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GROUND-WATER RESOURCES OF TIPPECANOE COUNTY, INDIANA
By Joseph S. Rosenshein

ABSTRACT

Tippecanoe County in central Indiana has an area of ahout 500 square miles. The land
surface is flat to rolling, except where the Wabash River and its tributary streams have
eroded deep valleys.

Most of Tippecanoe County is covered by glacial drift. The drift ranges in thickness
from a thin veneer to about 435 feet and was deposited upon a bedrock surface that was
eroded by a preglacial drainage system. Much of the surface drift consists of glacial
till, Water-laid crossbedded sand and gravel are associlated with the till, The subsur—
face glacial deposits also include much t11l with interbedded sand and gravel, Locally
clay deposits are as much as 106 feet thick. Within the drift, five sheetlike water-
bearing units numbered 1 to 5 are differentiated in parts of the county. Ground water
within these units occurs under artesian or water-table conditions. locally it occurs
under both artesian and water-table conditions within the same unit.

The bedrock underlying the county consists of shale, siltstone, and limestone of
Mississippian age and shale and limestone of Devonilan age. These rocks crop out in small
areas in the northeastern and the western parts of the county. The bedrock provides
generally small and uncertain supplies of water to wells in the county and is especially
important in the southwestern part, where water-bearing deposits in the drift are scarce.
Except in that part, the sand and gravel deposits within the drift are the most important
sources of ground water. All industrial and public water supplies and most of the domes-
tic supplies are obtained from wells, In most of the county only the upper 100 to 150
feet of the unconsolidated deposits have bean extensively drilled for water supplies.

Any deeper water-bearing sand and gravel that may be present within the drift are po-
tential sources of additional ground water for future use.

The ground-water reservoirs are recharged mainly by precipitation within the county,
The average annual precipitation is about 38 inches., The mnost favorable areas of re-
charge are the stream valleys and the adjacent sand-and-gravel terraces. A large part
of the county is covered by tight soils underlain by tight clayey till, Conditicns are
unfaverable in such areas for direct recharge to the ground-water reservolrs by precip-
ltation, but some occurs nevertheless. Some recharge takes place by movement of water
between different unconsolidated water-bearing deposits., In addition, recharge takes
place by influent seepage to the ground-water reservoilr from streams during periods of
high river stage.

Ground water 1s discharged from the aquifers of Tippecanoe County by evapotranspira-
tion, springs, and other effluent flow to streams, slow migration of water within the
ground-water reservoirs to points of discharge outside the county, and pumping from wells.
The estimated ground-water discharge to streams is about 140 millien gallons daily,

Ground water is withdrawn from the aguifers in the county by dug, drilled, and driven
wells. The estimated pumpage is about 20 million gallons daily. ©Of this amount industry
uses about 12 mgd, public water supplies about 7 mgd, and domestic and farm supplies
about 1,5 mgd. The estimated per capita use is about 115 gallons per day in the urban
industrialized areas, about 50 gpd in the rural nonfarm zreas, and about 25 gpd in the
rural farm areas.

The quality of the ground water in Tippecanoe County is suitable for general use.

The water is hard and may require special treatment for some types of industrial use and
locally for household purposes,
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INTRODUCTION

PURPOSE AND SCOPE

The investigation upon which this report is based was begun in 1945.
The ipvestigation was made Dby personnel of the United States Geological
Survey and of the Water Resources Division of the Indiana Department of
Conservation, as & part of the broad cooperative progran established by
these agencies in 1935 to inventory and evaluate the ground-water re-

sources of Indiana.

The report is the fourth in the series of five county ground-water
reports prepared for publication under the Indiana cooperative program.
The data upon which this report is based and a description of the methods
used in collecting the data are published as an appendix to this report in
Bulletin No. 8, "Ground-Water Resources of Tippecanoe County, Indiana,

Appendix: Basic Data."

Ground water is one of the most important mineral resources in Tippe-
canoe County. It is the principal source of water for domestic, industrial,
and public supplies in the county. With decentralization and expansion of
industry the demands for ground water can be expected to continue to in-
crease, The greater number of wells drilled in the rural sreas indicates
the increased demands for ground water for rural domestic use. In the
future, extensive demands for irrigation will require even greater deve-
lopment of ground water. The information in this report provides an aid
to sound planning and development of the ground-water resources of the

county.

The investigation was made under the general direction of A, N. Sayre,
Chief of the Ground Water Branch of the U. S5, Geological Survey, and under
the immediate supervision of C. M. Roberts, District Geologist of the
Ground Water Branch for Indiana.

LOCATION

, Tippecance County (fig. 1) is in the west-central part of Indiana. The
county is rectangular and ineludes about 500 square miles. It is bounded
by Benton, Fountain, and Warren Counties on the west, by White and Carroll
Counties on the north, by Carroll and Clinton Counties on the east, and by
Montgomery County on the south.

PREVIOUS INVESTIGATIONS

Detailed informatioan has not been published about the geology and
ground-water resources of Tippecanoe County. Publications referring to
Tippecanoe County are cited in various sections of the report and a list
is given in the selected bibliography, page 35.

The geology of Tippecance County was first described by S, S. Gorby
(1886, p. 61-96). Leverett and Taylor (1915, p. 95-96, 104, 116-117)
briefly described and outlined some of the glacial features of Tippecanoe
County. Prior to 1915 minor features of the glacial deposits were des-
cribed by McBeth (1900, 1901, 1902, 1905, 1915). The ground-water re-
sources of Tippecanoe County have been described 1n reports by Frank
Leverett (1889) and Marshall Harrell (1935).
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WELL-NUMBERING SYSTEM

In the well-numbering system used in this report to locate and identify
the wells, all numbers for wells in Tippecanoe County bear the prefix "Tc.”
Each township and range is assigned a letter symbol (tables 5 and 6). The
nunber after the township symbol indicates the section in which the well i1s
jocated. Within each section the wells are numbered consecutively. For
example, well TcF 13-1 is the first well listed in Sec, 13, T. 23 N., R. 5 W.
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GEOGRAPHY

Tippecanoe County has a population of 74,473 in 1950, according to the
Y. S. Census. The population had increased 46 percent from 1940 to 1950,
Lafayette, with a population of 35,568, is the largest city and the in-
dustrial center of the county. It is served by three railroads, four bus
lines, and many long distance truck limes. West Lafayette, with a popula-
tion of 11,873, is the second largest city in the county and is the home
ol Purdue University.

