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EDITORS’ MESSAGE
Welcome to this special 50th meeting of the North Central Section of the Geological Society of America! As
in the past, this year’s meeting includes a number of excellent field trips, most of which are also closely tied
to special sessions. These field trips, some of which are not included in the formal guidebook, provide an
excellent avenue for examination and discussion of glacial and bedrock geology. Collectively, they explore
a broad spectrum of the geologic features of Illinois, Kentucky, and Missouri, which range in age from
Precambrian to Quaternary, including fluorspar deposits.
These trips would not have been possible without the tireless efforts of a number of individuals. We would
like to thank and recognize the field trip leaders for their hard work in planning the field trips and preparing
the individual field guides. We appreciate the efforts of Susan Krusemark and Michael Knapp at the Illinois
State Geological Survey for their substantial work in preparing the guidebook. Thanks also go to Kathleen
Henry for helping with various logistical aspects of the field trips. Special thanks are extended to the property
owners, who have been most helpful in planning these trips. We look forward to a successful set of field trips!
Zakaria Lasemi and Scott Elrick
Illinois State Geological Survey
Prairie Research Institute
University of Illinois at Urbana-Champaign
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North-Central GSA 2016
50th Annual Meeting
Schedule of Events
EVENT

TIME

LOCATION

SATURDAY, 16 APRIL
FT1.The Quaternary Geology of the Chicago Metropolitan Area (Field Trip)

7 a.m.–4 p.m.

Hallway by Registration Desk

FT2. Fluorite Deposits Within the Illinois-Kentucky Fluorspar District
(Field Trip)

7:30 a.m.–5 p.m.

Hallway by Registration Desk

SUNDAY, 17 APRIL
Meeting Office

7 a.m.–4 p.m.

Leadership Room

FT3. Quaternary Geology of the Upper Sangamon River Basin: Glacial,
Post-Glacial and Post-Settlement History (Field Trip)

8 a.m.–5 p.m.

Hallway by Registration Desk

Geology of the Mount Simon Sandstone (Workshop)

8 a.m.–5 p.m.

Illinois Ballroom C

Exhibit Setup

noon–5 p.m.

Illinois Ballroom AB

Registration

4–8 p.m.

Hallway

Speaker Ready Room

4:30–8 p.m.

Knowledge Room

Exhibits

6–8:30 p.m.

Illinois Ballroom AB

Opening Reception (Welcome Reception)

6–8:30 p.m.

Illinois Ballroom AB

MONDAY, 18 APRIL
National Association of Geoscience Teachers Central Section Executive
Officers

7 – 8 a.m.

Excellence Room

North-Central Section Management Board Meeting

7–8 a.m.

Quad Room

Meeting Office

7 a.m.–4 p.m.

Leadership Room

Registration

7 a.m.–4:30 p.m.

Hallway

Speaker Ready Room

7 a.m.–5:30 p.m.

Knowledge Room

Quiet Break Room

8 a.m.–5 p.m.

Loyalty Room

Exhibits

8 a.m.–5:30 p.m.

Illinois Ballroom AB

Geoscience Career Workshop for Students Part 1: Career Planning and
Informational Interviewing (Workshop)

9–10 a.m.

Quad Room

Geoscience Career Workshop for Students Part 2: Geoscience Career
Exploration (Workshop)

10–11 a.m.

Quad Room

T5. Mississippi Valley–Type and Other Mineral Deposits of the Midwest
USA

8 a.m.–noon

Illinois Ballroom C

T6. Next-Generation Sedimentary Systems Geobiology

8–10:20 a.m.

Lincoln Room

T14. Quaternary Chronology Conundrums: Approximating and Assessing
Event Ages

8 a.m.–noon

Chancellor Ballroom

T19. Characterization of Karst of the Midwestern U.S.: Problems with
Unstable Ground and Groundwater Quality

8 a.m.–noon

Technology Room

T22. Geophysical Methods with Applications to Hydrogeology

10:35 a.m.–noon

Lincoln Room

Morning Oral Technical Sessions
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EVENT

TIME

LOCATION

T29. Undergraduate Research: Multidisciplinary Geologic Systems

8 a.m.–noon

Alma Mater Room

T30. The Contribution of Taphonomy for Understanding the Fossil Record

8 a.m.–noon

Humanities Room

Environmental Geoscience (Posters)

8 a.m.–noon

Illinois Ballroom AB

Recent Research in Geoscience (Posters)

8 a.m.–noon

Illinois Ballroom AB

T10. Geologic Mapping of Quaternary Deposits (Posters)

8 a.m.–noon

Illinois Ballroom AB

T17. Geomorphology, Hydrology, and Critical Zone Processes in the
Anthropocene (Posters)

8 a.m.–noon

Illinois Ballroom AB

NAGT Luncheon (Ticketed Event)

noon–1:30 pm

Excellence Room

Roy J Shlemon Mentor Program Luncheon (Students Only, First Come
First Serve) (Mentor Events)

noon–1:30 pm

Quad Room

Great Lakes Section-SEPM (Society for Sedimentary Geology)
Business Meeting

5:15–5:30 p.m.

Illinois Ballroom AB

North-Central Section 50th Anniversary Celebration

5:15–7:30 p.m.

Chancellor Ballroom

GSA North-Central Section Business Meeting

5:30–5:45 p.m.

Chancellor Ballroom

Keynote Presentation by GSA President-elect Dr. Claudia Mora

5:45–6:45 p.m.

Chancellor Ballroom

T2. Reefs and Shallow Seas: Advances in High-Resolution Stratigraphy and
Paleontology in Silurian-Ordovician Rocks of North America

1:30–5:30 p.m.

Illinois Ballroom C

T10. Geologic Mapping of Quaternary Deposits

1:30–5:30 p.m.

Chancellor Ballroom

T20. Characterizing Water-Quality Changes through Continuous Monitoring

1:30–5:30 p.m.

Technology Room

T32. Structure, Geophysics, Petrology, and Tectonics in the Midcontinent,
and Elsewhere

1:30–5:30 p.m.

Lincoln Room

T33. Multidisciplinary Research Techniques in Geoarchaeology—Human
Interaction with the Landscape

1:30–5:30 p.m.

Alma Mater Room

Paleontology (Posters)

1:30–5:30 p.m.

Illinois Ballroom AB

T12. Limnogeology and Paleoclimatology—Investigating Past Environments
and Reconstructing Past Climates (Posters)

1:30–5:30 p.m.

Illinois Ballroom AB

T15. Advances in Geologic Carbon Sequestration (Posters)

1:30–5:30 p.m.

Illinois Ballroom AB

T28. Undergraduate Research I (Posters)

1:30–5:30 p.m.

Illinois Ballroom AB

Morning Poster Sessions: Authors will be present 10 to 11:30 AM

Afternoon Oral Technical Sessions

Afternoon Poster Sessions: Authors will be present 3:30 to 5 PM

TUESDAY, 19 APRIL
North-Central Section GSA Campus Representatives and Technical
Advisory Board Meeting

7–8 a.m.

Quad Room

Registration

7 a.m.–noon

Hallway

Meeting Office

7 a.m.–4 p.m.

Leadership Room

Speaker Ready Room

7:30 a.m.–noon

Knowledge Room
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TIME
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Exhibits

8 a.m.–noon

Illinois Ballroom AB

Quiet Break Room

8 a.m.–5 p.m.

Loyalty Room

Geoscience Career Workshop for Students Part 3: Cover Letters, Resumes
& CV’s (Workshop)

9–10 a.m.

Quad Room

T8. Shoreline Behavior, Paralic Architecture, and Lake-Level Change in the
Great Lakes

8 a.m.–noon

Alma Mater Room

T15. Advances in Geologic Carbon Sequestration

8 a.m.–noon

Chancellor Ballroom

T21. Anthropogenic Impacts on Groundwater Quantity and Quality: From
Field Data to Numerical Analyses

8 a.m.–noon

Technology Room

T25. Applied Geology: Environmental, Engineering, Hydrogeology,
Geotechnical, and Applied Geophysics

8 a.m.–noon

Illinois Ballroom C

T26. Women and Geology: Who Are We, Where Have We Come From, and
Where Are We Going?

8 a.m.–noon

Humanities Room

T27. Geoscience Outreach—50 Years of Innovation

8 a.m.–noon

Lincoln Room

Quaternary Geology (Posters)

8 a.m.–noon

Illinois Ballroom AB

T16. Anthropogenic Impacts on Soil, Water, and Air (Posters)

8 a.m.–noon

Illinois Ballroom AB

T28. Undergraduate Research II (Posters)

8 a.m.–noon

Illinois Ballroom AB

T30. The Contribution of Taphonomy for Understanding the Fossil Record
(Posters)

8 a.m.–noon

Illinois Ballroom AB

Exhibit Teardown

noon–4:30 p.m.

Illinois Ballroom AB

John Mann Mentor Program Luncheon (Students Only, First Come First
Serve) (Mentor Events)

noon–1:30 p.m.

Quad Room

T4. Black Shale and Associated Strata: Sedimentology, Stratigraphy, and
Paleontology

1:30–5:30 p.m.

Illinois Ballroom C

T7. Peeling the Onion: Building on a Century and a Half of Geologic
Research in the Illinois Basin

1:30–5:30 p.m.

Chancellor Ballroom

T11. Quaternary Time Machine: Methods and Analyses of Soils and
Sediments to Reveal Secrets of Past Environments

1:30–5:30 p.m.

Technology Room

T16. Anthropogenic Impacts on Soil, Water, and Air

1:30–5:30 p.m.

Lincoln Room

T24. Advances in River and Floodplain Morphodynamics: Physical,
Ecological, and Human Processes

1:30–5:30 p.m.

Alma Mater Room

T25. Applied Geology: Environmental, Engineering, Hydrogeology,
Geotechnical, and Applied Geophysics (Posters)

1:30–5:30 p.m.

Illinois Ballroom AB

T27. Geoscience Outreach—50 Years of Innovation (Posters)

1:30–5:30 p.m.

Illinois Ballroom AB

T28. Undergraduate Research III (Posters)

1:30–5:30 p.m.

Illinois Ballroom AB

T32. Structure, Geophysics, Petrology, and Tectonics in the Midcontinent,
and Elsewhere (Posters)

1:30–5:30 p.m.

Illinois Ballroom AB

Morning Oral Technical Sessions

Morning Poster Sessions: Authors will be present 10 to 11:30 AM

Afternoon Oral Technical Sessions

Afternoon Poster Sessions: Authors will be present 3:30 to 5 PM
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EVENT

TIME

LOCATION

WEDNESDAY, 20 APRIL
FT4. The Grover Gravel, St. Louis County, Missouri: Evidence for a
Complex History, Volcanic Eruptions, and Early Glaciations (Field Trip)

7 a.m.–6:30 p.m.

Hallway by Registration Desk

FT5. 19ka–13ka Glacial Meltwater Discharge Archives in the Middle Illinois
River Valley (Field Trip)

7:30 a.m.–5:30 p.m.

Hallway by Registration Desk

FT6. Braided Rivers and Other Cambrian Environments of Southeastern
Missouri (Field Trip)

7:30 a.m.–5 p.m.

Hallway by Registration Desk

FT7. Silurian Chronostratigraphy of Northeastern Illinois (Field Trip)

7:30 a.m.–6 p.m.

Hallway by Registration Desk

FT8. Illinois Basin – Decatur (IBDP) Project: A Large-Scale CO2
Sequestration Project in a Deep Saline Reservoir (Field Trip)

7:30 a.m.–1 p.m.

Hallway by Registration Desk

FT9. Project-Based Field Trips to the Starved Rock Area for Geoscience
Educators (Field Trip)

8 a.m.–6 p.m.

Hallway by Registration Desk
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optically stimulated luminescence (OSL). At most field
trip stops, we will encourage discussions of sedimentary
environments and facies relationships and put them into
the context of the important environmental issues of this
region, primarily groundwater availability and quality.
Other issues include aggregate resource development,
landfill suitability issues, and groundwater protection.

INTRODUCTION
The Quaternary geology of Will County and the surrounding region (Figure 1.1) is dominated by till, sand and
gravel outwash, and glaciolacustrine deposits of the Lake
Michigan lobe deposited during the last glaciation (Wisconsin Episode). Pre-Wisconsin Episode materials are
rarely (if ever?) encountered in this region. The glacial
deposits are covered in most places by deglacial sediments, thin loess [<3 ft (0.9 m)], and an array of postglacial deposits; alluvium, peat, and lake deposits (including
gyttja, marl, silt loam, silty clay); sandy shoreward deposits; and dunes. These deposits have formal stratigraphic
names (Hansel and Johnson 1996b; Willman and Frye
1970) and are introduced below as necessary. As the
southernmost overflow route for glacial Lake Chicago,
the Chicago Outlet and its history are important factors in
regional and global deglacial history.

GEOMORPHOLOGY AND
GLACIAL STRATIGRAPHY
River valleys, lake plains, and moraines dominate the
landscape in Will County. Surface drainage flows to the
Kankakee and Des Plaines Rivers; these rivers join less
than a mile to the west in Grundy County, forming the
headwaters of the Illinois River (Figure 1.2). Dolostone
of Silurian age is present or buried by shallow alluvium in
the lower parts of these major river valleys, as well as in
the lower reaches of some tributaries, such as the DuPage
River and Hickory Creek (Willman and Lineback 1970;
Figure 1.3).

The surficial geology of Will County and the surrounding
region (located in the southern portion of the greater Chicago Metropolitan area; Figure 1.1) is presently under investigation as part of a three-dimensional mapping project
funded by the National Cooperative Geologic Mapping
Program (NCGMP)–Central Great Lakes Geologic Mapping Coalition and the Illinois State Geological Survey
(ISGS). In addition, 1:24,000-scale two-dimensional maps
of the surficial geology and cross sections in the area are
being produced cooperatively by the ISGS through the
STATEMAP component of the NCGMP, administered by
the U.S. Geological Survey. Twenty borings with natural
gamma-ray logs and continuous cores, and 40 hydraulically pushed cores have been sampled throughout the
county (Figure 1.1). In addition, 35 outcrops have been
described and sampled.

The glacial stratigraphy of Will County is dominated
by sorted deposits of the Mason Group and glacigenic
diamicton of the Wedron Formation (Hansel and Johnson
1996b; Figure 1.4). These units attain thicknesses of more
than 185 ft (56.4 m) in the northern and northeastern parts
of the county. Older units of the Wedron Group (Tiskilwa
Formation and Batestown Member, Lemont Formation)
are largely absent. Postglacial deposits are typically thin
and include glacial and nonglacial lacustrine deposits
(Equality Formation), glaciofluvial sand and gravel (Henry Formation), and postglacial peat (Grayslake Peat) and
alluvium (Cahokia Formation). Eolian deposits of Peoria
Silt, which cap most uplands of Illinois, are thin in this
area, generally <3 ft (0.9 m; Fehrenbacher et al. 1986).

On this field trip, we will focus on the questions and issues that have vexed Quaternary geologists for more than
70 years. Some issues remain unresolved, and others are
beginning to be addressed through a comprehensive characterization of mapped lithological units and the application of relatively new chronological tools: radiocarbon
dating using accelerator mass spectrometry (AMS) and

The uplands in the study region are gently rolling, rising to about 800 ft (243.8 m). The oldest moraine in Will
County, formed of the Yorkville Member (Lemont Formation), is the Minooka Moraine (Figure 1.2). The southern
end of the moraine is truncated by the Des Plaines River
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Figure 1.1 Map of northeastern Illinois, featuring Will County, the locations of borings and outcrops, and
the locations of maps with published 1:24,000-scale surficial geology maps. The labeled maps include
north Peotone and south Steger Quadrangles (Curry and Grimley 2001), Frankfort (Caron and Phillips
2015), Illiana Heights (Curry and Bruegger 2014), and Sag Bridge (Curry and Bruegger 2015). Moraines
are shaded. The approximate footprint of the proposed South Suburban Airport is shown, along with the
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just south of Channahon. At Stop 7 of this trip, we will
visit a well-expressed ice-walled lake plain on the till
plain just east of the Minooka Moraine. The discontinuous
Rockdale Moraine is the next oldest upland feature. Also
formed of diamicton of the Yorkville Member, the Rockdale Moraine has been dissected by the Des Plaines River
and by perched channels that formed and were abandoned
during the last deglaciation. Our second lunch stop is
located along Rock Run, the most deeply eroded of these
channels.

The Haeger Member, known for its relatively coarse
particle-size distribution (from boulders to silt) and high
dolomite content, separates the finer textured (silty and
clayey) diamictons of the older Yorkville Member from
the younger Wadsworth Formation. The Lemont section
is a key locality of the Haeger unit and is found where the
Des Plaines River enters Will County on the north (Johnson and Hansel 1989). At Stop 4 (the Romeoville section),
we will visit interesting sections of the Haeger unit north
of the Lemont section. A vexing problem has been tracing
the Haeger unit in the subsurface: where it pinches out to
the east and south of the Lemont section, separation of the
Yorkville and Wadsworth units may not be possible.

Up-ice of the Rockdale Moraine are the Wilton Center
and Manhattan Moraines. The relief of these features
is relatively subtle; our new cores confirm that they are
formed of the Yorkville Member and underlain by patchy
deposits of sandy diamicton and a nearly continuous layer
of primarily well-sorted sand (Batestown Member?) (Figure 1.4).

North of Algonquin, Illinois, the Woodstock Moraine
(Haeger Member) emerges from beneath the Valparaiso
Moraine and strikes out diagonally across McHenry
County to the north and west (Johnson and Hansel 1989).
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Figure 1.2 Locations and names of moraines in the field trip area with field trip stops.

The morphology of the Woodstock Moraine is atypical of
moraines of the Lake Michigan lobe in Illinois. Instead
of having a ridge-like form and being composed chiefly
of diamicton, it is broad, marked by ice-contact channels, and composed of a mélange of diamicton and sorted
sediment. These observations help explain the difficulty
in mapping ice-marginal deposits of the Haeger in Will
County. Recently obtained radiocarbon ages from the
basal sediments of ice-walled lake plains on the Woodstock Moraine in McHenry County, Illinois, indicate a
minimum age of the Haeger Member of about 20,600 calibrated years before present (cal yr BP; Curry et al. 2014).

common interbeds of sand and gravel from about 3 to 25
ft (0.9 to 7.6 m) thick. At Stop 2, Section A, we will visit a
proglacial succession of sorted sediment overlain by silty
Wadsworth diamicton forming the Tinley Moraine.
Several ice-marginal lake plains and ice-walled lake
plains, mapped as Equality Formation, occur west of the
Tinley Moraine in Will County (Figure 1.3). A new age
of 18,500 ± 100 cal yr BP from Glacial Lake Pine Creek
(Stop 3) provides a provocative minimum age for the
Westmont Moraine (Valparaiso Morainic System), about
500 years older than existing minimum ages (Table 1.1,
Figure 1.5). New OSL ages, obtained from single-grain
analyses of proglacial outwash, will be discussed in Stop 2,
Section A.

The Valparaiso Morainic System and Tinley Moraine
form the uplands on the northeastern side of Will County,
including (from oldest to youngest) the West Chicago,
Wheaton, Keeneyville, Westmont, and Clarendon moraines (Willman and Lineback 1970; Willman 1971; Figure 1.2). These moraines are well defined topographically
in some areas and less so in other places. Diamicton of the
Wadsworth Formation, the surficial till unit found within
these moraines, is characterized by a nonuniform lithology that includes beds of variably textured diamicton (matrix textures of loam, silty clay loam, and silt loam) and

The ages and mapped occurrences of the Yorkville, Haeger, and Wadsworth units are of importance with respect
to the Kankakee Torrent (Ekblaw and Athy 1925), a
large deglacial flood that scoured and eroded the modern valleys of the Kankakee and Illinois River valleys
(generally following the course of preexisting deglacial
stream valleys). On our first field trip stop, we will visit
an impressive scarp eroded into the Manhattan Moraine,
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Figure 1.3 Simplified surficial geologic map of Will County, Illinois (O. Caron,
ISGS, unpublished map).

which is gray silt loam diamicton of the Yorkville Member (Lemont Formation). Radiocarbon ages from lake
sediments infilling the Oswego channel (our last field trip
stop) indicate the Kankakee Torrent occurred just prior to
18,930 ± 50 cal yr BP (Curry et al. 2014). Crosscutting
relationships dictate that under this framework, erosion
by the Kankakee Torrent truncated the Yorkville and Haeger units, which were deposited during the Livingston and
Woodstock Phases, respectively. Regarding the Wadsworth Formation (of the Crown Point Phase), several
points are to be made here. First, although the Glacial
Lake Pine Creek age is important, its context is not within
the outboard moraine of the Valparaiso Morainic System
(which is the West Chicago Moraine). Second, at the
2σ error level (95% confidence), a span of about 160 yr
separates age of the torrent from the minimum age of the
Westmont Moraine. This time span could reasonably accommodate the time to form the West Chicago Moraine.

Last, and perhaps most important, the ages are the minimum with respect to the associated events (although our
collective field experience and consistency within the data
suggest the lag time is short, possibly within the error).
The collective evidence suggests that the Kankakee Torrent is chronologically related to a resurgence of the Lake
Michigan lobe across Glacial Lake Milwaukee as it approached or shortly after it reached its maximum position
at the West Chicago Moraine. This, of course, should be
reaffirmed through additional dating of organics associated with lake deposits, such as those of Glacial Lake Pine
Creek.
The Tinley Moraine is bounded on the north and east by
a lake plain, discontinuous beach ridges, and spit ridges
associated with glacial Lake Chicago. The earliest phase
of glacial Lake Chicago, the Glenwood Phase, occurred
while the margin of the Lake Michigan lobe waxed and
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Table 1.1 Corresponding diachronic, lithostratigraphic, and morphostratigraphic names for features of the last glaciation
in Illinois1

1

Diachronic

Lithostratigraphic

Morphostratigraphic

Crown Point Phase

Wadsworth Formation

Valparaiso Morainic System

Woodstock Phase

Haeger Member
(Lemont Formation)

Woodstock Moraine (buried south of Algonquin, Illinois)

Livingston Phase

Yorkville Member
(Lemont Formation)

Numerous moraines in study area: Marseilles Morainic System,
and Minooka, Rockdale, Wilton Center, and Manhattan Moraines

Putnam Phase

Batestown Member

Illiana Morainic System, Arlington Moraine, and several others

Shelby Phase

Tiskilwa Formation

Bloomington Morainic System (north of Peoria), Shelbyville
Moraine, several others

Marengo Phase

Tiskilwa Formation

Marengo Moraine

Youngest units are at the top.

waned as it retreated into the Lake Michigan basin. Advances that occurred just inboard of the modern Lake
Michigan formed the Lake Border Morainic System.
Subsequent erosion has removed most evidence of these
advances in the study area. The lake plain and other features extend from the Tinley Moraine to the modern shore
of Lake Michigan and occur in Cook County (Figure
1.2). At Stop 2, Section B, we will visit a site along Plum
Creek originally described by J. Harlen Bretz (1939) that
includes fossiliferous lake sediment that was deposited

during an early high stand of glacial Lake Chicago (the
Glenwood level) or by a lake that was trapped behind a
Glenwood beach ridge dated at about 16,800 ± 270 cal
yr BP (ISGS-1549; Hansel and Mickelson 1988). At this
stop, we collected a small tree stump and needles from the
silty lake sediment that yielded AMS radiocarbon ages of
16,070 ± 100 cal yr BP (ISGS-7087) and 15,670 ± 110 cal
yr BP (ISGS A3549), respectively (Table 1.2). Additional
radiocarbon ages indicate that the Glenwood Phase of
glacial Lake Chicago existed from about 17,200 to 15,200

7

8

32

30

28

26

24

22

20

18

16

24 190
Charleston
25 700
Wedron

Lomax
(diversion of Mississippi River)

24 470

Shelby Phase

?

Putnam Phase

?

28 740
LaFarge, etc.

Livingston Phase

Woodstock Phase

Marengo Phase

Sheridan Pk
25 740

Glacial Lake Milwaukee

Crown Point Phase

Glacial Lake Chicago

Wisconsin

Deerfield M
16 480
16 860

Illinois

Valparaiso MS
17 980
18 040
Kankakee Torrent
18
490
18 930
Woodstock M
Minooka M
Marseilles MS
19 970
20 880
21 420
20 530
22 150

Tinley M
17 100
17 570

100 km

Peoria
Farm Ck.

Wedron

Charleston

Woodstock M
Tinley M
Valparaiso MS
Minooka M
Marseilles MS

WI
IL

Milwaukee
(Sheridan
Pk)

Green Bay
Lobe

N

Huron-Erie Lobe

Valparaiso MS

Chicago

MI
IN
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2

1

159243

159244

NA

NA

167000

157647

A3549

A3550

7087

1549

A3690

A3501

351

366

Stop 3

Stop 4

Quartz

Quartz

Feldspar

Leaves, stems

Sand of the Beverly
Tongue 3 ft (0.9 m)
above the Yorkville
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Wadsworth
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Wadsworth

Minooka Moraine;
unnamed ice-walled
lake plain

Glacial Lake Pine
Creek

Glacial Lake
Chicago, Glenwood

Wood
Plant
macrofossils

Glacial Lake
Chicago, Glenwood

Glacial Lake
Chicago, Glenwood

Glacial Lake
Chicago, Glenwood

Notes

Wood

Needles

Needles

Material dated

18,500 ± 500

14,400 ± 500

14,200 ± 800

17,440 ± 70

15,220 ± 60

13,870 ± 170

13,700 ± 80

13,355 ± 50

13,065 ± 45

Lab age ±
error

The calibrated ages were determined by using Calib 7.0.1 (Stuiver et al. 2014) with the IntCal13 data set (Reimer et al. 2013).
IRSL, infrared-stimulated luminescence.

