils and organic soils {(muck) are poorly or
very poorly drained.

Relation to Parent Material and
Surface Geology

The texture, fabric, and mineralogical composition
of glacial sediments in Kalamazoc County vary greatly,
these varied sediments, of course, being the parent
materials of the soils. The texture of such parent
material varies from very coarse gravel (with a few
boulders and cobbles) to sands to silts to clays, all of
which have relict affect on the so0il profile. The fabric
or structure of the materials varies from relatively
porous layered glacial outwash and fluvial deposits to
unconsolidated sandy till to compact clay till of varied
composition texturally.

The geoclogist is commonly more interested in the
mineralogical or lithological composition of the parent
materials and its relation to soils, than in textures and
fabrics of glacial sediments. For this reason, in this
study some petrographic analyses of surficial sediments
and a study of soils have been made in Kalamazoo County.
The data are shown in Figures 28 to 37. These interpre-
tations reveal local variations in composition, but in
general, coarse parent material contains about 60 per cent
carbonates, and about 30 per cent crystalline rocks, with

the remaining 10 per cent comprised of other lithologies.,
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From this it is clear that parent materials in
Kalamazoo County contain much free lime, with most of the
soils here being less acidic than in other areas in
Michigan where there is less limey parent material or the
deposits are of older age. In southeastern and the ex-
treme northwestern part of Kalamazoo County, the per~
centage of carbonates is somewhat less than 60, and the
proportion of crystalline rocks rises to 40 per cent,
Here we find more acidic (pH less than 5.5) soils such
as the Newton and Plainfield types, in association with
other series. This example reveals that the composition
of parent material is a most important factor in soil
formation.

Because of many abrupt horizontal changes in tex-
ture, structure, and composition of parent material of
glacial origin, the soils of Kalamazco County are very
complex, and their distribution essentially parallels
that of the distribution of parent material and natural
drainage conditions. The scils are geclogically young,
as the surficial drift was deposited less than 20,000
years ago. Though topography and drainage of the county
were initially induced by the latest glaciation, they are
in a geomorphologically youthful state. Neither weather-
ing nor geologic erosion is extensive, and the initial
undrained depressions are commonly filled with reducing

environment organic soils (mostly mucks).
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The depth of weathering varies from 3 to 5 feet,
and in the southeastern part of the county it is little
over 6 feet (indicated by the newly named Hillsdale series
developed over till plain). Following the leaching of
calcium carbonate the development of an argillic horizon
(a horizon with illuvial clays), with downward migration
of clays, is characteristic mineral soil profiles in
Kalamazoo County. The majority of soils in this county
show development of each of the A, B, and C horizons, with
distinct argillic Bt horizons. This argillic horizon is a
distinct characteristic of the humid region Alfisols (Gray-
Brown Podzolic} o©of socuthern Michigan. In Kalamazoo County,
the best example of illuvial migration of clays can be
seen in the American Aggregate Company's gravel pit
{location of sample no. 2) in Cooper Township. Here
stratified sandy and gravelly materials of valley train
deposits are overlain by a thin veneer of clay till.
Illuvicl clays from above lying till are migrating down-
ward into sand in irreqgular bands which are not neces-
sarily parallel tc the bedding plains of the sand. Soil

developed in this area is mapped as Fox loam (Plate II),.

Use of Soils in Surface Mapping

Soil maps and soil descriptions are very useful
tools in mapping surface geology, especially the glacial
geology in Kalamazoo County and elsewhere in the state of

Michigan. In Table 1, the first and last columns show the



117

relationship between so0il types and associated glacial
features in this county. These so0ils are largely the
direct product of weathering of the parent materials

whose properties are so directly related to former glacial
processes in the area. 1In fact in Kalamazoo County there
is, in some areas, quite good agreement between the soil
map and the glacial geolcgy map.

The writer has made considerable use of the 1922
s50il map to trace the surface geoclogy of Kalamazoo County,
especially in areas where drift exposures are lacking and
the nature of the material is unknown. One has to be very
careful, however, in using soil maps, because soil series
boundaries do vary in consequence of human error. The
Bellefontaine series, which is now called Fox, is usually
associated with morainal deposits in Kalamazoo County, but
it is also associated with drumlin crests and high level
outwash plains, as well as pitted outwash. 8o one has to
recognize and delineate the limitations of soil maps
before surface mapping of formerly glaciated areas may
begin.

Field recognition of soils has proved to be very
useful in locating sand and gravel deposits of the area.
For example, knowing two-storied scil which has two-
storied parent material, can greatly aid in locating some
slightly buried sands and gravels. The upper story of the

Fox series, as a case in point, usually consists cof two
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to three feet of sandy loam or silt loam, whereas the
lower story is composed of sandy and gravelly material.
Beneath the lower story one may find coarse sand and
gravel deposits, which shows that soil is a reflection

of underlying materials. A geologist should certainly
use soils information wherever available, but similarly
knowledge of the geology of such an area can also aid the

soil scientist when preparing soil maps.
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CHAPTER IX

LABORATORY ANALYSIS OF SAMPLES

Large channel samples, small spot samples, and
auger samples were collected during the field work and
brought into the Michigan Department of State Highways'
Research Laboratory for analysis. Mechanical and petro-
graphic analyses were made of coarse (+3/16 inch) and fine
(-3/16 inch) fractions, to determine the size frequency
distribution and lithologic distribution of glacial drift
aggregates. Other physical and chemical characteristics
such as texture, roundness, sphericity, surface coating,
and so forth were not determined, since many of these have
been delineated by Wingard (1969) in a study conducted to
evaluate gravel resources of southern lower Michigan. In
Wingard's study, he concluded that such additional proper-
ties of individual gravel particles show generally low
but consistent correlations, and are only useful for local
or detailed assessment of individual gravel deposits. In
the present investigation, three key properties, litho-
logic composition, physical strength, and chemical re-

activity of aggregates, were determined in detail, since
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they play the major role in the durability of con-

crete.

Mechanical Analysis

An initial 18 channel samples of bank-run sand and
gravel material were split using a Jones sample splitter
until final split portions weighed about 75-100 pounds.
Using a Gilson sieve shaker, particle size distribution
of coarse fraction {(gravel) of each sample was determined.
Sieving time was 10 minutes, Samples were sieved into the
following sizes: +2, 2-1i-1/2, 1-1/2-1, 1-3/4, 3/4-1/2,
is2-3/8, 3/8-3/16, -3/16 inches. Material less than 3/16
inch size was considered as a fine fraction (sand). Such
fine fractions were guartered to about 500 grams and sieved
by using the following U.S5. Standard (ASTM number) Sieves:
10 (2000p), 18 (100Cu), 35 (500n), 60 (250p), 120 (1l25u),
230 (62n), and pan (-230). Fine fractions from the first
18 channel samples and other spot and auger samples were
used for mechanical analysis. Complete mecnanical analysis
of corase and fine aggregates is given in Tables 4 and 6

(in the Appendix).

Petrographic Analysis

The petrographic analysis consisted of basic
lithologic identification of each particle of coarse and
fine fractions of glacial materials, and determination of
the physical strength and chemical reactivity of indi-

vidual particles in the coarse fractions only. Particle
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counts are commonly made as a basis of discrimination be-
tween drift sheets of different glacial epochs. In this
study, however, the purpose of the petrographic analysis
was to determine relative percentages of specific rock
types associated with the two different ice lobes laying
down deposits of relatively the same age. At the same
time, the information regarding their mineral composition
and physical and chemical characteristics can be extremely
useful for engineering applications of the materials. The
petrographic examination was carried out mainly with the
help of a binocular microscope. Lithologic identification
of the pebble fractions was made by breaking each with a
hammer. Occasionally thin-sections were made and examined

for identification of a particular rock.

Lithologic Terms and Classification

Litheologic terminology and classification was
standardized for this study (Table 2). The writer's
earlier experience with the Highway Department in petro-
graphic analysis of glacial gravels associated with the
Lake Michigan lobe and the Saginaw lobe, helped to simplify
the lithologic terminology and classification for this
study. In Table 2, an initial classification I was
established for a coarse fracticn, which included the 18
lithologic categeories expected in the gravels of this
area. Later on a more simplified but yet meaningful new

classification II was adopted for faster and more



TABLE 2

LITHOLOGIC TERMINOLOGY AND CLASSIFICATION

A

COARSE FRACTION

FINE FRACTION

Classification 1
(Initial)

Classification Il
(Simplified)

Classification III

Phaneritic Acid Ignecus

Phaneritic Intermediate
Igneous

Phaneritic Basic Igneous

Micro-Phaneritic Igneous

Aphanitic Acid Igneous

Aphanitic Basic Igneous

Foliated Metamorphic

Non~Foliated Metamorphic

Dolomite

Dolomitic Limestone

Limestone

Sandstone

Siltstone

Shale

Clay Ironstone Concretions

Porous Chert
Dense Chert
Others*

Acid Igneous

Basic Igneous

Foliated Metamorphic
Non-Foliated Metamorphic
Carbonate

Sandstone

Siltstone and Shale

Clay Ironstone Concretions
Porous Chert

Dense Chert

Others*

Acid Igneous
Basic Igneous
Metamorphic
Carbonate
Chert

Clastic
Feldspar
Quartz
Others*

*This refers to any rock which was extremely difficult to identify because of
extensive weathering or could not be placed in any of the above lithologic categories

due to its rarity,
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efficient identification of lithologies. This included
only 11 lithologic categories. In this study, more
specific lithologic terms, used in the earlier studies of
Wingard (1969), were eliminated to avoid complicating
certain glacial interpretations in the area.

Classification III was designed for petrographic
analysis of the fine fractions (sand size), and in this
classification only nine lithologic¢ categories were used
on the basis of expected rocks and minerals in this
fraction.

Description of the standard lithologic terms is
not given here, since they can be found described in any

petrology or petrographic text or reference book or in

any geological glossary.

Coarse Aggregates

For petrographic analysis of coarse aggregates,
two types of samples, channel samples, and spot samples,
were used. A detailed five-size fraction analysis was
used for channel samples 1 through 18, and a pebble volume

analysis was used for the rest of the spot samples.

Five-Size Fraction.--Coarse material used for the

mechanical analysis was also taken for petrographic
analysis. The following five-size fractions were

selected for petrographic analysis:
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Size 1 -~ + 1 inch

Size 2 - 1 - 3/4 inch
Size 3 - 3/4 - 172 inch
Size 4 -~ l/2 - 3/8 inch
Size S5 - 3/8 - 3/16 inch

The above size fractions were quartered, whenever possible,
to 200 pebbles each. All five-size fractions of 18 channel
samples yielded 200 pebbles each, with the exception of
greater than 1 inch (Size 1) fractions of 3 samples, which
vielded a few less than 200 pebbles; for the sake of uni-
formity of the data these were still used for the analysis.
A total of about 1,000 pebbles were analyzed per sample.
This brings the total figure to 17,860 pebbles analyzed
for 18 channel samples.

Lithologic classification I (Table 2) was used
for this five-size fraction analysis of 18 gravel samples.
Data were recorded in code numbers to speed up the pro-
cedure. Percentages of each lithology present in each
fraction were calculated. Then these data were regrouped
into the following 11 lithologic categories: igneous and
others, foliated metamorphic, non-foliated metamorphic,
doclomite, dolomitic limestone, limestone, sandstone,
siltstone and shale, clay ironstone concretions, porous
chert, and dense chert. This breakdown was made to study
the lithologic distribution according to wvariations in

size of the material. Using the whole data of 18 channel
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samples, mean percentages of each lithology (mean of 18
samples) in each size were claculated. These are repre-
sented graphically in Figure 27.

From a plot in Figure 27, it can be said in general
that all lithologies except clay ironstone concretions,
porous chert, and dense chert, show more or less similar
distribution in all five sizes. Petrographic analysis of
sizes 2 and 3 can give average value of lithologic distri-
bution in a particular deposit. Clay ironstone concretions
seem to decrease in number with the decrease in size of the
material and this could be due to the weak physical nature
of these concretions. The number of porous and dense
cherts seems to increase with the decrease in the size of
the material. This may be due to the deleterious nature of
chert, which can expedite mechanical breakdown compared to
other rocks. Limestones show slight increase in number
with decreases in particle size. This could be also due
to mechanical breakdown.

The petrographic data for 18 channel samples were
averaged for the whole sample and again regrcouped into
classification II (Table 2) for correlating with spot

sample data. These data are given in Table 3 (in the

Appendix}.

Pebble Volume.~~-A pebble volume analysis was used

for 23 spot samples (No. 23 to 45) of coarse material

collected in Kalamazoo County. This method has been
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stressed by Ehrlich and David (1968) in their study of
glacio-fluvial sediments, and is alsc described and used
by Wingard (1%969) in the study of drift materials carried
out in the Research Laboratory, Michigan Department of
State Highways. This method gives lithologic percentage
by volume rather than by number of pebbles.

The pebble volume procedure needs to be briefly
described here. Gravel samples in 1/2 to 1 inch sizes
were collected in the field and washed to free them from
clay or fine material in the samples. Then they were
gquartered until approximately a 2 liter fraction remained,
Pebbles were packed by agitating in a 2 liter waxed strong
cardboard cylinder mold to obtain the approximate initial
volume.

