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CONVERSION FACTORS 

The inch-pound units used in this report can be converted to the metric 
system of units as follows: 

MJltiply inch-pound unit . 

inches (in) 

feet (ft) 

miles (mi) 

square m1• 1 es (m1" 2) 

inches per hour (in/hr) 

feet per mile (ft/mi) 

gallons per minute (gpm) 

gallons per minute 
per foot of drawdown (gpm/ft) 

degrees Fahrenheit (°F) 

2.54 

0.3048 

1.609 

2.590 

2.54 

0.1894 

0.06309 

0.207 

0.207xlo- 3 

To obtain metric unit 

centimeters (cm) 

meters (m) 

kilorn ters (km) 

square kilometers (km2 ) 

centimeters pr hour (cm/hr) 

meters per kilometer (m/km) 

liters per second (L/s) 

liters per s cond per meter 
of drawdown (L/. /m) 

squ rem t rs rs cond (m2 /s) 

degrees Cels·us (°C) 

1 Temperature 0 c = (temperature °F -32) /1.8. 



GEOLOGY AND HYDROLOGY FOR ENVIRONMENrAL 
PLANNING IN WASITTENAW COUNTY, MICHIGAN 

by 

William B. Fleck 

ABSTRACT 

Washtenaw County is underlain by glacial deposits that range in thickness from about SO feet to about 450 feet . Underlying the glacial 
deposits are sedimentary rocks of Mississippian and Devonian age . The youngest of these rocks are the sandstones of the Marshall Fonnation 
in the western part of the county; the oldest are the limestones of the Detroit River Group in the southeast comer . 

Sand and gravel deposits in som places in the COilllty may yield more than 500 gallons per minute of water . Approximately 50 percent of 
the wells tapping the Marshall Formation, the most reliable bedrock aquifer , can yield as much as 60 gallons per minute. 

Washtenaw County has sand and gravel deposits that are more than 50 feet thick . The deposits are mined in several areas and are of 
economic importance . In addition, there may be potential for peat production in the western part of the county and for clay production in 
the eastern part . 

INTRODUCTION 

Washtena County, an area of 723 square miles, is in the southeastern part of Michigan's Southern Peninsula, adjacent to Detroit. 
Rapid urban and industrial growth in the county has made land-us and water-use planning ntial if geologic and hydrologic resources are 
to be developed wisely. Available land for such activities as sanitary-landfill operat·on, municipal water supplies and waste-water treat­
ment, sand and gravel development, and recreatio~ is diminishing. Prospects or incr ased oil and gas production and development of peat 
and clay resources may complicate land-use_practices . An understanding of the geolog·c and hydrologic characteristics and their relation to 
the development of the county's resource is thus necessary. 

Purpose and Scope 

The purpose of this study is ~o pro~ide _geolo~·c and hydrolog·c data_for_environm ntal land-u e planning in Washtenaw County. Drillers' 
well records and results of othe~ investigat~on~, ncluding a 197 ·nvest _at on by ological Survey (Twenter, F. R. , Knutilla, 
R. L. , and owlin, J. 0 . , 1976), were the principal sources of data or this study. Th s d t w r u d to de ine the thickness and perme­
ability of surficial deposits, location and typ s of bedrock deposit , altitud o bedrock urfa e, and location of selected mineral resources. 
The data were also used to define groun~-water levels, ava·1ab·1 · ty o water :om ur • i 1 and b drock deposits, and the thickness of rela-
tively impermeable deposits . Maps sho~ing 7ach of these geologic and hydrolog1c_cha:a t rist· r includ din the report; maps showing 
surface-water bodi sand 0·1 and gas P pe lines are also includ db c use of th r s1 _· • in land-us planning. 

1 
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Figure 3.- -Proj ected po ul t·on d" tribut.ion for the year 
2020 ( t rom tional anit t i on Foundation, 1964). 

