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INTRODUCTION

This invesligation was undertaken as a departmental research project
and a specialized area study of a Highway Planning and Research project,
'Evaluation of Aggregate Sources of Glacial Origin. ' As such, it is an ex-
panded phase of the statewide investigation of the availability and quality of
sand and gravel deposits of glacial origin, It is hoped that the study will
have value in meeting the increasing demand for suitable natural aggregates.
for future highway programs in this State.

‘Aims and Purposes of the Study

The purpose of this investipalion was to study one arca, prefe rahly ag
Adarge as a county, which would be geologically and geographically represen-
Lative for the systematic evaluation of sand and graveldepogity in Michigan.
The primary aim of this gtudy is tofncilitate the usage of glacial apg ropates
in future construction 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 inthe Kalamazoo area, a systematic geo-
logical study was essential. The writerhas remapped and sampled a large
number of surficial deposits in the study area and, using field and labora-
tory interpretive techniques, attempts to clarify the Pleistocene geology of
these complex surface deposits. Although some important questions re-
main unanswered, it is hoped that this new information will he helpful in
future exploration of such aggregates and in the interpretation of geologi-
cally significant interlobate areas clsewherec in this state and in other re-
gions where glacial,. glacio-fluvial, and glacio-lacustirine processes have
been dominant: '

The originally_ stated specific aims of this investigation were:

1) To prepare a detailed surface geologic map of the study area, and
" describe the geology and brief giacial history of the area

- 2) .Td point-oﬁt sand and gravel deposits of the area with economic po-
 tential - '

3) To determine the lithologic distribution of aggregates in the glacial
drift by petrographic and other applicable methods
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4) To determine if the deposits of two different glacial lobes can be
traced on the basis of their composition and engineering properties.

~ Wingard (1) carried out astudy of glacial gravels in Michigan, and his
work surveyed abroad regionin a reconnaissance manner to delermine the

engineering properties and lithologic compositions of glacier~related aggre-

gates, and their source and dispersal throughout the southern peninsula of
Michigan.

The present rescarch project was originated as a continuing and more
detailed phase of the program introduced by Wingard; therelore, some speci-

fi¢ references will be made to his research.

~ AREA LOCATION AND EXTENT

Kalamazoo County lies in the southwestern part of the southern penin-
sula of Michigan (Iig. 1). This area is nearly square in shape and has 16
townships. The total area covered by this county is approximately 580
square miles. It is surrounded by seven other counties: Allegan, Barry,
Calho_uh, Branch, St. Joseph, Cass, and VanBuren. Selective supplemen-
tary studies in southwestern Michigan, equally significant to this investi-

. gation, have also been conducted in these surroundmg seven counties and

in, Bermen and Eaton Counties.

FIELD INVESTIGATIONS

. Keeping the initial scope and objeclives inmind, systematic and detailed
field investigations were carried out. Ohjectives of the field investigations
were divided into the following phases: 1) to prepare adetailed surface geo-
logic map of Kalamazoo County, so thatit canbe used to locate and evaluate
natural agprepates of glacial origin; and, 2) to locate suitable exposures
for sampling and collecting representative glacial drift for petrological
a_nalysis, so that evaluation could be made of its .potential for use in con-

.struction projects in southwestern Michigan.

- Surface Mapping

Surface geologic maps of the study area were published by Leverett

and Taylor (2), Leverett (3), and Martin (4). These maps coverlarge areas

and are very general in their applicability to a small county size area. To
answer the need for more detailed studies, it was decided to remap Kala-

‘mazoo County from field observations, using additional available surface

and subsurface information which has recently come to light (Fig. 2).
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The surface mappingwas carried out by observations along roads, with
oceasional foot traverses off the roads. The county hag a very good net-
- work of section-line roads, and is covered by topographic quadrangies.
The U.S. Geological Survey topographic quadrangle maps, the Michigan
Department of State Highways' county road map (1 inch = 1 mile), and copics
of leverctt's Originai manuseript maps were ¢sgentially used as ficld guides.
All .pogsible exposures werce visited and auger holes drilled at a number
- of places for evaluationof the parent material of glacial origin. Additional
information from highway borings has also proved uscful.

Acrial 'photographs werce studied as an aid to field mapping and labo-
ratory interpretation. The individual photographs used are at a scale of
approximately 1:20,000, The composite index photo map for the whole
county has alsobeen useful, at a smaller scale, for a detailed study of re-
gional glacial features, and to locate any gravel and borrow pits not listed
in the MDSH Gravel Pit Inventory. A soil map prepared by the Bureau of
Soils (1922) has also helped -in the mapping of glacial features and the as-
sessment of parent material uncovered at given locations.

Subsurface information regarding the nature of the material and its as-
gociation with glacial features was obtained from watcrlogs and oil and gas
well logs available at the Michigan Geological Survey. Algo, information
from various ground water investigations was referred to, and at times
conversalions with well drillers and local people were carried out.

After gathering the above information in 1968, n detailed map of Lhe
surface geology of Kalamazoo County was prepared (Iig. 2). Lateron, parl
- of the studies were extended into neighboring counties, making it necessary
to compile, from all available information, a map of the surface geology
of southwestern Michigan (Fig. 3). ‘

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 vertical channel sam-
pling method. Samples were collected for the petrographic and mechanical
analysis of the glacial material. Later on, .it was found necessary to gath-
er 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.
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The locations tobe sampled were based on the following characteristics:
1) freshness of exposure (though inseveral old gravel pits, fresh exposures
were unavailable because of extensive slumping and the growth of vegeta-
tion, which made it difficult to obtain representative samples insome 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 be-
cause of lack of fresh and suitable exposures.

It was desirable to take a commercial or engincering type of sample,
as this study is concerned with evaluating the gravel deposits, as a whole,
for their desirability as concrete aggregates. Suitable sampling methods
and procedures foran engineering type of sample were selected, hased upon
the outcome of earlier similar studies conducted in the Research Labora-
tory (1).

Large Samp'les—;Channel Sampling Method

Chanhnel sampling method was used for the first 18 samples obtained
in Kalamazoo County, and samples 19 through 22 ohtained by Wingard (sce
Table 3 inthe Appendix). These samples were large (weighing 600 to 1,200
Ib) and were used for lahoratory 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 shoveled away in order to prepare 4 more or less vertical face. Us-
usally about 20 ft of face (excluding the overlying soil profile) was cleared
to obtain a wide range. of the material to be analyzed. Precautiong were
taken to remove weathered and out-of-place material from the face. Then
achannel about® to 12 in. wide and 5 to 6 in. deep was dug in the wall; the
depth of the channel heing more than the diameter of the largest pebble in
the sampling zone. The entire vertical column was sampled by using a 2-1
laboratory scoop and a pick-mattock. Any excess of caved-in material was
discarded. In orderto obtaina representative and properly weighted sam-
ple, the material was sampled from eachbed in proportion to its thickness.
Occasionally, sample transects were offset in order to obtain complete
vertical sections. In each gravel pit anywhere from one to four channel

samples were taken, depending on the amount of fresh exposure.

Small Samples~-Spot Sampling Me thod

Anisolated sample taken at a particular point on the exposure is term-
ed aspot sample. Buthere the concept of aspot 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 labo-
ratory scoop, only coarse material was taken and the 1/2 to 1-in, pebble
fraction was separated by hand sieving through square mesh screens. Ap-
proximately 10 lb of material were bagged for further pebble volume analy-
sis (see p. 23).

This method of sampling and analysis has been successfully used in
earlier workby the Research Laboratory, and has been proved by Wingard
to be very economical and reasonably accurate for determining lithologic
composition of drift materials. Thus, it wasused here to compare current
data with similar data acquired hy previous investigations of the Research
Lahoratory in the vicinity of Kalamazoo County. '

Analyses of the first 18 samples suggested that additional lithologic
data we re neaded Lo make more procise glacial interpretations. Thercfore,
an additional 23 locations we re sampled using the above deseribod spotb sam-
pling method,

Auger Sampling

In Kalamazoo County; wherever surface and subsurface 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 and 72 ft. A truck-mounted 6-in.
uncased power auger was used for this sampling. Subsurface information
was recorded at every 5-ft vertical interval and, as noted ahove, samples
were collected for further analyses.

Occasionally a 6~ft hand auger was used in the field for mapping pur-
poses and for collecting small samples, especially for sand analysis. Sam-
ples from a large lruck-mounted auger werc also used for sand analysis,
but none of the auger samples could be used for petrographic analysis of
coarse size (13/16-in.) material because of the inability ol the auger Lo
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 problem encountered in the channel
gampling 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 chamel sampling method proved to be quite atime consuming process--
more so than the spot sampling method, but it provided more ‘information
than the other technique. Also, when the water table was higher than the
lower limit of a dug channel, serious cave~-in problems were experienced.
Jjust as cave-ins introduce complexities into the sampling picture, indura-

_ tion further complicates the sampling. Generally induration in sand and
gravel deposits is the result of carbonate or silica cementation. Such in-
durated material (hardpan) is very difficult to scoop out or break loose and
can offset the sampling continuity. '

GEOLOGY

The Pleistocene Glacial Epoch in the geologic history of Kalamazoo
County and vicinity is the most significant with respect to yields of com-
mercial sand and gravel resources of the area. The surficial sediments
in this region have been deposited by glacial and glacio-fluvial processes
of two separate glacial lobes of the Wisconsinan glaciation, t.e. ,.the Lake
Miehigan lobe and the Saginaw {obe affecting the area with repeated inva-
gions of ice. This has produced what is reforred as an interfobe area or
"reentrant district, " dédlfined as an area in which miaterials from two dif-
[erentsources have hecome intermixed. Thus; the rec(_)gniti'on of thesc de-
posits is a difficult problem in the field. .

Presence of Pre-Wisconsinan or early Wisconsinan age glacial sedi-
ments underneath the surficial deposits is questionable in this area. Irom
a few indications in well logs and observations in surrounding areas, it is
believed that there is agood possibility of the prcsenec ol Pre-Wisconsinan
or ¢éarly Wisconsinan sediments near the bedrock in Lhe form of scattered
indurated till deposits. ' :

The Lake Michigan ~ Saginaw Interlobate Arca

Atthe time of the middle Wisconsinan age, a portionof the Lake Michi-
gan lobe ice moved southeastward through and beyond the TLake Michigan
basin towards Kalamazoo County and passed the Michigan-Indiana state
porder. Similarly about the same time or slightly earlier, a portion of the
Saginaw lobe ice advanced southwestward through and beyond the Lake Huron
and Saginaw Bay area, towards Kalamazoo County, passing the Michigan-
Indiana state border. The extension of these two lobes into southwestern
Michigandeveloped an interlobate areabetween the terminals of both lobes.
Later, the Saginaw lobe and then the Lake Michigan lobe started retreating
with minor readvances in their terminal areas. These terminal fluxuations
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have crealed complexities in the distribution of scdiments and glacial iand-
-~ forms in Kalamazoo County and vicinity.

