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This map provides an overview of aquifer contamination potential as on the computer.
interpreted from 1:1,000,000-scale geologic map information. It can
be used as a screening or targeting toal to help identify regions in
need of more study, supported by more detailed map information.
This map should NOT be the basis for evaluation of specific sites.
For example, this map should NOT be used for point-source regulatory
activities.
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Figure 5. Relative reliability of map data, by State.
This is a subjective measure of data quality
based in part on information in Soller (1992).
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Sk Figure 2. Map information for the aquifer contamination potential model. Map reduced and

simplified for this figure only. See text for sources of the map information.
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For this map, certain provinces are characterized by relatively uniform
geology and contamination potential. For a broad area such as province 7,
where one or more of the model components is relatively constant (in this case,
components 1, 2, and 3), logical and predictable patterns among contamination
potential map units will occur. Other provinces such as 4A and 10 have complex
geology and, consequently, widely varying contamination potential. Still other
provinces are defined as regions of great uncertainty, where surficial materials
are mapped in a highly generalized manner and subsurface geologic information
is sparse. For example, on the southern peninsula of Michigan, contamination
potential map units in province 11 have drift thicknesses exceeding 200 ft.

In these areas, no buried glacial-drift aquifers have been mapped, the surface
sediments are primarily till, and coarse-grained, stratified surface sediments

7. As thickness of surficial deposits increases, so does the probability of
encountering a buried glacial-drift aquifer. This assumption only applies
when neither bedrock aquifers or buried glacial-drift aquifers are known, or
do not exist (fig. 3f). It serves as a conservative approach to evaluating
contamination potential because it relies on sediment thickness to indicate
the likelihood of encountering a buried aquifer.

INTRODUCTION

Contamination of ground-water resources is a national concern. This concern
focuses on human health hazards that may arise when chemical or biological
contaminants enter ground water which is subsequently extracted by public or
private wells and consumed. It has, therefore, become a national priority not
only to identify potential contaminant sources and routes of transport, but also
to identify and evaluate certain water-bearing geologic units (aquifers) that are
vulnerable to contamination (for example, see U.S. Environmental Protection
Agency, 1984 and 1992; Fairchild, 1987).

Aquifers are comprised of either porous, unconsolidated deposits such as
coarse-grained sand and gravel in glacial drift and coastal plain sediments, or
high-permeability bedrock such as sandstones and fractured and jointed

are generally greater than 1x10-4* cm/sec. For the fine-grained unit

(til and fine-grained, stratified sediment), hydraulic conductivities are

generally less than 1x10-56 or 1x10-6 cm/sec. Organic-rich deposits are
included in the fine-grained unit despite the high-permeability of some organic
deposits (peat, for example) because they tend to be thin, patchy units in areas
of ground-water discharge, and are, therefore, most logically grouped for this
application with the low hydraulic-conductivity, low-vulnerability deposits.

Through these activities, contaminants are introduced into, transmitted significant effect on ground-water quality. However, these data are generally
through, and stored within, geologic materials. The properties of geologic unavailable at a regional scale, and can be expensive and time-consuming to
materials not only affect the movement of contaminants and ground water, obtain.
but also influence ground-water quality through filtration, sorption, cation-
exchange, and other processes.

The actual potential for contamination of an aquifer depends, in part,
on the properties of overlying and underlying geologic materials. Fine-
grained geologic materials (a confining unit) tend to restrict movement of
water and contaminants downward into aquifers, and reduce contaminant
concentrations. In general, the thicker the fine-grained, low-permeability
geologic materials between a potential contaminant source and an aquifer, the
less likely is the aquifer to become contaminated (Berg and others, 1984a).

Table 1. Description of model components and associated symbols used in

the text and map explanation i . i . .
Assembling and ranking the contamination potential map units

Using the model assumptions, component information is assembled into
contamination potential map units. This procedure is summarized in figure 4,
using the model components and codes listed in table 1. The procedure and
logic for assembling the map units is explained in Soller and Berg (1992).

