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EXECUTIVE SUMMARY

This report summarizes the final results of a multiphase investigation on the water resources of Kane County. The
objective of this report is to describe geologic and hydrogeologic mapping of Kane County as part of an assess-
ment of its water resources (Meyer et al. 2002). The emphasis of this geologic mapping effort is on the Quaternary
deposits and underlying shallow bedrock formations.

The population of Kane County was 317,471 in 1990 and 404,119 in 2000, an increase of about 27%. The Kane
County population is projected to grow to 710,000 by 2030 (Kane County 2004). In anticipation of the need for
reliable information on available water resources, the County has contracted with the Illinois State Water Survey
(ISWS) and Illinois State Geological Survey (ISGS) to assess these resources (Meyer et al. 2002). The overall goal
of this assessment is to provide Kane County with the scientific basis for developing policies and management
strategies for its water resources.

This document builds on the work reported in Kane County Water Resources Investigations. Interim Report on
Geologic Investigations (Dey et al. 2004) and Kane County Water Resources Investigations: Interim Report on
Geologic Modeling (Dey et al. 2005a). The conceptual model, project database, geologic mapping, and compilation
of a three-dimensional geologic model described in those reports provided the framework for the results presented
herein. During this final phase of the investigation, additional data from water-well records have been added to the
project database. The lithostratigraphic assignments made from well records have been refined and augmented.
More effort has been placed into mapping the shallow bedrock units. Some previously mapped major Quaternary
aquifers have been redefined and renamed due to an increased understanding of the geology and hydrogeology of
the area through geologic mapping associated with this report.

This report is accompanied by the following products: Major Quaternary Aquifers, Kane County, Illinois (Dey et
al. 2007b), Bedrock Geology, Kane County, Illinois (Dey et al. 2007c), Aquifer Sensitivity to Contamination, Kane
County, Illinois (Dey et al. 2007d), Geologic Cross Sections, Kane County, Illinois (Dey et al. 2007a) and Three-di-
mensional Geologic Model , Kane County, lllinois (Abert et al. 2007). The first four of the five maps were produced
at a scale of 1:100,000 (1 inch on the map represents 1.58 miles on the ground). The last map is a depiction of the
three-dimensional model, and, because it is shown in perspective, the scale varies across the images. This report
describes the methods used to produce these maps and their significance and application. The three-dimensional
model described in this report was used by the ISWS for groundwater flow modeling. Results from that modeling
are due out later this year (Meyer et al. 2002).



INTRODUCTION

The population of Kane County was 317,471 in 1990, and 404,119 in 2000, an increase of about 27%. The Kane
County population is projected to grow to 710,000 by 2030 (Kane County 2004). In anticipation of the need for
reliable information on available water resources, the County contracted the Illinois State Water Survey (ISWS)
and Illinois State Geological Survey (ISGS) to assess these resources (Meyer et al. 2002). The overall goal of this
assessment is to provide Kane County with the scientific basis for developing policies and management strategies
for its water resources.

This final report presents the results continuing beyond those documented in Kane County Water Resources
Investigations: Interim Report on Geologic Investigations (Dey et al. 2004) and Kane County Water Resources
Investigations: Interim Report on Geologic Modeling (Dey et al. 2005a). The first report summarized the literature
review, the development of a conceptual model, and the geologic mapping methods used in this study. Preliminary
mapping results and maps were presented also. The second report described in more detail the mapping methods
employed to produce a detailed three-dimensional geologic model of Kane County and presented results from that
modeling effort. For this final report, the geologic model has been further refined. The new geologic model depicts
the Quaternary deposits and shallow bedrock geology. The main purpose of the model is to provide a reliable
representation of the geology and hydrogeology of Kane County that can be used for county-scale planning. The
geologic model data have been used to produce maps of the county and as input for a groundwater flow model.

Reliable geologic input data are fundamental for generating accurate predictions from a groundwater flow model
(Alley et al. 2002). The more accurately the geologic model depicts the actual field conditions, the more accurate
the groundwater flow model will be (Anderson and Woessner 1992). The results from the incorporation of the geo-
logic model into a groundwater flow models by the ISWS will be reported in the Computer Flow Models of Aquifer
Systems Used in Kane County and Supporting Hydrologic Database (in progress).

The focus of the work covered by this report was to develop an up-to-date, accurate model of Kane County’s geol-
ogy with particular emphasis on groundwater resources in the unlithified deposits that overlie the bedrock. To aid
in the accurate interpretation of the geology, the study area was defined to extend one township (approximately 6
miles) beyond all the edges of Kane County (fig. 1). The extended area provided for the inclusion of additional data
for geologic and hydrogeologic interpretations. As a result, the accuracy of map unit boundaries near the county
line was improved. The additional data from outside the county also aided in assessment of hydrogeologic influenc-
es from outside the county. Although the conceptual model and geologic interpretations extended into the adjacent
counties, the main effort was concentrated inside Kane County, and only map products of Kane County have been
produced at this time.

Four terms should be clarified as to their usage in this report: lithology, stratigraphy, lithostratigraphy, and hy-
drostratigraphy. Lithology refers to the descriptions of basic properties of earth materials such as texture, porosity,
and color. Stratigraphy refers to descriptions of the age and origin of earth materials. Lithostratigraphy refers to

a combination of the two previous terms and describes geologic units that share common origins, age, and cer-
tain physical properties. A term similar to lithostratigraphy is hydrostratigraphy, a term applied when combining
geologic units on the basis of similar hydraulic properties, including hydraulic conductivity. Several geologic units
may be grouped into a single aquifer. Conversely, a single geologic formation may be divided into both aquifers
and aquitards. Because this report is focused on describing the geology of the shallow groundwater resources of
Kane County, the lithologic properties of main concern are those that define a recognizable geologic unit as being
composed of aquifer or non-aquifer materials.