Tippecance County's economy is diversified. Of 28,123 people employed
in 1950, 5,746 were engaged in manufacturing, 4,338 in education, service,
and government, 2,832 in retail trade, 2,375 in agriculture, and 1,675 in
construction. '

Tables 1 and 2 show the major crop and livestoek production and quan-
tity marketed in the county. Of the 500 square miles in the county, 92,4
percent is in farms.

Tippecanoe County has few mineral resources of economic importance.
The large sand and gravel deposits and ground water are the chief mineral
resources of the county. A number of sand and gravel pits are in opera-
tion, the largest of which is south of the Purdue University campus in
West Lafayette.

Table 1.--Livestock production and value of product in
Tippecanoce County, 1954 (1/)

Product Number raised | Number sold | Value {dollars)
Cattle.... 35,126 16,493 $2,392,304
HOES.cres. 91,393 108,471 4,694,796
Sheep. . ... 10,930 8,325 141,524
Chickens.. 399,492 255,655 246, 261
TUrkeyS. .. 31,650 cesanee crasaseess
DuckS..... 1,087 casanns cetaasrass

1/ Data from 1954 U. S, Census of Agriculture
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Table 2.--Crop production and quantity marketed 1in
Tippecanoe County, 1954 (1/)

Product Acreage [ Bushels harvested | Bushels sold
Corn 87,685 | iiiiinttininennns 2,051,252
¥heat 31,800 740,123 687,888
Cats 19,989 870,862 234,985
Rye 1,195 23,411 15,503
Soybean 44,398 | iiiivrrnsasasens teseanans
Hay 19’144 LA R LI N S BN BB I R N R AL L I B )

1/ Data from 1954 U. S, Census of Agriculture

Tippecance County has a climate characteristic of the northern midcon-
tinent region, The average annual precipitation is about 38 inches and is
nearly evenly distributed throughout the year, but with a slight concentra-
tion in the growing season from May through September. Figure 2 shows the
annual precipitation at West Lafayette from 1923 through 1954, Table 3
shows the average monthly precipitation at the same station from 1880
through 1954,
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Table 3.--Average monthly precipitation
and temperature at ¥West Lafayette
weather station, 1880-1954 (1/)

Average Average
Month precipitation | temperature

(inches) (°F)
JAOUAT Y. e e 2,55 26,6
Februaryv... 2.30 28.9
March...... 3.11 39.2
April..cesss 3.48 50.9
May.oveoven 4.18 61.8
June....... 3!95 71-4
JUlVeeaveas 3,78 75.6
August..... 3.48 73.4
September.. 3.24 66.8
October.... 2,71 54.6
November... 2,79 41.0
December.,.. 2,56 30.4

1/ Data from U, 5. Weather Bureau

The average annual air temperature at West Lafayette is about 52°F.
The coldest month is January and the warmest is July. Table 3 shows the
average monthly temperature at West Lafayette from 1880 through 1954.
The annual growing season averages 170 days.

TOPOGRAPHY AND DRAINAGE

The land surface of Tippecanoe County is flat to rolling, except where
the major streams have cut deeply into the surface. The polnts of highest
elevation are in the southeastern part of the county, and the points of
lowest elevation are along the western edge of the county on the Wabash
River flood plain, The maximum relief is about 330 feet.

All of Tippecanoe County lies within the drainage basin of the Wabash
River and its tributaries. The Tippecanoe River, a principal tributary,
enters the Wabash River in the northwestern part of T. 24 N., R. 3 W.
(p1. 1).

The patterns of tributary streams of the Wabash River show the effect
of glacial control upon their courses. Many of the streams make right
angle bends; for example, the course of Little Wea Creek irn the southwest-
ern part of the county is partly controlled by a morainal ridge. Glacial
control of Big Wea Creek's stream pattern is not as evident., An abandoned
stream valley northwest of West Lafayette (Rosenshein and Cosner, 1956,
pl. 2) apparently was associated with glacial drainage and is not a surfi-
clal reflection of preglacial drainage. Indian Creek and Burnett Creek
flow through parts of this abandoned Valley. Burnett Creek has an unusual
stream pattern. The creek flows first generally scutheast, next northeast,
and then sharply reverses its flow to the southwest near the Wabash River
and continues roughly parallel to the Wabash for about three miles before
entering it.




GEOLOGY AND WATER-BEARING CHARACTERISTICS OF THE

CONSOLIDATED AND UNCONSOLIDATED ROCKS

A reconnaissance survey was made to obtain information about the
lithology, structure, and regional distribution of the glacial deposits and
consolidated rocks in Tippecanoe County. These geologic factors control
the occurrence, movement, availability, recharge, and discharge of ground
water in the county.

Artificial excavations, stream banks and terrace scarps, and other
outcrops were examined to gather information on the physical characteristics
of the rocks. Aerial photographs were used to locate and outline the areal
extent of terraces and the significant glacial features. Additional infor-
mation was obtained from an unpublished soils map of Tippecance County made
available by the Purdue University Agricultural Experimental station.

BEDROCK GEOLOGY

The consoclidated rocks underlying the drift-cover of Tippecance County
are not extensively exposed. The oldest rocks exposed consist of shale of
Devonian age. These rocks crop out along the face of the lowest terrace
rising above the Wabash River in secs. 10 and 11, T. 24, N., R. 3 W., and
in the channels of a number of small tributary streams. According to Gorby
(1886) the rock is the New Albany shale. .

The flat-lying shale is blue-~black, fissile, and fossiliferous, The
shale weathers to thin, flat chips and contains pyrite. The out-crops show
a well defined joint system which influences the courses of the small
streams flowing on the rock., Although the fracture system iz well formed,
the fractures do not appear to be open to movement of water.

Rocks of Mississippian age (Gorby, 1886) are exposed (pl. 1) inm the
western part of the county. These rocks consist chiefly of shale, siltstone,
and limestone. In the NW} sec. 3, T. 22 N., R. 6 W., about seventy feet of
Mississippian rocks are exposed in a stream cut. The rocks are fractured,
but the fracture system is not well defined.