Component 2 -- Presence of aquifers buried within the surficial deposits
Aquifers can occur buried within surficial deposits. Such aquifers are
common in the glaciated United States and can supply significant amounts of
ground water. On a regional basis, however, the geometry of buried glacial-

Model component Symbol

1 Texture of surface sediments

carbonate rocks. Aaquifer protection is a critical issue for three reasons. First, Furthermore, low-permeability materials beneath an aquifer may restrict coarse-grained, stratified sediment or organic-rich deposits............... c drift aquifers is poorly documented because of difficulties in mapping The contamination potential map units are generally ranked in the map are confined to lowlands. There, contamination potential map rankings are Curry, 3.5.. "195'31 ﬁﬁ:sassmpngt oflamhfriqallmajhugur!:gi;s‘ f:;ldpre:g_::ting ground
by definition, aquifers can yield economically significant supplies of water further downward migration of a contaminant into deeper aquifers. Ghmﬁi tllll quflg-q;tgrﬂmed, ﬂﬁlfm se:lment ----------------------------------- 2 subsurface glacial deposits. Our model uses Soller’'s (in press a, b, c, d) explanation according to their arrangement in fig. 4. However, ranking of map mostly defined by the surface sediments. If more information on texture of ik d’"’m“:::“qual?t“f “f;g’”a;r’i:u;um’l""s:’a:’ﬁ;:& B s MIch 'I'_g:;is
(Freeze and Cherry, 1979). Second, because aquifers are permeable and permit Because of the geologic controls on water movement and quality, data on Paichy IecHl G or eXpoR PN i 5 sk e e information on buried aquifers. Because of the scarcity of regional subsurface units containing known buried glacial-drift aquifers differs from fig. 4, and is subsurface glacial deposits were available for such an area or province, it Publishers, p. 227-245. ’ A

relatively easy transmission of contaminants, they are vulnerable to the texture and three-dimensional framework of geologic materials is essential for 2 Presence of aquifers buried within the surficial deposits information, Soller's maps delineate only a few well-documented buried based on our judgment of their relative contamination potential compared to could significantly change the map units and their boundaries. A summary of Ertel, Madge (compiler), 1990, Information exchange on models and data needs

contamination -- particularly where located close to the surface. Third, once appraising ground-water vulnerability to contamination. At the lllinois State known buried aquifer, depth unspecified.......cccrverecineernreevinressnnnnnas B aquifers, and do not show the thickness or depth to those aquifers. In addition, units where buried glacial drift aquifers are absent or have not been mapped. geology and the relative contamination potential in each province is given relating to the impact of agricultural practices on water quality: Workshop
contaminated, aquifers are difficult to clean because of the generally slow rate Geological Survey (ISGS), contamination potential maps were based on the depth presence of buried aquifer UNKNOWN.........cceveueerecsesomsssiasississsssseniens 7 because maps do not generally show where buried aquifers are not present, the The objective of the modeling process is to rank sequences of geologic below. pm“i‘;‘;ﬁ; L"{rsi_,g""g’g'f:’is';"g"' Offics ﬂzu;'tvij’ Hr:m c,_?"éd'"?""’“' 4
of water movement (which is typically a few feet to a few hundred feet per to shallow aquifers (within 50 ft of land surface) and on hydrogeologic i, coRiie sl N known absence of aquifers could not be considered in this model. materials by their relative potential for transmitting water and contaminants. Province 1 is located in west-central lllinois. The geology is relatively cs?;iﬁp%onsewaticn 'séwi;? Ige‘:;mn urvv:v y z?sg-aisol:l 21?:”“: e, A
year). properties of materials between aquifers and the land surface (Berg and others, et B e Vepmmest Daoiiiot. L The map units range in rank from relatively ‘high’ to relatively ‘low’ uniform, comprised of a sandy, outwash plain with varying drift thickness and Fairchild, D.M., 1987, A national assessment of ground water contamination
Ground water also occurs in confining units (aquitards), which are com- 1984a). Soil infiltration rates and presence of deep aquifers (defined as within el Bl T e e e H Component 3 -- Hydraulic conductivity of the uppermost bedrock unit contamination potential. Map units are shown with colors and patterns that are mostly low-permeability bedrock. Relative contamination potential is from pesticides and fertilizers, in D.M. Fairchild, editor, Ground water

quality and agricultural practices: Chelsea, Mich., Lewis Publishers, p. 273-

posed of relatively fine-grained materials (a surface layer of glacial till which 300 ft below land surface) are also used for mapping contamination potential Bedrock lithology and permeability were derived from State geologic maps or conventional for maps of this theme (Berg and Kempton, 1984; Berg and others, moderately high.

confines or restricts the flow of water, for example). In many areas without (Keefer and Berg, 1990). Other studies, in lowa (Kolpin and Burkart, 1989; and 4 Thickness of surficial deposits reports for lllinois (Willman and others, 1967), Indiana (Gray and others, 1987; 1984a and b; Schmidt and Kessler, 1987; Keefer and Berg, 1990; and maps Province 2 is located in central lllinois and west-central Indiana. It has Frmfg",;,‘ A., and Cherry, J.A., 1979, Groundwater: Prentice-Hall, Englewood
shallow aquifers, large-diameter wells commonly tap the water table in a Kolpin and Burkart, U.S. Geological Survey (USGS) written communication, 1989) [‘;’3‘!;"";“005?1“ """""""""""""""""""""""""""""""""""""""""""" ; Shaver and others, 1986), Michigan (Milstein, 1987), Ohio (Bownocker, 1920; made according to the DRASTIC model (see Aller and others, 1987, p. 101)), been subdivided based on the documented occurrence of significant buried glacial Cliffs, New Jersey, 604 p. g ’ ?