This report summarizes the methods used in mapping the geology of Kane County and presents the mapping re-
sults, a geostatistical assessment of the reliability of the results, and a summary of the geologic maps that accom-
pany this report
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Figure 1 Location of the study area (in green,).




METHODS

The methods used in geologic mapping and in developing the three-dimensional geologic model are described in
detail in Kane County Water Resource Investigations: Interim Report on Geologic Investigations, Kane County,
Illinois (Dey et al. 2004) and Kane County Water Resources Investigations: Interim Report on Geologic Modeling,
Kane County, Illinois (Dey et al. 2005a). A brief summary of these methods follows.

Conceptual Model

A conceptual model of the geology of Kane County and the adjacent buffer was developed.

The conceptual model is a compilation of the current understanding of the County’s geology and the processes by
which it formed. This model reflects current interpretations of information from previously published materials,
knowledge gained by ISGS staff and colleagues from other studies in Kane County and northeastern Illinois, and
the efforts undertaken for this mapping project. The basic components of the conceptual model are the lithostrati-
graphic units, which are the layers of sediment that occur in a particular position in the succession of materials.
Lithostratigraphic units have characteristic physical properties (such as particle-size distribution, color, and consis-
tency) that are readily observed in the field. The units are extensive enough to justify showing them on maps and
cross sections at a scale of 1:100,000. The conceptual model reflects our current understanding of how the proper-
ties and geometries of the lithostratigraphic units influence the hydrogeology of the area.

The glacial geology of northeastern Illinois was first described by Leverett (1899). From the late 1920s to the
1970s, ISGS scientists and graduate students periodically have mapped the geology of Kane County at scales of
1:62,500 to 1:100,000 (Leighton 1925, Leighton et al. 1928—1930, Gross 1969, Gilkeson and Westerman 1976,
Kempton et al. 1977, Masters 1978, Kemmis 1978, Wickham 1979, Wickham et al. 1988). The physical attributes of
several glacially deposited units were characterized by particle-size distribution, clay mineralogy, clast lithology,
and geophysical logging (Hackett and Hughes 1965; Lund, 1965; Landon and Kempton 1971; Reed 1972, 1975;
Kemmis 1981; Wickham et al. 1988). The geology of Kane County was thoroughly investigated during the effort to
site the U.S. Department of Energy’s Superconducting Super Collider in northeastern Illinois (Kempton et al. 1985,
1987a, 1987b; Curry et al. 1988; Graese et al. 1988; Vaiden et al. 1988). The focus of the Superconducting Super
Collider investigation was the suitability of the bedrock under the region for construction of a tunnel to contain a
particle accelerator. As an outgrowth of that study, digitized maps at a scale of 1:62,500 were published for bedrock
topography (Vaiden and Curry 1990), drift thickness (Erdmann et al. 1990), stack units to a depth of 15 m (Curry
1990a), Tiskilwa Formation isopach (Curry 1990b), and other features. Recent hydrogeological investigations in
Kane County have used seismic refraction, electrical earth resistivity surveys, test borings, and pumping tests to
further characterize the glacial sediment and to locate groundwater resources (Gilkeson et al. 1987; Heigold 1990;
Larson and Orozco 1991, 1992; Larson et al. 1991, 1992; Morse and Larson 1991; Curry et al. 2001b).

The glacial history of Kane County has been summarized by Curry et al. (1999), working from a stratigraphic
framework developed by Willman and Frye (1970) and Hansel and Johnson (1996). Drawing heavily from these
sources, Dey et al. (2004) described the conceptual model and the vertical and lateral distribution and some mate-
rial properties of the lithostratigraphic units in Kane County. The lithostratigraphic units in the county are shown
in figure 2. Figure 3 is a schematic diagram of the lateral and vertical relationships between units of the Mason and
Wedron Groups and other geologic units. Figure 4 is a geologic map of Kane County showing the areal distribution
of the lithostratigraphic units that are present at the ground surface.

A key component in developing and refining the conceptual model has been the ISGS program to map surficial
deposits at a scale of 1:24,000 with funding from county agencies, the U.S. Geological Survey (USGS)-funded
STATEMAP and EDMAP programs, and internal sources (fig. 5 and table 1). STATEMAP and EDMAP are both
components of the National Cooperative Geologic Mapping Program. For EDMAP, the USGS partially funds
graduate students to map a quadrangle under the guidance of the student’s advisor and with the cooperation of the
ISGS. Maps that are completed under the STATEMAP or EDMAP program may be available as downloadable
files on the ISGS Web page http://www.isgs.uiuc.edu/maps-data-pub/maps.shtml. With some additional work and
editing, completed STATEMAP quadrangle maps may be published by the ISGS as part of the Illinois Geologic
Quadrangle Series (IGQ series). Some completed STATEMAP quadrangles are published as part of the Illinois
Preliminary Geological Map Series (IPGM series); these maps receive light editing to speed their availability.
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Material Description

Unit

Interpretation

HUDSON EPISODE (~ 12,500 years B.P. to present)

Sand and gravel; well-sorted sand and lenses of
peat, grading laterally to silt and clay

Peat and muck (black and brown); interbedded
sand, silty clay (gray), and marl (white to light

gray)

Cahokia Formation

Cc

Grayslake Peat

ar

Floodplain alluvium along rivers and streams

Decomposed wetland vegetation and sediment in
depressions and on toe slopes

HUDSON AND WISCONSIN EPISODES (~ 55,000 years B.P. to present)

Silt, clay, and fine sand; layered to massive; gray
to brown

Equality Formation

e

Lake deposits in kettles and some valleys tributary
to the Fox River

WISCONSIN EPISODE (~12,500 - 75,000 years B.P.)