Rocks of Early Mississippian age crop out in the vicimnity of Flint Creek.
In the NE}NE} sec. 24, T. 22 N., R, 6 W., a minor angular unconformity is
exposed. At the base of the cut, gray shale crops out and is overlain by a
bed of dense limestone. A dolomitic limestone containing chert rests non-
conformably upon the underlying shale and limestone. Water is discharged
from these rocks as seeps along the bedding planes of the shale and also as
seeps at the contact of the shale with the overlying dense limestone.




GLACIAL GEOLOGY

The surface of Tippecanoe County has not been modified extensively by
postglacial erosion. In the socuth half and in the northwestern part of the
county, where the drainage is poorly developed, only a moderate amount of
topographic relief exists. lLocally kames and eskers stand above the flat to
rolling morainal terrane. In the extreme southern part of the county the
ground moraine is pitted. Many of the depresslions are elongated, their long
axes being either roughly perpendicular or roughly parallel to the trend of
the morainal ridges.

The central and northeastern part of Tippecance County was deeply eroded
by the Wabash River and its tributaries during late Pleistocene time. The
greatest topographle relief is present along the stream valleys, and the
glacial deposits that extend under the upland crop out in the valley walls,

The glacial deposits in Tippecanoe County range in thickness from a thin
veneer to more than 206 feet. The thickest deposits of unconsolidated
material are in the buried stream valleys. According to unpublished seismic
data obtained from the files of the Indiana Geological Survey the greaiest
thickness of drift in the county is about 435 feet in the SW; sec. 27, T. 21
N., R. 4 W. The glacial deposits are very thin in the southern part of Tps.
21 and 22 N,, Rs. 5 and 6 V.

Surficial deposits

The glacial drift 1/ of Tippecance County 1s composed of lce-laid and of
water-laid (glaciofluvial) deposits. Material deposited directly by glacial
ice that has undergone little or no water sorting, is called till. The
character of the till depends in part upon the type of debris carried by the
ice. The glacial debris was derived from the rocks over which the glacler
traveled. The till can range in texture from fragments of boulder size to
fine clay with a heterogeneous mixture of all intermediate grain sizes.

Tippecance County is extensively covered by till (pl. 1). In the north-
ern and eastern parts of the county a gray-blue till ranging from about 3
feet to 20 feet in thickness is exposed in the walls of the stream valleys.
The gray-blue till consists chiefly of clay with small and large pebbles
embedded throughout and locally contains emall-to medium-sized boulders. In
the northeastern part of the county, the till contains many small fragments
of blue-black to gray shale. The shale fragments have been derived locally
from the blue-black shale that lies beneath the drift and north and east of
the county. In the NW}SW} sec. 23, T. 24 N., R. 3 W., about 15 feet of gray-
blue till is exposed along Sugar Creek. This till is compact, calcareous,
and clayey and contains pebbles and cobbles. The deposit shows a weak
fissility, apparently caused by glacial compaction. The till is overlain by
about three feet of water-laid sand and gravel. The contact between the
twoe deposits is nonconformable.

At least two zones of gray-blue clayey till are exposed in the northeast-
ern part of the county. Water-laid sand and gravel or cemented sand and
gravel are interbedded with the till {Rosenshein, 1855, p. 176). The con-
tact between till zones and the water-laid deposits is usually nonconformable.

In the SW}S#} sec. 11, T. 24 N., R. 3 ¥., about 10 feet of deformed,
compact calcareous, clayey maroon till rests upon the bedrock surface.

1/ Drift refers to any type of deposit related to glacial action and has
a very general meaning.




Pebbles and cobbles in this till are partly or completely decomposed as a
result of weathering. Water-laid sand and gravel, showing graded bedding,
rest disconformably upon the till.

The till of the scuthwestern part of the county has a higher sand and
gravel content than the other tills described., locally, deposits of sand
and gravel are interbedded with the till and form ridges which rise above
~the morainal terrane.

The physical character of the glaciofluvial deposits in Tippecanoe
County depends upon a number of factors. Grain-size distribution is affect-
ed by the type of material carried by the glacier, the volume and velocity
of water discharged, and the distance of transport from the ice front. The
volume and velocity of the water varied with changes in climatic conditions
affecting the ice. The coarser materials such as gravels, cobbles, and
pebbles are the first to be deposited when a stream can no longer carry
its original load because of decreased velocity. The velocity of z glacial
stream may decrease where the water discharges into a lake or ponded area
near the ice front or along the stream course, where the water spreads onto
till plains or relatively flat bedrock surfaces, or where the width or the
depth of the channel change. Within an area of transportation and deposi-
tion, the glaciazl material may be reworked many times, with the result that
a deposit of relatively uniform grain size is formed. On the other hand,
glacial materials moved only once by melt water may form rather hetero-
geneous deposits.

The areal extent of the surficial glaciofluvial deposits of Tippecanoe
County is shown on plate 1. There are two principal types of water-laid
deposits in the county, (1) deposits filling preglacial or interglacial
drainageways and (2) local deposits forming elongated bodies in ground
moraine. Intricately crossbedded water-laid deposits of tyPe (1) crop out
along the Wabash River and its tributaries. The tabular foreset and
compound lenticular types of crossbedding are common (Lahee, 1952, p. B88-96;
Shrock, 1948, p. 242-254). Each bed of the crossbedded material making up
the bulk of the deposit is separated from another bed by a thin layer of
gravel and pebbles. Within a bed the fine mat«rial may be concentrated at
the top. Clay lenses are interbedded with the sand and gravel and marked
changes in grain size take place vertically and horizontally, in a short
distance. These physical features influence the movement of ground water
and are important in the determination of water-bearing properties of the
agquifers in the region.

Morainal ridges are present in the southern half of the county. The
ridges are prominent in T. 21 N., Rs. 5 and 8 W., and the south half of T.
22 N., Rs, 5 and 6 W, The ridges consist in part of deposits of water-laid
clay, sand, gravel, and boulders. The coarse texture of the material is
revealed in a number of small gravel pits in the ridges. The stratifica-
tion shown in the granular material ranges from weak to strong. A cut, in
a morainal ridge in the NE&NE& sec, 13, T. 21 N., R. 4 W,, shows about 20
feet of coarsely crossbedded sand and gravel. BSmall clay lenses are present
throughout the deposits. The sand and gravel are well sorted. In another
cut in a larger morainal ridge in the NE1SE}l sec. 17, T. 21 N., R, 4 ¥., 15
to 20 feet of sand and gravel are exposed to the base of the pit. The floor
of the pit consists of clay.