Population 

Most residents of Washtenaw Collllty live in Ann Arbor and Ypsilanti, 
and the smaller communities of Chelsea, Manchester, and Saline. More 
than 60 percent of the 234,000 people (1970 census) live on only 5 per­
cent of the land. Population trends projected by the ational Sanita­
tion Fotmdation (1964) indicate that the population of Washtenaw County 
will more than double during the next 40 years (fig. 1). Many town­
ships that were rural in 1972 will be urbanized (figs. 2 and 3). Coin­
cident with the probable population increase, it is likely that industry 
will spread outward from Detroit, which lies just to the east of Wash­
tenaw Collllty. Projected changes in population, population distribution, 
and industrial activity indicate a need for good land-management prac­
tices. 

EXPLANATION 

CJ ~ 
Urban Suburban 

or rural 

Population more than 1,000 
per square mile. 

Population from 100 to 999 
per square mile. 

Populati on less than 100 
per square mile. 

0 2 3 4 5 MILES 
I I I I I

Figure 2.--Population dist ribution , 9 0 (Dat a f rom U.S. 
Department of Conunerce , 1970) . 
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Figure 1.--Population trends. 
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PHYSICAL SEIT! G 

Altitude of Land Surface 

Altitude of land surface ranges 
from about 1,100 feet above mean sea 
level in the western part of Wash­
tenaw County, to about 650 feet in 
the southeastern part . The north­
western part is hilly and has numer­
ous lakes and wetlands. Southeast 
of Ann Arbor , the altitude of the 
land surface decreases as the un­
dulating moraines terminate and 
lakebed area begins. Between these 
two topographically different areas, 
local steepening of the land surface 
marks the shoreline of former glacial 
lakes. 

EXPLANATIO 

-900---

Line of equal altitude of land sur­
face above mean sea level; interval 
100 feet. 

Altitude more than 900 feet . -
D 

Altitude 800 to 900 feet . 

Altitude less than 800 feet . 

0 2 3 4 5 MILES 



EXPLANATIO 
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Streams 
(intermittent where broken) 

Lakes and ponds 

let Lands 

0 2 3 4 5 MILES 
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4 F"gur 5.-- rams, lak s , ponds , nd w tlands. 



Streams, Lakes, Ponds 
and Wetlands 

Streams in the northern and 
western parts of Washtenaw County 
flow generally through wide swampy 
valleys; some flow through inter­
connected lakes. Lakes, ponds, and 
wetlands are conuron in these areas. 
In the central part drainage pat­
terns are better developed, and 
lakes are scattered or absent. In 
the southeastern part, drainage 
patterns are poorly developed; man­
made drains are frequent , and lakes 
are small or absent. 

GEOLOGIC SETTING 

Rocks in Washtenaw County can be separated into two major categories: 
unconsolidated glacial deposits and bedrock . The bedrock, which underlies 
the glacial deposits, is composed of sedimentary rocks, 4,000 to 7,000 
feet thick, and Precambrian igneous and metamorphic rocks (fig. 6). The 
sedimentary rocks, of Cambrian, Ordovician, Silurian, Devonian, and Miss­
issippian age, dip to the northwest at about SO feet per mile. 

NW SE 
Glacial deposits,l0001 

....J 
w Mississippianw> 

>W 0 '- Sea level 
O....J 
m ct Devonian 
ct w - 1000° -
I- (/) 
Wz 
w ct 
u. w 
Z:E 

1 

-

-3000 -: -----------~O~r_'!:do~v~ic~ia~n:______________________~-W'o; 
~o _4000, =-
- ....J 
I- w 
....Jm 
ct 

0 
z 
ct 

0 2 3 4 5 MILES 

Figure 6.--Cross section showing relation of geologic units. 
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Glacial Deposits 

Glacial deposits consist of 
lakebeds, outwash, deltas, and mor­
aines. Lakebeds, composed primarily 
of clay and silt that is overlain by 
a thin layer of sand, predominate in 
the southeastern part of the county . 
Elsewhere in the county, moraines 
and outwash predominate. :tvbraines 
are composed of clay, silt , sand, 
and gravel mixtures . Outwash is 
principally sand and gravel. 