350

OSW_2,3,
498_538

Steg 15 20.0–
21.5

Lynwood
Reservoir

Bretz outcrop

DYER 2 ST 3
15

DYER 2 ST 3
20-40

Sample no.

Stop 3

OSL/IRSL2 ages

UC Irvine Keck
Lab no.

ISGS
lab no.

Radiocarbon ages

Table 1.2 List of radiocarbon ages1

21,055 ± 130

18,490 ± 90

16,800 ± 269.5

16,535 ± 155

16,070 ± 95

15,665 ± 110

Calibrated age
(mean) ± error

20,917

18407

16,525

16,358

15,976

15,568

Mean –
error

21,179

18574

17,064

16,671

16,170

15,782

Mean +
error

41.68503

41.43800

41.50417

41.47666

41.47846

41.47846

Latitude

−88.29343

−87.719023

−87.541667

−87.533155

−87.532544

87.532544

Longitude

Location

cal yr BP (Bruegger and Curry 2015). This small collection of fossils indicates a boreal forest paleoenvironment,
definitely warmer and wetter than the older tundra plant
fossils typically found in ice-walled lake plain deposits on
the Tinley Moraine and elsewhere.

BP, and were the changes in lake levels a reflection of
varying discharge related to a changing watershed size
and fluctuating southern margin of the Laurentide ice
sheet (Hansel and Mickelson 1988), or perhaps a combination of both (Chrzastowski and Thompson 1994)?

The Chicago Outlet includes the portions of the Des
Plaines River and Cal-Sag Channel (short for CalumetSaganashkee Channel) that crosscut the Tinley Moraine
and Valparaiso Morainic System. The thin alluvium that
once covered the bedrock-defended channels has been
dredged and now occurs as spoil banks along the channel
mixed with other various postsettlement refuse. Controversy surrounds ideas involving the glacial history and
origin of the Chicago Outlet. Were the channels formed
by catastrophic discharge of glacial Lake Chicago as upbasin floods rapidly filled the lake to overflowing? One
component of the controversies may include the effects
of isostatic rebound (Chrzastowski and Thompson 1994).
A tantalizing culprit is the flood discharge that eroded the
Grand River valley in southern Michigan at about 15,200
cal yr BP (Bretz 1939; Kehew 1993). If so, much outlet
erosion occurred as glacial Lake Chicago dropped from
the Glenwood to the Calumet levels. Alternatively, were
the channels downcut to their present level very early on
in the history of glacial Lake Chicago at ~17,200 cal yr

An additional day of stops and discussion would be necessary to fully develop these concepts in the field, but the
issue of outlet development is nevertheless of regional importance. The channels and many low-level terraces of the
Kankakee and Des Plaines Rivers, which in most places
are bedrock defended, owe their paltry alluvial bedload to
the power and erosive capabilities of the ancient torrents,
including the Kankakee Torrent and other younger torrents (Curry et al. 2014). Seeps and springs occur in areas
along valley margins where the basal drift is composed of
coarse-textured drift and is in contact with Paleozoic dolomite. Because of the dolomite-rich nature of the Haeger
Member, the groundwater is charged with carbonate. The
flora and fauna along and in the valleys of the Cal-Sag
Channel and Des Plaines River (and the lower reaches of
their tributaries) have adapted to life in a calcium-rich, but
otherwise nutrient poor, environment. Several endangered
species of insects (particularly dragonflies) and plants occur in these areas.

GUIDE TO THE ROUTE AND STOP DESCRIPTIONS
The distances in the log provided are based on the
distance from the I-Hotel and Conference Center located
in Champaign, Illinois (latitude 40.093545°, longitude
−88.237910°). We have chosen a route that, for the most
part, expedites travel times, and people who rerun this trip
may want to take the side roads and visit other points of
interest. We note that the last stop at the Oswego channel

was visited on the 2008 Friends of the Pleistocene field
trip (Curry 2015), and still today, other sites nearby are
worth visiting, especially the Mastodon Gallery at Phillips
Park in southeastern Aurora. Please observe legal and
proper protocols when revisiting sites that are on private
property, including those that are on forest preserve lands.

Day 1
STOP 1: Pitt Farm (latitude 41.203656°, longitude −87.604309°)
Getting to STOP 1: Pitt Farm
Distance (mi)
1.8
460.0 ft

Directions
From the I-Hotel in Champaign, head north on First Street
Turn left onto East Washington Street.

4.3

Turn right onto North Market Street.

0.3

Turn right to merge onto I-57 North.

70.9

Merge onto I-57 North.

0.3

Take Exit 312 toward Kankakee/Momence.

11.2

Turn right onto County Highway 13.

0.3

Turn left onto Gladiolus Street/South Range Street.

0.2

Turn right onto County Highway 13.

Continued on next page
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Getting to STOP 1 (continued)
Distance (mi)
0.6
482.0 ft

Directions
County Highway 13 turns left and becomes Railroad Avenue.
Continue on to County Road North 340 East.

0.5

Turn right onto East 3500 North Road.

0.5

East 3500 North Road turns left and becomes County Road East 1241 North/North Vincennes Trail.

1.9

Turn right onto East 4000 North Road.

1.7

Turn left onto North 14000 East Road.

We are visiting the Pitt Farm to enjoy a scenic view of the
Kankakee River valley and to take note of the steep scarp
that was ostensibly eroded by the Kankakee Torrent at
about 18,930 ± 50 cal yr BP (Curry et al. 2014). The rolling upland to our north is interpreted to be the Manhattan
Moraine (Figure 1.6); its constituent gray, variably textured diamicton is the Yorkville Member (Lemont Formation). The shaded relief map of this area reveals that the
leading edge of the Valparaiso Morainic System (the West
Chicago Moraine) may be interpreted a number of ways
north of Stop 1 (we show the northernmost possibility following Johnson and Hansel 1989). In earlier unpublished
studies, we were concerned about misinterpreting whether
the scarp was eroding Wadsworth or Yorkville units along
this stretch of the Kankakee River valley, but the new
radiocarbon date from Glacial Lake Pine Creek (Stop 3)
may allow either interpretation (see discussion near the
end of the Introduction).

Long, narrow deposits of surficial Grayslake Peat occur
along the base of the bluff (Figure 1.7). These unusual
features are deposits of groundwater seeps that discharge
near the base of the scarp along and immediately above
the contact between the upland drift and dolomite bedrock. Soundings with soil augers indicate the peat is as
much as 8 ft (2.4 m) thick in this immediate area.
Interesting soil patterns and subtle, anastomosing channels occur in the valley bottomlands of the Kankakee
River in this area and primarily reflect the topography of the bedrock surface (Figure 1.8). The regional
1:500,000-scale map of Quaternary deposits (Lineback
1979) depicted these as dune deposits, but Curry and
Bruegger (2014) reinterpreted these areas as thin, sandy
alluvium covering bedrock. Dunes are widespread in the
region, but the northern limit of the vast Fair Oaks dune
field begins south of the Kankakee River in this area
(Kilibarda and Blockland 2011).

STOP 2: Plum Creek Sections and the Tinley Moraine [Section A: latitude 41.473260°, longitude −87.530506°; Section B (Bretz section): latitude 41.478477°, longitude −87.532611°]
Getting to STOP 2: Plum Creek Sections and the Tinley Moraine
Distance (mi)

Directions

0.00

From the Pitt Farm (Stop 1), turn right onto North 14000 East.

0.85

At the end of North 14000 East, turn left onto East 6500 North.

1.40

Turn right onto U.S. Route 14.

1.25

At the Y intersection, turn left onto County Road East 124 North (Dixie Highway 394 after Beecher).

17.80

Go straight ahead and turn right onto East Steger Road.

2.45

Drive 2.45 mi until you reach a garage on the right side of the road.

0.25

Cross the street and walk north 0.25 mi into the trail and turn west before the woods. The first section
(Section A; Figure 1.2) is located on the east bank of Plum Creek.

0.35

The second section (Section B; Bretz 1939) is located 0.35 mi north of Section A. Walk north 0.35 mi
along the trail. The section is located on the west and north bank of Plum Creek. During moderate flow,
the creek is about knee-deep along riffles. Be prepared to cut back dense vegetation undergrowth, and
be wary of wild roses, nettles, and other brambles. Before cleaning outcrops or collecting samples,
please obtain a permit to visit the site from the Forest Preserves of Cook County.
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Figure 1.6 Shaded relief map of a portion of northeastern Illinois showing part of the Kankakee River valley in Illinois,
highlighting the erosional scarp at Stop 1 ostensibly formed by the Kankakee Torrent. The leading edges of the West Chicago Moraine (of the Valparaiso Morainic System) and the Manhattan and Will Center Moraines are indicated. The scarp
near Stop 1 was formed by the Kankakee Torrent at about 18,940 cal yr BP.

The middle sorted unit is composed of about 10 ft (3.1
m) of medium sand with asymmetrical ripple marks in
the upper foot. The orientation of ripple faces indicates
a north–northeastward current. The sand conformably
overlies the basal diamicton unit, which is exposed at the
northwestern end of the outcrop. The sand beds are overlain by about 8 ft (2.4 m) of silty to fine-sandy rhythmites;
the basal foot is well exposed, but the upper part is not
well exposed. PLEASE REFRAIN FROM CLEANING
AND WALKING NEAR THIS PART OF THE SECTION; dangerous overhanging deposits of till and lake
sediment are held together only by dense tree roots!

Geological Setting
Numerous stratigraphic sections are exposed along Plum
Creek where it erodes the Tinley Moraine (Figure 1.9),
some originally described by Bretz (1939) and others we
have described. Section A (Figure 1.10) reveals a succession of sorted glacigenic sediment sandwiched by gray,
fine-textured diamicton at the base (Yorkville Member,
Lemont Formation) and similar textured diamicton above
(Wadsworth Formation). The surficial diamicton forming
the Tinley Moraine is, by definition, the Wadsworth Formation (Hansel and Johnson 1996b). The Haeger Member
is not observed in the outcrops, so the basal silty clay
diamicton may also be considered part of the Wadsworth
Formation. However, the dense character of the basal
diamicton is more characteristic of the Yorkville unit, our
preferred interpretation. Examine this unit carefully for
comparison with the basal till unit exposed at the Bretz
section further downstream.

We interpret the fluvial facies to be proglacial outwash
overlain by distal to proximal lacustrine deposits, and
finally by diamicton that likely was deposited by a floating ice margin. During glacial advances, suspended lake
sediments were evenly dispersed distally as overflows or
interflows, and may have been deposited over some

12

N 15000 E

N 14000 E

Yorkville Member,
Lemont Formation

Grayslake Peat

northern Kankakee River valley lowland (sand of the Henry Formation)

200 ft
60.96 m

Figure 1.7 (above) Narrow deposit of the Grayslake Peat at the base of the scarp of the Manhattan Moraine at Stop
1 (Yorkville Member, Lemont Formation). The scarp was eroded by the Kankakee Torrent, which deposited a relatively
thin veneer of sand (<15 ft) over bedrock.

E 5000 N
quarry

N 14000 E

N 15500 E

thin, stratified sand (Henry Formation) over Silurian dolomite

200 ft
E 4000 N

60.96 m

Figure 1.8 The floor of the Kankakee River valley just south of the image shown in Figure 1.7. The unusual soil patterns reflect a relatively thin veneer of stratified sand above bedrock; a quarry is located in the northeastern corner of
this view.
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OSL sample

Fine to coarse,
cross-bedded sand

30

Ice-advance varves

Diamicton, till

Figure 1.10 Plum Creek exposures and lithologic log.
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Fine sand
with ripples

distance from the ice and draped over uneven surfaces. It
is tempting to classify the rhythmites as varves, but they
are coarser than typical modern varves. Of course, we
cannot verify that rhythmite couplets represent annual cycles, a key attribute of varves. No fossils were observed in
these sediments, indicating rapid deposition. The irregular
and abrupt boundary between the lacustrine deposits and
the diamicton suggests a floating ice marginal environment, at least at the beginning of till deposition.

that included leached alluvium, driftwood-rich alluvium,
peaty clay, marl, and a gravel lag above an unconformable
contact with diamicton. Bretz (1939) interpreted that the
deposits were dropped in a shallow beach-dammed lagoon
connected to glacial Lake Chicago during the Glenwood
Phase.
After traversing the entire length of Plum Creek within
the forest preserves of Will and Cook Counties, we found
the entire succession described by Bretz present only at
this site (Figure 1.11). Our observations are similar to
those of Bretz (1939), suggesting this is the same section.

Beds of medium-grained, cross-bedded sand near the top
of the sorted section have yielded a single-grain infraredstimulated luminescence (IRSL) age of 14,200 ± 1,500
yr BP on feldspar (ISGS IRSL-350) and 14,400 ± 1,500
yr BP (ISGS OSL-351) on quartz (Table 1.2). Given the
well-established regional chronological control from
radiocarbon ages (Figure 1.5), our ~3,000-yr too-young
IRSL results suggest the water content history could affect
the expected age range significantly.

The following units are exposed at the Bretz section, from
top to bottom. Approximate ranges in thicknesses are provided (Figure 1.11):

The following units are exposed at Section A, from top
to bottom. Approximate thicknesses are provided (Figure
1.10):
0–12 ft
		

Wadsworth Fm; Compact, sparingly stony,
calcareous, dark gray, silty clay till.

12–17 ft
		
		
		
		

Equality Fm; Laminated silt and clay (170
couplets): laminae are graded, and coarser grained
portions of each couplet have 1 to 5 thin (˂1 mm),
very fine sand and silt stringers (ice-advance
rhythmites).

17–21 ft
		

Henry Fm; Fine sand with ripples; dipping north
to northeast.

21–27 ft
		
		

Henry Fm; Fine to coarse cross-bedded sand:
stratified in even, tabular units, tends to be finer
grained at base than at top.

27–31 ft
		

Yorkville Mbr, Lemont Fm; Massive, dark gray,
calcareous, sparingly stony till.

410 ft
		
		
		

Cahokia Fm; Silt loam; modern soil developed in
upper part; leached of carbonate minerals; varicolored
(gray to greenish gray; gleyed), with dark red to
orange domains (deoxidized).

0–5 ft
		
		
		
		
		
		
		
		

Equality Fm; Silt loam; stratified; somewhat hard
to soft, locally with loose sand and gravel at base;
otherwise, composed of silt loam, gray to very dark
brown; calcareous, gradual upper boundary. The dark
brown beds are composed of silty peat that contains
abundant needles, wood fragments, stumps, and larch
cones (Figure 1.12). The gray beds are locally
fossiliferous with needles, aquatic snails, and
ostracodes.

0–6 ft
		
		
		
		
		
		

Wadsworth Fm; Diamicton; silt loam, uniform,
dark gray, calcareous, hard, rare pebbles and
cobbles; abrupt, nearly planar upper boundary. In
many places, differentiation between lake sediment
and till is most readily observed by the
overconsolidation and hardness of the latter. Their
field textures are similar.

The Equality unit contains common to abundant needles,
other plant macrofossils, including those of aquatic plants,
such as pondweed (Naja) seeds, and ostracodes, most
commonly Cyclocypris ampla, Cyclocypris laevis, and
Fabaeformiscandona rawsoni. Larch (Larix sp.) cones
are common (Figure 1.12). The plant fossils yielded radiocarbon ages of 13,065 ± 45 14C yr BP (needles; ISGS
A3549), 13,355 ± 50 14C yr BP (needles; ISGS-A3550),
and 13,700 ± 80 14C yr BP (stump; ISGS-7087), which
calibrate to 15,665 ± 110, 16,070 ± 95, and 16,535 ± 155
cal yr BP, respectively (Table 1.2). The ages are consistent
with the radiocarbon age on driftwood reported by Hansel
and Mickelson (1988) of 13,870 ± 170 14C yr BP (ISGS1649) from the “Lynwood Reservoir,” a water-filled
borrow pit developed on a Glenwood beach ridge. This
age calibrates to 16,800 ± 270 cal yr BP, which is statistically indistinguishable (1σ) from our stump date listed
above. These ages are part of a series of radiocarbon ages
obtained from cores elsewhere in the Plum Creek Forest
Preserve (Cook County) and from Riggle Pond, located in
the Griffith Spit in northeastern Indiana, that indicate the
Glenwood Phase persisted from about 17,200 to 15,200

Bretz Section, Plum Creek
J. Harlen Bretz is most famous for his proposal that the
channeled scablands of eastern Washington State were
formed by catastrophic drainage of glacial Lake Missoula (Leighton 2013). From 1915 to 1947, he taught at
the University of Chicago and spent several summers
conducting field investigations for the ISGS primarily in
Cook County, culminating in the publication of twenty
1:24,000-scale surficial geology maps (Bretz 1955). He
likely observed in the field the megabars and other features of the then-newly termed Kankakee Torrent noted
by Ekblaw and Athy (1925), which one can speculate may
have influenced his interpretations of the channeled scablands.
Bretz (1939) made several interesting observations of
the deposits he examined in Plum Creek. First, he found
abundant fossils, including antlers and a worn mastodon
tooth (incorrectly labeled as a mammoth tooth in Bretz
1939). Second, he described a succession of sediments
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silt loam (alluvium),
leached of carbonate
stump (16,535 ± 155 cal yr BP)
organic-rich bed;
abundant needles
and larch cones

diamicton; silt
loam matrix;
clast-poor

silt loam; uniform to vaguely laminated,
fossiliferous with needles, cones, aquatic
plant macrofossils, and ostracodes
Plum Creek

Figure 1.11 Bretz section along Plum Creek (Stop 2) showing approximate contacts between deposits. The
near-horizontal dashed contact is between the Cahokia Alluvium and older units; the heavier, inclined dashed
contact is between diamicton of the Wadsworth Formation and fossiliferous silt loam of the Equality Formation.
The people are about 5.8 ft (1.8 m) tall.

Figure 1.12 Subfossil Larch (Larix) cone, collected
from Equality Formation at Plum Creek (Bretz) section immediately below the stump dated at 16,535 ±
155 cal yr BP. The square is 1 cm across.

We have not investigated the pollen from these deposits.
The abundant needles and cones are consistent with dense
spruce forests at about this time (the Oldest Dryas) as suggested from well-dated pollen records from northeastern
Illinois, including Nelson Lake (Curry et al. 2002), Brewster Creek (Curry et al. 2007), and Crystal Lake (McHenry County; Gonzales and Grimm 2009).
Perhaps the best paleoclimatic reconstructions for Oldest
Dryas conditions are from the modified response surface
analyses of Gonzales et al. (2009) based on the pollen
record from Crystal Lake (Gonzales and Grimm 2009),
which suggested mean summer temperatures of about 8
to 10 °C (12 to 14 °C cooler than today), and mean winter
temperatures of about −20 °C (15 °C cooler than today).
Preliminary paleoclimatic data estimated using mutual ostracode temperature range methods (Horne et al. 2012) on
the ostracode record from Brewster Creek yield warmer
summer Older Dryas temperatures (ca. 20 °C; Curry et al.
2007). This analysis, however, did not include data from
Canada; so the estimated values are likely too high.

cal yr BP (Bruegger and Curry 2015), with a low-level
pause to accommodate the Mackinaw low of Monaghan
and Hansel (1990) at 13,470 ± 130 14C yr BP (16,220 ±
190 cal yr BP). The new ages, microfossils, and sedimentology are consistent with the interpretation of Bretz
(1939, 1955), who envisioned a shallow lagoon deposit
infilling the lower reaches of Plum Creek.
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STOP 3: Glacial Lake Pine Creek (latitude 41.444923°, longitude −87.707193°)
Getting to STOP 3: Glacial Lake Pine Creek
Distance (mi)

Directions

0.00

From Stop 1, turn left onto East Steger Road.

7.50

Turn left at the traffic light on South Western Avenue.

1.70

Turn right onto West University Parkway.

3.33

Turn left onto South Old Monee Steger Road.

0.14

The entrance is located on the west side of the road. Turn right into Pine Lake Park (University Park).
This is Stop 3A (Figure 1.13).

0.44

From the parking lot of Pine Lake Park, turn right onto the Old Monee Steger Road and turn right onto
Dralle Road.

0.55

Stop and park along Dralle Road at the entrance of the Thorn Creek Headwaters Preserve. This is
Stop 3B (Figure 1.13).

indicate that the lake reached elevations of about 790 ft
(240.8 m). Overflow erosion lowered the local base level
(present-day Pine Creek) about 50 ft (15.2 m).

Geological Setting
The landscape was constructed during the Crown Point
Phase (Wisconsin Episode) between about 18,500 and
16,500 cal yr BP (Figure 1.13). In this area, three moraines make up the Valparaiso Morainic System: the
Westmont, Wheaton, and West Chicago Moraines (Willman and Frye 1970). Shallow valleys trending northeast
crosscut the moraines and were likely formed by subglacial meltwater channels that evolved near the ice margin
during downwasting of the ice (Menzies 1995; Curry
and Grimley 2001). Much of the land surface of this
area is characterized by glaciolacustrine sediments of the
Equality Formation (Figure 1.14) that were deposited in
moraine-dammed lakes during glacial retreat. The lake
deposits are generally less than 20 ft (6.1 m) thick. We
recognize several mappable lake deposits that are not
identified on the 1:500,000-scale Quaternary deposit map
of Lineback (1979). One of the most prominent is Glacial
Lake Pine Creek (Figure 1.14). A curvilinear beach ridge
appears to be truncated by the Westmont Moraine near
boring 121974372700 (API no.), suggesting that the Joliet
sublobe readvanced across a narrow portion of the lake
on the north and east. The beach ridge and other deposits

Cores
Two sediment cores (API nos. 121974468100 and
121974468200) sampled near the center of Glacial Lake
Pine Creek (Figure 1.14) revealed, from top to bottom,
0.0–2.3 ft
		
		

Peoria Silt; Silty clay loam, black, soil structure,
no geogenic features, leached of carbonate
minerals.

2.3–6.7 ft
		
		
		

Equality Fm; Silt loam, varicolored, deoxidized,
weak geogenic features (stratification), weakly
calcareous at top, grading to strongly calcareous
at base.

6.7–22.4 ft
		
		
		
		
		
		
		
		
		

Equality Fm; Rhythmites, including beds of
silt loam (about 1 cm thick) and very fine sand
(0.5–0.8 cm thick), gray, strongly calcareous,
no biogenic carbonate, and rare plant
macrofossils, including one section that yielded
plant macrofossils from sediment core depths
of 21.0 to 21.5 ft (6.4 to 6.6 m) in depth (Figure
1.15). These fossils yielded a radiocarbon age of
15,220 ± 60 14C yr BP, which calibrates to 18,490
± 90 cal yr BP (Table 1.2).

(latitude 41.525423°, longitude −88.041199°)

STOP 4: Hickory Creek Section, Joliet, Illinois

Getting to STOP 4: Hickory Creek Section, Joliet, Illinois
Distance (mi)

Directions

0.00

From Stop 3, continue 0.50 mi on Dralle Road until the next intersection (4800 West).

0.45

Turn right onto 4800 West and continue until Governors Highway (Illinois Route 50).

1.70

Turn right onto Governors Highway (Illinois Route 50) and continue until you reach West Stuenkel
Road.

1.07

Turn left onto West Stuenkel Road.

Continued on next page
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Figure 1.13 Locations of Stops 3A and 3B in University Park.

Getting to STOP 4 (continued)
Distance (mi)

Directions

1.69

Go straight ahead and turn right onto I-57.

8.00

Follow I-57 for 8 mi and take Exit 345B toward Iowa (I-80 West).

17.00

Follow I-80 for 17 mi and take Exit 134 to Briggs Street.

0.50

Turn right onto South Briggs Street and continue until you reach East Washington Street.

0.37

Turn right onto West Washington Street and continue until you reach North Park Road.

0.22

Turn left onto North Park Road and continue until you reach Bond Road.

0.25

Turn left onto Bond Road and stop near the gate on the right side of the road. The road is blocked by a
gate. Park here. Walk 230 ft toward Hickory Creek (Figure 1.16).
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Grayslake Peat
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Henry Fm (Dolton Mbr)
Henry Fm
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ISGS borehole (API no.)
0
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Stop 3A
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WHEATON MORAINE

Figure 1.14 Locations of Stops 3A and 3B in the University Park Extent of Glacial Lake Pine Creek at 790 ft (240.8
m). The green overlay represents fine-grained till deposits of the Wadsworth Formation; pink represents fine-grained
lacustrine sediments of the Equality Formation (silt and clay); orange represents outwash and shoreline deposits of
the Henry Formation; yellow represents alluvial deposits of the Cahokia Formation; brown represents Grayslake Peat
deposits; and gray represents disturbed ground.

