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ABSTRACT

Tippecance County, Indiana was invaded by ice during three major
episodes of Pleistocene continental glaciation. Unconsolidated glacial
deposits of the county average about 200 feet in thickness, although
bedrock crops out locally and geophysical measurements suggest that
drift thickness exceeds 400 feet in some places. Distribution and
thickness of pre-Illinoian, Illinoian, and Wisconsinan glacial stage
deposits and the presence of interglacial Yarmouthian and Sangamonian
weathering profiles are mapped or inferred from diagnostic properties
of the sediments as reqorded in more than 1,400 drill holes and 300
seismic measurements,

Analysis of subsurface data reveals that the pre-Pleistocene
drainage system does not coincide with the present drainage network.

The most significant changes probably were caused by the Illinodian ice
which daﬁmed the preglacial Teays River channel and ponded the relatively
small Glacial Lake Lafayette. An outlet channel, developed to drain
this‘proglacial lake, was subsequently perpetuated as the present Wabash
River drainage line southwestward from the city of Lafavette.

The glacial drift contains the most significant aquifers. Groundwater
occurs under both leaky artesian and water table conditions. Illinoian
age outwash deposits are the most extensive and most highly developed
aquifer, but pre-Ililinoian and Wisconsinan outwash aquifers are also ex-
tensive and have not been significantly utilized. Perched water bodies

in giabial till, Holocene alluvium and local bedrock aquifers have been
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tapped but are a limited source of water. In this study, aquifer
distribution was mapped and their litholegic, stratigraphic and
hydrogeologic aspect analyzed to the degree permitted by data
available.

ﬁost water wells in the county are less than 200 feet deep and
yield from 5 to 2,000 gallons/minute, depending on thickness of the
aquifer and well diameter. The present total pumpage for the county
is about 35-ﬁillion gallons/day, and there is no apparent long-term
continuous decline in water levels. Future development of groundwater
resources in the Lafayette urban area is mést favorable in unexploited
areas of thick sand and gravel aquifers which occupy the Teays, Anderson,
Clarks Hill aﬁd other preglacial valleys in bedrock. These aquifers
extend beyond the county boundaries and thus receive continual recharge
and undergo continual outflow.

Limited geochemical data suggest that there is no significant
deterioration of water quality, although local instances of contamination
or poellution have been reported because of improper disposal of wastes.
In addition to better ménitoring systems for long-term measurement of
quality, land use planning should recognize that certain geographic areas
overlie the most promising aquifers and proper zoning controls shpuld be
enacted so that sufficient groundwater reserves are readily available

to meet the growth needs of the expanding Lafayette community.
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FOREWORD AND ACKNOWLEDGEMENTS

This report describes research performed for the hydrogeology
subproject of the larger-scale investigation entitled "Systematic
Development of Methodologies in Planning Urban Water Resources for
Medium Size Communities." This investigation is an interdisciplinary
study in which the Department of Geosciences, Agricultural Economics,
and Sociology and the School of Civil Engineering are participating.

The Greater Lafayette area of northwestern Indiana is a prosper-
ous and growing urban complex based on an economic mix of agriculture,
light and medium-sized industry, and educational facilities. The
community has relied on underground water supplies since 1891, and
centrally located pumping from glacially-derived aquifers commenced
in 1911. Water of good quality and sufficient quantity has been avail-
able to support the present population of about 110,000. The present
consumption is estimated at 35 million gallons per day with no apparent
decline in productivity or deterioration in natural quality.

It is anticipated that the growing Lafayette community will continue to
rely primarily on its groundwater resources, and one principal purpose

of the hydrogeological study is to outline potential aquifer areas for
future development and expansion of the public water systems of the
community. However, an equally important aspect of this interdisciplinary
study has been to interface with the other co-investigators in determining

water demand and consumption needs for a population base to the year 2020,




to define possible problems of infiltration, vecharge, and surface
water runoff related to the subsurface aquifers, and to determine
the potential pollution problems arising from increased physical
expansion of the community.

Qur report is based upon research conducted by My. Maarouf
for his Master of Science thesis in the Department of Geosciences.
Numerous additions and emendations have been completed by Dr. Melhorn.
The authors are indebted to other members of the interdisciplinary
research committee of the project for their advice and suggestions
and for fruitful and stimulating discﬁssioné about various facets of
water resources planning for metropolitan areas.

Special thanks are owed to Mr. William Steen of the Division
of Water, Indiana Department of Natural Resources, for his help and
cooperation in assembly and procurement of available well records and
other hydrogeological information on Tippecanoce County.

Dr. J.A. Spoonef centributed valuable help in project planning
and data snalysis. Appreciation is also expressed to Dr. R.D. Woodfiil,
Mr. G.T. Richardson, and Mr. J.B. Frater who at various times assisted

the authors.



INTRODUCTION

Purpose and Scope

This report is the geological contribution to the interdisciplinary
study entitled "Systematic Development of Methodologies in Planning
Urban Water Resources for Medium Size Communities.' Other portions
of this Interdisciplinary study deal with surface flow hydrology, water
quality, economics, and sociology and results of these complimentary
investigations are reported separately in other numbered Technical
Reports of the Purdue Water Resocurces Research Center.

Tippecanoce County, Indiana was used in this project as an example
for a study of planning methodoiogies for urbaﬁ water resources.

Because all water supplies in the county have historically come from
subsurface aquifers, it is essential to (1) locate and delimit zones.of
groundwater inflow and outflow, and (2) determine the distribution of
water within the glacial drift, which is the principal groundwater source
in the Lafayette urban area. A better understanding of these factors
will help to determine the amount of water that might be developed to
meet the demands of a medium-size community without depleting the sub-
sutrface water resources. The present study therefore invesfigates the
hydrogeologic conditions that control the development and production of
water from the unconsolidated materials of Tippecanoe County.

The Greater Lafayette Community is nearly centrally located in the

larger political entity that is Tippecanoe County. Because boundaries of




aguifers are no respecters of arbitrary political subdivisions,

the limits of the water-~bearing units underlving the county extend
far beyond its bovders. Expediency and convention, however, directed
that our study recognize the restraints that will probably restrict
future development of water resources to areas of existing political
authority or taxing powers.

Previous Investizations

Tippecance County was a popular target of research by some earlier
investigators. McBeth (1900, 190L, 1902), Leverett and Taylor. (1915},
Malott (1922}, Schneider (1966), and Johansen and Melhorn {1970) have
described some of the physiographic aspects of the county. Ulrich
et al. (1959) mapped the soils. Gorby (1886} wrote the first and only
comprehensive geological report on Tippecance County. Fidlar (1948)
and Thornbury (1958) discuss the alluvial tervaces of the Wabash Valley
and further reference to their papers occurs in subsequent sections of
this report. Wayne (1956), and Burger et al. (1966) mapped the drift
thickness and contoured the bedrock topography of northern Indiana.
Wayne {1963) devised a stratigraphic classification and nomenclature for
the Pleistocene formations of iIndiana. Wayne ef al. (1966) published
surface and bedrock geologic maps of the Danville 1% % 2° quadrangle which
includes Tippecance County.

Harrell {19353) commented briefly on groundwater conditions in the
county. Rosenshein and Cosner (1956) compiled basic data on 500 wells
for a study of groundwater resources. Rosenshein (1958) analvzed and

interpreted the data assembled in 1956 and produced a paleotopographic



map for the county. West and Barr (1965) describe some groundwater
problems of the Homewcod Addition near West Lafavette.

Special mention is warranted of the papers by McBeth (1900 and
1901), particularly the sections of these reports dealing with the
physical geography and the geological history of the "Great Bend" of
the Wabash. McBeth presented a confusing panorama'of numerous drainage
diversions, local ponding of meltwaters to creéte proglacial lakes,
sequences of moraine building, and advances and.retreats of the
different lobes of the last (Wiscomsinan) glacier that invaded and
covered the region. McBeth (1900, p. 158) also described the present
drainage of the "Great Bend" (the sharp southward "hook" of the Wabash
River at Lafayvette) region as "interesting and peculiar™. Apparently
he thought that this course of the Wabash, as well as that of Wea Creek
was controlled by glacial deposition that diverted the former drainage.
(It is unlikely that McBeth was aware of the preglacial Teays River,
which was not described until 1903 by W.G. Tight).

Mcgeth had no topographic maps or aerial photogfaphs to supplement
his\field observations, and his papers have been largely forgotten.
However, examination of recent LANDSAT-1 satellite imagery suggests at
least one and possibly two alinements of similarly orieanted "bends" on
most major streams clear across north-central Indiana. Is there an
older structural contral, such as a major fault zone in bedrock, whose
influence still persists and which has controlled the location of "bends"

in the principal regional drainages?




McBeth also suggested that moraines in southwestern Tippecance
County south of the Wabash River, were deposited by ice of the Lake
Michigan Lobe. Recent work by Bleuer (1974) has shown that Lake
Michigan Lobe deposits north of the Wabash River are thianly veneered with
ice-disintegration deposits of younger age laid down by the westward
advance of the Lake Erie Lobe ice, and Bluer (1974, p. 1) further
suggests that many of the major moraines of west-central Indiana
south of the Wabash River were deposited by a segment of the Lake
Michigan Lobe ice and later truncated by the Crawfordsville Moraine
deposits of the Lake Erie Lobe.

The detailed discussion of the three preceding paragraphs does
not have direct relevancy to the subsurface hydrogeclogy of the
Lafayette urban area. If deoes, however, indicate that fundamental
prob;ams remain that prevent a complete understanding of the glacial
events that have cccurred.. Our understanding of the hydrogeological
complexities of the area will increase as the history of deposition
of the aquifers and the g;agial deposits that enclose them are slowly

unraveled.



GEOGRAPHY

Location

Tippecanoe Cﬁunty is located in the west-central part of Indiana
(Figure 1). It is a rectangle approximately 24 miles long and 21 miles
wide, and encompasses an area of about 501 square miles. It is
.bounded on the east by Carroll and Clinton counties, on the west by
Benton, Warren and Fountain céunties, on the north by White County,
and on the south by Montgomery County.

lLafayette, the county seat and largest city, is located in the
central part of the county, 60 miles northwest of Indianapolis, and 130

miles south-southeast of Chicago.

Physical Setting

Physiography

The county lies within the Tipton Till Plain of Indiana {(Malott,
1922), and is a section of the Till Plains subprovince of the U.S$. Central
Lowiands physiographic province.

Most of the surface of the county (Plate 1) Is a nearly level glacial
plain, but is gently undulating where morainic ridges, kames, and eskers
occur. Shawnee Mount, 60 feet high, in the southwestern part of the
county, is a notable example of kame moraine topography. Scattered
among these topograpbically relatively high features are some closed
depressions. A few closed, marshy depressions contain permanent ox

ephemeral natural ponds. These are the last relicts of formerly more
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Figure 1. Map of Indiana Showing the Area of Study.

abundant kettle Lakes of glacial origin that dotted_the iandscape and
which have been mostly eliminated by postglacial drainage integration.
Some areas of slope are steep where the Wabash Valley, the most con~
spicuous physiographic feature, and its tributaries dissect the plains.

Two distinct sets of river terraces are assoclated with the Wabash Valley.
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Locally, these flat éurfaces are extensive and wide, but elsewhere
they are restricted and narrow. The terraces occur in some places as
detached tracts of higher ground rising from the old glacial slulceway
{Thornbury, 1958). The upper terrace surface.is the Shelbyville
Terrace. It is about 130 feet above the river; énd represents the
highest level of valley fill with Wisconsinan outwash (Fidlar, 1948).
The lower surface is 20 to 30 feet above the present stream, and is
known as the Maumee Terrace, because it was cut by the torrent from the
rapid drainage of Glacial Lake Maumee flowing dewn the Wabash Valley
(Fidlar, 1948) following the breaching of the Ft. Wayne moraine. The
present flood plain is at the level that represents approximately the
amount of valley downcutting since cessation of the Maumee flood,
Hadley Lake, northwest of Lafayette, lies in a linear depression
that also contains the barbed drainage of Indian Creek and a branch of

Burnetts Creek. The depression may be 'a glacial sluiceway that was

subsequently abandoned, with stream capture resulting in isolation of Hadley

Lake. Alternately, the linear may mark the course of a subice meltwater
drainage (rinnentaler) channel (Johansen and Melhorn, 1970).