confining unit. However, because these deposits can vyield ground water only at and Michigan (Passero and others, 1989), support the use of geologic 100 10 200 Flovmsomo e S Stout and others, 1943), and Wisconsin (Mudrey, Brown, and Greenberg, 1982). where red and purple colors indicate higher contamination potential than shades aquifers. In province 2a, surface sediments are mostly till, and bedrock is of Gray, H.H., Ault, C.H., and Keller, S.J., 1987, Bedrock geologic map of Indiana:
very slow rates, such wells are generally shallow, large-diameter dug or bored information as a primary component of a contamination potential assessment T T 4 For this map, the lithologic information on bedrock geologic maps was inter- of yellow, brown, green, or blue. low permeability. Drift thickness varies greatly because of buried preglacial Indiana Geological Survey Miscellaneous Map 48, scale 1:500,000.
wells for single households. Characterizing the contamination potential of model. preted in terms of hydraulic conductivity (see table 2) in order to classify Numbers are not assigned to map units. This should limit the tendency to and interglacial stream valleys. Contamination potential is generally low and, K“fﬁ:iin?,i: "sé?f gﬁé?agf«,ﬁ”sﬁgf'r:ansméﬂneh?-?%%mm m finets:

because of the relatively uniform geology, does not vary significantly. Province
2b is generally similar to 2a, but contains significant buried glacial aquifers,
notably in the Mahomet-Teays buried valley system in east-central lllinois.
Contamination potential is generally moderate.

Province 3 is located in northeastern lllinois and adjacent Wisconsin and
Indiana. It is an irregularly shaped, heterogenous province. All four geologic
map components vary, resulting in a widely varying contamination potential,
ranging from the lowest to the highest ranking. For example, highest rankings
occur in the southern and southwestern Chicago suburbs where high-
permeability bedrock is at or near the surface. Lower rankings occur to
the west, in areas of low-permeability bedrock overlain by thick glacial drift
capped by till.

Province 4 is located in southeastern Wisconsin and north-central llinois.

bedrock lithologies into relative permeability categories.

As shown on the map, sandstones and fractured and (or) jointed carbonate
rocks represent areas of relatively high permeabilities (hydraulic conductivities
generally greater than 1x10-5 cm/sec), whereas shales, siltstones, and
unfractured and cemented carbonate rocks represent areas of low
permeabilities (hydraulic conductivities generally less than 1x10-7 cm/sec).
The hydraulic conductivity values are estimates based on regionally-
mapped rock characteristics including lithology and fracturing. The actual
hydraulic conductivity of bedrock in any given location, however, may vary
significantly because of differences in depositional, diagenetic, or structural
history.

use the hierarchy of wvulnerability map units too precisely or literally. To
reiterate, these rankings were not developed quantitatively, and little significance
should be attached to small differences in contamination potential rank. Some
differences in rank of map units do not even necessarily reflect differences in
vulnerability, but in availability of information. For example, for certain map
units, a low ranking does not necessarily indicate that vulnerable aquifers are
absent or that ground water in the deposits cannot be contaminated; rather, it
may indicate that a lack of subsurface information causes a map unit to be
ranked lower than geologically similar areas where aquifers are known to be
present. In central Michigan, glacial deposits are thick and subsurface map-
ping is sparse; the contamination potential of these deposits is given a

lower ranking than similar areas in lllinois where buried glacial aquifers are
mapped.
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ground water in confining units requires assumptions and types of data
different from those on this map.

This map shows estimates of relative contamination potential, based on
sequences of geologic materials and their hydrogeologic properties, for a large
part of the midcontinent region of the United States (fig. 1). Most of the source
geologic map information is from Soller (in press a, b, ¢, d), which shows the
thickness and character of Quaternary sediments in the glaciated part of the
United States east of the Rocky Mountains. The part of that map used for this
contamination potential map is shown in Soller (1991a). Map information was
converted to digital format (Soller, 1991b), allowing this derivative map to be
produced using geographic information system (GIS) techniques.