Silt and clay at ground surface; upper foot or so
organic-rich in most places; contains abundant soil
structures, burrows, roots, etc.

Sand and gravel, or sand; contains lenses of silt
and clay, or diamicton

Peoria Silt

p

Henry Formation

h

Haeger Member,
Lemont Formation

Diamicton; sandy loam to loam; dolomite-rich;
yellowish brown; includes lenses and layers of
sand and gravel

Ih

Yorkville Member,
Lemont Formation

Diamicton; silty clay, silty clay loam, and clay; gray,
oxidizing to yellowish brown; includes layers of
sand and gravel, silt, and silty clay

Batestown Member,

ly

Lemont Formation

Diamicton; sandy loam, loam, and silt loam; gray
to grayish brown, oxidizing to yellowish brown to
brown; includes common layers of sand and gravel
or silt and sorted sediment

Ib

Tiskilwa Formation

Diamicton; clay loam to loam with lenses of sand
and gravel, or sand; reddish brown, oxidizing to
brown

t

Windblown fines (loess) modified by modern soil
processes

Proglacial outwash deposited in channels, deltas,
and alluvial fans as outwash plains downslope of
glacial margins or also in kames

Till and debris flow deposits associated with the
Woodstock Moraine

Till and debris flow deposits associated with the
St. Charles and Minooka Moraines

Till and debris flow deposits associated with the
Elburn Complex, Farm Ridge, and Arlington
Moraines

Till and debris flow deposits forming the Marengo
Moraine and Bloomington Morainic System

ALTON SUBEPISODE, WISCONSIN EPISODE (~ 55,000 to 24,500 years B.P.)
Robein Member,

Silt and clay; organic-rich, black to brown; leached
of carbonate minerals; contains wood fragments

ILLINOIS EPISODE
Gl
Diamicton; sandy loam to loam, reddish brown,
pinkish brown, and brown; bouldery in places, with
abundant lenses and layers of sand and gravel

Roxana Silt

rr

asford Formati

on

Deposits accreted in low-lying areas; patchy
distribution

(~ 200,000 to 130,000 years B.P.)

Till, debris flow deposits, outwash, lake sediment

Dolomite; microcrystalline; cherty in places
(Kankakee and Joliet), shaly, fossiliferous
dolomite, shale, and thin beds of vuggy dolomite

(Maquoketa Group)

PALEOZOIC ERA (~570 to 225 million years ago)

Kankakee and Joliet
Formations; Maquoketa Group

B k
Pz edrocl

Figure 2 Stratigraphic framework of the glacial drift and shallow bedrock in Kane County.
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Figure 3 Schematic diagram showing lateral and vertical relationships between Mason Group units and
diamictons of the Wedron Group and the vertical sequence of shallow bedrock units below the Glasford
Formation (modified from Curry et al. 1999).

STATEMAP surficial geology quadrangle maps that have been published in the IGQ or IGPM format include
Hampshire (Curry 2007b) and Maple Park (Grimley 2004). Published geologic quadrangle maps funded by ED-
MAP include Barrington (Stravers et al. 2002), Big Rock (Stravers et al. 2001), Genoa (Konen 2006a), and Syca-
more (Konen 2006b). For Kane County, additional IGQ maps of the surficial geology have been completed for the
following 7.5-minute quadrangles: Aurora North (Curry 2001), Crystal Lake (Curry 2005), Elburn (Grimley and
Curry 2001a), Elgin (Curry 2007a), Geneva (Grimley and Curry 2001b), Pingree Grove (Grimley 2006), and Sugar
Grove (Curry et al. 2001b).

Data Acquisition and Management

Records of water wells and other borings on file at the ISGS were the main source of data for geologic mapping.

A project database was constructed to facilitate the use of these records (Dey et al. 2004). For simplicity, the term
wells is used to refer to the data from water wells or other types of borings. Currently, the project database contains
30,825 wells and 9,313 other forms of point data, such as seismic data, outcrop descriptions, and other observations
made at the land surface.

A primary data set was created as a subset of all well records and point data in the project database. Wells were
selected for the primary data set based on the quality of both the descriptions of the geologic material and loca-
tion information. Wells included in the primary data set are referred to in this report as primary wells. A goal was
to have a somewhat evenly distributed set of primary wells across the study area, with one well per each quarter
section. This goal was not achieved in some areas and was exceeded in others. Wells have continually been added

6
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Figure 5 U.S. Geological Survey 7.5-minute quadrangles in Kane County and adjoining areas and the status
of associated geologic maps.

to the primary data set as additional wells useful to mapping the geology of the area have been identified. For ex-
ample, most of the wells from the ISWS piezometric monitoring network (Locke and Meyer 2005) were correlated

to wells in the project database and were added to the primary data set. A total of 4,830 wells have been designated
as primary wells.

To ensure the quality of the data used in the geologic investigation, a simple ranking system was used to character-
ize the usefulness of each boring record with regard to geologic content (correctness and completeness of the data,
with emphasis on Quaternary materials) and location. Outcrops and the lithologic logs from stratigraphic, structur-
al, and bridge borings described by geologists or engineers provide the most accurate, precise, and complete geo-

logic records. Reliability of the description may be enhanced by the existence of cores, sample sets, or geophysical
logs from the drill holes. Sample sets are the split samples of the washed cuttings (drilling residue brought up with
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the drilling fluid, usually a thick drilling mud) collected during drilling by the drillers and saved for more detailed
description or analysis. The ISGS keeps a repository of sample sets collected from across the state in the ISGS
Geological Samples Library. Written logs from water-well records vary greatly in their usefulness to geologic map-
ping. Some drillers provide high-quality, thorough descriptions of the materials encountered during drilling. Other

descriptions on well logs are vague or contain colloquial terms. For example, the reddish brown loam diamicton

of the Tiskilwa Formation may be described in a high-quality description as “hard red sandy clay with boulders”

or may be generalized as “clay” or “drift.” Some records may be useful for identifying only the top of the bedrock
surface. As with stratigraphic borings, the reliability of a water-well log is greatly enhanced when a geophysical log
has been made of the hole, or when a sample set is available.