: By evaluating literature on the area, field evidences, geomorphology

(Figa. 2 and 3) and isopleth patterns (Figs. 10 to 18) of the area, it is be-
licved thatthe terminal behavior of the Lake Michigan lobe and the Saginaw
lobe in the middle Wisconsinan time were out-of-phase with -each other.
Terminal ice of the Saginaw lobe first covered most of Kalamazoo County
and then retreated northeastward laying the sediments of its own prove-
nance. Soon after, the terminal ice of the Lake Michigan lobe advanced
southeastward by pushing and overlapping the previously laid down Saginaw
lobe sediments, and then retreated back towards the northwest. With the
aid.of the glacial history of the area, an interlohate line is suggested and
is shown in Figure 3. Reference (5) provides a further detailed descrip-
tion of the glacial history between the two lobes in the study area and an
interlobate line. Eventually both glacial lobes, along with the Erie lobe,
melted away from Michigan leaving many prominent glacial [catures. The
pattern of the designated morainic systems is shown in Iigure 4.

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 beendeposited directly by the Wisconsinan ice, or indirectly by melt-
waters from the retreating glaciers, along with a very few aeolian and al-
luvial deposits of post-Wisconsinan age. Surface features in Kalamazoo
County are classified into four general categories: 1) glacial, 2) glacio-
fluvial, 3) aeolian, and, 4) others. The idealized interrelationship and se-
quence of form_ation of these features is illustrated diagrammatically in
Figure 5. - -

Glacial Features - Glacial features in Kalamazoo County include termi-
nal moraines, ground moraines or till plains, and drumlins. These fea-
tures are mostly composed of tills containinglocal lenses of stratified sand
and gravel, and are shown on the map in Figure 2.

The above mentioned features are associated with the activities of the
Lake Michigan lobe and Saginaw lobe of the Wisconsinan ice sheets. The
majorterminal moraines are the Kalamazoo and Tekonsha. The Kalamazoo
moraine is located in the western partof the county and is built by the Lake
Michigan lobe (Fig: 2). Whereas the Tekonsha moraine is. located in the
eastern part of the county, and mostly built by. advancing Lake Michigan
ice, except the part in eastern Charleston Township (T 25, R9W). The

-11-
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major till plain in the southeastern part of the County is built by the re-
treating Saginaw lobe ice. Drumling associated with this plain are also
built by the activitics of the Saginaw lobe.

Glacio-fTuvial Features - Giacio-fluvial features in Kalamazoo County
consistof a group of stratified sediments. In this county mostof the glacio-
(luvial features are proglacial; indicating outwash plains, lacustrine plaing,
drainageways, and clay and silt capping on outwash plains. Major ice-
contact features like kames and eskers have not been located clearly in
Kalamazoo County, and their presence is questionable.

Kalamazoo. County has two-thirds of its area covered by outwash plains
developed by the metlwaters from both retreating ice lobes (Fig. 3). The
vigorous line of fluvial discharge in the reentrant district produced wide
and thick outwash plains. In general they descend away from the bold ter-
minal moraines. Along the border next to the moraines the outwash mate-
rial is much coarser than it is at a distance (Fig. 5). Cobbles and coarse
gravel are common for about half a mile from the moraine, but average
grain size diminishes downstream away from the moraine, whereas round-
ness of particles increases as does the sorting in a classic [ashion.

Latrge lacustirine plains are present west of Lhe Kalamazoo moraing in
Alamo Township {TI8, R 12 W). They are made up of sandy reworked out-
wash with very few pebbles, and in gome places clayey, gilty, and sandy
material witha few boulders and cobbles. Drainageways are secn in many
parts of the county, and they are very narrow and clongated arcas consisting
of mainly well sorted sandy material with pockets of gravel (Fig. 2).

Clay and silt capping on very flat and fine stratified outwash was pro-
bably built by shallow local ponding of southward traveling meltwaters from
both ice lobes. This capping varies in thickness from1 to 4 ft and major
sites of this type are found in the southern half of Kalamazoo County.

Aeolian Features - Imactive sand dunes or wind-hlown sand depogits
in Kalamazoo County have been recognized in Alamo, Texas, Portage, and
Pavillion townships (Fig. 2). In general, thesc deposits are difficull to
. recognize in the field because of the sandy nature of the surfacc chrift, thregh-
out the 'county.-__Méreov_er, some of them have hecome covered with vege-
"~ tation.. : : ' o

Other Features - There are é couple of other features, like undefined
transitional Zones and kames, that deserve brief explanation since they are
useful in locating sand and gravel deposits.
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In ihe field it is often difficult to recognize an exact line separating
morainal deposits from outwash deposits. The dashed lines on the map in
Figure 2 representundefined trans itional boundaries or zones between two
well recognized features. For example, such azone between moraines and
cutwash is usually about one-quarter mile wide, in which materials show
gradation from coarse to fine or vice-versa (Fig. 5). This transitional
zone is ideal for prospecting for coarse aggregates.

Kames and eskers are usually known to be ice-contact features and
their presence in Kalamazoo County is highly questionable, These ice-con-
tact features are known to contain good gravel sources and they are des-
cribed hriefly by Wingard (1). The possibility of kames is usually higher
in interlobate areas, but due to practical difficultics inproper identification
in Kalamazoo County they were not shown on the map (IFig. 2). If kames
Care present at afl in this county, they would he mixed=in with the knob and
kettle topography in the complex moraines.

Bedrock Formations

~Consolidated sediments beneath the unconsolidated glacial sediments
of Kalamazoo County are all of the Paleozoic age. The Coldwater shale and
the Lower Marshall sandstone make up the bedrock surface of this county.
The age, name, lithology, and extent of each formation in southwestern
Michigan are shown in Figure 6. The great deal of materials that make up
gravels and other glacial deposits in Kalamazoo County and vicinity are de-
rived from the underlying local bedrock hy erosion and plucking action of
the Michigan lobe and Saginaw lobe ice. Interpretations of the source and
presence of local lithologies in surficial deposits are given elsewhere in
this report. '

Deilt Thickness .

Glacial drift above hedrock surface in Kalamazoo County is seen to
range in thickness from about 50 to over 500 ft (Fig. 7). The thickest drift
occurs over major valleys cut into bedrock. Regionally, it is thickest in
the northwestern and western part of the county. The thinnest drift (less
than 100 ft) occurs over a sector of southeastern Kalamazoo County. Al-
though ‘the drift is very thin in the southeastern part of the county, it he-
comes even thinner in neighboring Calhoun and Branch Counties. These
areas may be of special interest to highway engineers for planning. Addi-
tional regional details on the drift thickness can be obtained from deep dril-
lers logs available in the files of Michigan Geological Survey. -
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SOILS OF KALAMAZOO COUNTY

~ The fiest detailed report on the soil survey of Kalamazoo Counly was
by 5. (. If(-.:_-'liirir-c-:tml James Tydon, published n 1928 (6). Thig reporlt con-
tains 1 colored soils map of the county prepared by the Bureau of Soils in
1922, 1L describes all soils in detail and shows distribution of the soil ser-
ics and their types in the county. Afier 1928 no new detaifed and revised
soil survey report or soil map of Kalamazoo County has been published.
" The Kalamazoo County Soil Conservation District has made more detailed
goil maps of scattered farms for planning purposes. In this report primary
roference is made to the 1922 soil map and soil series names which precede
the new classification.

Table 1 is an attempt to correlate soil series names from the older
classification with those of the new classification (adopted by the National
Cooperative Soil Survey on January 1, 1965). Also inthe table, the associ-
~ated natural drainage, parent material, and glacial features are briefly
degcribed. 1In ali, 13 mineral soil series and one organic soil have been
reported in Kalamazoo County. Out of these, the Bellefontaine series is
now a part of the fox seriés, the Coloma scrics is the same as the Spinks
series, and the Griffin series is described as the Shoals scries.

Most of the hetier drained local qoild belonged (o the Gray—Brown Pod-
zolic soil group inthe former clagsification, ‘or Alfigols in the new classi-
fication. Principal subgroups are classified according to the degree and
type of soil profile development, texture, nature of parent material, and
natural drainage development. ‘ '

In the columnunder new classification names the family name is given.
This includes the name of each of the higher categories inthe complete clas-
sification 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 information regarding the
new cl_assifiéatibn see references (7) and (8).

LABORATORY ANALYSIS

'Large channel samples, small spot samples, and auger samples were
collected in the field andbrought intothe Research Laboratory for analysis.
' Mechanical and petrographic analyses were made of coarse (+3/16 in.)and
fine (=3/16 in.) fractions, to determine the size frequency. distribution and

-17-
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lil,holnj_{i('l]iHLl‘ii)ul.i(mHfg‘|.'!(‘i:l](i-i‘ifl..'Ij_‘,'[.','l'('.}{:ﬂ,(a.‘-;. Other physical and chemi-
cal charnclerigbios such as texture, roundness, spheriecily, surface cont-
ing, and g0 forth were not determined, since many of these have been de-
Fineated hy Wingard in a study conducted to evaluate pravel resources of
gouthern lower Michigan (1).  In the present investigation, three key pro-
_perties--lithologic eomposition, physical strength, and chemical reactivity
of aggregates—-wére determined in detail, since it is thought they play a
dominant role in the durability of concrete.

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 to 100 lb. Using a Gilson sieve shaker, particle size distribution
of coarse fraction (gravel) of each sample was determined; sieving time
was 10 minutes. Samples werc sieved into the following sizes: +2, 2 to
1-1/2,1-1/2 to L, 1 to 3/4, 3/4 to 1/2, 1/2 to 3/8, 3/8 Lo 3/16, and -3/16
in. Malerial less than 3/16-in. size was considered as a [ine fraction
(sarid). Such line fraclions were quarlered Lo about 500 g oand sicved using
the following U. 8. Standard (ASTM number) Sieves: 10, 18, 35, 60, 120,
230, and pan. Tinc [racltions from the first 18 channel samples and other
spot and auger samples wereused for mechanical analysis. Complete me-
chanical analysis data of coarse and fine aggregates is given in Tables 4
and 6 in the Appendix.

Petrographic Analysis

The petrographic analysis consisted ofbasic lithologic identification of
each particle of coarse and fine fractions of glacial materials, and deter-
mination of the physical strength and chemical reactivity ofindividual parti-
cles in the coarse fractions only. Particle counts are commonly made as
abasis of discrimination between drift sheets of different placial ages. In
this study, however, the purpose of the petrographic analysis was to deter-
mine 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 phy-
sical and chemical characteristics can be extremely useful for engineering
applications of the materials. The petrographic examination was mainly
carried out with 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, -
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o TABLE 2
LITHOLOGIC TERMINOLOGY AND CLASSIFICATION

COARSE FRACTION : FINE FRACTION
1assificats coe s
Classi .u?a jon I Classlflc:-it-lon II Classification TII
(Initial) (Simplified) ASTM No. 10 to 18
(No. 4 to 1-1/2 in.) (1/2 to 1 in. Fraction) ( 0. 10 %o 18)

Phane ritic Acid Igneous
Phaneritic Inte rmediate

Igneous . Y .
Phaneritic Basic Igneous > gzg;glnezzis } g;;d IgIne;)l;iS
Micro-Phaneritic Igneous &n 7 te len
Aphanitic Acid Igneous
Aphanitic Basic Igneous y o
Foliated Metamorphic Foliated Metamorphic : Motamorohi
Non-Foliated Metamorphic | Non-Foliated Metamorphic : phic
Dolomite ) o
Dolomitic Limestone

. Carhonate
Limestone : Carbonate

> Sandstone .
Sandstone . Clastie

. Siltstone and Shale
Siltstonc
Shale . v,
. N .