The type, amount, and organization of data on the distribution, thickness,
and character of earth materials is highly variable across the glaciated part of

DATA LIMITATIONS FOR MODELS

Evaluating an area for aquifer contamination potential is difficult, in part
because of limitations on the quality and areal distribution of data. A con-
tamination potential model is, by necessity, based on the types and quality of
data available for the areas where the model was developed. As a result, the
model may not be usable for other areas where that suite of data is unavailable
or is of poor quality. Therefore, the selection of variables, or components, for
which data are widely available is critical to a model that is intended for use in
different areas or across a broad area. For aquifer vulnerability assessment
models, components are selected which have an influence on the rate at which
contaminants move from land surface into ground water. For example, depth to
the top of an aquifer and texture or permeability of surficial deposits are

Component 1 -- Texture of surface sediments

Surface sediments are herein defined as those surficial deposits exposed
at land surface. A more general term, surficial deposits, includes all
unconsolidated deposits both at land surface and at depth. The distinction
between surface and surficial deposits is made because to fully characterize
the entire thickness of the surficial deposits, detailed three-dimensional
information on sediment texture, lithostratigraphy, and time-stratigraphy is
required. Such information is not commonly available in all areas. Therefore,
this model component describes surface sediments, for which information is
more widely available.

Soils, which are developed in the upper part of surface sediments, are Compongut & - Thickness  of surficlsl deposks

the continent. In areas where data are sparse, or detailed lithostratigraphic
mapping is not available, precise information that can aid in predicting the
potential for contamination of aquifers is limited. However, by compiling
geologic information on a regional basis and utilizihg some basic geologic
assumptions and concepts (such as those discussed below), some initial
interpretations can be made; in the case of this map, it provides a regional
interpretation that can serve as a screening tool for land-use and environmental
planning. Obviously, additional information from more detailed studies, and
from those studies which are unpublished or in progress, will add detail and
insight not shown here.

Geologic sequences and the aquifers they contain were evaluated for
potential for contamination from surface sources (for example, from
application of agricultural chemicals), according to a model discussed in Soller
and Berg (1992). This model is general in nature and its concepts are simple
and straightforward. Most of the data required for the model are commonly
available. For the one component for which data may not be widely available
(presence of aquifers buried within the surficial deposits), the model uses a
probabilistic approach where the data are absent. Therefore, although the level
of detail or accuracy of geologic information may vary from place to place, the
model can be used in other regions having different geologic settings. The
usefulness of the map in any area will depend, of course, on the quality of
source information.

The patterns of contamination potential map units depicted on this map are
not simple because they are based on complex geology: 1) surficial geologic
conditions reflect multiple glaciations and a complex distribution of sediments;
2) erosion due to glacial ice and interglacial streams has created a bedrock
topography of high relief, often very dissimilar to the present surface
topography; and 3) bedrock topographic variations can result in abrupt changes
in sediment character and thickness, as well as affect the position of buried
aquifers. Four components are used to construct this map: texture of surface
sediments, thickness of surficial deposits, hydraulic conductivity of the
uppermost bedrock unit, and presence of aquifers buried within the surficial
deposits. The complexity of map units results from the complex geologic
processes mentioned above and the overlaying of the four different geologic
components.

This map is intended to show the complex geology and contamination
potential in the region. It can be interpreted to a more generalized and
simplified form for addressing regional land-use issues. However, map
simplification greatly reduces the information content. Decision-makers should
recognize that geology can be complex and can result in highly variable aquifer
contamination potentials. An oversimplified map may give the decision-
maker the false impression that regulations or land-use decisions can be highly
generalized where the complexity of information argues for a more informed
and detailed decision. Methods of generalizing and using this contamination
potential map are discussed below.

This map was made to provide decision-makers, researchers, students, and
others with a multi-state regional perspective of aquifer contamination
potential. The map provides a common classification of geologic conditions and
contamination potentials to aid users in visualizing and understanding the
complex patterns of geology and contamination potential irrespective of state
boundaries. Previous regional contamination potential maps have been confined
to individual states, and have been based on different criteria (for example,
llincis - Berg and Kempton (1984), Wisconsin - Schmidt and Kessler (1987),
Minnesota - Porcher (1989), and Michigan - Lusch and others (1992)). The
only comprehensive national appraisal of contamination potential was done by
Pettyjohn and others (1981); however, it had no integration of source
information or commonality of map scale between states.

THE ROLE OF GEOLOGY IN GROUND-WATER ASSESSMENTS
Geologic maps depict the occurrence, distribution, and thickness of geologic
materials. These materials dictate hydrogeologic properties that lead to
interpretations of ground-water availability and contamination potential.
Ground-water contamination may result from surface and near-surface
activities such as the application of agricultural chemicals, leaching from
municipal or hazardous waste landfills, and from septic systems, chemical
spills, leakage from underground storage tanks, or surface spreading of wastes.
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components that might be considered in such a model.