Pebbles from a 2 liter volume were petrographically
analyzed into 11 different lithologic categories of classi-~
fication II (Table 2). Then the volume of each lithologic
fraction was determined by weighing, in grams, all pebbles
in each category, in air and then in water. The differ-
ence between the two weights (in grams) is egqual to the
volume in cubic centimeters. From this vcoclume percentage
by volume for each lithology was determined. Approximately
12,000 pebbles were analyzed using this method.

Lithologic data collected using 1/2 to 1 inch
sized fractions are believed to be representative of all
size grades of coarse aggregate. This fact is revealed

by Figure 27. This assumption is supported by Figure 27
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in which volumes of sizes 2 and 3 (1/2 to 1 inch) are shown
as an average of all five sizes. Anderson (1957) believed
that the 1/2 to 1 inch size grade contains the greatest
variety of rock types, and hence he also used this size

for pebhle counts.

Fine Aggregates

In Kalamazoo County, more than 100 samples were
collected for the sand analysis using the channel, spot,
and auger sampling methods. ©Of these, 88 samples were

subjected to petrographic and mechanical analyses.

One-Size Praction.—--The sand fraction of 1 to 2 mm.

(ASTM No. 18-10) size from each sample was petrographically
investigated. This size grade was chosen because of the
large variety of lithologies, which with the aid of
tweezers can be rather accurately identified under a
binocular microscope. The fractions were coned and
gquartered until reduced to about 350 grains. Only 300
grains were examined. Sand grains were classified into
nine different lithologic and mineralogic categories.
These are listed in Table 2 under Classification III. A
total of about 27,000 sand grains were analyzed and the
data are tabulated in Table 6 {(in the Appendix).

The sand analysis was carried out to abet the
interpretations of glacial history, but because of heterc-
geneity this did not provide as much information as did

the coarse fraction.
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Heavy Minerals

The heavy mineral analysis can be used as an
additional tool for differentiating various drift sheets.
It is well established that the heavy minerals in sand
fractions are mostly concentrated in its finer grades,
and that they can be separated from the lighter minerals
by using heavy liquids of different density, and then
identified under a petrographic microscope. A pilot study
of heavy minerals was therefore made from a -270 mesh
fraction of channel samples numbered 1 to 18. These were
separated using acetylene tetrabromide (specific gravity
2.96 at 20°C). The results show that 1 to 5 per cent
heavy minerals by weights are present in -270 mesh
fractions of all samples.

Comparison of Channel and Pebble
Volume Technigques

Both channel and pebble volume methods were used,
the channel technique for engineering types of samples and
pebble volumes for lithologic samples. Each technigque has
its advantages and disadvantages, as noted below.

The channel sample subjected to mechanical analy-
sis gives more detailed engineering type of information,
especially regarding the particle size distribution in the
deposit. The pebble volume sample cannot provide this
valuable information because of its small volume and
single size grade. The petrographic data on channel

samples give a more detailed lithologic distribution



130

within each size grade, whereas the pebble volume sample
data are derived from one size grade only, and so does
not represent an average of the whole deposit. Similarly,
other engineering information such as physical strength
and chemical reactivity can be obtained for the whole
deposit from a channel sample, whereas these character-
istics can be defined only for the 1/2 to 1 inch size
fraction of the whole deposit from a pebble volume sample.
The channel sample technique is more lengthy and more
expensive, and most of the time it requires new or fresh
exposure to cut the cost of operation. In contrast the
pebble volume technique is guick and less expensive, and
it does not reguire many efforts to obtain a fresh sample.
Lastly, the channel sample method gives more detailed
information and the pebble volume technigue gives more

general information.

Determination of Engineering Quality

The two most important properties affecting the
engineering guality of glacial materials are physical
strength and chemical reactivity. Glacial aggregates are
usually used in concrete for construction purposes, So
determination of these two properties, along with petro-
graphic analysis of coarse aggregates, is most desirable.
Economic effects of these properties are discussed in

Chapter XII,
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The physical strength was determined by estimating
how strong the blow of a hammer was regquired to break a
rock particle, Two categories of physical strength were
used: i.e., simply either strong or weak. Extensive
weathering affects the physical strength of some rocks;
also, these rocks may have lower density and rough surface
texture or smooth clayey texture. Some of the weathered
or altered mineral products may be chemically reactive
with cement, causing a premature failure of concrete.

The chemical reactivity of each particle was
determined after its lithological composition was defined,
the latter, of course, being directly related to the
chemistry of each mineral present. Rocks with free silica
react (alkali-silica reaction) with hydrating alkali
cement. Also some dolomitic limestones or calcareous
dolomites are known to create alkali-carbonate reactions,
causing failures in concrete. Therefore, the reactive and
non-reactive rocks were identified and recorded for
further analysis.

These two key properties were determined in samples
number 1 to 18 in Kalamazoo County. The resulting data are

discussed in Chapter XII.



CHAPTER X

LITHOLOGIC DISTRIBUTION OF AGGREGATES

What started as an apparently simple study to
evaluate gravel deposits in Kalamazoo County with respect
to their suitability for concrete aggregates soon became
revealed as a very complex problem. This complexity has
been revealied by the recognition of out-of-phase fluctu-
ational relationships between the Lake Michigan lobe and
the Saginaw lobe (see Chapter IV), and by the detailed
picture of the distribution of gravel lithologies in
southwestern Michigan shown by isopleth maps (Figs. 29-37).

Initial data gathered just from Kalamazoo County
are insufficient to draw any firm conclusions from regard-
ing provenance and lithologic distribution of glaciail
materials in the county. The main reason for this in-
adequacy is that sample locations in the county are not
properly distributed throughout the county. This is
directly related to the lack of good exposures (see
Chapter III), some of which, of course, are more dense
in certain areas (Fig, 28). After several inconclusive
attempts, the writer decided to compare petrographic data

from Kalamazoo County with similar types of data from
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surrounding counties in southwestern Michigan. The data
from surrcounding counties are cited in the earlier pilot
study by Wingard (1971), of aggregate sources in Michigan,
Usable parts of these data are rearranged (see Tables 3
and 5 in the Appendix) to match the writer's data from

Kalamazoo County.

Lithologic Map Interpretation
and Provenance

Petrographic data from 130 sample locations {45
in Kaleimazoo County and 85 in surrounding counties) are
utilized for this interpretation. Each sample location
is indicated by a symbol depicting associated glacial
feature. The majority of locations lie on moraines, out-
wash plains, and moraine-outwash contacts. Bedrock out-
c¢rop locations and their lithologies are also shown on the
map. The map in Figure 28 shows only gravel sample
locations and their numbers, as given in Tables 3 and 5
{in the Appendix).

All petrographic data are regrouped into the
folilowing nine brecad lithologic categories, each consider-
ing common occurrence, source area, local bedrock lith-
ology, bedrock configuration, and glacial lobe movements.
Minor amounts of rare lithologies as a group are elimi-
nated. For more details one may refer to Tables 3 and 5

(in the Appendix).
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Igneous {(Acid + Basic)

Metamorphics (Foliated + Precambrian Fraction
Non-foliated) {Possible Source:

Crvstallines (Igneous + Canadian Shield Area)
Metamorphics) )

Cherts A

Carbonates and Cherts

Sandstones

Siltstones and Shales Paleczoic Fraction

Clay Ironstone > (Possible Source:
Concretions Michigan Basin Area)

Clastics (Sandstone +
Siltstone + Shale +

C.I. Concretions}) y,

Ignecus and metamorphics are grouped together into
broader and more general categories of crystallines, for
the purpose of observing the reflection of gross lithology
from the same source areas. Carbonates and cherts are
grouped together, since cherts are usually associated with
carbonates, which means that they have the same source.
Siltstones and shales are grouped together, as they are
present in minor amounts and seem to have the same source.
Sandstones, siltstones, shales, and clay ironstone con-
cretions are grouped into the general category of clastics,
because in certain areas, they represent local bedrock
iithologies and seem to show increased amounts of mixing
and dilution of other lithologies due to increased
erosion and the glacial plucking of bedrock.

For a simple and clearer interpretation, percent
lithologies for each lithologic group are plotted on nine
different maps (Figs., 29-37), and isopleths are drawn to

develop a pattern. These patterns show glacial and
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proglacial dispersal of materials in relation to their
source. Therefore, they are helpful in interpreting the
glacial history of the area,

Strikingly enough, the isopleth patterns on these
maps indicate the difference in gross lithologies related
to two separate lobes. There are some exceptions where an
increased influx of local lithologies has taken place, due
to glacial reworking of earlier deposits and glacial
erosion of bedrock. This influx is very obviocus where
the source is very near.

The maps in Figures 29 through 37 are sufficiently
descriptive of the lithologic distribution of materials
and permit ready interpretation. Each gravel lithology
map is briefly desctibed. While reading the following
interpretations the reader should refer to Figures 19, 20,

and 21 (see Chapter VI).

Igneous Rock Content

In general the igneous rock content (Fig. 29) is
higher in the eastern part of the study area, which is
indicative of Saginaw lobe deposits. The 20 per cent
isopleth passing through Kalamazoo County seems to be an
arbitrary line for separating deposits of the two lobes,
Remarkably, two samples from the Kendall moraine in
northeastern Van Buren County shows an isopleth high,
thus seeming to correlate with the Saginaw lobe deposits.

This supports the overriding hypothesis disucssed in
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Chapter IV, The Lake Michigan lobe deposits in general
show less than 20 per cent igneous rock content, with some
exceptions. An isopleth of 15 per cent in Calhoun and
Eaton counties can be explained by the increased influx

of local bedrock lithologies,

Metamorphic Rock Content

The metamorphic rock content pattern (Fig. 30)
also, in general shows higher percentages in the eastern
part of the study area. The 10 per cent isopleth passing
through the western part of Kalamazoo County seems to be
the arbitrary line separating deposits of the two lobes.
The Lake Michigan lobe deposits in general contains less
than 10 per cent metamorphic rocks, except at a very few
locations where they are higher than 10 per cent but less
than 15 per cent. According to Anderson (1957), the
metamorphic rock content of the Saginaw 1lobe is higher
than the Lake Michigan lobe due to an influx of quartzite
pebbles. This fact was also corroborated by the writer

in his petrographic analysis.

Crystalline Rock Content

In the study area (Fig. 31}, the Saginaw lobe
deposits generally contain more than 30 per cent crystal-
line rocks, and in certain areas it is higher than 40 per
cent. The Lake Michigan lobe deposits, on the other

hand, show crystalline rock content to be less than 30
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per cent. Therefore, the 30 per cent isopleth passing
through the western part of Kalamazoo County seems to be
an arbitrary lithologic interlobate line. Patterns on
this map show the net result of combined igneous and
metamorphic rocks, which demonstrates the best separation
of deposits of both lobes,

Isolated lows can be best explained by the in-
creased influx of the Paleozoic fraction due to glacial
and glacio-fluvial processes. The high crystalline con-
tent of the Saginaw lobe and low crystalline content of
the Lake Michigan lobe can be explained by two factors:
(1) distance from the source area and the degree of
erosion and mixing of the Paleozoic sediments; (2) the
amount of reworking of the older drift by the glacial
ice. Highly weathered Precambrian cobbles and pebbles
have been observed in the field along with less weathered
or almost fresh Precambrian rocks.

Here, the high crystalline content in the extreme
northeast corner of Van Buren County and the northwest
corner of Kalamazoo County supports the overriding hy-
pothesis previously discussed., Another interesting
observation is that the high crystalline content in the
study area is generally associated with till plains
(Plate I). The slow decrease in the amount of crystal-
line content in the southeastern Branch County may be

because of an influx of sediments wvia the Erie lobe.
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Due to insufficient data in that area, this suggestion is

not overstressed.

Chert Content

The map in Figure 32 shows high values of chert
content associated with both lobes, with the high chert
content of the Saginaw lobe sediments seeming to cover
larger areas than the high chert content of the Lake
Michigan lobe sediments. Widespread high chert content
of the Saginaw lobe sediments is attributed to the glacial
erosion of large areas of cherty Mississippian Bayport
limestone and subsequent Pennsylvanian carbonates (Fig.
19). The scource of cherts in the Lake Michigan lobe
sediments very well could be the cherty carbonates of
Devonian age derived from the Lake Michigan basin floor.
A high concentration of chert in Berrien County is
probably due to the erosion of the Traverse formation,

a subcrop of which is located in the northwestern part

of the county ({(Fig. 19). The isopleth pattern in Berrien
County suggests the direction of glacial ice. The 8

per cent isopleth passing through western Kalamazoo
County and the city of Kalamazoo seems to be the arbi-

trary lithologic interlobate line,

Carbonate and Chert Content

In this map (Fig. 33) total carbonates and cherts

are added together. The pattern here shows that in general
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the carbonate and chert content of the Lake Michigan lobe
sediments is above 60 per cent, and in some areas, pre-
sumably near the Devonian carbonate source (Fig. 19), is
above 70 per cent. Values below 60 per cent could be be-
cause of the dilution from the increased amount of clastics
({Fig. 37). The carbonate and chert content of the Saginaw
lobe sediments is in general less than 60 per cent, and in
some areas it is below 50 per cent for the same reason
given in the case of the Lake Michigan lobe (Plate I).
Values above 60 per cent, northeast of Kalamazoo County
are probably due tc bedrock erosion of cherty Bayport
limestone of upper Mississippian age, and some carbonates
of Pennsylvanian age. The writer has observed slightly
higher dolomite content in the Lake Michigan lobe sedi-
ments than the Saginaw lobe sediments. Dolomite may have
come from cherty dolomitic lenses in the Coldwater shale;
or from any other source in the Lake Michigan basin. The
60 per cent isopleth passing through western Kalamazoo
County seems tc be the arbitrary lithologic interlobate
line. Increased values in the southeastern part of

Branch County may again be due to the contamination from

the Erie lobe sediments.

