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Figure 1. Block diagram showing relation of lake deposits to tributary valleys,
glacial outwash (sand and gravel) in main valley, and associated stream
deposits. Diagram does not show a specific place but incorporates many
features typical of lake deposits and terraces that they form. Width of block
about 10 miles; depth of block about 200 feet.

of sediment was the meltwater stream in the principal through valley
at the mouth of the lake, as indicated by increasing sandiness of the
lake sediments in that direction. Near the center of the larger lakes,
far from both sources of sediment, only fine silt and clay were
deposited. Some scattered sandy deposits represent old beach areas
where clay and silt were winnowed from the sediment by wave
action; others represent old lake outlets where gentle currents carried
finer grained particles out of the lake altogether.

Peat and muck covered the surface of some of the more low-lying
lake areas until the white man displaced the Indian in southern
Indiana. In most places these organic materials now have been plowed
in, or with drainage have dried and blown away. Organic deposits
buried within the lake sediments are common and they too suggest
that there were several episodes of ponding.

Engineering Properties and Problems

Geologists classify these lacustrine deposits as various mixtures of
sand, silt, and clay—as, for example, sandy clayey silt. The sand
content ranges from none to about 40 percent, silt from about 10 to
85 percent, and clay from 10 to 90 percent (fig. 2). According to the



4 GLACIAL LAKE DEPOSITS IN SOUTHERN INDIANA

Clay

Sand Silt

Figure 2. Sand-silt-clay content of 167 samples from a single lake area
near Bedford. Most samples consist predominantly of silt and clay;
average composition is about 3 percent sand, 57 percent silt, and
40 percent clay. Contour line encloses compact area that contains
four-fifths of the samples.

classification of the American Association of State Highway Officials
(AASHO), the deposits range from A-4 (well-graded silt) to A-7-6
(highly plastic clay). By the Unified Soil Classification System used
by many government agencies, these are ML, CL, MH, or CH mate-
rials, otherwise described as lean to fat clay and silt. Because geolo-
gists assign names on the basis of size of the component particles and
engineers classify materials according to physical behavior, the names
often differ for the same material.

Most engineering problems associated with the lake deposits are
the result of the behavior of contained water. The lacustrine material
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is very porous, but is relatively impermeable. In most places it is
water saturated. The greater part of the water is classified as capillary
and hygroscopic rather than gravitational. This means that it does not
move in response to gravitational forces but is rather tightly held in
capillary passages or is very firmly attached as a coating on clay and
other fine particles. Thus the low permeability is effectively a func-
tion of the clay content of the material.

Where the lake deposits are silty or sandy there is some gravita-
tional water that may be drained from the sediment, but capillary
and hygroscopic water remains high because of the high silt and clay
content. Typically the more permeable materials are scattered
through the lake deposits as thin horizontal layers and lenses, and
they provide the only effective avenues for water movement. In
undisturbed samples these layers may usually be recognized because
they are oxidized and are slightly rusty colored, in contrast to the
dull blue-gray of the less permeable finer material.

The lake deposits are said by engineers to be “normally loaded.”
This term refers to their condition rather than to their bearing
capacity; it means that the deposits have not been “preconsolidated”
or stressed by loads greater than those exerted by the weight of the
sediments themselves. Placing a load of any kind—a building, a dam,
or a highway fill—on such material creates an additional stress, as a
result of which additional consolidation, accompanied by subsidence
of the surface of the deposit and of the structure on it, must be
expected. Much of the subsidence is caused by expulsion of water
from the sediment; the remainder is the result of rearrangement of
the particles as the supporting water is removed. The amount of
subsidence is a function of added load, thickness of underlying lake
deposits, water content and clay content of the deposits, and time.
Large differential movement must be expected where loads are very
unevenly distributed or where structures are founded partly on
stable bedrock and partly on thick lake sediments.

Where the lake silt and clay are thick, an appropriate design
approach for large, heavy structures is to distribute the load widely,
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so that the structure will “float” on a sea of somewhat unstable
material. For example, in the building of large dams, the foot of the
dam may be widened to spread the load over a wider area, and the
fill may be emplaced in stages, time being allowed for settling be-
tween stages. Special care must be taken to assure drainage from the
saturated sediments beneath the dam, particularly from near the
impermeable core. All this increases the cost of construction, but it
substantially lowers the risk of failure. Monroe Dam was built with
such precautions on about 60 feet of lake silt and clay, and after
several years of use, no problems involving subsidence have been
encountered. :

AASHO Group Index Ratings of the lake silt and clay range from
5 to 20 and are most commonly in the 8 to 15 range. Such ratings
indicate poor to very poor behavior as subgrade material in highway
construction. Most of the lake areas are too large to be avoided in
highway design; an alternative is to construct a compacted stable
fill that will serve to insulate the pavement from the lake deposits.
Suitable fill material usually cannot be found in the lake deposits
themselves but must be hauled from nearby areas.

