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To determine hardness (as CaCO, )
in milligrams per litre multiply
total milliequivalents of calcium
and magnesium by 50. Samples
of surface water were collected
on Aug. 10, 11, 1970; ground
water at various times since 1953.
Bar graphs with slashes are for
ground-water samples, others are
for surface water.

EXPLANATION

Moraines

Outwash and glacial channels including
spillways

Lake beds (clay)

Lake beds (sand)

Contact
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Basin boundary
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soadr::ilm Chloride Milliequivalents per litre
potassium to milligrams per litre
smpham lon Divide by
Bicarbonate (HCO, ) 0.01639
Calcium (Ca) .04990
. Chloride (CI) .02821
c:'::j‘"“ Magnesium (Mg) 08226
: Carbonate Sodium (Na) 04350
magnesium S8 and Sulfate (SO, ) 02082
bicarbonate

Basin boundary

Map index number and location of
data collection site for streams

Map index letter and location of
data collection site for wells

Ground moraines (till plains)

Line of equal thickness of glacial drift
Contour interval 50 feet
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Well yield, in gallons per minute

100 to 1000

20 to 600

20 to 200

10 to 20

Less than 10

Basin boundary

GEOLOGY AND GROUND WATER

The glacial deposits in the River Raisin basin are shown on
map A, Glacial Geology. The deposits are classified according
to the type of materials of which they are composed and the
way they were deposited. Lakebed deposits consist prin-
cipally of clays and sands which were deposited in former
glacial lakes. Till plains and moraines consist of various com-
binations of clay, silt, sand, and gravel. These materials were
deposited directly by glacial ice and its melt waters.

The thickness of the glacial deposits is important in deter-
mining the potential of the deposits for development of a
ground-water supply. Thicker deposits can store larger quan-
tities of water and the probability of encountering water-
bearing materials is greater than from thin glacial deposits.
Drift thickness as shown on map A, Glacial Geology, ranges
from about 50 to 300 feet. The drift is thickest in the north-
eastern and southwestern parts of the basin, and thinnest in
the eastern part.

Bedrock formations in the River Raisin basin (map B, Bed-
rock Geology) are of sedimentary rock consisting of shales,
sandstones, and limestones. The formations range in age from
Late Silurian (Bass Islands Group) to Middle Mississippian
(Marshall Formation). The layers of bedrock dip northwest
and are a part of the southeastern rim of the Michigan
structural basin.

Altitudes on the bedrock surface are shown by contours
on the bedrock geology map. The highest altitudes, more
than 1,000 feet above mean sea level, occur at the extreme
western edge of the basin. The lowest altitudes, less than 550
feet above mean sea level, are in scattered depressions in the
basin.

In the River Raisin basin water is stored in and moves
through openings in the glacial deposits and the bedrock. In
the glacial deposits, coarse sand and gravel generally are good
sources of ground water. These materials occur principally in
the western half of the basin. Silt, clay, fine sand, and till are
generally poor sources of ground water. These deposits
generally occur in the eastern half of the basin. Map C, Yield
of Wells in Glacial Drift, illustrates the general availability
of water from the glacial deposits. Glacial deposits along the
River Raisin from Tecumseh to Adrian seem to be permeable
and to have the best potential for large ground-water
supplies. In this area, conditions also seem to be favorable for
stream water to infiltrate the glacial deposits; thus a good
supply of ground water is maintained at the expense of
streamflow. '

In the bedrock, sandstone and limestone generally are
good sources of ground water, whereas shale is usually a poor
source. Moderate yields of ground water from the bedrock
can be obtained in the northwestern part of the basin, gen-
erally from the Marshall Formation. Elsewhere, bedrock
(excluding shale) generally yields only enough water for
domestic supplies. Map D, Yield of Wells in Bedrock,
illustrates the general availability of water from the bedrock.

Changes in storage of ground water in an aquifer can be
determined by water levels in wells. Water levels in wells
fluctuate due to changes in precipitation, evapotranspiration,
and pumpage. Typical fluctuations of water level are shown
below by hydrographs of two wells at the State Hospital at
Ypsilanti. Seasonal water levels in these wells generally reflect
precipitation trends. Thus, water levels are highest in the
spring and lowest in winter. Short-term fluctuations due to
pumpage are shown by sharp rises and falls in water level. For
the period of record shown, the maximum annual fluctuation
in water level for well 04S 06E 09BB was 37 feet; the maxi-

“mum fluctuation in level for well 04S 06E 10BCCC was 16

feet. Under nonpumping conditions, these fluctuations

would be about 3 and § feet, respectively.