Sandstone Content

The sandstone content map (Fig. 34) does not show
any clear pattern distinguishing the Lake Michigan lobe

sediments from the Saginaw lobe sediments., In general a
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high concentration of sandstone is clearly observed near
sandstone outcrops and thin drift areas. Lower Missis-—
sippian and Pennsylvanian sandstone formations are mainly
responsible for the sandstone content of this area. The
pattern in Eaton and Calhoun counties shows a clear
relationship between the source area and dispersal by the

glacial flow.

Siltstone and Shale Content

Siltstones and shales (Fig. 35) are more uni-
formly distributed in the Saginaw lobe sediments. These
show spotty distribution in the Lake Michigan lobe sedi-
ments, with very high values in isclated areas. The
pattern showing high wvalues in the Calhoun County area
more or less matches with that of the chert content
(Fig. 32) in the same area indicating local provenance
and similar dispersal by glacial flow from the northeast.
Most siltstones and shales of the Saginaw lobe are pre-
sumably derived from the underlying Coldwater formation.

Extremely high values in southwestern Kalamazoo
County can be explained by local influx of siltstone and
shale derived from the Coldwater formation, by glacial
pPlucking of pre-glacial wvalley floors in Van Buren Ccunty,
i.e., by Lake Michigan ice. Glacial plucking can be sus-
pected because of the isclated and disconnected bedrocck
lows in this area (Fig. 21). High siltstone and shale

content in Berrien and Cass counties may be due to the
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erosion and glacial plucking of the Ellsworth-Antrim
shales by Lake Michigan ice, A 2 per cent isopleth in
western Kalamazoo County seems to indicate the arbitrary

lithologic interlobate line.

Clay Ironstone Concretion Content

The map in Figure 36 shows mostly less than a 2
per cent clay ironstone concretion content in the Saginaw
lobe sediments, while values of clay ironstone concretions
in the Lake Michigan lobe sediments show extremely high
concentrations in isolated areas such as southwestern
Kalamazoo County. This again can be explained by glacial
plucking and abrasion of the source rock. It is sug-
gested that most of these concretions are derived from
the Coldwater formation, with some from the Lower Marshall
formation, and a few from other formations. Antrim shales
are known to contain these concretions, but low values in
Berrien County do not seem to correlate with the high
values of siltstone and shale content (Fig. 35) in the
same county. The 2 per cent isopleth passing through
Kalamazoo County seems to indicate, once more, the
arbitrary lithologic interlobate line. Once again it is
brought to the attention of the reader that, the 1.8 per
cent clay ironstone content of a sample, from the north-
ern part of the Kendall moraine in the extreme northeastern
corner of Van Buren County, correlates with the Saginaw

lobe sediments.
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Clastic Rock Content

The total of clastic lithologies plotted on the
map (Fig. 37) do not seem to form a clear pattern indi-
cative of the both lobes. Patterns in this figure do not
exactly correlate with patterns in Figures 34, 35, and 36,
but they show the net effect of all three lithologies
together. For example, in some areas, the effect of the
high values of one litheclogy is neutralized by the low
values of another lithology, and wherever the high values
of two lithologies fall together in one place, they tend
to intensify the effect, This is due to the random distri-
bution of local lithologies in the drift, though this is
not indicated in Figures 29, 30, and 31 where the distri-

bution is more uniform,
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CHAPTER XI

ECONOMIC CONSIDERATIONS

The role of the geologist is a very essential one
in the sand and gravel industry, which is considered the
largest (tonnage-wise) mining industry in the world. The
sand and gravel industry is expanding as a new highway
program and other construction projects are increased. In
1969, Michigan alone produced 58,092,000 short tons of
sand and gravel valued at $58,968,000, thus ranking second
nationally in production. Most of this tonnage was mined
in areas adjacent to the larger metropolitan areas of the
state. About 1.6 per cent of the total sand and gravel
output was processed in Kalamazoo County. In 1969 this
county produced 941,000 short tons worth about $1,163,000.

As sand and gravel production in Michigan increases
every year, it is a fact that presently known gravel
sources are depleting rapidly. There is a need for
locating additional sand and gravel resources for servic-
ing future highway construction and planning future

building construction.

153
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Sand and Gravel Economics

In recent years, depletion of material and the new
zoning laws which have been involved because of increasing
environmental concerns, has made the industry ask the
geologist for help in locating suitable new sand and
gravel resources, The average layman thinks that sand
and gravel deposits of glacial origin are everywhere in
Michigan and that the supply is unlimited. But he is not
aware of the fact that these deposits have to meet certain
specifications in terms of gradation and composition. 1In
fact, an economically feasible sand and gravel deposit must
meet specific physical and chemical characteristics., 1If
the deposit does not meet these requirements, the guality
of that deposit can be upgraded tc the required standard
by using different beneficiation methods. Note is made of

all these concerns in this chapter. -

Industry and Cost

In 1969 there were eight sand and gravel producers
operating in Kalamazoo County. Among these, the American
Aggregate Corporation was the principal producer. American
Aggregate Corporation's sand and gravel pit is the largest
in the county. It is lcocated in Cooper Township along the
west bank of the Kalamazooc River, about one mile east of
Cooper Center. Although sand and gravel can be produced
throughout the county, the low value and high transpor-

tation cost have demanded that the production be
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concentrated near the city of Kalamazoo and major highways
(Fig. 38). Presently, processed gravel in Kalamazoo
County costs slightly more than a dcllar per short ton on
the average. This cost may increase in the near future
when all useable sand and gravel sources near the metro-
politan area and major highways are depleted. Then it
will become necessary to transport aggregates from the

rural and suburban areas into metropolitan centers.

Beneficiation

In recent years, the demand for premium aggregates
has rapidly increased, because of the rigid standards of
quality control and increasing technology in the field of
concrete mixing. Deposits of inferior material can be
upgraded by several beneficiation methods. Detailed dis-
cussion of specific beneficiation methods is, of course,
beyond the scope of the present study. The reader is
directed, however, to Lenhart (1962), Kneller (1964), and
Wingard (1969) for a more comprehensive discussion of the
sand and gravel beneficiation methods, problems of pro-
cessing specific rock types, and specification standards
set by different agencies for concrete aggregates.

Lenhart discussed the Heavy Media Separation (HMS}
method in detail along with general discussion of the sand
and gravel industry. Kneller describes the following six
commonly used beneficiation methods: {1) screening,

washing, and crushing; (2) jigging: (3) elastic
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fractionation (bounce modulus); {(4) cage mill disinte-
grators; (5) heavy media separation (HMS); and (6} the
one-two-punch system which combines the elastic fraction-
ation and the heavy media separation methods. Wingard has
very briefly discussed the HMS process and problems of
upgrading some deleterious gravels in some areas specifi-
cally in southern lower Michigan.

The Heavy Media Separation (HMS) or the so-~called
"Sink-Float" process, using heavy media of specific gravity
between 2.50 and 2,60, usually produces the premium aggre-
gates required by the Michigan Department of State High-
ways. The disadvantage of the HMS method is that it will
not eliminate high-gravity deleterious (undesirable)
material such as clay ironstone concretions. It is an
expensive method but certainly the most suitable process

for production of superior quality material.

Potential Building Aggregates

With increasing needs of the large sand and gravel
industry, it has become necessary for a geologist to out-
line areas of potential building aggregates. T» do this,
it is necessary to study the locations of abandoned and
presently operating sand and gravel pits. This is the
approach used in the present study area. Attempts are
made on the map (Fig. 38), "Gravel Resources of South-
western Michigan," to outline the probable areas of future

gravel resources. These areas are outlined, taking into
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consideration the gravel pit location pattern and assuming
that coarse gravel (required for the highway construction)
can most likely be found near the transitional boundary

between moraine and outwash deposits. This map is just a
guide for prospecting for future sand and gravel deposits.
It should be used with great caution and, of course, also
with a detailed geologic study of the location. It may

prove to be unsatisfactory in some areas.

Gravel Pit Locations

Gravel pit locations which are shown on the gravel
resources map are taken from the Michigan Department of
State Highways'gravel pit inventory (1966). These include
all abandoned and operating pits from which the MDSH pur-
chased aggregates through the end of 1966. In Kalamazoo
County, some additional pits are shown which wera dis-
covered and sampled at the time of field work for this
study.

Highways, Population, and Gravel
Pit Density Relations

The gravel resources map shows in general that the
density of gravel pit locations is higher near the popu-
lation centers (cities and towns) and highways, and de-
creases away from them. This relationship exists because
of one or both of the following factors: (1) low wvalues
and high hauling costs demanded that production be con-

centrated near the major population centers and highwavys:;
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and (2) unfavorable and unidentifiable glacio-morphological
conditions {e.g., transitional zones) which usually pro-
duce gravel reserves but not easily found to date., With
rapid depletion of sand and gravel reserves and stockpiles
near cities, towns, and present highway systems, it will
become necessary to explore these potential areas more
fully for sand and gravel, even though the costs will

become higher.

Ground Water in Kalamazoo County

The major supplies of ground water in Kalamazoo
County comes from aquifers in the glacial drift. Minor
supplies come from wells penetrating the Marshall sand-
stone (Fig. 1%) in the northeastern part of the county.

The Coldwater shale which underlies the glacial sediments
throughout the county, and other Paleozoic rocks that
underlie the Coldwater formation, have little or no
potential for future ground water development. Glacial
sediments are the source of water in most of the wells in
the county, and these have considerable potential for
future development.

Ibrahim (1970) pointed out that the water-saturated
glacial sediment thickness is small where the drift thick-
necs is low and hence in sach situations the possibility
of developing suitable aguifers is minimal. He alsc noted
that areas of large thickness in glacial sediments are more

favorable for locating aquifers of appreciable thickness
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and suitable yield, Further, Ibrahim points out that
bedrock channels are especially favorable for locating
ground water aquifers, also discussing more specific areas,
including bedrock channels, possible guite suitable for
high yields of ground water.

It has also been noted by Deutsch, Vanlier, and
Grioux (1960) that permeable outwash and channel deposits
are good sources of water for wells of large capacity.
Higher permeability sand and gravel beds between lower
permeability till in moraines locally yield larger supplies
of fresh water. This situation sometimes develops more
than one aguifer. In general, two aquifers (upper and
lower) are reported (Deutsch et al., 1960; Reed et al.,
1956; Ibrahim, 1970; Allen, 1972} in some areas of the
county, especially in the city of Kalamazoo and vicinity.
The thickness of these two aguifers varies from place to
place, and they are separated by about 30 to 40 feet of
less permeable material. In this area, several water
wells are located along or near the Kalamazoo River and
other streams, so that pumping of wells in such an area
will induce the migration of water (Travis, 1966, and
Allen, 1972) from the stream toward the wells, In this
case, polluted rivers and streams can pollute the ground
water in this area. The waters of the Kalamazoo River,
which is the largest surface drainage in Kalamazoo County,

and the Portage Creek are already polluted, so there is
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urgent need to clean up these rivers and creeks and stop
discharging industrial and other wastes intc them.
Subsurface and ground water information must be
considered before excavating for future sand and gravel
deposits to be used in planning for future highways. It
is already clear that much care must be taken not to
disturb natural aquifer conditions existing in the glacial

sediments.

Environmental Application

A map (Fig. 39) of the geologic environment for
solid waste disposal in Kalamazoo County was prepared by
using the surface and subsurface information gathered for
this study. Most of the subsurface information comes from
water well logs and o©0il and gas logs. About 230 well logs
were used, and their locations are plotted on the map.

Three types of areas are outlined: satisfactory,
less satisfactory, and unsatisfactory for solid waste
disposal and for planning other land uses. An explanation
for the delineated areas is given on the map, which should
be consulted before locating sanitary landfill sites. The
present guidelines developed by the Illinois State Geo-
logical Survey, and followed by the Michigan Geological
Survey in cooperation with the Department of Public Health,
require a minimum of 25 to 30 feet of clay or relatively
impermeable material between the base of a landfill and

the shallowest underlying water-yielding aguifer. With



I'- [

b

J.A
|
|
|
.
|
.f
f; _ )
%
|
!
t
t

R R e e Sl 1209

o J
. - *
ot W
HE R 4
i
1
;
)
3
i
[}
‘
S

z e * '/"j';; 3 b!.
; .;L.-E;,;ﬁ;_.f__._l._-_}_i
s, BT P

- S
g . °

)

e.

w .