The flow direction, and hence ice margin configuration, of
the subsequent ice margin advance during the Woodstock
Phase was different, as was the style of deposition, which
included proglacial sand and gravel (the Beverly Tongue
of the Henry Formation; Figure 1.4). The sorted sediment
was capped by bouldery, sandy, and silty diamicton of the
Haeger Member (Lemont Formation). In the northern part
of Illinois in McHenry County, the ice margin extended to
the north and west, eventually burying the Marengo Moraine in southern Wisconsin (Hansel and Johnson 1996b).
The end moraine of this advance, the Woodstock Moraine,
is unusual among moraines in Illinois because its underlying diamicton deposits are thin. Instead, the Woodstock
Moraine is associated mainly with sorted sediment and
is shaped by channels indicating abundant meltwater.
The Woodstock Moraine also has, in places, deposits of
ice-walled lake plains. Near the village of Algonquin, Illinois, in southeastern McHenry County, deposits of the

Geological Setting
In the Joliet-Romeoville region, the three diamicton units
of note in surficial materials include the Yorkville, Haeger, and Wadsworth units. The Yorkville unit is gray, finetextured diamicton that contains lenses of sand and gravel.
It is typically 45 ft (13.7 m) but as much as 80 ft (24.4 m)
thick. Upland diamicton is separated by a middle outwash
unit of sand and gravel. This middle sorted unit is from
25 to 45 ft (7.6 to 13.7 m) thick. Willman and Frye (1970)
and Johnson and Hansel (1989) established that the Yorkville Member (Lemont Formation) forms the Minooka,
Rockdale, Manhattan, and Wilton Center Moraines. Hansel and Johnson (1996b), however, showed that the latter
two moraines are formed of the younger Wadsworth Formation (Figure 1.13a,b). We do not agree with the latter
interpretation because ages of ice-walled lake deposits in
Lake County provide limiting ages of the Crown Point
Phase that are younger than the age of the Kankakee Torrent (Figure 1.6).
20

Fossils

19 ft
24 ft

1 inch

1 inch

1 inch

Figure 1.15 (above) Photographs of split sediment core
(API no. 121974468200; Figure 1.14) and (right) plant
macrofossils recovered from 21.0 to 21.5 ft (6.4 to 6.6 m).
The curving layers in the core were flat but deformed by
the drilling process with the AMS PowerProbe sampling.
The diameter of the square surrounding the fossils is 1.0 cm.

Woodstock ice margin were buried by sediment deposited
by subsequent advances of the Crown Point Phase. At this
point heading south, the glacial flow took a more southerly route to the ice margin, following the trend of the
outermost Valparaiso Morainic System.
Johnson and Hansel (1989) interpreted the ice marginal
deposits at the Lemont section, including 10 ft (3.1 m) of
proglacial sand and gravel (the Beverly Tongue) overlain
by 12 ft (3.7 m) of sandy diamicton (Haeger Member,
Lemont Formation) and then 8 ft (2.4 m) of silty diamicton (Wadsworth Formation) above that. Of interest for
geologic mapping in this region is the southernmost extent of the Beverly Tongue and the Haeger Member. Johnson and Hansel (1989) suggested that the West Chicago
Moraine (south of Algonquin) was a palimpsest feature,
as determined by cores of the Beverly and Haeger units
mantled by silty and clayey diamicton of the Wadsworth
Formation.

part of the sorted unit dates at 18,500 ± 2,000 yr BP. This
age is consistent with the Woodstock Phase in Figure 1.5
(the chronological framework based on radiocarbon ages
from ice-walled lake plains). Note that we have interpreted the sorted sediment as the Beverly Tongue (Henry Formation) even though it is not overlain by coarse-textured
diamicton (till) typical of the Haeger Member. Deposits
north and east of here provide that stratigraphic control
(Stop 7); here, the Beverly Tongue extends beyond Haeger deposits.

The Hickory Creek section (Figure 1.17 and 1.18) exposes a thick section of sorted sediment sandwiched by
deposits of fine-textured diamicton below and above.
The gently rolling uplands just to the east are mapped as
the Manhattan Moraine (Figure 1.2). Willman and Frye
(1970) and Johnson and Hansel (1989) interpreted the upper diamicton as the Yorkville, whereas Hansel and Johnson (1996b) suggested the uppermost diamicton unit is the
Wadsworth Member. A reasonable test of these models
is to obtain OSL ages on the sorted sediment. Sebastian
Huot and the authors sampled cross-bedded, well-sorted
medium-grained sand from the Hickory Creek section
(Figure 1.17) positioned about 3 ft (0.9 m) above the contact with the basal diamicton (Yorkville Member). A preliminary OSL age of quartz indicates the age of the upper

The following units are exposed at this section, from the
bottom to the top:
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0–4 ft
		
		

Weathered, poorly exposed silty clay loam
diamicton; gray; sparingly stony (Haeger
Member?).

4–15 ft
		
		
		

Gravel, coarse, rounded, sandy; lenticular zones
of fine sand. Current directions in the gravels are
generally west and southwest (tongue of Henry
Fm, continued).

City of Joliet
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Figure 1.16 Location of Stop 4 along Hickory Creek in Joliet (Will County, Illinois).
15–19 ft
		
		
		
		

Gravel, boulders, horizontally bedded; beds from
5 to 50 in. (12.7 to 127 cm) thick; some coarse
sand and granule zones; some cross-bedded
zones; some open-framework, imbricated clasts
(tongue of Henry Fm, continued; Figure 1.19).
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19–25 ft
		
		

Fine sand with some granules and fine gravel;
trough cross-bedded [tongue of Henry Fm
(Beverly?); Figure 1.17].

25–30 ft
		
		

Weathered, poorly exposed silty clay loam
diamicton; gray; sparingly stony (Yorkville
Member?).

Figure 1.17 Cross-bedded, medium-grained sand
(tongue of the Henry Formation) sampled for IRSL
dating at the Hickory Creek section. The site occurs 3 ft
(0.9 m) above the contact with the Yorkville Member(?)
of the Lemont Formation.

Beverly Tongue (?)
Henry Fm

Yorkville Member (?)

Figure 1.18 View of the Yorkville Member(?) overlain by the sand and gravel lithofacies of the Beverly
Tongue(?), Henry Formation. Exposure along Hickory Creek in Joliet, Illinois.
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Figure 1.19 View of the Hickory Creek section showing coarse outwash facies overlain unconformably by the surficial till.

STOP 5: Rock Run Preserve, Joliet, Illinois

(latitude 41.543229°, longitude −88.161615°)

Getting to STOP 5: Rock Run Preserve, Joliet, Illinois
Distance (mi)

Directions

0.00

From Stop 4, return to South Briggs Street and turn right onto I-80 West.

4.40

Follow I-80 for 4.40 mi and take Exit 130B to Larkin Avenue.

2.00

Turn right onto South Larkin Avenue and continue for 2 mi.

1.85

Turn left onto Ingalls Avenue and continue for 1.85 mi.

0.05

At the intersection with Essington Road, cross the street and follow the Rock Run Preserve entrance.
Park the car in forest preserve parking.

0.17

Walk 900 ft along the trail to Stop 5 (Figure 1.20).

estimated to be about 20,900 cal yr BP for the Minooka
Moraine (Figure 1.5). If the channels were formed at the
same time as the Kankakee Torrent by torrential overflow
via the proto-Chicago Outlet, evidence for it would have
been buried or eroded by subsequent advances of the Joliet sublobe during the Crown Point Phase. Bretz (1955)
noted that esker-like features along the edges of the Des
Plaines River valley dipped toward the valley bottom,
suggesting the valley was a locus of meltwater streams as
early as the Woodstock Phase. A complication for interpreting the age of these channels is that they are bedrock
defended and have little potential for preservation of
Quaternary sediment. Several sediment cores into valley
fills (of Rock Run, Mint Creek, and Lily Cache), and into
the extensive lake plain between the DuPage River and
the Rockdale Moraine, have yielded shallow, weathered
deposits with no organic fossils for dating.

Geological Setting
As the ice that deposited the Rockdale Moraine began
to retreat from its maximum position (Figure 1.2), three
channels formed successively in the valleys of Rock Run,
Mint Creek, and Lily Cache (Figure 1.20). The relative
elevations of the abandoned channels at Rock Run [~585
ft (178.3 m)], Mint Creek [~620 ft (189 m)], and Lily
Cache [~618 ft (188.4 m)] suggest Rock Run formed first
and later was abandoned as the ice retreated to the north
and east (Figure 1.21). The similar elevations along the
valley floors and relief of the cross-valley profiles indicate
the valleys of Mint Creek and Lily Cache formed at about
the same time. Later, these channels were abandoned in
favor of the modern course of the Des Plaines River, with
its valley bottom elevation of about 530 ft (161.5 m). Erosion of the channels postdates deposition of the moraine,

24

Des Plaines Ri
ver

Du
Pa
ge
Riv
er

he
ac
C
ly
Li

k
Cree
Mint

n
Ru
ck
o
R

STOP 5

Elevation (ft)
High: 690
Low: 201
0
0

4 mi
6 km

N

Figure 1.20 Location of Stop 5 at the Rock Run Preserve in Joliet.

HOTEL Fairfield Inn, 3269 Norman Avenue, Joliet (latitude 41.583507°, longitude
−88.162946°)
Getting to the Fairfield Inn
Distance (mi)

Directions

0.00

From Stop 5, turn left onto Essington Road.

2.05

Continue 2.05 mi on Essington Road.

0.40

Turn right onto Hennepin Drive and continue for 0.40 mi.

1.85

Turn left onto Lincoln Highway (U.S. Route 30) and continue for 1.85 mi.

0.05

Turn right onto Norman Avenue and turn left into the Fairfield Inn parking lot.
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Figure 1.21 Topographic profile across the valleys of Lily Cache, Mint Creek, Rock Run,
and the Des Plaines River near Joliet.
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Day 2
STOP 6: Romeoville Sections (latitude 41.673039°, longitude −88.056322°)
Getting to STOP 6: Romeoville Sections
Distance (mi)

Directions

0.00

From the Fairfield Inn, drive back to Lincoln Highway (U.S. Route 30) and exit onto I-55 North.

9.15

Continue on the West Frontage Road (I-55) and take Exit 267 (to Romeoville).

1.10

Turn right onto South Bolingbrook Drive (Illinois Route 53) and continue until you reach Joliet Road.

0.62

Turn left onto Joliet Road and continue until you reach Vulcan Way.

0.05

Turn right onto Vulcan Way and park on the left side of the road. Walk east 335 ft (102.1 m) into the
field (Figure 1.22).

and Johnson 1996a), from bottom to top, 10 ft (3.1 m) of
coarsening upward sorted sediment of the Beverly Tongue
(Henry Formation), 12 ft (3.7 m) of diamicton and sorted
sediment of the Haeger Member (Lemont Formation;
Figures 1.24, 1.25), and about 8 ft (2.4 m) of diamicton
and sorted sediment of the Wadsworth Formation (Figure
1.23). Fabrics measured in the base of the Wadsworth and
upper Haeger Member show a preferred orientation of
prolate pebbles dipping about 45° north (implying glacial
flow to the southwest); S1 values are relatively high (about
0.72), indicative of deposition by the glacier bed with
little or no reworking. The silty and clayey character of
the Wadsworth Formation and other fine-grained diamictons in Illinois has been attributed to the incorporation
of proglacial lake sediment caused by an extensive ice
marginal lake when the glacier was advancing from Lake
Michigan basin to the Silurian escarpment (Johnson and
Hansel 1999).

Geological Settings
This section is located near the mouth of a short, unnamed
tributary to the Des Plaines River 1.5 mi (2.4 km) northwest of the type section of the Lemont Formation (Hansel
and Johnson 1996a). The stream has eroded the east side
of the front of the West Chicago Moraine. This segment
of the Des Plaines River valley is the downstream end of
the Chicago Outlet, which served as an overflow channel
or spillway for high-level lakes in the Lake Michigan basin. Unfortunately, we will not be able to see any deposits
from overflow events at this stop. The sediment sequence
here is similar to that of the Lemont section. The Lemont
drift was originally named by Bretz (1939) and subsequently described in considerable detail by Bretz (1955),
Horberg and Potter (1955), and Bogner (1973).
At this stop, two sections (6A and 6B) will be examined
(Figure 1.23). Collectively, the sections reveal (Hansel
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Figure 1.22 Location of Stop 6 in Romeoville in relation to the type Lemont Formation section (Hansel and Johnson 1996a).
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Clay
Silt
Loam
Sand
Gravel

0

Richland
Loess

(ft)

Stm (p) silt loam to silty clay loam;oxidized; leached,
part of Modern Soil (loess)

Stm (p)

Wadsworth Formation

Dm (r)

Dm (r) diamicton; silty clay loam; oxidized; leached,
lower 15 cm weakly calcareous; interbeds of sand
and silt (supraglacial deposits)

Ds (p)

Ds (p) silt loam to loam, gravelly; oxidized;
crudely stratified; leached (beta horizon
in supraglacial deposits)

Dm

Dm diamicton, silty clay loam with shale pebbles;
oxidized (10YR to 2.5Y 5/4); small to medium
subangular blocky with larger structure at
dept; Fe stains and clay films along joints,
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G

Stl, Sh silt and fine sand interbedded with
gravelly sand and lenticular diamicton beds
up to 2 cm thick; abrupt upper and lower
contacts (sheetwash).

Dm diamicton, silt loam; oxidized (2.5Y 6/6); few lenses of
sorted sediment; fairly uniform with few lenses of sorted
sediment (till)

S1: .598
Azimuth: 21.6

Dm, Dm (r)

Gmh gravel, coarse, rounded, sandy; lenticular zones
of fine sand and silt (outwash)
Gh
S1: .561
Azimuth: 291.1
S1: .691
Azimuth: 47

Dm, Dm (r) diamicton; silt loam with abundant dolomite
clasts; gray oxidized (2.5Y 4/1–6/6) in upper part locally;
contains silt and sand lenses and gravel concentrations
locally; abrupt lower contact, unit thickens to east (till
and sediment flow deposits)
Gh gravel, bouldery, horizontal bedded; beds from
5 to 75 cm thick; some coarse sand and granule zones;
some cross-bedded zones; some open framework;
imbricated clasts (outwash)

Gh

Gh granules and small pebbles, interbeds of coarse
sand and granules and silt and sand; generally planar
bedded and crudely stratified; some planar crossbeds
(outwash)

Sxg
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Dm (p) diamicton, silt loam with abundant dolomite clasts;
oxidized (10YR 5/6–5/5); locally leached
(lateral beta development in till)

Dm diamicton, silty clay; oxidized (2.5Y 4.5/4); lower
contact abrupt but wavy (soft sediment deformation?;
lake sediment)

Gmh
covered

Sh (p), Stl (p) fine sand and silt, stratified
with thin diamicton interbeds; oxidized
(10YR 5/6); leached; thick clay accumulation
along joints; abrupt upper and lower contacts
(lateral beta development)

Sxg sand with some granules and fine gravel; trough
cross-bedded (outwash)

covered

D diamicton, silt loam with dolomite clasts; gray (2.5Y 4/1);
excavated from base of pit

D covered

Figure 1.23 Composite lithologic log, pebble fabrics, and lithofacies descriptions and interpretations of Sections 6A and
6B at the Romeoville site (Hansel and Johnson 1996a).
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Figure 1.24 View of the Haeger Member till overlying a sand and gravel lithofacies at Section
6A in Romeoville, Will County.

Figure 1.25 View of the Haeger Member till at Section 6B
in Romeoville, Will County.
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STOP 7: Wormley Ice-Walled Lake Plain (latitude 41.684701°, longitude −88.258241°)
Getting to STOP 7: Wormley Ice-Walled Lake Plain
Distance (mi)

Directions

0.0

From the Romeoville section (Stop 6), head north toward Bluff Road.

0.1

Turn left onto Bluff Road.

0.8

Turn left at the first cross street onto Joliet Road.

0.6

Continue onto North Independence Boulevard.

0.1

Turn right onto Enterprise Drive.

1.2

Turn left at the first cross street onto Naperville Drive.

1.1

Continue until you reach Veterans Parkway.

0.5

Turn left onto Remington Boulevard.

0.4

Turn right onto Prairieview Boulevard.

0.5

Turn right onto South Weber Road.

4.1

Turn left onto Hassert Boulevard.

2.4

Continue until you reach 111th Street.

0.5

Turn right onto U.S. Route 30 West.

Ice-walled lake plains are periglacial landforms that develop in dead-ice permafrost. Those found in Illinois are
classified as “low-relief” types compared with high-relief
varieties that occur to the north and northwest (Clayton
et al. 2008). The Wormley ice-walled lake plain is a modest example, even by Illinois standards. It is located on
the Minooka Moraine near the southernmost boundary
between the municipalities of Oswego and Aurora, Illinois. On aerial photographic imagery and digital elevation
maps of LiDAR data, several characteristics of ice-walled
lake plains are evident, such as the “doughnut” shape and
bright soil colors on the rims of leaf-off aerial photography (Curry et al. 2010; Figure 1.26). The Wormley feature
has one “satellite” (or parasitic) mini-doughnut near its
center. LiDAR data indicate the landform is about 1,100
ft (305 m) across and looms about 17 ft (5.2 m) above the
adjacent ground moraine. By contrast, a high-relief counterpart in northern Wisconsin may rise more than 100 ft
(30.5 m) from the surrounding hummocky terrain. A core
sampled from near the edge of the unnamed ice-walled
lake plain (Figure 1.27) contained the following materials,
from top to bottom:

Drilled April 10, 2015, by contractor, GeoProbe on treaded
vehicle, 41.685109, −88.294227, 1780 Wolf Road, Oswego, IL,
SW Section 14, R 37 N, R 8 E
0–2.1 ft
Peoria Silt
2.1–17.7 ft
Equality Formation complex
2.1–7.8 ft
upper sandy facies, stratified to laminated,
		
little to no gravel
7.8–10.0 ft
rhythmite facies, weathered, heavy silt loam
		
with partings of very fine sand
10.0–15.7 ft rhythmite facies, unweathered, heavy silt
		
loam with partings of very fine sand
15.7–17.7 ft basal sandy and gravelly lag facies, with
		
interbeds of rhythmites
17.7–19.8 ft dark gray silty clay loam diamicton (Yorkville
		
Member, Lemont Formation)
END OF BORING

Plant fossils from the interval 16.3 to 17.6 ft (5 to 5.4
m) yielded a radiocarbon age of 17,440 ± 70 14C yr BP
(21,060 ± 130 cal yr BP; Table 1.2). The fossils included
some leaf fragments with veins, probably of Vaccinium
sp. or Salix sp., and a few small stems. It is interesting to
note that the ensuing Woodstock Phase associated with
deposition of the Haeger Member is not much younger,
about 20,530 ± 80 cal yr BP (Figure 1.5).
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Heggs Rd

Wormley ice-walled
lake plain

0
te 3
Rou

1,000 ft
304.8 m

N

111th Street

Rance Rd

Figure 1.26 Wormley ice-walled lake plain revealed in enhanced color aerial photography. The rim of the landform is yellow; a parasitic (or “satellite”) doughnut occurs in
the center of the feature. Several other smaller “glacial doughnuts” are evident on the
figure; their deposits are probably too thin and weathered to contain fossils.

r

STOP 7

ve

Moraine

x
Fo

Minooka

Unnamed ice-walled
lake plain
Ri

Oswego channel

STOP 8 Marseilles Morainic System

0

1
1

oraine

M
Minooka

0

2 mi
2 km

N

Elevation (ft)
High: 1,065
Middle: 600
Low: 201

Figure 1.27 Shaded relief map of LiDAR-based digital elevation map showing the
Minooka Moraine truncating the Marseilles Morainic System. The location of the unnamed ice-walled lake plain and the Wormley ice-walled plain (Stop 7) are circled.
The Oswego channel (Stop 8), eroded across the Marseilles Morainic System, is also
shown.
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STOP 8: Oswego Channel (latitude 41.637449°, longitude −88.372039°)
Getting to STOP 8: Oswego Channel
Distance (mi)

Directions

0.0

From the Wormley ice-walled lake plain (Stop 7), head southeast on U.S. Route 30 East toward Heggs
Road.

0.3

Take a slight right onto Heggs Road.

0.4

Turn right at the first cross street onto West 111th Street.

0.5

Continue on to Rance Road.

0.5

Turn left onto Stewart Road.

2.0

Turn right onto Woolley Road.

1.0

Turn left onto Douglas Road.

2.0

Turn right at the first cross street onto Collins Road.

1.0

Turn left onto Grove Road.

1.7

Turn right onto Reservation Road.

The Oswego channel breaches the Marseilles Morainic
System not far from where the latter is truncated by the
Minooka Moraine (Figure 1.27). This crosscutting relationship means that the Marseilles Morainic System is
older than the Minooka Moraine, a relationship verified
by dates presented at the previous stop and by ages from
the Newark ice-walled lake plain (Curry and Petras 2011),
the base of which yielded a pooled mean age of 18,275 ±
35 14C yr BP (22,150 ± 110 cal yr BP) from six AMS ages
of leaves and stems of Salix herbacea, a tundra shrub. The
floor of the Oswego channel is underlain by a 29-ft-thick
(8.8-m-thick) succession of silty glacial lake sediment,
gyttja, marl, and peat; this succession rests on dolomite
bedrock. The age of the base of the channel fill is 15,690
± 35 14C yr BP (18,920 ± 50 cal yr BP) and is the pooled
mean of four AMS 14C ages of fossil stems and leaves of
Vaccinium uliginosum, a tundra shrub (Curry et al. 2014).
These are the only known ages in Illinois associated with
a breached morainic dam at its source.

The Oswego channel was formed by catastrophic downcutting caused by overflow of Glacial Lake Wauponsee,
which formed when meltwater dammed behind the
Marseilles Morainic System (Curry et al. 2014). Downstream of the Marseilles Moraine and in areas upstream
of Kankakee is geomorphic evidence for catastrophic
drainage known as the Kankakee Torrent. The meltwater
originated from southern Michigan and northeastern Indiana and flowed to the west along the modern valley of the
Kankakee River (recall the impressive scarp we visited at
Stop 1). Flow diverted near the town of Kankakee, with
one branch entering the Wauponsee basin, and the other
the Watseka basin (Figure 1.28). Meltwater filled the
basins until they overflowed, probably simultaneously in
the Wauponsee basin, forming the Oswego, Newark, and
Marseilles channels. The depth of incision was controlled
in part by bedrock that defends the channel bottoms of the
Kankakee and Des Plaines Rivers (Figure 1.28). Subtle
terraces along the Illinois River suggest several stages of
proglacial lakes (Figure 1.29; see Curry et al. 2014 for a
more detailed discussion).
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213 m; reference
198 m; maximum altitude of proglacial lakes prior to overflow
181 m; topographic sill of Oswego channel
165 m; bedrock elevation in Oswego channel
148 m; base of escarpment attributed to Lake Cryder
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Figure 1.28 Direction of flow during the Kankakee Torrent (yellow) as it first flowed into the Wauponsee and Watseka
basins, filling these to capacity and causing them to overflow at the Oswego, Newark, Marseilles, and Pontiac channels
(from Curry 2015). Figure 1.29 shows the approximate location of the Joliet sublobe (Lake Michigan lobe) when overflow
occurred; this figure shows the topography after isostatic adjustments were made to the regional digital elevation map (see
Curry et al. 2014 for details).
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Figure 1.29 Schematic model of conditions during initial overflow of glacial Lakes Wauponsee and Watseka using an
isostatically adjusted base map that indicates tilting to the north and east (from Curry 2015); about 65.6 ft (20 m) of differential rebound occurs across the figure (Curry et al. 2014). Glacial Lake Morris and Lake Cryder formed after glacial Lake
Wauponsee catastrophically drained, and they are likely related to periods of high flow from Lake Michigan via the Chicago
Outlet, possibly during the high stands of glacial Lake Chicago discussed at Stop 2.
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INTRODUCTION

face. Seismic reflection profiles in southeastern Illinois
and northwestern Kentucky indicate that above the Precambrian surface, an overthickened Cambrian section has
infilled the down-dropped Rough Creek Graben (Bertagne
and Leising 1991). Lower and Middle Cambrian rocks
are primarily siliciclastics, whereas the Upper Cambrian
strata are mainly carbonates (Sargent 1991; Willman et
al. 1975). The estimated thickness of the Cambrian in
southeastern Illinois is more than 3,000 ft (900 m). The
overlying Ordovician units above the Cambrian are more
than 5,000 ft (1,500 m) thick in southeastern Illinois and
are composed mainly of carbonates, with a few clastic
units. The Silurian units in the region are mainly carbonates and attain a thickness of approximately 300 ft (100
m). The Devonian units, which are also mainly carbonates
in the lower section, grade upward into the black shale of
the New Albany Shale, which straddles the MississippianDevonian boundary and encircles Hicks Dome. Lower to
Middle Devonian rocks are exposed at the apex of Hicks
Dome, where the total thickness of Devonian units is estimated to be 1,800 ft (550 m). Mississippian units overlie
the New Albany Shale and are composed of carbonates
in the lower part. Interbedded siliciclastic and carbonate
units make up the Chesterian Series (Upper Mississippian). The Mississippian units are estimated to be 3,000
ft (900 m) thick (Trace and Amos 1984). Unconformably
overlying Chesterian strata is the Lower Pennsylvanian
Caseyville Formation, which is composed of quartz arenite, shale, siltstone, and an occasional limestone and coal
bed.
The overlying Middle Pennsylvanian Tradewater Formation is lithologically similar to the Caseyville, except that
Tradewater sandstones are lithic arenites. The Pennsylvanian units are as thick as 2,500 ft (750 m) in the deeper
parts of the Illinois Basin, but in the field trip area, they
are about 1,000 ft (300 m) thick.