The highest point, located in the southwestern corner of the county,
is 840 feet above mean sea level. The lowest point is 495 feet at the
western county line where the Wabash River leaves the county. The average
altitude is 680 feet. The maximum total relief is 345 feet, and the
maximum local relief is 220 feet, along the river bluffs just north of

West Lafavette.




Soils

Most of the soils of the county are derived from glacially
deposited parent material. In a few areas soils are of alluvial,
colluvial, or organic origin. Extensive upland areas of the county
are covered with a thin mantle of loess deposits.

For purposes of the present study, the most important soil
characteristic is the rate of infiltration (Plate 2). We have combined
extant agricultural soils, engineering soils, and geolegic parent
naterials maﬁs to produce a map showing four general categories of
infiltration properties: a) High permeability soils: dnfiltration
rate exceeds two inches per hour. These soils are mostly on floed
piains, the Wea Plain high terrace, terraces, kames, eskers, dumnes,
and steep slopes of the Wabash Valley. b) Moderate permeability soils:
Rate is 2-0.6 inches per hour. These are mostly on undulating areas
of till plains, and on moderately sloping areas along streams.

c) Low permeability soils: Rate is 0.6-0,06 inches per hour. These

are mostly on nearly level te gently undulating #111 plains. d) Very
low permeability soils: Rate is less than 0.06 inches per hour. These
are confined mostly to poorly drained closed depressions. The authors
believe that infiltration maps, conétructed in the manner described, are
rare if not unique. They may have a useful predictive function in urban

water resources studies in terms of potential pollution and runoff problems.

Drainage
The county lies within the middie Wabash River drainage basin. The

Wabash courses southwestward from the northeastern corner of the county,



and receives most of the natural surface and subsurface discharge.

The northern, northeastern, and northwestern parts of the county

are mainly drained by Tippecance River and Burnetts, Sugar, Buck,
Indian, and Little Pine Creeks (Plate 1). The eastern part is drained
mostly by Wildcat Creek. The southern and southwestern areas are
essentially drained by Wea, Dismal, Flint, and Shawnee creeks.
Tippecanoe River‘and Wildcatr, Wea, and Indian creeks have diverted

the Wabash River away from their outlets to impinge against the
opposite bluffs. The widest part of the Wabash Valley is north of
Lafayette where it is joined by Wildcat Creek. The valley is also
wide southwest of Lafayette, where joined by Wea Creek. The relatively
high crests between the main drainage ways divide the area into sub-
basins of the middle Wabash River basin.

The course of the Wabash River between sec. 4 and sec. 31, T23N.,
R.4W., most of the main course of Big Wea Creek with its semi-~circular
lower reach, Dismal Creek, Middle Fork of Wildcat Creek, and the lower
section of Burnetts Creek have been controlled by bedrock topography
andAstructure. These channels probably have been partly filled and sub-
sequently re-excavated at least three times. The possible times of the
start of re-excavation were late Kansan, late Illinoian and late Wisconsinan
(for relative ages of glacial stages see Fig. 3, page 18). The course of
the remaining streams may have been controlled by ice-margin drainage.

Man-made ditches have been constructed to improve the drainage in

nearly level, low permeability areas. The county as a whole is well-drained.
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Climate

The climate of the county is continental with hot summers and cold
winters. The seasons are strongly marked, and the weather is frequently
changeable. Climatological data available from the Purdue University
Agronomy Department are summarized in Table 1. The table shows the
conditions as measured at West Lafayette, where the latitude is 40° 287,
the longitude is 87° 00%, and the ground elevation is 706 feet.

The avefage annual temperature is about 50°F. The mean temperature
in January, the coldest month, is 230F, and in July, the warmest month,
is 73.3°F. About nine davs per vear the temperature falls below zero,
and about 137 days per vear the temperature goes %élow freezing (BZOF).

The average annual precipltation is 35.68 inches. July is the
wettest month with 4.74 inches, and February is the driest month with
1.41 inches of precipitation. An average of 64 days per year have mea-
surable precipitation (0.1 inch or more).

The growing season averages 160 days with the average last frost
on May 2 and the first killing frost on October 9. Prevailing winds
are from the west or southwest during the winter and from the south during

the summer. Wind velocity is highest in February and lowest in August.

Population and Economy

The population of the county according to the 1970 census (Bureau
of Census, 1970) was 109,378 persons. This was about 2.1% of the State
of Indiana population, located within approximately 1.4% of the total

state area. The largest center of population, the Lafayette-West Lafayette



- 1]

4yuc syjuow WieM 103 BIEP @

0461 ~ 9961 103 suwam ¢

I1S°C |84y [66°S [6T°L 1L0°L [80°9 |9E°Y (ur) » uoyiraodeay
ueg
% A37pTEnH SATIETHY
49 69 .ww 6y 6% z5 0% [AS [49 05 g6 (39 1174 4 wowpuTe £1veq
B + T4 N2 S Y B G N £ ] 0 0 0 ¢ L $°E {675 | &Y (uy) 392§ pug A0UJ
89°6E |10°2 {072 [69°7 |29°T (BL°E {94°% |SB'E (96°¢C Te"y j22°¢ 119°1T |187% (ut)
nojieafdyoead yeicl
€961 "q@3| €961 B8S6T| 296T] 6S6T| S96T; €961 9961 8961 69611 09611 £96T) DLST 2eIL
A 9l-}| IT= 0z [AS 5t £y 1 92 [tFd Zi=] €Z~{ §T-| WWTUTE 3INTORQY
&
yeeT Lrnr| 996T| T96T| €96T( 9S6T| #66T| 2S6T| %661} %961 0961 £961 ¥S6T] [961 A¥B4 |8
901 99 74 06 86 96 | 90T 86 i6 cB 08 0L £9 WHTEXET FINTOSQY |@
. =
6°6%| 9 BZ1 S°0%) 0°9S] B'%9| € 1L €°€L| 9°69| €°09] 9°05| T'9E) 1°LZ| 0°ET Aep Iyl jo wEIY m
T
9*6c| €°0Z! T I€| D°zy| 2725} L'65| D729) &°8G) 9°6Y| £°0%| 0°LL 1°811 #°%1 ENETUTE hﬂﬁﬁu“w
z2:09] €°9c! 6767} 6°69l v £L] 8728} S°9B| 9°08] T'ILy 6709 £°6%| 079t S I wnupEem ATTEQ
des} g " 0 3 ¥ r r H ¥ H 4 r
*0L6T~E£G6T QOTYEd ¥04 mﬁzmxmqm SIIYWITO 40 SANTYA NYIW ATHILNOW T 2T19el



-] 2

urban area, contains 64,112 people. The county population is
expected to increase to 166,000 by 1990.

The ecenomy cf the region is based mainly on agriculture,
manufacturing, and Purdue University. According to the 1969 census
of Agriculture, 247,289 acres (85.5% of the county land) are used
for farming. The principal crops are corn, sovbeans, wheat, cats,
and hay. The county also supports important dairy production and
livestoék feeding. Aluminum, chemicals, food, housing, electronics,
plasties, and sand and gravel production are large- and medium-size
industries in the county. Purdue University (26,500 students) is also

an important -contributor to the economy.

METHODOLOGY

Compilation of Data

About 1,500 driller's water well logs were used .as prime raw. data
for this study. Approximately 400 of these were compiled by Rosenshein
and Cosner (1956). The rest were available from the filegs of the Indiana
Department ¢f Natural Resources, Division of Water. Tield checking of
about 100 wells was déne to verify precise locations.

Water levels in 12 observation wells for vears through 1973, with
four or more years of recording, were obtained from the U.S. Geological
Survey.

Some field study was made of different stratigraphic sections in the

glacial drift and bedrock outcrops.
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Mapping and Analyses

The glacial drift deposits of Tippecanoe County were analyzed,
by quantitative metheds (Figure 2) to produce geologic cross—sections,

a fence diagram, and lithofacies-ratio maps. Thickness and distri-
"bution of sand and gravel units are shown 6n these representations.

In the present study clay, silt, and till are not differentiated,
nor is sand from gravel. This is because of the lack of standard
definitions among the water well drillers. Clay, silt, and till are
generally not separable in the drilling records. Most till has a fine-
grained matrix, and most drillers do not differentiate between till and
clay unless the till is sufficiently stony. The distinction between
coarse sand and small gravel is also not noted by most drillers.

The orographic featrures and surface drainage map (Platell) is
based on the U.S. Geological Survey 7% minute series topographic maps.
The infiltration properties and surface geology map (Plate 2) is
accomplished by combining soil maps (Ulrich et al., 1959) and engineering
materials maps with the surface geology material map (Wayne et al., 1966).

.The configuration and geology of the bedrock surface map (Figure 4)
is derived from well records and seismic data. The same control points
are used in compiling the unconsolidated material thickness map (Figure
9}.

The interglacial paleosurface maps (Figures 6, 7) are based on the
top of oxidized till sections, the top of thick outwash sections, and/or
the occurrence of buried units composed of muck, peat, or wood chunks.

The maps represent approximately the topography of the interglacial
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Yarmouthian and Sangamonian surfaces, as those intervals were the
most significant time breaks in glacial sedimentation, and the
longest episodes of soil formation. The time involved during the
shorter~lived interstadial episodes was not sufficient to allow a
strong weathering profile to develop, and thus these evénté are not
observable in well records. However, in some areas the stratigraphic
relations are obscure aﬁd no interpretations are possible even at

the interglacial level.

The unconsolidated material thickness map (Figure 9) is derived
from well records and seismic data. A computer mapper program (Program
MAPPER) developed at Purdue University was used experimentally in
interpolation and partial derivation of this map, and also in the
initial stages of construction of the bedrock surface configuration
map (Figure 4). This program uses the CALCOMP plotter to comstruct
machine produced printout in the form of contour maps. Although these
maps are useful as checks against manually céntoured maps, the méchine
can not "smooth' contours and the product is generally less satisfactory
than a visuélly and manually smoothed map. The machine produced map
was somewhat more satisfactory in constructing Figure 9 than Figure 4,
but because neither is as good as the conventional product, neither
experiment is reproduced in this report. |

The cross sections and fence diagram (Plates 3, 4) are built up
essentially from well records and the bedrock surface map. Spacing and
positional lines of individual cross-sections are determined relative

to the available data, the lateral thickness variation of major geologic
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units , and the need to get a general areal'coverage across the
country and local, more detailed coverage through Lafayette and
vicinity.

The lithofacies-ratio maps (Figures 10-18)} are based on known or
interpreted lithologic information between the ground surface and the
bedrock surface. These nine maps represent nine separate slices.
Fach slice is 50 feet thick, and shows the ratio of the thickness of
sand and/or gravel to the total thickness of the slice. They repre-
sent, besides the areal dimensions, the vertical third dimension if
they are sucessively overlain on each other in a. vertically ascending
order.

The aquifer maps (Figures 19-22) are prepared using data from
well records, topographic maps, and collateral maps and diagrams
(Figure 2).

On most of the illustrations in this report, uncertainties in
stratigraphic, lithologic, elevational, or thickness relations are

indicated by question marks or dashed lines.

GEOLOGY

General Statement

The county, except for a few bedrock outcrops of limited areal
extent, is covered by a relatively thick mantlie of uncongolidated
deposits, mostly glacial drift. The glacial drift unconformably overlies

Paleozoic rocks.
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The Paleozoic rocks range in age from Silurian through
Pennsylvanian. There was a long interval of sub-aerisl weathering
that apparently lasted from Pennsylvanian time until the deposition
of unconsolidated Quaternary sediments. If younger Paleozoic, Mesozoic,
or Cenozoic rocks were originally present they have been eroded.