The data quality of each boring or well record was ranked on a scale from 1 to 5. Stratigraphic borings accompa-
nied by geophysical logs or sample sets were rated the highest at 5. Stratigraphic borings alone were ranked 4, as

Table 1 Status of 1:24,000 quadrangle geologic mapping in Kane County and adjacent areas.

Year
Quadrangle Map type Series' Authors published
Aurora North surficial geology IGQ Curry 2001
bedrock topography IGQ Curry 2001
Aurora South not mapped
Barrington surficial geology Thomason in review
Big Rock surficial geology Curry in progress
Crystal Lake surficial geology IGQ Curry 2005
bedrock topography IGQ Curry 2005
drift thickness IGQ Curry 2005
data point locations IGQ Curry 2005
Elburn surficial geology IGQ Grimley,
Curry 2001
Elgin surficial geology IGQ Curry 2007
bedrock topography IGQ Curry 2007
drift thickness IGQ Curry 2007
data point locations IGQ Curry 2007
Geneva surficial geology IGQ Grimley,
Curry 2001
Genoa surficial geology EDMAP Konen 2006
Hampshire surficial geology IGQ Curry In review
Hinckley not mapped
Huntley surficial geology EDMAP Stravers in review
Maple Park surficial geology IPGM Grimley 2004
bedrock topography IPGM Grimley, McTighe 2004
Marengo South surficial geology Curry in review
Naperville not mapped
Normantown not mapped
Pingree Grove surficial geology IGQ Grimley 2005
Plano not mapped
Riley not mapped
Somonauk not mapped
Streamwood surficial geology Stumpf in review
Sugar Grove surficial geology IGQ Curry et al. 2001
bedrock topography IGQ Curry 2002
Sycamore surficial geology EDMAP Konen 2006
West Chicago surficial geology Curry in review
Yorkville not mapped

"lllinois Geologic Quadrangle (IGQ) and lllinois Preliminary Geological Map series (IPGM) are produced by and available from
ISGS. EDMAPS are student-produced mapping available through the U.S. Geological Survey or on the ISGS Web site.



were detailed water-well records accompanied by geophysical logs or sample sets. Structural or bridge borings were
ranked 4, even though they generally are less than 50 feet deep. Detailed water-well records alone were ranked 3.
Water well records with limited material descriptions were ranked 2. Boring records that contained illogical or

unintelligible information were ranked 1.

Verification of Well Locations

Efforts were made to establish the physical location of all wells in the primary data set, both by inspection in the
field and cross-referencing the well location information to other records in the office. Verification of a well loca-
tion in some instances resulted in revised location information being added to the project database. All wells were
ranked for the quality or accuracy of the information describing their location. With the location of each well ac-
curately defined, a digital elevation model was used to define the land-surface elevation of the location of each well

in the project database (Dey et al. 2004).

For this study, wells were ranked according to the reliability of their location. Well locations field-verified by a
reliable individual were ranked 5. A rank of 4 was assigned to well locations verified by matching the well owner’s
name as recorded on the well record with a given house or street address. A well location verified by matching a
well owner’s name from the record with a given parcel of land was ranked 3. Wells with unverified locations were
ranked 2. Wells having unintelligible or questionable location information were ranked 1.

Table 2 Lithostratigraphic units and their mandatory
vertical sequence.

Lithostratigraphic unit

1. Disturbed land

2. Peoria Silt

3. Cahokia Formation

4. Grayslake Peat

5. Equality Formation

6. Henry Formation, surficial

7. Wadsworth Formation (d)’

8. Sub-Wadswoth tongue, Henry Formation

10. Haeger Member, Lemont Formation (d)'

11. Beverly Tongue, Henry Formation

12. Yorkville Member, Lemont Formation (d)’

14. Sub-Yorkville tongue, Henry Formation

15. Batestown Member, Lemont Formation (d)"

16. Sub-Batestown, Henry Formation

17. Tiskilwa Formation (d)!

18. Ashmore Tongue, Henry Formation

19. Peddicord Tongue, Equality Formation

20. Robein Member, Roxanna Silt

21. Glasford Formation, uppermost fine-textured unit
22. Glasford Formation, uppermost coarse-textured unit
23. Glasford Formation, middle fine-textured unit
24. Glasford Formation, lower coarse-textured unit
25. Glasford Formation, lower fine-textured unit
26. Bedrock, undifferentiated

27. Silurian undifferentiated

28. Maquoketa Group

29. Galena-Platteville Groups

30. Ancel Group

31. Prairie du Chien

32. Undifferentiated Cambrian formations

'd, diamicton lithology of the stratigraphic unit listed.
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Lithostratigraphic Assignments
Lithostratigraphic assignments to recognized Quater-
nary or bedrock stratigraphic units were made based
on the geologic information in the descriptive logs of
the primary wells and by using the conceptual model,
published stratigraphic interpretations, and the profes-
sional judgment of geologists working on the project.
Table 2 lists the lithostratigraphic units used in making
assignments and their positions in the vertical se-
quence. Imposition of this mandatory vertical succes-
sion kept the three-dimensional model from becoming
overly complex.