The focus of this two-day field trip will be Hicks Dome, a
slightly ovoid uplift some 8 mi (13 km) across related to
deep-seated, explosive Permian ultramafic igneous activity. This unique structure has more than 4,000 ft (1,200
m) of structural relief. Rocks exposed on the dome range
from Lower to Middle Devonian at the apex to Lower
Pennsylvanian around the outer rim. We will also visit
the Grant Intrusive, which is one of the best surface exposures within the igneous complex; an outcrop of New
Albany Shale along the western edge of Hicks Dome; and
the Garden of the Gods within the Shawnee National Forest. During the field trip, we will also stop at a limestone
quarry, where fluorite can be collected, and at the American Fluorspar Museum in Rosiclare, Illinois.
Hicks Dome lies within an ultramafic complex that extends from northwestern Kentucky into southeastern
Illinois. The ultramafic rocks have been an object of scientific curiosity since they were first observed. Because
these rocks underlie the entire Illinois-Kentucky Fluorspar
District (IKFD), some economic geologists have interpreted the igneous activity as having been genetically involved with the fluorspar mineralization. The homogenization temperature and salinities of fluid inclusions within
fluorite crystals are very similar to Mississippi Valley-type
(MV-T) deposits, which are not normally associated with
igneous activity. The recent identification of monazite and
synchysite at Hicks Dome and Sparks Hill has led to speculation concerning a carbonatite association within this
ultramafic igneous complex. The mode of emplacement of
the igneous rocks and the fluorspar mineralization will be
discussed, and fluorspar and igneous rock collecting will
be allowed at certain sites. The stop locations are given in
Figure 2.1.

REGIONAL GEOLOGY

Complicating the geology of the region are an array of
northeasterly-trending fault zones, together with ring and
radial faults that surround Hicks Dome. The faults have
collectively been called the Fluorspar Area Fault Complex (Treworgy 1981). A broad regional arch, called the

In southeastern Illinois, the Precambrian basement rocks
are estimated to be more than 10,000 ft (3,000 m) beneath
the surface, whereas 80 mi (120 km) west in southeast
Missouri, the Precambrian rocks are exposed at the sur41
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et al. 2008).
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Tolu or Kutawa Arch (Baxter and Desborough 1965), has
uplifted the region and is most certainly related to the
underlying Permian-age igneous activity that underlies
the entire region. Faulting in the region probably began
during the Precambrian, culminated during the Late Paleozoic, and continued at least into Mesozoic time (Kolata
and Nelson 1991). Tectonic or structural deformation of
the rocks occurred in the late Pennsylvanian because of
the interaction of convergent plate boundaries that formed
Pangaea. During the Mesozoic, continental extension
resulted in the formation of normal fault zones and horsts
and grabens. Southwest of Hardin County, some of these
faults remained active into Pleistocene and possibly Holocene time (Nelson et al. 1997). Pennsylvanian-age rocks
surround the igneous uplift and are preserved in grabens
crosscutting the regional uplift. A vertical offset of 1,000
ft (300 m) has been documented along segments of the
Dixon Springs and Rock Creek Grabens, and the stratigraphic uplift is estimated to be 4,000 ft (1,200 m) at the
center of Hicks Dome (Nelson 1995). It is unclear how
much of the offset along the grabens is related to the differential uplift during Permian igneous activity compared
with tectonic movements (Denny and Seid 2014).

al., in press) and beneath Hicks Dome (Morehead 2013)
suggests that a carbonatite phase may be associated with
the ultramafic activity in that region. Potter et al. (1995),
utilizing seismic reflection profiles, proposed that the
Cambrian and Ordovician section beneath Hicks Dome
was disrupted, whereas the overlying Mississippian section was less contorted. They proposed the igneous body
domed not only the Paleozoic section, but also the top of
the Precambrian section at Hicks Dome.
Hicks Dome has been a geologic enigma for many years,
and a few researchers (e.g., Rampino and Volk 1996) have
even speculated that it resulted from a meteorite impact.
No field evidence exists to support the impact theory because the overall structure is inconsistent with such origin,
and no earmarks of impact, such as shatter cones, shocked
quartz with planar deformation features, or tektites, have
been found in the area. The “cryptovolcanic” theory related to ultramafic activity, first suggested by Brown et al.
(1954), is very logical and is the best explanation for the
uplift.

THE ILLINOIS-KENTUCKY
FLUORSPAR DISTRICT (IKFD)

Mafic and ultramafic intrusions are present along the edge
of the Reelfoot Rift in southeastern Missouri and northeastern Arkansas, and they are theorized to supply copper
(Cu), cobalt (Co), and nickel (Ni) to the Southeast Missouri Lead District (Horrall et al. 1993). The ultramafic
intrusions in this region have collectively been called
the Wauboukigou Alnöite Province (Lewis and Mitchell
1987), which is part of a large alkaline province characterized by Paleozoic melilite-bearing alkaline ultramafic
magmatism. Permian-age ultramafic intrusions come to
the surface in several places along the crest of the Tolu
Arch, Hicks Dome, and Cottage Grove Fault Zone in
southern Illinois. The majority of the intrusions occur as
north–northwesterly-trending dikes, but sills and circular
pipe-shaped features have been documented. The primary
minerals observed within the igneous complex near Hicks
Dome include pyroxene, phlogopite, fluorapatite, ilmenite, perovskite, and olivine, whereas secondary phases
include calcite, ferroan (Fe)-dolomite, chlorite, serpentine,
ilmenorutile, niobium (Nb)-anatase, quartz, sericite, fluorite, barite, strontianite, garnet, celestite, sulfides, and rare
earth element (REE) minerals (Fifarek et al. 2013). The
igneous rocks of the region have been dated by radiometric methods as having been emplaced during the Permian,
approximately 270 million years ago (Ma; Zartman et al.
1967; Nelson and Lumm 1984; Fifarek et al. 2001; Denny
2005). The Hicks Dome igneous lithotype is a calcalkaline lamprophyre, specifically a minette (Morehead
2013), although Denny (2005) classified an ultramafic
lamprophyre near the Cottage Grove Fault Zone in Saline
County, Illinois, as alnöite. Maria and King (2012) classified an ultramafic lamprophyre near Eldorado, Illinois,
as an aillikite. The identification of rare earth minerals
in the Sparks Hill Diatreme near Hicks Dome (Denny et

Minerals of economic importance in the IKFD have
mainly been fluorite, sphalerite, galena, and barite, with
fluorite being the most prolific. These mineral deposits
are found within vein and horizontal bedding replacement
zones and are almost always associated with limestone
host rocks. The mineralization is identical in veins and
bedding replacement deposits, with the exception of the
ore underlying Hicks Dome.
The regional igneous activity underlies the entire IKFD,
which led to early speculation of a genetic connection between the igneous activity and the fluorite mineralization
(S. Weller et al. 1920; S. Weller 1927; Bastin 1931; J.M.
Weller et al. 1952). Hall and Friedman (1963) studied
fluid inclusions from fluorite and reported that salinities
were similar to those of connate water, that the homogenization temperatures were relatively low (50 to 200 °C),
and that they have an MV-T connection. Heyl et al. (1974)
suggested that in the IKFD, the ore fluids were mobilized
by a “hot spot” created by the alkaline igneous activity.
They also proposed that magmatic fluids, basinal brines,
“MV-T fluids,” and meteoric water all mixed to form the
ore deposits. Richardson et al. (1988) postulated the mixing of several fluids for the bedding replacement deposits
in the Cave-in-Rock District. A few researchers recently
examined the connection between the mineralization and
the Permian ultramafic activity. Plumlee et al. (1995) suggested that hydrogen fluorine gases were generated by
the igneous complex, which mingled with a basinal brine
fluid. Kendrick et al. (2002) examined helium (He) isotope data from fluid inclusions and suggested that at least
a portion of the He was sourced from the mantle and was
most likely related to the ultramafic rocks.
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es were bulldozed, two diamond drill holes (DDH-1 and
DDH-2) were drilled, and samples were taken from the
trenches and boreholes. The analyses of Trench 1 and the
drill core showed that total REEs in a few samples were
more than 1.45%. Bedrock was highly weathered and
contorted, and strike and dips were difficult to interpret.
Company geologists inferred that a fault trending N 24°
W was present at the bottom of Trench 1 (Figure 2.4). The
fault contained a yellow-brown silty clay material that
dipped 85° to the northeast. A Geiger counter was used
to determine the radioactivity of the clay material, which
peaked at 800 to 1,200 micro roentgens per hour (μR/h)
against background readings of 10 μR/h. Several cross
faults were observed cutting the trench at about N 70° E
and dipping 75° to 85° to the southeast. No significant radioactivity was detected in Trench 2. Drill hole 1 (DDH1) cut a limestone breccia from 176.5 to 183 ft (54 to 56
m) that contained cavities and veins filled with calcite and
purple fluorite. Semiquantitative spectrographic and X-ray
analyses were conducted to determine the mineralogy, and
these indicated the presence of monazite. The workers
suggested that the Th, REEs, and fluorite were deposited
together and were probably related to the igneous activity
that deformed Hicks Dome.

Mineralization at Hicks Dome
Because very few samples of the mineralized material beneath Hicks Dome are available, few geochemical analyses have been published. The data presently available are
not sufficient to determine with assurance the mode of
emplacement of the fluorite and associated minerals. We
can speculate that the formation of the diatremes indicates
the interaction of the ultramafic body with groundwater
residing in the permeable siliciclastic units of the Cambrian (Brown et al. 1954). The interaction of groundwater
with the ascending ultramafic rocks may have produced a
phreatomagmatic event that provided the eruptive energy
needed to emplace the diatremes and sharply uplift the
Paleozoic strata at Hicks Dome (Figure 2.2). Finally, carbonate breccias can be found at Hicks Dome, which may
point to a hidden carbonatite. Fluorine is common within
the volatiles associated with carbonatite systems, such as
in Okorusa, Namibia (Hagni 2004). According to a confidential report cited in Wall and Mariano (1996), core from
beneath Hicks Dome contains microcrystalline aggregates
of xenotime in fluorite, suggesting the presence of carbonatite beneath Hicks Dome (Mariano 1987, Analytical
Report on 4 Regolith Samples and 4 Pieces of Drill Core
from Hicks Dome, Hardin County, Illinois: Confidential
Report to John Lee Carroll, as cited in Wall and Mariano
1996).

Bradbury (1960), who analyzed the yellow clay in Trench
1 for uranium (U), determined that the total radioactivity measured could not be a result of the U content alone
and that a Th source was also present in the clay. He
documented a total REE content of approximately 3% by
weight in the yellow clay. Bradbury (1960) mentioned
monazite as being a Th–REE-rich mineral, but he did not
state that monazite was present in the clay. Pitkin (1974)
conducted an airborne radiometric survey that documented anomalously high radioactivity near the apex of Hicks
Dome in the same region as the surface trenches.

Exploration Activity at Hicks Dome
In 1935, an oil exploration hole named the Fricker Well
was drilled to a depth of more than 3,300 ft (1,000 m)
below the surface (Figure 2.3). The Fricker was dry and
was abandoned, but in 1952, the St. Joseph Lead Company drilled a second hole, named the Hamp Well, near
the center of the uplift. Drill cuttings or chips were collected in 5-ft (1.5-m) intervals from the oil test. Brown et
al. (1954) studied the cuttings and constructed lithological
logs. They found that fluorite was present in the hole from
1,600 to 2,944 ft (488 to 897 m). The authors described
fluorite in the cuttings, along with barite, calcite, quartz,
pyrite, sphalerite, galena, and thorium (Th). The mineralization was generally low, but zones of 7% to 9% fluorite
and greater were described below 1,600 ft (488 m). The
fluorite was clear to light green from 310 to 330 ft (94 to
100 m), whereas below 1,600 ft (488 m), it was mostly
purple and translucent or clear. Radioactivity was noted to
be two to four times higher than the normal background
levels.

In the 1970s, mineral exploration for fluorspar, beryllium,
REEs, Th, and Nb was conducted through a cost-sharing
agreement between the U.S. Geological Survey’s Office
of Mineral Exploration (OME) and an entity named
Hicks Dome Account (HDA; OME docket number
6873). Of the 12 core holes drilled through the cooperative agreement with HDA and OME, the deepest hole
was more than 2,500 ft (762 m) deep and the shallowest
was 2,200 ft (671 m). The drillers encountered rock that
was difficult to core, and portions of the upper surface
were drilled with rotary methods. The Pankey 1 hole was
located over the center of the Pankey Breccia. This hole
extended only 250 ft (76 m), and core was composed of
breccia cemented by silica with sparse barite. The drill
log shows mainly gray, cherty brecciated material that
is stained red and yellow by iron oxides. Pankey 2 was
drilled to 2,485 ft (757 m), and core was composed of
breccia cemented by white calcite, with sparse fluorite
in the upper portion. Fluorite averaged between 2% and
8% from 2,000 to 2,240 ft (610 to 683 m). Hamp 2 was
abandoned at a very shallow depth, and mainly silicified

The William G. Reynolds Company conducted an exploration project through the U.S. Department of the
Interior’s Defense Minerals Exploration Administration
(DMEA) near the Hamp borehole in 1956. The project
docket number, DMEA 3855, is titled “thorium, uranium,
and rare earths.” The U.S. Government paid 75% of the
exploration expenses for this project. Two surface trench-
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Figure 2.2 Hypothetical cross section through Hicks Dome showing the theorized phreatomagmatic event that uplifted the Hicks Dome area.

Cambrian (3,000 ft)

Ordovician (5,000 ft)

–350 ft)
Silurian (300

Devonian (1,300–1,400 ft)

Mississippian
(2,500–2,800 ft)

Pennsylvanian (>750 ft)

Pennsylvanian

Dixon Springs Graben
Herod
Fault Zone

Mississippian

Pennsylvanian

Lusk Creek-Shawneetown
Fault Zone

Looking Northeast

Pankey
Breccia

Deal #1
Deal #2

4

Hamp

5

Fricker

3

Pi

Mississippian

Cypress Ss., Ridenhower,
Mcrb and Bethel Ss.
Mdyr Downey’s Bluff Ls.
Yankeetown and Renault
Mav Aux Vases Ss.
Msg Ste. Genevieve Ls.
Msl

St. Louis Ls.

Mississippian

Intrusives

Devonian

Permian

Pi

Msm

Salem Ls.

Mu

Ullin Ls.

Mfps

Fort Payne Ls. &
Springville Sh.

0
0

1 mi

.5
.5

1 km

N

Chouteau Ls. and
MDcn New Albany Sh.

Du

Figure 2.3 Geologic map of the central area of Hicks
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breccia was cored. Hamp 3 was composed of brecciated
limestone or “crackled” limestone cemented by 4-mmthick bands of purple fluorite and calcite, with the percentage of fluorite increasing at 2,000 ft (610 m). Mineralization over a thickness approaching 200 ft (61 m) was
documented in Hamp 3. In Hamp 4, the fluorite content
averaged between 5% and 20%. Other wells drilled in this
area encountered silicified chert breccia with little to no
fluorite, whereas others contained fluorite between brecciated sedimentary clasts. The fluorite ore was described
as brecciated country rock fragments about 0.25 in. (6
mm) in diameter in a purplish fine-grained groundmass.
Significant mineralization [5% to 10% calcium fluoride

(CaF2)] begins at about 1,400 to 2,000 ft (427 to 610 m)
below the surface. Several other holes were drilled, with
varying results. The conclusion of the geologist in charge
of the project was that the ore deposit contained several
blocks that totaled more than 11 million tons of ore, with
the average grade being 11% fluorspar. The authors of
the report also calculated that the ore contained 3.64%
barite, 0.155% Nb, 0.209% Th, and 0.177% yttrium (Y).
The ore was located from 1,900 to 2,500 ft (579 to 762 m)
below the surface within the Ordovician Plattin Limestone.
The geometry of the ore deposit was theorized to be an
inverted funnel shape, but that is probably an oversimplification. Little has been published about Hicks Dome, and
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the area is still an active prospect. As of the writing of this
guidebook, an oil well has been sited to be drilled near the
crest of Hicks Dome. We hope to report more information
about this well during the field trip.

mineral), which suggests hydrothermal deposition (Denny
et al., in press). In the Sparks Hill Diatreme to the northeast of Hicks Dome, a carbonate clast within the diatreme
hosts fluorite, whereas the feeding fracture is composed
of calcite and pyrite outside the clast (Figure 2.6), suggesting replacement. Hydrothermal deposition is likely
along open spaces within the fractured carbonate rock
beneath Hicks Dome and within some of the vein deposits
within the IKFD, whereas the horizontal bedding replacement deposits may have formed through the mixing of
meteoric, MV-T, and hydrothermal fluids, as suggested by
Heyl et al. (1974). Some of the ore within the IKFD may
be properly classified as an MV-T deposit, but the ore beneath Hicks Dome is most likely hydrothermal.

Summary
The mineral deposits under Hicks Dome are most likely
directly related to hydrothermal fluids associated with the
ultramafic igneous complex. The presence of rare earth
minerals within the fluorite at Hicks Dome (Mariano
1987, as cited in Wall and Mariano 1996) suggests a
possible link with a carbonatite. Unusual hydrothermal
mineralization is also present in the Sparks Hill Diatreme
(Figure 2.5), including synchysite (a rare earth fluorocarbonate mineral) and florencite (a rare earth phosphate
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Florencite

Florencite

Rutile

Figure 2.5 Electron microprobe backscattered electron image of the
Sparks Hill Diatreme showing open spaces filled with the rare earth
phosphate (florencite).

0

0.5

1 in.

Figure 2.6 Photograph of core from the Sparks Hill
Diatreme showing a mineralized fracture bisecting a
well-rounded carbonate clast. Outside the carbonate clast, the fracture is filled with calcite and pyrite,
whereas inside the clast, fluorite, calcite, and quartz
are present.
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GUIDE TO THE ROUTE AND STOP DESCRIPTIONS
Moderate physical exertion will be required at several
field trip stops. The terrain will be fairly rugged at the
Grant Intrusive (Stop 3). We will also take a walking
tour at Garden of the Gods (Stop 6). All participants will

STOP 1: Hastie Quarry

be required to wear hard hats and boots at the limestone
quarry (Stop 1). Table 2.1 gives the schedule and itinerary,
and Figure 2.7 provides the field trip route.

(latitude 37.506480°, longitude −88.207600°)

The Hastie Quarry is located in Hardin County northeast
of Cave-in-Rock along Illinois State Route 146. At the
Hastie Quarry, limestone is being quarried from the Mississippian Ste. Genevieve Limestone (labeled Msg in Figure 2.3) and the underlying St. Louis Limestone (labeled
Msl in Figure 2.3). The limestone quarry is located in an
area of fluorite mineralization, and the highwall of the
quarry occasionally intersects abandoned underground
mines. Overburden comprises lower Chesterian units
(Bethel Sandstone, Downey’s Bluff Limestone, and Yankeetown Formation), which are removed and wasted or
spoiled. The Aux Vases Sandstone is mined for a specialty
nonskid aggregate. In this region, the fluorite is contained
within the Renault Limestone. As the quarry advances
into the hillside, the fluorite left in the underground workings is extracted and sold. If we are fortunate, Don Hastie
will give us a brief orientation to the mine. Don and Bob
Hastie have owned this site for more than 50 years, and
their family began mining fluorite on this property before
opening the limestone quarry.

ore, which was first mined along the surface in open pits.
Once the surface ore was extracted, the miners followed
the ore into the hillsides, using a modified room-and-pillar
underground mining method. The rooms were up to 150
ft (46 m) wide and commonly trended in a northeasterly
direction. Pillars were left in random configurations to
extract as much fluorspar as possible without causing roof
failures.
Some of the mines worked multiple stratigraphic levels.
The most common ore levels are in the Renault Limestone, Ste. Genevieve Limestone, and Downey’s Bluff
Limestone. The levels were named for the roof rock present over the mineralized strata. The mineralization in the
“Bethel Level” occurs within the underlying Downey’s
Bluff Limestone. The roof of the Bethel Level is usually thin, shaley sandstone with indurated gray sandstone
above. The top of the Ste. Genevieve just below the Aux
Vases Sandstone is called the “Rosiclare Level” because
the Aux Vases was formerly called the Rosiclare Sandstone. The lithology of the strata occurring at the contact
between the Aux Vases and Ste. Genevieve is variable.
Brecke (1962) described the roof of the Rosiclare Level as
green plastic shale, silty shale, and limestone interbedded
with sandy limestone. The “sub-Rosiclare Level” occurs
in the Ste. Genevieve within the Spar Mountain Sandstone
Member of the Ste. Genevieve, which is approximately
60 ft (18 m) below the base of the Aux Vases Sandstone.
At this level, the Spar Mountain Sandstone Member is a
calcareous sandstone that lies above oolitic to dense limestone (Brecke 1962). This unit is not present in all parts
of the region. The Spar Mountain Sandstone is 3 ft (1 m)
thick in the Hill Mine but absent at the Davis-Deardorff
Mine.

The quarry is located along the southern edge of the
Cave-in-Rock Mining District (Figure 2.1). The Cave-inRock District is the largest bedding replacement district
within the IKFD. The Cave-in-Rock District trends in a
northeasterly direction parallel with the Rock Creek Graben. The Harris Creek and Goose Creek Districts are present along the northwest side of the Rock Creek Graben,
whereas the Cave-in-Rock District is located along the
southeast side of the Rock Creek Graben (Figure 2.1).
Minerals that are commonly found at the Hastie Quarry
include fluorite, galena, sphalerite, calcite, and barite. Individual fluorite crystals and banded “coontail” ore may
be collected. The ore is primarily bedding replacement

STOP 2: Rosiclare Fluorspar Museum (latitude 37.423756°, longitude −88.346788°)
Pell’s Landing was settled in 1832 by William Pell Jr., and
over time, the settlement became known as Rose Clare
and later as Rosiclare. The Rosiclare Fluorspar Museum
is located adjacent to the Rosiclare Vein at the old Rosiclare Lead and Fluorspar Mining Company office. The
Rosiclare Vein, also called the Good Hope or Fairview
Vein, was one of the most prolific veins in the IKFD.
Dozens of shafts were sunk along the vein over the years.
The maximum vein width was 30 ft (10 m). The vein was
mined to depths of more than 700 ft (210 m) in places.

The Rosiclare Vein was mined for several kilometers in
length from the Ohio River northward to Illinois State
Route 146.
The Rosiclare Vein was first mined as part of the Pell
property in 1842 and 1843 (S. Weller et al. 1920). The
vein was opened to extract galena, and the fluorite was
considered worthless gangue and was wasted. Small
amounts of fluorspar from the old mine dumps were
recovered and sold during and after the Civil War until
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Table 2.1 Schedule and itinerary
Day
Sat., 4/16

Sun., 4/17

Depart

Arrive

Location, description

Stop no.

8:00 a.m.
11:30 a.m.
12:45 p.m.
1:15 p.m.
3:15 p.m.
5:00 p.m.
5:30 p.m.

11:30 a.m.
12:45 p.m.
1:15 p.m.
3:15 p.m.
4:30 p.m.
5:30 p.m.
6:30 p.m.

From Champaign to Cave-in-Rock, travel
Cave-in-Rock State Park, lunch (provided)
Hastie Quarry, orientation
Hastie Quarry, mineral collecting
Rosiclare Fluorite Museum, museum tour
Dixon Springs, Hicks Dome discussion
Dixon Springs, dinner (provided)

7:30 a.m.
8:45 a.m.
10:45 a.m.
11:15 a.m.
12:15 p.m.
1:30 p.m.

8:15 a.m.
10:30 a.m.
11:15 a.m.
12:00 p.m.
1:30 p.m.
5:00 p.m.

Dixon Springs, breakfast (provided)
Hicks Dome (Grant Intrusive), collecting
Hicks Dome (New Albany Shale), collecting
Hicks Dome (Rose Mine), collecting
Garden of the Gods, tour and lunch (provided)
Return to Champaign, travel
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around 1900 (Bastin 1931). In the early 1900s, the mines
in the Rosiclare area began to ship fluorite in large quantities. Before World War I, these early mines competed with
fluorite mines mainly in the English Derbyshire and Durham Districts (S. Weller et al. 1920). Manufacturing of
steel was the primary use for fluorite, and large steel mills
were located in the eastern United States. During World
War I, the fluorite ore of the IKFD became the primary
supplier to steel mills in the United States. The proximity
of the Rosiclare Vein to the Ohio River was a key fac-

tor, allowing the ore to be transported up the Ohio River
relatively inexpensively. From 1914 to 1915, the ores of
the IKFD accounted for more than 99% of the production
for the United States, and the mines in Hardin County, Illinois, produced about 80% of the fluorite (S. Weller et al.
1920). The Rosiclare Vein produced a substantial amount
of the fluorite consumed in the United States during this
early period. The Rosiclare Fluorspar Museum has many
beautiful fluorite specimens, along with mining artifacts
and a small gift shop.