Several major valleys were incised into bedrock before and during
glacial times.

During the Pleistocene, at least three major ice advances invaded
the region. These glaciers filled ekisting valleys and covered the
uplands with relatively thin depesits of drift. During the interglacial
stages, conditions were most favorable for the formation of gecsols and
deposition of lacustrine, eolian, and alluvial sediments.

After the last ice retreat, the present dralnage net was developed.
There 1s some coincidence between present valleys and the bedrock valleys,
but there are also many departures from this pattern where the location
of the present surface drainage was controlled by ice-margin pogitions

and lines of meltwater discharge.

Pre-Pleistocene Rocks

The principal bedrock formations that directly underlie the drift
mantle in the county are shale, siltstone, and limestone (Figures 3, 4).
They were deposited in a marine environment during the Silurian,

Devonian, Mississippian, and Pennsylvanian Periods of the Paleozoic Era.
Paleozoic rocks were subjected subsequently to almost continuous weathering

and erosion and had been carved into a highly dissected old age topographic
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surface by the time of the first ice advance. The present houndaries
and distribution of the different formations are not definitely
known because of the thick overlying cover. However, the bedrock
surface configuration, as well as structure and lithology of the

formations more or less affect groundwater conditions.

Bedrock Stratigraphy and Lithology
Data obtained from well dyxilling in Tippecanoe County and
adjacent areas indicate that Borden (Mississippian) rocks underlie
the greater part of the county, whereas the Liston Creek Member of
the Wabash Formation (Silurian) probably underlies only a small area in
the extreme north (Figure 4). The principal bedrock formations are
listed and described, from ol&est to youngest, as follows:

Silurian System

This is.represented by the Liston Creek Member of the Wabash
Formation. it is yellowish, massive, cherty limestone {(Cumings and
Shrock, 1928). These S$ilurian rocks in Tippecanoe County are an
extension of the S8ilurian subcrop in the Teays Valley floor mnortheast
of Tippecanoe County (Wayne et al., 1966).

Devonian System

Mid-hevonian carbonate rocks belong in ascending order to the
following formations (Frey and Eckerty, 1968):

Geneva Dolomite: brown, porous, and thin-—bedded to massive.

Jeffersonvillie Limestone: brown to gray, dense to crystalline,

and fossiliferous.
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North Vernon Limestone: gray to blue, crystalline, hard,
and partly argillaceous.

Mid-Devonian rocks occupy the troughs of some bedrock valleys
in the middle and northern portions of the county (Figure 4).

Devonian~Mississippian System(s)

New Albany Shale is time-transgressive and is described as
mostly black to brown, tough, fissile, carbonaceous and pyritic {Cummings,
1922). Tt crops out in the vicinity of Americus in the northeastern
part of the county (Gorby, 1886), and directly underlies the drift in
most of the bedrock valleys (Figure 4).

Mississippian System

Récks belonging to this sytem overlie the New Albany Shale.
They are mostly fossiliferous, greenish-gray shales and brown to gray
giltstones of the Borden Group. The Borden is underlain by brown to
gray, fine-grained dolomitic limestone of the Rockford Formation, and
overlain locally by gray, coarsely—crystalline, crinoidal limestone
of the Harrodsburg Formation (Stockdale, 1931). Some Borden crops out
on ﬁittle Pine Creek and along Flint Creek near the county's western
boundary (Plate 2, Figure 9). There are minor surface exposures elsewhere
in the county. The Borden subcrops cap many of the bedrock uplands
(Figure 4). Figure 4 is based on analysis of about 1,400 well records
and 300 seismic points.

Pennsylvanian System

This is represented by coarse-grained, cross-bedded massive gand-

stones of the Mansfield and Brazil Formations. Sandstone occurs as
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outliers in the extreme western part of the county, particularly

in the valley walls of Flint, Little Pine, and other érgeksg where
it commonly is seen resting unconformably on Borden Shale. However,
Taylor (1974) studied conodont faunas of the Illinois Basin and

suggested an older, Morrowan age {(Upper Mississippian) for these units.

Structure

Tippecanoe County 1is located on the northeastern f£lank of the .
structural Illinois Basin. Bedrock strata dip southwesterly toward
the center of the structural basin. The dip is about 20 feet per mile.
The Pennsylvanian rocks successively overlap older formatioms in a north-
eastward direction. A structure contour map (Figure 5) drawn on the
base of the Waldron Formation (Silurian}, suggests the presence of a
synclinal warping between two anticlinal warpings. These gentle structures
appear to.plunge and disappear southwestward. Other small structures
such as minor folds and faults are possibly associated with the occurrence
of the principal structute, i.e., the Tllincis Basin. Jeoints and
fractures are common in the different lithologic units forming the bedrock
surface. 8ize and distribution of joints are related to type of bedrock.
In the New Albany Shale, closed joints and fractures are abundant but
discontinuous. The Borden rocks have numerous bedding planes and a
poorly defined fracture system. In carbonate rocks jointing is well

developed and locally enlarged by solution.
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Figure 5. Structure on Base of the Waldron Formation, Tippecanoe
County (from Pinsak and Shaver, 1964; datum is Mean Sea Level;
contour interval is 100 ft.).

Bedrock Topography and Drainage

The present bedrock topography (Figure %) is a result of preglacial,
glacial, and interglacial deposition and erosion. It is characterized by
a we;l—developed drainage system, in which the Teays, the Anderson, the
Clarks Hill, and other bedrock valleys are deeply incised into Paleozoic
rocks. The highest point on the bedrock surface is 732 feet above sea
level in sec. 35, T.Z21N., R.3W., whereas the lowest point is 222 feet in
sec, 7, T.23N., R.5W. This gives a total maximum relief of about 500 feet
on the bedrock surface and thus is more than double the relief of the
present surflace.

Most of the bedrock surface paleotopography, if exhumed, would be
included in two physiographic divisions. The eastern and northern areas

would belong to the Scottsburg Lowland physiographic division (Malott,
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1922). The relatively higher sites in these areas range between

550 and 600 feet in altitude. They are capped with Borden Group

rocks or New Albany shale. The lowlands form a sag and valleys.

The sag was mostly developed on a southwestiward dipping slepe of
Mid-Devonian Limestone. The valleys are cut through the New Albany
Shale and the Mid-Devonian Limestone. They are wider and deeper where
they cross the shale than where they cross the limeétone.

South of the glacial border, the Scottsburg Lowland is separated
from the Norman Upland by the prominent Knobstone escarpment. ‘En
Tippecance County, the escarpmenf trends roughly northwest-southeast,
The trend shifts to an east-west direction where it passes across the
western border of the county, Preglacial valleys following the base
of the escarpment in the countj also parallel the trough of the Scotts-
burg Lowland. These are the deepest bedrock channels In the county.
They may have been scoured during the last, most powerful stage of valley
deepening. The valleys cut through the Borden rocks and New Albany
Shale. They are narrower, shallower, and more steep-sided through the
Borden rocks than th:ough the New Albany Shale.

The scuthern and southwestern areas belong to the buried northward
extension of the Norman Upland. Most of this upland lies within the
650 to 700-foot contour interval. It rises steeply more than 400 feet
above the lowland bedrock walleys on the north and east. Its nearly
flat-topped surface may be correlative with the Highland Rim peneplain

of Tennessee (Hayes, 1899), the Kentucky Lexington peneplain (Campbell,
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1898), and the Central Illinois peneplain (Horberg, 1950)., The
Norman Upland is capped by siltstone and shale of the Borden Group,
and perhaps some limestone of the Harrodsburg Formation. Some
Pennsylvanian sandstone may occur as outliers in the extreme western
area,

The bedrock high in the northwestern corner of the county, and
developed on Borden rocks, is the southern end of the Rensselaer
Plateau (Wayne, 1956; Burger et al., 1966).

An integrated drainage pattern 1s eroded into the bedrock surface
to a depth of nearly 400 feet below the uplands. The northwestern
quarter.of the county is crossed by the Teays River channel--the master
valley of the region (Figure 4). It is a reach of the ancient pre-
glacial Teays River, which probably headed in the piedmont of North
Carolina (Tight, 1903; Stout and Schaaf, 193}). The valley locally
is broad with an average width of about two miles. The sides slope
gently éxcept south of Lafayette and west of West Lafayette where it
takes on a gorge-like character, cutting through and separating segments
of bedrock uplands. The Teays had several tributaries joining it at
different angles and forming a dendritic drainage pattern. Five
tributaries of wvarious sizes enter the Teays channel from the east and
south, and two small tributaries join it from the north. The gradient
of the master valley is approximately eight feet per mile in Tippecanoe
County. However, Fidlar (1943) estimated the Teays gradient in Indiana
as eight inches per mile. Horberg (1945) calculated the average gradient

of the Teays-Mahomet Valley between Ohioc and Illinois as seven inches
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per mile. The reasons for this descrepancy are unclear. It may

be that the high local gradient in Tippecanoce County is related to
the need for an increased declivity to accomodate the tremendous
volume of water and load, caused by influx from the Anderson, Clarks
Hill and other tributaries.

The Anderson Valley (Wayne, 1952) headed in soutrhesastern Indiana
and flowed northwestward to join the Teays Valley northeast of Lafayettg,
The Wildcat bedrock valley (Wayne, 19356}, is considered in the present
work as a tributary to the Anderson, Joining it at sec. 17, T,QBN., R. 3W.

There are three more bedrock valleys following the same general
southeast-northwest trend as the Anderson. They are herein named the
Clarks Hill Valley, the Dayton Valley and an imnamed small valley in
the northeastern part of the county. The Dayton Valley runs parallel
to the Andersom, but a few miles to the southwest, and joins the Teays
east of Lafayette (Figure 4).

The Clarks Hill Valley enters the county from the southeast and
continues westward about six miles, then turns northwestward to follow
approximately the course of present Big Wea Creek until it joins the
Teays a few miles southwest of Lafayette. The Clarks Hill Valley appears
longer and has more tributaries, in Tippecanoe County, than the Anderson,
but its extension east of the county is not as broad and long as the
Anderson (Burger et al., 1966). Clarks Hill Valley has many tributaries.
Two of them are conspicuous. The first runs west-northwestward and joins

the Clarks Hill Valley in sec. 21, T.22N., R.4W. The second tributary
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runs northward, starting near Linden in Montgomery County, and joins

the Clarks Hill in sec. 28, T.22N., R.4W. The subsurface existence

of this northwardly flowing stream remains to be verified by well
borings, because present mapping of this valley 1s dependent on seis-
mic data alone. Seismic techniques commonly overestimate drift
thickness owing to the presence of relatively deeply buried clay members
within the drift. Also, interpretation of the seismogram may record the
drift-bedrock interface deeper than it really is. Assuming the
existence of the valley, its deeply incised chanﬁel and the steep

slopes of the valley walls indicates a youthful stage of valley erosion.
This stage may just have. been attained prior to partial £f11ling with
I1linoian outwash.

Some other bedrock valleys drained the Norman Upland and ran
northeastward and northwestward. Most of them join the Clarks Hill
Valley as second- or third-order tributaries. One valley in the western
area directly joins the Teays near the western county line.

In the northwestern area, the most peculiar drainage feature is the
Otterbein Valley. This has a very wide channel through Tippecance County,
and runs northeast-southwest to join the Teays just west of the county
line. This may be another abandoned Teays channel (Wayne, 1956), or a
smaller valley which was glaciated and widened sometime during pre~
Illinoian time. There are other smaller tributaries of the Teays. One
runs southwestward and the other westward. Both join the Teays in sec.

15, T.23N., R.5W.
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As noted, all the county was encompassed in the Teays drainage
basin. The divide between the Teays drainage and the preglacial
Wabash basin was farther south, crossing southern Montgomery County
(Wayne, 1952; Wayne, 1956; Cable and Robison, 1974).

