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Purpose

the Tevatron (fig. 1; Landon and Kempton 1971, Curry
et al. 1988, Graese et al. 1988, Curry 1991). The ISGS
geologists examined cores, interpreted the geology, and
aided in the development of a hydrogeological model at the
Kerr-McGee Sewage Treatment Plant Site (ILD980824031)
and the Blackwell Forest Preserve (ILD980606305; Booth
and Vagt 1986). For this study, we were able to obtain more
than 50 unpublished logs of soil borings (Paul Lake, Illinois
Environmental Protection Agency [IEPA], and Montgomery
Watson Harza Global, personal communication) from
studies of the Nike missile battery site C-70. The Nike site
has recently been investigated by contractors for the IEPA
and the Department of Defense (Naperville Sun 2007). Here,
monitoring is tracking the development of a plume of dilute
trichlorethane (TCE) in the shallow groundwater.

Surficial Geology of Naperville Quadrangle, Du Page
County, Illinois is a map that identifies, describes, and
locates near-surface earth materials relevant to many environmental and economic issues. The land use in the area is
varied and includes residential areas, corporate offices and
headquarters, parks, and forests preserves (fig. 1). Important
landmarks include parts of the Illinois Technological and Research Corridor along the Ronald Reagan Memorial Tollway
(Interstate 88) and the eastern half of the Fermi National
Accelerator Laboratory (Fermilab). The Naperville Quadrangle encompasses the municipalities of Warrenville (2010
population of 13,140) and parts of Naperville (141,853),
Wheaton (52,894), West Chicago (27,086), Winfield (9,080),
and Aurora (197,899) (http://www2.illinois.gov/census/
Pages/Census2010Data.aspx).
West Chicago

West Du Page
Woods

Data Sources
The sources of data used to prepare the surficial geology
map and cross sections are shown on the map of Data Point
Locations of Naperville Quadrangle (Fineberg and Curry
2013b). Data from about 450 locations were used to make
the map and cross sections. The most important information includes (1) six key stratigraphic borings sampled by
the ISGS (e.g., Curry et al. 1988); (2) 22 geotechnical logs
of cores sampled at Fermilab, many described and analyzed
by ISGS geologists (Landon and Kempton 1971, Kemmis
1978, Curry 1991); (3) five geotechnical logs of cores with
particle-size and clay mineral analytical results sampled at
the Blackwell Forest Preserve (Booth and Vagt 1986); (4) 25
geotechnical logs of cores described by consulting geologists
(primarily by Testing Services Corporation of Carol Stream);
and (5) eight geotechnical logs of cores from the Nike (C70) site provided by Montgomery Watson Harza Global. The
cross sections were improved by including interpretations of
selected drillers’ lithologic logs from 243 water-well records
(241 of which penetrated bedrock). Many of the descriptive
data and locations were incorporated in a comprehensive
database of Kane County, including a one-township buffer around Kane County that included most of the area
covered by the Naperville Quadrangle (Dey et al. 2004).
Stratigraphic interpretations are based on physical data (e.g.,
particle-size distribution analyses, moisture contents) and the
lithologic unit descriptions and characterizations of Hansel
and Johnson (1996), Wickham et al. (1988), Graese et al.
(1988), Hansel et al. (1985), and Willman and Frye (1970).
Map preparation considered the geology shown on adjacent
geologic maps, including Aurora North (Curry 2001), West
Chicago (Curry 2008b), Geneva (Grimley and Curry 2001),
and Aurora South (Curry and Hodson 2009), as well as by
soil survey maps (Calsyn 2001). The smallest polygons on
the map cover about 1 acre and delineate areas of peat and
lake sediment. The mapping base included a shaded relief
map of high-resolution light detection and ranging (LiDAR)
data that helped to differentiate areas of thick fill from the
presettlement landscape.
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Figure 1 Location of key cultural features on the Naperville
Quadrangle, including forest preserves, the Fermi National Accelerator Laboratory, State Highway 59, and Interstate 88.