The vertical sequence of lithostratigraphic units
resulted in some simplification of the interpretations
of the geology observed in a few well records. For
example, the Equality Formation typically consists

of fine-textured sediment deposited in lakes. For

this report, the Equality was not differentiated in the
subsurface except where directly below the Cahokia
Formation or Grayslake Peat but was combined with
other fine-textured units. The Cahokia Formation and
Grayslake Peat were restricted such that if the Ca-
hokia Formation was observed below the Grayslake,
its observed thickness was combined with the next
lower unit. Occurrences of the Wasco facies of the
Henry Formation were assigned either to the surficial
Henry Formation or to the sub-Batestown tongue of the
Henry Formation. In the few cases where any of these
substitutions were made, notes were appended to the
record in the project database for future reference. Ad-
ditionally, lithostratigraphic assignments used for the
Glasford Formation were limited to three fine-textured



facies and two coarse-textured facies within the Glasford. Very rarely were more than five distinct lithologic units
observed in the Glasford Formation.

Four simplifications were made to the assigned lithostratigraphic units before any lithostratigraphic surfaces were
created. First, assigned occurrences of disturbed land and Peoria Silt were combined with the underlying unit. As-
signed thicknesses to both of these units were too thin to justify modeling them as independent units. The presence
or absence of these units at any location was considered of very little hydrogeologic significance in a county-scale
model. Second, assigned occurrences of the Robein Member of the Roxanna Silt and the Peddicord Tongue of the
Equality Formation were used only to define the upper surface of the Glasford Formation and were not modeled as
independent units. Although the Robein has stratigraphic significance as a marker bed, its relative thinness and dis-
continuous occurrence made representing it in the three-dimensional model impractical. The documented occur-
rences of the Peddicord were too few to justify modeling it as a separate unit. When the Peddicord occurred below
the Ashmore Tongue of the Henry Formation, it was combined with underlying fine-textured units of the Glasford
Formation. Occurrences of the Peddicord above the Ashmore Tongue were combined with the overlying Tiskilwa
Formation. The third simplification was to model the fine-textured facies of the Cahokia Formation, the Grayslake
Peat, and surficial and near-surface deposits of the Equality Formation as a single near-surface unit, hereafter
referred to as the surficial fine-textured layer. All three units tend to occupy low-lying areas on the landscape and
occur commonly in association throughout the study area. Coarser-textured facies of the Cahokia Formation were
assigned to the Henry Formation for this modeling effort. Fourth, initially only an upper surface of the Glasford
was created; its lower surface was defined by the bedrock surface. The lithology of the Glasford was modeled as
five discrete layers. Table 3 lists the succession of lithostratigraphic units modeled as independent layers.

As described by Dey et al. (2004), a digital map was compiled to depict the areal distribution of the uppermost
lithostratigraphic units for the Kane County study area. The main input was an unpublished preliminary surficial
geology map of Kane County at 1:100,000 scale compiled by Curry and Grimley (fig. 4). A grid of nodes with a

spacing of & mile was superimposed on the surficial
geology map of the study area. The uppermost litho-
logic unit was identified at each grid node, and this
lithostratigraphic assignment was added to the project
database.

Geologists often know more about the distribution

of geologic units than is portrayed by well records or
other subsurface information. For the geologic model-
ing process, synthetic data force computer software
applications to match modeled surfaces with mapped
surficial boundaries more accurately or to guide the
software to map subsurface boundaries. Synthetic data
were generated to define the presence or absence of
units in areas of sparse data or where the existing data
did not allow for adequate depiction of the geometry
of the lithostratigraphic units. In some instances,
synthetic data were used to give more importance to
high-quality data in the modeling process. Synthetic
data points were used mainly to delineate surficial

or near-surface units. Synthetic data are created or
defined at a location chosen by the mapper. Geologic
inferences made at synthetic data points are based on
the conceptual model and the judgment of the mapper.
Lithostratigraphic assignments made to synthetic data
points were based on conditions observed or reported
at the land surface or by extrapolating between lith-
ostratigraphic assignments made at primary wells.
These synthetic data points were added to the project
database.

Table 3 Lithostratigraphic units represented in the
three-dimensional geologic model and their vertical
sequence.

Lithostratigraphic unit

—_

Surficial fine-textured unit

(Cahokia, Grayslake Peat, and Equality Formations.)
2. Henry Formation, surficial

3. Wadswoth Formation (d)'

4. Sub-Wadsworth tongue, Henry Formation

5. Haeger Member, Lemont Formation (d)'

6. Beverly Tongue, Henry Formation.

7. Yorkville Member, Lemont Formation (d)"

8. Sub-Yorkville tongue, Henry Formation

9. Batestown Member, Lemont Formation (d)'

10. Sub-Batestown tongue, Henry Formation

11. Tiskilwa Formation (d)'

12. Ashmore Tongue, Henry Formation.

13. Glasford Formation, uppermost fine-textured unit
14. Glasford Formation, upper coarse-textured unit
15. Glasford Formation, middle fine-textured unit
16. Glasford Formation, lower coarse-textured unit
17. Glasford Formation, lower fine-textured unit
18. Top of Silurian undifferentiated

19. Top of Maquoketa Group

20. Top of Galena-Platteville Groups

21. Top of Ancell Group

22. Top of Prairie du Chien

23. Top of Cambrian (undifferentiated)

'd, diamicton lithology of the stratigraphic unit listed.
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Lithostratigraphic Surfaces and Isopach Maps

A three-dimensional geologic model of the major lithostratigraphic units was constructed using a grid with a
Y%-mile node spacing. The modeling process defines the elevation of the top and bottom of each lithostratigraphic
unit at each of these grid nodes. Where a unit is absent, the upper surface and lower surface have the same eleva-
tion value. Although we modeled lithostratigraphic surfaces with “%-mile spacing, we used input data on approxi-
mately “4-mile spacing.. The finer spacing of the modeled surface allowed for flexibility in extrapolation between
data from the more widely spaced wells.