It can be speculated also that at some time during the.Tertiary,

a Scottsburg River (Coffey, 1961) was running northwestward towards

the Lake Miéhigan Basin. Tributary streams, which were separated from
each other by upland ridges in Tippecanoe Coﬁnty, rén northeastward

to this river. Hventually some subsequent streams of the fluvial network,
which ran parallel to Scottsburg River, cut through fiéges and captured
some of the tributaries. This changed the drainage} establishing a series
of northwest—flowing, deeply entrenched valleys which caused progressive
westward retreat of the Knobstone escarpment. This continuous process

of scarp retreat, accompaniad by stream capture, resulted in the formation
of the lower Anderson, the Dayton, and the Clarks Hill Valleys. The Borden
outliers are remnants of dissecticn and the retreat of the escarpment.

A modern analogy may be seen in the drainage system and scarp retreat of
the Blue Ridge front in western North Carolina.

The time of deep entrenchment or '"Deep Stage" episode in the history
of the major bedrock valleys is probably very early in the Pleistocene.
However, some workers have considered the "Deep Stage' to occur as late
as early Kansan, pending conclusive evidence of the presence of Nebraskan

deposits in the deep channels.
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Pleistocene Series

The area was covered during the Pleistocene by ice advances from
the Labradorean center along flow lines of the Michigan Lobe, Erie
Lobe, or Saginaw Lobe. In the present study no attempt is made to
relate the deposition of any specific formation or member to a
particular ice lobe. It is possible that memﬁers of a specific stage
or substage have been deposited by different glaciers from different
ice lobes. Successive Pleistocene deposits are separated by unconformi-
ties. The well records indicate that the sedimentd separate into three
discrete drift sheets, which are separated by oxidized or otherwise
weathered horizons. On the basis of stratigraphic position, a
relatively thick upper paleosol is considered as of Sangamonian age, and
the thick lower paleosol is considered as Yarmouthian {(see Figure 3).

The drift sequences therefore are dated as Kansan (7) or.pre—
Illinoian, Illincian, and Wisconsinan on the basis of their position
relative to the major paleosols. Other interpretations would be possible,
especially if convincing evidence to the contrary becomes available;
because absolute age dating is not possible,‘the paleosols could be inter—
stadial rather than interglacial deposits, for example. In some wells the
weathering zone was either not recorded by the driller or is not preserved
owing to truncation. In such cases, it is not possible to difféerentiate
between the deposits of different stages. Converselly, if climatic con-
ditions were favorable for the development of soil during an interstadial
time, this may show up in the well record. This complicates the correlation
procedure, and as a general rule the available data did not permit assignment

of the till of a certain stage or substage to different formations and members.
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Pleistocene sediments in Tippecanoe County were deposited by
glaciofluvial, lacustrine, and eolian procasses. The sediments
were derived form local bedrock, from imported drift material and
from progressive reworking of older drift materials. There 1g a
general tendency for the Pleistocene deposits, in the ares as a whole,
to be coarser in the lower part than in the upper part. The sediments
can be grouped into three general facies--till facies, sand-gravel
facies, and silt-clay facies. Normally it is not easy to differen—
tiate from well records, for reasons already stated, between the till
facies and the silt~clay facies. _Vertical and lateral facies changes
are common owing to the complex depositional history. A till unit
may contain lenses or pockets of sorted sediments with size ranges from
clay to gravel. The extensive sand-gravel bodies occur aléng the major
glacial drainage lines. They were deposited by glaciofluvial processes
during ice melting after each advance. The shapes of sand-gravel bodies
in the slice maps (Figures 10-18) assume the same configuration as the
directions of drainage trends at any given time during the glacial history.
Glaciation disrupted the pre-Pleistocene drainage and there were

major or minor changes in drainage systems by the end of each glacial stage.

Nebraskan and Aftonlan Stages
There is no persuasive evidence, in the present or previous studies,
that there is Nebraskan drift in Indiana. If present, it probably would

be preserved in buried valleys. It is currently more reasonable to
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designate most of the apparently older drift as simply "pre-Illinoian"
rather than make any undocumented assumption of a Nebraskan age. There
“are also no fluﬁial, lacustrine, or eolian deposits definitely assigned

to the Aftonian interglacial stage.

Kansan (?) Stage

The Kansan episcde probably started about 400,000 yeérs ago.
Climate was cool and moist at the time encroaching ice covered most of
the northern and central portiéns of the county. The pre-~Illinoian
drift filled the valleys approximately up to the 500-foot level. The
preserved thickness is controlled by tﬁe ievel of the older bedrock
topography and the amount of post~depositional erosion. Where pre-
Illinoian debris was deposited in a deeply incised bedrock channel
and was not later eroded, the thickness is about 250 feet as in sec. 19,
T.23N., R.5W. The Yarmouthian paleotopographic map (Figure &), and
the absgence of a paleosol in well records from the Norman Upland sector
suggest that the southern and southwestern high area of ﬁhe county may
not have been covered by pre-Illinoian ice.

The pre-Illincian till in Tippecanoe County is probably assignable
to the Cloverdale Till Member (Wayne, 1963). It is sandy, gravelly mud-
stone. It includes lenses of sediments finer~ or coarser-grained than
the general matrix. Locally, there are two tills separated by outwash
and these can be interpreted ag two pulsations separated by an inter-—
stadial interval.

Sand and gravel outwash material belongs to the Atherton Formation

(Wayne, 1963). It appears to be concentrated in older valleys as valley
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train deposits. The pre-Illinoian drift (Figures 15-18) con;ains
more permeable material than younger deposits (Figures 10-13).
General coarsening of the valley fill with depth is common.

Ice deformation of the pre-Illinoian drift likely has occurred
but can not be determined from the records. Thrust faultingland
folding are reported not too far to the southwest of Tippecanoce
County, In the center of Vermilion County, Illinois (Jolmson, 1971}
where pre-Illinoian deposits are exposed near the surface.

The pre-~Illinoian deposits are covered by younger drift in
Tippecanoce County. Deposits classed as Kansan are exposed some distance
away to the south, southeast, and southwest (Wayne, 1958; Gooding,
1966; Johanson, 1971j.

Pre~1ilinoian drift is encountered in many wells which penetrate
Wisconsinan and Illinoian drift. Interpretation of a pre-Illinoian
section from a well located in the NW.%, NW.%, sec. 14, T.Z23N., R.3W,

ground elevation 665 ft., is given below:

Thickness Depth to

(fz) Base (ft)
Pleigtocene Series
Wisconsinan~Illinoian Stages
Clay, yvellow 18 18
Clay, blue 11 29
Gravel 3 32
Clay, blue 43 ' 75
Yarmouthian Stage
Muck, blue, sandy 12 87
Pre-Illinoian Stage
Clav, blue 5 92
Sand, muddy 3 95
Hardpan, sandy 5 100
Quicksand 17 117
Hardpan, blue 5 122
Sand, gray, coarse 1 123
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The sequence from another well in the SW., SE.%, NW.k%, sec.

20, T.24N., R.4W., ground elevation 660 ft., is interpreted as

follows:
Thickness Depth to
(£L) Base (ft)
Pleistocene Series
Wisconsinan Stage
Clay, yellow 20 20
Clay, blue 5 25
Clay, sandy 14 39
Sangamonian Stage
Sand, brown, fine 15 54
Il1lincian Stage ‘
Clay, blue ' i¢ 73
Sand and gravel 8 81
Clay, blue 17 98
Sand 1 99
Clay, blue 24 : 123
Pre~T1linoian Stage
Sand, gray 13 136
Gravel and sand 6 142

Yarmouthian Stage

This stage is represented by the néxt coldest major interval of
weathering and organic accumulation beneath the Sangamonian surface.
Climate was likely warm and humid by the end of the Kansan and during
the early Yarmouthian ages. It was less moist in the middle and late
Yarmouthian (Leonard, 1950). Regionally, a thick soil profile and re-
latively deep carbonate leaching indicate that the Yarmouthian was a
lengthy episode of weathering relative to any interstadial peried or
even to the Sangamonian interglacial.

Yarmouthian soil was formed in situ with an oxidizeé profile where

it is developed on well-drained pre-Illinoien drift, or residuum over
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weathered Paleozoic rock. In poorly drained lowlands dark, heavy
textured Yarmouthian soil known as accretion gley was formed
by the accumulation of fine-grained sediments under wet, chemically
reducing conditions. Loess material was transported by wind from
Kansan outwash plains, and deposited during Yarmouthian time on the
uplands. Thickness of Yarmouthian deposits is as much as 50 feet.
1t is generally thicker in depressions than on uplands. Locally,
it is almost impossible to determine the Yarmouthian surface, because
the disconformity between truncated, unaltered pre-Illinoian £111
and the Illinoian till is not determinable from the subsurface record.
Figure 6 shows the approximate Yarmouthian topographic surface.
There are a number of similarities between bedrock and Yarmouthian
topographic features.
Yarmouthian deposits are exposed in southern Montgomery County,

sec. 5, T.17N., R.5W. (Wayne, 1958).

Illinoian Stage

Climate probably was cool and moist when the Illinoian ice invaded
most of the county. Some parts of the uplands possibly were mantled
only with thin ice cover during the Ilinoian glaciation. Thicker ice
filled the existing valleys with drift deposited up to the 650-foot
level. Drainage conditions in many areas were disrupted.

The Illinoian stage is identified in this report as the deposits‘énu
countered between the Yarmouthian and the Sangamonian surfaces. Because

the base and the top of the Illinoian deposits are surfaces
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of erosional unconformity, thickness is extyvemely variable (Wayne,
1963). It differs according to the Yarmouthian topography, the

type of Illinoian depositional features, and post-depositional erosion.
Although none of these features can be observed directly, their
presence is deduced from the well record descriptions. Thickness of
I1lincian deposits in Tippecanoé‘County ranges from zero on the
southwestern upland to about 150 feet in sec.1l, T.Z2IN., R.3W.

The Illincian till in Tippecance County belongs to the
Butlerﬁille Member of Wayne (1963). It is gravelly, sandy, compact
mudstone. The unoxidized color is mostly blue, but turns brown by
oxidation. It is commonly described by well drillers as clay or
hardpan. Tt includes lenticular bodies of sand and gravel.

The clay-silt facies also is represented by lacustrine depogits
south of Lafayette and in some other localities where drainage lines
were blocked by Illinoian ice and glacial lakes were.formed,

Il1linoian till is commonly overlain, in giacial sluiceways, by
thick sand-gravel outwash. The outwash is a part of the Atherton
Formation (Wayne, 1963). This formation may include till, indicative
of ice readvance followed by renewed withdrawal. Interbedding of fine-
and coarse-grained sediments may be caused by ice contact deposition,
for example in see. 6, T.23N., R.4W.

No definite surface exposures of [llinoian drift are known in
the county. However, it is exposgd extensively farther south and west.
Illinoian drift is encountered in most wells. An Illinoian section
as interpreted from a well located in the SE.%, SE.%, SW.%4, sec. 14,

T.22N., R.6W., ground elevation 598 ft., is as follows:
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Thickness Depth to
(ft) Base (ft)

Holocene Series
Seil, black 3 3
Pledstocene Series
Wigconsinan Stage

Clay, sandy 15 18
Iilinoian Stage

Gravel 33 51

Clay, blue, sandy 27 78
Yarmouthian Stage

Wood and mud _ 2 80

Pre-T1linocian Stage
Clay, dark blue
Sand and clay, gray

Mississippian Svstem
Stone, gray, and shale 148 238

Devonian-Mississippian
Shale, black

85
90

non

The sequence of Illinoian drift from another well in the NE.Y%, SW.k,
sec. 4, T.22N., R.4W., ground elevation 650 ft., is as follows:

Thickness Depth to

{ft) base (ft)
Pleistocene Series
Wisconsinan Stage
Clay, brown _ 20 20
Sand and gravel, gray 4 24
Clay, gray, hard & 28
Sangamonian (?) Stage
Sand, brown 13 41
Illinoian Stage
Sand and gravel 8 49
Sand, fine 2 51
Gravel 235 53%
Clay, gray 2 55%
Gravel 7 62

Sangamonian Stage
This stage comprises the next youngest major interval of soil

development. Climate was warm and humid. Depth of oxidation is shallow
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relative to both the present and the Yarmouthian oxidized profiles.