STOP 3: Grant Intrusive (latitude 37.508764°, longitude −88.377501°)
The Grant Intrusive is located in the southeastern portion
of the Herod 7.5-minute quadrangle, Hardin County (Sec.
6, T 12 S, R 8 E), about 2 mi (3 km) south of Hicks Dome
(Figures 2.1, 2.3). The outcrop is exposed in a fairly steep
northeast-sloping ravine. The outcrop is remarkably well
preserved, considering that the ultramafic rocks in this
region are often easily eroded. The Grant Intrusive is
composed of well-rounded to angular altered sedimentary clasts, some of which have well-developed coronas
and reaction rims surrounded by fine-grained material
or lapilli (Figure 2.8). The size of the clasts ranges from
millimeters to several centimeters, and biotite up to 5 cm
in diameter can be observed. Other clasts are composed
of pyroxene and amphibole. The fine-grained matrix is
greenish gray and appears to be mainly an igneous mesostasis of apatite, biotite, and cryptocrystalline quartz intermixed with calcite, dolomite, serpentine, and chlorite,
along with very fine grained well-rounded to subangular
sedimentary clasts. Bradbury and Baxter (1992), examining this exposure, determined that the biotite was phlogopite and that many of the phlogopite and amphibole clasts
were surrounded by lapilli rims. The size of the phlogopite clasts and the well-developed coronas on sedimentary
clasts are characteristic of the Grant Intrusive.

Figure 2.8 Photograph of a Grant Intrusive sample. Note
the coronas or reaction rims around several of the rounded
clasts.

a carbonatitic breccia because of the large content of calcium carbonate.

Bradbury and Baxter (1992) utilized X-ray fluorescence
analysis techniques to analyze the major oxides, and they
used emission spectrographic analyses to analyze trace
element compositions of whole-rock samples from the
Grant Intrusive. Fluoride was calculated to be 1,674 ppm
based on ion-selective electrode analysis. They proposed
that the source of the elevated fluoride analysis was
apatite and possibly biotite. Interesting results of these
analyses are the low silicon dioxide (SiO2; 26%) and
moderately high calcium oxide (CaO; 20%) and carbon
dioxide (CO2; 24%) contents. They labeled this intrusive

Zartman et al. (1967), who conducted radiometric age determinations on the Grant Intrusive, obtained radiometric
age dates of 258 ± 15 Ma on biotite and 281 ± 14 Ma on
hornblende by using potassium (K)-argon (Ar) analysis
techniques. Reynolds et al. (1997) determined radiometric
age dates of 272.7 ± 0.7 Ma on phlogopite and 272.1 ±
0.7 Ma on amphibole by using 40Ar/39Ar concordant plateau techniques. These age determinations broadly agree
with radiometric age dates reported by other authors on
igneous rocks in this region.
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STOP 4: West Rim of Hicks Dome

(latitude 37.531621°, longitude −88.386121°)

Hicks Dome is a broad feature that is difficult to observe
on the ground because of forest cover and a lack of high
vantage points. However, this feature is very pronounced
on topographic maps, digital elevation models, and aerial
photographs (Figures 2.1, 2.3). The center of the dome
is underlain by siliceous and cherty Devonian limestone
(labeled Du on Figure 2.3). The siliceous rock forms a
rounded hill at the center of the uplift. New Albany Group
black shales (Upper Devonian and Lower Mississippian)
encircle the siliceous Devonian limestone, forming a cir-

cular topographic low or “racetrack valley” with a gentle
slope that dips away from the center of the dome (labeled
MDcn on Figure 2.3). The black shale is typically poorly
exposed around the area, but it is very well exposed along
Hicks Branch, where we can observe the bedding dipping
away from the center of the dome. Outside the racetrack
valley, siliceous limestone of the Lower Mississippian
Fort Payne Formation forms a relatively steep escarpment
(labeled Mfps on Figure 2.3).

STOP 5: Rose Mine (latitude 37.532246°, longitude −88.364227°)
The Rose Mine is the only mine within the IKFD that
worked ore within Devonian-age units. Predominantly
fluorite is hosted in the Mississippian section. We will
quickly look at the Devonian rocks here and find a few
pieces of fluorite. At the top of the hill is the Pankey Breccia (Stop 5a), which will be an optional stop if time allows. The ore at the Rose Mine was thought to be mainly

open-space filling, with very little replacement-type ore.
A breccia dike may have been the primary conduit for the
ore fluids. The fluorite is clear green and purple and is associated with barite. Mining here is poorly documented,
but S. Weller et al. (1920) indicated that mining occurred
at this location before 1920.

STOP 5a: Pankey Breccia (latitude 37.534022°, longitude −88.366585°)
The Pankey Breccia is a topographic high north of the
Rose Mine. The breccia is mostly silicified clasts of ironstained Devonian rock cemented with silica. Drusy quartz
can be seen between the autolithic clasts. Although some
of the breccia at Hicks Dome is moderately radioactive,
this particular breccia is not. In 1962, the International

Minerals and Chemical Corporation drilled a few holes
into the Pankey Breccia, and company logs indicate that
an upper barite zone is underlain by veins and patches of
barite, with minor zones of sphalerite and galena (Bradbury and Baxter 1992). Bradbury and Baxter (1992) classified the Pankey Breccia as a vent breccia.

STOP 6: Garden of the Gods (latitude 37.604272°, longitude −88.384394°)
This stop will allow views of the Eagle Valley Syncline,
which is located north of Hicks Dome. The rocks here
are Lower Pennsylvanian bluff-forming sandstones
(Caseyville Formation), which are exposed from the Mississippi River to the Ohio River in southern Illinois. The
views to the west and north are spectacular, and we will

be able to view the topographic expression of the Eagle
Valley Syncline. The rock formations exposed here in the
Shawnee National Forest will be replicated on the U.S.
Mint’s 2016 America the Beautiful Quarter for Illinois.
This is a wilderness area: no hammers, please!
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INTRODUCTION

the overall geologic framework. Saturated sand and gravel
deposits partially fill a ~15-mi-wide (~25-km-wide)
buried valley, the Mahomet Bedrock Valley (MBV), and
compose the Mahomet aquifer, an important water source
for residents in east-central Illinois (see Mahomet Aquifer
box on p. 60). The MBV represents the buried landscape
of a major preglacial and synglacial (Early to Middle
Pleistocene) river. To emphasize how large this valley is,
nearly all the field trips stops and most of the travel route,
except for the conference hotel area, overlie this buried
valley and aquifer (Figure 3.3).

This field trip highlights some of the recent research and
geologic mapping in the Upper Sangamon River Basin
(USRB) of east-central Illinois and provides an overview
of the local and regional Quaternary history. The field trip
focuses mainly on the last Pleistocene glaciation (Wisconsin Episode), which strongly influences our landscape to
this day, and the subsequent deglacial, postglacial (Holocene), and post-European settlement history in the Sangamon Valley and its tributaries. The Holocene history in
the USRB, particularly the effects of accelerated sedimentation in response to post-European settlement land-use
changes, has been of current interest since the establishment in 2013 of the National Science Foundation-funded
Intensively Managed Landscapes Critical Zone Observatory (IML-CZO, http://criticalzone.org/iml). The USRB is
one of three main field study areas within the IML-CZO
and has been the location of several collaborative research
and mapping projects, many of which are ongoing.

Geologic Setting and History:
Upper Sangamon River Basin
The USRB of east-central Illinois was glaciated multiple
times during the Wisconsin, Illinois, and pre-Illinois glacial episodes of the Pleistocene, during the last ~1 million
years (Kempton et al. 1991; Hansel and McKay 2010;
Curry et al. 2011; Stumpf and Dey 2012; Figure 3.1). Collectively, these Pleistocene deposits range from ~250 to
400 ft (~75 to 120 m) thick in the field trip area (Figure
3.4) and overlie Silurian- to Pennsylvanian-age bedrock
(Kolata 2005) with a major unconformity at the base of
the Pleistocene deposits.

The earlier Pleistocene glaciations (Illinois and pre-Illinois Episodes) will be discussed in terms of their history
(Figure 3.1), geomorphology, and depositional records
(Figure 3.2) in the USRB, especially because of their societal significance in relation to the Mahomet aquifer and

57

ancient
Mississippi
River

preglacial

pre-Illinois

Yarmouth

Sangamon

Wisconsin

Teays–Mahomet
River

Illinois

Figure 3.1 Pleistocene drainage history and inferred ice-margin positions
in Illinois for the pre-Illinois, Yarmouth, Illinois, Sangamon, and Wisconsin
Episodes. Modified from Killey (2007), Hansel and McKay (2010), and Curry
et al. (2011).

3.2), mapped in the subsurface in southwestern Illinois
(Phillips 2004; Grimley and Phillips 2015). In places, the
Dewitt facies is fossiliferous, containing shells of freshwater mussels and gastropods) that today live in the Ohio
River Basin; amino acid ratios obtained from these shells
are consistent with an early Pleistocene age for preglacial
river deposits (Miller et al. 1992; Stumpf and Dey 2012).
With the advance of pre-Illinois Episode ice sheets, the
river valley was mainly filled with water-bearing glaciofluvial deposits that constitute the widely utilized Mahomet aquifer. The edges of the MBV have been defined
as areas below 500 ft (150 m) elevation above sea level
(asl) in east-central Illinois (Kempton et al. 1991; Panno
et al. 1994).

Preglacial Pliocene and Early Pleistocene
History (Mahomet Bedrock Valley)
This field trip crosses over the ~15-mi-wide (~25-kmwide) buried MBV (Figure 3.3), a segment of the extensive Teays-Mahomet Bedrock Valley System that stretches from West Virginia to central Illinois (Horberg 1950;
Melhorn and Kempton 1991). The bedrock valley was
formed during preglacial times, likely during the Pliocene
and Early Pleistocene (Horberg 1950; Willman and Frye
1970; Kempton et al. 1991). Regional studies in the
central United States have suggested major periods of
fluvial incision between ~4.0 and 0.8 million years ago
(Mya; Anthony and Granger 2006; Van Arsdale et al.
2007). During its early history, the MBV system contained a major preglacial river that flowed on bedrock
(Goldthwait 1991; Stumpf and Dey 2012). Preglacial sand
and gravel alluvium in deeper channel areas is composed
of weathered local Paleozoic bedrock and is informally
classified as the Dewitt facies (Stumpf and Atkinson
2015), a coarse-grained stratigraphic equivalent of the
fine-grained Canteen member, Banner Formation (Figure

Pre-Illinois Episode Glaciations
During the pre-Illinois Episode, the southern margin of
the Laurentide ice sheet extended into Illinois from both
the western (Keewatin) and eastern (Labradorean) ice
centers (Figure 3.1), although only the eastern ice center
entered the USRB. At least three main ice advances
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Figure 3.2 Generalized glacial and interglacial events, stratigraphy, and sediment record for east-central Illinois. Modified from
Stumpf and Dey (2012) and Hansel and McKay (2010).

during this time left behind multiple glacial tills (West
Lebanon, Harmattan, Hillery, and Tilton Members; Johnson et al. 1972; Willman et al. 1975; Stumpf and Dey
2012; Figure 3.2). These multiple glacial tills are intercalated with glacial meltwater or lacustrine deposits and
may contain remnants of paleosol profiles (Figure 3.2).
The Yarmouth Geosol (interglacial), where preserved,
conceptually separates these units from younger Illinois
Episode deposits. Some pre-Illinois Episode units were
exposed from coal mining in the area of Danville, Illinois

(Johnson et al. 1972), but are found only in the subsurface in the USRB. Collectively, the pre-Illinois Episode
deposits are typically 100 to 200 ft (30 to 60 m) thick in
the USRB field trip area. The thickest and most extensive
deposits (with a dominance of glaciofluvial units) are in
the MBV and its former tributary valleys (Stumpf and
Dey 2012; Stumpf and Atkinson 2015). Thinner deposits
are found on former upland areas, but such areas tend to
have a more complete sequence of till units in comparison
with the dominance of glaciofluvial sand and gravel in the
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Figure 3.3 Bedrock topography map of the Mahomet Bedrock Valley in central Illinois (http://isgs.illinois.
edu/geology-mahomet-aquifer-champaign-county). This buried (preglacial) bedrock valley is partially
filled with saturated glaciofluvial sediments that compose the widely utilized Mahomet aquifer. The former
Mahomet-Teays River drainage system was a significant part of a midcontinent drainage system during
preglacial times (inset figure). The boundary of the Mahomet aquifer is slightly modified from Illinois State
Geological Survey (1996).

Mahomet Aquifer
Glaciofluvial sand and gravel deposited during the Illinois and pre-Illinois episodes (the Grigg tongue and
Mahomet Sand Member, respectively) are, in many places, in direct contact without intervening fine-grained
till or glacial lake sediment (Stumpf and Atkinson 2015). Collectively, the sand and gravel units compose a
well-known water-bearing unit known as the Mahomet aquifer (Kempton and Visocky 1992; Herzog et al. 1995;
Kempton and Herzog 1996; Stumpf 2010), a vital regional glacial aquifer. Nearly 1 million people (90% of
the population) in east-central Illinois rely on groundwater from the Mahomet aquifer as their primary source
of potable water. Because of its importance, the aquifer has been designated a Sole Source Aquifer (U.S.
Environmental Protection Agency 2015). Roadcap et al. (2011) have undertaken regional groundwater flow
modeling of the Mahomet aquifer.
The Mahomet Sand Member, the main geologic unit that composes the aquifer, was originally named by
Horberg (1953) for thick deposits of sand and gravel encountered in numerous public water-supply wells near
the Village of Mahomet in western Champaign County, Illinois. The top of the unit has been mapped with nearsurface borehole geophysics and geologic logs from water wells (Stumpf and Dey 2012; Ismail et al. 2013).
Generally, these aquifer materials are 50 to 150 ft (15 to 45 m) thick. However, where the Mahomet Sand
Member lies in direct contact with other units of saturated sand and gravel that are hydrologically connected,
namely, the Dewitt facies (below) or Grigg tongue, Pearl Formation (above), the aquifer attains a much greater
thickness and may extend above and beyond the bedrock valley (Stumpf and Dey 2012). A nearly continuous
layer of fine-textured diamicton and other deposits (Tiskilwa Formation till, Vandalia Member till, etc.) covers the
aquifer (see Stop 2) and, in most places, protects it from downward migration of potential contaminants on short
time scales (Berg 2001).
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Figure 3.4 Drift thickness map of the Upper Sangamon River Basin field trip area showing locations of field trip
stops. The map was made by subtracting a raster of bedrock surface elevation (derived from Herzog et al. 1994)
from a raster of land surface elevation (National Elevation Dataset, 30 m resolution).

MBV. Regional correlations and estimates from various
age dating methods suggest an approximate age of ~850
and 430 thousand years (ka) for pre-Illinois Episode glacial deposits in Illinois (Hansel and McKay 2010; Curry
et al. 2011; Stumpf and Dey 2012; Grimley and Oches
2015).

ated with the earliest Pleistocene glacial advances into
eastern Illinois and western Indiana (Kempton et al. 1991;
Soller et al. 1999; Stumpf and Dey 2012). Glaciolacustrine sediments in the MBV and its tributaries, inferred by
Soller et al. (1999) as a fine facies of the Mahomet Sand
Member, are now believed to be a proglacial lake associated with advancing glacial ice that deposited the Hillery
Member till (Stumpf and Dey 2012; Stumpf and Atkinson
2015). This lake would have filled the bedrock valleys in
the USRB area. Much lake sediment in the main MBV
likely eroded during the Yarmouth or early Illinois Episodes (Stumpf and Ismail 2013).

Pre-Illinois Episode sand and gravel that occurs below
Banner Formation till(s) is classified as the Mahomet
Sand Member, Banner Formation (Horberg 1953; Willman and Frye 1970; Figure 3.2); water-bearing sand and
gravel in the unit occurs within the Mahomet aquifer (see
Mahomet Aquifer box on p. 60). Although pre-Illinois
Episode till units conceptually overlie the Mahomet Sand
Member, the till units are mostly absent in the main MBV.
Instead, younger glaciofluvial sediment may overlie the
Mahomet Sand Member in many areas without an intervening Yarmouth paleosol (Stumpf and Dey 2012; Stumpf
and Atkinson 2015). The Mahomet Sand is likely associ-

Yarmouth (Interglacial) Episode
A well-expressed paleosol, the Yarmouth Geosol, marks
the top of pre-Illinois Episode deposits (Leverett 1898;
Willman and Frye 1970) but is typically not preserved in
the MBV, probably because of later fluvial or glacial erosion. In the USRB, the Yarmouth Geosol is sometimes
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preserved in tills on paleo-highlands (which, in some
places, protrude from the ancient MBV) or in valley fills
in paleo-tributaries. The upper paleosol solum is typically
truncated, but pedogenic alteration, including oxidation,
may extend 6 to 13 ft (2 to 4 m) into till. The time for
Yarmouth soil development probably lasted from ~430 to
200 ka, based on soil properties and regional correlations
(Grimley et al. 2003; Curry et al. 2011; Figure 3.2).

Sangamon (Interglacial) Episode
During the Sangamon Episode (interglacial), which lasted
from ~130 to 55 ka, weathering and soil development
altered the upper parts of the Vandalia Member and Pearl
Formation (Curry and Follmer 1992; Jacobs et al. 2009).
Although the soil solum is typically 3.3 to 6.6 ft (1 to 2
m), leaching of primary carbonate minerals occurred to
depths of 6.6 to 9.8 ft (2 to 3 m), depending on the landscape position, with oxidation to greater depths. The Sangamon Geosol is a widely recognized pedostratigraphic
marker in the region that separates Illinois Episode
from Wisconsin Episode sediments (Willman and Frye
1970; Curry et al. 2011). The Berry Clay Member of the
Glasford Formation was deposited in paleo-lowlands or
depressions as an accumulation of fine-grained material
during the late Illinois Episode and Sangamon Episode.
Because of poor drainage and continued deposition concurrent with alteration, the Berry Clay consists mainly
of a greenish gray, cumulic Sangamon Geosol profile. In
many areas, the Sangamon Geosol has been truncated or
eroded by later fluvial or glacial processes such that only
a small remnant of leached and lower solum is preserved.

Illinois Episode Glaciation
During the Illinois Episode, glaciers entered east-central
Illinois from the north and northeast, originating from the
Lake Michigan basin and ultimately covering nearly 90%
of the state (Hansel and McKay 2010; Curry et al. 2011;
Figure 3.1). The Illinois Episode glacial advance was
extensive in Illinois, reaching as far as Carbondale, St.
Louis, and parts of eastern Iowa (Figure 3.1). Just before
the advance of ice, proglacial meltwater streams likely deposited outwash in part of the MBV above the Mahomet
Sand Member (Stumpf and Dey 2012). This basal Illinois
Episode outwash in the USRB is informally classified
as the Grigg tongue, Pearl Formation, correlative to a
unit mapped below Illinois Episode till in southwestern
Illinois (Grimley and Phillips 2015). In east-central Illinois, the Grigg tongue can be difficult to distinguish from
older sand and gravel (Mahomet Sand Member) in the
absence of an intervening Yarmouth paleosol. The delineation of the Grigg tongue is based on textural changes,
its elevation, and correlations with key stratigraphic borings (Stumpf and Dey 2012). The diamicton (till) with
intercalated sand deposited above the Grigg tongue is the
regionally extensive Vandalia Member of the Glasford
Formation. The lower unit of the Vandalia Member (massive, dense loam diamicton) was likely deposited as ice
achieved its maximum extent during the Illinois Episode.
Subsequently, in a late glacial phase, the ice sheet began
to thin and downwaste, with perhaps alternating periods of stagnation and readvancement of the ice margins
(Stumpf and Dey 2012; Stumpf et al. 2013)—a sequence
of events similar to that interpreted in southwestern Illinois (Grimley and Phillips 2015) and southeastern Illinois (Curry et al. 1994). The late-glacial deposits are
composed of sequences containing layers of diamicton,
sand and gravel, or silt, fine sand, and clay, which Stumpf
and Dey (2012) collectively assigned to an upper unit of
the Vandalia Member (Figure 3.2). Some of what is here
classified as the upper Vandalia was previously classified as either the Radnor Member till or Pearl Formation
(Willman and Frye 1970; Johnson et al. 1972; Soller et al.
1999). Along some paleo-drainageways or low-lying areas
in the USRB, sand and gravel deposits (Pearl Formation),
typically <35 ft (<10 m) thick, overlie the Vandalia till.
Deposits of the Illinois Episode glaciation are probably
coeval with marine oxygen isotope stage 6 (~190 to 130
ka), with glaciers most likely in Illinois from ~160 to 135
ka (Curry and Pavich 1996; Curry et al. 2011; Berg et al.
2013; Grimley and Oches 2015).

Wisconsin Episode Glaciation
The constructional landforms in the field trip area that are
present at the surface today, mostly moraines (Figure 3.5),
all result from last glacial processes. Deglacial landforms
and deposits, mainly outwash (Henry Formation) terraces,
and subsequent postglacial valley incision and filling (Cahokia Formation) have been superimposed on the contructional glacial landscape (Figures 3.5, 3.6).
Proglacial Sedimentation in Advance of the Last
Glacial Maximum. Proglacial sedimentation in the
USRB during the advance of the glacial ice to its maximum extent during the Wisconsin Episode is mainly recorded in buried, but locally exposed, peaty deposits (Robein Member, Roxana Silt), silty loessal sediment (Morton Tongue, Peoria Silt), and outwash (Ashmore Tongue,
Henry Formation). The Morton and Ashmore Tongues
are in facies and occur above the Robein Member (Figure
3.2). All three of these units occur below the Tiskilwa
Formation diamicton unit, which represents the first ice
advance in central Illinois during the last glaciation (Hansel and Johnson 1996). The Ashmore Tongue appears to
be a rather isolated occurrence and is typically <10 ft (<3
m) thick (Stumpf and Atkinson 2015).
The Robein Member is composed of dark peat or organic
silt preserved in a wetland environment. Picea (spruce)
wood in this unit was dated 21,760 ± 130 14C yr BP (carbon-14 years before present; ISGS-79), or ~26 ka cal
(thousand calibrated years before present), from the base
of an exposure on the west bank of the Sangamon River
(SE, NW, Sec. 20, T 20 N, R 7 E), just west of the River
Bend Forest Preserve (Stop 4). From a core in Stop 5,
peat in the Robein Member was dated ~25,240 ± 160 14C
yr BP (ISGS-6157) or ~29,280 ± 210 cal yr. The Robein
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Figure 3.5 Location of the Upper Sangamon River Basin field trip area on a digital elevation map (30 m resolution)
showing moraines, towns, roads, and stops.

Member is also preserved at many locations in subsurface
data. Such poorly drained environments were in low areas
that tended not to be eroded by the subsequent advance of
glacial ice.

elevation of the modern-day Sangamon River level at
~665 to 675 ft (~202.7 to 205.7 m) asl. During periods of
low river levels, subfossil Picea wood in the silty Morton
Tongue is exposed below the Tiskilwa Formation along
some cutbanks of the Sangamon River, including in the
Mahomet area (NE, Sec. 15, T 20 N, R 7 E), ~0.25 mi
(~0.4 km) north of the I-74 bridge. Subfossil wood from
two cutbank exposures with similar stratigraphy at this
location, but several hundred feet apart, were recently
dated 20,180 ± 130 14C yr (ISGS-7071) and 20,220 ± 140
14
C yr (ISGS-7106). These ages convert to ~24 ka cal yr
and are rather similar to other ages for the Morton Tongue
in central Illinois (Hansel and Johnson 1996; Hansel et al.
1999).

Stratigraphically above the Robein Member is the Morton Tongue of the Peoria Silt, a gray to tan silt loam that
consists of loess or resedimented loess in lowlands. The
Morton Tongue represents increments of loess deposited
during the advance of glaciers to their maximum extent
and later buried by till. The Morton may locally include
minor amounts of silty lacustrine or palustrine sediment.
It can also include subfossil conifer wood (typically Picea sp.) embedded within it (Figure 3.7). Typically, the
Morton Tongue is <3.3 ft (<1 m) thick, occurring between
the Tiskilwa Formation and the Robein Member. As seen
thus far in exposures along the Sangamon River from
Mahomet Quadrangle mapping (ongoing in 2015–2016),
the Robein-Morton units occur close to or just above the

Glacial Till Deposition and Moraines During the Last
Glacial Maximum. The USRB was covered by glacial
ice of the Lake Michigan lobe during the last glacial maximum (late Wisconsin Episode) ~26 to 20 cal ka (Clark et
63

105
54

Fisher

£
¤

!

136

!

Rantoul
)
"

STOP 2

Farmer City !

!

Thomasboro

)
"

STOP 3
Lake of the Woods
! Mahomet

LUNCH

!

)
"

STOP 4 "
)
STOP 5 "
)

STOP 1

47

§
¨
¦

§
¨
¦
74

)
"

45

150

£
¤

£
¤

Champaign

72

!

10

!

)
"

§
¨
¦

Urbana

£ St. Joseph
¤
150

!

I-HOTEL

Savoy !

57

!

STOP 6

Monticello

Sidney !

130

)
"

!

!

105

Philo

Tolono

2.5

0
!