Cuts in the lake deposits must be made with considerable care
because natural slopes in this material are not reliable guides to
permissible artificial slopes. Very poor internal drainage, coupled
with a typically high water table and high water content (fig. 3),
makes it impossible for the zone of saturation to adjust quickly to
the shape of the new land surface, so that slumping in deep cuts is
nearly inevitable. If this hazard is recognized in advance, remedial
measures may be taken. The simplest is to plan for a lower slope
angle, which not only reduces forces at the toe of the slope, but also
opens more area to capillary drying. Developing cuts in stages over
a period of several months may also be used to minimize the slump-
ing hazard.

Streamflow in the lake areas is profoundly affected by the very
low permeability of the deposits. Rainfall soaks in slowly and surface
runoff is high. As the streams rise and fall, there is virtually no
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Figure 3. A, Cross section showing natural slope on lake silt and clay,
and B, Same cross section showing new cut that exposes saturated,
unstable material. In A, top of zone of saturation has become
adjusted to this slope over a long period of time. Most rainfall runs
off and top of zone of saturation fluctuates little. In B, internal
drainage of lake silt and clay is so slow that slumping is likely before
top of zone of saturation can achieve equilibrium with new ground
surface.

interchange of water (bank storage) between the lake deposits and
the streams. These factors contribute to the behavior of streams that
flow over the lake flats. Characteristically, these either are in flood
or are nearly slack, and without careful regulation they cannot be
counted on for water supply or for sewage dilution.

On the positive side, the lake deposits are tough and relatively
resistant to erosion. Most streams show little geologic evidence of
channel shifting across the lake flats, and bank caving is not common.
Discharge from flood control reservoirs can probably be held at
relatively high levels for long periods of time without serious damage
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to stream banks and channels. The low permeability of these deposits
also has a beneficial aspect. Leakage through lake sediments beneath
a properly founded dam is virtually nil.

Lake Deposits and Land Use

As population pressures increase and as urban areas continue to
expand, there is a critical need to know the land use potential and
limitations of areas so vast as the lake flats of southern Indiana.
Many parts of the flats have been made suitable for cultivation, and
in some places more intensive use has been attempted.

Table 1 lists the soil types commonly mapped in lacustrine areas
of southern Indiana by scientists of the U.S. Department of Agri-
culture, Soil Conservation Service. Agriculturally, most of these are
described as moderately to highly productive, although some require
the application of fertilizer and lime. Tiling is widely used to lower
the water table sufficiently to permit cultivation, but dewatering to
a depth adequate to allow excavations or heavy foundation loads is
impracticable in most areas. Associated soils formed in thin alluvial
sediments underlain by lake deposits are extremely poorly drained
and less productive. Most important among these are members of
the Stendal series, which because of their low topographic position
are subject to a constantly high water table and frequent flooding.

Table 1. Representative soil series of the lake flats

Well Moderately Somewhat Poorly
drained | well drained poorly drained drained
Younger (Wisconsinan) clayey Kings*
lake deposits; slightly acid to Markland McGary Montgomery
neutral soils Zipp
Younger (Wisconsinan) silty
lake deposits; acid to neutral Uniontown Henshaw Patton
soils

Older (Illinoian) lake deposits;

SR i Otwell Haubstadt Dubois Robinson
strongly acid soils

Dark mineral soils listed in order of decreasing organic content.

Water supply is a problem in most of southern Indiana, and in
many of the glacial lake areas it is critical. Although the lake deposits
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commonly contain a great deal of water, they are of such low perme-
ability that water in them cannot be removed by pumping. Scattered
lenses of saturated sand and gravel in and at the base of the lake
deposits tend to be “runny” or *“quick” as a result of their having
a high content of silt and clay. Such materials clog well screens and
pumps, and at best the yield from these sand and gravel lenses is
low. Bedrock aquifers in the area yield only moderate supplies, and
many municipalities and industries in the lake areas must depend on
surface water supplies. Reservoirs are normally required because
only the large through-flowing streams have dependable flow.