Pleistocene sandstone and comglomerate are associated with the glacio-
fluvial deposits and the till. The sandstone and conglomerate are inter-
preted (Rosenshein, 1955, p. 176) as a cemented phase of the glaciofluvial
sequence and are limited in outcrop area to the Wabash River and parts of
its related drainage system.




Subsurface deposits

The subsurface glacial deposits in Tippecanoe County are similar to those
at the surface and consist of clay, silt, sand, and gravel, Clay and silt
usually are not differentiated in description of the subsurface geclogic
material and are grouped under the general heading of clay.

Clay

Clay is reported in almost every driller's well log. Clay layers range
from a few feet to more than 100 feet in thickness. The clays penetrated are
gray-blue, gray, yellow, brown, and green. The gray-blue clays are the most
widespread and are reported inm drilled wells from all parts of the county.

In places the clay deposits are sandy or gravelly. Where sandy and gravelly
clay has been compacted and is hard to drill through, it is called hardpan.
Locally the clay is interbedded with both saturated and unsaturated sand and
gravel., In T. 22 N., Rs. 3 and 4 W., and in T. 23 N., R. 3 W., there is an
indication of & buried moraimne which has a considerable thickness of gray-
blue clay. The clay is commonly from 40 to 80 feet thick and locally 1s more
than 100 feet thick., In the central part of T. 22 N., R, 4 W., the buriled
moraine thickens.

Gray-blue clay was deposited directly upon the bedrock in some places.
In well TcG 34-5 (Rosenshein and Cosner, 1956, p. 44), 7 feet of gray-blue
clay lies on top of limestone. In another well, TcK 13-2 (Rosenshein and
Cosner, 1956, p. 52), 25 feet of gray-blue clay lies on shale.

Gray-blue clay is overlain near the surface in many parts of the county
by yellow clay. Yellow clay deposits up to 34 feet thick are widespread just
beneath the soil. The average thickness of the yellow clay is about 15 feet.
In some areas this clay is sandy. The clay is reported to be gravelly in
well TeG 34-12 and bouldery in well TeG 14-1 (Rosenshein and Cosner, 1956, p.
37). In places the yellow clay is underlain by a brown clay or by unsatu-
rated sand and gravel. A brown sandy clay or unsaturated sand and gravel is
present where the yellow clay is absent.

Brown clay is reported at various levels in the stratigraphic sequence.
The brown clay is not as prevalent as either the blue or the yellow clay.
The brown clay is usually sandy and is reported sometimes as a hardpan. Brown
clay layers range from 2 to 72 feet in thickness. At cone location 26 feet of
brown clay overlies brown shale (Well TeG 29-1; Rosenshein and Cosner, 1956,
p. 40).

Green clay deposits are rare but have been recorded in a few wells. The
thickest deposit is reported to bhe 27 feet. In well TcN 9-1 (Rosenshein and
Cosper, 1956, p. 57), 7 feet of green "mud” is reported on top of a limestone.

Sand and gravel

The drift of Tippecance County contains many deposits of sand and gravel.
These deposits are the chief source of ground water and range {pls. 4, 5, and
6) in size and shape from small lenses or pockets to extensive sheet-like
deposits. Where bedrock is close to the surface, the coarse deposits thin out
against the bedrock or are present only locally as in the south half of T. 22
N., Rs. 5 and 6 W., and in T. 21 N., Rs. 5 and 6 W., (pl. 3). The deposits
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range in grain size from coarse gravel to fine sand; some are clayey, silty
or bouldery. In well TeG 17-8 (Rosenshein and Cosner, 1956, p. 38), 40 feet
of coarse gravel, cobbles, and boulders was reported. Beds of sand and
gravel range from 1 foot to 185 feet in thickness. Coarse-grained material
may occur anywhere in the stratigraphic sequence, interbedded with clay or
lying upon bedrock. A well log may report sand and gravel beds at different
levels. Some coarse deposits are unsaturated, others water-bearing. The
greatest reported thickness of unsaturated sand and gravel is 70 feet. In
wells TeG 34-8 and TcG 9-7 (Rosenshein and Cosner, 1956, p, 37, 44), a
water-bearing sand and gravel 76 feet thick was reported.

In areas where coarse-grained deposits lie directly on bedrock, thick-
nesses ranging from about 1 foot to about B0 feet have been reported.

Sand and gravel lie at or close to the surface in parts of T. 24 N., Bs.
3 and 4 W., T. 23 N., Rs. 3 and 6 W., and T. 22 N., Rs, 3 and 6 W. These
deposits range from a few feet to 144 feet in thickness. In many places
the coarse materials are underlain or overlain by clay. Where sand and
gravel deposits lie at or very near the surface they are important to
.ground-water recharge.2/

Plates 4, 5, and 6 are maps showing the areal extent of individual un-
consolidated water-bearing deposits in parts of Tippecanoe County. The
maps were prepared from the subsurface information obtained from drillers’
logs of wells and from seismic data. All available data were checked with
respect to clearly determinable facts, such as location of wells and
altitude of the land surface. Reports of materials penetrated by wells
were interpreted in terms of geologic units known or thought to be present.
Pertinent hydrologic facts such as altitude of the water levels in wells
were taken into account., The results of the studies were plotted on a
basze map from which it was possible to evolve a three-dimensional picture
of the extent, thickness, and vertical relations of 5 units, dominantly
sand and gravel., These sand and gravel units together make up the com-
posite glacial-drift aquifer underlying Tippecanoe County and are separate-
ly illustrated on plates 4, 5, and 6. Generalized cross-sections {pls. 7,
8, 9) were prepared to show the vertical relations of the various geclogic
units and to show the relations of the unconsolidated materials to bed-
rock. Interpretation of the configuration of the bedrock surface is based
in large part on seismic data furnished by thée Indiana Geological Survey.