Clay Ironstone Concretions | Clay Jronstone Concretions Chert
Porous Chert Porous Chert Feldspar
Dense Chert Densce Chert Quartz
Others* _) Others* Others*

*This refers to any rock which was extremely difficult to identify because of
extensive weathering or could not be placed inany ofthe above lithologic cate-
gories due to its rarity. '
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Lithologic Terma and Clagsifieniion

Lithologie lerminology and clagaifieation were standavdized Tor ihis
siwly ¢rable 230 An initial clagsilieation, [, was established {or o eoarse
fraction, which included the 18 lithologic categories expected in the gravels
of this area. Later on, a more simplified but still meaningful new classi-
fication, 11, was adopted for faster and more efficient identificationof litho-
logies. This included only 11 lithologic categories. In this study, more
specilic lithologic terms, used in the earlier studies of Wingard (1), were
eliminated to avoid complicating certainglacial interpretations in the area.

Classification II1 was designed for petrographic 'analysis of the fine
fractions (sand size), and in this classification only 9 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 petrography text or re-

Conrse Appregiales

I*or pelrographic nnalysis of coarse aggregates, two types of samples,
channcl samples and spot samples, were used. A detailed five-size frac-
tion analysis was used for channel samples 1 through 18, and a pebble vol-
ume analysis was used for the rest of the spot samples.

- Five-Size Fraction - Coarse material used for the mechanical analy-
sis was alsotaken for petrographic analysis. The following five-size frac-
tions were selected for petrographic analysis: :

Size 1 - + 1 in.
Size 2 - 1 to 3/4 in.
Size 3 - 3/4 to 1/2 in.

' Sized4 - 1/2 to 3/8 in.
Size 5 -  3/8 to 3/16 in.

The above size fractions were quartered, whenever possible, to 200 pebhles
each. All five-size fractions of 18 channel samples yielded 200 pebbles
each, with the exception of greater than 1 in. (Size 1) fractions of three
samples whichyielded a few less than200 pebbles; for the sake of uniformity
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. :
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LITHOLOGY

Relationship between material sizes and lithologie distribution.

Figure 8.




Peveonlapes of enchlitholopy present in ench [raction were caleulated.
These data were then regrouped into 11 lithologic calegories Histed under
clagsgification 11, Thig hreakdown was made to study the lithologic distri-
hution according tovariations insize of the material., Using the whole data
of 18 channel samples, mean percentages of each lithology (mean of 18
samples) inc¢ach size were calculated. These are represented graphically
in fipure 8. .

From a plot in Tigure 8, it can be generally said that all lithologies
except clay ironstone concirefions, porous chert, and dense chert, show
more or less similar distribution in all five sizes. Petrographic analysis
of sizes 2 and 3 can give an average value of lithologic distribution in a
particular deposit. Clay ironstone concretions seem to decrease in num-
ber with the decrease in size of the material and this could be due to the
weak physical nature of these coneretions. The number of porous and dense
cherts secms to increase with the decrease in lhe size of Lthe material.
This may be due tothe deleterious nature of chert, which can expedite me-
chanical breakdown compared to other rocks. Limestones show slight in-
erease in number with decreagses in particie size.  Thig could also be due
to mechanical breafujow_n. ' '

The petrographic data for 18 channel samples were averaged for the
whole sample and apain regrouped into classification IT (Table 2) for cor-
relating with spot sample data. These data are given in Table 3 in the Ap-
pendix.

Pebble Volume —~ A pebble volume analysis was used for 23 spot sam-
ples (Nos. 23 to 45) of coarse material collected in. Kalamazoo County.
This method has been stressed by Ehrlich and Davies (9) in their study of
glacio-fluvial sediments, and is also described and used by Wingard in the
study of drift materials carried out inthe Research Laboratory. This meth-
od gives lithologic percentage by volume rather than by number of pebhles.

The pehble volume procedure is, briefly, as follows. Gravel samples
in 1/2 to 1 in. sizes were collected in the field and washed to free them
from clayor fine material in the samples. They were then quartered until
approximately a 2-1 fraction remained. Pebbles were packed by agitating
in a 2-1 waxed strong cardboard cylinder mold to obtain the approximate
initial volume. : :

Pebbles from a 2-1 volume were petrographically analyzed into 11 dif-
ferent lithologic categories of classification II (Table 2). Then the volume
of each lithologic fraction was determined by weighing (in grams) all peb-

bles ineach categdry, in air and in water. The difference between the two
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weights (in grams) is equal to the volume in cubic centimeters. TFrom this
volume, percentage by volume for each lithology was detérmined. Approxi-
mately 12,000 pebbles were analyzed using this method.

Lithologicdata collected using 1/2 to 1-in. sized fractions are believed
to be representative of all size grades of coarse aggregate. This assump-
tion is supported by Figure 8 in which volumes of sizes 2 and 3 (1/2 to 1
in.) are shown as anaverage of all five sizes. Anderson (10) believed that
the 1/2 to 1-in. size grade contains the greatest variety of rock types, and
hence he also used this size for pebble 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 petrographicand mechanical analyses.

One-Size Fraction - The sand fractionof 1 to 2 mm (ASTM No. 18-10)
size fromeach 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 quartercd until reduced to about 350 grains.
Only 300 grains were examined. Sand grains were classified into nine dif~
ferent lithologic and mineralogic categories. These are listed in Table 2
under Classification ITl. A total of about 27,000 sand graing were analyzed
and the data are tahulated in Table 6 in the Appendix.

The sand analysis was carried outto abet the inlerpretations of glacial
history, but because of the heterogeneity this did not provide as much in-
formation as did the coarse fraction.

Comparison of Channel and Pebble Volume Technigues

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

The channel sample subjected to mechanical analysis gives more de -
tailed cngineering type of information, especially regarding Lhe parlicle
gize distribulion in the deposit. The pebhle volume sample cannot provide
this valuable informationbecause of its small volume and single size grade.

—04 .




The petrographic data on channel samples give a more detailed lithologic
distribution withincach size grade, whereas the pebble volume sample data
are derived from one size grade only, and so does not give the detailed
picture of the whole deposil. Simifarly, other enginecring information such
as physical strength and chemical reactivity can be oblained for Lthe whole
“deposit from a channel sample, whereas these characleristies ean be de-
fined only forthe 1/2 to 1-in. size fractionof the whole depogit from a peb-
ble 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 conirast the pebble volume technique is quick
and less expensive, and it does not require many efforts to obtain a fresh
sampie.

Determination of Engineering Quality

Two important properties thought to affect the engineering quality of
glagial materials are physical strength and chemical reactivity. Glacial
aggregates are often used in concrete, so determination of these two pro-
perties, along with petrographic analysis of coarse aggregates, is most
desirable.

The physical strengih was dete rimined by estimating how strong the hlow
of 2 haminer was required to break a rock particle. Two categories of
physient sirength wercused: i.e., simply citherstrong or weak.  Bxtensive
weathering affeets the physical strength of some rocks; also, these rocks
may have lowerdensity and rough surface texture orsmooth claycy texture.
Some of the weathered or altered mineral products may be chemically re-
active with ccment, causing lowering of concrete strength or durability.

The chemical  reactivity of each particle was determined after its litho-
logical composition was defined; the latter, of course, being directly re-
lated tothe chemistry of each mineral present. Rocks withfree amorphous
silica react with alkali or hydrating cement (alkali-silica reaction). Fur-
ther, some dolomitic limestones or calcareous dolomites are known to
create alkali-carbonate reactions, causing failures in concrete. Therefore,
the potentially reactive and non~reactive rocks were identified and recorded
for furither analysis. '

These two key properties were determined in sample Nos. 1 through

18 in Kalamazoo County. The resultingdata are discussed on pages 43, 45,

 LITHOLOGIC DISTRIBUTION OF AGGREGATES

Evaluationof gravel deposits of two separate glacial lobes in Kalama-
zoo County with reéspect to their suitability for concrete is a very complex
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problem. This complexity has been revealed by the recognition of out-of-
phase fluctuational relationships hetween the Lake Michipan lobe and the
Saginaw lohe, and by the detailed picture of the distribution of gravel Titho-
fogies in southwestern Michigan shown by isopleth maps (IMigs. 10 through
- 18).

Lithologic Map Interprelation and Provenance

Petrographic data from 130 sample locations (45 in Kalamazoo County
and 85 insurrounding counties) were utilized for this interpretation. Each
sample location is indicated by a symbol depicting an associated glacial fea-
ture. The majority of locations lie on moraines, outwash plains, and mo-
raine—outwash contacts. Bedrock outcrop locations and their lithologies
are also shown on'the map. The map in Figure 9 shows only gravel sam~
ple locations and their numbers, as givenin Tables 3 and 5 inthe Appendix.

All petrogi'aphic data are regrouped into 9 broad lithologic categories,
each considering common occurrence, source area, local bedrock litho-
lopy, bedrock configuration, and glacial lobe movements. Minor amounts
of rare lithologics as a group arc climinated. Ior more details one may
refer Lo Tables 3 and 5 in the Appendix.  The 9 ealegories are:

lpneous (acid ¢+ basic) N
Melamorphics (folialed + non- _ Precamhbrian Fraclion
foliated)y ' > (Posgible Source:
Crystallines (igneous + mela- Canadian Shield Arca)
morphics) )
Cherts )
Carbonates and cherts :
Sandstones _ Paleozoic Fraction
Siltstones and shales > (Possible Source:
Clay Ironstone Concretions Michigan Basin Area)
Clastics (sandstone + siltstone + :
shale + C.I. concretions) y

For a simple and clearer interpretation, percent lithologies for each
lithologic group are plotted on nine different maps (Figs. 10 through 18)
and isopleths are drawn to develop a pattern. These patterns show glacial

 and proglacial dispersal of materials in relation to their source. There-

fore, they are helpful in interpreting the glacial history of the area.

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

~The maps in Figures 10 through 18 are sufficiently descriplive of the
lithologie distribution of materials and permit ready interpretalion. [ach
gravel lithology map is brielly described. While reading the following in-
terpretations the reader should refer to Figure 6. '

{gneous, Mc¢tamorphic, and Crystalline Rock Content - In general, the
igneous rock content is higher in the eastern part of the study area, which
is indicative ol Saginaw lobe deposits (Fig. 10). The 20 percent isopleth
passing through Kalamazoo County seems to be an arbitrary line for sepa-
rating deposits of the two lobes. An isopleth of 15 percent in Calhoun and
Eaton Counties can be explained by the increased influx of local bedrock
lithOIOgiés.

_ The metamorphic rock content pattern also, in general, shows higher
percentages in the eastern part of thestudy area (IFig. 11). The 10 percent
isopleth passing through the western part of Kalamazoo County secms to be
the arbitrary line separating deposits of the two lobes. Accordingto Ander-
gon (10), the metamorphic rock content of the Saginaw lobe is higher than
the Lake Michigan lobe sedimenis due to an influx of quartzite pebbles.
This fact was also corrohoratedby the writer in his petrographic analysis.

Todemongtrate the hk:slscpnrntion ol deposits of lwodifferent sources,
igneous rock and melamorphic rock categories were combined under a sin-
gle category ol erysialline (Precambrian) rocks. In Lhe sludy areathe Sagi-
naw lobe deposits generally contain more than 30 percent crystalline rocks,
and in certainareas itis higherthan 40 percent (Fig. 12). The Lake Michi-
gan lobe deposits, on the other hand, show crystalline rock content to be
less than 30 percent. Therefore, the 30 percent isopleth passing through
the western part of Kalamazoo County seems to be the arbitrary lithologic
interlobate line.