To define streamflow conditions during periods of high
and low base-flow, two sets of discharge measurements were
made during periods when surface runoff due to antecedent
precipitation was minimal. Results of the measurements are
shown in the table to the right. The measurements indicate
that streams draining the moraines and outwash areas in the
western half of the basin discharge greater quantities of water
per square mile than streams in the lake-bed area in the
eastern half. Discharge, in cubic feet per second per square
mile, can be used for estimating and comparing ground-water
potential in the basin. High values are generally in areas that
are more favorable for ground-water development. The May
measurement on Wolf Creek, station number 1758.75, was
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affected by regulation at an upstream dam. Also, the August
measurement on Bear Creek, station number 1760.80, was
probably affected by a localized rainstorm or other unknown
cause. Some regulation may have affected other measure-
ments also. i

The chemical characteristics of surface water at base flow
and ground water at selected locations are illustrated by
means of bar diagrams on the Quality of Water Map. In
general, surface water in the northwestern part of the basin
has lower concentrations of dissolved constituents than does
water in other areas. In the eastern part of the basin, the
slightly higher concentrations of sulfate and:chloride may
reflect man’s influence. The chemical characteristics of
ground water and surface water are similar at most locations.
Analyses of water from streams were collected and analyzed
by the U.S. Geological Survey; ground-water samples were
collected at various times and analyses were made by the
Michigan Department of Health.
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Chemical analyses of water from wells in the glacial drift

Spe-
Depth Bicar-  Car- Sul- " Ni- cific
Index S aniton of D:;e *  bonate bonate fate Ch(lg:;de trate Hé‘:d;egss conduct- pH
letter well culiseibon (HCO3) (CO3) (SO4) (mg/l) (NO3) (m,g/l) ance  (units)
(feet) (mg/l)  (mg/l) (mg/D) (mg/1) (micro-
mhos)

A NW4 sec. 13, 160 7-15-59 232 0 1 216 0 103 1,090 8.1
T.78,R.3E.

B SWisec. 4, 60 10-18-60 245 0 0 98 0 144 700 13
T.68,R.5E.

C NE% sec. 5, 34 10- 5-56 368 0 85 28 0 M0  esiwom e
T.5S.,R.4E.

D SE% sec. 27, 154 2- 3-58 346 0 15 14 0 285 600 13
T-85.R.2E.

E NE% sec. 33, 227 9-26-68 425 0 17 68 4 350 850 12
T.5S.,R.4E.

F SE% sec. 24, 131 11-21-61 365 0 30 6 0 330 600 s
T.4S,R.1E.

G NWisec. 1, 120 11- 3-58 370 0 23 17 0 305 oawes msems
T.4S.,R.5E.

H SW4 sec. 35, 217 2-20-53 270 0 0 26 0 132 530 7.7
T.3S,R.6E. ,

I NW4% sec. 11, 226 2-20-53 228 0 0 17 0 70 460 79
T.4S.,R.6E. :

J NE% sec. 2, 87 11- 3-58 330 0 15 7 0 210 iosee meses
T.4S.,R.3E. )

K SW4 sec. 3, 80 3- 1-61 250 0 180 13 9 385 750 7.4
T.78,R.6E.

L NE% sec. 12, 86 10-22-56 338 0 33 10 0 295 640 1.5
T-58.R.6E.
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Marshall Formation

.

Coldwater Shale

Sunbury, Berea, and
Bedford Formations

MAP B
BEDROCK GEOLOGY
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EXPLANATION
Well yield, in gallons per minute

20 to 50
Some wells yield as much as 500 gpm

10 to 20
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RESULTS OF BASE-FLOW INVESTIGATIONS