The profile formed on the Sangamonian surface is either an
oxidized iﬂ.ﬁiﬁﬂ profile or an accretion gley profile, depending on
oxidizing and drainage conditions. Deposition of loess materials
has also affected the type of profile developed. A tramsition inter-
val between I1linoian drift and the loess is represented by 1% to
3 feet of dark brown altered materials (Leverett and Taylor, 1915).

This may indicate that the deposition of loess took place some time
after the exposure of Illinoian drift to oxddation processes.
Sangamonian deposits thickness ranges from zero to 30 feet in Tippe-
canoe County. It is thicker and heavier textured in depressions than
on higher lands. Locally, where unoxidized Wisconsinan till overlies
any older, truncated and unaltered till, it is difficult or'impossible
to locate the Sangamonian surface.

Figure 7 shows some agreement between bedrock and Sangamonian
topographic features. This relationship is most pronounced in the
central and southeastern parts of the county. There is some resemblance
to the present topography. This is most obvious in the middle and wesﬁern

Wabash Valley areas.

Wisconsinan Stage
The Wisconsinan age was the coldest period during the Quaternary
(Emiliani, 1957). Ice advanced and covered the entire county.
The Wisconsinan drift is defined by its stratigraphic position

above the Sangamonian surface and below the modern. soil profile. Thickness
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varies in accordance with Sangamonian topography and the Wisconsinan
deposgitional landforms such as esgkers, recessional moraines, kames,
and kettles. Variation in thickness is alsoc affected by post-
Wisconsinan erosion. Thickness of Wisconsinan deposits in the county
ranges from zero in the areas where bedrock crops out (Figure 9),

to 180 feet in sec. 19, T.23N., R.3W.

The Wisconsinan till belongs to the Trafalger Formation of Wayne
(1963). 1t is more clayey and silty than the older tills, probably
owing to advance across periglacial lakes to the northwest. Flow lines
of the ice reworked these lacustrine materials and redeposited them
as till in the local area. The i1l is gray to blue in color.where un-~
oxidized, but yellow to yellowish-brown where oxidized. It is more
clayey and silty in the northeastern part of the county than ia the
south; It contains black shale fragments where the New Albany
shale is near the surface in the northeastern part of the county (Rosenshein,
1958). The till has pockets of sand and gravel, limited in lateral
extent {Plates 3, 4). Theirtthicknesses_rarely exceed 25 feet,

Kames are alsc stratified sand-gravel mounds, as high as 40 feet, They
were formed in crevasses and moulins in the ice.

Sand-gravel outwash facies, as in the older drifts, is a part of
the Athefton Formation. It was deposited in sluiceways and outwash
plains. Changes in the rate of ice melting controlled the amount of
water in sluiceways and consequentiy produced some stratification in
the outwash. Late Wisconsinan outwash was superimposed on the older

drift in valleys. In some areas, as in the Wabash Channel through
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Lafayette, Illincian cutwash materials were partly truncated by late
Wisconsinan outwash during a cut-—and-full episode.
Lacustrine deposits in slack water areas resulted during
giacial refreat and outwash accumulation. Clay, silt, peat, muck,
and marl were deposited in Wisconsinan lakes and bogs in depressions
on the till plains and in a backswamp enviromment on the flood plains.
Some sands associated with these lakes were subsequently reworked by
aeclian processes.
During late Wisconsinan time large amounts of water discharged
down the Wabash Spillway owing to the rapid drainage of Glacial Lake
Maumee. This "Maumee Torrent" eroded the Wisconsinan drift in the valley
and reduced the elevation of valley £111 to about the 520-foot level.
Wisconsinan drift is encountered in almost every well drilled in
the county. A representative Wisconsinan section from a well located
in the NW.%, NE.Y%, NW.%, sec. 14, T.23N., R;SW., ground elevation 690 ft.,
is given below.

Thickness Depth to

(fr) - Base (ft)
Pleistocene Series

Wisconsinan Stage

Clay - 18 18

Clay, blue, sandy 72 90
Iliincian Stage

Clay, brown , sandy 20 110

Quicksand 15 125
Yarmeouthian Stage

Sand and gravelrchunks of wood A 129
Pre-11linoian Stage

Clay, brown, gritty 24 153

Sand, gray 15 168

Gravel, gray, coarse 6 174
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Another section of Wisconsinan till from a well in the NE.%,
SE.%, NE.%,.sec. 13, T.24N., R.5W., ground elevation 685 fr., is
as follows:

Thickness Depth to

(ft) Base (ft)
Pleistocene Serles

Wisconsinan Stage

Clay, yellow" 14 14

Clay, blue 75 89
Iilinoian Stage

Hardpan, blue, gritty 14 103
Yarmouthian Stage .

Sand, brown fine 17 120
Pre~Illinoian Stage

Sand and gravel ' 6 126

These records, which are illustrative of the latest glacial deposits,
aiso show a rather complete section of pre-Wisconsinan glacial and inter-
glacial deposits. Nomenclatural assignment of the Pleistocene materials
was based on: 1) lithologic breaks in individual wells, and 2) corre-

lation of these interpreted hiatuses across the counfy.

Holocene Series

During Wisconsinan deglaciation, the climate gradually warmed
and wind acted on the extensive outwash plains, transporting sand and
silt and redepositing this material as dunes and leess. A loess
blanket covered the majority of the county to an average thickness of two
feet. Dunes are confined essentially to the terraces and the Wea outwash
plain. These dunes have been stabilized by vegetation. Water was
trapped in some closed depressions, slackwater areas, and kettle basins,

to form lakes. The eolian and lacustrine facies were grouped by
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Wayne (1963) as a part of the Atherton Formation deposited during
the late Pleisteocene-Holocene.

Other Holocene facies are alluvial, colluvial and paludal.
They were assigned by Wayne (1963) to the Martinsville Formation.
Alluvium was deposited in stream channels and on flood plains as
sand, silty clay, and gravel in decreasing order of abundance. Some
slope wash materials have accumulated at the base of steep slopes.
Paludal deposits include clay, silt, peat, muck, and marl. They are

concentrated in poorly drained areas.

Evolution of Drainage

The pre—Pleistocgne drainage (Figure 8~D) partly resembles the
present drainage pattern (Figure 8-A). There are some similarities
and many differences. The changes that have occurred resulted from
the several glaciations of the area. Yarmouthian and Sangamonian
paleotopographic maps (Figures 6, 7) and the drainage pattern (Figures
8-B, C) lead to some interpretations about the evolutionary stages of
the drainage.

The Kansan glacier apparently did not change the existing drainage.
Some first- and second-order tributaries were blocked as indicated on
Figure 8~C. The Otterbein Valley was filled. Most of the channels
continued to operate throughout Yarmouth time until the advance of the
Illinoian ice.

T1linoian ice caused the majority of changes in the drainage pattern

(Figure 8-B). The ice sheet blocked the Clarks Hill Valley in T.Z2IN.,
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R.3,4W., and stagnated long enough for melt water to deepen the
existing south-north preglacial tributary. This steep-walled valley
subsequently was almost filled by outwash deposits. After the ice
receded, Clarks Hill channel was partly reopened for active drainage.
Dayton Valley southeast of Lafayette was completely buried by drift
and ceased to function as a drainage line.

Another change took place when the retreating Illinoian ice
dammed the lower Anderson River. The meltwater established a curved,
ice marginal stream a few miles southwest of the lower Anderson Valley.
This channel is followed now by the lower reaches of Wildecat Creek,
which is flowing on and dissecting an Illinoian drift sheet.

Two other changes occurred along the Teays chanmnel during the
retreat of the Illinoian glacier. The ice probably stagnated south-
west of Lafayette, blocking the westward drainage and forming Glacial
Lake Lafayette upstream from the ice dam. This episode is clearly shown
on the fence diagram (Plate 4). Silt and clay deposited in this proglacial
lake, while deposition of sand and gravel outwash continued upstream.

As the highest elevation of the lacustrine clay is 550 feet, the lake
ievel for a time must have been higher, possibly as high as 560 (?) feet,
and the lake occupied an area of at least 4 square miles. At this time
the ice had apparently melted at Lafayette, but still covered the area
to the west, includipg the locale of the preglacial Teays channel. The
lake was drained through a newly developed ice marginal drainage way
flowing west, then southwestward to the western county line (Figure 8-B).

This new drainage way presumably joined the preglacial Wabash Valley
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somevwhere far to the south. Consequently, the result was the final
diversion of the permanent drainage to the south, i.e., approximately
to the present position of the Wabash Valley, ané the Teays-Mahomet
River was eliminated in this area. When the Illincian ice melted, the
ancestral Wabash River continued to occupy the newly cut valley south-
west of Lafayette.

Anothef change in drainage along the Teays course occurred
northeast of Lafayette, when the Illinoian ice blocked its channel.
Escaping melt water was forced te bypass the blocked drainage‘way
and cut a new channel a few miles to the east-—a course now followed
by the Wabash River northeast of Lafayette (Figure 8-B). The blocked
channel in T.24N., R.4W. operated later as a minor sluiceway. It is
now occupied by the lower part of Burnetts Creek.

By late Illinoian and Sangamonian times probably there was a
minor drainage way, north of the Wabash great bend, running northeast-
southwest. It is now followed by the linear depression occupied by
Hadley Lake, other small ponds, Indian Creek and a part of Burnetts
Creek (Johansen and Melhorn, 1970).

Wisconsinan ice brought some additional changes in the drainage
pattern. The Clarks Hill Valley segment across T.21N., R.3W., its southern
tributary, and the two valleys running northward in the midwestern part
of the county, were buried by Wisconsinman drift. Other minor changes also

occurred.
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During Wisconsinan deglaciation other drainage lines, control-

led by ice-margin conditions, were developed on the Wisconsinan drift

sheet and continue to function at present.

Unconsolidated Material Thickness

Unconsolidated material thicknesses are of prime importance
to water well-drillers, geologists, planners, and construction engineers.
These materials, listed in order of their decreasing abundance in
Tippecanoe County, are glacial till, outwash sand and gravel, alluvial
deposits, lake and bog deposits, and eolian deposits.

The orographic map (Plate 1), the bedrock map (Figure 4), and the
unconsolidated material thickness map (Figure 9) suggest that most of the
areas underlain by thick unconsoldidated materials' are the site of older
valleys cut into bedrock. Relatively thin driff mantle is associated
with bedrock topographic highs and areas affected by present drainage
degradation. Those areas having unconsolidated material thicker than
350 feet (Figure 9) coincide with bedrock valleys and are not degraded
by the present drainage.

County-wide, the average thickness of unconsolidated materials is
about 200 feet. There is none where bedrock crops out, and a maximum
thickness of 448 feet (determined by the seismograph) is in the SW.%,
SW.%, SW.%, sec. 7, T.23N., R.5W. The maximum unconsolidated thickness
reported in well records is 288 feet in the NE.%, NE.%, sec. 5, T.23N.,

R.4W.
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Groundwater conditions are most favorable where there are thick,
water—saturated sand and gravel deposits. These are commonly most
abundant in areas having the greatest unconsolidated materials thick~
ness. Conversely, areas with az thin mantle of drift have little, 4if
any, water-bearing sand and gravel.

The properties and characteristics of the unconsolidated materials
are also important in determining the agricultural soil types, the
engineering properties, the feasibility of industrial and municipal

waste disposal, and the location of mineral resources for congtruction.
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GROUMNDWATER

General Statement

Groundwater is the most important natural resource in Tippecanoe
County. Its development is less expensive than that of surface water.
Sufficient or abundant supplies are available throughout most of the
county, and groundwater development potential exceeds the rate of
present consumption. Groundwater historically and presently fills all
domestiec, farﬁ, municipal, and industrial requirements. Most wells
are less than 200 feet deep and yileld from 5 and 2,000 gpm depending
on well design and aquifer properties. Rosenshein (1958) estimated
a total daily withdrawal of 20 mgd from all sources in the county.
Withdrawal rates for municipal pumpage are knmown, but industrial con-
sumption is considered as proprietary and figures are not available.
Only estimates can be made, based on census figures of the number of
non~municipal households, of production from individual wells. The
total present pumpage is estimated therefore as approximately 35 mgd.
Assuming exponential annual increase slightly in excess of 1 mgd,
pumpage is expectéd to be 100 mgﬁ by the year 2020. There is a good
possibility that this future consumption from groundwater resources
can be met without recourse to surface supplies.