Isolated iows can be explained by the increased influx of the IPPaleozoic
fraction due to glacial and glacio-fluvial processes. The high crystalline
content of the Saginaw lobe and low crystalline content of the Lake Michi-
gan 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 a-
mount 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 dlmost fresh Precambrian rocks. '

-29-
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Chert Content - The map in Figure 13 shows high chert content values
associatod with both lobes, with the high chert content of the Saginaw lobe
sediments seeming to cover larger arcas than the high chert conlent of the
fake Michigan fohe sediments. Widespread high chert content of the Sagi-
naw lobe sediments is attributed Lo the placial erosion of large areas ol
" cherly Mississippian I_’;:l‘ypor‘tlimcstone and subscquent Pennsylvanian car-
bonales (1ig. 6)." The sourceof cherts in the Lake Michiganlobe sediments
could very well be the cherty carbonates of Devonian age derived from the
Iake Michignnbasin floor. A high concentration of ehert in Berrien County
ig probahly duc o Lhe crosion of the Traverse formalion, asubcropof which
is located in lthe northweslern part ol the county. The isoplelh pattern in
Berrien County suggests the direction of glacial ice.

Carbonate and Chert Content -~ Figure 14 is a map in which the total
carbonates and cherts are added together. The pattern here shows that in
general the carbonate and chert content of the Lake Michiganlobe sediments
is above 60 percent and insome areas, presumably near the Devonian car-
bonate source (Fig. 6), is above 70 percent. Values below 60 percent could
be caused by dilution from the increased amount of clasties. The carbonate
and chert content of the Saginaw lobe sediments is in general less than 60
percenl, and insome arcas it is below 50 percent for the same reason piven
in the case of the Take Michigan lobe. Values above 60 percent, northeasl
of Kalamazoo Counly, arc probably due Lo hedrock crosion of cherty Bay-
port Himestone of the upper Mississippian age, sand some earbonates of the
Dennsylvanian age.  Slightly higher dolomite content hay heen observed in
the Lake Michigan lobe sediments than the Saginaw lobe sediments. Dolo-
mile may have come [rom cherty dolomitic lenses in the Coldwater shale
or fromany other source in the Lake Michigan basin. The 60 percenl iso-
pleth passing through western Kalamazoo County seems to be the arbitrary
lithologic interlobate line. '

Sandstone Content - The sandstone centent map does not show any clear
pattern distinguishing the Lake Michigan lobe sediments from the Saginaw
lobe sediments (Fig. 15). In general, a high concentration of sandstone is
clearly observed near sandstone outcrops and thin drift areas. Lower Mis-
sigsippian 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 tlow.

" giltstone and Shale Content - Siltstones and shales are more uniformly
distributed in the Saginaw lobe sediments (Fig. 16). These show spotty
distribution in the Lake Michigan lobe sediments, with very high values in

isolated areas. The pattern showing high values inthe Calhoun County area

—33=
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more or less matches with that of the chert content (Ifig. 13) 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 presum-
ably derived from the underlying Coldwater formation. High siltsione and
shale content in Berrien and Cass Countics may bedue to the glacial erosion
of the Ellsworth-Antrim shales by Lake Michigan ice.

Clay Trongtone Concretion Content

The map in Figure 17 shows that clay ironstone concretion content in
_the Saginaw lobe sediments are mostly less than 2 percent, while values of
clay ironstone concretions in the Lake Michigan lobe sediments show ex-
tremely high concentrations in isolated areas such as southwestern Kala-
mazoo County. This, again, can be explained by placial plucking of the
gource rock. It is suggested that most of these concretions are derived
~from the Coldwaler [ormation, with some from the Lower M'lrsh‘rfl I()[‘m’l—
tion, and a few from other formations. The 2. pereent. 1c;opchh passing
~through Kalamazoo County ‘scems to indicate, once more, the arbitrary
lithologic interlobate line. ' '

: Ciés_fié Roek Content -

The total ‘of clastic lithologies plotted onthe map (Fig. 18) do not seem
to form a .clear pattern indicative of both the lobes. Patterns in this figure
do not exactly correlate with patterns in Figures 15, 16, and 17, but they
show the neteffect of all three lithologies together., TFor exaniple, in some
areas the effect of the high values of one lithology is neutralized by the low

values of another lithology, and wherever the high values of two litholegies
‘fall together in one place they tend to intensify the effect. This is due to
the random distribution of local lithologies in the drift, though this is not
indicated in Figures 10, 11, and 12 where the distribution is moire uniform.

ECONOMIC CONSIDE RATIONS

The sand and gravel industry in Michigan is expanding as new highway
programs and other construetion projects increagse. In 1971, Michigan
“alone produced 56,613,000 tons of sand and gravel valued at $62,898,000,
thus ranking second nationally in productmm Most of this tonnage was
mined in areas adjacent tothelarger metropolitan areas.of the state. About
1.8 percent of thetotal sand and gravel output was processed in Kalamazoo
County. In1871 this county produced 1,003,000 tons worth about $1,459, 000.
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As sand and gravel production in Michigan increases every year, pre-
sently known gravel sources are depleting rapidly. There is a need for lo-
eating additional sand and gravel resources for future highway and commer-
cind construction.

Sarid and Gravel eonomics

In recent ycars, depletion of material and new zoning faws cnacted be-
cause of increasihg environmental concerns, have caused the industry to
ask the geologist for help in locating suitable new sand and gravel resources.
In general, it is believed that sand and gravel deposits of glacial origin are
everywhere in Michigan and that the supply is unlimited. This is not always
true, because of the fact that these deposits have to meet certain specifi-
cations in terms of gradation and composition. An economically feasible
gand and gravel deposit must also meet specific physical and chemical
characteristics. If the deposit does not meet these requirements, the qua-
lity of that deposit can be upgraded to the required standard by using dif-
ferent beneficiation methods. Note is made of all these concerns in this
chapter : '

Industry and Cost - In 1971 there were 11 sand and gravcl 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 inthe county. It is located in Cooper
Townshipalong the west bank of the Kalamazoo River, about onc mile cast
of Cooper Center. Although sand and gravel can be produced throughout
the county, the low value and high transportation cost have demanded that
the production be concentrated near the city of Kalamazoo ard major high-
ways (Fig. 19). Presently, processcd gravel in Kalamazoo County costs
slightly more than 4 $1.10 per short ton on the average. This cost may
increase in the near future when all useable sand and gravel sources near
the metropolitan area and major highways are depleted. Then it will be-
come necessary totransport aggregates from the rural and suburban areas
into metropolitan centers.

Beneliciation - In recent years, the demand for premium aggregates
has rapidly increased, because of the rigid standards of quality control and
increasingtechnology in the field of concrete mixing. Deposits of inferior
materials 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 (11),
Kneller (12), and Wingard (1) for a more comprehensive discussion of the
gsand and gravel beneficiation methods, problems of processing specific
rock types, and specification standards set by different agencies for con-
crete aggregates. '

41—




Lenhart discussed the Heavy Media Separation (HMS) method in detail
along with generaldiscussion of the sand and gravel industry. Kneller des-
cribes the following six commonly used beneficiation methods: 1) screen-
ing, washing, and crushing; 2) jigging; 3) elastic fractionation (bounce modu-
lus); 4) cage mill disintegrators; 5) heavy media separation (HMS); and, 6)
the one-two-punch system which combines the elastic fractionation and the
heavy media separation methods. Wingard has very briefly discussed the
HMS process and problems of upgrading some deleterious gravels in some
areas specifically in southern lower Michigan.

The Heavy Media Separation, or the so-called ''sink-float' process,
using heavy media of specilic gravity hetween 2.50 and 2. 60, usually pro-
duces the premium aggregates requiredby the Michigan Department of State
Highways. The disadvantage of the HMS method is that it will not climinate
high-gravity deleterious (undesirable) material suchas clay ironstone con-
cretions. It is an expensive method but certainly the most suitable process
for production of superior quality materials. -

Potential Building Aggregates

With the increasing demands placed upon the large sand and gravel in-
dustry, it has become necessary for the geologist to outline areas of po-
tential building aggregates. To do this, it is necessary to study the loca-
tions of abandoned and presently operating sand and pravel pits.  This is
the approach used in the present study area. Allempts are made on Lthe
maj, "'Gravel Resources of Southwestern Michigan® (l-‘ig‘. 19y, Lo outline
the probable arceas of Tuture gravel regsources. These areas arve I)ULE]:IH!(I,
tnking into congideration Lhe gravel pit loealion patlern and assuming ‘that
coarse gravel (required for highway construction) can most likely be Tound:
near the transitional boundary between mnoraine and outwash deposits. This
map is just aguide forprospecting for future sand and gravel deposits; and
should be used with great caution and supplemented with a detailed geologic
study of the location. It may prove to be unsatisfactory in some areas.

Gravel Pit Locations - Gravel pit locations that are shown on the gra-
vel resources map are taken from the Michigan Department of State High-
ways' gravelpit inventory (1966). These include all abandoned and opera-
ting pits from which the MDSH purchased aggregates through the end of
1966. - In Kalamazoo County, some additional pits are shown which were
discovered and sampled at the time of field work for this study.

Highways, Population, and Gravel Pil Densily Relations - 'The pravel
resources map shows. that in general the density of pravel pit locations is
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highernear thepopulation centers and highways, and decrcases away from
then. hid retationship exists hocause of one or hoth of Lhe foltlowing fae--
tora: 1) Jow values and high hauling cosla detnanded thal produclion bo eon-
centraled near the major population conters and highways; nand, 2) unfavor-
able and unidentifiahle glacio-morphological conditions (o, £., transitional
roned) which usually produce gravel reserves but are nol e: asily found. With
rapitl depletion of sand and gravel reserves and stockpiles near cities,
towns, and present highway systems, it will become ne cessary to explore
these potential areas more fully for sand and gravel, even though the costs
will become higher.

' AGGRECGATE SUITABILITY FOR ENGINEERING USAGE

Variations in lithologic composition and distribution of glacial mate-
rials are discussed earlier and also their economic considerations are noted.
‘Discussion here is brief, and rclevant to the few important properties of
agpregates determined in this study affecting Lheir performance in concrete.

Several othir Metors relating toageregate .t;uii.:'uhiEiI._ybr]([_f,hn ongineer-
ing test resulls are discussed by Wingard (I} in his work, carried out in
the Research Laboralory Section ol the Michigan De partinent of State High-

wiays prior to the present study. The reader ig dirceled Lo Wingard's work

for more details.

Properties and Performance of Aggregates

The design and control of concrete frequently depends on the physical,
chemical, and lithological properties of the materials used. Aggregates
generally occupy 70 to 80 percent of the volume of concrete, and also in-

- fluence mix proportions and economy. They must conform to certain re-
quirements for certain types of johs. There are many causes of inferior
quality or failure of concrete, of which two are gwen spemal attention in
-this study and discussed briefly as follows.