EXPLANATIO 

Lakebeds 

Outwash 

CJ 
Deltas 

Kame and kame moraine 

Ground moraine 

ffiIIlIIl] 
Recessional (end) moraine 

0 2 3 4 5 MILES 

6 Figur 7. --G cial d pas· s (from Kunk , 1 0) . 
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Thickness of Glacial 
Deposits 

The thickness of glacial depos­
its ranges from 50 feet to 450 feet. 
In the central and northeastern parts 
of the county, the deposits are more 
t han 250 feet thick; in the north­
western part and in small areas to 
the southeast they are generally less 
than 100 feet thick . 

EXPLANATION 

-10~ 

Line of equal thickness 
of surficial deposits; 
interval 50 feet. 

Thickness more than 250 
feet. 

c=J 
Thickness 100 to 250 
feet. 

Thickness less than 100 
feet. 

0 2 3 4 5 MILES 

7F·gure 8 . --Thickn ss o g c·a d pos·ts . 
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Permeability of Soils 
and Glacial Deposits 

Soils and glacial deposits hav­
ing a relatively high permeability 
lie in a northeast-southwest belt 
through the central and southeastern 
parts of the county. At other loca­
tions, soils and glacial deposits 
generally have a low to intermediate 
permeability. Permeabilities shown 
are based on a soils map (Veatch and 
others, 1930) and on unpublished 
data from the files of the U.S. Geo­
logical Survey. 

EXPLANATION 

.. Ann 
rbor 

Permeability low 

Infiltration rates generally less 
than 0.8 inches per hour. 

CJ 
Permeability intermediate 

Infiltration rates generally from 0. 8 
to 2.5 inches per hour . 

Permeability high 

Infiltration rates generally more 
than 2.5 inches per hour. 

0 2 3 4 5 MILES 

8 p·gur 9.--Permeabil.ty of so·1s and g c·a depos·ts (toad pth of 30 ) . 

https://9.--Permeabil.ty


TABLE l. Stratigraphic succession of Paleozoic rock?/ 

Bedrock 

Bedrock ranges in age from Mississippian to Precambrian; 
average thiclmess and other characteristics are given in table 1. 

Throughout most of the colillty , shale underlies the glacial . 
deposits , except in the western part where it is underlain by 
sandstone , and in the southeastern part , where it is underlain by 
limestone (fig. 10). The Marshall Formation , which l.D1derlies 
glacial deposits along the west edge of the colll1ty , is the most 
productive bedrock aquifer . tvbst wells tapping it yield as much 
as 60 gpm (gallons per minute) . The Coldwater Shale , which sub­
crops throughout the central two-thirds , is relatively imper­
meable. It is more than 1,000 feet thick in the western part, 
but it gradually thins to the southeast . The Sunbury Shale, 
Berea Sandstone, Bedford Shale, and Antrim Shale underlie the 
Coldwater Shale . Limestones of the Traverse Group, Dundee Lime­
stone , and Detroit River Group underlie these rocks. , 

Average 
Age Group Formation thickness Principal rock type 

(feet) 

~Liss issippian 

vonian 

Traverse 

Detroit River 

Silurian 

Bass Islands 

Salina 

iagara 

Richmond 

Tr nton 

Ordo ician 
Black River 

brian 

Prairie ~ Chien 

Lake Superior 

Pr brian 

larshall Formation 

Coldwater Shale 

Sunbury Shale 

Berea Sandstone 

Bedford Shale 

Antrim Shale 

!Xmdee Formation 

Sylvania Sandstone 

Cabot Head Shale 

lanitoulin lx>lomite 

eota lomit 

Tr mpealeau Formation 

~unising Sandstone 

J ob ille Sandstone 

1S 

8S 

60 

160 

210 

130 

280 

210 

210 

73S 

290 

6S 

60 

620 

400 

410 

60 

480 

380 

2S0 

Sandstone . 