Glacial outwash is the principal source of groundwater. However,

shallow bedrock, sand and gravel lenses within the till, and the Holocene
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alluvium can'cont¥ibute some water for domestic and farm purposes.
Deposits having the greatest potential lie along the Teays, élarks
Hill, Anderson, and other buried walleys in bedrock.

Groundwater in the county commonly occurs under leaky artesian
conditions where fine~grained material overlies a saturated, porous
-rock. However, a water table condition prevails where the aquifer
is overlain by unsaturated, coarse-grained material, and thus lacks a
confining cover.

This section discusses distribution of aquifers, some hydrologic

aspects, and quality of the groundwater.

Distribution of Aquifers

The occurrence and extent of the aquifers in Tippecanoce County
ig shown on the aquifer maps (Figures 19-22), tﬁe fence diagram and
cross—sections {Plates 3, 4), and the slice maps (Figures 10-18). The
boundaries of these aquifers are hydrologic in terms of the attitude
of the groundwater surface, sedimentologic in terms of the geometrical
shape or boundary conditions of the sedimentary "environment in which
the coarge-grained materials forming the agquifers hawve been deposited,
and stratigraphic in terms of the age of their deposition.

A complex series of erosional and depesitional events during the
successive glacial and interglacial stages caused changes in the pre-
existing drainage systems, and resulted in a number of episodes of excava-

tion and refilling of some of the major drainage lines. The manner and
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place of deposition of sand and gravel was much affected owing to
this compliex history.

In terms of these conditions, aquifers within the unconsolidated
deposits in Tippecanoe County may be described and classified. Pre-
T1linoian, Illinoian and Wisconsinan outwash aquifers are the major
sources of groundwater in the county. Holocené alluvium and numerous
disconnected sand and gravel lenses within the till are potential
aquifers, but only for limited uses. Many wells fail to strike any of
these aquifers in passing through the unconsolidated deposits above
the bedrock.

It is more advantageous to explore groundwater aquifers in the
low elevation bedrock areas because in these areas the drift is thicker
and generally more sand and gravel is encountered. The areas of largest
vield and best for future intensive development are those where outwash
aquifers are hydraulically connected to the Wabash River.

It should be noted that the aquifer maps (Figures 19-22) and
clagsification scheme are given on a regional scale. Plans.for future
éevelopmeht of large supplies in specific areas will require more detailed
evaluation and should be based on more data about the hydrologic character-
istics of different aquifers.

The distribution of aquifers is discussed, from older to younger

as follows:

Shallow Bedrock Aquifers
The Silurian Liston Creek Member of the Wabash Formation has not

been developed as a water supply in Tippecanoe County. Potable
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groundwater may be expected in the subcrop area in the northern part
of the county where joints may be enlarged by solution (Figure 4).
In this area the top of the Liston Creek Limestone is about 300 feetr
above msl. Elsewhere the water in this limestone is probably too
highly mineralized for normal human usage.

The Devonian carbonate rocks are water-bearing. A few wells
tap good watér from these formations in the northeastern quarter of
the county. However, it is not uncommon to get dissolved HZS in the
water. The depth to the Devonian carbonate rocks in the Lafayette
area is gbout 220 feet. They might be considered as a receptor for
liquid wastes, in areas where they will not be used as an aquifer, for
example in downdip areas in the southwestern part of the county. However,
‘the shallow depth and the possibility of hydraulic connection with over-
lying wnits that are aquifers suggests that any disposal project should
rather consider use of more deeply-seated Paleozoic rocks for injection
of wastes.

The New Albany Shale does not yield much water except from the
upper few feet where the vock may be closely fractured. Some wells in
T.24N., R.3W. discharge limited amounts of potable water from near the
top of this shale. The New Albany Shale acts as a thick, confining
unit between the Devonian carbonates and the Rorden rocks.

The Borden rocks and the overlying Harrodsburg Limestone are a
commonly used but limited capacity aquifer in the southwestern part of
the county. The average depth to this aguifer is about 30 feet in this

area.



—63-

Pre-~Illinoian Outwash Aquifer

This aquifer is extensive (Figure 19), but has not been greatly
developed. Thickness ranges from zerc where there is no pre~Ililinocian
sand or gravel, to approximately 200 feet in the buried Teays channel
in T.23N., R6W. The aquifer is covered by Illincian till which acts
as a confining bed. However, it may be covered directly by Illinoian
or Wisconsinan outwash. Wells at West Lafayette in sec. 19, T.2Z3N.,
R.4W. are examples of the pre-Illinecian, Illinoianm, and Wisconsinan
outwash.materials forming a single aquifer. In this locality the
aquifer was essentially formed by re—excavation of the major sluiceway
at the end of each glaciation by erosion of glacial till and deposition
of a new layer of outwash material. The agquifer is composed princi-
pally of outwash sand and gravel, with some clay and/or till inter-
bedded with the coarser material.

The pre~Illinoian outwash aquifer in Tippecance County is bounded
by bedrock at the base and generally laterally also abuts against rock.
It és overlain by Illinocian till. It is continuous with the pre-

Illinoian aquifer in Carroll, Clinton and Warren counties (Figure 19).

Iliinoian Aquifers
Iilinoian till has some sand and gravel lenses which provide
limited water supplies. The Iilinoian outwash aquifer (Figure 20}, is
the most extensive in the county. Thé deposits filled the valleys during

the Tllinoian stage and extended elsewhere as outwash plains. This
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Figure 19 GENERALIZED MAP SHOWING DISTRIBUTION COF THE PRE~-
ILLINCIAN OUIWASH AQUIFER, TIPPECANOE COUNTY
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Figure 20 GENERALIZED MAP SHOWING DISTRIBUTION OF THE ILLINOIAN
QUTWASH AQUIFER, TIPPECANOE COUNTY
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aquifer is widely used for various purpcses. The thickness ranges
from zero to more than 100 feet in the buried (Clarks Hill Valley in
T.218., R.3W. Most of the aquifer is covered by Wisconsinan till as
a confining bed. The aquifer material is mainly sand and gravel,
commonly interbedded with finer-grained material.

The Illinoian outwash aguifer is bounded below by Illinoian till,
by Wisconsinan till above, and laterally by the bedrock high areas.
At West Lafavette the aquifer is unconfined; thus it is bounded upward
by the water table. The agquifer is connected hydraulically with the

Illincian aquifer in the surrounding counties,

Wisconsinan Aquifers

Wisconainan till contains a few discontinuous sand and gravel
lenses which may yield limited water supplies. Wisconsinan outwash
extends over a large area (Figure 21), but most of it is unsatufated.
"Most of the saturated Wisconsinan cutwash is in the Wabash Valley.
However, some Wigconsinan outwash far from the Wabash Valley may be
saturated by perched water. The total thickness of outwash ranges from
zero to dbout 50 feet. The aguifer material is mostly sand and gravel.
It is associated and interbedded with finer-grained material. The aquifer
is not widely utilized. However, more development in the future should
decrease the current reliance on the Tllinoian aquifer.

The Wisconsinan outwash aquifer in the Wabash Valley is connected

downward with the Illinoian aquifer. It is bounded laterally by the
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Figure 21 GENERALIZED MAP SHOWING DISTRIBUTION OF THE WISCONSINAN
OUTWASH DEPOSITS, TIPPECANCE COUNTY
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water table or by confining, fine-grained deposits. Away from the
Wabash Valley, the few saturated Wisconsinan outwash agquifers are
bounded below and laterally by Wisconsinan till, and upward by the

water table or by a confining bed.

Holocene Alluvium Aquifer

The Holocene alluvium aquifer in the Wabash Valley is a continuation
of the Wisconsinan aquifer, In Wildeat, Wea, Indian, and other creeks
the water~bearing alluvium is limited in area and thickness. The
aquifer material is mainly sand with some gravel. Locally, finer-
grained material is contained in the alluviuwm.

The Holocene aquifer (Figuré 22y is less important and less developed
than the underlying aquifers because of its limited distribution and

hydrologic potential.

Hydrology

The hydrologic properties of water-bearing formations in Tippecanoe
County are related to the water budget, and to recharge, movement within,
and discharge from these formations. Changes of groundwater levels are

much affected by the balance between recharge and discharge.

Budget
The relation between total water gains and losses for a certain time
period is expressed as the hydrologic budget. It can be stated in the

following form:



~69-

REW RS W R4 W R3W

Figure 22 GENERALIZED MAP SHOWING DISTRIBUTION OF POSSIBLE
HOLOCENE AQUIFER, TIPPECANOE COUNTY
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Inflow = Qutfliow j;Change in Storagé

The significant inflow items are preaipitaﬁiong surface inflow and
subsurface underflow, whereas the significant outflow items are surface
outflow, subsurface underflow, evapotranspiration and consumptive
uses. The different items may fluctuate from year to vear. Precipitation
and runoff vary considerably. Chanpges in evapotranspiration and water
storage may occur. Underflow is fadrly constant. If water entering and
leaving the area and the change in storage can be determined, it will be
possible to know how much water is available for development.

Table 2 summarizes the monthly water balance for the Lafavette area.
It is clear from the table that the dry season, when potential evapotrange
piration is greater than precipitation, is from June thrpugh September,
whereas the wet season is from October through May., Figure 23 indicates
that so0il moisture recharge takes place in Ociocber through Décember,
because of the decrease in tempersture and plant transpiration. There
is a water surplus from December through May. This surplus goes to
subsurface moisture. In May, the monthly surplus decreases as evapotrang-—
piration increases until it exceeds precipitation in June and at this
time s0il moisture is withdrawn from storage. A moisture deficit exists
in August and September, when potential evapotranspiration is more than

actual evapotranspiration and soil moisture in storage is depleted.

Recharge
Recharge to groundwater in Tippecance County is from direct

precipitation, intermittent influent streams on the uplands, influent seepage
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a—g--n brecipitation

potential )
evapotransplration

s—n—x zcbusl evapobranspiration

]

J soll moisture utilization

Ezzzgsoil moisture recharge

[ water deficit
ﬂII]Vﬁter surplus

- Figure 23. Water Balance for Lafayette Area.

of perennial streams' high stage (Rosenshein, 1958, 1959), induced
infiltration of surface water, vertical leakage from overlying deposits,
or subsurface undeIEIOW‘froﬁ the east and northeast {(Figures 19, 20).

The main recharge soﬁrce of bedrock aquifers is water leakage
from overlying glacial drift. The pre-Illinoian and Illinoian outwash
aquifers are recharged vertically though vounger deposits, and later-
ally through their extensionsg from the east and northeast. Vertical
leakages takes place in areas whera there is & difference in head between
water levels in shallower deposits and the water level in pre~Illinoian

or Iilinoian aquifers. The Wisconsinan outwash and Holocene alluvium
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aquifers are mainly recharged by percolated precipitation and surface
runoff. Percolated precipitation is greatest in spring and least
in fall, as shown in Table 2.

Recharge rates for glacial sand and gravel aquifers in Illinois
(Walton, 1965), range from 115,000 to 500,000 gpd/sq mi. A similar
range is expected in Tippecanoe County because of similarity in
physiographic and geologic conditions. The Holocene alluvium and Wiscon~
sinan outwash aquifers' rate of recharge may exceed 300,000 gpd. sq mi.
whereas the deeper Tllinoian, pre~Illinoian and bedrock aquifers, if
overlain by thick deposits of low permeability, will be vertically re-
charged at lower rates. The rate of vertical recharge of deeper aquifers
is controlled by vertical permeability, thickness of overlving drift,
and the difference between the potentiometric surface in deeper aquifers
and the overlying water source.