CALHOUN

g
'
i

R e

SATHFALTORY milbborbice gumies c rwirmvaniet b nat i sl din-
P, W Tocal amuptinre. G lachel ntimurin se lying grmn-
ety wyuiter contisn of rpdendaiond sl arl greel with minivum
ol 25 w 30 feat thick cley barrier. Lucally, wwer smving fem
st mmy b frappnd in o puchet fard by 5 o per i chey
Twyer m-nrmd-n—mdb mhnvhn'. "uu:hl —I-r
tbla Gunarsl byl

cordition at te lantfitl Lk is 1ivangly recommeraied .

E LESS SATISEACTORY whpatece gholagic ervirsament for selid wanke
Jmpmal, with Teca! sacopion. Gansrally lom than 23 feat of ism
prmpable cley verlying He wettr table, sl intwrmingled with
toyary of yilt, siend, omd growed . Gluidtnhmhl-m

-d_.- nlul\nlﬂ --II-

o p : of by o
M‘hmn‘wrhtﬂwoﬁhnm lllp-ihm-
Fidnk ank y o oo

[:I UNMTISFMTOH‘YMplqu smvirenmant b volid e
dinpnel, with loesl y inle alvowrs wn piter
ow paras, perwnable, ﬂnml“-ﬂ-"mld#hlm
winh gral droirage chmnra . Locelly Hin lomsin of lem perwuile
cloy ondl 1ilr ww intwrbndind with will-aored pereseble sl end
provel. Thime placiol outwish and depingge charme! dagein rve
& an initigl grounimaiie recherge srne o fovm sheel low aauilen.
Girva] e Locased in this wws must ot be wed for vty Jdiapomsl
vl

E] Well lncation, indicatm mom then 29 % 30 feat of cley abowd i
wpifer

Woll lacetion, indiontms mm iy viretiiid pryen materind shave on

E Wall locatrion, Imdicem lam Hun 25t of chiy sheee on aaulfer.
E witer,

291

GEOLOGIC ENVIRONMENT
FOR SOLID WASTE DISPOSAL
IN

KALAMAZOO COUNTY

MICHIGAN

My

Figure 39. Geologic environment for solid waste disposal in Kalamazoo County, Michigan.



163

this criterion kept in mind, the map in Figure 39 was
prepared. This map also is but a guide for giving
preferences to different areas for quick location of

a proper landfill site.



CHAPTER XII

AGGREGATE SUITABILITY FOR

ENGINEERING USAGE

Variations in lithologic composition and distri-
bution 0 glacial materials, which are direct products of
the geologic history of the area, are discussed in Chapter
X. Their economic considerations are noted in Chapter XI.
Discussion in the present chapter is brief, and relevant
to the few important properties of aggregates determined
in this study affecting their performance in concrete.

Several other factors relating to aggregate suita-
bility and the engineering test results are discussed by
Wingard (1969) in his work, carried out in the Research
Laboratory Division of the Michigan Department of State
Highways prior to the present study. The reader is
directed to Wingard's work for more details. There are
several other good sources of information regarding the
application of petrography and other geclogic information
in the evaluation, selection, processing, and use of

aggregates in concrete and elsewhere. A few of these
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are listed, along with other related references, in the

reference section at the end of this paper.

Properties and Performance of Aggregates

In the world of today, Portland cement concrete
is still a construction material of fundamental importance
and unique versatility. The design and control of concrete
many times depends on the physical, chemical, and litho-
logical properties of the materials used. Aggregates
generally occupy 60 to 80 per cent of the volume of con-
crete, and also influence mix proportions and economy.
They must conform to certain regquirements for certain
types of jobs. There are many causes of inferior gquality
or failure of concrete, of which two are given special
attention in this study and discussed briefly as follows,

Physical Strength and
Chemical Reactivity

Physically weak and chemically reactive particles
can lead to the deterioration or failure of concrete,
whereas an increased number of physically sound and
chemically nonreactive rocks can strengthen the concrete.
The effects of these properties are alsc discussed by
Wingard. Methods for determining these two properties
are outlined in Chapter IX of the present report.

Total percentages of the physically strong and
chemically nonreactive particles for each channel sample

({1 through 18) in Kalamazoo County were determined.
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Values for each sample location are shown in Figures 40
and 41. The average mean value for all 18 samples was
determined as shown in these figures and an arbitrary line
separating the above-average from the below-average values
has been drawn. It is obvious from these figures that the
arbitrary lines coincide in general with arbitrary litho-
logic interlobate lines on the lithologic maps discussed
in Chapter X, i.e., note the maps in Figures 29 to 37. In
both of the Figures 40 and 41, the values which are above--
average appear to correlate with the Saginaw lobe sedi-
ments, presumably because of the comparatively high
crystalline rock content in that lobe. Values which are
below-average appear tc correlate with the Michigan lobe
sediments, presumably because of the comparatively high
clastic rock content in that lobe. This observation
reveals that even engineering properties of aggregates

are directly related to the lithologic digtribution
(because of different provenance) of drift materials and
of course, alsc their provenance. For planning and
exploration purposes, attention is, of course, drawn to
the solid lines in these figures and their positions with
respect to the township borders for the purpose of explicit
location.

Deleterious Aggregates and Their
Desirability in Concrete

Physically unsound and/or chemically reactive

particles are considered deleterious {undesirable) in
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concrete. Usually weak, friable, or weathered and lami-
nated aggregate particles are physically unsound, and
hence not desirable. Especially friable sandstone, silt-
stones, shales, clay ironstone concretions, weathered
cherts, leached limestones, and highly weathered crystal-
lines are physically unsound; rocks with free amorphous
silica and iron oxide, like porous cherts, cherty or
siliceous limestones, silicecus shales, phyllites, and
other minor rock varieties are chemically reactive.

All above listed rocks should be avoided as much as
possible if one is to assure the best quality of con-

crete.



CONCLUSIONS, ACADEMIC AND ECONOMIC

Detailed glacial mapping of an area, preferably
as large as a county, is essential for the
systematic evaluation of sand and gravel deposits
and for future highway planning. Also, it helps

a great deal in the groundwater studies.

The channel sampling method, even though mcre
lengthy and tedious, gives a representative sample
of glacial sediments and reveals more valuable

information, The pebble volume is gquick and more
economical, but its applications are limited, and
it can be only used for a brocad scale reconnais-

sance study of the large areas.

On the basis of rock-stratigraphy, morpho-strati-
graphy, time-stratigraphy, and soil-stratigraphy
a viable glacial history of the area is worked
out. It is suggested that at the Cary time, the
terminal behaviors of the Lake Michigan lobe and
the Saginaw lobe were out-of-phase with each

other.
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Field evidences and gravel lithologies indicate
that the Saginaw lobe ice covered Kalamazoo County
first, and after it started retreating, the Lake
Michigan lobe ice advanced, pushing the material
eastward and overriding its own bold Kalamazoo
moraine along with the Kendall and the Alamo
moraines built earlier by the Saginaw ice. This
eastward pushing produced several weak and parallel
moraines including the Tekonsha in eastern
Kalamazco County.

On the basis of morpho-stratigraphy and
rock—-stratigraphy a somewhat arbitrary interlobate
line is suggested {(Plate I).

Following weak line of evidences put to-
gether strongly supports the interpretation of
overriding and the placement of an interlobate
line. These evidences are briefly reiterated:

A. Presence of what appears to be an example of
ablation till over the Kalamazoo moraine of
the Lake Michigan lobe.

B. Lithology of the Alamo and Kendall moraines
is similar tc that of the Saginaw lobe
sediments.

C. Presence of the Precambrian jasper conglomerate
and tillite (index erratics of the Saginaw

lobe) in the Kalamazoo and Kendall moraines,
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D. Presence of thin till plains over outwash
plains in Cooper and Prairie Ronde townships
of Kalamazoo County.

E. Fluctuation of lithologic interlobate line
within 4 to 6 mile zone east of the Kalamazoo
moraine (see Figs. 29-37).

F. Presence of weak push moraines east of the
Kalamazoo moraine, and they are paraliel to the
moraines of the Lake Michigan lobe. They may
indicate glacial surges or usually strong
pulsations in the Lake Michigan lobe in conse-
guence of differing of flow-lags.

G. Axes of elongated lakes in Kalamazoc County
are parallel to the moraines of both lobes.

H. The heads of glacial drainage, the originating
point in the Tekonsha reentrant district mark
the related ice margin and provide the clue

as to the direction of the former ice flow.

In a broader sense, the correlation between sur-
face topography, drift thickness, and bedrock
configuration is inversed in Kalamazoo County.
This observation is illustrated by the geologic

cross sections of the county.

In Kalamazoo County, there is a general agree-
ment between the lithologic composition of parent

materials, and properties of some soil types.
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Significant lithologic differences exist among
the Lake Michigan lobe and the Saginaw lobe sedi-
ments; and an investigation of the relative pro-
portion of litholecgic types appears to be the most
fruitful method for exploration and evaluation of

gravel resources of these two lobes.

The Precambrian lithologies play a valuable role in

differentiating the Lake Michigan lobe sediments
from the Saginaw lobe sediments. In general, the
Precambrian lithologic content of the Saginaw
lobe is higher than the Lake Michigan lobe in

southwestern Michigan.

Local Paleozoic clastic lithologies display
greater variations between the two lobes. There-
fore, sometimes local clastics content alone can
not be used very successfully in differentiating
between two lobes in southwestern Michigan. A
relatively high amount of clastics in isolated
areas indicates extensive bedrock erosion and
plucking by the glacier ice. It alsc indicates

a relatively close source area.

Regional knowledge of the glacial geolegy and
petrographic analyses provides the basis for pre-
dicting regional trends of aggregate guality and

potential areas of their scurces.
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Variations in gross lithology within each lobe in
Kalamazoo County are also reflected by the regiocnal
variations in the engineering properties, such as

physical strength and chemical reactivity.

The gross deleterious rock content of sand and
gravel depcosits of the Saginaw lobe is slightly
less than that of the Lake Michigan lcbe in south-
western Michigan. It is strongly recommended that
all the deposits investigated must be beneficiated
in varying degrees tc meet the specifications set
by the Michigan Department of State Highways and
other agencies for use in concrete, The iscpleth
maps in Figures 28 through 37 help an investigator
to recommend what beneficiation process is needed

to upgrade a given deposit.



SUGGESTIONS FOR FURTHER RESEARCH

The writer believes that there is a place and a
need for future studies of this type in the fields of
highway planning and research, sand and gravel industry,
ready-mixed concrete industry, asphaltic concrete industry,
soil surveys, ground-water surveys, and economic resource
surveys for the state and federal agencies. It is hoped
that the geological approach in this research, will serve
as a basic model for future detailed studies of this kind.
Further information in the following areas will be helpful
for future evaluation of natural aggregate sources in the

state of Michigan and elsewhere.

l. This type of study is more essential in glaciated
interlcbate areas in Michigan or elsewhere for

determining the distribution of natural aggregates.

2, Studies of the performance ©of deleterious aggre-
gates in concrete subjected to severe weather
conditions should be carried out with varying

size and composition of natural aggregates.

3. An updated and a detailed bedrock configuration

map of Michigan is essential for a glacial, a
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subsurface, and a petroleum geologist, and for
an engineer. This type of map can be useful in

various phases of their work.

Detailed petrographic physical and chemical
properties of variocus rocks outcropping in the
state should be determined to know about their

possible use for highways and other construction.

Closer relationships should be established
between the composition of surface aggregates

and engineering properties of soils.

Clay content and minerology of shales and tills
in the drift may be helpful to determine possible

sources of clays.
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The following terms, as used in this dissertation
are explained for purposes of consistency in the text.
These definitions are also deemed adviseable for readers
not fully familiar with the language of glacial geology,
and as well to insure clarity because of some ambiguity in
the use of these and alternative nomenclature in the
literature.

Ablation till: Till deposited during downwasting (ablation)
and recession of a glacier. Such till is fre-
guently more sandy than basal or linear moraine
tills, and is found directly at the surface of the
ground and often overlies more clayey lodgement
till.

Age: Any major period of time in the history of the earth
or the material universe marked by special phases
of physical conditions or organic development. 1In
this dissertation this term is specifically applied
to the Wisconsinan glaciation, because in the
literature age is commonly used for reference to
the deposits of earlier glaciations of the Pleisto-
cene, e.g., Illinoian age deposits.

Flow-lag: The lag in years whereby the effect of signifi-
cant changes in the névé are expressed by ad-
vances, stillstands, or retreats in the terminal
area of a glacier.

Holocene: The term which is generally used for reference
to the time interval since retreat of the last
major ice advance of the Wisconsinan age, i.e.,
usually this represents the last 10,000 years.

Interlobate line: An interpretive line drawn between
deposits and geomorphic features from two adja-
cent glacial lobes. Such an interlobate line in
this dissertation (see Plate I) is drawn from
evidences given by the lithologic distribution
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(see Figs. 29-37) and the geomorphology ©f an area.
It is not always a sharp line, but rather a zone,
in some cases 4 to 6 miles wide, in which weak and
parallel moraines are found.