The surficial geology of the Naperville Quadrangle has
been scrutinized at several sites for a number of reasons. In
the 1960s and 1970s, the ISGS assisted the Atomic Energy
Commission in characterizing the surficial geology in
preparation for building the structures at Fermilab, including
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Because of the poor recovery of some boulder and sandrich units, natural gamma-ray logs were an integral part
of interpreting the glacial successions encountered in the
borings. These logs provide a continuous vertical record of
the natural radiation emitted from deposits adjacent to the
borehole (Bleuer 2004). In this region, clay-rich sediment
emits more gamma rays than do gravelly deposits that are
composed largely of dolomite clasts. The logs are useful in
differentiating materials likely to yield groundwater (aquifers) from those that will likely not yield water. Several
stratigraphic units have characteristic logging signatures that
aid in the correlation of units from place to place. A logging
signature includes the magnitude of gamma-ray detection,
the variation in magnitude over an interval, and the overall
shape or motif of response over an interval (Bleuer 2004).
Bedrock contacts, shown only in cross sections, are based on
a surface model described by Fineberg and Curry (2013a).
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Figure 2 Schematic vertical and intertonguing relationships
among the lithostratigraphic units of the Naperville Quadrangle.
Time periods (phases) associated with the deposition of many
units are indicated in italics.

Geologists map geologic materials as lithostratigraphic
units that have unique physical properties such as color and
particle-size distribution and occur at a specific level in the
succession of sediment layers (fig. 2 and map legend). For
deposits of the last glaciation (Wisconsin Episode), a special
distinction is made based on grain size and sorting. Deposits
composed of similarly sized grains (i.e., well-sorted sediment or poorly graded sediment) are classified with the
Mason Group; deposits composed of a poorly sorted mixture
of grain sizes (i.e., diamicton) are classified with the Wedron
Group (fig. 2; Hansel and Johnson 1996). Regionally important layers of sand and gravel or fine-grained sediment of the
Mason Group that occur between named lithostratigraphic
units of the Wedron Group are classified as stratigraphic
tongues, such as the Beverly Tongue of the Henry Formation. Sand and gravel layers that are mappable at 1:24,000
but that do not occur regionally are referred to as unnamed
tongues of the Henry Formation.

Mason Group
Two units composed of sorted sediment of the Mason Group
are identified on the surficial geology map. Henry Formation is sand and gravel, and Equality Formation is primarily
fine sand, silt, and clay. The most important Henry sand
and gravel deposits on the Naperville Quadrangle occur
along the valley of the West Branch Du Page River. East of
the river, the Beverly Tongue of the Henry Formation is a
significant unit. Composed of sandy, bouldery, dolomite-rich
material, the Beverly Tongue is a difficult unit to sample
continuously; hence, natural gamma-ray logs are useful for
its identification and characterization (including its thickness, e.g., fig. 3). The fine-grained deposits of the Equality
Formation form important local aquitards that may impede
infiltration of runoff, especially in wide, flat valleys with
underfit second-order streams. Small, unmappable patches of
lake sediment less than one acre in area occur throughout the
Naperville Quadrangle.

“Diamicton” describes a deposit that contains a wide range
of grain sizes, usually from clay to boulders. In Illinois,
moraines formed by a particular glacial advance commonly
are composed of diamicton with distinctive lithology that
contrasts with adjacent moraines formed during a different
advance. The lithological characteristics commonly used
to differentiate among diamictons include color, moisture
content, particle-size distribution of the <2-mm matrix, and
clay mineral composition (Graese et al. 1988, Wickham et
al. 1988, Curry 1991). Geologists use textural terms such as
“loam” and “clay loam” to describe the particle-size distribution of the sediment matrix; the terms are based on the soil
texture classification of the U.S. Department of Agriculture
(Schaetzl and Anderson 2005).