Physical Strength and Chemical Reactivity - Physically weak and chemi-
cally reactive particles can leadto the deterioration or failure of concrete,
whereas an increased number of physically sound and ‘chemically nonreac-
tive rocks canstrengthen the concrete. The effects of these properties are
- alsodiscussed by Wingard. Methods for determining these two properties
. are outlmed on page 25 of the present report.
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Total percentages of the physically strong and chemically nonreactive
particles for each channel sample (1 through 18) in Kalamazoo County were
determined. Values for each sample location are shown in Figures 20 and
21. The average mean value for all 18 samples were 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 the arbitrary lithologic in-
terlobate lines on the lithologic maps discussed in Figures 10 through 18.
In both Figures 20 and 21, the values which are ahove-average appear to
correlate with the Saginaw lobe sediments, presumably because of the com~
paratively high crystalline rock content in that lobe. Values which are he-
low-average appear to correlate with -the Michigan lobe sediments, pre-
sumably because of the comparatively high elastic rock content in thal tobe.
This observation reveals that-evenengincoering propertics of aggregates nre
Cdireelly related Lo the lithologice distribution (hecause of different prove—
nance) of drift materinls and, of course, their provenance.  For planning
and (,xplc)r'tti(m purposcs; attention is drawn to the solid lines in these fig-
ures and their positions with respect to the townshlp horders for the pur-
pose of explicit locat:on.

Delcterious Aggregates and Their Desirability in Concrete - Physically
ungound and/or chemically reactive particles are considered deleterious
(undesirable) in concrete. Usually, weak, friable, or weathered and lami-
nated aggregate pariicles are physically unsound, and hence ot desirable.
Especially friable sandstone, silistones, shales, clay ironstone concre-
tions, weatherced cherts, leachcdlimestones, and highly weathered crystal-
lines are physieally unsound. Rocks with frec amorphous silica and iron
phyllites, and other minor rock varietics are chemically reactive. It is
also known that some siltstones, shale, iron-clay concrelions, and certain
type cherts will dilate under moist frecze~thaw conditions enusing surlace
pop-outs or intérnal distress. All above listed rocks should he avoided ag
much a8 possible i -one is 1() assure the best quality concrete Tor strength
and du mblhiv. : '

CON CLUSIONS

1. Detailed glacial mapping of anarea, preferably as large asa county,
is essential for the systematic cconomic evaluation of aggregate deposits
for utlhzatlon in'a highway construction program.

2. In the fleld ‘the channel sampling method, even though more leng-
thy and 'tedlous gives a representative engineering samplée of glacial sedi-
ments and reveals more valuable information. The pebble volume method
i_s quick and more economical, but its applications are limited, and it can
only be used for a broad scale reconnaisance study of the large areas.
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3. Regional knowledge of the glacial geology and petrographic analyses
provide the basis for predicting regional trends of aggregate quality and
potential areas of the sources.

4, Significant lithologic differences exist among the Lake Michigan
lobe and the Saginaw lobe sediments; and an investigation of the relative
proportion of lithologic types appears to be the most fruitful method for
exploration and evaluation of gravel resources of these two lobes.

5. The Precambrian lithologies play a valuable rol_é in differentiating
the Lake Michigan lobe deposits from the Saginaw lobe deposits. In gene-
ral, the Precambrian lithologic content of the Saginaw lobe is higher than
the Lake M.i'chigan lobe in southwestern Michigan.

6. Local Paleozoic clastic lithologies display greater variations be-
tween the two lohes. Therefore, sometimes local clastic content alone
cannot be used very successfully in differentiating between the deposits of
two lobes in southwestern Michigan. A relatively high amount of clastics
in isolaled arcas indicales extensive bedrock erosion and plucking by the
glacier ice. I alse indicales a relatively closer source arca.

7. Variations in gross lithology within each lobe in Kalamaxoo County
arcalso reflected by the regional variations in the engine etlng propertices,
such as physical strength and chemical reactivity.

H4. The grogs delelerious rock content of gravel deposits of the Sagi-
naw lobe is slightly less than thatof (he Lake Michigan lobe in southwestern
Michigan. 1L is strongly recommended thal all the doposits investigated
musl be beneficiated to varying degrees to meet the speeilications sct by
the Michigan Department of State Highways and other agencics for usc in
concrete. The isopleth maps in Figures 10 through 18 can help an investi-
gator to recommend what beneficiation process is necded toupgrade a given
deposit. :

SUGGESTIONS FOR FURTHER RESEARCH

The writer belicves that there is a place and a need for future geologi-
cal research of thig type in the fields of highway planning, sand and gravel
industry, ready-mixed concrete indusiry, asphaltic concrete industry, soil
surveys, groundwater surveys, and economic resource surveys for Lhe
state and federal agencies. It is hoped that the approach.used in this re-
search will serve as a basic model for future detailed studics in specific
areas for aggregate evaluation in geologically critical areas. Following
are a few areas in which future research is necessary.
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L. "this Lype of study could be underlaken in olher areas of the sinle,
eapecially inglncinled interlobate areas for determining the disiribution of
hakureal apgrepnlos.

2. Studies Of the performance of deleterious agpregates in concroele
subjected-lo severe weather condilions should he carried out with vary ing
size and composition ol natural aggregales.

3. Detailed petrographie, physical and chemical properties of various
rocks outeropping in the state should be determined in order to know about

their possible use for highways and other construction.

4. Closer relationships should be established between the composition
of surface aggregates and engineering properties of soils.

. L
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TABLE 5
GRAVEL LITHOLOGY OF SURPLEMENTARY STUDY AREA,
SOUTHWESTERN MICHIGAN '