Artificial recharge to groundwater aquifers is not urgently needed
at present in Tippecanoe County, but it may be important in the future.
Groundwater can be artificially recharged by construction of small check
dams\on creeks to retard runoff and increase infiltration, éhanging the
route of some streams to pass acrosas coarser—-gralned deposits that overlie
aquifers, or discharging uncontaminated, clear waste-water from air-
conditioning or other sources to aquifers through recharge wells, shafts,
or pits About 10 mgd are being recharged currently into a gravel pit on
the Purdue campus. Heavy pumpage near surface water bodies recharges
groundwater by induced infiltration as soon as the potentiometric surface

in the pumped well becomes lower than the surface water level.
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Movement and Discharge

Groundwater moves vertically and laterally, from recharge areas
to discharge sites. The rate of movement is dependent on the differ-
ence in head and permeability of the media. ILand surface configuration
affects the regional directicns of groundwater flow, i.e., groundwater
moves from the higher lands where it is rvecharged toward the Wabash
Valley. Infiltration properties of surficial material {(Plate 2), also
contrel the distribution of recharge areas. High permeability soils on
outwash_plains, flood plains and terraces are the most favorabie intake
areas. The recently constructed municipal golf course on the flood
plain and iow terrace of the Wabash River in Lafavette is an excellent
example of land use in terms of groundwatér management. This area is
only a short distance from the municipal well field and overlies the
same aquifer. Much of the water which floods the golf course during
peak flows of the river goes toward direct recharge of the aquifer.

The permeability of glacial drift also controls the rate of water
movement and discharge, as well as rate of recharge. Movement through
till is relatively slow. However, recharge to and discharge from aquifers
does take place through till.

Groundwater in Tippecanoce County is discharged by surface streams,
springs, pumpage, evapotranspiration and subsurface underflow to Warren
and Fountain counties.

Aquifers are discharged principally to maintain base flow of the

Wabash River and dits tributaries. Rosenshein (19538) estimated the
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groundwater discharge into s?reams as 140 mgd. In constructing the
deterministic groundwater model for hydrological evaluation of the
Lafayette urban area only, Dr. J.A. Spooner (in.press, 1975) suggests
that base flow contribution to the Wabash River and the Wildcat Creek
is on ;he order of 49 mgd over a total reach of eight miles. Extra-
pblation of these values suggests that the figure given by Rosenshein
is guite reasonable.

The shallower Holocene and Wisconsin aquifers are discharged
te the Wabash River at a slower rate than the deeper aquifers. The
water elevation at the discharge point will affect the storage avail-
able in the unconsolidated material such as in the case of the
extensively distributed but unsaturated Wisconsinan outwash (Figure 21).

The outwash aquifers outside of the valleys are a potegtial source
for industrial and municipal water supplies. Wells of intermediate
diameter generally yield more than 100 gpm. The Holocene alluvium
aquifer, bedrock aquifers and disconnected sand and gravel lenses
within the till are potential but minor sourceé for domestic supplies.

The‘generally yield less than 12 gpm.

Changes of Water Levels
Groundwater levels in observation wells in Tippecanoe County have

been measured peviodically since 1935. Levels fluctuate, and fluctuations
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reflect changes in the amount of water stored in the aquifers:. Annual
range of change is from less than a foot to more than 25 feet, depend-
ing on geological setting of the aquifers, and the gain or loss in
groundwater storage. Maximum and minimum annual groundwater levels
are recorded at different times from vear to year, but generally
levels are highest in spring and lowest in fall, depending primarily
on the climatic coﬁditions and stage of the Wabash River.

The magnitude of annual fluctuatuation is affected by the quantity
of water available for recharge, pumpage, and changes in stream stage.
In Obsérvation well no. 7 in sec. 13, T.23N., R.5W., the difference
between annual high and low levels was 2.5 feet in 1970, while the
difference in the same yvear was 13 feet in Observation well no. § in
sec, 17, T.23N., R.4W.

High rainfall during the summer is utilized as soil moisture
because evapotranspiration is at a maximum High precipitation in
spring is added to groundwater storage because goil moisture utilization
and recharge are satisfied (Figure 23). Water levels in wells in the
pre~Illinoian and Illinoian aquifers generally fluctuate less than do
the shallower aquifers. Wells in shallow aquifers, far from the Wabash
Valley, tend to go dry in drought years when precipitation is below
normal, whereas deeper aquifers are partly recharged in drought years from
water stored in the overlying confining beds. Therefore, below normal
precipitation has less effect on deeper aquifers than on shallow ones.

The historical record of observation wells across the county does
not suggest any significant or continuous record of long-term decline of

water levels.
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Quality

The extent to which groundwater rescurces can be developed depends
on water quality as weil as quantity.

All groundwater contains dissolved minerals, and the mineral
content ig related to thé materials through which the water flows or
percolates, the length of time it is contact with the materials (flow
rate), and internal pressure-temperature relations of the aquifer.
Thus, groundwater quality in Tippecance County varies between different
aquifers and also within the same aquifers. Chemistry, temperature,
and pollution are the quality aspects discussed in the following

sections.

Chemistry

Groundwater in the Lafayette area moves through glacial drift materials
derived in large part from the erosion and redeposition of sedimeﬁtary
and granitic rocks, and 1s especially high in calcium and magnesium car—
bonates and bicarbonates. The water is generally slightly alkaline. The
total dissolved solids range between 300 and 500 mg/l (milligrams per litre)
in most of the aquifers. Water having a hardness of more than 200 mg/l is
considered "hard", and thus groundwater of the Lafayette area is “very hard".
Generally the water is suitable for most human activities (Table 3}, but
softeners are required to save soap and to avoid scale formation in
hoilers, pipes, and water heaters.

Manganese content in West Lafayette and Battle Ground is higher

than the recommended limit (.05 mg/l). Iron content also is generally
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higher than the objectionable limit (.03 mg/1). High iron content
gives water objectiomnable characteristics for taste and laundry
purposes. West Lafayette and'Clarké Hill municipal water supplies
add phosphate compounds to prevent iron deposition. However, the
iron concéntrations seeﬁ to be localized and in general are less than
that encountered in similar areas elsewhere in the glacial drift
region. It does ﬁot present much of a treatment problem in municipal,
industrial, or individual water supply systems.

Fluoride concentration is about 0.2 mg/l. This is less than the
desirable standard value for drinking water (0.8~1.7 mg/1l). Therefore,
fluoride is added to natural waters to prevent dental decay in the
Lafayette community. Although abundant data are available on bacterio-
logical quality of watérs in the area, complete chemical analyses are
scanty. Rosenshein (1958, p. 34) presents data on a dozen wells in the
county. Table 4 gives concentrations in mg/l of some constituenﬁs in
water wells used for public supplies in the Lafavette area. Calcium,
magnesium, sodium, potassium, chloride, sulfate and nitrate concentrations,
and pH meet most requirements for various uses. Table 5> presents histori-
cal data obtained from Lafayette and West Lafayette municipal wells for
the period from 1958 to 1975. Because different wells were tested at
different times, and because certain analyses for certain elements was
not performed at the earlier dates, it is impossible to determine whether
any trends exist over time. There is a slight suggestion that nitrogen

is increasing but this trend may be more apparent than real. Changes and
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improvements®in analytical- procedures; sampling methods, or other.
control faetors could account for this apparent change:

Water quality may differ between aquifers. Quality is excellent
in the Holocéne alluvium and Wisconginan outwash if the aquifers are
protected from surface pollution. The Illinoian outwash aquifer has®
good quality water. However, mineralization could be slightly greater
than ih the upper aguifers because water is in contact for a longer
time with the rock materials and has more chance to dissolve minerals.
Enough data may exist to determine the quality of the pre—Illiﬁoiam
aguifer, but it has not been studied in connection with this project.

If this aquifer is overlain by and recharged through a relatively thick
till section, it is probably somewhat more mineralized. than the

shallower aguifers. It is also possible that some highly mineralized
water, at least locally, is discharged from deeper bedrock formations into
the pre-Illinoian aquifer.

The chemical quality of water reflects tﬁe origin and speed or rate
of recharge to aquifers, The lesser mineral content generally indicates
faster recharge. Heavy pumpage near the Wabash River lowers éhe water
table below the surface water level in the river. Pumped water with
less mineral content is 4 mixture of groundwater in the agquifer before
pumping and the induced infiltration of river water.

The shallow bedrock aguifers generally have potable water where
they are easily recharged, such as in area where bedrock is overlain by

outwash depogits, thin till, or a surface water source. For example,



well 22-6-14~le taps a bedrock agquifer overlain by zand and gravel.
Well 22-5-23-1le yields water from a bedrock aquifer covered by thin
£ill. Well 22-6~24-2f taps water from a bedrock aquifer hydraulically
connected with Flint Creek.
The abundance of good quality groundwater undoubtedly has been
én attraction to industry and a major factor in the increased number
of food-processing and other water consumptive industrial developments
in the community in recent years. This trend is likely to increase as
water shortages or limits to supply become apparent elsewhere. Decrease
in use of boilers or other hot water processing procedures by industry
has resulted in a great diminution of problems of scaling and iron
precipitates which result in inefficiency or periodic shutdowns in manu-
facturing. Other dissolved solids do not appear to present any problems.
It seems to the writers, however, that the monitoring of chemical
quality of groundwaters of the Lafayette area is far from satisfactory.
It seems sensible ﬁo recommend that an observation.network of wells should
be established and routine chemical analysis performed. This should be
done on at least an annual basis, and preferably seasonally, in order to
determine what influence seasonal decline of water tables and increased

pumpate rates have on water quality.

Temperature
Groundwater temperature varies during the year but the range of
fluctuation is much less than that of surface water bodies. This gives

groundwater an advantage over surface water for cooling purposes.
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The temperature fluctuation range of groundwater in the shallower
aquifers or aquifers&recharged from surface water bodies is more than
that in the deep aquifer. This results from heat exchange between
surface runoff and the subjacent groundwater. Changes in groundwater
temperature may also cccur from returning water used for cooling

purposes.

Pollution

Pollution of groundwater resources is a serioué environmental
problem. ‘It must be avoided wherever and whenever possible. Potential
pollution should be carefully considered, because it is not always
quickly discovered, and even then the problem may not be remedied merely
by stopping the point or diffuse sources. It may also be economically
unfeasible to reclaim this water. Meanwhile, health hazards'may not
be avoided.

The most common pollution sources are disposed wastes. The common
pollutants are microorganisms, dissolved solids, hardness, pH, odor,
heat, detergents, phenols, pesticides, and toxic materials.

Pollutants percolate through the soil toward the water table. They
are then easily transported within the f£low system. Foor well location,
design, or construction provides an easy access for polluténts to reach
groundwater. The damage can be caused directly by the polluting
substance, or indirectly as a consequence of Induced changes in an aquifer's
chemical properties. An increase in groundwater hardness was caused by

acidic water seepage from a lagoon at a tomato processing plant in
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Lafayette {(H.R. Wilke, personal communication).

Rainfall, snow melt, and overland flow dissolve and leach
inorganic and organic pollutants and add them to the groundwater
aguifers. The aquifers in Tippecanoe County are not equally suscepti-
ble to peollution. Holeocene alluvium and Wisconsinan outwash aquifers
are more susceptible to pollution than the Illinoian and pre-~Illinoian
aquifers, because the latter are more protected except in stream
valleys and other local areas where overlain by permeable materials.
Bedrock aquifers can be polluted by land surface pollutants where
they are not pxoteéted by thick, low permeability deposits.

Disposed wastes are the most common contributors to groundwater
pollution. Septic tanks, municipal sewage, and 1éndfills are examples
of waste disposal in Tippecanoe County, as elsewhere.