Bement

0

2.5

5 mi

5 km

Mined area

Batavia facies, Henry Fm

Batestown M., Lemont Fm

Cahokia Fm

Equality Fm

Tiskilwa Fm

Wasco facies, Henry Fm

Yorkville Mbr, Lemont Fm

Mackinaw facies, Henry Fm
Figure 3.6 Generalized Quaternary geologic map of the field trip area. Modified from Lineback (1979); Batestown
contact based on Hansel and Johnson (1996).
Figure 3.7 Subfossil Picea wood found in a small sand
lens at the top of the Morton Tongue, just below Tiskilwa
Formation till. The wood was found exposed at an outcrop
along a bank of the Sangamon River northeast of Mahomet (NE, NE, Sec. 15, T 20 N, R 7 E; Champaign County). A
radiocarbon age of 19,880 ± 110 14C yr BP was determined
on cellulose (ISGS-A3701). ISGS geologist Olivier Caron is
carrying the fossil find.
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al. 2009; Curry et al. 2011; Caron and Curry, Figure 1.5 in
this volume). During some of this period, permafrost conditions were present in central Illinois, based on the presence of ice-wedge casts and relict patterned ground (Johnson 1990). The sequence of surficial moraines in central
Illinois was formed during the last glaciation (Wisconsin
Episode) as the Lake Michigan lobe ice margin receded.
Moraines in the field trip area include parts of the Cerra
Gordo, Rantoul, Champaign, and Pesotum Moraines
(Figure 3.5). Other possible minor ice marginal positions
[moraines(?)] can be inferred from high-resolution digital
elevation maps developed from LiDAR that have become
available in the past decade. In an earlier study, Wickham
(1979) outlined details of the ice advance and retreat sequence in western Champaign County. Ice receded from
northeastern Illinois into the Lake Michigan basin about
17 to 16 cal ka at the end of the Crown Point Phase (Hansel and Johnson 1996; Curry et al. 2011).

for many decades (e.g., Krumbein 1930; Anderson 1960).
Of particular scientific interest is the chronology of deglacial flooding events in the Sangamon River valley. The
initial development of the present-day Sangamon River
valley, southwest of Mahomet, likely occurred as ice-marginal drainage to the Cerra Gordo Moraine, based on the
geomorphology (Wickham 1979) and distribution of sand
and gravel outwash deposits (Anderson 1960). Additional
outwash deposits were likely associated with proglacial
meltwaters emanating from the Champaign Moraine and
younger moraines in the USRB, such as the Illiana and Le
Roy Moraines.
Proglacial meltwater deposits in the area consist of sand
and gravel in outwash plains or fans emanating from
moraines or in valley trains (Anderson 1960). All such
glaciofluvial deposits, where coarse grained and overlying
till deposits, are classified as Henry Formation (Figures
3.2, 3.6). This unit is typically <30 ft (<9 m) thick but
may locally be up to 60 ft (18 m) thick in the area of the
active and former sand and gravel pits down-valley from
Mahomet (some of this outwash may have been deposited
during the Illinois Episode). Outwash in fans or plains
tends to be somewhat thinner and finer grained than the
valley-train outwash. Tongues of the Henry Formation
have been observed between the Tiskilwa and Batestown
tills in the Mahomet area, up to 8 ft (2.4 m) thick of poorly sorted sand and gravel. Yet in many areas of the USRB,
the Batestown-Tiskilwa contact is a till–till contact or has
only a layer of faceted pebbles or cobbles between the
two units, suggesting an erosive contact.

At least two till units are associated with the last glacial
advance and retreat sequence: the Batestown Member of
the Lemont Formation and the Tiskilwa Formation (Hansel and Johnson 1996; Curry et al. 2011). The Batestown
Member can be as much as ~75 ft (~23 m) thick, and
the Tiskilwa Formation can be >100 ft (>30 m) thick in
the region (Stumpf and Dey 2012; Stumpf and Atkinson
2015). The Tiskilwa Formation may contain an upper
member (more olive gray and sandier), known as the Piatt
Member (formerly Piatt Till Member; Wickham 1979).
At present, it is unclear whether the Piatt Member can be
differentiated reliably from undivided Tiskilwa Formation in the USRB, so only the Batestown and Tiskilwa till
units are used in this guidebook. The Batestown till limit
is coincident with the southwestern margin of the Champaign Moraine and the western margin of the Pesotum
Moraine (Figures 3.5, 3.6). The surficial till on the plain
west of the Sangamon River and southwest of the Champaign Moraine is decidedly the Tiskilwa Formation based
on its pinkish brown color, loamy texture, and very stiff
to hard consistency. The till within and inside the Cerro
Gordo Moraine has been classified previously as the Piatt
Member, Tiskilwa Formation (Wickham 1979; Hansel and
Johnson 1996), but could be lithologically gradational to
the Batestown Member. Because of the gradational changes in till lithology laterally (and sometimes vertically),
research and mapping are ongoing to determine whether
the Piatt Member is a useful classification for practical or
scientific study.

Fine-grained and stratified proglacial lacustrine deposits
(Wisconsin Episode) are classified as the Equality Formation (Hansel and Johnson 1996). Such deposits, typically
silty, have been noted in some lowlands in the region
(Wickham 1979) but are generally <13 ft (<4 m) thick.
Deposits of the Equality Formation will probably not be
seen on the field trip in core or outcrops.
Late Glacial Loess. About 3 to 5 ft (0.9 to 1.5 m) of
last glacial loess (Peoria Silt) blankets the landscape
above Batestown till, Tiskilwa till, or Henry Formation
outwash in the field trip area (Fehrenbacher et al. 1986).
This loess is somewhat similar in texture (silt loam) to
the Morton Tongue of the Peoria Silt found below the
Tiskilwa Formation. The loess was deposited by the following process: (1) strong westerly to northwesterly
winds deflated fine sediment from glacial outwash of
large valleys to the west (e.g., Illinois and Mississippi
River valleys); (2) the dust storms migrated to the east
and southeast, depositing silty sediment; and (3) forest
or grassland vegetation trapped the sediment, preventing
significant eolian reentrainment. The dust storms likely
would have occurred seasonally, typically during a dry
period in the fall when glacial meltwaters subsided but
before snow cover and freeze-up.

Deglacial Glaciofluvial and Glaciolacustrine Deposits
and Terraces. In additional to last glacial morainal
deposits, the USRB includes the Sangamon River valley
and associated terraces underlain by outwash (sand and
gravel) deposits. These outwash deposits are related to the
recession and downwasting of the Lake Michigan lobe
during the last glacial maximum. In places, they contain
economic deposits of sand and gravel that have been used
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Loess deposition in central Illinois occurred approximately during the period that ice was in Illinois, from ~30 ka
until 17 ka (calibrated years), with perhaps additional minor contributions until ~12 ka, based on regional records
(Hansel and McKay 2010). Most of the loess would have
been from silt originating from the Illinois River valley
between 25 and 17 ka, with minor contributions from the
Mississippi Valley and areas westward; however, loess
in the Morton Tongue (before river diversion at ~25 ka)
would have originated from the ancient Mississippi River
valley.

of this field trip (in collaboration with IML-CZO research;
see box below) will be to identify the thickness and character of postsettlement alluvium (PSA) in the Sangamon
Valley and small tributary valleys. In general, based on
the occurrence of fly ash particles (from anthropogenic
coal burning) and other data, the PSA thickness ranges
from 50 to 95 cm in the Sangamon Valley of the USRB
and from ~20 to 55 cm in tributary valleys of the USRB.
About half of the PSA is post-1960s deposition, based on
cesium-137 (137Cs) data that reflect fallout from aboveground nuclear tests (Andrello et al. 2003). Postsettlement
alluvium sedimentation rates were as much as 5 mm/yr in
the Sangamon Valley, similar in magnitude to some of the
annual flood deposition measurements of Arnott (2015)
discussed in Stop 6.

Holocene Alluvial History and Soil Development
In western Champaign County and eastern Piatt County
(in the USRB), upland soil profiles in loess are mainly
Mollisols, with some Alfisols, within a mile or so of the
river valley (Mount 1982; Martin 1991; Figure 3.8). Alfisols are generally indicative of native woodlands, and
Mollisols are generally indicative of native prairie vegetation (Mount 1982; Figure 3.8). Because of the thick A
horizon, the nutrient-rich parent material (loess), the silty
texture with an ideal water-holding capacity, and an adequate climate, central Illinois contains some of the best
agricultural soils in the country for crops such as corn and
soybeans (Baker and Capel 2011).

Prior Geologic Mapping
A limited amount of detailed surficial geologic mapping,
along with a number of regional geologic or hydrologic
studies, has been conducted in the Upper Sangamon River
Basin of central Illinois. Krumbein (1930) and Savage
(1931) provided some of the early reports on the geology
of Champaign County, and Anderson (1960) mapped
the sand and gravel resources. Wickham (1979) studied
the glacial geology and stratigraphy of northern and western Champaign County, with a focus on last glacial till
correlations. Kempton et al. (1991) undertook regional
framework studies in the buried Mahomet Valley, and
Soller et al. (1999) first completed regional-scale 3-D
mapping in east-central Illinois. More recently, with much
additional core data collection, Stumpf and Dey (2012)
revisited the 3-D geology of Champaign County (and adjacent counties) and reinterpreted the Pleistocene history
and stratigraphy. Detailed regional cross sections were
constructed across the buried Mahomet Valley (Stumpf
and Atkinson 2015) and provided a basis for the model.

In the Sangamon Valley and its tributary valleys, the alluvial sediment that overlies outwash or older glacial sediment is typically fine grained (silt loam to silty clay loam)
and dark brown to brownish gray. This postglacial sediment is classified as the Cahokia Formation and can be
up to 25 ft (7.6 m) thick in some areas of the Sangamon
Valley, although it is typically thinner. Its age ranges from
~12 ka to present. Post-European settlement deposition
may have been accelerated by a factor of 10 because of
agricultural practices, deforestation, construction, and other land-use changes since about 1850. One of the themes

Critical Zone Observatory
Ongoing research and mapping (since 2013) related to the Quaternary history of the Upper Sangamon River
Basin has been done in collaboration with a National Science Foundation-funded project known as the Intensively Managed Landscapes Critical Zone Observatory (IML-CZO), which is part of a network of Critical Zone
Observatories across North America. The critical zone is where rock, soil, water, air, and living organisms interact
and thereby regulate natural habitats and determine the availability of life-sustaining resources, including food
production and water quality (http://criticalzone.org). The overarching goals of the CZO program are to facilitate
interdisciplinary study of critical zone processes and evolution. The critical zone in the USRB region extends from
the top of the vegetation canopy through the soil profile to unweathered glacial sediment (unweathered bedrock
in other regions), the surficial layer critical to supporting ecosystems. The IML-CZO (http://criticalzone.org/iml/)
focuses on the agricultural landscapes of the U.S. Midwest and specifically considers how physical, chemical,
biological, and human-driven processes have shaped the landscapes, soils, and water resources of this region.
Ongoing research in the IML-CZO is examining processes of soil formation in glacial sediment and the impact of
land-use changes on soils, sediment transport and deposition, surface and groundwater flow and quality, and nutrient cycling. The examination of anthropogenic impacts requires an understanding of Quaternary geology and
geomorphology and the trajectory of landscape and soil evolution before intensive agriculture. Thus, research on
the Quaternary deposits and history of the Upper Sangamon Basin provides a critical context for the IML-CZO
project. The IML-CZO is planned as a catalyst for future studies related to the critical zone, and researchers on
the project are striving to make data readily available to the public and potential new collaborators.
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Figure 3.8 Typical Alfisol (top left) and
Mollisol (top right) soil profiles in the
Upper Sangamon River Basin. The Alfisol, a native woodland soil profile with
an E horizon, is from an inactive sand
and gravel pit exposure in the Sangamon Valley southwest of Mahomet.
The Mollisol, a typical local prairie soil
profile, is from a basement excavation
in a subdivision on the Champaign
Moraine about 1 mi (1.6 km) east of the
Sangamon Valley and between Illinois
Route 150 and I-74. The map (right)
shows Illinois land cover (vegetation
type) during the early 1800s in the field
trip area, based on public land surveys
between 1804 and 1843 (Illinois Natural History Survey 2003).
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Recently, surficial geology quadrangle mapping (1:24,000
scale) has been completed in northeastern Champaign
County in the Gifford and Rantoul Quadrangles (Stumpf
2010, 2014) and is ongoing in the Mahomet Quadrangle,
Champaign and Piatt Counties. A hydrologic 3-D model
of a complex buried deglacial unit (Illinois Episode) in

central Illinois was studied as part of a recent master’s
thesis (Atkinson et al. 2014). The mapping projects have
accelerated understanding of the sedimentological, stratigraphic, and geomorphic complexities resulting from
multiple glacial–interglacial cycles.
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• Optically stimulated luminescence (OSL). Optically
stimulated luminescence methods have been utilized
for older (pre-Wisconsin Episode) units in Illinois
(Webb et al. 2012; Berg et al. 2013) or younger units
without datable carbon material (Stops 3 and 4). This
method is not reliable for pre-Illinois Episode units,
and analysis can be difficult for Illinois Episode units,
particularly fine-grained units.

METHODOLOGY
Material Characterization
and the Stratigraphic Framework
The characterization of till units includes determining the
lithologic heterogeneity from natural gamma ray logs,
particle-size distribution, geochemistry (<2-mm fraction),
clay mineralogy (<2-μm fraction), and clast lithology.
Shifts in the mineralogical and engineering properties of
till units are typically related to either textural changes or
glacial incorporation of a contrasting substrate. Listed below are a few of the methods utilized:

• Amino acid racemization. Amino acid racemization
has been utilized for age dating fossil mollusk shells
and thereby distinguishing Wisconsin, Illinois, and
pre-Illinois Episode units in Illinois (Grimley and
Oches 2015). Numerical age dates require some
assumptions to use a parabolic age model. The results
are reasonably consistent and useful for correlations
and age dating but are not terribly precise (±20% or
more for older units). The best results were with
glutamic and aspartic acids. A limited amount of data
has been collected in the USRB (Miller et al. 1992;
Stumpf and Dey 2012).

• Particle-size analyses. Standard hydrometer methods
(based on settling in a water column) were used to
measure the <63-μm fraction, and wet sieving was
used to determine the sand and gravel fractions.
• Clay mineralogy. Semiquantitative clay mineralogy
analysis was based on peak heights and peak intensity
factors (Hughes et al. 1994).
• Magnetic susceptibility. Magnetic susceptibility
(MS) was measured in the laboratory on some drill
core samples to aid with glacial sediment correlations. It was also measured on Holocene alluvial samples collected from shallow hand augers or outcrops.
A Bartington MS meter with an MS2B attachment
was used on dried sediment samples. Measurements
(in SI units) were averaged from two readings in
small plastic cubes and normalized to mass by using
the following formula: final MS = [10 × (MS1 +
MS2)/mass]. The final MS is in units of 10−8 m3/kg,
and the mass in the formula is in grams.

Postsettlement Alluvium Characterization
• Fly ash. The proportion of magnetic fly ash in siltsize (10- to 60-µm) magnetic fractions was determined by magnetic extraction and then viewing with
a ~150× power binocular microscope in reflected
light. The silt-size magnetic fly ash is highly spherical in shape. Fly ash is formed from coal-burning
processes (locomotives, steam farm equipment,
power plants, etc.), which began with European settlement in the mid-1800s. Fly ash particles solidify
during rapid cooling following high-temperature
combustion and are then released into the atmosphere
with flue gases (in the absence of particulate matter
pollution controls). Thus, the presence of fly ash in
alluvial samples can aid in delineating PSA from presettlement alluvium.

• Natural gamma logging. Logging of natural gamma
radiation (and sometimes other geophysical parameters) in deep boreholes has been ongoing at the
Illinois State Geological Survey (ISGS) for the past
several decades. The gamma logs are of significant
help in interpreting the geologic record in boreholes
where sediment sampling is lacking or incomplete.

• Cesium-137. Isotopes of 137Cs were artificially
produced by uranium-235 (235U) and the plutonium-239 (239Pu) nuclear fission process. They are
detected in greater amounts in the Northern Hemisphere, where most aboveground nuclear tests were
conducted in the mid-20th century. Because of its
occurrence in clay and organic matter in surficial
materials, 137Cs can be used to evaluate post-1960s
soil erosion (Andrello et al. 2003) or alluvial accumulations.

Glacial Chronology
• Radiocarbon (14C) dating. Radiocarbon dating of
organic material was utilized to understand the chronology of last glacial (Wisconsin Episode) and Holocene deposits. Subfossil wood, charcoal, and gastropod shells were radiocarbon dated at several different sites with ages presumed younger than the ~50
ka limit for this method.

• Particle size, clay mineralogy, and magnetic
susceptibility. See the Material Characterization
section.
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GUIDE TO THE ROUTE AND STOP DESCRIPTIONS
STOP 1: Sunset Ridge Park (moraine viewing) (latitude 40.132°, longitude –88.312°)
David A. Grimley, Christopher J. Stohr, and Nicholas P. Schneider
Getting to Stop 1: Sunset Ridge Park
Distance (mi)

Directions

0.3

From the I-Hotel and Conference Center (1900 South First Street in Champaign), head north on South
First Street toward St. Mary’s Road.

4.0

Turn left onto West Kirby Avenue.

2.3

Turn right onto South Staley Road.
Turn right onto Boulder Ridge Road. Sunset Ridge Park is on the immediate left.

Site Geomorphology and Geology

Champaign Landfill History

Christopher J. Stohr and Nicholas P. Schneider

This view stop, on the northern end of the Pesotum Moraine, features a view of the flat till plain to the west and
of the northwest–southwest-oriented Champaign Moraine.
The Champaign Moraine stands in relief above the slightly older Pesotum Moraine and extends from areas south of
downtown Champaign (including the I-Hotel and Conference Center) northwest to the Mahomet area and beyond.
From this vantage point, we can see the approximate intersection of the Pesotum and Champaign Moraines. From
digital elevation maps (Figures 3.5, 3.9), it is clear the
glacial ice had once flowed locally more westerly in a lobate form (to the recessional Pesotum Moraine), followed
by later ice flow southwesterly in a less lobate form to the
more prominent Champaign Moraine.

The nearby former Champaign Municipal Landfill [~1.9
mi (~3 km) north of Sunset Ridge Park; Figure 3.9] is
located on the crest and frontal portion of the Champaign
Moraine, just north of Illinois Route 150. This reclaimed
landfill, now well covered and vegetated, is currently
a model airplane park. The landfill was typical of the
~3,000 older unlined landfills in Illinois that were constructed without leachate catchment (Stohr 1996). The
Champaign landfill was of the trench-and-fill type (Illinois State Geological Survey 1977), whereby a bulldozer
or other such equipment excavated a trench and filled it
with waste (sometimes compacted or burned to reduce
volume); the excavated material was used for daily cover
(Figure 3.10). Typically, this type of landfill had problems
with final cover of the wastes.

Both moraines contain the Batestown Member, Lemont
Formation till as the surficial unit [below ~3 ft (~1 m)
of loess cover]. At excavation sites within ChampaignUrbana, including on the University of Illinois campus,
two tills of similar Batestown Member lithology (tan to
gray loam diamictons) have been documented as being
separated by thin sand and gravel. It seems likely that
the upper till could be related to the Champaign Moraine
and the lower till to the Pesotum Moraine (or perhaps the
Cerra Gordo Moraine). Immediately below these two tills
is the slightly pinkish brown (or pinkish gray) Tiskilwa
Formation, a till that relates to the terminal Wisconsin
Episode moraine.

The original ~3-ft (~0.9-m) sediment cover of the landfill
was relatively permeable and generally not compacted to
modern standards, probably by tracking of a bulldozer.
Thus, surface infiltration added to the liquid that was
already part of the waste and the decomposition process.
Leachate volume was also likely increased by groundwater seepage from the surrounding formation into the buried waste. This buildup of leachate creates hydraulic head
that can overcome the integrity of the landfill structure
and, depending on the underlying and surrounding sediment character, can create future problems.

From this location at Sunset Ridge Park, and for several
miles westward underneath the till plain and Champaign
Moraine, is a portion of the buried Mahomet Valley and
the Mahomet aquifer. Several deep water wells that supply drinking water to the towns of Champaign and Urbana
are located west of this stop. The water treatment plant,
completed in 2009, is a few miles west of this point as
well.

This type of landfill depended primarily on absorption of
cations onto clay minerals in glacial sediments and the
general low hydraulic permeability of unfractured, clayey
glacial till to prevent the release of unwanted constituents
of concern. This expectation came from column experiments that anticipated diffuse hydrology through the sediments. In practice, leachate fluids can escape the trenches
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Figure 3.11
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Figure 3.9 Location map for Stop 1 showing
the intersection of the Pesotum Moraine (older)
Quantum Spatial (formerly Aerometric, Inc.), Illinois State Geological Survey, Illinois
and Champaign Moraine (younger). Elevations
are
based on USACE
2008 LiDAR data (http://clearingDepartment
of Transportation,
house.isgs.illinois.edu). The area of the Champaign Municipal Landfill is outlined in yellow.
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(largely glacial tills)

Figure 3.10 Typical construction of pre-1990s landfills. Adapted from Illinois State Geological
Survey (1977).
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through interconnected fractures in the upper sediments
between trenches. The City of Champaign operated the
landfill for the disposal of municipal solid waste from approximately 1966 to 1975; the last waste receipt was accepted in 1976. We received some anecdotal information
that waste was being delivered to the site before 1966,
and some evidence of this was discovered during the emplacement of a new cover. Monitoring wells at the south
end of the landfill became contaminated, and the Illinois
Environmental Protection Agency ordered the City of
Champaign to remediate the site. The Champaign Municipal Landfill was placed on the Illinois State Remedial Action Priority List in 1990, but the city conducted a formal
remedial investigation that demonstrated the landfill did
not pose a threat to public health or the environment. The
Illinois Environmental Protection Agency did, however,
require the city to formally close the landfill in accordance

with the applicable regulations at the time, and the city
prepared a Closure–Postclosure Care Plan. The major
element of the Postclosure Care Plan was the installation
of a new cover to ensure that no less than 2 ft (0.6 m) of
compacted Batestown till formed a barrier between the
surface and any buried waste. In addition, 6 in. (15 cm) of
soil completed the cover to allow for seeding, essentially
of prairie vegetation. This installation has reduced surface
infiltration and the additional accumulation of leachate
within the buried waste. For many years now, both preceding and following the installation of the new cover, the
Champaign County Radio Control Club has maintained
a model airplane facility (Figure 3.11) through an agreement with the City of Champaign and is a good example
of practical postclosure use of a closed landfill. The landfill was certified as closed as of 2002 and will maintain
regulatory monitoring practices through at least 2017.

Color IR

LiDAR

Landfill

Landfill

0
0

1,400 ft
400 m

Figure 3.11 Hillshade rendering of LiDAR elevation data (left) and color infrared (IR)
aerial photography (right) of a closed landfill complex near Champaign, Illinois (2011
data courtesy of the Illinois Department of Transportation). The runway and shelter of
the radio-control airport lie above the former trench-and-fill landfill. The new imagery
supplements field inspections for postclosure monitoring and maintenance of the landfills.
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STOP 2: Sangamon River Forest Preserve (Champaign County) (latitude 40.280°, longitude
–88.348°)
Alison M. Anders and Andrew J. Stumpf
Getting to Stop 2: Sangamon River Forest Preserve (2797 County Road 600 East, Fisher, Illinois)
Distance (mi)

Directions

2.0

Turn right onto Staley Road.

3.2

Turn left (northwest) onto U.S. Route 150 West.

1.9

Turn right onto County Road 525 East/South Prairie View Road.

0.6

Continue on to Fogel Road (right bend in road).

0.8

Turn left onto County Road 600 East.

0.3

Turn right onto County Road 2425 North.

3.5

Turn left onto County Road 600 East. The Sangamon River Forest Preserve is on the left.

land vegetation before European settlement and clearing
of the land for agriculture in the late 1800s. Large-scale
agricultural drainage operations (or ditching) occurred in
the 1880s along Wildcat Slough and nearby Big Ditch,
formerly known as Big Slough (Bogue 1951). The ditches
were as much as 6 to 8 ft (1.8 to 2.4 m) deep and 40 ft (12
m) wide, and contained a number of smaller branches,
some up to 15 to 20 mi (24.1 to 32.2 km) in length (Bogue
1951). Small sand and gravel pits have operated in the
area on former terraces near the confluence of Wildcat
Slough and the Sangamon River. They are now located in
the park area and have been partially reclaimed. Deposits
of gravelly sand formerly exposed were up to 27 ft (8.2
m) thick (Krumbein 1930; Anderson 1960) and were interpreted as eskerine (Krumbein 1930) or of valley-train
origin (Anderson 1960).

Site Overview
The location of this park includes the confluence area
of Wildcat Slough, a significant tributary, and the Sangamon River (Figure 3.12). We plan to stop at a parking
area southeast of the confluence to examine a deep core
(to bedrock) from the west side of the Sangamon River
[~0.5 mi (~0.75 km) northwest of the parking area]. The
Pleistocene sediment record in this core (Figure 3.13) is
rather typical for this portion of the buried MBV. We will
also discuss the land-use history of the park. Finally, we
will walk ~0.25 mi (~0.4 km) along the roadside, over
two bridge crossings, to discuss a source-tracing study of
suspended sediment in Wildcat Slough.
The Sangamon River Forest Preserve (Champaign
County) in Fisher, Illinois, is 160 acres (~65 ha) and is
visited for hiking, bird watching, fishing, and picnicking. In 2008, the district purchased the site from Ron and
Karen Cook with grants from the Illinois Clean Energy
Community Foundation and the Illinois Department of
Natural Resources. The property also contains the Cooks’
two-story house and outbuildings. The Preserve’s Lincoln
ash, a green ash (Fraxinus pennsylvanica), is one of the
largest ash trees in Illinois. The Preserve also features
groves of large bur oak (Quercus macrocarpa) and white
oak (Quercus alba) trees, some more than 200 years old
with circumferences of more than 13 ft (4 m; Dan Olson,
Champaign County Forest Preserve District, personal
communication, 2015). The large oaks are scattered both
along the Sangamon River and in clusters on an upland
savanna, providing a living link to the presettlement landscape. Prairie restoration is ongoing on parts of the Preserve. One large Q. alba can be viewed as we walk along
the road.