PERCENT GROUP

LOGCATION PERCENT LITHOLOGY *JEJ LITHOLOGY 4
b} “ wi 5
2 T ol 28y z 22 | u 28 g
3 o 4 2l Tlka| v £ |w| wd B | & [LE 144 X
z F ol SR o] Z£E ug | o il &k Iz
P nllog |2 3 3 bt (% g by G
5| & % 3183 2 | ¢ R AR IR s L
- . pt =] [EEN]
A A >g% A NRE IR
18] i 3 E L ol et e
% 18 £ g HEHEIHHEEHEERLE R
. :
11 14 ChoAML; HAW. Bste Hpol ig, 84 Bt B0 BBy 140 4,0 - o~ - fododd R leew 30,700 00,60 2.7 1470 Bapglnsw
102 20 PN HLBW. Hucry 8pot 20,80 ¢ L.60 g do; sk o€, 04 - 540 - - uh,90 U tieks D70 BA AL 240 1,30 Raginpw
103 27 T.4H.; R.4W. Barsy Hpul .88 L8060 6.0 03,10 gh.3® 1,30 £, 00 - -- io0,00  zilileys 24.30 TR.40 2.30  21.39 Bogivew
104 18 T.4N., R.10W. Baity Chanrel 21,11 2,44 B0 §E.23 7.32  0.8B 4.80  0.87 2.87  {09.43 450 A1.B6  6B.B0 B.4f 12,88 Saginaw
106 16 T.4N., R.i1W.  Aflegan dpal .80 LBO  6.00 5T,  B.1%  b6.80 G.50 2.50 -- 10016 2iless 25.00 0640 8,68 1218 Lake Michizan
106 31 T.4N.; H.13W,  Atlegen Spat 38,30 2.20  b5.40 BT.H0  5.00 80 510 6.40 -~ 10G.10 2 Hterm 25,90 6Z.80 11.4¢ 13.68 Uake Mivk g
107 28 T.AN., R.i4W. Allégun Hpol . B4 B0 0,30 7.90 63,20  &.60 L.10 2,70 6,60 -- 80.90 2 Hiers 20,60 68,80  9.60 14.16 Lake Mickigen
108 4 T.3H.,, R.13W.  Allegan gpot 20,80 L¥0  8.90 G210 540 650 4.3 6,40 -~ 100.30 3liters 27.40 B5.50 17.20 14,10 Lake Michigon
109 28 F.3N., R.E3W. Allegen Chatmel #2.84 0,98  B.17 64,85 15,10 L7374 0,50 .80 100.61 450  B1.80 Y0.06 297 19.34 Lake Michigan
110 35 T.3N., A.E3W.  Allegan dpat  EL70 L0 6.90 82,50 .48 6,50 4,30 6,40 -~ 106,10 2 iters 21.70 680.30 18.1¢ 23.%0 Lake Michignn
141 a3 T.3N., W.12W. Allegan Hpot 18.60 2.0 4.80 84,4 2.7  bB.6D 560 9.80 - 106,00 % Jiters 25.80 BA.10 16,10 13.00 Lake Michigan
112 & T.4M,, B, 1XW Aliegan Chaonsl  §4.84 L1l 4.00 48,22 12.80 4,44 £.47 L1l 464 $9,33 450 22,456 6L.11 1422 20.67 Nake Michigan
113 36 T.3M., §, L1W, Allegan Bpot  1B.20 .20 1130 0.7 13,10 3.5 - - «s 100,00 3 Miors 02,70 63.80  A.50 13.10 Lake Mich.-Sag. Interichate
114 6 T.3N., R.10W. Barry Spot  14.80 5,70 410 B2.80 1520 E.30 B - “- 100,60 2 Mters 28,70 G6.00  5.30 13.20 Lake Michigan
115 1% T.3M., R.OW., Barry Charmol 21,78 2,67 1422 45,39 8,44 111  4.89 0.32 1,43 10690 450  20.68 51,77 6.22 1%.B5 Saginaw
116 18 T.3H., K.6W. Barry Spot 16,00 1,40 12,10 49,88 15,88 4,80 - - —  100.40 3 liwrs 20.50 66,74  1.80 15,80 Saginaw
117 18 T,4M., R.7W. Barey Spat 17,00 2,70 8,50 58,568 12,30 - - -- -- 09.90 2 liters 28.20 TLT0 - 12,20 Saginaw
118 1% T.3K., R.6W. Fabon Spot. 20,00 1.40 3380 4L1¢ 1560 240 4,40 - - 100.:0 2 liters 44.70 52.60 2,80 1130 Sagloaw
118 14 T.IN., R.4W. Eston Ghaonel 14,10 2,90 (6,56 44,00 .15.3% 6,44 . 2,22 0.22  0.95 106.86 456 3166 5934 B.8B  LT.77 Saglw
120 3 T.3N., R.3W. Entan Chaohel 18,48 1.56 16,00 28,00 T.85 4.80 1311 4.00 3.23 106.57 450 30,61 46,33 22.00 24,44 Saplanw
12k 13 T.9N., H,IW.  Katon Chaneal 1%.56 1,78 11,98 50.88 .78 6.00  1TT - L23  100.79 450 31.12 . 40.68 .77 LL.55 Saglnaw
122 18 T.ZM., B.AW., Enten Channel 12.00 2.44 13,33 94.89  8.00 23.33  2.44 L.58  2,44 100.43 450 27,77 42.89 (27,33 12.00 Saginaw
1232 24 T.2N,, H.GW, Eucon Chonuel 11,98 2,00 16.00 97,13 16.44 12,00  Z68 1,45 100.56 460 99,99 5355 16.56 20,00 Saginaw
t24 16 T.2N., B.6W. Eatm Spot 24,80 1,38 10,90 54,30 6,08 - 8,50 2.30 —~ 100,16 2 liters, 37,10 40,30 . 2.90  6.70 Baginaw
125 1 T.2K., R.TW, Brrry Chennol 24,73 1.M 12,03 48,19 15.568 a.e7 2.23 687 1.456 104,80 450 ‘38.10 §7.68 3.57 i4.48 Baglnaw
120 2¢ T.ZN., R.10W. Barry Chanmel 26,56 . 2,90 ~ 6,80 45,1k #,2¢ 1,66 £33 L9  3.23 100.67 460 3446 S92 0 4,07 12.22 Saginaw
127 1T T.2N., R.11W. Allegan Spot 18,60 G5.60 2,50 G68.B0  H.60 3,80 -~ 2.0 - L0000 2 litoxs . 3750 #£6.50 6,80 11,80 Lake Michigan
128 4 T.2N, R.12W. Allsgan Spot 18,60 1,96  5.40 68,80 4,50 1,40 2,90 3.50 - 100,00 2 litors 26.80 §6.40 .20 12,90 Lake Michigan
129 21 T.2N., B.13W. Allegan Spot 13,70 0,80  4.80 5LO00 &40 6,40 §.20 186.80 -- 100,10 2 liers 19.30 57.40 23.40 23.40 Lake Michlgan
136 2 T.2N., B.34W. Allegan Spot 12,50 2,20 .70 50.26 1T.66 4.90 4.9 - —- 105,00 2 liters 22.40 B7.80  9.80 22,60 Lako Michigen
11 5 TJN., RO4W. Allegin Spot 14,70 420 8,30 60,00 &.40 LG0 2,16 2.76 -~ 100,00 2 lters 27.20 68.46  6.40  11.20 Lake Michigen
132 24 T.1N,, R.12W. Allegan Channel 14.00 2,89 18,67 38,66 17,78 2,00 469 — 1,83 100.22 450  35.56 58.44 6.8 22,47 Lake Michigea
133 20 T.1M., R.11W. Allogan Spot 17,60 8,70 8,50 62,46 10,66 1.10 L320 .10 -~ 160,30 2 liders 34.80 62,30  2.40 11.80 Lake Mich, -Uag, Interlobale
134 4 T.iN., R.OW, Barry Spat 2180 2,80 7.60 8,56 8,60 2,30 - 050 -~ 95,80 2 liters 32.06 66.16  2.80  9.30 Sagloaw
138 L T.IN., R.OW.  Barry Hpot 18,70 .90 B.00 5170 15.60 2,60 -- .60 ~e 100,00 2 Hlers 3360 6320 3.20 12,10 Snglosw
136 3L T.iK., R.OW. Barry Hpot 23.60 2.%¢8 7.20  §5.80 &.6¢ 0.30 - - = 100,00 2 likers  33.40 /6. 30 @.30 G.50 Baglnaw
137 ¥ T.IN., R.7TW. Barry Apot 18,30 &.10 6,40 55.38 15,80  1.40 1,80 - - LWL 10 2 litera A0, 80 07,10 3.20 13.60 Saginaw
148 5 T.[M., R, 3%, Eaton dhamnel 21,78 1,33 LLG8 27,33 2044 0,78 ®A1 2.44 2,77 10074 4RO 3485 4TT7 1656 20,21 Segliaw
19 15 T.i8., B.TW.  Cabiun Chennsl 16,77 2.22 13,50 26,46 14,22 G.00  ¢.87 0.07  0.66 100.22 460 JL.G6  64.87  13.34 23068 Saginnw
140 3% T.if., R.6W. Calfiun Chanpol 16,07 1,34  14.51 40,85 17,19 4,81 4.47 &46  L.TR L0667 460 30002 84,04 D.A3 22.:1 Swglnaw
141 9 T.Q8., R.13W: Van Buren  Bpol 20,63  0.93 1,85 48,97 1808 ZTH 856 (KB - A6 108,00 2 lders 4244 S5.56 16,10 1764 LakoMich -Sag. Inlericbnte
42 31 T.iB., R.13W. Van Dureén apui 33.21 0. 8% B30 B7.14 5.36 4,49 - .67 - 13.08 2 liters  29.44 62,48 2. 03 4.9%  Lake Wichignn
43 36 T.2B., R.i8W. . Van Buren Hypot 23.80 1.20 400 5440 16.10 2. 70 4,40 6.00 - 10450 2 liters 24,70 6. T4 ~7.70 16,10 lake Michigan
144 4 7.28,, A.OW. Qalhoun Channal 12,49 4.33 16,00 35,78 18.2% i1 .00 - 1.22 100611 460 0. 78 ad. 0 16. i1 24.22 Haginaw
146 18 T.28,, R.7%. Calhoun Chennel 13,43 1,76 17,33 42.44 12,60 1Ll 4,06 0,47 0,06 100,30 450  I2.44  BL.AI  IG.TH  WLEH Saglinw
i46 27 T.2B., H.8W. Calhoun Chonnel 12,47 1,66 16,55 42,08 1514 &.0L  4.44 0.87 0,89 10843 450 30,28 5621 14.02  i4.26 Saglhnw
7 14 T.28., A.6W.  Cathoun Chavhal 12.48 1,11 14,67 48,50 16.00 7.84  2.46 L.50 0.8 100,24 460 28,33 G960 1167 20.0L Seglnaw
45 32 T.24,, R.6W. Calhoun Channei 13.¥7 0.85 14,00 42.80 1311 8.75  2.8¢ - #.00  108.11 460 28,60 66.00 1245 15.74 Yuglaow
40 31 T.388,, R4 Crnlhoun Channel 15.0% 1.58 34,22 38,80 10.87 10,00 .87 311 t.80  108.11 450 AL 77 419,47 18,48 17.85 Saginaw
50 27 T.38., R.6W. Calhoun Channei 14,45 2,22 12,07 40,39 14.44 7,33 4.8 - 2.86 100,73 456 39.34  54.83  14:00  21.11 Saginew
161 #3 T.48,, R.i4W. Van Duren  Spot  11.4é 5,70 4,80 BR800 1640 7,10 w100 ~= 100,00 2 llers RL.BG  TO.00 8.0  11.40 Lake Michiynn
152 12 T.38,, A.16W. Van Burea  Spot 15,86 ‘8,60  2.06 86,30 450 0,40 350 G6.10 -~ 106,10 2 litere 26,30 70.80  9.00 13.1) Lake Michlgan
153 11 T.38., R.16W. VanDorsn  8pot  153F 120 114 8110 1680 0,90  &.50 &40 -~ 106,00 2 lters 17.8¢ Ti.66 16.80  20.40 Lake Miohlgsn
154 27 7.08., R.ATW.  Berrien Spot 46 1,30 1,86 89.80 .40 536 2,30 2.50 - 100,20 2 liers 17.30 7A.00 8,90  8.00 Lako Michigan
155 23 T.98., R.18W. -Barrlon Hpot 9.80  8.40 8.16 59,40 8,70 .60 2.30 2.80 - 10%.00 2 lfers 24.30 68,10 7.60  13.80 Lake Michigan
is8 13 T.&8., R.BW. Branch Hpat 2,80 3,00 A.88 53,80 .40 478 0.80 2,50 — 09,90 2 liters 34.7M0 &V.20 8.00 .70 Baglnow
187 i5 T.88., R.BW. Branch Channai 15,56 1,7 15.66 40,44 18,11 1.78 4,89 0,23 0,77 100,30 45D 32.89  59.86 G. B9 24.22 3aginaw
158 4 T.56., R.BW. Rranch Spot  21.%0 2,74  6.20 456,12 7.8l B.62 0,97 0,48 0,16 105,00 2 lilers 20.54 B3.53  5.07 9.2 Saginew
154 12 T.58 , R.OW. Bt Joseph  fpot 16,00 £.3¢ 12,30 d4l.40 27.80 6, 1%  0.80 - -- 102,30 21late 34,80 B3.00  4.70  18.20 BSaginaw
154 M T.68., R.AZW. BL Jeseph  Bpst  3LB0 43¢ 270 . 59.80 9,30 L60  0.20 7,20 - 32.90 2 lltors 42.90 48,10  #.50 16,50 Lake Mich. -Sag, Interlobats
161 21 T.58,, A.15W, Case Spot 16,20 4,08 7.00 47,20 $2.10 230  A.10 820 100,00 2 lltars 26.20 §9.30 14.50  23.40 Lako Michlgan
162 10 T.58., K. i18W. Case Bpot  ET.E0 %88 480 68.10  £.60 4.50 480 0,20 -- 106,30 2liore 18.T0 TL.70  8.76  6.90 Leke Michigan,
163 2% T.58., R.1AW. Berrlea Spot .40 §3.08 .60 65.80 4,50 -~ 12,60 - - 100.80 2 ltere #3.40 7Td.16 12,50 20,00 Lake Michigan
8¢ - 23 T.63.. H.16W. Berzlen Bpot 50,80 E.B¢ 3,30 65,50 4,10 .90 17.%0 1.20 -~ 100,00 2 lltsrs 16.40 B3.40 21.00 27.20 Lake Michigun
185 § T.63., R.1TW. Berzien Spot  £6,10 6.40 2,80 370 2E.80 3,40 1,20 ' 4.80 - 100,00 % )evs 26.30  86.30  9.40 3L.40 Lake Michigan
ihé 19 T.86., R.18W. Cass gpot  E6.30 2,20 L40 T7L10  3.06 £.90 400 1.40 — 99,80 2llern 20.40 © TA.00 5,30  7.40 Lake Mlchiyan
167 14 T.89., R,15W. Caan Bpot  16.80 1.60 0,80 €6.80  4.30 1.20 30 410 e 1B B0 2 biere 70,10 10.40 13,70 [ake Michln
168 26 T.68,, R.11W, 8t Jossph  Epot 24,70 3,30 (0.90 44,80 12,10 3.20 - D00 —— 9080 2 laza B0 40 13,00 Lake Mioh. -Sag. berlohialn
186 3 T.68., H,.8W. Brauech 8pot  17.80- 2,70 14,80 E5,80 8,80 - 0,60 9,90 - W90 2 illera 106,40 149 1E D0 Hugianw
170 4 T.68., R.4W. Branch Bpot 223,00 8,.6¢ B30 52,60 £.40  -- L3 Ga0 -- .00 2 tliorn Q. 2.E0 .30 Huglanw
171 26 T.86,, B.AW. Dranch Spot AT.70 470 7,80 48,30 1,¥0 580  1.50 2.00 S« 18000 2 Ulara 30,20 ALG0 K80 .20 Seginaw
ir2 L9 T.48., N.6W. Branch Spot 18,70 2,80 9.60 40.80 is,80 2.00 -~ 1,80 -~ 140,00 2 litera af.A0 0400 340 i8.40 Raglnew
173 31 T.78., 0,BW.  Brench Bpol  1B.40 4,50  B.00 @3.00 4,40 L.6O6 0,20 0,80 -- 18000 2 Hwrn J0.60 d¥.40 1,90 0,80 Haglnaw
174 35 T.98., R, I0W. B8t Joseph  Bpot  1T.30 3,70 60 G186 4,10 0,40 12,20 L90 -~ 100,10 2 liera 21,70 67,90 i4.50 20.20 Lake Mich, -Huy. Interlobalo
175 28 T.78., R.13W. Case Spot  20.30 6,00 3.80 40.1% 1T.00 340 - L 40 - 95,00 2 liteys 75,30 04,10 . 5,90 6,40 Lake Mich. -Bng. (ntariohale
178 15 T.78,, R.16W. Cass Spot . 14.B& 100 %40 Th.1% 2,10 L.80 820 -~ -~ 106.10 % lilors 13.90 81,20 5,00  6.30 Llalw Michlgon
177 12 778, L1TW. Berrisn Spot  20.1% 0,20 0.60 5$.9¢ 5,60 0.50 11.40 0.40 - 98.i0 2 liters 21.26 65,40 -iZ.50 17,60 Lake Michigan
178 16 T.18., A.11W, Berrlon Spat  17.46 2,70  1.40 667 2,20 0.70 7,20 1,40 -~ 138,00 2litera 21.80 6B.90 .40 LAY Laky Michlgan
173 18 T.75., R.18W, Berrlen Bpot 3.00 - - B5,TO 9,16 - 20,400 2,60 -~ 100,00 2litera 5.00 04.80 32.20 41.30 Lakw Michigan
180 12 T.6S., R-1BW. Berrlen Spot  16.70 130 .00 33,20 1k.2¢ L0 3820 1,60 - 89,60 Z2lltera 13.00 4440 42.60 G260 Lake Michlyae
181 i T.83, R.18W. Bervles 8pot  16.40 5,40  2.60 5480 16,40 - 7.20  4.30 ~~ 100,06 Zliters 24,40 64.10 (1.50 21.80 Take Michigan
182 10 T.8%, R.17TW. Barrlea 8pot  12.80  1.40  LB¢ £1.20  4.40  L.20 1440 300 -~ 100,00 2 litara 15.R0 BB.AD 18,60 21.80 Lako Michigan
183 2 T.88, R.18W. Cnss Spol 10,60 1.0¢  2,2¢ 46,60 .80 2.00 19.90 11.1¢ -~ 100,08 & lbaps 13.80 53,20 §3.00 38.60 Lake Michignn
184 5§ T.88., R.OW., Bt Joseph Bpot  24.80 6.50 16,80 4730  9.70 - 106 1.00 -- 100,30 2 litors 41.00 57.00 2,00 170 Baglnew
IR 14 T.B5., R.6W. Rrunch pot i8.20 2.80 5.50 &B.10 7.50 3.40 2.00 4d.40 -~ 99.00 2 liters 26.60 83.80 8.80 13,90 Seglnaw-Erie Inleriobate ?