Shale, sandy, gray 

Shale, black 

Sandstone 

Shale, gray 

Shale, black 

Limestone and shale, gray 

Limestone and dolomite 

Limestone and dolomite 
some evapori tes 

Sandstone 

lx>lomite 

Limestone , dolomite, and 
evaporites 

lx>lornite and limestone 

Shale, some limestone 

lx>lomite 

Shale, bluish or greenish 

lx>lomite and limestone 

Dolomite and limestone 

lx>lomite 

Dolomite 

Sandstone and limestone 
or dolomite 

Sandstone 

Remarks 

Productive aquifer, but occurs only in western part 
of county. 

As nuch as 1,000 feet thick in the western part of 
county. Relatively impermeable, source for some 
domestic water supplies. 

Impermeable, except in sandy lenses. 

Aquifer, source for some domestic water supplies . 

Impenneable, except in sandy lenses. 

Impenneable, except in sandy lenses. 

Gas (Lyndon field); oil (Clinton field); source for 
some domestic water supplies. 

Gas (Northville field); source for some domestic 
water supplies. 

Gas (Lyndon field); source for some domestic water 
supplies. 

Saline water. 

Impenneable. 

Salt beds up to 400 feet thick in northern part 
of county. 

Oil (Northville field); gas (Northville field). 

Impermeable. 

Impermeable. 

Impermeable. 

Generally impermeable; oil (Freedom and Northville 
field); gas (Northville field) . 

Generally impenneable; oil and gas (Northville 
field. 

Impermeable. 

Impermeable. 

Saline water. 

Saline water. 

stratigr phic nomen 1 turs u ed in this r rt doe not n essarily follow the usage of the U.S. Geological Survey.y Th 
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Marshall Formation 

CJ 
Coldwater Shale 

Sunbury S:i1ale, Berea 
Sandstone, and Bedford 

Shale, undivided 
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Detroit River Group 
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Configuration of Bedrock 
Surface 

The configuration of the bedrock 
surface indicates the general drain­
age pattern before glaciation. The 
altitude of the bedrock surface in 
Washtenaw County ranges from 900 feet 
above mean sea level in the western 
part to about 600 feet in the eastern 
part; it is less than 350 feet in the 
northeastern part. The bedrock sur­
face was generally drained southeast­
ward, and the major drains were in 
the south and southeastern parts. 

EXPLANATIO 

--800---

Line of equal altitude of bedrock 
surface above mean sea level; inter­
val 50 feet. 

Altitude of bedrock surface more than 
800 feet above mean sea le el. 

CJ 
Altitude of bedrock surface 600 to 
800 feet above mean sea level. 

Altitude of bedrock surface less than 
600 feet above mean sea level . 

~ 

Direction of pre-glacial drainage. 

0 2 3 4 5 MILES 



GROUND-WATER RESOURCES 

Approximately 20 percent (6 inches) of the average annual precip­
itation in Washtenaw County infiltrates glacial deposits and recharges 
aquifers. On reaching the water table, the water moves downgradient 
(fig. 12) and discharges into streams or flows out of the county as 
underflow. Ground-water discharge to streams maintains streamflow 
during dry periods. 

The availability of water in glacial deposits is shown in figure 
13. Generally, water-table conditions prevail in shallow aquifers and 
artesian conditions in deep aquifers. In most places, SO feet of sat­
urated thickness is available for drawdown and a properly developed 
well can theoretically yield as much as 500 gpm (figs. 8 and 12) . • 

In other areas in Michigan, large supplies of ground water have 
been located in buried stream valleys (valleys in the bedrock surface). 
Several buried stream valleys are shown in figure 11. These Vjllleys 
may merit investigation to detennine their potential for deve!opment of 
ground water. 