Isopleth: A line of equal abundance or magnitude, in this

dissertation used to show changes in average
lithological composition of glacial gravels.

Névé area: Accumulation area or nourishment zone in the

upper part of glaciers (in the broadest sense, the
ice centers of continental glaciation). A névé

is composed of consolidated granular snow "not

vet changed to glacier ice,” called firn.

Parma till: An early Wisconsinan or Illinocian (?) basal

t11ll1l, which is characterized by considerable
induration, hence actually a tillite. This
tillite was exposed in May, 1971 by sewer treat-
ment excavations and subsequently buried. The
writer observed the outcrop southeast of the
Parma, Jackson County, Michigan near a series of
turf farms. The till is composed of angular frag-
ments of Bayport-type (?) limestone and what appear
to be rounded pre-Cambrian pebbles. It overlies
Parma sandstone and lies at shallow depth below
muck (turf) and bogs in this region. The tillite
has been weathered substantially, with a surface
gossan which separates easily into a limonite-
stained powder.

Pleistocene: The Pleistocene is the latest epoch of the

Tertiary Period (Cenozoic Era)}. This epoch is
subdivided into four major glacial ages, the
Nebraskan, Kansan, Illinoian, and Wisconsinan,
taken in order from oldest to youngest,

Plexal zone: An area in which a differential forward

movement of ice has created contrasting relations
between older and newer geomorphic features of the
same lobe and provenance. Thus making the chrono-
logical interpretation difficult. This single
lobate seguence equates to the complexities of an
interlobate sequence.

Provenance: Origin or source.

Stage:

A time-stratigraphic unit, used as a time term
for major glaciations of the Pleistocene epoch.
In this dissertation it refers to subdivisions of
the Wisconsinan age, because the term age is
applied to subdivisions of the Pleistocene epoch.



187

Till: An unsorted mixture of boulders, cobbles, pebbles,
sand, silt, and clay--deposited by the advance and
retreat of glaciers.

Valley train: A long narrow body of outwash confined
within a valley.

wisconsinan: Latest major glacial age of the Pleistocene
epoch.
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TABLE 3
GRAVEL LITHOLOGY OF KALAMAZOO COUNTY, MICHIGAN

w [PERCENT GROUP &
« LOCATION w PERCENT LITHOLOGY g LITHOLOGY §3
= 1 ; il vlo wg ;i
3 a3 2 T wi z 29 | w §;8 o
3 < slGE|w | W w| 0 2 Z |wE * w
F4 o a " X - [ s = 135 | _g; o
] nl n|loC x| « Zq M ul < i 3 an
Z| T I wo z n 3] = | ¥ |Zwsz 25
' Olw|lwl| = S 3l,olE2]|8% Wo|eE| PR iuel®E | L | LRI E §u b |45 giv
slule|o 2] 83 | ¢ [e5|89|58 28| 8 |8 |Bolxgzas|ge 2 |2 |23 |2 |%| % (B0 3%k
= | = O o W - é wk!l r 0 Z| J |wwh n.as
F wloi2) o2 ro|eo|de|0E(2Y( S |8 |AF[0ER5 (85 6 | P [R3|§ |3T| 0 jaasy 3%
1 w32 1 12 Alamo Chanme] T.80 4.0 $.20 1530 36.30 450 it 030 8.80 ¢ 0,70 100.00 1000 40.90 51,10 130 1520 LakeMich. -Suy. Intarichate
I NE S 1 1 1L Cooper Channel 6.40 6.80 6.0 13,80 45.80 80 220 0. 60 4.00 6.50 1.70 100.00 1000 240 58.30 T80 15.30 Lake Mich.-Sag. Imeriotwie
3 BE NE M 1 12 Alemo Channel 6.30 5.80 B5.50 7.50 50.40 4,00 450 B.EC 230 230 1.50 100.00 1000 2520 56.00 17.30 18.90 Lake Michigan
4« Nw Nw 3 1 11 Cooper Chanmsl 68.00 7580 €535 1012 47.09 )64 3.0f 385 4085 30l .08 l00.0) 962 35,25 54,15 10.50 13.92 Lake Mich. -Sag. iateriobate
5 NW N [ 1 12 Alamo Chamne] .40 3.3 530 13,90 42.40 4.0 5.20 2T0 T.80 1.20 100,00 1000 210 54.70 12,00 20.20 Lake Mich. -fag. Interlotats
i W NN N 1 1l Cooper Chunsal 8.82 8.7 7.51 1141 4L# 435 <67 0.9 9.7% % L3 992 9 M.51 54,19 %90 1525 Lake Mich.-Sag. |marichats
7T SW ftw o1 1 11 Cooper Channa] 4.%¢ 5.00 17.50 T.50 4830 LSO 450 440 A0 400 2.30 16000 1M 28.30 ST.00 12.40 11.70 lake Michigan
8 NE NW M 1 11 Cooper Channe] 9.0¢ 8.40 5.40 10,60 48.50 270 LA 220 8.80 Z.80 .50 104,00 1000 35,40 36.10 170 13.60 lake Mich. -Sag. [mter|obate
9 SE SE 13 2 1l Kalamazoo Cheanmal #.40 6.23 8.3 5.80 43.51 3.89 . LTOOLLYS 429 143 l00.00 979 31.56  59.55  T.48  19.82 Lake Mich. -Sag. Interlobate
10 Sw MW 18 H 10 Comstock Chanmel 2.3 T7.20 680 1030 4500 4.0 376 050 756 3.80 1,10 106,00 1000 3,60 5810 B.20 15.30 Lake Mich. -Sag. Interlobwie
11 3¢ SE 5 T 1l Kalsmazeo Channel 9.80 5,60 5.840 10.10 48.0¢ 2.90 280 2.8C 9.60 3.60 G.40 100.00 1000 30.90 59,20  %,50 19.P0 Lake Mich. -Sag. interiobate
@ w2 W ] 2 Ul Xalamazoa Chantl 7.40 4.3 516 8.20 45.00 2.90 4.50 1320 .80 L.4B 070 100,00 1000 2540 53,30 20.80 26.00 Lake Mich. -Sag. Interlobate
13 NW SE B 7 11 Kalamatoo Channel 8.4¢ 5.90 6,40 11,80 40,10 4.3 280 130  5.40 L3¢ 0.40 100,08 1000 33.30 56.40  $.50 12.50 Lake Mich. -S8ag. Interiohats
4 Nw SE 1 2 10 Comatock Channed 10.10 7.9 650 14.00 43.20 640 1.W 0.6 T.10 2.40 0.50  100.00 1000 38.50 52.70 8,30 11,40 LakeMich. -Bag. Interiobate
5 Nw 3w ] H §  Charleston Chaonef 1210 8,30 B5.20  13.10 35.70 5.60 2,50 1.20 @4.40 3.50 1.40  100.0C 1G04 4170 4780  9.30 15.80 Sagioaw
1w Sw o 2 9 Charlesion Chanoe] 8.4¢ 8.40 7.00 10,20 .20 4.30 .80 6.40 T.RG .90 1.40  100.00 1004 .20 48,90 15.50 20,30 Sagivaw
17 8  BW ] 11 Channel 9.9%0 8.10 £.% 10.10 3.20 2.0 440 B3¢ 11.30 0.9 0,80 100.00 1000 .40 49,40 1560 24,90 Lake Mich, -Sag. [nterlobute
18 NE 5 s 4 |2 Prairic Roade Chanmel 4,50 4.50 270 4.8 3810 .40 14.30 1T 40 4,60 0.80 4.10 100,00 1000 19,30 41,30 33.30  37.10 Llake Michigan
19 Sw W + H 3 Charleston Channe| 8,00 8,23 2331 14.00 40.00 35.11 311  0.89 17,7 1.4 10089 450 31.56 ST.TM %11 2178 Sagpiruw
i AF aw 1 2 B Charleston Chamnel 10.23 5.4 1.58 15.67 13.58 4. 44 .44 0,00 23.5¢ 0,22 10002 450 15,80 57,12 6.85 26,00 Saginaw
21 o 3r I 2 10 Comstock Channel 7.54 487 1.33 15.4) 37.78 4. 8% L Th 06,22 2z Mm 1.33 100, 45 450 Z8.67T 61.56 .89 27.78 Lake Mich. -Sag. Intariobate
T NE NE 4 2 11 Kalamazoo Channel 3.88 5.78 2.89 B.00 40.89 254 358 2,87 1.56 20.01  101.58 4SO 23.33 48.45 8.719  11.79 Lake Michigan
n sw B L] 1 12 Praivie Honde Spot 387 1151 139 350 5575 073  5.7% 5.1 A.82 3.10 9.33 99.99 2 liters 20.08 67.67 11.91 23.10 Lake Michigan
M 8FE 8¢ L] 1 12 Preirie Ronde Spot  9.9%  A.86 2.5 &79 57,17 113 588 403 £.7T5 D 84 0.9T  (00.00 2 liters 25.22 62.76 11.04 15,30 Lake Michigan
w o 4 (] 1z Prairie Ronde Bpot 4.8 1L L3 3.12 54.77 1.08 2.1 a.81 .63 1,18 3.54 99,984 2 litern 24,38 80,28 12.48 16.90 Lake Michigan
M NW O NW 4 4 12 PrairieRonde Spot  ¢.58 1l.2:  1.80 L0 5275 0.51  6.34 A9 245 1.01 T.27 99.99 2liters 20.7¢  58.21 15.81 1876 Lake Michigan
T W O sw o x 1 12 Texm St 1. 1513 2.42 142 37.% 031 601 26.25 0.59 1.42 4.52 99.9% 2 liters 20,R% 29.97T .61 36.29 Lake Michigan
I NE W 4 4 13 Prairie Ronde  Spot 19T a3 .45 1.82 56.91  OD.4l 4.30 15,55 .26 1.9 1,42 100,00 2 liters 17.87  60.05 20.28 22.9% Lake Michigan
i W SE [ ] 4 11 Schoolersft S0t B1E 10.T3 5.62 4.2% 56.56 2.71 L.71  L.e5 114 347 1.90  100.00 2 liters 28.A2 63,17 6,11  9.9% Lake Mich. -Sag. Inte-lobate
M Nw N o0 4 10 Brady Sport 1.4 17.53 1.81 11.87 3243 1.21 0. 98 0.15 10.8) 5. 000 9% 9% 2 liters 48,87 48, B8 2.34 11.68 I.Ak.:llirh.—&l;. Inte ~lokn Le
31 NE NW 24 4 11 Bchoolc raft Spol 10.58 131.20 2.08 5. 80 30,40 1.3 2.5 .84 .54 .58 0.64 106,00 2 liters  31.44 6160 4.32 18.%6 Laks Mich. -Sag. Interiohata
X NW NW 24 + 11 Schoolcraft Spt 9.32 10,32 6.46 9.2 3810 2.45 L4 057 1125 4.86 049 99.98 2 Dhiers 35.32 60.04  4.16 23.62 Lsks Mich. -Sag. Interlobata
31 NE 2 W 2 10 Cometock ot 558 1140 2.2 8.17 33.50 5.A0 2,37 261 20.26 2.94 .18  100.00 2 liters 32.34 58.70 10.78 28.15 Lake Mich. -Sag. Interlobate
M Nw  NW & 3 ¥ Climax Spd 7.63 12.55 1.6 B.20 49.22 2,068 1.07 L,9T  9.64 2.46 1.56 100,00 2liters 31,99 6136 5.0 {5.i5 Lake Mich. -Sag. Ineerlobase
x 9w 1w 3 1 9 Climax Spot  10.14 19.31  4.42 6.4 35.80 5.47 2,49 129 2,07 2.57 0.00 100.00 2 hiers 40.31 50.44  9.25 18.42 Lake Mich. -Sag. Interiobate
¥ N NW 18 H §  Charleston Spot TS50 1T.80 350 1230 29.%6 (L. T4 1L.06 2.% 12,22 1.47 0.9 100,00 2 liters  40.891 42.95 15.16 17.11 Segiraw
N s W 2 8§ Charleaton Sot 888 12,26 LM 7.72 4419 486 2T1 223 1LtH 0T OS5 99,99 2 lders 32,00 SA.04  6.80 16.79 Saginaw
M Sw NE 2 2 10 Comstock Spot 728 1204 243 9.79 321 9.71 2.7 109 IN4 126 .34 59.98 2 liters 3188 5321 13.58 25.45 Lake Mich. -Sag. Inceriobate
» W MW 2 I 10 Comstock ot 1024 1588 2.3 .50 40,06 3.T¢ 211 2.76 15.52 0,85 O0.40 100,00 2 Mters 47T 56.22  §.81 21,04 Lake Mich. -Sag. interlobate
“w SW 5F 9 1 12 Almeo Sgot 1044 9T 163 12,97 4097 2,85 LS5 0.49 1T.46 155 0.5  100.00 2literm M.B3  58.3F 4,89 2{.05 Lake Mich. -Sag. Interlobate
1 NE SE 3 I 12 Alamo Spol  10.M 13,62 2,48 8,39 47.04 Z.M0 0.56  LB4 12,42 1.92 0.0% 99.99 2 litera 3033 BL.3R  5.20 18.74 Lake Mich. -Sag. interlobute
a2 5w sE 1% 1 1} Cooper Bpot  L.TH  18.08  3.8) 5.3) 4197 151 2.9% 040 12.51  L.29 048 95,99 2litera  38.82 55,77 4.92  1T.1% Lake Mich. -Sag. Intetiobate
& Mw 3w 27 1 3 Homa Sl 6.26 (T.4R 1.8 657 54.25 200 152 1. .25 1.0+ 056 100,00 2 Heers  31.94  52.58 AR 1121 Ssgimaw
4 ., NE 1] 1 9 Romm Spot 4.34  LB.A) 2.2 4.24 48,92 5. T4 4.91 1.33 7.49 2.8 0.H) 100.00 2 litern 27.82 59.57 11.98 15,49 Ssginaw
4 SE SF 1 1 10 Richland Spot  10.12 1A.88 4,08 6.21 498  2.55 127 LBl 4.TH .64 0,18 99.94 2 liters 39,27 54,50  $.33  H.20 Saginaw