* This valus may be nlgbar after additlon of other physically weak and chamicplly reactlve rocks, which cnn not be separaled Individually In tkis tahla.
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TABLE 6
SAND ANALYSIS FROM KALAMAZOO COUNTY, MICHIGAN

5 LOCATION w PERCENT LITHOLOGY MECHANICAL ANALYSIS
N R |
b E U SCREEN SIZES
13 g1, -
o . o L ) @ & = = 3 .
-] z F v
a 513 |uwl & 5 | 8 3 g z ElEIBIE] gl .8l *) .3
¢ SlE|2) g% | ¢ loB|¥8 AR AR AR R R E AR A A P e
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3|5 TluIR|d g3 F oo 88 S1d|213]651 R [29)92{92|92[28 28|47 2k
1 NW Nw 15 1 11 Coopar Chamnel 4.33 31,80 3.33 37.G0 .33 .33 12,33 2100 0,33 9.98 Z6.78  22.70 24,40 18.20 B.60 .80 0.1 100.10 -
2 SE NE ki 1 12 Alamo Channe] 4.47 B.80 1.47 43.67 12.33 4.3% T.83  1T.6T 0.33. 100,80 17.B0  17.00 28,00 20.00 5.90 1.50 0.80 100.G0
a NW Nw 27 1 11 Cooper Chaneel 7.487 .83 6.00 26,33 10.33 8.00 4,00 2100 0,33 #9.98 21.9¢ 16,10 20.20 18.60 1T.70 a.30 1.00 85,81 B
4 NW HE 3 1 12 Alamo Channel 7. 00 .33 4,33 37.67 5.0 4.0¢ 12,07 17.00 - 100,60 41.80 23.40 13.00 11.10  5.16 +. 80 .80 160,10 o
5 aw L1 a6 1 11 Ceoper Channgl 4.00 11.33 3,00 30,00 18.67 2.33 0BT 22,00 —— 100,00 17.80 16,10 24,89 34,10 6.10 0. 70 ¢80 100,00
4§ Sw Bw a3 1 11 Coopar Chanael 3.0¢ 8.00 8.87 29.33 12.67 B.33 E1.00 23.87 0,393 1#90.00 13.2¢ 1t.80 22,20 39.80 1L.80 0.30 0.40 100,19
1 KE HW 34 1 11 Cooper Chnanel T.92 11.00 . 6.04 37.847 $.33 3.00 4,383 17.33 e #0.98 43.80 Zi.40 15.60 10,70 4.4 2.10 2.T0 10D
8 oW KW 18 2 10 Comalock Chanpei *  5.33 $.00 48,33 3333 8,00 4.67 12,33 17.87 0,33 $9.90 23.80 15.10 24.80 Zi.40 G, 3 1. %0 1.20 99,99 . |
g SE 104 5 2 11 Katamazoo Chnnnet 7.00 19,00 4.3% axne7 10,67 5,33 D.67 18.33 - 120,00 12.840 15.4¢ 25.20 3E.70 9,90 0. 50 9.40 100,19 !
10 Wwi/2 NW 1 2 11 Kalamazoo Chaznet 5.33 15,00 4,33 267 .67 4,67 10.00 1B.33 —+m 180.00 22.00 18.1¢ 24.40 27.00 6.40 0. 80 0.70  L00.0%
11 Hw 214 25 2 31 Kalamngeo Channs] 6.6T 12,398 3,33 38,32 B.33 3,00 B.00 23.00 - 09.90 234.00 3.80 14,70 4,60 4,10 0.9 0.0 100,00
12 NW SE 28 2 10 Comstock Channel 8.67 9,33 4,33 $5.3% 0.00 3.67 1.33 18,33 £9.90 85.4¢ 20,90 20,10 16,40 4.60 160 1.80  00.00
13 Nw aw B 2 9 Charleaton Chenngl 8.00 11,67 3.00 - 32.00 B.00 3,33 11.33 21,43 9.0 48.8¢ 3270 12,10 4,30 1.20 4,40 0,50 100,08
" sW 8w 22 3 9 Charlealon Chanzal 8.33 B.67T 4.00 38,00 7,00 7,43 8.33 24,33 89.48 20,40 17.50 26,20 24,80 7.40 1.89 1.00 19,490
b SE W Z K i1 Portage Channel 7.67 11,67 6.060 32,00 B.J3 .67 7.33 17,33 - 100, 00 20.50 16.60 21.3¢ 28.50 2,10 2.40 2,40 9%, 9
i6 NE SE & 4 2 Prairle Rumle  Channol &.00 g,32 &.00 35,00 3.33 10,00 7.%3 22.07 0.33 PO 29 27,66 17,20 20,10 32,00 F.00 2,40 2.90  100.00
17 HW Nw i7 L 32 Alame Auger 15,87 10,67 6.7 15.33 6,00 5.33 20.33 25,87 0.33 100,00 28,23 30,62 16,19 13.08 .23 44 -- ap, By
18 Nw BW & 1 127 Alamo Auger. 1.00 L00 1,00 - 1,60 86.33 3.47 4,00 - 100,90 90.98 2,38 B, M4 96,04 36.87 B, 83 6.492 29, U8
19 SE B8E it i 2 Alamo Auger .33 10.87 1,00 - 4,07 46. 43 7.67 23.43 e 104,00 14,87 14,30 6,26 21,82 27.08 B.87 - a9, 99
20 NW NW 20 1 12 Alpmo Aluger 12.87 9,33 307 - 20,03 9,87 15.00 28.87 O.47 100,01 .67 5,98 17.72- 49,59 2L.87 2.83 0. 466 40,99
21 Nw Nw a2 i 12  Alamo Augor 00 ¥.33  3.00 43,00 0.87 3.87 3.87 7.33 - 100.00 8,27 T.22 14,44 60,386 16.256 2,39 1,08 99,99
22 W 1 32 1 12 Alamo Augoer iz.no 8.00 4.33 4,67 23,87 b.07 10,87 29.33 .67 108,01 - 504 16,63 44.70 26.33 2.8 8,81 5.33 100,60
23 NE aw 92 1 12 Alamo Hput 5.67 11.00 4,00  21.00 41,47 b5, 00 .00 22.33 DAY 100,00 59.32 13.84 B, 42 18. 14 4.28 L, 08 - 99,98
b2 NE aw Ed I 12 Alamo Hpot 49,00 10,00 4,93 JL0O0 1.33 4.867 15,00 18,81 0.33 9,99 20,25 0.21 15.G68 48,81 7.59 €. 70 - 89, 88
113 NE NE 32 1 12 Alamo Spol 7.6G0 12,93 4,69 10,33 7.00 34.47 T.n8 14, 33 0,33 B6.BF 16,41 10,90 15,30 85,77 11.1% 318 a.33  100.00
F5 L NW 28 1 12 Alamo Auger 1333 10,30 8,31 13.460 16,13 3.4 - 89,14 1,78 1,98 T.43 40,76 38,08 §.04 1,01 100,01
2 i a 25 i 12 Atamo ot A3 B8.87 5.47 E.00 11,33 17,87 0,87 100,01 10,48 10,91 8,38 23.2% 54.00 .18 .89 HE. 89
H hitg AW “ 1 11 Couper Auges slar  LLao 4,39 39,87 10,00 147 0.38 100,00 13.87 11.¢8 21.35 aL.08 19.29 4. 48 4,04 L0000 :
pall N N 36 1 12 Alpamo Hpat .47 4,d4¢ a4 4700 R.0D 9,80 12,00 14,67 0,33 100.01 2.8 4.i8 1152 BL. B3 23,00 3.19 0.7 100,00 i‘
) bl i M i 12 Alamao Bpot 7.87 H.8% 9.80 40,33 06.00 .47 8,00 15.67 - 109.08 8,14 B.M 1389 40.11 22.81 4,82 1.68 100,00 |
Al NI BTN 2 % 12 (whlome Augor 6.487 10,47 %00 7. R .61 8.3 7.67 . 1B.B7 - 100,01 E3,47  14.06 27.09 32,21 #4060 2.83 - 100,01 .
Hv2 aw 4R a5 1 12 Alemao Augor 4. 00 18,33 Z.47 M.67 16.33 10. 33 B.33 %11 - [:1:2%: 1] 3.23 44.24 20,08 24,50 1:3. 76 6,49 3.48 104, 08 i
(k] L NE 1 1 12 Aleme Augur 087 T.07 4.39 34,00 $.08 4.00 18.00 14.67 0.93 100,00 i4.30 14,40 24,40 .17 1111 0,90 0,00 100,00 ‘
K2} RW L1 L] 1 11+ Coopor Avgor 8.87 14,00 6.33 23.33 B4 6.33 18,00 22,00 - 85,99 30,87 206.BY 24,17 19,57 2.82 t.80 3,80 100,04
a5 Nw Hw 4 1 1L. Coopor Hpot 2.31 4.40 L. 00 1.0 2,00 7Y.03 3,33 T.33  0.07 98.99 1i7.61 G.32 48,92 28,43 26,47 6.5 - 100, 00
a6 SE NE 4 } 11 Cooper Avgoer 11,87 14.00 14,33 - 14.33 16,07 11,00 23.80 1,00 100,00 4%.02 7.18 18.4 £22.31 6.6D 7.08 — oo 8%
a7 aw 88 17 1 1l Cooper dpol 8. 67 12.83 4.87 10.33 16.00 #.00 10,83 27.35 0.33 98,98 0.57 1.41 2i.52 64,78 7.00 ¢.72 - 100, 00
» aw Nw T 1 10 Richland Auger 18,33 3.33 7.87 0.33 1T.67 14,06 12,00 26,33 1.33 6. 99 3.44 6.O? 17.%% BO.68 17.bd 2.85 2,24 100,01
3 Bw Nw 18 1 10 Rickland Avger 14,33 8.87 7.33 0,33 28,00 2.00 6.87 26,87 B 160.00  4.48 7.24 18.73  46.27 17.73 1.08 0,86 100,01
40 NE NW 31 1 11 Cooper Spot 4,33 9.8% 6.06 24.00 10,67 14,00 6.33 23,00 0,33 99,99 £8.22 4.49¢ T.88 1i.68 3.94 1.88 - 88,96
41 SE NE 30 1 11 Cocper Auvger 1. 00 1.87  L.as - 1.67 92.33 0,67 1,33 -- 140,00 2,16 1.43 4.68 20,43 26,38 26.92 —= 104, 00
42 NE KE an 1 11 Caapar Augar 5.33 4.87  1.33 - 3.00 70,00 4,33 11.33 - #9.96 14.03 16,57 1£.98 28,74 142D 4.2) 4.28 100,00
43 C NW 26 1 i1 Coopar Bpot. 18T  13.06 4.33 23.00 14.00 8.87 3.33 22.67 1,83 100.00 .57 2.24 10,40 41,97 30,30, 10,35 4.38 100.01
44 5w NW i0 2 12 Oshieimo 3pot 10,67 7.3% 9,00 19.33 13.00 8.67 .83 24,07 - 100,60  4.97 3.26 10.52 50,78 27.73 2.90 - 99,99
46 RE sw 2z 2 12 Oshtemo Bpot 13.33 b,00  5.67 - 16. 687 15.067 16.00  26.07 —= 100.01 8.73 9.24 10.65 £0,50 18,408 .19 - 160. 00
46 SE NE i5 2 12 (mhlemo Spot 13.060 B.00 7.33 -— 1B.00 0,35 16,33 28.00 1.00 24,59 11 3.45 11.4% 54,01 23.18 4.22 - 99,88
47 NE NE 23 2 12 mhlamo Spot 3.87 3.00  4.87T - 6.G0 73.33 2.32 T.00 - 106.00 4,00 1.87 T.76 48.47 23.38 14.48 - 1¢0,03
48 aw HE 4 3 9 Climax Spot 12.87 B.00 R8T 0.33 18,07 7.33 10,33 32.33  cC.87 108,00 2%.11 5,34 23.18 a7.37 5.20 3.81 = 160,01
48 oW SE 8 4 f  Wakeshma 8pot 4,87 4.33 2.87 - 8,87 70.33 .00 8.00  9.32 109,00 13.08 G.48 12,42 31,60 19:97 8.67 7.62 100,00
50 Sw Nw 26 4 3.44 14,83 6L.05 14.80 .17 ©.30 95,90