The geology, ground-water conditions, and water-bearing characteris-
tics of the mappable sand and gravel units are described in table 4. 1In
evaluating the water supply of the units, the following factors were taken
into consideration: (1) Well construction; (2) reported yields and draw-
downs; (3) saturated thickness; (4) the coarseness of the deposits as
indicated by the slot size of well screens; and (5) saturated thickness
penetrated by the well. (See tables 2 and 3, Rosenshein and Cosner, 1956. }
Variations in ground-water conditions from place to place in upits 1 and
2 are indicated on the aquifer maps. Where the regional water surface
lies below the bottom of -2 sand and gravel unit, the unit is unsaturated
and therefore is not an aguifer. At a given point the approximate depth
to the individual units can be determined by comparing the topographic
map (Rosenshein and Cosner, 1956, pl. 2), with the detailed agquifer maps
and subtracting the altitude at the top of the unit from the elevation of
the land surface.

2/ For a detailed discussicn of the areas of recharge see p. 17 and 18,
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Evidence of multiple glaciation

The well-log data of Tippecance County give evidence of several ice
advances. The evidence consists of reports of buried muck zones, wood
fragments, and red beds, each of which indicates a former land surface.
Well logs that contain this information {(Rosenshein and Cosner, 1956) are

listed below.

Muck was reported in wells TcG 6-2, TeG 30-4, TcH 14-1, TeL 17-2, and
TeO 5-1; in particular, 4 feet of muck was reported on top of rock in well
TcO 5-1; ‘red beds were reported in wells TcB 36-1, TecG 20-6, and TcH 15-1;
chunks of wood were reported in well TcP 32-1. In addition to this type of
evidence, the well data indicate that two separate moraines are buried in
parts of T, 22 N,, Rs. 3 and 4 W,, and T. 23 N., Rs. 3 and 4 W.

Glacial history

During Pleistocene time, Tippecance County was covered by the lce of at
least two glacial advances. In the early phases of the glaciation the pre-
glacial topography must have exerted a strong influence upon the movement of
the ice, and the parts of the county underlain by shallow rock probably re-
mained as driftless areas. These areas may not have been covered by glacial
deposits until the Wisconsin glacial advance. Subsurface evidence indicates
also that the preglacial drainage system served in part as a sluiceway during
the different glacial advances and retreats. In Tippecanoce County the buried
valleys are filled with thick deposits of gravel, sand, and silt. These
valley deposits show that the buried drainage continued as a factor tending
to control glaecial drainage during most of the Pleistocene glacial epoch.

The subsurface geologic data indicate that at least two buried moraines
are present in Tippecanoe County. These moraines occur in parts of T. 22 N.,
Rs. 3 and 4 W., and T. 23 N,, Rs. 3 and 4 W, The altitude of the top of the
moraine in T. 22 N., R, 4 W,, is from about 585 to €58 feet., The altitude of
the top of the moraine in T. 23 N., R 3 W,, is from about 635 to 658 feet,
The moraines formed ridges around and over which sand and gravel were depos-
ited. Sand and gravel deposits (unit 2) in parts of Tps. 22 and 23 N., Rs.
3 and 4 W., indicate the depressions that existed on either side of the
buried moraines., A large part of the sand and gravel must have been derived
from the rock debris carried by the glacier. The complexity of the sedimen-
tary environment in which the deposits were formed is shown by the complex
crossbedding of the sand and gravel and the presence of many interbedded clay
layers.

The bedrock topography has acted as & control upon the type of glacial
material deposited in the southwestern part of the county. The high bedrock
surface is relatively flat and a predominantiy clayey sequence (till) was
deposited upon this surface., Also, the kames and eskers {(pl. 1, Tps. 21 and
22 N,, Rs. 5 and 6 W.), correlatives of the Bloomington morainic system
(Leverett and Taylor, 1915), are most strongly formed in the areas where
bedrock lies close to the surface,

RECENT DEPOSITS

The Recent deposits consist chiefly of alluvium deposited in river
channels and on flood plains of the valley bottoms., Windblown sand and silt
are associated with these deposits. A ridge of fine sand and silt in the
northwestern part of the coumty (pl, 1) is probably of windblown origin,
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Other areas of windblown sand are present along the Wabash River. The
latter deposits have not been differentiated on plate 1. Some arens cf the
county are underlain at the surface by yellow clay. The clay has = fairly
uniform grain size and is one of the youngest deposits in the area. The
clay forms a thir veneer covering a part of the county and locally hasg a
blocky appearance when dry.

BEDRGCK TOPOGRAPHY

Piate 10 shows the configuration of the bedrock surface underlying
Tippecanoe County. The map was compiled from records of more than 100 wells
penetrating bedrock and from about 350 seismic determinations. The bedrock
surface was deeply eroded by a preglacial drainage system. The pattern of
the bedrock surface reflects the influence of lithology upen the rate of
erosion and the development of the drainage. The areas of more resistant
rock form the bedrock highs in the southwestern part of the county. The
approximate depth to bedrock can be determined for any particular area by
comparing the topographic map of Tippecanoe County (See pl. 2, Rosenshein
and Cosner, 1856) with the bedrock contour map and subtracting the eleva-
tion of the bedrock surface from the elevation of the land surface.

HYDROLOGIC CYCLE

The water occurring on and near the surface of the earth is continously
involved in a vast process of circulation of water between the oceans and
the land, called the hydrologic cycle., Moisture is evaporated from large
bodies of water such as the oceans and is transported by air currents to
land areas where some of it is precipitated upon the land surface. Some
precipitation is evaporated as it falls through the air. A part of the
pPrecipitation is retained upon the leaves of the vegetation and is then
evaporated. Water that collects in surface depressions and does not drain
off or soak into the ground, is also returned directly to the atmosphere by
evaporation. Of the precipitation that reaches the land surface, some
escapes over the surface as direct runoff to streams. Eventually the streams
return much of this water to the oceans.

Part of the precipitation infiltrates or seeps into the ground through
the natural openings in the soil and in the rocks., A variable percentage
of this water is retained by the soil as soil moisture and is returned
eventually to the atmosphere through transpiration by plants and by direct
evaporation from the soil zone., The excess water continues to percolate
down through the pores of the subsurface material. Some of the water is
retained in the capillary openings in the subsurface material. The rest
descends into the zone of saturation, The water in the ground-water
reservolirs moves slowly through the pore spaces of the consolidated and
unconsolidated rocks and is eventually discharged by evapotranspiration or
through springs and seeps or 1s withdrawn from wells.