Wedron Group
Six lithologically distinct diamicton units of the Wedron
Group are mapped on the Naperville Quadrangle. These
diamicton units are matrix supported, and many of their
physical characteristics are distinctive, such as matrix texture
(sand-silt-clay percentages), clay mineralogy, color, moisture
content, and Atterberg limits (table 1, fig. 4; Graese et al.
1988, Curry 1991). The units classify as lean clays (CL) in
the Unified Soil Classification System (Holtz and Kovacs
1981). The stratigraphic nomenclature follows that of Willman and Frye (1970), with modifications to the lithologic
units of the last glaciation by Hansel and Johnson (1996).
The most diagnostic field characteristics of each unit are
listed along with assessments of the units as aquitards:
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Figure 3 Lithologic and gamma-ray log of boring 120433192900 (NW SE Sec. 14, T39N, R9E, elevation 761 feet)
located in the West Du Page Woods County Forest Preserve, Winfield, Illinois. This boring was sampled by continuous
coring and is used in cross section A–A9.

Batestown Member (Lemont Formation) diamicton is
brown to gray, friable (crumbly) in dry samples, and sandy
and contains abundant interbeds of sand and gravel. On the
Naperville Quadrangle, relatively thin layers of this unit less
than 10 feet thick occur above bedrock, where they likely
are leaky aquitards. This unit was mapped as Unit E at the
Fermilab (Landon and Kempton 1971). The Batestown unit
is also mapped as complexes of silty lake sediment, sand and
gravel outwash, and diamicton in buried bedrock valleys.

l-y(a) Silty clay diamicton of
the Yorkville Member, Lemont
Formation, uniform facies

l-y(b) Clay loam diamicton of
the Yorkville Member, Lemont
Formation

Yorkville Member (Lemont Formation) diamicton is gray
and comprises three facies differentiated primarily on the basis of particle-size distribution and attendant characteristics
such as moisture content (table 1, fig. 4; Curry 1991):
•

l-y(c), silty clay diamicton that, in some places, is
laminated. The gravel content is usually less than 2%.

•

l-y(b), gravelly clay loam diamicton with interbeds of
sand and gravel

•

l-y(a), silty clay diamicton; thin and vaguely stratified
(Kemmis 1978).

l-y(c) Silty clay diamicton of
the Yorkville Member, Lemont
Formation, laminated facies

l-b Sandy loam diamicton of
the Batestown Member, Lemont
Formation

Regional relationships indicate that the Yorkville is associated with the Minooka Moraine and that the Wadsworth is
associated with the Valparaiso Morainic System, described
next.

Figure 4 Core segments (diameter ~3 inches) of the lithologic units listed in table 1 (from Curry 1991).
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4
1,139
16.7 ± 13.2
[1–73]

1,051
7.9 ± 8.5
[1–72]

1,139
44.3 ± 9.2
[12–80]

104
40.8 ± 8.3
[20–65]
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36.3 ± 6.7
[22–71]
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47.0 ± 9.3
[18–80]
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47.0 ± 7.6
[12–75]
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1,139
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[6–77]
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[18–75]
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[5.7–32.1]
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[5.7–17.0]
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20.1 ± 3.3
[8.1–29.2]
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14.0 ± 3.3
[6.0–32.1]

381
17.2 ± 2.6
[9.8–30.6]

Moisture
content (%)

758
27.8 ± 6.8
[12–48]

63
14.9 ± 1.8
[12–23]

170
35.3 ± 4.8
[15–48]

258
24.9 ± 4.4
[14–38]

267
29.3 ± 3.8
[18–44]

Liquid
limit

758
15.1 ± 2.3
[3–24]

63
11.5 ± 1.1
[9–16]

170
16.7 ± 1.9
[10–21]

258
14.3 ± 2.0
[3–24]

267
15.9 ± 1.8
[11–22]

Plastic
limit

758
12.6 ± 5.1
[0–29]

63
3.4 ± 1.8
[0–11]

170
18.6 ± 3.4
[5–29]

258
10.7 ± 3.3
[2–21]

267
13.3 ± 2.9
[3–26]

Plasticity
index

Geotechnical properties

604
39.4 ± 21.3
[2–100]

60
53.6 ± 26.0
[12–99]
38% refusal

118
37.6 ± 17.9
[13–99]
4% refusal

235
42.7 ± 20.2
[6–97]
3% refusal

191
32.1 ± 19.8
[2–100]
4% refusal

Blow
counts1

__________________________________________________________________________________________

1

Blow counts (also known as the “N” value) refer to results of the Standard Penetration Test that is routinely performed and reported by consulting firms in the Midwest
for characterizing the relative density of unlithified sediment of glacial origin. The blow counts refer to the number of strikes of a sliding hammer that advances a split
spoon sampler (tube) into in situ material. The hammer weighs 140 pounds and is dropped 30 inches. The test is stopped, and “refusal” noted, if the sampler does not
advance beyond 1 foot after 100 blows (Rogers 2006).