The data used to create the digital three-dimensional geologic model came from the lithostratigraphic assignments
made to the primary wells throughout the study area, synthetic primary wells, and the digital map of the surficial
geology. The lithostratigraphic assignments define a series of points where each unit is in contact with its underly-
ing or overlying units or the land surface.

The methods used to construct the upper and lower surfaces of the lithostratigraphic units and to compile them into
a model are described in detail in Kane County Water Resources Investigations: Interim Report on Geologic Mod-
eling, Kane County, Illinois (Dey et al. 2005a). In addition to the other lithostratigraphic units, a lithologic model
was created for the Maquoketa Group. This unit is composed of shale and thinly bedded dolostone. This model dif-
ferentiated between shales and dolostone layers. Sample set descriptions by Kolata and Graese (1983) and Graese
(1991) provided a large portion of the input for the model. Additional interpretations were made from primary wells
in the project database. Where sample set descriptions or drillers’ logs identified the lithology as shale, those lay-
ers were assigned a numerical code of 1. Where the unit was described as dolostone, those layers were assigned a
numerical code of 0. Where an interval was described as a mixture of shale and dolostone, it was assigned a value
of 0.5. This numeric code is referred to as the property value. A file was created for every well that had lithologic
assignments within the Maquoketa Group. Each file contained the X,y location coordinates, the elevation of the top,
the thickness, and a property value for each lithologic unit. Additionally, units that were greater than 5 feet thick
were divided into 5-foot intervals until the bottom of the unit was reached. Elevations and property values were
defined for each interval. A single data set was then compiled containing the data for all the wells describing the
lithology of the Maquoketa Group. The resulting data set contained the location coordinates (x, y) and the top and
bottom elevations (z) for a set of units defined by a property value of 1 or 0. These data were contoured using the
EarthVision® 3-D minimum tension algorithm (Dynamic Graphics Inc. 1997). This algorithm builds three-dimen-
sional contour shells around similarly coded units. The Vertical Influence option was set during the contouring pro-
cess so that the contour shells were shaped more laterally (like a hamburger) than uniformly (like a meatball). This
process resulted in a three-dimensional grid with a value between 1 and 0 at each grid node. For this model, the
horizontal node spacing was s mile, and the vertical node spacing was 5 feet. The 0.5-value contour was chosen

to define the boundary between shale and limestone layers. The three-dimensional lithologic model was queried to
produce a percent thickness as limestone of the Maquoketa Group of Kane County

The lithostratigraphic surfaces were compiled into a three-dimensional geologic model and used to create isopach
maps of each modeled lithostratigraphic unit. Isopach maps are contour maps of unit thicknesses, which can be eas-
ily obtained by subtracting the elevation grid for the bottom of a unit from the elevation grid for the top of that unit.
Derivative maps were created from the geologic model, such as the map of major Quaternary aquifers (described in
the section beginning on p. 64).

The lithostratigraphic surfaces and isopach maps are the basic geologic maps of the Kane County study area. The
lithostratigraphic surfaces and isopach maps were used to generate five maps: Major Quaternary Aquifers, Kane
County, Illinois (Dey et al. 2007b), Bedrock Geology, Kane County, Illinois (Dey et al. 2007¢), Aquifer Sensitivity
to Contamination, Kane County, Illinois (Dey et al. 2007d), Geologic Cross Sections, Kane County, lllinois (Dey
et al. 2007a) and Three-dimensional Geologic Model, Kane County, Illinois (Abert et al. 2007). Although the basic
geologic maps encompass the entire study area, the derivative maps cover only Kane County. Details of how the
individual surfaces and isopach maps were used to construct each derivative map are included in the following sec-
tion.
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Figure 6 Distribution of primary wells in the study area used to generate lithostratigraphic sur-

faces.

RESULTS

Data Distribution and Quality

Using the methods described in the previous section to assign data quality and location quality to wells in our

data set resulted in 4,830 wells being designated primary wells. Figure 6 shows the distribution of primary wells
throughout the study area. Table 4 shows the number of primary wells per section in Kane County and the study
area. Table 5 shows the data quality ranking of the primary wells for Kane County and the study area. Table 6
shows the location quality ranking of the primary wells for Kane County and the study area. In the process of veri-
fying the locations of primary wells, the location of a well was adjusted when the physical location of the well did
not match the location in our database. These horizontal adjustments varied from a few feet to several miles. Table
7 and figure 7 summarize the extent of the horizontal adjustments and the resulting changes in well elevation.
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Table 4 Primary well distribution per section in Kane County

and in the study area.!

Primary wells Sections Sections in
per section in County study area
0 38 220
1 61 192
2 81 217
3 54 173
4 77 166
5 54 140
6 51 89
7 27 63
8 20 46
9 12 25

10 14 27
>10 51 76
Total 1,214

1,434 total sections in study area (includes partial sections); 540 total

sections in Kane County.

Table 5 Quality ranking of geologic data
for primary wells in Kane County and in
the study area.

Data Kane Study
quality County area
5 112 149
4.5 9 14
4 303 513
3 1,875 4,199
2 300 581
1 0 0

Table 6 Quality ranking of location of
primary wells in Kane County and in the

study area.

Location Kane Study
quality County area

5 1,591 2,644
4.5 33 34
4 366 1,041

3.5 184 431

3 212 863
25 189 386

2 24 57
1 0 0

Table 7 Horizontal and vertical adjustment (in feet) to wells relo-

cated via field verification.

Other
GPS verified Combined
Wells relocated, no. 1,062 102 1,164
Min. location change 9.148 15 9
Max. location change 34,590 100,107 100,107
Mean location change 847 4782 1,191
Standard deviation 1,830 11,903 4,074
Median location change 393 1,656 428
More than 1 mile, no. 14 16 30
Min. elevation change 0 0 0
Max. elevation change 104 129 129
Mean elevation change 7 20 8
Standard deviation 11 26 14
Median elevation change 3 11 4
Verified, not moved 14 1,631 1,645
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Figure 7 Horizontal and vertical adjustments to wells assigned new location coordinates through field verifica-
tion.