12 
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Water Table 

The water table is the surface 
of the saturated zone. In Washtenaw 
County, the altitude of the water 
table is generally highest in the 
western and northern parts , and low­
est in the southeastern part. Lo­
cally, water in the saturated zone 
ooves toward major streams; overall 
oovement is south and southeast. 

EXPLANATIO 

-820-

Line of equal altitude of water table 
above mean sea level; interval 40 
feet . 

Altitude of ground-water table more 
than 940 feet above mean sea level. 

CJ 
Altitude of ground- ater table 780 
feet to 940 feet above mean sea 
level . 

Altitude of ground-water table less 
than 780 feet above mean sea le el . 

Dir ction of ground-water movement. 
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Water Availability 
in 

Glacial Deposits 

Favorable areas for development 
of large supplies of ground water 
occur throughout the county. The 
most favorable areas are near Ann 
Arbor and Ypsilanti and southwest 
of Manchester. Much of the south­
eastern part of the county and 
small isolated areas elsewhere are 
not favorable for development of 
large supplies; in places yields 
may be inadequate even for a dom­
estic supply . Water in the glacial 
deposits occurs under both artesian 
and water-table conditions. 

EXPLANATIO 

Areas favorable for 2- or 4- inch 
diameter domestic wells and large­
diameter high-capacity wells with 
yields up to 500 gpm, or more. 

CJ 
Areas generally adequate for 2- or 
4-inch diameter domestic wells but 
less favorable for large-domestic 
high-capacity wells . 

Ill 
Areas adequate to poor for 2- or 
4-inch diameter domestic wells and 
unsatisfactory for large-diameter 
high-capacity wells. 
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Confining Beds 

In many areas, aquifers may be 
overlain by confining beds of rela­
tively impenneable clay or till. 
Except in scattered areas, confining 
beds in most of the central part of 
the county are at land surface. In 
the western part and in the south­
eastern corner, confining beds are 
below land surface. 

Confining beds may be as thick 
as 200 feet; average thickness is 
50 to 100 feet. Beds in most of 
the county are at least 20 feet 
thick. 

EXP TIO 

-100-

Line of equal thickness of upper­
most confining layer; interval 50 
feet , supplementary line at 20-foot 
thickness. 

Areas where uppermost confining 
layer is below land surface. 
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EXPLANATION 

•
Bedrock well. 

@ 
Bedrock well having specific capacity 
greater than one gallon per minute 
per foot of drawdown . 

Contact between areas having hydro-
logically different properties. 
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Water Availability in Bedrock 

later under artesian condit ions is available from bedrock . On 
the basis of hydrologic properties , bedrock is separated into three 
areas , as shown in figure 15. Figure 16 shows the probability of 
obtaining a given yield from each area . The sandstone in area is 
likely to yield sufficient quantities of water for domestic supplies 
and may yield supplies adequate for small rrnmicipalities and industries. 

eas Band C have less potential . ea Bis generally capable of yield-
mg supplies adequate for domestic purposes; in places, area C may not 
supply enough water even for these needs . 

Bedrock wells are sparse in a broad belt extending from the north­
eastern part of the county to the southwest corner . This area coincides 
\ ·th som of .the thickest glacial deposits in the county (fig. 8). 
Becau e of th great thicknes~ of ~lacial deposits , dr'lling to a pot n­
tially productive bedrock aquifer 1s generally unnecessary . 
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OIL, GAS, AND MINERAL RESOURCES 

Oil, gas, and sand and gravel are economically important in Washtenaw 
Colillty. The location of oil and gas fields and gravel pits are shown on 
figure 17. Also, shown on this figure are the locations of clay and 
peat deposits. At present, clay and peat are not mined, although the 
potential exists. Clay for pottery, brick, tile, and light-weight aggre­
gate has been mined in neighboring Wayne and ~nroe Cmmties. In the 
past, some peat was mined near Salem in the northeastern part of the 
colillty (deposits are small and not shown on figure 17). 