12 Prairfe Ronde gpot. 11.67 9,67 9.00 1.00 22,83 16.00 8.00 23.00 0.33 108,00 3.78

12 Prairle Roude Eﬁo! 12,00 7.00 5,33 31,00 12.33 8,33 6,87 10,87 .07 10600 28,08  11.00 3731 26,38 4.5 0, 40 0.6 180,00

51 SE SE 18 4
52 8E  SE (] 4 12 Prairle Ronde  Spot 7.33 6,00 5,33 86.33 8,67 0.07 1:.3) 1660 &3 88,09 28,83 12.7¢ 17.58 20,3 16,40 .69 034 99,88
53 9W  BW 4 4 12 Pralrle Romdo  Spot 6,67 5,83 6.00 38,83 0,33 6.8Y 2.00 10.33 %67 59,08 48.68 16,47 L1  15.24 2,24 058 0.74 10000
s NW O ONW 4 4 12 PralrisHBoode  Spot 6.67 10,00 7.83 3L.67 7,33 17.00 5.08 16,00 .00 108,00 42,08 13,84 16.94 2128 498 460 0GB 100,00
56 Sw  Sw a2 3 12 Texas Spot 6.87 .07 6,00 26,87 10,00 10,33 5,67 14.67 5.33 100,01 50.0Z 1%.50 15.98 K146 348 &6l 0,95 100,00
56 NE Nw 4 4 12 Praicic Ronde  Spot 5.87 10,00 6.00 J2.33 10.47 10,67 4.33 17,30 500  100.06 §7.0¢ 16,73 4,64 442 204 f12 LIB 180,01
57 SW SE 1 4 11 Sohoolovalt spot 7,83 593 5,60 43.87 12.00 4.33 8,00 20.00 0,33 85.p% $£.13 13,46 (8,72 34,20 2,05 019 0.24 8090
56 NW KW 30 4 10 Brady Spot 1567 787 T.67 0,38 2RO 10:40 11,83  26.00 - 100,00 T.78 .28 97.88 36,64 1000 1.02  0.60 10b.01
B NE MW 24 4 11 Schooloraft Spat 2,87 0,40 .39 W,67 £,67 5,38 £.00 2L.00  0,3% (00,00 16,12 17,42 20.02 1881 14,29 2,10 0.3 59.09
80 KW Nw 24 4 1t SBehooloraft Spat  10.33  B,87 8.47 2,00 19.35 21,53 11,60 1T.67 1,00  00.00 24,62 11.06 25.48 2483 6,24 .43 3.95 100.00
61 NW HWE 31 3 30 Pavilion Spol_ 5.06 .31 3.33 27,00 12,33 16.47 600 - T3 - #0.08 6,06 4.43 21 B0 8L76  4.43 0,6l 0.7 100,00
42 NW MW 24 3 31 Portage Spot 2,93 1.33 087  -- 4.00 682,33 467 4,92 0,38 89,06 6,21 10,96 21,47 31,31 14.4% 317 .39 loon
83 MHE SE 38 2 10 Comatock Spot 7,35 4,33 6,00 21.67 13.33 16.8), 8,67 2833 - 99,08 57,10 16.22 A B4 20,88 515 1.20 L2l 10600
& NW NW & 3 9 Climax Spot 8.67 6.7 6.67 39.33 8,33 £33 6.33 27,67 - 100,00 69,27 13,79 13.68 .14 4.9  0.68  0.20 100,00
6 8w  Sw 5 S 9 Climix Spot 12,00 10,00 4,33 26,87 9.67  6.00 1.87 23.08 0,87 500,01 25,67 14.82 21.50 2794 8.3 .85 0.00 100,01 |
6 NW  Nw 28 z 9 Cherloston Spot 6.3 8.3 6.00 95.87 8,67 393 607 926,67 0,03 200,00 22,36 1509 23.11 86,64 &3 0.21 0,38 48,08 "
67 SE Sw =2 2 9 Charleston Hpot 9,00 13.67 7.33 16.87 ilL.67 18,33 5,00 20.87 0,67 100,61 43,72 10,16 14.48 18.40 7.5 2,24  L.80 100,00 .
88 NE Nw 25 z # Churleston gpot 14,00 10.08 4,67 ~--  2L,00 10.06 633 9467 0,393 100,00 412  8.79 28,70 40,28 16.95  Z.4l 0,60 100,00
63 W HWE 25 Z 16 Cometook Spot 10,00  9.06 T.00 26.33 7.07 383 10,00 2400 0,07  100.00 $5.74 26.04 PL.43 10,03 1.04 0,43 L77T 100,00
98 8w 8w 28 & 10 Comatock spol 9,67 12,98 500 23.33 6.95 4,67 £0,83 36,00 1,33 99,09 40.83 $L.56 16.52 20,11 6.46  1.86 286 100,00
" OHE 8w S 4 12 ‘Taxas gpot © 6,00 B8 B33 £.95 2ac00 B0 33,00 28.4T 0,93 95.90 33,84 17.48 24,00 17,32 4,54 0,45 0.46 0000
72 AW SW ¥ T 12 Alume 8pot 0,98 0,83 0,83 1,00 0,91 6467 0.87 039 - 9,00 43,36 16.28 JL.26 16,61 8,51 - 4,88 8,20, 10800
™ 9w &E # 1 12 Algmo Togpet  m08 7,81 8,83 3T.88 18,00 X000 8.03  Ra.p7 160 90.08 #7738  A.A9 069 .88 7L 0,86 087 99,99
4 NE 8B n ! 12 Algmo Bpot 7.4 8,00 11,00 936.47 6,07 %39 T.33 21,00 0,89 180,00 4D.pD 1146 T.49 6,17 247 . 0.80 Q.83 1080
H aw Ak 1h ] 1l Cospar . Bpot 4,83 18,00 A48T 3483 LHA4 8,03 B33 REAT L OR 160,00 BR G LA hL T8 Azt has L. Of, g
Cor
MW M AW 1 W tlebiand Hpot 0,47 RO 1,28 D38 BAAE 00 IRA7  BROD 0,47 R0 GD AT AR 1B.00 FRR EDTA WaAp AL Tonng
TORW ONE \ N Uoaw Hpet A8 TA8 7000 34,00 G667 6,00 %07 R00 LOO  A00.00 18,87  B4.BA 4ME0  A6,TD A AL L3R LOROL
mo oMW Aw at 1 [T Y el LAT L3 hod?  4RAT D00 T B8) .Y .00 106,00 4306 ML BB1 ALT70 A2h oo 0090 Lol
MWoaw HE am L 9 Noan L WO 5,00 .00 L4867 B.5 K00V B.6Y7 19,00 ¢.89 100,00 41,84 10,00 Li.64 L1746 LL0 480 LG Joboe
an MK HF H H 10 Righland Hpat 30,67 14,4% 8.4 LHCNS B 480 B 20,87 .48 100,00 #7.40  1E.Y8 36,04 1B, M4 B.03 0.7 1.2 L0008
81 NE NW 24 1 9 Hoas Spot Lo¢ 4.3 L& -- 4,33 4.0 4,00 12,00 .67 100,00 ©,23  B.73 30,80 33,07 i4.20 2,38 Lab  0D.BR
82 NW  Nw % 3 16 Pavillon Spat 8.67  8.43 2.00 - 0,33 20,33 36.87 11.33 6.5 2.3 09.09 15,35 10,34 20.62 32,60 20.80  2.18  0.53  100.0)
& aw W L4 1 11 Cooper Augei 3,67 12.00 433 £1.33 12.33 24,33 10,33 2L.87 - ot.98 26,80 19,35 19.03 23.3¢ 0.82 0.77 1,12 100,01
B4 BE  SE 2 112 Alamo Auger 6,00 12,00 -7.33 20.47 1:.00 487 12.00 1733 - 100.00 18.68 13,00 51.90 25,54 5,40 0,74 4,70 100,00
85 NE NE 11 112 Alamo Auger 2,67 4,67 L33 0.33  6.67 8487 500 16,89 - 106,01 25,00 11,81 12.96 22.28 3828 5.86 3.0l 140,00
86 NE NE 33 4 1% Piolrls Remde  Auger 1,00 3.33 - - 4,53 T4.87 767  8.67 0.33 100,00 3,85  £.69 18.85 46.28 1%.84 310 L6 100,00
AT SE SE 29 4 i2 "Proirls Ronde Auger 5.87 4,00 B.60 10.47 11.00 22,67 15,67 24.33 - 100,01 18:20 14,41 30.68 31,40 4.16 0.55 0.60 100,00

BB Bt W 32 4 12 Prairle Roode Auger 5.3 10.33 2,67 ¢.33  7.33  44.87 168.00 13.00 0,03 90.09 18.56 8.36 LT.77 44.40 11.19 1.05 0.87 89. 09