Sewage disposal is another serious problem in the old lake areas.
Because even fairly large streams, such as the Patoka River, are likely
to have immeasurable flow for periods as long as a few weeks at a
time, municipal sewage plants often have difficulty in achieving
satisfactory dilution ratios. Areas without central sewage facilities
face even graver difficulties. High water table, flooding hazard in
many areas, and the nearly impermeable nature of the lake deposits
themselves make the use of septic tanks and associated tile fields
impracticable in many of the old lake areas (fig. 4). Nearly all the
soil series listed in table 1 are considered unsatisfactory for septic
tank sewage systems.

Many parts of the old lake bottoms are topographically low. Run-
off is high because of the low permeability of the soils. These condi-
tions combine to make frequent flooding a severe limitation on land
use in the old lake areas (fig. 5). Where floodplains are well developed
or flood levels well recorded, this problem is generally understood;
in too many areas, however, suburban development has been allowed
to proceed unregulated across lake flats, regardless of the fact that
these areas will flood after heavy rains, no matter what the stage of
adjacent streams.

An important hazard involved in the utilization of terrace areas on
lake deposits that are above the level of normal floods is slumping of
slopes (figs. 6-8). Where natural and artificial slopes are quickly cut
into saturated material, or where excess load is added too close to
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Figure 4. Poorly drained area of lake silt and clay, now a subdivision but formerly
a swampy, undrained woodland. Septic tanks were formerly used, but tile
fields did not drain properly and sanitary sewers were installed. Heavy rainfall
causes flooding, even though the area is technically above normal flood levels.

the edge of a slope, or where long-continued watering of lawns or
operation of septic tank tile fields adds greatly to natural saturation,
slumping may result. The fractured upper surface of slumped material
(fig. 8) allows rapid infiltration of rainwater, which in turn con-
tributes to additional slumping. Once allowed to start, these mass
movements are very hard to control. A good rule is simply not to
disturb natural conditions near existing steep slopes that are likely
to be in a precarious state of stability.

In summary, the relatively impermeable, silty and clayey nature
of the lacustrine deposits results in high runoff, hazard of flooding,
high water table, uncertain water supply, unsatisfactory behavior of
septic tank tile fields, hazard of slumping, and poor bearing charac-
teristics. Because of these detrimental factors, more intensive develop-
ment of most of the glacial lake areas is not feasible, and in some
areas land use trends appropriately may be turned to less intensive
use. For example, some lowlands in the lake areas could well be
returned to forest. Greenbelts and wetlands devoted to conservation
and recreational uses have at no extra cost beneficial effects on
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Figure 5. Highway across low-lying lake flat. This highway is flooded several
times each year, usually in winter and early spring. Wooded area serves as a
natural reservoir and helps to minimize flood crests downstream. Raising the
highway only a few feet would eliminate the necessity of closing the highway,
but the area cannot be drained and should remain woodland.

Figure 6. Slumped lake silt in cut near new highway. Slope was cut too steeply
and water-saturated sediments have begun to slide. Shortly after this picture
was taken, further slumping resulted from the recession of floodwaters and
several periods of heavy rainfall.
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Figure 7. Slumping of lake silt threatens new apartment complex. Because of
poor internal drainage of this material, steep slopes cannot be maintained.
Stabilization now will be expensive and difficult.
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Figure 8. Fractured upper surface of slumped area of lake silt. This diverts
surface drainage into disturbed material and contributes to continued
slumping. Stability of the building is threatened. Surface should be graded
to drain properly.
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flood control and low flow. Historic descriptions show that flow
characteristics downstream from the lake areas were detrimentally
changed when the heavily forested flats were cleared, drained, and
put under cultivation. The organic cover, which was so absorbent
that it partially made up for the lack of available storage capacity
in the lake deposits beneath, cannot be returned instantly, but
some benefits will be obtained by a gradual and partial return to
forest conditions that existed before the white man arrived with his
plow and dragline.

The lake flats are, however, too extensive to be turned over entirely
to forest. No more than one-quarter of the total area, or 500 square
miles, might appropriately be treated in this way. Some 200 square
miles is already so used. The remaining area probably should continue
in agricultural use so that adjacent higher land, where the soils and
drainage are better suited to more intensive development, may be
used to ease the pressure of population and industrial growth.