The areal distribution and approximate thickness of potentially 
valuab:J_e sand and gravel deposits are shown on figure 18. Other sand 
and gravel deposits may lie at shallow depths in other places. • 

Certain types of geologic structures are required for the accl.IlTillla­
tion of oil and gas. A typical struc~ure is an anticline in the north­
eastern part of Washtenaw Cotmty and ~n adjacent Wayne, Oakland, and 
Livingston counties; the orthville 011 and gas field is on this anti­
cline (fig. 20). Production is from the Dundee Formation and iagara, 
Trenton , and Black River Groups (tab~e 1). The Northville field is 
only one of many fields associated with this anticlinal structure. 

series of parallel anticlines is oriented northwest to southeast 
across Washtenaw Colillty (fig. 20) . Associated with these anticlines are 
the Lyndon , Freedom, and Clinton oil and gas fields. Known oil and gas 
deposits in these fields occur in rocks older than the Traverse Group . 

In developing land for mineral resources or waste disposal, con­
sideration is generally given to power lines, p ·pe lines, and housing 
complexes . Pipe lines, because they are buried, are not always consid­
ered . Locations of the larger oil and gas pipe lines in Washtenaw County 
are shown in figure 21 . 
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Areal Distribution of 
Resources 

Sand and gravel deposits have 
been mined in many areas throughout 
the county. Oil and gas have been 
obtained from the Lyndon , Freedom, 
Clinton, and Northville fields. 

In many areas in the western 
part of the county, peat has been 
produced, and further production is 
possible. 

EXPLANATIO 

Oil and gas field 

Peat deposits 

Efill] 
Clay deposits 

A 
Gravel pits 

0 2 3 4 5 MILES 

Figure 17 . --Location of sel t d min ral resou ces ·ch·gan Sa I-I" ghw y 19 
p rtment, 959 ; ga , 1972). 



Sand and Gravel 
Resources 

Sand and gravel deposits occur 
in large areas along the west edge 
and in the southeast corner of the 
county and in scattered, smaller areas 
elsewhere (fig. 18). Many of these 
deposits have been mined in the past. 

In addition to the mineral value 
of sand and gravel, these deposits 
are generally areas of recharge to 
underlying aquifers. 

EXPLANATIO 

Sand and gravel deposits less than 50 
feet thick. 

Sand and gravel deposits more than 
50 feet thick. 
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northeastern part . 

Figure 19.--Cross -section showing anticlinal s tructure (location o 
section on figure 20) . 

EXPLANATIO 

-500-

Line of equal altitude of top of 
Traverse Group above and belo (-) 
mean sea l evel; interval 200 feet . 
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Oil , gas and test wells . 

s 9 ,tt -·•·'' A A' 
,.....,u.

Location of cross-s ct ·on shown on
f igure 19. n"10' 

□ □ 
'°'"t W.tlu c,.. 

T 
4 □ s ,H er 

500 
0 2 3 4 5 MILES 

A "°°' ' 
r:M.:_,-:,• 1 on 

F·gure 20 . -- ro k ru ur d to oil and as ( lichi an Geological 
ur 197 ) . 

21 

https://800--'------L~----------'-------------L--------------1--.LJ


Buried Oil and Gas 
Pipe Lines 

Buried gas pipe lines radiate 
from two compressor stations, and 
crisscross the county. Three buried 
oil pipe lines cross the county . 

EXPLANATION 

Gas pipe line 

Oil pipe line 

6 
Compressor station 

Products extract• plant 

The following companies own the 
pipe lines shown. 

Gl ..... Consumers Power Co. 
T 
3G2 .....Michigan Gas Storage .Co. s 

G3 ..... Panhandle East ern Pipeline Co . 

G4 .....Michigan Consolidated Gas Co. 

GS .....Michigan Wisconsin Pipeline Co . 

O1 .....American Oil Co. Manch1ster : \
G3L~ ~ .I 

O2 .....Michigan Ohio Pipe Line Corp . ~-~ 

O3 .....Wolverine Pipe Line Co . 08entonT 
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