Table 8 summarizes the number of assignments made to major lithostratigraphic units using data from primary
wells in Kane County and in the study area. Table 9 summarizes the number of assignments made to each lith-
ostratigraphic unit for synthetic data points in Kane County and in the study area.

Three-dimensional Geologic Model
Quaternary Geology

The methods previously described were used to produce the surfaces of the lithostratigraphic units developed from
the conceptual model, where the units have lateral and vertical mapped dimensions. For example, figures 8 and 9
depict the elevation of the upper and lower surfaces of the Batestown Member of the Lemont Formation. Figure

10 is the isopach map of the same unit showing the distribution of primary wells used in mapping the unit. In this
section, isopachs are shown for each of the modeled layers, resulting from the mapped defined upper and lower
surface of each geologic unit. Although all of the geologic units may have varying texture across their mapped
area or contain lenses of finer or coarser material, they are modeled here as homogenous units. For example, we
know the Batestown member commonly contains interbeds of sand or sand and gravel of limited thickness and
areal extent, but such local-scale variations are not accounted for in the model. Although we are displaying only the
extent, thickness, and data distribution for each in unit in Kane County, additional data define each unit outside of
the county (fig. 6 and table 8)
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Surficial Fine-textured Layer
Figures 11 and 12 depict the isopach map
of the surficial fine-textured layer, which
is the combined thickness of Grayslake
Peat, fine-textured facies of the Cahokia
Formation, and surficial deposits of the
Equality Formation. The Equality Forma-
tion consists of silt, clay, and fine sand
deposited in quiet water under both glacial
and postglacial conditions. Grayslake Peat
is composed of peat in varying stage of

decomposition, marl, and well-sorted sand.

The fine facies of the Cahokia Formation
consists of silt and clay deposited by rivers
and streams. All three units commonly
occupy low-lying areas on the landscape.
In general, the unit is less than 10 feet
thick across Kane County. The unit is 50
feet thick below Nelson Lake (Curry et

al. 2001a) and greater than 20 feet thick
west of Pingree Grove where Glacial Lake
Pingree once existed (Grimley 2006).
Figure 11 includes the distribution of the
primary wells used to map the unit. Figure
12 includes the distribution of synthetic
primary wells generated to help define

the extent of the unit. The occurrence of
this unit is more commonly identified at
the land surface from soils maps or direct
observation than from descriptions in well
records. Synthetic data were used to assist
in generating an isopach map for this unit
in areas where it was observed at the land
surface, and primary well data were insuf-
ficient for mapping its extent. The isopach
map is the same as a depth map because
the upper surface of this unit is at the land
surface.

Surficial Henry Formation

The surficial Henry Formation consists of
sand and gravel that was deposited as al-
luvial fans, glacial outwash channels, and
kames. As mapped, this unit may contain
portions of the Wasco facies of the Henry
Formation and some coarse-textured
facies of the Cahokia Formation. The
surficial Henry Formation has a maxi-
mum thickness in Kane County of 90 feet.

Table 8 Number of primary wells and lithostratigraphic assign-
ments representing the surfaces of mapped units.

Kane Study
Lithostratigraphic unit County area
Top of Equality Formation 878 1,449
Bottom of Equality Formation 875 1,433
Top of Henry Formation, surficial 810 1,481
Bottom of Henry Formation, surficial 806 1,471
Top of Wadsworth Formation (d)’ 0 488
Bottom of Wadsworth Formation (d)’ 0 453
Top of sub-Wadsworth tongue 0 170
Bottom of sub-Wadsworth sand and gravel 0 169
Top of Haeger Member (d)' 9 555
Bottom of Haeger Member (d)' 10 540
Top of Beverly Tongue, Henry Formation 12 602
Bottom of Beverly Tongue, Henry Formation 12 591
Top of Yorkville Member (d)' 531 1,527
Bottom of Yorkville Member (d)' 554 1,472
Top of sub-Yorkville tongue 223 742
Bottom of sub-Yorkville sand and gravel 221 733
Top of Batestown Member (d)’ 1,329 2,005
Bottom of Batestown Member (d)" 1,281 1,931
Top of sub-Batestown tongue 884 1,253
Bottom of sub-Batestown sand and gravel 877 1,245
Top of Tiskilwa Formation (d)’ 1,664 2,745
Bottom of Tiskilwa Formation (d)’ 1,560 2,524
Top of Ashmore Tongue, Henry Formation 657 1,145
Bottom of Ashmore Tongue, Henry Formation 637 1,120
Top of Glasford Formation 1,487 2,925
Top of upper fine interval of Glasford 703 1,253
Bottom of upper fine interval of Glasford 702 1,251
Top of upper coarse interval of Glasford 734 1,238
Bottom of upper coarse interval of Glasford 733 1,237
Top of middle fine interval of Glasford 723 1,520
Bottom of middle fine interval of Glasford 711 1,493
Top of lower coarse interval of Glasford 633 1,299
Bottom of lower coarse interval of Glasford 630 1,295
Top of lower fine interval of Glasford 106 215
Bottom of lower fine interval of Glasford 102 207
Top of Bedrock, undifferentiated
Top of Silurian undifferentiated 389 709
Bottom of Silurian undifferentiated 350 583
Top of Maquoketa Group 565 1,054
Bottom of Maquoketa Group 558 1,031
Top of Galena-Platteville Groups 289 654
Bottom of Galena-Platteville Groups 172 330
Top of Ancell Group 182 358
Bottom of Ancell Group 24 55
Top of Cambrian formations, undifferentiated 8 54

'd, diamicton lithology of the stratigraphic unit listed.