GROUND WATER

PRINCIPLES

All rocks have openings or pore spaces. The pore spaces are the openings
(interstices) that exist between the individual particles (grains) making up
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+he consolidated and unconsolidated rocks and the onenings
drted rocks caused by scolutien channeling, weathering, Jouno
faulting. These pore spaces may be microscopic Or megascopLo

The volume of pore space, expressed as a percentage or Lihe -
volume of the rock, is called the porosity., In uncomselidster
tary rocks such as sand and gravel. the original porosity is 3 &
of the grain-to-grain reiztionship - that is, the size, shapz, 2
sor+ing, and compacticn of the grains. The porosity of =2 rock ma)
creased after original cementation and compaction by deformaticr, f.
ing and faulting) or chemicael action (solution). Porosity reguliting
from such causes is secondary porosity.

Openings or pore Spaces in subsurface material may be partly or cop-
pletely filled with air, water, or some other fluid. The subsurizce
miterial throughout which the openings are ccmpletely filled with wolsr
under hydrostatic pressure is the zone of saturation, LLL water in the
zone of saturation is called ground water., Ground water is the suvbsur-
face water that is available to wells and springs. AlL subsurisce vater
that is not in the zone of szturatioro, such 25 soil moisture, weter Iz
the process of moving downward to the zore of saturation, or water sue-
pended above the zone of saturation by capillary attraction, is in the

zone of aeration (vadose zone).

The storage of ground water in the underground reservoir may bes 1lik-
ened to the storage of surface water in a surface reservoir. The wnourt
of available pore space determines the quantity of water thzt may be
stored in a subsurface material.

An aquifer is any geologic formation, part of a formatiom or group of
formations that is capable of yielding water to a well or spring in use-
ful amounts. In order for a group of deposits to be considered as an
aquifer, they must be interconnected hydraulically. From this aspecti, an
aquifer may include deposits of different geologic ages and may consist in
part of consolidated and in part of unconsolidated deposits. The quantity
of water that can be derived from an aguifer depends upon the size and
interconnection of the pore spaces rather thar upon the total percentage
of pore space. The rate at which an aquifer can transmit water depends
upon the permeability. Permeability is defined as the ability or capacity
of a material to transmit water under pressure. A clay may have & por-
osity of 50 percent or more yet yield water zt a relatively slow rate he-
cause of the small size of the pores. A sand and gravel may have a porosity
of only 20 percent and yet yield water at a relatively high rate because of
the large size and high degree of interconnection of the pores. Materials
such as clay, till, or shale that have small capacities to transmit water
or small permeabilities may be considered as importent aguifers i{ none
better are available. If highly permeable water-bearing materials such as
sand and gravel are present, however, the materials of lesser permeability
would not be considerered as important aquifers.

The piezometric surface is the surface which is defined by the height
at which water stands in wells penetrating an aquifer. The plezometiric
surface may stand above or below the top of an aquifer, according to
whether the water is or is not under artesian pressure, and upon whether
or not the porous materials are comnpletely saturated.

OCCURRENCE

Ground water occurs in the unconsolidated sand and gra&el and in the
consolidated rocks in Tippecance County. In the unconsolidated sand and
gravel the ground water occurs under both water-table and artesian condi-
tions.
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Ground water occurs under unconfined or water-table conditions if the
water-bearing deposit is overlain directly by permeable unsaturated
materials, in water-table conditions the upper surface of the water in the
aguifer (the-water-table) is in contact with the soil atmosphere, and the
water does not rise in a well above the level at which it is encountered, |
Wells TeG 31-1 and TeG 31-3 (Rosenshein and Cosner, 1956, p. 42, 43) are
examples of wells in the viecinity of which ground water occurs under water-
table conditions in unconscolidated materials.

Ground water occurs under confined or artesian conditions if the water—
bearing deposit is overlain directly by saturated material of substantially
lesser permeability. In artesian conditions the water rises in the well
above the depth at which the aquifer is encountered. The water need not
flow to be considered artesian. Wells TcK 1-2 and TcK 17-2 {(Rosenshein and
Cosner, 1956, p. 51 and 53) are examples of artesian wells. Within the same
hydrologic unit, ground water may occur under both water-table and artesian
conditions. Unit 2 (pl. 5) provides examples of both conditions. In areas
near points of recharge, on the one hand, and of discharge on the other,
conditions may change from artesian at one time to water-—table at another
as the rate and the amount of discharge and recharge vary. During prolonged
periods of deficient rainfall, the piezometric surface, usually above the
top of the aquifer in a part of a water-bearing deposit, may decline into
the aquifer, resulting in a change from artesian to water-table conditions.
(See pl. B8, cross section E-E'.) Well Tel, 17-3 (Rosenshein and Cosner,
1556, p. 56) is an example {pl. 8, cross section F-F') of a well in which
these conditions probably occcur.

In Tippecance County ground water is reported in the rocks of Missis-
sippian and Devonian age. The water occurs in the interconnected fractures
and bedding planes in the shales and in fractures and solution channels in
the limestones. The size, shape, and number of these interconnected
openings may change greatly in a horizontal or in a vertical direction across
short distances. Therefore, the occurrence of ground water in consolidated
rock is erratic. Where water-bearing sands and gravels occur directly on top
of water-bearing rock, much of the water in the rock can be assumed to come
from the overlying unconsolidated material.

RECHARGE

Recharge is the process by which water is added to the ground-water
reservoir. In any area, the rate and quantity of recharge are dependent
upon the intensity, type, and duration of precipitation, the vegatative
cover, the topography and drainage, and the physical conditions of the soils
and of the subsurface materials. Before recharge can occur, any soill mois-
ture deficiency must be replenished. During the growing season, soil-
moisture deficiencies are high owing to use of soil moisture by plants.
Therefore, recharge occurs chiefly during the nongrowing Sseasons, when
plant use is negligible and the moisture content of the soll is high.