* This value may be higher after addition of other phywically wenk and chemicnlly reactive rocks, which can oot be separatad individually in this table.
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TABLE 4

MECHANICAL ANALYSIS
Sample Number
Gsl;::e Di'a::.ter i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Weight Percent Frequency

2-in, 50.80 4.15 -- 8,96 1.26 0.97 2.41 1.43 0.70 -- 3.51 1.74 3.17 1.63 2.66 1.8 6.15 ~-- 5.12
1-1/2-in, 38.10 1.61 3.22 3,16 2.63 3.26 0.97 2.49 2.11 1.60 2.47 1.04 4.37 1.88 2.46 2.09 4.38 2.59 9.72
1-in. 25,40 2.54 3.98 6.21 5.06 5.10 2.02 3.26 4.10 2.01 .37 0.56 4.9 5.58 4.06 3.17 5.I55 5.83 11.83
3/4-in. 19.00 3.28 3.35 5.53 4.7 4.96 1.97 5.61 4.8 2.74 4.03 1,11 5,99 5.14 3.45 4.48 4.66 5.51 9.8
1/2-in. 12. 70 10,12 6.99 6.43 6.9 5.99 3.73 5.77 4,07 5,43 7.03 2.31 6.70 7.52 7.39 7.43 5.74 6.22 11.74
3/8-in, 9.51 7.97 4.79 4.2% 6,21 5.10 2.94 390 3.40 4.10 5,72 1.92 4.67 6.08 5.91 5.27 4.00 4.86 7.16
3/16-in, 4.76 24.45 13.00 10.73 16.46 17.02 9.73 9.31 20.35 12.58 17.05 6.8012.56 18,67 18.86 15.93 10.51 12.12 12.73
ASTM No. 10 2,00 16.80 17.22 9.73 12.41 24.07 13.38 9.00 26.33 16.59 13.57 10.6513.04 20.33 19.65 27.97 12.04 12.89 &.78
ASTM No. 1B 1.00 11,80 14.64 9.30 9.12 12.48 12,24 8.05 12.92 18.02 10.85 13.01 10.44 16.53 11.54 19.54 10.32 9.74 5.47
ASTM No. 35 0.50 8.00 15.74 15.31 11.45 7.48 18.85 15.14 9.36 14.87 15.28 24,6714.08 8.93 11.09 7.23 14.87 13.39 6.40
ASTM No. 60 0,25 5.75 12.38 15.86 11.10 6.39 25.91 27.14 6.46 14.87 12,15 26,78 15.58 4.55 8.50 3,76 15.81 17.92 17.29
ASTM No. 120 0.125 i.8¢ 3,61 3.23 10.03 5.24 4.64 8,06 2,41 5.65 3.58 8,36 3.69 2.19 2.54 0.7 4.36 5.72 2.23
ASTM No. 230 0. 062 ¢.83 - 0.52 0.82 1.87 0,50 0.53 0.61 1.27 1.00 0.62 0.76 0.46 0.48 0.88 0,24 0.94 1.51 0.73
ASTM No. -230 -0,062 0.83 0.45 0.42 0.57 0.45 0.45 0.27 1.63 0,43 0.68 0,33 0.40 0.48 0.99 0.29 0.59 1.63 0.92
Total Percent 99.890 99,85 99.99 99.85 100.01 99.77 100.03 99.97 99.90 99,91 100.04 99.93 99.99 99.98 99.97 99.92 99.93 99,87
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TABLE 5