Deep Sediment Core in the
Mahomet Bedrock Valley
Andrew J. Stumpf
A continuous sediment core (Figure 3.13) was collected
as part of a regional geological and hydrogeological study
of the Mahomet aquifer in Champaign (Stumpf and Dey
2012). The borehole CHAM-08-09A (latitude 40.2816°,
longitude –88.3557°) was drilled in 2008, before prairie restoration, on cultivated land owned by the Forest
Preserve. The site lies on a slight break in the morainal
slope above and west of the Sangamon River floodplain.
A groundwater monitoring well was installed in the borehole, which is used to record continuous measurements
of water levels in the Mahomet aquifer. At the same time,
three other boreholes were drilled, and monitoring wells
were installed to record water levels in the deep aquifers
and surficial aquifers. The U.S. Geological Survey is collecting measurements of the water level in the Mahomet
aquifer and the local water table as part of the National
Groundwater Monitoring Network and is making them
available in real time at http://groundwaterwatch.usgs.

Postsettlement History
According to soil type (Alfisols) and native vegetation
maps (Figure 3.8), this area within ~0.6 to 1.2 mi (~1 to
2 km) east of the Sangamon River was originally wood-
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Figure 3.12 Location map for Stop 2 showing where we will stop within the park,
the location of deep core CHAM-08-09A, and the bridge crossing Wildcat Slough,
where we will walk for discussion.

gov/countymap.asp?sa=IL&cc=019. In 2014, IML-CZO
researchers chose this site as a superstation to characterize the near-surface groundwater. Two new wells were
installed to monitor groundwater within 12 ft (3.7 m) of
the surface. Lysimeters, moisture probes, and a weather
station have been installed to collect additional data on
site conditions.

Illinois Episode sediments are interpreted as being from a
single glacial advance, with units dominated by diamicton
classified as the Vandalia Member, Glasford Formation
and glaciofluvial sand and gravel classified as the Pearl
Formation (Stumpf and Dey 2012). The Vandalia can be
subdivided into a subglacial facies (lower unit) and a deglacial facies (upper unit; cf. Atkinson 2011; Atkinson et
al. 2014). Although the MBV was mainly buried prior to
the Illinois Episode, deposition of the Vandalia Member
essentially buried surficial expression of the paleo-valley.
Discontinuous deposits of glaciofluvial sediment (Pearl
Formation) are incised into the surface of the upper Vandalia unit.

The sediment observed in the core (Figure 3.13) is characteristic of the geology found along the deepest channel
of the MBV in east-central Illinois. Thick glacial outwash
(Mahomet Sand Member) is the most significant deposit.
Below the Mahomet Sand is fossiliferous preglacial alluvium (Dewitt facies, Canteen member) that records a
time when the river valley had a bedrock channel with
exposures of Paleozoic rocks on bluffs and in tributaries
(similar to areas of unglaciated Missouri and Kentucky
today). Above the Mahomet Sand Member are discontinuous till, fine-grained proglacial sediment, and interglacial
deposits (Figures 3.13, 3.14). The paucity of pre-Illinois
Episode deposits above the Mahomet Sand suggests that
significant erosion by water and ice occurred during the
early Illinois Episode or perhaps the interglacial Yarmouth
Episode (Stumpf and Dey 2012).

During the advance of glaciers in the last glaciation (Wisconsin Episode), meltwater flowing from an advancing
Tiskilwa ice margin deposited well-sorted sand and gravel
(Ashmore Tongue). Delineation of this unit from the Pearl
Formation is estimated from its texture and gamma-log
characteristics. Fluvial processes served to erode the
last interglacial (Sangamon) paleosol, which marks the
boundary between Illinois and Wisconsin Episode units.
The Tiskilwa Formation and Batestown Member till units
overlie the Ashmore and older deposits (Figures 3.13,
3.14). These are the surficial tills in the east-central Illinois field trip area. The modern soil is developed in thin
loess (not shown) and the Batestown Member till. Deposits and processes of the last glaciation formed the land-

A thick package of diamicton and associated meltwater sediment of the Illinois Episode lies above the older
proglacial sediment and tills (Figures 3.13, 3.14). These
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Figure 3.13 Geological and geophysical log of Quaternary sediments in borehole CHAM-08-09A (location in
Figure 3.12), drilled to bedrock. Saturated sand and gravel below ~200 ft (~60 m) in the Mahomet Bedrock Valley compose the Mahomet aquifer. The full geologic log and associated geophysical data (API 120192642900)
can be obtained from the ISGS Geological Records Unit or from the ILWATER website (https://www.isgs.illinois.
edu/ilwater).
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Figure 3.15 A typical ditched portion of Wildcat Slough is shown on the left. Note the spoil pile on the
left bank preventing overland flow from entering the ditch. The right panel shows channel traces from
aerial photography superimposed on the 2004 aerial photograph of the meandering reach of Wildcat
Slough. Significant channel changes in Wildcat Slough are observed only in this section. The right panel
is from Neal and Anders (2015); used by permission of the Journal of Soil and Water Conservation.

scape observed today, with the exception of the younger
Sangamon River floodplain and tributary valleys.

stream banks) were used to attribute suspended sediment
samples collected from the stream to specific sources. A
suite of tracers [δ13C, phosphorus (P), magnesium (Mg),
manganese (Mn), and carbon (C)] were found to differ
significantly between the potential sediment sources. According to this analysis, the majority of suspended sediment was sourced from channel banks (40% to 65%) and
forest located within the meandering reach (35% to 55%),
and very little was derived from the agricultural uplands
(10% or less). These results suggest a very strong disconnection between uplands and channelized ditches that
prevents sediment from the field reaching the channel.
Instead, near-stream and in-stream processes of channel
migration provide the majority of the suspended sediment
to this stream. This finding has implications for management practices designed to limit suspended sediment
transport as well as the transport of sediment-bound nutrients. Work is ongoing in the Sangamon River Basin to
identify sediment sources in other areas, and preliminary
results support the conclusion that near-channel sources of
sediment, including banks and floodplains, predominate in
some areas.

Source-Tracing Study
Alison M. Anders
As part of the IML-CZO project, a study was conducted
to identify the current sources of suspended sediment in
Wildcat Slough, a tributary of the Sangamon River (Neal
and Anders 2015). The overwhelming majority of the
basin area is in row crops (>99%), and most of Wildcat
Slough has been channelized and is periodically dredged
(Figure 3.15). Dredged sections of the channel typically
have artificial levees where spoil has been left at the channel margin. These levees disconnect the uplands from the
channelized reaches because overland flow cannot enter
the channel directly. A short reach at the mouth of Wildcat
Slough is allowed to freely meander, and some channel
migration has been observed since 1940 (Figure 3.15).
Chemical differences in sediment derived from different
land-use types (row-crop agriculture, cow pastures, grasslands, forests) and geomorphic features (floodplains and
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STOP 3: Phillippe Creek Section (latitude 40.224°, longitude –88.352°)
David A. Grimley, Jia J. Wang, and Sebastien Huot
Getting to Stop 3: Phillippe Creek Section (2417 County Road 600 East)
Distance (mi)

Directions

3.5

Head south on County Road 600 East.

0.3

Turn right onto County Road 2425 North.

0.2

Turn left onto County Road 600 East (on the right).

Below is a description of FA-11a by D. Grimley and
J. Wang (March 2015):

Site Overview
The Phillippe Creek section is a small exposure along
cutbanks within its floodplain (Figures 3.16, 3.17a). The
section is up to ~100 ft (~30 m) in length, but its exposure
quality varies seasonally, depending on the river level
and the presence of slumps. The purpose of this stop is to
view and discuss the history of PSA, but the context of
the overall site geology will also be mentioned.
The total height of the section bank is ~6 ft (~2 m), and
the base of the section includes a lag of stony outwash
over subglacial till (Batestown Member). The Batestown
till was found only in the creek bed (during a dry period)
and is a compact, gray (2.5Y 4/1), calcareous, very stiff,
pebbly loam diamicton. The overlying outwash is ~4 in.
(~10 cm) thick and is basically a gravel lag that contains
various types of pebbles (up to a few inches in diameter)
that are mainly sedimentary, with common dolomite and
some erratics. Above the outwash is ~3.3 ft (~1 m) of a
softer, darker (10YR 3/1), more sandy (sandy loam), noncalcareous, and more weathered diamicton (in comparison
with the Batestown subglacial till). This diamicton, with
a few small glacial erratics, is interpreted as weathered
colluvial material, most likely from postglacial slumping
of till or other mass wasting processes as the narrow valley of Phillippe Creek widened. The lack of a loess cover
suggests a Holocene age of deposition, perhaps as young
as late Holocene. The diamicton also has evidence of a
dark A horizon development in a relatively poorly drained
environment. The weathered diamicton is overlain by ~18
cm of dark brown to gray silty alluvium. Above this basal
alluvium is ~22 cm of fine to medium sand that is stratified to cross-bedded. The thickness of this unit thickens
and thins laterally and appears to pinch out downstream.
Near the area of pinch-out, the sand is interfingered with
finer grained alluvial layers (Figure 3.17b). The sand is
exposed along the cutbank for at least 100 ft (30 m) and,
where best exposed and thickest, was sampled for OSL
dating (see below). Above this sand is another 50 cm of
fine-grained Cahokia alluvium. The lack of loess cover
and the landscape position in the floodplain indicate a
Holocene age.

0–50 cm
		
		

Cahokia Fm; silt loam; very dark grayish brown
alluvium (10YR 3/1–3/2); very soft [0.5 tsf
(tons/ft2) PSA]

50–72 cm
		
		

Cahokia Fm; fine to medium sand, moderately
sorted, some beds of silt loam to loam that are
interstratified; very soft (0.5 tsf)

72–90 cm
		
		

Cahokia Fm; sandy loam to loam, basal
alluvium, some thin beds of fine to medium
sand, soft (1.0 to 1.5 tsf)

90–190 cm
		
		
		
		
		

sandy loam to silty clay loam diamicton;
medium consistency (1.5 to 3.0 tsf); 10YR 3/1 to
2.5Y 4/1 (very dark gray to dark gray). Various
pebbles of shale, chert, sandstone, granite. Fairly
massive. Contains a buried Holocene cumulic
soil [debris flow or supraglacial till]

190–200 cm gravel; dolomite common, includes mainly
		
sedimentary with some igneous clasts; outwash,
		
lag on subglacial till surface
>200 cm
		

Batestown Member, pebbly loam diamicton,
subglacial till, calcareous

Fly Ash Testing of Postsettlement
Alluvium (Site FA-11a)
The upper meter of alluvium (Cahokia Formation) was
sampled in 10-cm vertical increments to determine the
proportion of fly ash (from coal burning) in the silt-size
magnetic fractions and thus estimate the thickness of
PSA. Magnetic susceptibility (<2 mm) was also measured. Two sites (FA-11a, FA-11b) were sampled <100
ft (<30 m) apart to check for local variability. Both sites
were exposed more clearly by excavating the eastern
stream bank with picks and shovels. The fly ash record
suggests that the PSA layer is about the upper 50 cm in
FA-11a (Figure 3.18), based on an increase in the proportion of magnetic fly ash particles above this depth. Cesium-137 activity above a background level was found only
in the upper two samples, indicating that the upper 20 cm
was deposited since the 1960s, in about 50 yr. Magnetic
susceptibility values also increase at the presettlement–
postsettlement boundary, with values mainly <15 × 10−8
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Figure 3.16 Location map for Stop 3 showing the location of Phillippe Creek,
a small tributary to the Sangamon River valley.
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Figure 3.17 Photograph of Holocene sediments exposed along a small cutbank into
the floodplain of Phillippe Creek. Panel a
shows the location of sections sampled for
fly ash (Figure 3.18) and associated data
(FA-11a, FA-11b). The contact between
Cahokia alluvium and colluvial diamicton is
shown. Panel b is a close-up of the alluvial
deposits; the sandy layer approximately
marks the base of postsettlement alluvium
and was dated by OSL methods. The field
pick is 17 in. (44 cm) long.
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Figure 3.18 Proportion of fly ash (spherules) in the 10- to 60-µm magnetic fraction,
magnetic susceptibility (MS), and grain size of Holocene alluvium and colluvium at
site FA-11a. The sediment sampled for OSL ages was taken from the middle of the
sandy alluvium.

m3/kg below the contact, even in the finer grained alluvium below the sand. Higher MS values in the PSA are
suggestive of enhanced topsoil erosion during agricultural
or other land clearing; topsoil tends to have higher MS
values than subsoil material, mainly because of microbial
neoformation of ultrafine ferrimagnetic minerals (Blundell
et al. 2009) and, to a lesser extent, because of fly ash additions (Grimley et al. 2004).

OSL Chronology
Sebastien Huot

Two samples were retrieved on May 29, 2015, in opaque
PVC and metallic tubes from the Phillippe Creek (sites
FA-11a and FA-11c) section. The samples were designated FA-11a (ISGS 357) and FA-11c (ISGS 356). Both
samples were in fine to coarse sand layers that were relatively thin (33 to 45 cm) and bounded by compositionally
different units. Representative portions of sediment were
retrieved from units above and below the OSL sampling
tube for dose rate purposes. For age calculations, we attributed conservative values of water content of 5 ± 5%.
Optically stimulated luminescence dating was based on
quartz grains in the 150- to 250-μm grain-size range. Uncertainties are reported at a 1σ significance, providing a
level of confidence of approximately 67%. Both samples
were found to be poorly bleached at deposition. Thus, the
best estimates of age presented in Table 3.1 relied on the
minimum age model. The results imply the sand was deposited during the mid to late 1800s (Figure 3.18).

Although the PSA is rather thin at this location, compared
with typical thicknesses of ~60 to 80 cm of PSA in the
Sangamon Valley, the proportion of Holocene alluvium
that is represented by PSA is rather large (~50%). The rate
of alluvial deposition was thus likely greatly accelerated
during the post-European settlement period (after 1850)
because of agricultural practices and clearing of the native
vegetation. It is unclear whether the sandy layer from 50
to 72 cm is related to early settlement ditching, devegetation, or construction of some sort that may have changed
the fluvial regime. However, the timing of the sand deposition seems to correspond to the time of the first settlement and first significant land clearing in the area (mid to
late 1800s).
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Table 3.1 Optically stimulated luminescence dating of the sand layer (within the Cahokia Formation) at the Phillippe Creek
section
Sample

ISGS code

Equivalent
dose (Gy)

Dose rate
(Gy/ka)

Age (yr)1

p (%)2

n (accepted/total)

FA-11a

357

0.222 ± 0.003

1.44 ± 0.08

148 ± 15

26

52/72

FA-11c

356

0.223 ± 0.019

1.50 ± 0.09

155 ± 10

65

48/72

Minimum age model using quartz grains.
2
p represents the proportion of grains that were completely bleached before burial.
1

LUNCH: Lake of the Woods Forest Preserve (picnic near the Grand Prairie Museum)
(latitude 40.204°, longitude –88.394°)
Getting to Lake of the Woods Forest Preserve (109 South Lake of the Woods Road, Mahomet, Illinois)
Distance (mi)

Directions

0.2

Head north on County Road 600 East toward County Road 2425 North.

0.3

Turn left onto County Road 2425 North.

0.8

County Road 2425 North turns slightly right and becomes County Road 550 East.

2.0

County Road 550 East turns slightly left and becomes County Road 2500 North.

2.2

Turn left onto Illinois Route 47 South.
Turn left onto Lake of the Woods County Park Road. Park near the picnic area.

STOP 4: River Bend Forest Preserve Area (Champaign County)
David A. Grimley, Andrew J. Stumpf, Xiaodong Miao, Jia J. Wang, and Sebastien Huot
Getting to STOP 4: River Bend Forest Preserve (1602 Mid America Road, Mahomet, Illinois)
Distance (mi)

Directions
Head northwest on Lake of the Woods County Park Road toward Illinois Route 47 South.

1.1

Turn left onto Illinois Route 47 South; continue to follow Illinois Route 47 South.

0.3

Turn right onto East Oak Street.

1.2

Turn left to continue on Illinois Route 47 South.

1.5

Turn right onto Mid America Road.

~0.5

Turn right at County Road 150 East into the River Bend Forest Preserve. Proceed to the end of the
park road to the log by the lake.

through the Holocene alluvial sequence, and (2) Stop 4b
is the last glacial sand and gravel deposits in an active pit
on the outwash terrace. This general area now contains
two active pits for mining sand and gravel and several reclaimed areas of former mining. The terrace area has been
mined for many decades, since the early 20th century
(Krumbein 1930; Anderson 1960). The sand and gravel
pits occur on a late glacial terrace (outwash fan or valley
train) southwest and down-valley of the Champaign Moraine and marginal to the Cerra Gordo Moraine (Figure
3.19). The Sangamon River and its valley run parallel to
the terrace and expose its sediments locally at some of the
cutbanks.

Site Geomorphology and Geology
The River Bend Forest Preserve, established in 2006, is a
280-acre (111-ha) site consisting of 130 acres (53 ha) of
clear water in two lakes, restored areas of prairie, and 2.5
mi (4 km) of forest along the Sangamon River. The park
features a 1-mi (1.6-km) nature trail, a 1.2-mi (1.9-km)
multi-use trail, and a 420-ft (128-m) universally accessible fishing pier. The lakes, remnants from former sand
and gravel mining, are the largest in Champaign County,
Illinois.
This stop consists of two sites: (1) Stop 4a is on the
Sangamon Valley floodplain, where one deep hole was
drilled to bedrock and two shallow boreholes were drilled
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Figure 3.19 Location map for Stops 4a and 4b showing the locations of deep and
shallow stratigraphic test cores (Figures 3.20, 3.21), former sand pits, and active sand
pit exposure with respect to the Cerra Gordo and Champaign Moraines and proglacial
outwash plain.

STOP 4a: Deep Sediment Core (latitude 40.1849°, longitude –88.4242°)
Andrew J. Stumpf and David A. Grimley
Sediment cores were collected from borehole CHAM-0706A in 2007 (Figure 3.20), drilled on the edge of the Sangamon River floodplain. Similar to the Sangamon River
Forest Preserve core at Stop 2 (Figure 3.13), extensive
preglacial, pre-Illinois, and Illinois Episode deposits of
sand and gravel were encountered in this deep borehole.
This borehole now has a groundwater monitoring well
screened in the Mahomet aquifer. A second shallower
borehole was also drilled onsite as a groundwater monitoring well in the upper unit of the Vandalia Member. In
core CHAM-07-06A, the basal package of preglacial and
glacial sand and gravel is thicker and the overlying subglacial till (lower unit) of the Vandalia Member is thinner

than in borehole CHAM-08-09A (Stop 2). The late-glacial
Sangamon River and modern Sangamon River have excavated the Wisconsin Episode tills (Tiskilwa Formation,
Batestown Member), which has greatly affected the local
hydrology. A thin cover of Holocene alluvium and late
glacial outwash is found in the upper 30 ft (9 m). A recent
radiocarbon date on a Pleurocera acuta (aquatic gastropod) shell at a depth of ~14 ft (~4.3 m) was found to be
~4,500 14C yr BP or ~5,100–5,200 cal yr BP (Table 3.2).
Because of some overlying fill material, this fossil gastropod occurs ~8 ft (~2.4 m) below the floodplain.
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0

0

Natural gamma radiation
(counts/second)
50

CHAM-07-06A
100

Hudson Episode (Holocene)

(land surface elevation: 676 ft)
clayey silt, loam, and fine sand
(Cahokia Fm)
sand and gravel (Henry Fm)

Wisconsin Episode

50

sand and gravel (Pearl Fm) with
beds of silt and diamicton
(Vandalia Member [upper unit],
Glasford Fm)

100
glacial till; loam; grayish brown
(Vandalia Member [lower unit],
Glasford Fm)

Depth (ft)

Illinois Episode

150

sand and gravel
(Grigg tongue 2, Pearl Fm)
200

250

sand and gravel
(Mahomet Sand Member
[upper and lower unit],
Banner Fm)

pre-Illinois Episode

sand with shells (Canteen mbr
[Dewitt facies], Banner Fm)
black shale (Upper Devonian)

300
Paleozoic bedrock

Figure 3.20 Geological and geophysical log of Quaternary sediments in borehole CHAM-0706A (location in Figure 3.19), drilled to bedrock. Saturated sand and gravel below ~200 ft (~60
m) in the Mahomet Bedrock Valley compose the Mahomet aquifer. The full geologic log and
associated geophysical data (API 120192635400) can be obtained from the ISGS Geological
Records Unit or from the ILWATER website (https://www.isgs.illinois.edu/ilwater).

Table 3.2 Radiocarbon ages and isotopic signatures of Pleurocera acuta shells from
cores MHT-1, MHT-2, and CHAM-07-06A in the Sangamon River floodplain near
Mahomet, Illinois (River Bend Forest Preserve)1
Depth, ft (m)

δ13C

δ18O

MHT-1

7.8 (2.4)

−8.5

−5.0

A3523

MHT-1

8.2 (2.5)

−7.4

−4.6

5,145 ± 30

A3524

MHT-1

9.2 (2.8)

−4.6

−3.1

5,830 ± 30

A3525

MHT-2

7.2 (2.2)

−5.8

−4.5

5,655 ± 30

A3757

CHAM-07-06A

14.0 (4.3)

−7.0

−4.7

4,485 ± 20

ISGS lab no.

Site name

A3522

14

C yr BP, mean ± SD2
4,970 ± 25

All gastropod samples are from a fossiliferous loamy sand in the lower Cahokia Formation.
A half-life of 5,568 was used for age calculations. Radiocarbon ages are reported as BP (before
present, defined as before 1950). Analyst: Hong Wang.

1
2
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STOP 4a: Shallow Test Cores, Sangamon River Floodplain (latitude 40.188°, longitude –88.423°)
David A. Grimley and Jia J. Wang
In summer 2015, two shallow stratigraphic test holes were
drilled in the Sangamon River floodplain (1) to determine
the thickness of PSA in the context of the entire Holocene
alluvium package, and (2) to view older glacial materials in the subsurface. The test holes were 29 ft (8.8 m;
MHT-1) and 24 ft (7.3 m; MHT-2) deep and were drilled
about 50 ft (15 m) apart, with MHT-2 to the northeast and
slightly closer to the Sangamon River. The approximate
surface elevation at both drill sites is about 671 ft (205 m)
asl.

tropod) from MHT-1 and MHT-2 ranged between ~5,000
and 5,900 14C yr BP (Table 3.2) or ~5,700 to 6,500 cal yr
BP. Some hard water effect, caused by the incorporation
of old carbon, is possible, but it is probably a <1,000-yr
effect based on other regional age dating of aquatic Pleistocene shells compared with wood (Grimley, unpublished
data). The occurrence of P. acuta, along with Gyraulus sp.
and Pisidium sp., is consistent with a freshwater aquaticfluvial environment. In modern environments, P. acuta are
preferentially found in slowly flowing streams that have
an alkaline or sandy substrate (Houp 1970), consistent
with the moderately sorted loamy sand to gravelly sand
in which they were found in cores MHT-1 and MHT-2.
A fining-upward sequence occurs above the mollusk-rich
bed such that the upper 7 ft (2.1 m) of the sequence is the
typical dark grayish brown silt loam to silty clay loam alluvium (Figure 3.21) that occurs in the Sangamon River
floodplain and is exposed along many cutbanks at low river levels. The upper 2 ft (0.6 m) of the core is likely PSA,
based on unpublished fly ash analysis and grain-size data.

In both cores, a poorly drained Sangamon Geosol profile
(Berry Clay Member) was encountered at about 10 to 11
ft (3.1 to 3.4 m) depth, indicating that Holocene alluvium
and last glacial sediment is quite thin (Figure 3.21). Last
glacial outwash is restricted at most to depths of ~8.5 to
10 ft (~2.6 to 3.1 m), and even this zone may be early
Holocene alluvium (reworked from outwash). A fossiliferous, mollusk-bearing bed was encountered in both cores
at about 7 to 9 ft (2.1 to 2.7 m) deep; four radiocarbon
ages on individuals of Pleurocera acuta (an aquatic gas-

tongue of Pearl Formation

Glasford/Pearl
Fms

Glasford Fm till

Berry Clay Member (last interglacial paleosol)

mollusk-bearing sandy alluvium
Henry Fm ?

presettlement alluvium

postsettlement alluvium

2 ft

Cahokia Fm
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Figure 3.21 Photograph of a
shallow core (MHT-1) in the
floodplain of the Sangamon
River valley (approximate location shown in Figure 3.19). The
upper 24 ft (7.3 m) of the core
[total depth, 29 ft (9 m)] and
its stratigraphy is shown. The
upper several feet include Holocene alluvium (Cahokia Formation) that coarsens downward.
The lower part of the core
shown includes Illinois Episode
till and outwash. Nearly all the
Wisconsin Episode deposits
have been eroded at an unconformity on top of the Berry
Clay Member, which includes
weathering of a poorly drained
last interglacial soil.