All diamictons

104
43.2 ± 9.7
[1–73]

silty clay diamicton

l–y(c)

101
15.7 ± 10.9
[1–72]

227
8.6 ± 6.4
[1–45]

210
4.0 ± 5.6
[1–35]

sandy loam
diamicton

428
20.1 ± 11.6
[1–66]

399
10.2 ± 8.9
[1–62]

clay loam
diamicton

l–y(b)

l–b

380
10.5 ± 6.3
[1–35]

341
5.2 ± 5.9
[1–41]

Sand
(%)

Gravel
(>2 mm) (%)

silty clay diamicton
and resedimented
silty clay diamicton

Material

l–y(a)

Unit

__________________________________________________________________________________________________________________

Particle size and composition

Table 1 Number of observations, mean with standard deviation, and range of textural data, liquid limit, plastic limit, plasticity index, and blow counts for Yorkville faces
l-y(a), l-y(b), and l-y(c), and Batestown (l-b) units at Fermilab.

Haeger Member (Lemont Formation) diamicton is yellowish brown, coarse-grained, and friable. It is associated
with the underlying Beverly Tongue of the Henry Formation.
The unit is a very leaky aquitard and oxidized (Curry and
Seaber 1990).

outwash sand and gravel along streams and rivers. Laminated silt and clay were deposited in a variety of sedimentary
environments, such as ice-walled lakes and slackwater and
kettle basins (Curry and Yansa 2004).
Much of the Naperville Quadrangle covers an intermorainal
area between the Minooka Moraine to the west and the
Valparaiso Morainic System on the east. Locally parallel and
immediately east of the Fox River, the Minooka Moraine
occurs on the Aurora North Quadrangle (fig. 5; Curry 2001).
The Valparaiso Morainic System comprises the hillier area
east of the West Branch Du Page River and is located in the
eastern third of the Naperville Quadrangle. Both the Minooka Moraine and Valparaiso Morainic System were formed by
the Joliet sublobe of the Lake Michigan lobe (Willman and
Frye 1970).

Wadsworth Formation diamicton is gray diamicton with a
silty clay matrix. In some areas, a thin, sandier loam diamicton facies has been identified. On the West Chicago Quadrangle immediately to the north, detailed descriptions of
sediment cores reveal fractures to depths exceeding 40 feet.
Thus, this unit is likely a somewhat to very leaky aquitard
throughout the Naperville Quadrangle. In the absence of the
Haeger Member (Lemont Formation) or Beverly Tongue,
diamicton of the Wadsworth Formation may be difficult
to distinguish from facies l-y(a) of the Yorkville Member
(Graese et al. 1988).

In the Naperville Quadrangle, drift thickness varies from
more than 155 feet thick in the north-central part of the map
to nil where surface materials have been removed by quarrying near downtown Naperville (Fineberg and Curry 2013c).
In this area, bedrock sporadically crops out along the floor
and sides of the West Branch Du Page River.

Postglacial Deposits
The Grayslake Peat (peat and marl) and Cahokia Formation
(interbeds of sand and gravel, sand, clayey silt, and peat)
are present in areas prone to flooding. The Grayslake Peat
occurs in depressions that receive groundwater input. The
Cahokia Formation is postglacial alluvium. Because of the
high moisture content and high compressibility, peat, marl,
and clayey sediment are not suitable for foundation material
and are classified as fat clays or organic soils (CH or OH of
the Unified Soil Classification System; Holtz and Kovacs
1981). Desiccation of these materials, caused by tiling and
ditching, may lead to cracking and subsidence.