At a local level (for example, at the scale of a farm), deterministic models
requiring many quantitatively-defined variables have been developed (for
example, see models summarized in Ertel (1990)) to estimate rates and
patterns of contaminant migration as closely as possible. Unfortunately, these
quantitative models have not been, and perhaps cannot be, applied to areas
larger than farm-scale with notable success. In part, this is because the
models require many variables that are not regionally available, and because it
is more difficult to precisely characterize the three-dimensional variability of
geologic materials and resulting ground-water flow regionally than locally.

Although valuable data on water and contaminant fate and transport are
provided by site studies, a regional perspective is required by planners who
recognize that geologic and hydrologic features are not constrained by site or
political boundaries. This regional perspective, provided by information on
regional maps, allows sites to be placed in context. As a result of regional
information, predictability of local conditions may be increased and,
accordingly, confidence in site-specific geoclogic and hydrologic findings may be
enhanced.

Models for regional assessment of aquifer vulnerability, such as the DRASTIC
model of Aller and others (1987) cannot explain or predict ground-water
contamination in the manner of a deterministic model. Accuracy of prediction
is greatly reduced because only the broad, regional nature of the geologic and
hydrologic framework can be characterized. Regional models rely on a limited
number of generalized, qualitative variables, in contrast to the data
requirements of the deterministic models. Even so, high-quality data are
usually not available for the entire area to be assessed.

THE MODEL USED IN THIS STUDY

This map was generated using a qualitative, regional model (Soller and Berg,
1992) designed to characterize the broad, regional nature of geologic materials
including aquifers. The contamination potential ranking procedure used on this
map is slightly modified from that model. The model is an outgrowth of ISGS
contamination potential mapping techniques (Berg and others, 1984a), adapted
for a more general, regional approach. The model uses only commonly available,
regional three-dimensional geologic information. Limiting this model to basic,
readily accessible information also saves the user from estimating parameters
such as depth to the water table, which are required by certain contamination
potential assessment models. Additionally, in this model the contamination
potential map units retain the source (geologic) information, thereby allowing
for reinterpretation of map units (or of the basic geologic information) for
other purposes.

This model was developed by interpreting the geology for part of a texture-
based, regional map of Quaternary (mostly glacial) deposits (Soller, in press a,

b, ¢, d, scale 1:1,000,000; Soller, 1992), supplemented by regional bedrock
lithologic maps. This geologic information was compiled in 1986. However,
newer published information, where available, is not significantly different

from Soller's map information. The contamination potential map was produced
from a preliminary, digital version of part of Soller's maps (Soller, 1991b).

The model assembles four categories of geologic information ('components’
in the discussion, below) into 26 map units according to a set of qualitative
rules and assumptions. These map units are then ranked according to r. ative
contamination potential of aguifers or potential aquifers. These rankings are
not developed quantitatively, and only a small relative significance may be
implied by small differences in contamination potential.

Model components

The model defines four components (table 1): 1) texture of surface
sediments; 2) presence of aquifers buried within surficial deposits; 3) hydraulic
conductivity of the uppermost bedrock unit; and 4) thickness of surficial
deposits. The map information for these components is shown in figure 2.
Each component provides important information for evaluating the potential for
ground-water contamination. Information not considered in this model (such as
depth to the water table, organic carbon content of the near surface deposits,
presence of fractures or other macropores, net rates of recharge, hydraulic
gradients, micro-climate, and chemical and physical interaction between
contaminants and the soil or geologic materials beneath the soil) also has a

not considered as a separate component of this model. Soils are primarily
differentiated according to texture; as mentioned above, other soils information
such as organic carbon content or macropore density is not readily available.
Because the model considers texture of surface sediments, soils information
would be somewhat redundant. Also, soil series information (usually at a scale
of about 1:15,840) is too detailed for a 1:1,000,000-scale regional map, and
compiling this information for a regional contamination potential assessment is
unrealistic. State soil association maps are also undesirable for this model
because they are highly generalized and in places not based on parent material
considerations. Perhaps most significantly, the principal focus of the map is to
classify contamination potential based on geologic framework, to depths
significantly below the soil. Although surface sediments do not necessarily
describe geologic conditions at depth, they more closely approximate those
conditions than soils information.