A permeable so0il is an important regquirement for the absorption of
meisture by the ground. A loosely granular soil will lose little water to
overland runoff unless precipitation is heavy and rrolonged; in other words,
the rate of infiltration into the ground will be rapid. If the soils are
tight and clayey, very little water can be absorbed by the ground during
any perlod of precipitation and the infiltration rate will be slower.
Furthermore, the absorbed water in tight so0ils is released very slowly to
the subsurface material. In order that appreciable guantities of the water
absorbed by the so0il may infiltrate to the water-bearing zone, permeable
materials must be present beneath the soil zone., Materials of low permea-
bility, such as clay, close to the surface will greatly impede the rate of
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infiltration into an aquifer, as well as the total guantity of water that the
subsurface material can absorb from the soil zone, This factor would in turn

induce greater direct runoff.

Plate 2 is a map showing surface and near surface conditions related to
recharge im Tippecanoe County. The map was prepared using data from an
unpublished soils map of Tippecanoe County, prepared by the Purdue Univer-
sity Agricultural Experimental Station, that was modified by interpretation
of subsurface geologic data, aerial photographs, and reconnaissance geologic

mapping.

In Tippecanoe County the areas most favorable to recharge are in the
stream valleys and on the terraces. Locally deposits of clay may occur in
favorable areas therby decreasing recharge. A favorable area north and east
of the Wabash River in T. 23 N., Rs., 4 and & W., is underlain by subunit 5a.
Thi= subunit is characterized by unsaturated sand and gravel lying directly
above the water-bearing materizl. The sand and gravel may continue to the
surface or may be cut off by clay deposits of small areal extent, occuring
anywhere in the stratigraphic sequence. The movement of water to the water-
bearing zone of subunit Sa is complicated by the presence of the clay, and
water is undoubtedly deflected laterally in its downward movement. The
jateral movement of water must continue elther until the clay pinches out
and vertical movement can be resumed, or until the water is discharged as
springs where the clays crop out in the terrace scarps. Because perched-
water conditions are not recorded from this area, the clays are believed
not to prevent movement vertically downward over large areas. The down-
ward migration of water to the water-bearing zone is further complicated by
the complex crossbedded character of the sand and gravel deposits. The
crossbedding produces selective zones of movement wherein the water tends
to percolate along the sand and gravel layers and around the clay layers,

A large area of Tippecance County has been mapped as "less favorable to
unfavorable" for ground-water recharge. These areas are principally in the
northern part and in the southern parts of the county. The soil types of
these areas are silty loam to silty clay loam formed mainly from clayey till.
In such areas the proportion of the total precipitation that is absorbed is
relatively small. The release of any absorbed meisture to the underlying
water-bearing material must be rather slow and the amount is probably small.
Over a large area of contact between clayey material and more permeable
material, however, the quantities released per unit area, although in them-
selves small, may add up to a sizable guantity of water for recharge. In
such areas, runoff would be great if the relief were greater; however, the
surface is flat to moderately rolling and has an imperfect drainage pattern;
thus, precipitation is in part held in the area, permitting some recharge.

In the southern part of the county the surface has many depressions.
Runoff collects in these depressions during periods of intense or prolonged
rainfall. Some of this water probably soaks into the ground, but much of it
is lost to the atmosphere by evaporation or is removed by drainage ditches.

Recharge from precipitation, --In Tippecance County most of the ground-
water recharge is from precipitation that falls on the county in the form of
rain or snow. The annual precipitation is about 38 inches, and some portion
of the precipitation reaches the ground-water reservoirs in most of the
county. Locally, in the areas more favorable to rapid infiltratiom, a large
percentage of the total precipitation undoubtedly is absorbed, although
quantitative data are lacking.

Recharge from streams. --Some recharge to the ground-water reservoir
takes place as the result of influent seepage of water from the Wabash River
and its tributary streams during periods of high stage. The Wabash River has
cut into subunit 5b., Changes in the river stage are reflected in the water-
level fluctuations in test wells in sec. 31, T. 23 K., R. 4 W, and sec. 36,
T. 23 N,, R. 5 W., drilled into this unit. Also, the water level in
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observation well Tc 4 (TcG 17-10) in subunit 5b reflects the changes in
river stage (fig. 4). During periods of high river stage, some recharge
takes place by influent seepage into subunit 5Sb. Some additional recharge
to this subunit takes place as a result of diversion of water from the river
caused by pumping from wells, This condition is shown by the relaticnship
of the water levels in observation well Tc 4 and the water levels at the
stream gaging station at Lafayette, Indiana, which is about 2000 feet south-
west of this well, During periods of light pumping the natural slope of the
water surface is from the well to the Wabash River. However, during periods
of heavy withdrawal the hydraulic gradient is reversed and the water surface
slopes toward the observation well, thereby diverting water from the stream.

Subsurface recharge.--8Some transfer of water occurs locally by movement
of water between the different unconsclidated water-bearing deposits where
one deposit grades downward into another both within the county and between
it and adjacent counties. Although, so far as individual deposits are
coencerned, this type of inflow comnstitutes recharge, for the county as a
whole it is balanced by similar outflow, or discharge.

DISCHARGE

Ground water is discharged in Tippecance County by natural and by arti-
ficial means. Under natural conditions discharge is by spring flow and
seepage into the streams, migration within the ground-water reservolrs to
points of discharge outside the county, and by evapotranspiration. Arti-
ficial discharge takes place through drainage ditches and by pumping from
wells,

Natural discha:gg

During the investigation, evidence was observed of present and former
spring activity along the Wabash River terraces, where the shallower water-
bearing units are exposed. Ground water is discharged from these water-
bearipg units by springs. During periods of increased precipitation, recharge
is increased and the discharge from springs is greater than usual. The
calcareous tufa deposits (Rosenshein, 1955, p. 176) associated with the con-
solidated phases of unit 2 and subunit 5a indicate former spring activity.
More spring activity doubtless would have been observed if the field obser-
vations had been made during a wet instead of a dry period. The natural
drainage of the water-bearing units by springs and seeps along the terrace
scarps partly explains the change in hydrologic conditions from artesian to
water-table in unit 2 (pl. 7, cross section D-D') near the Wabash River.

Much of the natural discharge takes place by diffused effluent seepage,
rather than concentrated spring flow, from the ground-water reservoir into
the streams that drain the county. The Wabash River has cut into part of
subunit 5b and changes in river stage cause water to move into and out of
the deposits and thus to affect the ground-water level. The discharge of
ground water to the streams in the county is important to the flow in the
rivers. During long periods of deficient rainfall, the streamflow consists
chiefly of ground-water discharge. The ground-water discharge into the
streams from the ground-water reservoirs ino the county is estimated to be
about 140 million gallons per day.