Septic tanks, unless properly designed and maintained, represent
a constant and important source of pollution. Detergents and sewage
drained to septic tanks move through the ground, and possibly pollute
groundwater to yield foaming, taste and odor problems. |

Unlined landfills sited in permeable materials are important
pollution sources, especially if they are in recharge areas or where the
groundwater flow is toward a pumping well. Such a case occurred in
Lafavette, where a water well near an old open dump was taken out of
service after the water became contaminated (T.R. West, persomnal
commmication).

Refuse leachate produced by infiltrated water leaves the landfill

and migrates through the ground to the water table. The texture and
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chemical exchange capacity of rock material through which leachate
moves determines the extent of pollution. Fine-grained materials,
e.g., till, clay, or silt ave more capable of retaining dissolved
solids and filterinmg microorganisms than are coarse-grained materials
(Figures 24, 25).

Sodium, potassium, calcium, iron, chloride, and bromide ions
decrease with distance away frem the landfill, whereas sulfate,
phosphate and nitrate increase in concentration after leaving the
landfill. Those components increasing in concentration cannot exist
in the reducing medium caused b& the large organic content of the
leachate (Hughes, et al., 1971). Decomposition of organic matter by
aerobic bactéria releases carbon dioxide and ammonia. The carbon
dioxide combines with water to increase its solution capability. There-
fore, water hardness and total dissolved solids increase.

Table 6 shows the percentage of material leached from domestic refuse
deposited in apn unsaturated enviromment and leached only by natural
precipitation.

As leachate leaves the disposal site it moves veritcally downward
toward the water table. Upon reaching the water table, leachate takes a
flame~]like plume shape oriented pérallel to the groundwater flow direction
and also follows the flow pattern. Some mixing and dilution with ground-
water take place downflow until the point is reached where the contaminatioen
effect is insignificant.

Chemical pollutants mobilize faster than biological pollutants in

the zone of aeration, because the ground acts as a filter that retains
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Table 6. Percentage of Materials Leached from Domestic Refuse.
(adapted from Hughes, 1967).

Material Leached Percentage
Permanganate value 4 hr 0.037
Chloride .127
Ammonia nitrogen 037
Biochemical oxygen demand : . 249
Organic carbon .163
Sulfate - (184
Organic nitrogen 072

most of the microorganisms. The travel of pollutants through the unsatur-
ated zone is less than that through the saturated zene (Figure 25).
Although the safe distances between a domestic well and a potential

source of pollution are variable according to different conditions
{(Romero, 1970), a summary of recommended distances is shown in Table 7.

Industrial wastes are potential pollution sources unless they are
properly located. Poisons and radioactive wastes could be hazardous unless
the hydrogeclogy of the disposal site is well understood and the spread
limits of any dangerous toxicity are established.

Water used for cooling purposes is polluted by heat. Pollution
effects can be eliminated by a recooling process before water is returned
to the ground.

Pesticides, insecticides, weed killers and agricultural chemicals
are widely used in farms and gardens. Thev are potential pollutants
if they infiltraté to the water table. Manure from feed lots and barnvards

cause serious groundwater pollution if not disposed of properly.
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Table 7. Recommended Szfe Distances Between Domestic Wells and
Pollution Sources. (Adapted from Romero, 1970)

Source of Pollution - Recommended Distance in Feet
U.S. Public Federal Housing
Health Service Authority

Septic tank 50 50
Sewer lines with water

tight joints 10 10
Other 50 50
Percolation field 100% 100%
Absorption bed 100+# ———
Seepage pit 100% 100%
Dry well 50 50
Cesspool e 150

*® .
Distance (horizontal) may be reduced to 50 ft, if point of beginning
of well casing perforations and percolating fields are separated by
a well-defined continucus impervious stratum,

Pollution by petroleum products is possible from gasoline tanks or
petroleum wells. Leakage from gasoline tanks, because of corrosion or
other reasons, may find access to shallow aquifers. Gasoline polluted
groundwater was reported.in 1969 in Lafayette. Petroleum wells or test
holes are also potential sources of pollution. Head difference of
different aquifers in an abandoned well causes vertical flow. Salt
water, hydrogen sulfide, or hydrocarbons may move under the difference
in head and poliute a shallower, good quality aquifer.

Sulfate and diron are pollutants if they exceed the recommended
percentage for human use. Sulfate, as already described, increases in
concentration in the refuse leachate. Tt can be also produced by leaching

and oxidation of the sulfide in the New Albany Shale. Iron poliution




-9~

is possibly caused by dissolved iron minerals from rock materials,

or by certain bacteria causing corrosion and iIncrustation of steel
pipes under favorable conditions. Iron pollution has occurred in some
wells in Lafayette.

Building on the foregoing general discussion of pollution sources
and pollutants, it is worth noting that water wells themselves con~
tribute in accelerating the mobilization of objectionable substances
to aquifers. These substances can enter the aquifer when the well is
drilled, during the life of the well, or after its abandonment. The
entrance of surface-derived pollutants into an aquifer can take place
through or under the pump, around the casing, or through the gravel
péck. Subsidence at the well-site may destroy the surface proteciion
so that contaminants can enter (Ham, 1971). Pumping water from a deep
bedrock aquifer may cause salt water intrusion and contamination of the
shallower waters.

The presently unpolluted groundwater resources in Tippecanoe
County are in danger of pollution unless the points cited are carefuliy
considered and monitoring is undertaken to insure that no widespread

deterioration cccurs in the principal aquifers.
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SUMMARY AND CONCLUSIONS

The bedrock topography in Tippecanoce County is characterized
by a well-developed drainage system. During the Pleistocene Epoch,
at least three major ice invasions of the area filled the existing
valleys and covered the uplands with glacial drift. The three
major drift sheets are pre-Illinoian, Illinoian, and Wisconsinan in
age. They are separated by two major, buried paleosols. The
Yarmouthian soil devéloped on the uppermost Kansan deposits, whereas
Sangamonian soil developed on the surface of Illinoian drift.

Glaciation disrupted the pre-existing drainage and there were
major ov minor changes in the drainage system by the end of each
glacial or interglacial stage. The most significant changes were
caused by Illinoian ice which dammed the Teays Channel and formed the
relatively short-lived Glacial Lake Lafayette.

Most of the areas of thick unconsolidated deposits are underlain
by the deep bedrock wvalleys. The thickness range of unconsolidated
deposits is zero to 448 feet, with an average of about 200 feet.

Pleistocene sediments in Tippecanoe County were deposited by glacial,
fluvial, lacustrine, and eclian ﬁrocesses. The two main sedimentary
facies have clay-silt-till and sand-gravel as the predominant constitutents.
The fine-grained facies was deposited either directly by ice or in ponded

water, whereas the coarse-grained facies was deposited by fluvial action.
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Holocene deposits of sand, gravel, clay, silt, peat, muck, and
marl were formed by eolian, alluvial and lacustrine processes under
gradually changing surficial environments.

Extensive sand-gravel bodies occur alqng the major pre-—glacial
drainage lines, i.e., the Teays, Anderson, Clarks Hill, and other
valleys. These sediments were deposited by glaciofluvial processes
from fce melt during the waning stages of each glacial invasion.

The three-dimensional shapes of rhese stratified units show the geo-
metric characteristics and the probable surface drainage lines&at any
given time during the glacial history.

The aquifers.in the county are delineated, mapped, and clasgsified
according to theilr stratigraphic position. They are ranked in decreasing
order of productivity as follows: (1) premlllinoianxoufwash aquifer,
(2) Iilinoian outwash aquifer, (3} Wisconsinan outwash aguifer, (4)
Holocene alluvium aquifer, (5) bedrock aquifer, and (6) disconnected sand
and gravel lenses within the tiil.

The outwash aquifers are potential sources for industrial and
municipal water supplies aé they generally yield more than 100 gpm from
intermediate diameter wells. The Holocene alluﬁial aquifer, bedrock
agquifer, and disconnected sand and gravel lenses within the till are
potential aquifers for domestic water supplies but generally yield less
than 12 gpm per well.

Wisconsinan outwash is geographically extensive, but at a distance

from the Wabash Valley most of these deposits are unsaturated, because
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the water elevation at the discharge point is lower than the minimum
basal elevation of the deposits throughout most of the outwash area.

Groundwater is abundant in Tippecanoe County. The use of this
resource has the advantages of uniform and constant quality, lower
cost, and the fact that an elaborate treatment and distributiom
system is not as great as with surface sources. The groundwater oeccurs
under both leaky artesian and water table conditions. Areas of largest
vield and best potential for intensive future development are those
where ocutwash aquifers are hydraulically connected to the Wabash River.
Recharge is by direct precipitation, influent streams, induced
infiltration of surface water, vertical leakage from overlying deposits,
or subsurface underflow from the east and northeast. Discharge from
groundwater is principally by loss to surface streams, springs, pumpage,
evapotranspiration, and subsurface underflow in a westward direction.

At the present extraction level of about 35 mgd, there is no apparent
long~term continuous &ecliﬁe in water levels. The threshold which, if
exceeded, would result in water level deadline is unknown. Pumpage, if
limited to the amount of probable recharge should not produce decline
in water levels in the future.

Groundwater in Tippecanoe County is of the calcium-magnesium
bicarbonate type. Total dissolved solids raﬁge between 300 and 500 mg/1.
The quality is suitable for many uses. However, it is very hard, with
high iron and low fluoride content before treatment. Groundwater miner-

alization increases slightly with depth.
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Groundwater pollution is possible. Many minor cases have been
recorded in the county. The most common potential sources of pellution
are disposed wastes. <Common pollutants are microorganisms, dissolved
solids, hardness, pH, odor, heat, detergents, phenols, pesticides,

and toxic materials.
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RECOMMENDATTONS

Based on the results of this study of the hydrogeology of Tippe-
ﬁanoe County, certain recommendations are made to guide Ffuture planning,
operational, or envirommental studies of the area.

1. Detailed surficial mapping should be completed and correlated
with the present subsurface study.

2. Collect more data on depth to bedrock in those areas lacking
adequate information, either by contrelled drilling or detailed geophysical
studies.

3. Collection of aquifer performance test data. Detailed study
is needed of hydrologic properties of aquifers and determination of traas-
missibility and storativity values for different aquifers, to obtain an
accurate estimate of the aquifer's optimum potential development.

4. Detailed sampling and analyses on a timely basis of ground@ater
from the.prewlllinoian and Illinoian aquifers to ascertain their chemical
quality.

5. Exclude principal groundwater recharge areas, as identified in
this report, from extensive paving, building or other kinds of sealing.
Protection of potential groundwater resources should be given priority in
any long-term land-use planning program or decision-making context.

6. Pollution of groundwater resources in the county should be aveided
at all costs because the future welfare of the Lafayette urban area is
totally dependent on a managed program of development and protection of

subsurface waters.
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APPENDIX

Well Records

Well Numbering System

The systém used in this report is based on township, rénge, and
section units. Sections are divided dinto eight rows numbered from
east to west, and eight columns lettered from south to north. This
form 64 1/8-mile squares assuming that the normal section is one
square mile. Each square contains ten acres and corresponds to a
quarter of a quarter of a quarter of a section.

If there is more than one well in a 1/8-mile square, each is
identified by total depth, owner, year of construction, etc.

Example: 23~4-17-5b means that the well is located in Township 23
North, Range &4 West, in the northeast quarter of the southeast quarter

of the southwest quarter of section 17 (Figure 26).

[ 7 T7
/77 /////7”
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Figure 26. Sketch Showing Well-Numbering System
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Relation between slot number and grain size is summarized

in Table 8.

Table 8. Slot Number and Equivalent Grain Size. (Modified from
Rosenshein and Cosner, 1956}.

Texture Grain Size Slot Numbet
Millimeter Inch

Gravel >2 > 1060 - 80

Very coarse sand 2-1 0.08-0.04 80 ~ &0

Coarse sand 1-0.5 0.04-0.02 &0 - 20

Medium sand 0.5-0.25 0.02-0.01 20 - 10

Fine sand 0.25-0.125 0.01-0

. 005 16 - 5.
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Table 9. Summary gf Well Records in Tippecanoe County,

Indiana
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