On the map, surface sediments are primarily Pleistocene glacial deposits and
Holocene alluvium and lacustrine deposits, with areas of patchy glacial drift
and exposed bedrock. These sediments were classified by Soller (in press a, b,
¢, d; Soller, 1992) according to their texture. Soller's map units are:

- till {unsorted and unstratified, ice-deposited material also described as

diamicton)

- coarse-grained, stratified sediment (sorted and deposited by running

water)

- fine-grained, stratified sediment (sorted and deposited in quiet water, for

example, in a lake)

- organic-rich deposits (peat, coastal marsh sediment)

- areas of patchy, discontinuous glacial drift of any texture with exposed

bedrock

- areas of bedrock exposure.

For our model, the above map units are combined as follows based on
similarities in estimated hydraulic conductivities (table 2):

- coarse-grained, stratified sediment

- till, fine-grained, stratified sediment, and organic-rich deposits

- patchy glacial drift and exposed bedrock.

Physical properties of these units differ, and affect contamination potential.
For example, the relatively high permeability of coarse-grained, stratified
sediment allows movement of water and contaminants into the subsurface to a
greater degree than in till. Also, the larger pore spaces and lower amounts of
clay particles in a coarse-grained, stratified deposit do not allow as much
opportunity for chemical and physical interactions (sorption, for example) with
contaminants as would occur in till. As a result, the coarser deposits are more
vulnerable to contamination. Because precipitation can infiltrate at relatively
high rates in high-permeability deposits, contaminants can move rapidly into
ground water. This characteristic also can cause dilution of contaminants,
thereby reducing the deposit's contamination potential; the deposit would
remain of concern, however, because it represents a place of entry for
contaminants into ground water.

Hydraulic conductivity is a common measure of permeability. For this map,
the lithologic information was interpreted in terms of hydraulic conductivity in
order to classify the deposits into relative permeability categories. For the
coarse-grained unit (coarse-grained, stratified sediment), hydraulic conductivities

Table 2. Typical hydraulic conductivities for selected rocks and sediments, in cm/sec

Clean sand and gravel......ccccccociiiicricmmecnamsssiesianenes > 1 x 104*

Fine sand and silty sand..........cccccvmieiiasinsiasnsnssrannes 1 x 1056 to 1 x 10-3
Silt and clay (lacustring).......ccccvevmmereecrnrierrsorenesennes 1 % 1011 t0 1 x 10-7
UM i o i o A 1 x 10-9 to 1 x 105
1713 To [ 4 o] 3 |- RN - > 1 x 10-4

Cemented fing SandStONe......ciiirrerisiernmmmnisinn .1 x 10-7 to 1 x 10-4
T e e e s O S 1 x 10-11 to 1 x 10-7
Dense carbonate rocK......cievisrseramssssaiisnsessmmensenens 1 x 10-11 to 1 x 10-8

Fractured or porous carbonate rocK......c..cceevvicinnrnee. 1 % 10-6 to 1 x 10-4

Information from Berg and others (1984a)} and Cartwright and Hensel (1993).
*Because of difficulties in displaying superscripts in the text, they are not shown
for numbers in scientific notation (for example, a number listed as ‘1 x 10-4’ is
actually 0.0001).

Aquifers at or near the land surface have the highest potential to be
contaminated by surface activities. The upper 100 ft of surficial deposits
are particularly important to contamination potential mapping because waste
repositories and other potential sources of ground-water contamination
commonly occur within that interval. In general, the deeper the aquifer, the
lower the likelihood of contamination (Schock and others, 1992; Kross and
others, 1990; Keefer and Berg, 1990; Berg and others, 1984a). For example,

in a pilot study of rural, private drinking-water wells, Schock and others (1992)

found well depth (and, inferentially, depth to aquifer) to be a statistically
significant predictor of the occurrence of agricultural chemicals in ground
water. Kolpin and Burkart (1989; written communication, USGS, 1989)
conducted a preliminary statistical analysis of geologic, hydrologic, water-
chemistry, soil, and well-construction factors, to determine the most
significant element affecting pesticide migration into shallow aquifers in lowa
(in their study, aquifers occurring within 200 ft of the land surface were
defined as shallow). Their analysis indicated that overlying sediment thickness
was the most significant factor affecting contamination potential of shallow
aquifers; the thinner the overlying sediment, the higher the likelihood of

contaminated ground water. A link between pesticide contamination and thickness

of confining units is also shown by Klaseus and others (1989).
The thickness intervals used to develop map units on this map are dictated
by available data, from Soller's (in press a, b, ¢, d) maps. These intervals
are 0-50 ft (0-15 m), 50-100 ft (15-30 m), 100-200 ft (30-61 m), and
>200 ft (>61 m).