Shows altitude of the bedrock surface.
Contour interval 50 feet. Datum is

Location Discharge Chemical constituents, in milligrams per litre o Color
lr;i:x P Drainage s - b Hardness as CaCO3 CS(F::I?::_ pH Temp- (plat-
- No. i icar- arbon- iy ; : q

on No.04- RO Sec. | % | TOW™ | Range (sareai) (1970) | (cfs) (cfsm) | bonate ates Suétgte Chlg{;de I&tgt; Non- ance (units) fgét;‘“ ::t:::;:lt
o ship q m (HCO,) (CO3) (8S04) ( 3) | Ca, Mg ca:ltagn- (micromhos) i)
1 175570 River Raisin 31 SE 4S8 2E 16.5 5-11 1.7 0.709 256 2 46 75 0.0 260 50 470 8.4 20.0 50
near Brooklyn 8-10 6.78 411 240 1 26 75 .0 240 40 460 8.3 24.0 55
2 175575 River Raisin 19 NW 48 2E 323 5-11 18.9 .585 235 4 52 11 .0 260 60 470 8.3 20.0 40
at Brooklyn 8-10 12.6 .390 223 2 26 12 .0 230 40 460 8.3 24.5 50
3 175580 Goose Creek at 4 SwW S8 1E 24.9 5-12 14.8 .594 259 0 29 8.0 .0 240 30 450 8.2 19.0 10
Cement City _ 8-10 8.88 297 227 2 ¥ 9.5 .0 220 30 420 8.4 24.5 35
4 175585 Goose Creek 24 NE 48 1E 39.1 5-117| 26.7 .683 257 0 26 9.5 3 240 30 440 8.2 19.0 5
at Brooklyn 8-10 5.5 .396 257 0 17 11 Tt 240 30 460 8.1 21.0 25
§ 175590 Stony L. outlet 5 NW 48 2E 12.4 5-11 3.71 .299 273 0 40 12 o | 290 60 520 7.9 17.0 30
near Napoleon 8-10 2.07 .167 261 0 34 14 2.8 270 50 520 8.2 20.5 30
6 175595 River Raisin Trib. 3 NE 4S8 2E 13.6 5-11 .89 .068 203 2 18 4.5 3 190 20 350 8.4 20.0 0
at Norvell 8-10 2.53 .194 240 0 13 6.0 .8 220 20 420 8.2 24.0 60
1 175560 River Raisin 33 SE 38 3E 132 5-12 71.2 539 251 0 35 9.0 " | 250 40 450 8.2 18.0 25
near Manchester 8-10 46.8 355 saa -- -- -- 1 | .- -- 480 8.4 25.0 70
8 175630 River Raisin 29 SE 48 4E 167 5-12 90.6 542 266 0 35 10 .0 260 40 490 8.1 18.0 20
near Clinton 8-10 63.9 .382 255 3 26 11 1.1 250 40 480 8.4 24.5 50
9 175650 Iron Creek 29 SwW 4S8 4E 28.8 5-12 20.1 .698 253 0 32 7.0 .0 240 40 450 8.1 16.0 28
near Clinton 8-10 942 327 233 2 17 8.0 .0 220 30 440 8.4 23.0 30
10 175665 Evans Cigek 22 NE 58S 3E 15.0 5-12 p A | .181 295 10 57 11 .8 300 40 540 8.7 15.0 40
at Tipton 811 2.03 35 256 1 17 9.0 o0 240 30 480 8.3 19.5 50
11 175680 Evans Creek 27 Sw 5S 4E 34.2 5-11 572 .167 282 2 120 16 1.0 350 110 630 84 17.0 30
at Tecumseh 8-10 4.50 132 301 5 58 16 1.5 330 80 600 8.5 225 45
12 175700 River Raisin 21 NE 6S 4E 267 5-11 136 .509 il 0 49 4.0 1.3 280 50 530 8.1 18.5 30
near Tecumseh 8-11 97.9 367 275 1 34 37 13 270 50 560 8.4 210 30
13 175750 S. Br. River 14 NE 78 2E 23.7 5-11 4.28 .181 2732 0 110 31 1.6 330 100 610 8.0 16.5 110
Raisin at Cadmus 8-10 3.45 .146 289 0 50 17 2.6 310 70 580 8.0 22.0 215
14 175800 Hazen Creek 13 NW 78 2E 24.9 5-11 6.29 253 311 0 79 12 .0 320 70 600 8.2 16.0 24
near Cadmus 8-10 6.85 298 328 0 42 12 -- 320 50 580 8.2 50
15 175830 Stony Creek 31 NE 78 3E 12.9 5-11 5.80 450 329 0 150 16 1.1 410 140 750 8.0 16.0 65