Landform-Sediment Assemblages
Landform-sediment assemblages are used to conceptually
link deposits and their associated landforms to processes
associated with sedimentary environments. The Naperville Quadrangle has three distinctive assemblages (fig. 6),
including the ground moraine east of the Minooka Moraine,
the Valparaiso Moraine, and the intervening valley of the
West Branch Du Page River. In general, the main lithostratigraphic units associated with these include the Yorkville
Member (Minooka ground moraine), Wadsworth Formation
(Valparaiso Moraine), and Henry and Equality Formations
(river valley).

Fill
Fill constitutes a large proportion of the surficial deposits of
the Naperville Quadrangle because of several large developments and structures, such as embankments for Interstate
88, underground structures at the Nike C-70 site, and the
Tevatron at Fermi National Accelerator Laboratory. (The
Tevatron is housed in a circular tunnel buried about 20 feet
below ground surface; the Tevatron’s location is marked by
overlying cooling ponds.) To show some geologic relationships, fill has been undermapped, especially in areas adjacent
to the tollway, in subdivisions, and in areas covered by large
industrial and office buildings. Many ponds, lakes, and open
areas along the interstate highway are former borrow pits
that have been completely or partially filled with organicrich fill.

Ground Moraine East of the Minooka Moraine
The nearly featureless plain west of the West Branch Du
Page River is underlain by three facies of the Yorkville
Member (Lemont Formation). Most Fermilab property is
used for agriculture and naturalized areas (restored prairie); smaller areas are used for high-energy experiments,
such as at the Tevatron and several linear accelerators (fig.
1). Numerous sediment cores and laboratory analyses of
core subsamples provide geologists with one of the highest
concentrations of data for glacial sediments anywhere in
Illinois. On the Naperville Quadrangle, drift thickness at Fermilab ranges from about 33 to 108 feet (Fineberg and Curry
2013c). Patches of lake sediment are common.

Geologic Setting
Also known as drift, glacial deposits mantle most of northeastern Illinois. On the Naperville Quadrangle, this material
was deposited during the last glaciation (Wisconsin Episode)
from about 29,900 to 14,600 cal yr BP (Hansel and Johnson
1992, Curry and Yansa 2004, Curry 2008a). During this
time, the Lake Michigan lobe of the Laurentide Ice Sheet
formed numerous subdued ridges (moraines) with hummocky topography (fig. 5). Meltwater carried and deposited

Data from two borings from Fermilab provide examples of
the typical succession of glacial drift (fig. 7). The pattern of
fine- to coarse- to fine- to coarse-grained diamicton in the
succession at Fermilab is evident in the data profiles of particle-size distribution data and moisture contents. The fine-
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Episode moraines in
northeastern Illinois.
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grained diamicton is associated with facies l-y(a) and l-y(c)
of the Yorkville Member, and the coarser-grained diamictons
are associated with facies l-y(b) of the Yorkville and with the
Batestown Formation (fig. 4). South of Fermilab, the succession is thicker where thicker Batestown deposits fill the
Aurora Bedrock Valley (Curry and Seaber 1990).
Valparaiso
Morainic
System

Ground
moraine
(east of
Minooka
Moraine)

In the southern part of the quadrangle in downtown Naperville, drift thickness approaches nil. There, park lakes and
swimming areas have been developed in abandoned quarries. In this area, mapping the thin deposits of diamicton is
done chiefly on the basis of location west (Yorkville) or east
(Wadsworth) of the river valley. This supposition is verified
by the texture of the landscape revealed on the shaded relief
map of LiDAR data; the landscape west of the river is relatively flat-lying, whereas that east of the river is somewhat
hillier.

Outwash
terraces
and
alluvium of
the West
Branch
Du Page
River

0

1

Valparaiso Morainic System
The Valparaiso Morainic System has a subdued, rolling
aspect, with less than about 80 feet of relief between hilltops
and stream bottoms. It is underlain by a characteristic tripartite lithostratigraphic succession, including (from bottom
to top) a coarsening-upward sandy to cobbly and bouldery
outwash of the Beverly Tongue, sandy diamicton of the
Haeger Member, and silty clay loam diamicton of the Wadsworth Formation (figs. 3, 8, and 9). The succession thins to