Assumptions of the model

The rules used in our contamination potential model focus on both the
documented, and the probable, occurrence or absence of aguifers. For
example, in areas where there is little or no subsurface hydrogeologic or
lithostratigraphic information, an unknown buried aquifer may be present. We
assume that the thicker the surficial deposits, the greater the probability for
aquifer materials to be buried within those surficial deposits. Like any
assumption, it can be challenged by anecdotal information from specific areas.
However, it remains a valid, probabilistic regional assumption.

All model assumptions are listed in the order they are applied. Because
the model constructs the map units starting with the component judged most
significant to aquifer contamination potential, the assumptions are listed
roughly in decreasing order of importance (and in data confidence). In certain
cases, only the most important assumptions are used to assign contamination
potential. For example, in areas of coarse surface sediments and an aquifer
buried within the surficial deposits, two aquifers are identified, and subdi-
vision of such areas by sediment thickness was considered unnecessary.

The assumptions are:

1. Coarse-grained surface sediments (sand and/or gravel) are considered to be
aquifers. Areas with these surface sediments are, therefore, assigned a
relatively high contamination potential rating (fig. 3a).

2. Till and fine-grained, stratified deposits are not considered to be aquifers
{fig. 3a).

3. Areas with known (mapped) buried glacial-drift aquifers have a relatively
higher potential for aquifer contamination than areas where the presence or
absence of such aquifers has not been determined (fig. 3b).

4. Bedrock of relatively high permeability is considered to be an aquifer, but
bedrock of relatively low permeability is not (fig. 3c).

5. In some areas, a buried glacial-drift aquifer is known to exist, but its depth
and extent are not well delineated; in such cases, the overall thickness of
surficial deposits can constrain the potential aquifer depth, and, therefore,
the contamination potential (fig. 3d). For example, an aquifer buried in thin
drift is more likely to be nearer the surface than an aquifer buried in thick
drift.

6. The deeper that an aquifer (for example, in the bedrock) is buried beneath
low-permeability material, the lower is its potential for contamination
(fig. 3e).

*Because of difficulties in displaying superscripts in the text, they are not shown for numbers
in scientific notation (for example, a number listed as ‘1 x 10-4" is actually 0.0001).
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INTERPRETING THE MAP AND USING IT AS A PLANNING TOOL

The map provides regional information and is, therefore, not intended for
local, site-specific use, but rather for indicating areas of greater and lesser
contamination potential. As such, it can be a useful regional tool for
identifying areas whose contamination potential and (or) land-use history
warrant more detailed assessment or monitoring. Additional information
supplied by certain map derivatives, as discussed below, can assist both in map
interpretation and in developing priorities for areas of investigation.

Maps are only a representation and interpretation of reality, constrained by
map scale and available data. Therefore, the characteristics and areal
boundaries of a map unit on any map cannot exactly depict real conditions.
For certain purposes, including regional land-use planning, the actual locations and
characteristics of any map unit are of less significance than the regional context
in which the map unit occurs. On this map, notably in parts of Michigan and
Wisconsin, complex patterns of map units result from complex glacial geologic
conditions and the combining of several different types of data. In places,
adjoining units have sharply contrasting contamination potential. There, the
contamination potential rank at any location may be misleading, but the regional
perspective, which indicates an area of highly variable contamination potential,
can provide useful information,

Partly because of differences in regional geologic setting, different areas
on this map could require different approaches to assessing ground-water
contamination and regulating sources of contamination. For example, in
Michigan, the nature of the map units and their complex pattern indicates a
region where considerably more map information needs to be gathered to
adequately characterize the contamination potential. In contrast, a simpler
geologic setting in the southeastern part of the map (east-central Indiana and
west-central Ohio) results in a relatively simple pattern of map units, and,
perhaps, a more reliable ground-water assessment and simpler regulatory
challenge than in Michigan.

Areal variations in relative certainty (or uncertainty) of map information
could also affect map utility. The information on this map varies in accuracy,
or certainty, from place to place (see Soller, 1992) because of differences in
geologic complexity and in the source maps used to produce the regional glacial
maps of Soller (in press, a, b, ¢, d); for example, those source maps differ
widely in scale, age, and mapping emphasis (geomorphic, stratigraphic, or
materials-oriented). To some extent, this model considers uncertainty of map
information through the model assumptions. However, significant differences
among the source maps exist, which causes the uncertainty, and, therefore, the
reliability of this contamination potential map to vary areally. Relative
uncertainty of map information is shown, by State, in figure b.

Map units are not as precisely defined as they could be with a larger-scale
map (at 1:24,000-scale, for example) showing more detailed geologic
information. For this map, therefore, study of regional map unit patterns is
more appropriate than the literal use of the map information to assess specific
sites. The regional context of map units can be evaluated by two different
approaches. One approach is to organize the map into areas, or provinces, of
similar geology and contamination potential. This approach can be useful for
organizing the map information for regional planning or for identifying regions
with relatively high and low contamination potential. The other approach is a
statistical analysis of the map information, which may be required for certain
resource management and protection activities. These two approaches are
briefly described below.