at Sand Creek 8-10 2.82 219 354 2 170 15 1.0 440 140 700 8.3 21.0 30
16 175850 S. Br. River 10 NE 78 3E 86.8 5-11 29.1 335 311 0 100 19 1.3 360 100 670 8.1 16.5 40
Raisin at Adrian 810 | 252 290 | 316 0 67 24 1.6 340 80 625 82 | 21.0 50
17 175875 Wolf Creek 35 | NE 58 2E 18.7 5-11 37.4 2.00 288 0 71 17 6 310 70 580 8.1 18.5 80
near Onstead 8-10 6.24 334 398 0 50 16 [ 310 60 680 8.1 22.5 50
18 175900 Squaw Creek 2 NW 6S 2E 11.0 5-11 3.38 .307 295 4 53 14 .0 310 60 560 8.4 19.0 60
near Onstead 8-11 1.60 .145 328 0 18 4.0 .0 300 30 540 8.0 22.5 80
19 175920 Wolf Creek 19 SwW 6S 3E 414 5-11 1. 428 296 0 71 16 1ad 310 70 580 8.2 17.0 60
, near Rome Center 811 9.61 232 309 0 18 16 1.5 310 60 580 8.2 20.5 80
20 175940 Black Creek 19 Sw 6S 3E 16.7 5-11 3.93 238 257 4 150 18 3.0 390 170 700 8.3 16.5 110
near Rome Center 8-11 2.98 .178 333 1 50 21 .6 430 150 750 8.3 --- 210
21 175950 Wolf Creek 27 SwW 6S 3E 69.7 5-11 24.8 356 301 0 100 18 .6 330 90 620 8.1 16.0 50
near Adrian 8-11 18.6 .267 400 3 170 21 1.5 350 20 625 8.3 19.5 75
22 175960 S. Br. River 25 SE 6S 3E 165 5-12 58.4 354 293 0 110 34 12 340 100 700 7.9 15.5 50
Raisin near Adrian 8-10 52.8 320 288 0 15 31 3.0 310 80 650 7.9 24.0 85
23 175980 Beaver Creek 25 NE 6S 3E 14.7 5-11 4.14 .282 285 1 150 16 3 360 130 680 8.3 16.5 10
near Adrian 8-10 3.49 237 325 0 170 21 8 380 120 720 8.2 215 10
24 176000 River Raisin 5 NW 7S 4E 463 5-12 208 449 290 0 65 22 35 300 60 600 8.1 17.0 30
near Adrian 8-11 144 311 279 0 50 21 2.6 290 60 590 8.0 22.0 25
25 176020 Bear Creek 4 SE 8S 2E 17.1 5-11 6.66 .389 255 0 120 12 9 320 110 590 7.8 18.5 90
at Seneca 8-10 6.25 .365 256 0 83 11 1.0 290 80 520 8.0 23.5 90
26 176040 Black Creek 10 SE 8S 3E 424 5-11 15.6 .368 27 0 120 19 i 350 120 650 8.2 17.0 45
at Jasper 8-10 11.3 .267 267 0 120 17 2.0 320 100 650 8.2 20.5 70
27 176060 Nile Ditch 14 SW 8S 3E 25.0 5-11 3.00 120 242 13 120 22 .6 310 90 600 8.9 20.5 10
near Jasper 8-10 .90 .036 176 2 120 22 -- 260 110 555 8.4 24.0 30
28 176080 Bear Creek 12 NE 9S 3E 223 5-11 4.20 .188 226 4 120 45 19 350 160 700 8.5 19.0 30
near Ogden Center 8-10 10.5 471 212 0 83 26 8.0 260 80 580 8.0 23.5 80
29 176100 Bear Creek 17 SE 8S 4E 355 5-11 5.34 .150 220 0 110 44 14 200 20 680 8.2 18.0 20
at Ogden Center 8-10 377 .050 266 2 100 87 3.0 350 130 810 8.3 22.0 50
30 176110 Big Meadow Drain 34 SwW 78 4E 10.7 5-12 3.39 307 285 0 96 16 4.7 330 100 610 8.2 15.0 15
near Blissfield 8-10 2.90 271 254 5 83 20 1.8 300 80 600 8.6 23.0 20
31 176120 Black Creek 2 NW 8S 4E 141 5-12 31.9 .226 271 0 110 22 5.3 340 120 650 8.0 17.0 30
near Blissfield 8-10 20.5 .145 270 0 83 17 1.6 310 90 660 8.2 23.0 50
32 176130 Hahn Drain 3 SE 8S 4E 10.6 5-11 .98 .092 159 0 87 34 16 260 130 550 8.2 20.5 30