2

MILES

Figure 6 Landscape-sediment assemblages of the Naperville Quadrangle.
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Figure 7 Lithologic and gamma-ray
logs of (a) boring 120432605900
(NE SE Sec. 20, T39N, R9E,
elevation 735 feet) and (b) boring
120432607200 (NE SE Sec. 29,
T39N, R9E, elevation 732) located
at the Fermi National Accelerator
Laboratory, Warrenville, Illinois. The
borings were sampled by semicontinuous coring and with split spoons.
The borings are representative of
the surficial drift associated with the
ground moraine east of the Minooka
Moraine (fig. 6).
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are the Woodstock and Crown Point phases, respectively
(fig. 2). Regional stratigraphic and geomorphic relationships
indicate that the Joliet Sublobe retreated to near Milwaukee
between the Woodstock and Crown Point phases (Hansel
and Johnson 1996, Curry 2008a).

the south (see cross section F–F9). The sandy Haeger unit is
likely overlooked in geologists’ and drillers’ logs and classified with the underlying sand and gravel of the Beverly unit.
The difference between the gamma-ray log signatures of the
Beverly and Haeger units is subtle (e.g., figs. 7, 8, and 9);
the Haeger unit tends to have a somewhat higher background
radiation from its slightly higher clay content and possibly
from higher content of shaly bedrock fragments.

Outwash Terraces and Alluvium
of the West Branch Du Page River
The deposits along the West Branch Du Page River have
fewer data than the upland landform-sediment assemblages
to characterize their thickness and character. Considering
the thickness of the Beverly Tongue of the Henry Formation
of more than 50 feet in much of the Valparaiso Morainic
System, the sand and gravel deposits along the river are
remarkably thin, in general less than 20 feet thick (see cross

The Valparaiso Morainic System has been described as a
palimpsest moraine (Mickelson et al. 1983, Johnson and
Hansel 1989) with a “core” of coarse, boulder, dolomiterich sediment (the Beverly Tongue and Haeger units) and an
overlying mantle of silty and clayey material (the Wadsworth
unit). The diachronic names associated with these deposits
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Figure 8 Lithologic and gamma-ray logs of (a) boring 120433193100 (SW SW Sec. 18, T39N, R10E, elevation 727
feet), located in the Belleau Woods County Forest Preserve, and (b) boring 120433192800 (SW SW Sec. 22, T39,
R9E, elevation 725 feet), located in the Blackwell Forest Preserve (see fig. 1).

sections). There is no evidence (such as multiple terraces)
that the river valley was occupied twice, first as an ice-marginal stream during the Woodstock Phase, associated with
the coarse units (Beverly/Haeger units), and then by a stream
during the Crown Point Phase in association with deposition
of the fine unit (Wadsworth).

The fine-grained units are silty and clayey diamictons with
some cores revealing laminated sections. Laminations are
typically attributed to deposition in lakes, but the lakes may
have been located below or above the glaciers. The basal facies is classified as Batestown Member (Lemont Formation)
and the overlying three facies as Yorkville Member (Lemont
Formation). The physical attributes of this succession at the
Fermi National Accelerator Laboratory have been characterized by more than 1,000 analyses (Landon and Kempton
1971, Curry 1991; fig. 4). East of the river is the Valparaiso
Morainic System, a palimpsest moraine composed of three
units, including a coarse, boulder proglacial outwash deposit
(Beverly Tongue, Henry Formation); sandy, boulder diamicton (Haeger Member, Lemont Formation); and silty clay
loam diamicton (Wadsworth Formation).

Summary
The surficial geology of the Naperville Quadrangle shows
two distinctive diamicton successions separated by the
valley of the West Branch Du Page River. On the west is
ground moraine of the Minooka Moraine, formed of four
units that, from base to top, alternate texturally as coarsefine-coarse-fine. The coarse-grained units are composed of
sandy diamicton with abundant interbeds of sand and gravel.
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Figure 9 Lithologic and gamma-ray log of boring 120433193000 (SW SW Sec. 31, T39N, R10E, elevation 779 feet) located in the Herrick Lake County Forest Preserve, Warrenville, Illinois. The borings are representative of the surficial drift
associated with the Valparaiso Morainic System (fig. 6).
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