GRAVEL LITHOLOGY OF SUPPLEMENTARY STUDY AREA,
SOUTHWESTERN MICHIGAN

PERCENT GRAOUP
LOCATION PERCENT LITHOLOGY g LITHOLOGY z
E ]
] g - o "‘a Se
3 ) I ) a Yl 1 a
3 o w| &% & wh | w o Z |2k ¥ w
F P a § - y g A4 Lu| o EEZ [~
w | Z 3 L % d "-'§ é 3 i 3 ¥ 2 g z | 2 |ES3 529
a3 | z § z 3s|% =|T% =3 = > g W x #E -y vl b tl-:g § ul
c| 823 | 2 | ¢ |¥S|35(3C(% | 5|3 |G2i38H g5 |53 E|%z| 3l 938
o
g| 8<3 | 3 | ¢ |a¢lsy|8h 513321388 & ed | & | 33| d |8y %3
10 14 T.4N.. A.AW. Estom Spot 15.30 350 9.80 SL.90 1470 3.TO -- - -- L100.00 I lisre 300 8550 270  14.7T0 Haginaw
i I8 T.4M.. R.AW. Barry spnt 25.10  L.50 P00 0.0 .90 -- 0. 40 - -- ”». 2 lare 1570 A3 WD o 40 3.30 Saginaw
0y 2T T.4N., A.¥W. Barry Spot 1£.30 1M . T0 A110 TO.3 1.3 P - 1000 Zllers 24.30 73,40  %.30  2Z1.30 Saginaw
164 16 T.4N., R.10W. Barry Chenmel 1L.1Lk  Z.%4 B0 53.22 1.1 anr 409 08T 2.7 100,43 430 11.55  59.56 8.45 Z.6Y Saginaw
108 15 T-4N., R.LLW.  Allagaa St 4.3 1.8 4. M0 BT, 30 ¥ 10 B5.860 0,50 Z.30 -- 10010 3 iiere 2510 84640 K. WG 12.10 Lake Michigan
106 3L T 4N., A LTW.  Allegan B 1.3 1. 10 5.40 37.R0 3.0 IM0 3. 10 5 40 -- 100,100 2 Jiterw 25,80 H3 A0 11.40 1230 Lake Michigan
107 38 T IN., M. Led. Allsgan S 130 0. 3 7.70 431.10 2.40 1.30 2.70 5, PO -- 99. 80 1 likerm FL. 80 88,80 .80 24,10 Llake Michigar
T 4 T.AN., R.1IW.  Allegan Apod 1.6 LT 185 s21.10 340 450 430 B 40 . 100,10 2 liters 27,40 BE.S0  LT.20  14.10 Lake Michiypan
9 36 TN, R.IIW. Allegan Chaniel 1:.84 D94 817 8498 1310 LT3 114 0.0 4 K% 100.5) 450 21.80 7005 3.%7  4T.34 Lake Michigen
we M T.AN., ROIYW. Allegan Bpnt 1.1 Lo #.90 51.50 Jac 450 4.3 840 -- L0030 2 lierw Z1.70  &0.30 A L0 20,20 Leke Michigan
W1 33 T 3N, ROITW. Aliegan At 13.50 .10 4.30 G65.40 1.1  s.e0 0.50 380 -- 100 00 luera 3580 5K L0 16 16 LI 04 Lake Mickigas
112 B T.IN., B.1IW  Allegha Chamnel 143 1.11 A4-00 48,23 1T.A9 4. 44 B.AT  L.LL . 5. 32 4530 Iz, 4% 4L 1L 14.22 21.8T7 Lake Michigan
113 M T.IN., A UW. Allegas St 18,20 330 1L.3 M0.T0 13,10 1.30 -- - -- 100.00 % liters J2.7C¢ A3 w0 1.5¢  13. 10 Lake Mick. -Aag. Mies|chate
e 4 T.IN., R 10W. Barry Spon. 4.90 5.T0 .10 8280 1330 530 -- -- -- 16000 I liers A 70 86,00 5.30 L3140 Lake Michigen
s 1z TN, N.¥W.  Barry Channel 21.7% 3.87  14.33 45.33 44 0L 4 g 022 1.31 106 00 430 38,88 5377 6.22 13.33 Saginaw
g 18 T.AN., R.AW. Warry Spod 18,00 L. 40 12 L0 4R.B0 13,80 4. 40 -- - 104.00 ¥ bitera 29.50 &5.70 4.0 15,90 Saginaw
T 18 T.3M., R.TW. Barry Bpod 17.00  2.10 880 3950 1%.70 - - -- ¢ 90 ¥ literm JH.20 T2 MO -- 12.30 Saginaw
AL 1T T.38%, . K. OW, Entog Bt 20. 00 L. 40 11,3  41.10 11530 2_40 oAb -— or 10013 2 lieerm 44, TO 57 &0 2. ad LL. 90 Maginew
18 14 T.3N., A 4W.  FEaton Chasms) 10 2.00  LE.SE 4401 15,33 4. 44 2.2 022 0.88  100_ME 450 .88 5814 #.88 LT TY Saginaw
10 3 T-IN, R.IW. Esioo Chamas) 1B 45 1.3 1000 A0 7.33 4.8 1311 400 .73 100,57 450 30,01 45.13  22.00 24 a4 Baginew
13 T.IN., R.IW.  Ealon Chammel L7.3 1.TA  LL. T 50.88 1A 600 §.77 -- 1,23 L0G, Th 150 31.12  so0.se T.T7 11.55 Saginaw
¥ T.IN.. A.4W. Eskm Chunsel 1200 2.4 13.23 .58 .00 23.33 1.44 1L.56 2.4 100.43 Lt 27,77 ap.ms 27,31 12.00 Saguaw
M T.IN., A.8W.  Eaioa Channal IL.#9  2.00 1800 3T.11 LS.44 12.00 1.56 .- 1,40 L0035 450 2% 0 33.63 155 3000 Sagihew
15 T.2N., f.4w. Estow fipot 4.3 1. 10.% M3 L -- 0.50 2.20 - 106,10 Fluers 1110 40.30 z. 10 " 70 Sagnaw
1 T.AN.. R.TW. Barry Chpimyl 34,73 1. M 1208 440 LL. &P 087 z.21 O.87 -4 M eD 450 .10 3T @A 1.37T 14.48 SJagpinaw
6 T.AN,. R.10W. Barry Chasmal 2538 1.00 €.RE 4B 1L 511 156 (31 L 321 10G.AT 430 34.48  SA2 467 12,77 Sagnuw
1T T.IN.. R.1IW. Allegan Spol. 18,50 53¢ 3.5¢  Sd.90 240 3 A0 .- 2130 .- 100.00 Tliger 2150 86.80  6.00  L1.80 Laks Mickigan
4 T.IN., h.2IW.  Allegen Apex ILTE T 5 40 SE.P0 830 L.4D 2.90 1.50 - 160,00 3 Ters 25,80 84 40 T.A0  12.90 Lake Michigan
IL T.IN., A I13W.  Alleges e [T- N N N 4 A0 A).00 .40 & 40 .20 0. EO - 10610 ¥ llterm 19.30  57.40 21 .40 FX. 40 Lake Mickigsn
2 T.IN., N AW, Allegan Soot [F 3 1 N N ) .70 50,20 17 40 4.9 .M -- - 100,00 2 licera 2.40 AT.RQ 9.80 22.60 lake Muchigan
[E18 5 T.IN., A MW, Allogen L. .70 4.70 8,30 #4400 640 L.80 Z.10° .70 - 100,06 2 luers 27.30 S840 .40  11.20 lake Michigan
1Nt 3 TN, N2 Allegas Channel 14.00 2.8 1887 In 88 1T 4N 3. 0D L] -- 1,33 100,322 ano 5.3 5B a4 4.8%  21.87 Llane Michigas
133 28 T LN, R.1LW.  Allegan Apoi 1T.40 8.1 81.40 10,50 1. 10 .20 0. 10 -- 100,16 2 likerm  34.80 82,30 2.40  11.80 Lake Mich. -Sag. imerlcbaw
134 & T.IN.,  R.®W._  Barry Spow 2180 .40 34,50 .50 230 N ] - 29.90 2 lilers 12.00 4310 z.80 9,17 Sagimaw
s L T.IN., R.®W. Barry Spo .0 8 30 5170 1150 2.40 o. 80 -- 106 66 2 liers 33,43 43,20 3.20  11.10 Sagingw
L4 3L T.IN., R.AW. Barry Spon 50 2.Ta T.2¢ A% RO 8.50 0.3 .- -- 100.00 2 liters 1340 86,35 0¥ 4.50 Saginaw
137 4 TaN, A.TW., TBerry Spo FLI T T B 42 55.30 LL.RD L 40 L. 80 -- .- 10¢.10 ¥ likers  29.80 &1 )0 126 13 40 Saginaw
124 S TN, R.OW.  Esten Crannel 21.76  1.3)  Li. 36 27.21 3044 B TR %33 24 317 10074 450 34.85 AT.77 1555 I4.J1 Saginaw
I 15 T.18, A.TW. Celhoun Channel  353.7T  2.22 13,58 34.45 1622 4.00 5. 4T 0.47 .86 100,12 450 31,55 5487 1).H 2358 Baginaw
0 11 T.13.. A.AW.  Calhoun Chamrel 1507 1.M  14.51 40,85 17.1% .91 44T 048 1.TA 1DO.5T 450 .92 S04 9.41  IZ.1L Saginaw
1L 9 T.18., R 1AW Ves Buren 2t A1 083 1.5 45.3F  10.Im 2.7M 539 L8 i85 L00.00 2 liters X2. 41 5555 10,18 |1.39 Llake Mich. -Sag. Interlobaie
iz 4 T.18 ., R LIW.  Van Buren Spot 23,21 O.n¥ 5.2 5T 14 5.3 4.4 .- a st - .8 2 liwrs I8 4 4249 LN ] M. 92 Lake Michyas
143 W OT.2%., R.IEW.  Ven Bures St 358 1.20 1.40 53,40 10 30 ) 4. 40 0.0 -- oo 10 I iders 287G 83,70 7.7 1510 ULrke WMichigan
144 4 T.35., A.AW. Calhoun Chamnel IZ.45 1.13 16,00 35 TA  ImI2 WL L) -- .32 180,11 450 25,70 4400 1511 24.212 Sagimaw
5 1§ T.IS., B.TW.  Calhoun Chansel 13.33 1.7 17.33 X2.44 I W% 21 1L L 00 o8 0.3 190.10 430 .44 5L.5) LA 3184 Sagisaw
18 27 T.74., W.8W. Calhoun Chaneel 1247 L5686  I8.0 4103 1314 & 0.8  10¢.43 430 30.3% 53 3% 14.02  i8.35 Saginaw
147 14 T.zs., N-5W.  Calhoun Chaneel 1Z.45 L1l 14.67 4158 18.00 T.B% oMM 10034 450 In.21  S9.86 1137 1001 Sapingw
144 32 T.29., M AW Cuihoun Chasnel 13,71 L83 4. 60 42.M9 1311 2. TR 1L a1y 430 46.886 S56.00 1Z.45 13.78 Saginaw
e 3 t.as,, RoAW.  Calhoun Chaanel 13.98  1.54 14.2Z 16.80 10.47 10.04 1,23 0.1 0 AL TT 48,47 1898 17.45 Saginaw
30 It T.3A, K.8W.  Calhoun Chamnel 14.45 L2 12.RT 40,08 id. 44 .33 2.5 100.72 430 291 5481 14.00 I1.1L Sagihaw
135 23 T.X8. ., R.14W. Van Puren Aot LL.40 5,70 4.R0 5980 L0.40 T 10 -- L. 00 2 liters 21.BM0 TO.00 .10 11.40 Laks Michigea
32 12 T .M. R.13W. Van Burea Spar 1T.AD 3. 40 2.90 B4 30 4.50  0.40 -- 100.10 2 IHera 20.3 70,40 3.00 12,11 Lake Michigas
133: LI T.15.. R.i0W. Van Buren Spar 15.30 120 110 AL 16 10.%0 0.3 - 106, 006 X lders 1T840 TL.80 L0800  20.40 Lake Michiguo
1M 27 T.38., .LTW. Berrwn Spot W7 L0 1.3 A% &0 .40 5.3 -- 10030 2 Juars 1T.3 TH 00 e.30 .00 Lake Michigen
15 13 T.33., R.LAW. Berrien Spest LT T 610 5940 ATO 150 -+ 1DD.00 Xlimrs 2430 8B LD 7.40  13.80 Laka Michigss
i i) T.58, R.4W.  Branch Spot .90 300 T -- .90 Elmrs 3M.7C  ST.30 A60 £.70 Sagmaw
157 18 T.38., R 4W.  Brasmch Chaneel 16.55 L.TR L.TA oM 200,10 Ll ix. 8% 3%.85 099  14.2F Sagimaw
1] 4 T.34, R.AW Branch Aot 3.9 2.7k LR H 416 100.00  Ilkars 30,84 4193 5,07 510 Sagiaaw
158 12 T.58 , R-9W. 51, Joweph St 19,00 4% LT - Ak 3 2 likeww M 8¢ €100 A.T0 15, 310 Bapimw
S0 M T8, R.IIW. M. Joarph Sput N T ) L.5D -- F5.30 1lisers 43.50  48.3¢ 8. 90 14, 50 Lake Mich. -NAR. NasTicDate
i 21 T.5%5 ,  R.11W. Cuma Spor 15.20 4.00 320 3.8 B30 - 100, 00 2 litera 48.30  39.30 it 50 23,40 Lahe Michigas
Wt 10 T.58., H.16W. (e Spd. 1710 L. A .80 400 ©b.30 -- 10010 2 liiwrw TL.To s 70 5.00  Lake Michiges
183 ZL T.M., R.IAW. Berrien S 9.80 1,00 - 11.%0 -- .- 100.00 % liters T4 10 1. 60 20,00 lake Mickiges
44 20 T.832 . RM.IAW. Perriwen Spot 10.40 L. 50 1.9¢  LT.90 1 20 - 100.00 X liers 15.40 43.40 JL. 00 3T.30 Laks Mickigas
as 4 T.88, A.LTW. Berrien Spor 15,10 &40 340 130 ' 480 EER L 5 Zlders 13.30 5.0 .40 1143 Laks Mickigan
lné 19 T8, N-L4W. Caas Spot 2.30 [ ] 300 §.40 - .80 Tlmers 20.40 .10 5.0 T.40 Lake Mickiges
W 14 T4A, R.ISW. Cuas Aot 1.0 1.%0 T30 10 - 1080  ltars 193¢  TO.10  10.60 13. 70 Laks Mickigas
s I T.e8 , R.1LW & Joweph Spot 3. &0 3. 30 - 0.0 -- $9.90 Illers .90 MM.¥ 410 12.00 Lake Mich -Sag. hserioba
IS8 )4 T.0%. M.OW. Brasch Bt 370 -- .88 0.0 -- M. Alwre X0 8640 1.40 1100 Sagmaw
1] 4« T A9 K. SW. HBrasch Spot b a0 - 1.9¢ 0,80 -- .M Jlimrs MM e 130  4.50 Bagieaw
ITL T4 T.48., R.-4W.  Brasch Spor 1IT.T0 ¢ TG 3.30 [N .- 190.00 2 Ifters 20.20 41.00 80 10.00 Sagieaw
It Ly T 4%, R W,  Branch Bpxn 1T 1.80 1.00 -- 1.40 -- 190.00 £ 1Msrs 3180 84.80 240 15.40 Sugisaw
I 3 T.M™.. A3W. Branch Spow 1% 4.5 [ 1] 0.30 .30 - 100.10 2laers M. 85 8T 40 1.0 085 Saglsaw
1M 3% T.75., N.LOW. M. Xeoph Bpot 1.3 A to 0.40 1130 1.90 s 100.10 Tlisers 3T V6 ST B0 4530  $0. X0 Lakw Mich. -Sag. hdsriobao
115 73 T.7H, N.1IW. Cuse Bpn 0.5 4.0 a.e0 - 1.30 -- M. Iliers 29.3 4310 3.8 19.30 Lake Mick -Shy. bulerbshets
I 13 T.IE., R.ISW. Cues Bt 1. 00 1.80 b LI v 10010 Fidars 10.9¢ B30 5.00 5. 30 Lake Michigus
1T 12 T, R.ITW. Berrus Bpot o. 40 0. 1160 0.4 - .10 Blhars 31,30 #4640 12,80 1T. B0 Lake Michiges
I 15 T TE., R LIW. Barriw Spot 2.7 o.M 140 L. 4t v i0Gve Fllerw 311.80 @430 9.3 |D,F0 Lake Michiges
1 19 T.TA., R.1AW. Baerris Spot - -- .82 LM - 8¢ FlHwrs .00 .8 X3¢ 41.30 Labe Miuchiges
M ar T.8B., B rriea Spot 1.90 1.7 M.I¢ 180 - . Alners 13.00 #4.4% 4250 $5.00 Labe Michige
m 1 T.ME, B IIW. Berrie oot 8. 0 1. -- 7.30 4. - LbD.00 flkers 34.40 @410  LL.B0 2180 Lake Michiges
W 1P T8, R ITW.  Berries ot 1. 40 \ LLI8 1440 300 - 100.00 A lHere . 40 19.40 . Laks Michigns
L] 1 T.88., - AW. Cans Bt 1. 00 1. 3.00 10.20 11.10 -+ 000 Eimers L1 DM Laha Mickignn
bl § T.hE, R.PW. S Jeeph [ ] R TN LR nT - LoU 100 - 1. 40 I likars (1] 1.00 . Suginaw
W 14 T.e, R-SW Brasch pw 1.m 300 W10 T30 B.40 1.00 4. 40 - W4 Iimmre 3. 0 .80 13.90 Bagieew-Eris e riobets ¥

* Thiy value may by hightr after sidilion of other phiysically weak ninl cham ically reactilve rocks, which cat 3ol by srparshed lalivdually i thin