near Blissfield 8-10 .02 .002 151 @ 67 53 2.0 220 90 755 8.5 30.5 75
33 176140 River Raisin 30 SE 78 SE 643 5-12 - - 283 0 68 20 45 320 80 600 7.9 18.0 30
34 176150 Riga Drain 28 NE 78 SE 9.69 5-12 .80 .083 266 0 120 52 3.0 360 140 750 8.0 11.0 30
near Blissfield 8-10 .03 .003 222 22 50 800 2.0 490 270 2,900 9.2 28.0 60
35 176160 River Raisin 12 | NE 78 SE 686 5-12 | 285 415 | 285 0 69 21 2.2 320 80 610 7.9 19.0 20
near Deerfield 8-11 196 .286 276 0 58 23 3.0 290 70 640 8.0 23.0 50
36 176170 Swamp Raisin C. 21 SE 6S 6E 31.6 5-11 347 .110 237 0 120 32 11 340 150 650 8.0 19.0 10
near Dundee 8-10 .74 .023 194 4 83 41 .0 270 110 540 8.5 25.0 30
37 176180 Little River 23 SW 6S 6E 42.9 .- --- --- 228 0 79 33 3.2 320 140 640 8.1 --- i85
Raisin at Dundee 22 SwW 6S 6E 41.9 8-11 1.22 029 183 3 58 41 4 250 90 510 8.4 --- 30
38 176200 River Raisin 13 SE 6S 6E 761 5-11 316 415 282 g 80 22 6.0 320 80 600 8.3 18.0 25
at Dundee 8-11 210 276 271 0 50 25 2.6 290 70 “-- 8.2 --- 40
39 176220 M. Br. Macon R. 28 NE 58 SE 19.8 5-11 2.94 .148 275 0 100 14 2.0 320 100 600 8.2 --- 30
near Britton 8-10 1.4 .056 260 3 87 22 N 280 70 560 8.3 27.0 30
40 176230 M. Br. Macon R. 11 NwW 6S 6E 43.8 5-11 4.54 .104 266 1 83 24 2.6 330 120 620 8.3 19.5 15
. near Dundee . 8-10 1.29 .029 217 3 83 29 .0 280 90 550 8.3 275 0
41 176240 S. Br. Macon R. 15 NwW 6S SE 10.5 5-11 1.94 .185 256 0 170 18 4.0 360 150 700 8.0 23.0 20
near Britton 8-10 1.11 .106 271 2 120 23 .0 340 110 610 8.4 30.0 0
42 176260 S. Br. Macon R. 11 NwW 6S 6E 45.5 5-11 4.95 .109 238 0 130 33 12 360 160 680 8.1 19.5 10
near Dundee 8-10 2.43 .053 211 1 120 40 .0 280 110 590 8.3 28.0 40
43 176300 N. Macon C. 5 NwW 58 6E 14.5 5-11 1.32 .091 260 0 87 20 32 300 90 580 8.1 20.5 20
near Mooreville 8-10 0 0 s - -- -- .. --- -- “ea .- .- --
44 176310 N. Macon C. 25 NW 58 6E 23.0 5-11 2.26 .098 256 0 91 28 3.8 320 110 620 8.0 18.5 20
at Azalia 8-10 .29 .013 254 1 75 43 4 300 90 540 8.3 27.0 40
45 176320 N. Macon C. 36 SE 58 6E 45.1 5-11 --- --- 250 0 120 21 6.9 340 140 670 8.1 19.0 25
near Azalia 8-10 .004| O 425 0 .- 280 12 610 240 1,550 8.0 23.0 150
46 176330 Macon River 8 NW 6S 7E 144 5-11 133 .092 245 0 130 39 4.2 350 150 680 8.2 18.0 10
near Dundee i 8-11 3.22 .022 176 4 210 100 1.9 440 290 1,300 8.5 24.0 15
47 176350 Saline River 17 NW 48 SE 28.8 5-11 7.48 .260 294 0 180 14 1:2 420 180 740 8.2 17.0 25
at Benton 8-10 2.79 .097 329 4 120 14 .6 400 120 750 8.4 19.0 25
48 176370 Saline R. Trib. 34 SE 38 SE 13.2 5-11 2.54 .192 319 0 100 18 5 370 100 660 8.2 18.0 10
near Saline 8-10 .90 .068 302 6 120 14 1.6 350 90 675 8.5 22.0 10
49 176380 Saline R. Trib. 36 NW 3S SE 13.7 5-11 4.59 .335 387 0 210 38 6.0 470 160 880 8.2 16.0 5
No. 2 at Saline 8-10 2.68 .196 293 0 100 54 7.8 390 150 800 8.0 20.0 10