The slope or hydraulic gradient of the ground-water surface (pl. 11) is
toward the important streams. This slope bears out further the role played
by the streams as the chief agents of natural ground-water discharge arnd the
drainage effects of the stream upon the water-bearing deposits.
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Some ground-water discharge must occur by slow migration of water within
the ground-water reservoirs to points of discharge outside Tippecanoe County.

In areas where ground water stands near the surface, such as the flood
plains, ground water is .discharged directly to the atmosphere by plant @
transpiration. The greatest discharge by transpiration occurs during the
growing season, starting about the first of May and continuing to about the
end of September. No attempt has been made to evaluate the gquantity of
ground water discharged by plants in Tippecanoe County. The discharge,
though substantial, must be very small in comparison to the evapotranspira-
tive discharge of soil moisture that has never become ground water.

Artificial discharge

Artificial discharge is accomplished by wells and drainage ditches.
Large areas of the county are drained artificially by ditches. Drainage
ditches are constructed in areas of tight soils which are underlain by L
tight subsurface materials such as til11. VWater levels are characteristically
shallow in such areas, and drainage of the ground water, as well as of
excess surface water, is needed to permit cultivation.

FLUCTUATIONS OF WATER LEVELS ®

Within an aquifer, water is continually being subjected to changing
conditions of recharge and discharge. These changing conditions are
reflected as short-term or long-term fluctuations of the water levels in
wells. Water-level fluctuations caused by natural factors, such as the
seasonal changes in storage in the ground-water reservoir, are usually @
cyclic.

During the investigation a number of observation wells were established
to determine the character of the water-level fluctuations; the magnitude of
the changes in storage; and short-term, seascnal, and long-term trends of
water levels in the underground reservoirs in Tippecance County. Figure 3
shows the fluctuations of water levels plotted against monthly precipitation ®
in a shallow observation well, Tc 12 (TcO 20-3), and a deep observation well,
Tc 7 (TeF 13-1). These observation wells are drilled in unconsolidated
glacial material. Well Te 7 is drilled into subunit 5a and well Tc 12 is
drilled into drift. The water levels im both wells reflect seasonal changes
caused by recharge from rainfall and by discharge under natural conditions.
As shown by the hydrographs of the two observation wells, the highest water
levels occur in the late winter and early spring at the time of high pre- ®
cipitation and minimum discharge by evapotranspiration. The water levels
begin to decline with the advent of the growing season and continue 1o
decline into late fall. Heavy rains during the growing season apparently
have little affect upon the declining water levels as shown Dy the hydro-
graphs of wells Tc 7 and Tc 12, In observaticon well Te 12, the shallower
well, the water-level changes are more responsive to sporadic precipitation.
In observation well Te 7, the deeper well, the water-level changes are more ®
gradual and occur principally in respomse to prolenged precipitation. The
hydrograph of observation well Tc 7 shows also an apparent time lag between
the periods of heavy precipitation and the periods of rising water levels.
In addition to the seasonal fluctuations, the hydrograph of well Tec 7 shows
a general long-term water-level trend extending over a period of years, the
highest springtime water levels occurring in 1830 and the lowest in 1954.

Water levels may be affected locally by short-term fluctuations caused
by artificial influences such as pumping or by natural factors such as
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changes in river stage or barometric pressure, Figure 4 shows a hydrograph
of observation well Tc 4 (TeG 17-10). This well is drilled into subunit Ob,
an artesian aquifer, and is in the Canal Street well field of the Lafayette
aterworks. As the hydrograph indicates, the water level in the well re-
flects hoth daily changes of the Wabash River stage and the seasconal trend
0f the river levels. In addition, effects from pumping are superimposed
apon the peneral pattern of the water-level fluctuations. The influence of
the pumping upon the water levels is greatest during periods of low stream-
flow, as is indicated by the hydrograph for the period July through
November. During this time most of the flow in the stream came from dis-

charge of ground water.

INTRODUCTION TO DATA ON GROUND-WATER CONDITIONS

BY TOWNSHIP

The principal aguifers in Tippecanoe County and their areal extent are
shown on a map, plate 3. The delineation of areas on this plate is based
upon:{1l) type of source material and (2) general depths of drilled produc-
tion wells in each area. The general statement in the explanation about
range in well depths and the type of source material that can be expected
in a given area should be useful as a guide to location and drilling of new
wells. In addition, detailed agquifer maps (pls. 4, 5, and 6) have been
prepared of the central part of the county to show the areal extent of map-
pakle water-bearing sand and gravel deposits. The well data used to prepare
the maps are published in an appendix to this report, Bulletin 8, "Ground-
Water Resources of Tippecance County, Indiana, Appendix: Basic Data,” which
also has a map of Tippecanoe County showing the location of wells,

The unconsoligated deposits form a single complex hydreologic system, as
is evidenced by the similarity of the water levels in wells tapping all
water-bearing units. Ground water occuring in the underlying consolidated
rocks also is probably related hydrologically to that occurring in the over-
lying sand and gravel units.

Tables 5 and 6, pages 24 and 25 summarize ground-water conditions by
sources - bedrock, and sand and gravel, These tables show adequacy, ground-
water potential, well yields, aquifer information, and unusual conditions
by townships.

UTILIZATION

The demand for ground water has increased within the last 20 years. The
advent of modern household conveniences such as automatic washing machines,
fiush toilets, and bath facilities have greatly increased the domestic demand
for water. Industrial expansion and large-scale use of water for air con-
ditioning alsc have increased withdrawals from ground-water sources.

About 7,000 million gallons of ground water is pumped yearly in
Tippecance County. The average daily pumpage of ground water is about 20
million gallons. Of this daily amount, industry uses about 12 million
gallops; public water systems about 7 million gallons; rural nonfarm
establishments about 0.3 million gallons; farms about 0.2 million gallons
for domestic supply and stock about 0.6 million gallons. The total quan-
tity of ground water used by industry, including that purchased from public
supplies, is about 13.5 million gallons daily. Tabie 7 shows the estimated
use of ground water in various population areas on a per capita basis. The
usage in the urban areas was obtained by means of a pumpage inventory of
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