Map provinces

The contamination potential map has been organized into provinces in order
to summarize its complexities (shown on fig. 6 and on the map). Provinces
are delineated by the geologic materials and relative level and variability of
contamination potential. The geologic history of the region also defines some
provinces and their boundaries. For example, certain provinces correspond to
areas once covered by a particular ice lobe or lobes during a glacial stage,
or to areas between ice lobes, or to areas of older drainage now filled with
glacial deposits; the geologic processes that formed these areas imparted
particular geologic characteristics that affect the regional contamination
potential map patterns and rankings.

It has been subdivided based largely on differences in wvariability of surface
sediments. Overall, surface sediments are mostly till, but with significant
areas of coarse-grained stratified sediment in outwash plains and stream
valleys. Except in valleys, the surficial deposits are mostly thin. Bedrock
generally has a relatively high permeability. Province 4a is characterized by a
complex pattern of surface sediments and drift thickness. The boundary with
province 4b is marked by the southern terminus of the Wadena lobe of late
Wisconsinan age. Contamination potential is moderately high except for areas
in the east underlain by low-permeability bedrock. Elsewhere, areas of lower
contamination potential tend to be elongate and aligned at right angles to the
subprovince boundary. Province 4b is an older glacial surface than 4a, and the
surface sediments are, overall, thinner and less variable in texture.
Contamination potential is moderately high, and less variable than in province
4a.

Province 5 is located in southwestern Wisconsin and a small area of
northwestern lllinois. It is a region known as the ‘driftless’ area. Except for
the sandy glacial lake sediments in the northern part of this province,
high-permeability bedrock lies at the surface. Therefore, contamination
potential is high.

Province € is located along Lake Michigan in southeastern Wisconsin and
northeastern lllinois. The province is confined to the western edge of the Lake
Michigan lobe of late Wisconsinan age. Geology is relatively uniform; surface
sediments are mostly till and bedrock is mostly of high permeability. Buried
glacial drift aquifers occur in the southern half of the province. Contamination
potential is generally moderate.

Province 7 is located in central and eastern Indiana and much of north-
western Ohio. Geology is relatively uniform; surface sediments are mostly till,
and bedrock is mostly of high permeability. Bedrock topography, and,
therefore, drift thickness, varies significantly because of preglacial or interglacial
valleys (for example, in the Teays buried valley system). Consequently,
contamination potential is controlled by wvariations in drift thickness, and is
generally moderate.

Province B is located in the northeast corner of Indiana, northwestern Ohio,
and part of southeastern Michigan. Surface sediments are mostly till, and
bedrock is of low permeability. Because two ice lobes occupied parts of this
area, drift thickness varies greatly; in the southeastern part of this province,
drift is relatively thin, but elsewhere, drift is thick. Contamination potential
is low to moderate.

Province 9 is located in northern Indiana and southwestern Michigan.
Surface sediments are mostly coarse-grained stratified deposits surrounding smaller
areas of till. Bedrock is mostly of low permeability. The surficial geology
results from interrelationships of several ice lobes. Contamination potential is
moderately low {(in till-covered areas) to moderately high (in sandy areas).

Province 10 is located in southeastern Michigan. Most of the province
lies within the area covered by the Saginaw sublobe of late Wisconsinan age.
The geologic map patterns are complex; nearly equal amounts of till and
coarse-grained stratified deposits occur at the surface and drift thickness is
variable. Bedrock is mostly of high permeability. Contamination potential is
moderate to high, with highest contamination potential occurring in the
southern part of the province.

Province 11 is located in west-central and northwestern Michigan. This
province lies mostly within an area where two ice lobes interacted. As a
result, the glacial deposits are thick and complex. Drift thickness exceeds 800
ft in places and exceeds 200 ft nearly everywhere, and little is known about
subsurface textural variability. Nearly equal amounts of till and coarse-grained
stratified deposits occur at the surface. Bedrock permeability is variable.
Contamination potential is moderately low to moderately high.

We have generalized the contamination potentials in each province to a single
qualitative descriptor (‘moderately high,” for example). To further organize and
interpret the map information, the user might be inclined to rank these overall
province descriptors, and group the provinces to derive a simpler map of
regional contamination potential. However, provinces are defined based on
conditions within the map area only; redefinition of provinces and their
boundaries would require consideration of a larger map area. Tharefore,
provinces should not be grouped unless information from a larger map area is
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