50 176390 Saline River 1 SE 4S8 SE 77.6 5-11 20.2 .260 312 0 170 42 e | 400 140 840 A 19.0 30
at Saline ‘ 8-10 9.32 .120 300 2 170 31 1.9 400 150 750 8.4 23.0 20
51 176400 Saline River 13 SE 4S8 SE 94.6 5-11 27.0 .285 323 0 150 20 3.0 420 150 790 8.2 18.0 20
near Saline 8-10 19.6 .207 299 0 100 30 3.0 380 140 750 8.2 22.0 30
52 176420 Saline River 1 SwW 5S 6E 113 5-11 36.5 323 304 0 130 42 3.8 380 130 780 7.8 19.5 20
: at Milan * ‘ 8-10 16.7 .148 355 0 110 49 3.8 370 80 800 8.1 25.0 30
53 176430 Saline River 5 NE 6S 7E 127 5-11 37.5 .295 308 0 140 34 3.6 390 130 760 8.1 18.0 30
near Dundee 8-11 18.9 .149 323 3 73 40 2.0 380 120 770 8.4 .- 35
54 176500 River Raisin Land Grant 6S 8E 1042 5-12 370 358 268 4 81 22 3.7 330 100 620 8.4 18.0 40
near Monroe 350 811 184 ATT 272 0 91 24 3.6 320 90 660 8.1 .- 40
55 176515 Willow Run Land Grant 6S 8E 10.1 5-12 1.27 126 248 0 120 32 11 350 150 660 8.1 175 20
at Monroe 467 8-10 .01 .001 246 3 120 41 3 350 150 700 8.4 S 20
176540 River Raisin Land Grant 6S 8E 1062 5-12 308 .290 285 1 100 24 3.2 340 100 640 8.3 18.0 30
at Monroe 159 ‘ / 8-10 199 .187 266 0 120 24 2.0 360 140 640 8.2 -ue “--
.’5\' ’33" 45
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MINIMUM INFILTRATION RATES PROVIDE A BASIS FOR
ANALYZING DRAINAGE CHARACTERISTICS OF SOILS
Infiltration or absorption is an important factor in the reduction of
surface runoff. Also, it is by the infiltration process that water be-
comes available for vegetation and for the replenishment of ground
water. The infiltration rates are for surface horizons of soils covered
with sod and were determined with a water head of 2 inches.
Because they were determined with a head of water they may be
greater than if the water were from natural rainfall. The map is a
generalization based on a statewide sampling program of a number
of soil types. Within a given area there are soils with properties out-
side the designated range, but the limits set are for the predominant
soils.
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g Z 3 Pumpage at Y psilanti State Hospital
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Washtenaw County
Well: 04S 06E 09BB
Depth: 184 feet
Aquifer: Glacial drift
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WATER LEVELS, IN FEET BELOW LAND SURFACE

100

1946

1947

1948

1949

1950 1951 1952 1953

1954 1955 1956

1957

1958

1959

1960

1961

1962

1963

1964
WATER LEVELS IN A GLACIAL DRIFT AQUIFER FLUCTUATE A MAXIMUM ABOUT 37 AND 16 FEET ANNUALLY FROM PUMPAGE AT YPSILANTI STATE HOSPITAL
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Base from U.S. Geological Survey 1:250,000
Grand Rapids, 1958; Detroit, 1961; Fort
Wayne, 1953-69; and Toledo, 1956-69
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