191

TABLE 6

SAND ANALYSIS FROM KALAMAZOO COUNTY, MICHIGAN

J

f LOCATION PERCENT LITHOLOGY MECHANICAL ANALYAIS
m v x M Y SCREEN SIZES
“ d
B a = -
m S i n -] ")
o g3 -] m c m 2lE| gl .R 2 ,E
v & m w o El S i i |32 |32|33| 28|38 | 3~ | 8
| «1 8 < m m g m M = ] = 5 |& m wo | beo ; m ; 2 ]
m 28 b3 g $ s 3 5 2 gleg |98 |98 28|25 | ey
i —--
I OHW Nw 1B 1 Il Cooper Channel 4. o0 333 300 T3 L3 1133 4L 0.3 .. .10 LTO 1440 3020 B0 D.80 100. 10
2 BE NE » 1 11 Alamo Chanoel 4. .00 1.7 43.87 1333  4.33 T3y T 0.3  109.00 .80 Loh 49,00 29.00 & 9D .60 L0 00
1 NW  Nw 2T 1 11 Couper Cwanmel 7. L33 B.O0 20.31 10.33 5.00 14.0¢ 21, 0. 33 "».m 50 JL0 3020 dB.80 L1033 w.n
i NW NE [] 1 11 Alamo Channel 7. L3 4.3 M8 800 400 14,67 1T s 10¢. 00 (1] S40 1300 i1.10 9§10 0.8 100, 10
5 oSwW  Nw oM™ 1 Il Cooper Chammsl €. L33 300 30.00 10.4T7 2,33 1067 11 - 100. 00 w A0 Je.80 M0 B0 0.TO 100,00
* o k> L Ll Coopar Chyrums | a. L0 347 2931 12 47 a1 11.00 3. 0 .13 1040. 00 10 .80 1T IO A L1.80 0. o 40 10010
T NE LY | il Cooper Chamnel 7. .00 B.00 34T B3 L0 B.3Y LT -- " .80 .40 1588 0.7 4.00 .16 A.7¢ 100,00
. ¥ s ] 10 Comatoch Chpnaal 5. .00 8,33 33,33 ®O00 481 133 LT 0.3 " 1190 L10 M0 24.40  E.30 .16 120 9980
» SE 5 z 1l Kalsmasoo Chanmel 7. .00 4.33  3%.47 10.47  6.31 6T 1t -- 100, 00 .80 A0 IR0 ML 9.M 0.0 043 10010
no oW ] a 1l Kalumanoo Chanmal &, L0 4.3 ARET AT 64T 10.60 14, - 100, 00 .60 L0 3440 2700 4.60 080 DT 10800
Nw 2 T Ll Waismasso Chanral @ .33 333 .31 B3 L0 MO0 3, - "9 .00 90 16,70 8.30 4.10 O.B0 0.9 100.D0
N 28 1 L0 Compiock A g e | [ B .3 5.33 M. 1) 2.00 X 87 1L.33 (L B -- L .80 90 10,10 15. 40 &_80 L&D LM LM
N L) a ¥ Charleston Chansel L B -4T 3. 00 .00 L) 1.1 1k.33 1. 0.1 . -ADn _TD 13,10 a. 1.3¢ 0_40 0. 50 L00. oD
™ 22 1 B Charbeaton Chanssl &, AT 4,00 .00 T.OD .33 &33O -- .99 20.40 S0 25,10 Wm0 7.40 1.40 W TR
&' ] 2 1L Portage Chamasl T, 4T Do 3.OD N33 H.4Y T3 T -- 100,00 20.30 S0 3.3 1830 B0 240 .40 WW
“E 8 . 12 Prairie Rowds Chanoel 33 £.00 .00 131 10,00 7.3 M, .} "9 2780 30 010 I2.M0 .00 2.30 100,00
W 17 1 11 Alwms Augar 47 547 1533 5,00 5.3 3.3 35 0.33 100,00 26.23 31 18.1% 12.08 8.23 4.4 e
N 8 1 1T Alamo Asigm LD 1. D0 - 1. 00 a8. 33} B_4T .. - 100. 0O .88 L33 BN .04 M.BT L ».M
sk 10 1 11 Alama Augmr L 4T 100 -- 4.87 48 13 T.a7 3. -- 100. 4O .87 » A1 21.%2 27.06 .47 ".»
M 20 L 11 Alamo Auge e L33 24T - 20. 33 &, 47 L13.00 n. Q.87 100.0) LAT - 1T.72 AR50 2].ET .83 9.
n k- L 12 Alamo Auger .33 M [N} 447 a8t 47 T. - - 100. 00 27 - EETWS 30. |B 35 - 9.
] n 1 11 Alamo Auger .00 4.33 48T 2347 BT W0.8T 29, o4t 100,01 D4 .63 44T 25,31 3. 48 O.8] 100, 00
11 n 1 i Alamo Bood 0 4.DD 3. OO0 LL.4T 3. 00 .00 1% oA 100. 00 . a2 B4 MM A 4.1 1.09 9.
N x 1 13 Alama Bt .00 4.33 3OO0 T334 87 i5.00 18, 0. 33 .99 .28 2L 15.5%6 el.#L TSR 075 N
o ” 1 13 Alsano Bpecd L3y 48T 0.3 T. DO .51 T3] 18 .13 . .81 M 15,30 ». 1T 1%.12 118 Lo, o
L 28 1 11 Alamo Auger 13, L3 AL00 A3 33 100 1633 M. -- ”. 9 .15 M T.43 475 M08 503 100. 01
M 2 I i1 Alamo Spes AT 38T €500 34T 300 K1.33 T, o417 180.01 .49 81 183 3337 Te0s .18 .
» » L 11 Coopar Augsr N A. 00 0.3 [ ML T - 19, 0. 33 100. 00 BT .08 31.8 s 133 4. 40 100, 0D
m » 3 11 Alamo Bt AT 287 AT. 00 5. 00 ». 0D iz2.00 L 4.3 LD0. O} B LLe 11,53 5.8 2384 a1 100, 00
» - 1 12 Alamo ot 4T BD0 40,33 3.00 A 6T A.00 S, . 100,01 18 M 1359 401 1Z.BL 433 100, 00
1 2 H LT (mhigmo Augar 4T 300  37.33 5. 81 8,33 T.07 LB . L00. oL - 47 M Il.oe nn . T 53 100. 01
E E 1 11 Alamo Auger 33 74T IT.67 M. 1633 5.3 5. -- ”m.» .23 16 0.% 1850 13TE &40 100. 00
n 13 1 13 Alamo Auger A7 433 M.00 B3 300 LA.00 18, .33 1D0.00 14.36 A0 2440 3417 LL.1L 0.80 100. 00
u * 1 1L Cooper Auger .00 433 2333 B3 5.3 313.00 33 -- [ TR .ar 0T 2437 1057 282 L.80 £00. 00
- ] 1 Il Cooper g0t 00 2.00 1,00 .00 TT.13 333 T o. 87 9. %8 17.5) 32 a9 .41 .4 1B 100, 00
» ] 1 11 Cooper Auger L0010, v+ 18,31 10,87 11.00 13, 100 100 00 .62 " 138 BN ke 1.09 .87
n 17 1 L1 Coopar Bpot .3 4 1033 4. 00 B 0O [Rr R k] E 2 [+ + | 2. 99 AT AL XX 52 4. 1n T 00 0.7z 0D, 0
» T L L0 Michinsd A r .13 T, 0.3 LT.4T 10. 12-00 a8, 1.313 5.0 ad oY 17.78 30. 880 1T B4 2.85 L00. 01
» 1 | 10 Richlasd Avgmr a1 633 400 9.00 64T 4. - 100. 00 a8 L4 1973 4mxt 1T.73 1,88 100, D)
w n 1 Il Cooper Spot 33 4, 24,00 1047 1400 .33 23, 6. 33 9.4 8832 A0 TN LLEE A [ 1] .98
0] ki 1 Ll Cooper Auger T L. - 1.47 3. 2% G a7 i, -- Lb0. o LS .43 469 7.4 MN.30 5. 91 1040, 00
o n 1 1L Coopsr Auger 47 L .- 300 7000 4.33 a3 .- 9P 1491 13T 16 2R T4 1428 41D 100. 00
L3] L] 1 LIl Coopar Apoa .00 a. 23.00 L4. 00 L1 333 1. 1.33 L0000 .57 L34 1040 &L TT 30 M (LN -3 100. 01
[} 10 2 11 Owhtemo gt 1 L. 33 A DO R BT .1 T4 -- L00. 0D LT7 .48 10.5% 0. 786 1T.73 I "H."
“° 7 T 11 Oabswmo Spot b0 8, - 18T 13,87 15,00 3%, Lba, o1 .73 24 1D.85  SH.SR 1658 309 100. 00
- ) ] 11 Onbiwmo Spc o0 T - 1800 3.3 13,33 8. 1.00 [t ] R 4% LL.42 54.61 2318 422 -- "o
T 22 a 11 Oehtemo B .00 +. .- .M Ta. 12 .2 1. -- [ -] . o . AT 7.8 .47 130 L. 408 .- 1043, 01
"o . a $ Climax Spct »o0 8, 0.33 14,67  T.33 0.3 M. 0. 87 LDG. 00 a1 M I3 31T 330 1.41 .- 100,01
" W ] . ’ Waksshma Bpot 3 1 . 47T T0.13 3OO0 .. 0.33 100,00 .09 4B 1242 31.68 LR BT 851 7.82  100.00
E o N b L] 4 11 Praira Romde Bpot 9. 47T B L.oo 3T 1) 13. 00 a.oo 2. 0.3 Lo0. 00 i L] .44 L4281 EL.38% |4 B0 L7 L ".m
8 SE SE 1] ] 11 Prairis Romde  Bpot 7.00 5.3 .00 11.3) 433 58T e o. 87 100. 00 K] 40 7.1 e 4.5 049 0.4] 10000
1’ sE ar » . 11 Prairw Nomde  Spot $.00 B.33 M.3 56T $.87 1.3 15, o3 "W KT LTE 1788 .0 K040 0.8 0.3 M
[ ] ™ Eg + + 11 Praira Romie [ ] [ - = ) 5. 00 mn 103 .07 2.00 . L-47 0.9 .54 4T 1718 15.24 x.34 0_3a o.M 100, D0
MONW Nw ] . 11 Praire Pemda  Spot 10.00 T.33 AL4T T3} 1T.00  S.00 18, Lb0  100.00 &8 LS4 .M 2118 298 0,60  0.3F 10000
H Sw sw m 3 11 Texms Bpot BAT S.00 .87 10,00 10.3) B.8T 14 1.33 10063 .02 50 L3.M 1148 348 0.8] 4.8 1DO D¢
M NE MW 1 . 11 Prairie Rowds  Bpot 10.00 #.00 .33 1l0.4T J0.€7  &.33 1T, .00 |0G.00 .04 T &34 8.33 08 0.2 118 10000
M oswW s . 4 11 Sebooleralt Spot .33 E.00 33.47 LLOO  &.3) 3.00 %0 0. 33 "W .13 48 18T 34.20 206 0.1 O.I4 W9
L] MW NW ) & 10 Brady Byt .57 JET 0.33 21 3% 10, &8 11. 313 %, -- 100, 0O TR s 1T AN .84 0.0 .02 0.80 100.01
W NE NW a4 . 1L Schoobcraft Spot .00 7.3 .47 &8T 533 %00 1) 0.3%  i10G. 0D Az 4T 1AM 1AE) \A.Z8 0 210 oM M
LT B L 1] + Il Schoolcraft Bt s.87 B.AT  L00 B33 FL.3) 11.00 1T 1.00  }0G.00 .4 o .40 1433 S04 5.43 La#s  loo.oD
i NW  NE 31 3 0 Parilion Bt . .33 .33 3T.00 13,33 14.47 400 17, -- ”»."n . 00 43 2L.10  61.7¢ 4.4 0.31 0.73  LD0.0C
L] NW N 24 3 L1 Portage Spod . L.11  D.87 - L B 33 4.487 4. [0 & ) .M 21 e 2147 IN_31 La. el 1.7 1.3 L0 %
(1] NE ar k| 2 10 Commitoch By - [ - ] $.00 IL.47 11. 33 1833, 8T 23. -- 9. -1 I3 1) 14 10. 9% 115 1.20 [P J LD0. 00
M NW W [ > * Climan Spot . 4.87 4.807 3333 533 L3 6.3 1T, - 100. 00 N1 TOLASE 14.04 4.3 054 0.1F  L0D.OO
. W sw s ] b Climax oot .00 10.00 4.3 I6.47 BT 400 T.ET  $3.00 0.7 100, 01 .7 a2 11.3¢ 2T.44 8.3} 0.8 0.80 L00.0)
o N w18 1 # Charlestos ot .3 L33 A00 M.T 84T 13 84T M. 0.3 100.00 .30 0 1311 .51 3 M 0.3 0.3 MM
" % [y 23 a §#  Charlsstos Bpmt .00 .81 T.a2 BRET Lhat 1.3 5. 00 20.07T 0. 47 ool - I 1488 1980 T 5% 1.%8 .90 L0, D¢
L] NE L, ] ) B Charlsatos Epot .o .00 4. 4% - 1. 00 10.80 .13 ™. D3 100. DO -12 ™ M. al. Ik 15 98 241 0.4 100, DB
m MW NEL M 1 10 Commoch =t . 00 .00 T.00 20.33 Y. 47T 333 19.00 34, .47  100.00 T4 4 1143 1003 LM %43 LTT M00.00
LI B R ] 10 Comaboeh Spot Nl L3 B00 3.3 B3 AT 1083 M. 1.33 "n L] M 1652 2011 6. 48 1. %8B D000
T NE Bw * a 12 Texas ot 5.80 41 M 0.3 KM 00 1300 M. 0. 33 "N .84 AP M.OF 1T 4B D4 0.4 10008
n ow v 1 i Alema Spot. 2.3 V33 033 LB 0.3 M.ET AT 4, -- ".m .» LB L3 1051 481 4.8 530 Lob.3e
N ™ e » 1 12 Alamo Syou .00 LM 03 1733 13,00 B $.3F B4, 1. 00 ".n .1 A LU AN LTI M 08T W
L NE aE * 1 1 Alamo pot T.87 .08 §).00 34T E N 1 N T 11. L 100, 0 - -4 T &8 arr 20T 0. 40 0.9y 1k
L] L) (19 is ) Il Coomer ol nn .00 4.47 MN.31 1.3 .13 B.23 n. 1.00 (L) " -1 n L ] 3.3t (-3 1 [ 11 7. "
BooNw W bd L 10 Richisnd ot 1h.8% M 3 LM e 3.6 .47 3, 0. 47 LO0. Dé .Te L4 1200 6 LT ID.H 1.3 1.0 1b0.d0
" ow  NE 1. ] ¥ Roes oot [ M OT.00 24.00 AT AW 587 n. G0 qoe.00 1317 LM 43N T M b4 LE 1800
m ONwW O ar i ¢ Roas Bpot 1.07 A BT AT L0 TET 1M 4 L0 lob.04 WL.¥9 .93 BN 1LY L3 w00 1NO
m w M n i ' Rosa fpot . b0 b g00 1307 B33 1000 RET e, 0.3 180.08 4L B4 L LM 1T LM 4 LM 1M
L - F 1 Y I 10 Richlund Dot 19 LN T TR T T W 0.3  180.04 .40 T M. 19T« €3 AT LES L.
0wy L 13 » Ao Bt L ¥ LT - 4.3 T4 80 4.0 1080 007 180.08 P38 LT3 30.08  30.9T7 14.00 3. L W
" M oww om 3 10 Parilion [ (% L3 100 0,37 M.J 1S 6T 1133 &, £ 13 "W 13W .14 0.0 .64 2088 1.1F 0,68 18s.01
u w  ww [} L 11 Coopar Angur » L0 43 L3 1B B 1093 M. - "N 1. .M 1903 1338 683 AT L1310
LI T ] H 1 11 Alames Augmr ., .60 T3 2607 1L.W8 4.8 15,08 1T - U N ETH ] .08 .M M A AT 0Te 1MW
% W nNx n 1 13 Almms Auger .. 87 L3 0.3 BET G467 4. IS -- 194,01 .08 AL MM MM M M L ew
N wE N EL . 11 Prairia Romis  Augar 3. L33 .- -- 32 Te.87  TEr 3, 0.3 Lok 308 HINTN SR _EETR ' LIS Leb 1M
" s = ELd . 15 Prairis Romfe  Auger 5. .00 0,99 10,07 LL.80  B.8T  18.87 M. - 109.01 18.34 4L 3048 JL4F A1 A S8 1M
N w sw [ 12 Praivie Romde Auger [ , 33 33 LA 8T 1.8 1N Lm 8.9 18.58 B IR, TR TN T LM T NN
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