An isopach map of the unit is depicted in Figure 13 and includes the distribution of primary wells used in map-
ping the unit. Figure 14 includes the synthetic primary wells used in mapping the unit. Like the previous unit, the
occurrence of the surficial Henry Formation is commonly identified from soils maps and observations at the land
surface. Synthetic data were generated to help map the unit in these areas where it has been identified at or near the
land surface, and primary well data were insufficient for mapping its extent.
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Wadsworth Formation

This unit forms the West Chicago
Moraine to the north and east of Kane
County (fig. 15). The Wadsworth For-
mation is composed of gray, silty clay
to silt loam diamicton. The thickness of
the Wadsworth maybe greater than 100
feet in the study area, but the unit is not
present in Kane County. The sub-Wads-
worth tongue of the Henry Formation is
generally less than 10 feet thick where
it occurs in the study area.

Haeger Member

of the Lemont Formation

This unit forms the Woodstock Mo-
raine, which occupies a small portion
of the northeast corner of Kane County
(fig. 15). The Haeger Member is sandy
loam diamicton with abundant, discon-
tinuous lenses of sand and gravel and
thin beds of silt and clay (Curry et al.
1997). The isopach map of the Haeger
Member of the Lemont Formation is
shown with primary wells (fig. 16)

and synthetic data points (fig. 17). The
Haeger is up to 80 feet thick in Kane
County. Thick sand and gravel deposits
are associated with the Haeger Mem-
ber. Where buried by Haeger diamic-
ton, these deposits are conventionally

Table 9 Number of synthetic data points and lithostratigraphic assign-

ments representing surfaces of select units.

Kane Study
Lithostratigraphic unit County area
Top of Equality Formation 1,421 2,050
Bottom of Equality Formation 1,421 2,050
Top of Henry Formation, surficial 1,218 1,701
Bottom of Henry Formation, surficial 806 1,702
Top of Wadsworth Formation (d)’ 0 70
Bottom of Wadsworth Formation (d)’ 0 213
Top of sub-Wadsworth tongue 0 7
Bottom of sub-Wadsworth tongue 0 4
Top of Haeger Member (d)' 4 142
Bottom of Haeger Member (d)’ 8 33
Top of Beverly Tongue, Henry Formation 1 34
Bottom of Beverly Tongue, Henry Formation 0 13
Top of Yorkville Member (d)' 152 354
Bottom of Yorkville Member (d)’ 323 759
Top of sub-Yorkville tongue 1 5
Bottom of sub-Yorkville tongue 1 1
Top of Batestown Member (d)’ 1,125 1,766
Bottom of Batestown Member (d)" 167 368
Top of sub-Batestown tongue 106 117
Bottom of sub-Batestown tongue 95 102
Top of Tiskilwa Formation (d)’ 1,211 1,806
Bottom of Tiskilwa Formation (d)’ 4 19
Top of Ashmore Tongue, Henry Formation 0 1
Bottom of Ashmore Tongue, Henry Formation 0 1
Top of Glasford Formation 18 85
Top of Bedrock, undifferentiated 53 54

'd, diamicton lithology of the stratigraphic unit listed.

known as the Beverly Tongue of the Henry Formation. As mapped here, small portions of the Beverly Tongue lack
a covering of Haeger diamicton. An isopach map of the Beverly Tongue is shown in figures 18 and 19 with the
distribution of primary well and the synthetic data used in mapping the unit in Kane County. The Beverly is up to
60 feet thick in Kane County. The Haeger Member and Beverly Tongue have a limited presence in Kane County,

although they constitute much of the surficial material of McHenry County to the north.

Yorkville Member of the Lemont Formation
The Yorkville Member forms the St. Charles and Minooka Moraines (fig. 15) where it is as much as 125 feet thick.
Unweathered Yorkville diamicton is gray; its matrix texture varies from clay to loam diamicton. Typically, the
upper part of the Yorkville Member in Kane County is weathered and oxidizes yellow-brown in the upper 10 to

15 feet. Three textural facies of the Yorkville Member are recognized at Fermi Accelerator Laboratory including
lower clay, middle loam, and upper silty clay units (Landon and Kempton 1971, Kemmis 1978, Curry 1991). The
St. Charles Moraine tends to be formed of the clay facies; the Minooka Moraine is typically formed of the silty clay
and loam facies. The loam facies has been associated with abundant channels of sand and gravel. Both the clay and
silty clay facies typically contain fewer boulder to cobble-sized clasts than do other diamictons mapped in Kane
County. Figure 20 depicts the isopach map of the Yorkville Member and the distribution of primary wells used to

map the unit.

Sub-Yorkville Tongue of the Henry Formation
Figure 21 depicts the distribution of synthetic data used in mapping the diamicton. The isopach map of the sub-
Yorkville tongue of the Henry Formation is shown in figures 22 and 23. The distribution of primary wells (fig. 22)
and synthetic primary wells (fig. 23) used in mapping the unit are shown. This basal sand and gravel unit is up to

65 feet thick in Kane County.
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Figure 8 Elevation grid of the upper surface of the Batestown Member, Lemont Formation, in Kane

County.
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Figure 9 Elevation grid of the lower surface of the Batestown Member, Lemont Formation, in Kane
County.
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Figure 10 Isopach map of the Batestown Member, Lemont Formation, in Kane County and the distribution of

primary wells used in mapping the unit.
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Figure 11 Isopach map of the surficial fine-textured layer (i.e., the combined thickness of the Grayslake Peat,
fine-textured facies of the Cahokia Formation, and surficial deposits of the Equality Formation) in Kane County
and the distribution of primary wells used in