With increasing population will come increasing need for waste
disposal facilities. In a few parts of southern Indiana there is no lack
of sites suitable for sanitary landfill operations, but where sites are
scarce, consideration may be given the lake deposits. Where the lake
deposits are sufficiently thick and also are topographically high
enough to.be free from flooding, sanitary landfills may be feasible.
Because water moves extremely slowly through the lake deposits,
contamination of nearby water bodies is unlikely, and the high water
table is consequential mainly in its effect on access and excavation.
A recent report on this subject is N. K. Bleuer, 1970, “Geological
Considerations in Planning Solid-Waste Disposal Sites in Indiana,”
Special Report 5 of the Indiana Geological Survey.

For Further Information

Additional information on the glacial lake deposits of southern
Indiana can be found in many geologic publications of the past 70
years. Outstanding among these is M. M. Fidlar, 1948, “Physiography
of the Lower Wabash Valley,” Bulletin 2 of the Indiana Division of
Geology. On pages 47 through 69 is a thorough summary of glacial
lake deposits adjacent to the Wabash River.
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A brief summary covering all of southern Indiana is in W. D.
Thornbury, 1950, ‘“Glacial Sluiceways and Lacustrine Plains of
Southern Indiana,” Bulletin 4 of the Indiana Division of Geology.
The most up-to-date mapping of the deposits is on sheets of the
Indiana Geological Survey’s Regional Geologic Map series, the
Indianapolis (1961), Vincennes (1970), Louisville (in preparation),
and Cincinnati (in preparation) sheets, which are the source of the
mapping on plate 1. These show the deposits as lacustrine clay (Qcl)
and lacustrine silt (Qsl) at a scale of 1:250,000, or about 4 miles
to the inch.

In those counties for which U.S. Department of Agriculture soil
surveys of recent date are available, maps showing the soil types
listed above (table 1) suggest in some detail the extent of the glacial
lake deposits.

In the files of the Department of Natural Resources, Geological
Survey, in Bloomington, are numerous records pertinent to thickness
and extent of glacial lake deposits in specific areas. These records are
open to public use. The Department of Natural Resources, Division
of Water, State Office Building, Indianapolis, has files of water well
records and consults in matters of reservoir design and water supply.
The Indiana Board of Health consults on problems of sanitary land-
fill, sewage disposal, and related matters. Streamflow records are kept
by the Water Resources Division, U.S. Geological Survey, Indianapo-
lis. The Soil Conservation Service, U.S. Department of Agriculture,
and the Cooperative Extension Service of Purdue University main-
tain many field offices and consult on problems related to agriculture
and general land use. All of these agencies also publish reports in
their fields of interest. For testing and design, the services of many
private engineering firms are available on contract.



Gray- GLACIAL LAKE DEPOSITS IN SOUTHERN INDIANA-ENGINEERING PROBLEMS AND LAND USE Indiana Geological Survey  Report of Progress 30




PRINTED BY AUTHORITY OF THE STATE OF INDIANA
EDGAR D. WHITCOMB, GOVERNOR
DEPARTMENT OF NATURAL RESOURCES

JOHN R. LLOYD, DIRECTOR / .
HENDRICKS ION ANCQCK y
/7 W/
d INDIANAPOLIS / / / /
A7 LA LA
eryv‘II

7/ 7SS

ts not mapped |

GEOLOGICAL SURVEY

JOHN B. PATTON, STATE GEOLOGIST

PUTNAM

VERMILLION N\

Terre Haute

d— =

i e
5 JEFFERSON SWITZERLAND

- — i —

L ==
Madison f g
%
.
%
EXPLANATION
GIBS
- :
= WF_ORD_ = HARRISON | FLOYD \
3 Glacial lake deposits
L‘ New Albago Mostly clay and silt
: Q o
& Jeffersonville e
i % Southern boundary of younger

(Wisconsinan) glacial deposits

Southern boundary of older

(lllinoian) glacial deposits
& IND.

KY.

10 5 0 10 20
[EEEENNENEN 1 !

30

40 Miles
]

Base modified from U. S. Geological
Survey Base map of Indiana; 1950

MAP SHOWING DISTRIBUTION OF GLACIAL LAKE DEPOSITS
IN SOUTHERN INDIANA

By Henry H. Gray
1971

Compiled in 1969 from the following Regional
Geologic Maps, scale 1:250,000, Indiana Geo-
logical Survey: Indianapolis, 1961; Vincennes,
1970; Louisville and Cincinnati, in preparation.
Drafted by James R. Tolen.