STOP 4b: Mid America Sand & Gravel Pit (latitude 40.170°, longitude –88.441°)
David A. Grimley, Xiaodong Miao, and Sebastien Huot
The exposures of sand and gravel in pits in the Mahomet
area have been studied sporadically for many decades
(Krumbein 1930; Anderson 1960). Mining has generally been progressing to the southwest as many areas of
economically viable deposits have been mined. On this
trip, we hope to visit the exposure at one of the active pits
in the area southwest of Mahomet (Figures 3.19, 3.22a).
This exposure contains 20 to 25 ft (6.1 to 7.6 m) of exposed sand and gravel deposits (Henry Formation), with
an additional 30 to 40 ft (9.1 to 12.2 m) of outwash in the
subsurface. The exposed outwash appears to be of the
normal proglacial, braided-stream variety that is typical
of glacial meltwater stream deposits in central Illinois.
Alternating beds of gravelly coarse sand and fine-medium
sand were noteworthy (Figure 3.22b), and each bed was
about 2 to 2.5 ft (0.6 to 0.8 m) thick (see details below).
The well-sorted fine-medium sand was also sampled for
OSL dating. Various sedimentological features, such as
cross-bedding, graded-bedding, and evidence of shallow,
shifting channels, were well exposed in gullies in October 2015 (Figure 3.22). Cross-bed dip directions were
measured at three locations in the exposures, indicating a
prevailing dip to the west–southwest or southwest (217°,
242°, 252°). This direction is consistent with the general
orientation of the Sangamon Valley and could suggest that
the Henry Formation originated from the Champaign Moraine, rather than being deposited in outwash fans from
the Cerro Gordo Moraine.

Exposures on south side of active Mid America Sand & Gravel
pit. Described on 10/13/2015. GPS coordinates; latitude =
40-deg, 10-min, 11-sec; longitude = 88-deg, 26-min, 27-sec.
Original surface elevation (677 ft asl).
Peoria Silt [loess] and weathered Henry Fm; this
material is missing at the measured section due
to stripping of uneconomical overburden material; loess contains modern Alfisol soil profile
in areas nearby.

7 to 29 ft
		
		
		
		
		
		
		
		
		
		
		

Henry Formation [outwash]; alternating
sequences of beds of mainly gravelly coarse
sand with beds of mainly fine-medium sand.
Beds are typically about 2 to 2.5 ft thick (see
photograph). The coarser beds have up to
25% gravel that is moderately sorted, subrounded to subangular, with most gravel <2 in.
diameter. The finer sand beds are well sorted,
cross-bedded, and light yellowish brown (10YR
6/4) and have faint iron stains on some beds.
(OSL-1 and OSL-2 were sampled in these finer
beds at 13 and 20 ft depth, respectively.) All

materials are calcareous, except uppermost
portions, which are weakly iron cemented and
may have some disturbance from compaction
with heavy machinery. Only the very basal
portions of this exposed unit (lowest feet) are
grayish in some areas—only visible at low lake
levels (the lake is artificial from mining of sand).

29 to ~65 ft
		
		
		
		
		
		
		
		
		
		
		
		
		
		

Henry and Pearl Formations [outwash]; sand and
gravel (not exposed); based on notes of operator,
an additional 30 to 40 ft of sand and gravel is
being mined from dredging below water level in
middle of lake. Thus, the 65 ft depth for the
maximum base of the outwash is an estimate.
Operator mentioned gray clay occurs below the
sand and gravel and that the clay comes up to the
west and east (so is “bowl-shaped” in crosssection). We interpret the gray clay to be Glasford Fm till. It is possible that some basal
outwash could be Pearl Formation, but significant clay beds between sand and gravel bodies
were not observed or noted by the operator in
the subsurface.

A few years ago, OSL dating of the outwash [7.5 ft (2.3
m) below ground surface] from a nearby pit to the northeast yielded the age of 56,300 ± 7,100 yr ago (UNL-2525;
Miao et al. 2016). This age is much too old to fit the
regional glacial history, and the problem may be due to
partial bleaching of OSL signals. Samples were again collected in fall 2015 from calcareous Henry Formation outwash at two deeper depths in fine-grained sand at the Mid
America pit described here in the hopes of obtaining more
reasonable results. Optically stimulated luminescence dating was measured on quartz grains in the 150- to 250-µm
grain-size range. Uncertainties are reported at a 1σ significance, providing a level of confidence of approximately
67%. Results from Sebastien Huot (ISGS OSL Dating
Laboratory) are provided in Table 3.3; these age estimates
were obtained using the minimum age model for the glaciofluvial samples because they were found to be poorly
bleached at deposition. The resulting ages (Table 3.3) are
in the 22 to 24 ka range and are consistent with deposition
during the Putnam Phase (Curry et al. 2011; Curry and
Petras 2011), providing an estimate of when the Champaign Moraine formed.

Below is a description of outcrop MHT-8f (by D. Grimley
and X. Miao):

0 to 7 ft
		
		
		
		

		
		
		
		
		
		
		

Overlying the outwash sand and gravel in the area of the
sand pits is about 3 to 5.5 ft (1 to 1.7 m) of loess (Peoria
Silt) in this area, with the thickness varying by geomorphic location. This loess contains a modern Alfisol soil
profile near the sand and gravel pits resulting from presettlement native woodlands in close proximity to the Sangamon Valley (Figure 3.8; Illinois Natural History Survey
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a

Peoria Silt and weathered Henry Fm (overburden)

Henry Fm

b

c

Figure 3.22 Photographs of exposures of a Henry Formation outwash at a sand and gravel pit (Mid America
Sand & Gravel; location shown in Figure 3.19). (a) Overview of an active sand pit. (b) Exposure of alternating coarse gravelly sand and fine sand beds. (c) Close-up of cross-bedding [18-in.-long (45-cm-long) pick for
scale). The photographs in panels b and c were taken in October 2015. The photograph in panel a was taken
earlier in 2015.
Table 3.3 Optically stimulated luminescence (OSL) results from the Henry Formation at the Mid America Sand & Gravel
pit1
ISGS code

Equivalent
dose (Gy)

Dose rate
(Gy/ka)

Age (ka)2

p (%)3

n (accepted/
total)

MHT-8f-OSL-1

402

25.32 ± 1.73

1.11 ± 0.05

22.77 ± 1.93

12

49/240

MHT-8f-OSL-2

404

27.11 ± 1.39

1.16 ± 0.06

23.28 ± 1.66

26

44/240

Sample

Samples OSL-1 and OSL-2 were from ~13 ft (~4 m) and ~20 ft (~6.1 m) below the original ground surface, respectively, from site MHT8f. The water content used was 15 ± 5% for OSL-1 and 20 ± 5% for OSL-2.
2
Ages were calculated using the minimum age model for quartz grains.
3
p represents the proportion of grains that were completely bleached before burial.
1

2003) An OSL sample collected from the C horizon of
the Peoria loess at a depth of 4.9 ft (1.5 m) yielded an age
of 16,000 ± 3,100 yr ago (UNL-2524; Miao et al. 2016).
This OSL age provides a reasonable minimum age for the
underlying Henry Formation outwash. The surface soil at

a depth of 4 in. (10 cm) contains 100.4 ± 0.5% modern,
post-1950 carbon (ISGS-6823; low organic weight carbon
fraction), suggesting any older carbon material in this
sample had completely decomposed (Miao et al. 2016).
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STOP 5: Sangamon Park Forest Preserve (Piatt County) (latitude 40.149°, longitude –88.472°)
David A. Grimley and Andrew J. Stumpf
Getting to STOP 5: Sangamon Park (Piatt County Forest Preserve)
Distance (mi)

Directions

0.3

Head south on County Road 150 East toward County Road 2000 North.

1.4

Turn right onto County Road 2000 North.

0.5

Turn left onto North 1500 East Road/County Road 00 East/County Road 0 East.

0.5

Turn right onto East 2550 North Road.

0.9

Take a slight left onto North 1450 East Road.
Turn left into Sangamon Park to park (Piatt County Forest Preserve); we will walk toward the
Sangamon River floodplain from the parking area. We will also visit a gravel pit nearby.

on the field conditions in April, walking down to view
this may not be possible; if not, the core will provide an
overview of the stratigraphic succession. This area was
also the location of two fly ash tests in the alluvial fill of
a very small tributary valley to the Sangamon Valley. We
will cross over this tributary on a small wooden pedestrian
bridge on the way to the Sangamon Valley bluff. The purpose of the fly ash analysis was mainly to determine the
thickness of PSA.

Site Overview
At the Sangamon Park Forest Preserve, we will first
examine the upper portion (Wisconsin Episode glacial
record) of a deep core that was drilled to bedrock with
continuous sampling in the northern part of the parking
area. Second, we plan to walk ~0.25 mi (~0.4 km) to examine an exposure of last glacial deposits along a west
cutbank of the Sangamon River (Figure 3.23); this exposure is typical of many that are found in the USRB along
higher river bluffs south of Mahomet, Illinois. Depending
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Figure 3.23 Location map for Stop 5 showing the locations of the deep
sediment core (PIAT-07-02A) in Figure 3.24, the riverbank outcrop, and fly
ash test sites. The locations of known last glacial terraces [with sand and
gravel estimated at ~5 to 40 ft (~16.4 to 131.2 m) thick] and a possible glacial
meltwater overflow channel are indicated.
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the thin Henry Formation in core PIAT-07-02A (Figure
3.24). Above the Henry Formation is ~3 ft (~0.9 m) of
loess (Peoria Silt) that contains the modern soil profile;
most of this loess-soil unit is eroded immediately along
the steep bank. The stratigraphy exposed is a rather close
match with the units visible in the core drilled near the
parking area (Figures 3.24, 3.25).

Deep Sediment Core
Andrew J. Stumpf
A deep stratigraphic test borehole to bedrock (PIAT07-02A; latitude 40.1494°, longitude –88.4721°), with
continuous core sampling, was drilled in 2007 to assist
geologic and hydrogeologic studies that were undertaken
in Champaign and adjacent counties (Stumpf and Dey
2012). A groundwater monitoring well was installed in the
borehole to record the water level in the Mahomet aquifer.
A second borehole at the site was drilled to install a well
to monitor groundwater levels in the upper Glasford aquifer. This shallower aquifer is composed of saturated sand
and gravel within the upper unit of the Vandalia Member,
Glasford Formation.

At opportune times of low river level (such as this past
October 2015), older units can be viewed below the
Tiskilwa Formation. Below the Tiskilwa, we observed
3.3 ft (1 m) of Morton Tongue, Peoria Silt (proglacial
loess and lake sediment), which appeared to be grading
downward into the Robein Member (of the Roxana Silt).
Regional studies have shown that the Tiskilwa Formation
is about 24 to 25 ka (calendar years) and that the Morton
Tongue, representing the lower part of the Peoria Silt, is
about 25 to 29 ka (Hansel and Johnson 1996). The ~29
ka age for the Robein Member, Roxana Silt in the deep
core (PIAT-07-02) is fairly typical for this unit, which
can range widely from 25 to 45 ka statewide (Hansel and
Johnson 1996). The Morton Tongue represents a period
of accelerating loess deposition as glacial ice advances
to its last glacial maximum. At other sites in the Mahomet Quadrangle (from prior studies and mapping now
in progress), several sites with fossil Picea wood below
the Tiskilwa Formation have been noted in the Morton
Tongue and Robein Silt Member.

The geologic materials encountered in the deep sediment
core include till and glaciofluvial sediment from the preIllinois, Illinois, and Wisconsin Episodes (Figure 3.24).
The pre-Wisconsin Episode geologic record is similar to
that found in deep sediment cores at Stop 2 (Figure 3.13)
and Stop 4 (Figure 3.20), with mainly sand and gravel
(both glacial and preglacial) found below about 180 ft (55
m) depth. Bedrock was encountered at about 325 ft (100
m) depth in this core (PIAT-07-02A; Figure 3.24). On the
field trip, we plan to display core boxes from only the upper 60 ft (18 m) or so, which includes the Wisconsin Episode glacial-sedimentary sequence that is exposed along
the river bank (see below), as well as the contact with
Illinois Episode deposits. A peaty unit (Robein Member)
occurs at the base of the last glacial sequence at a depth of
~35 ft (~11 m) and overlies a truncated Sangamon Geosol
that is developed in sand and diamicton (Figure 3.24).
Peat in the Robein was radiocarbon dated ~25,240 ± 160
14
C yr BP (ISGS-6157) or ~29,280 ± 210 cal yr. Above the
Robein Member is the Tiskilwa Formation till and Henry
Formation outwash. Not shown in Figure 3.24 is a surficial cap of ~3 ft (~0.9 m) of loess that contains modern
soil development.

Below is a description of outcrop MHT-13f (by D.
Grimley):
Bank on west side of Sangamon River in Sangamon Park Forest
Preserve (Piatt County, IL). Described on 10/21/2015. Latitude
40.146°, longitude –88.469°.

River Bank Exposure
A cutbank on the west side of the Sangamon River (outcrop MHT-13f) has been viewed on several occasions
over the past few years (see description below). At typical river levels, ~12 ft (~3.7 m) of Tiskilwa Formation
is clearly visible as the main unit in the exposure. The
Tiskilwa till represents the first glacial advance of the
Wisconsin Episode in this region and is associated with
the advance of glacial ice to the terminal (Shelbyville Moraine) ~37 mi (~60 km) southwest of this site. Above the
Tiskilwa till is about 5 ft (1.5 m) of gravelly sand, classified as the Henry Formation (Figure 3.25). This deposit
is proglacial outwash that is likely correlative in age with
the sand and gravel viewed at the pits in Stop 4b and with
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0 to 1 ft
		
		

Peoria Silt [loess]; eroded top, contains upper part
of modern Alfisol soil profile, abundant modern
tree roots

1 to 6 ft
		
		

Henry Formation [outwash]; gravelly sand, some
fines, well stratified, moderately sorted, upper part
weathered to clay loam in modern soil Bt horizon

6 to 18 ft
		
		
		
		
		
		

Tiskilwa Formation [subglacial till]; pebbly
loam diamicton, 8YR 4/3 (brown), hard, pebbles
and cobbles are subrounded to subangular and
typically <6 inches length; calcareous, C horizon;
lower 1 to 3 ft of unit is typically more silty,
softer, and more dark brown (Oakland facies;
Hansel and Johnson 1996)

18 to 22 ft
		
		
		
		
		
		
		

Morton Tongue and Robein Silt [loess and organic
palustrine sediment]; silt loam with organic bed
about 1.5 ft below top of unit; 10YR 4/1 to 3/2
(dark gray to very dark grayish brown) basal
foot has more clay (silty clay loam) and soil
structure and may include Farmdale Geosol
weathering; base of section at river level on
10/21/2015.

0

0

Natural gamma radiation (counts/second)
50

PIAT-07-02A

(land surface elevation: 692 ft)

100

sand with silt (Henry Fm)
loam diamicton (till); pinkish gray
(Tiskilwa Fm)

Wisconsin
Episode

peat (Robein Mbr, Roxana Silt)

sand (Pearl Fm); w/ truncated
Sangamon Geosol

50

diamicton with beds of sand
and gravel (upper unit,
Vandalia Mbr, Glasford Fm)
100

Illinois Episode
glacial till; loam; grayish brown
(lower unit, Vandalia Member,
Glasford Fm)

Depth (ft)

150

200

sand and gravel
(Grigg tongue, Pearl Fm)

unit 1

250
pre-Illinois Episode

sand and gravel
(Mahomet Sand Member,
Banner Fm)

unit 2
300
sand with mollusk shells
(Dewitt facies, Canteen Mbr, Banner Fm)

330

Paleozoic bedrock

Gray shale (Pennsylvanian)

Figure 3.24 Geological and geophysical log of Quaternary sediments in borehole PIAT-07-02A (location
shown in Figure 3.23), drilled to bedrock. Saturated sand and gravel below ~200 ft (~60 m) in the Mahomet
Bedrock Valley that composes the Mahomet aquifer. The full geologic log and associated geophysical data
(API 121472153900) can be obtained from the ISGS Geological Records Unit or from the ILWATER website
(https://www.isgs.illinois.edu/ilwater).
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Figure 3.25 Photograph of an outcrop along the west cutbank of the Sangamon
River in the Sangamon Park Forest Preserve (location shown in Figure 3.23;
outcrop MHT-13f). This exposure shows Henry Formation outwash over Tiskilwa
till over Morton Tongue and Robein Silt, correlating well with core PIAT-07-02A in
Figure 3.24. The lower units are exposed only at low river levels. A cap of ~3 ft (~0.9
m) of loess has mainly been eroded. Photograph taken October 21, 2015.

Fly Ash Testing of Postsettlement
Alluvium (Small Tributary)
In a small, unnamed tributary valley to the Sangamon
(latitude 40.147°, longitude –88.470°), alluvial samples
(Cahokia Formation) were sampled in 10-cm vertical
increments to determine the proportion of fly ash (from
coal burning) in magnetic silt-size fractions and thus
estimate the thickness of PSA. Magnetic susceptibility
(<2 mm) was also measured. Two sites (FA-2a, FA-2b)
were sampled, <65 ft (<20 m) apart, to check for local
variability. Both sites were exposed more clearly by excavating the eastern stream bank with picks and shovels.
Sections FA-2a and FA-2b were sampled downward to 70
and 50 cm depth, respectively, into alluvial deposits that
were immediately above glacial sediments. From laboratory analyses, the lowest occurrence of significant fly ash
was found at ~25 to 30 cm depth (Figure 3.26), which
is our interpretation for the thickness of PSA. Magnetic
susceptibility values also showed a shift at the presettlement–postsettlement boundary, with values mainly <15
× 10−8 m3/kg below the contact. Higher MS values in the
PSA are suggestive of enhanced topsoil erosion during
agricultural or other land clearing; topsoil tends to have
higher MS values than subsoil material, mainly because
of microbial neoformation of ultrafine ferrimagnetic minerals (Blundell et al. 2009) and, to a lesser extent, because
of fly ash additions (Grimley et al. 2004).

0

0

% magnetic spherules
(10–60 μm)
5
10

MS (×10–8 m3/kg)
15

20

25

10
postsettlement alluvium

Depth (cm)

20
30
40

presettlement alluvium

50
60
70

Figure 3.26 Proportion of fly ash (spherules) in the siltsize magnetic fraction and magnetic susceptibility (MS) of
Holocene alluvium at field site FA-2a. The section was on a
small tributary to the Sangamon River valley in Sangamon
Park.
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alluvial deposition was thus likely greatly accelerated
during the post-European settlement period (after 1850)
because of agricultural practices and clearing of the native
vegetation.

Although the PSA is rather thin at this location, compared
with typical thicknesses of ~60 to 80 cm of PSA in the
Sangamon Valley, the proportion of Holocene that is
represented by PSA is rather large (~40%). The rate of

STOP 6: Allerton Park (University of Illinois) (latitude 40.003°, longitude –88.647°)
Alison M. Anders, Ryan Arnott, and David A. Grimley
Getting to STOP 6: Allerton Park and Retreat Center (University of Illinois)
Distance (mi)

Directions

1.2

Turn left onto North 1450 East Road.

0.5

Turn right to stay on North 1450 East Road.

1.0

Turn right onto East 2250 North Road.

1.3

Turn left onto Wagon Trail Road.

0.1

Turn left onto North 1300 East Road.

0.4

Turn left at the first cross street onto Illinois Route 10 East.

7.2

Turn right to merge onto I-72 West toward Decatur.

0.3

Take Exit 164 for Bridge Street.

0.5

Turn left onto West Bridge Street.

1.9

Turn right onto County Road 1625 North.

0.7

Turn left onto North 625 East Road.

0.5

Turn right onto East 1550 North Road/County Farm Road.

0.8

Turn left at the first cross street onto County Road 575 East.

0.6

Continue on to Old Timber Road. Park near the gardens or mansion.

anthropogenic activities on the recent evolution of the
Sangamon channel and floodplain is an ongoing topic of
research within the IML-CZO.

Site Geomorphology and Geology
Allerton Park is a designated National Natural Landmark
because of the large area of old growth floodplain forest
and upland forest. It has been the subject of substantial
ecological research. Ongoing work as part of the IMLCZO project investigates the fluvial geomorphology of the
Sangamon River in this natural ecosystem. The Sangamon
River and its floodplain are contained within an incised
valley (Figure 3.27) that is presumed to have formed
during the late Wisconsin Episode, perhaps initially ice
marginal to the Cerro Gordo Moraine during deglaciation
(Wickham 1979). The mansion at Allerton Park sits on
a terrace above the modern floodplain, and steep valley
walls are present on either side of the floodplain (Figures
3.28, 3.29). The floodplain topography includes ridge and
swale features formed by meander migration. Numerous
floodplain channels and meander cutoffs are also present. Preliminary analysis of historic aerial photography
and the 1820 General Land Office Survey data suggest
that rates of meander migration and cutoff formation
and filling are slower than expected for a river as large
as the Sangamon. The dense and mature floodplain forest is a source of large woody debris to the channel and
floodplain, and this large woody debris likely has a strong
influence on bank erosion, channel sedimentation, and
floodplain channel routing. Discerning the impact of

Event-Based Sedimentation
Recent research has identified consistent spatial patterns
in floodplain sedimentation during a series of flood events
(Arnott 2015). Sediment traps were positioned to measure
sediment deposition within a meander loop and across a
crevasse splay. Sediment-laden water enters the floodplain
through the crevasse splay (Figure 3.29). Deposition occurred only in low-elevation portions of the transect, and
maximum deposition was focused where water exits the
crevasse splay onto the floodplain surface (Figure 3.29).
This area experienced the maximum deposition in five
flood events between March 2014 and November 2014,
with peak discharges of 40 to 250 m3/s. During each
event, deposition was found to occur most frequently and
with the greatest magnitude in and adjacent to floodplain
channels and not atop the natural levee. Sediment thicknesses that accumulated during each flood event varied
from 0 to 4.5 mm, with the largest deposition equivalent
to ~14 mm/yr (Arnott 2015).
Sedimentation in low areas of the floodplain is consistent with the observation of spatially variable floodplain
inundation. Overbank flooding and floodplain inunda-
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Figure 3.27 Location map for Stop 6 showing the area of study at Allerton Park,
including sedimentation sites and fly ash sampling. 1:30,000 scale.
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Figure 3.28 The Sangamon Valley at Allerton Park. Contours of topography [2-ft
(0.6-m) interval] are shown over aerial photography of Allerton Park. The light
region at the center top of the image is the grass lawn adjacent to the Allerton
mansion and is interpreted as a late glacial terrace. The modern floodplain of the
Sangamon sits between steep valley walls and shows evidence of both meander
migration and cutoff.
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Figure 3.29 Floodplain deposition during the July 2014 flood event. Deposition was measured with sediment traps along the transect shown in the upper right. Elevations along the
transect, as measured with LiDAR, are shown in the large panel, and deposition thickness
is shown by blue bars. Maximum deposition occurred where the crevasse splay connects
with the floodplain. Figure adapted from Arnott (2015); used with permission.

tion are dependent on bank height and local topographic
variability, and this leads to highly variable deposition
both spatially and temporally. Low-elevation floodplain
channels connect to the main channel and fill with water
at lower flood stages compared with higher elevation portions of the floodplain. Floodplain channels focus flow on
the floodplain and provide a connection between the main
channel and the floodplain that allows sediment-laden
water to reach the floodplain interior. The evolution of the
floodplain in response to the observed spatial variability
in sedimentation at the time scale of individual floods is
an area of ongoing research. The floodplain of Allerton
Park has complex topographic variations that drive the
spatial patterns of deposition. The presence of multiple
floodplain channels contributes to the variable nature of
floodplain inundation.

Fly Ash Record of Postsettlement Alluvium
A record of fly ash deposition is shown for site FA-8
(Figure 3.30): a hand auger to ~3.3 ft (~1 m) depth in Allerton Park. Other nearby hand auger sites within 1,600 ft
(500 m; FA-12, FA-13) show similar trends (not shown).
Peaks in percentage of fly ash and MS from FA-8 in about
the 1950s to 1970s probably represent a time of high particulate matter pollution and enhanced topsoil erosion of
such material from agricultural fields. Decreases in the
percentage of fly ash and in MS (Figure 3.30) in recent
decades (since the 1980s) may reflect both reductions in
particulate matter pollution after implementation of the
1970 Clean Air Act and more bank erosion in comparison
with topsoil erosion. Proportionally, more bank erosion
may have resulted from recent stream incision, increased
farm drainage tiling, or other changes in land-use or farm
practices that reduce runoff.
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Figure 3.30 Proportion of fly ash (spherules) in the silt-size magnetic fraction and magnetic
susceptibility of Holocene alluvium at site FA-8 at Allerton Park. The earliest and peak occurrence of cesium-137 is also shown (at 30 to 40 cm depth), which is representative of a peak in
aboveground nuclear bomb tests.

Returning to the I-Hotel and Conference Center (1900 South First Street, Champaign)
Distance (mi)

Directions

0.8

Proceed back east on Old Timber Road.

0.6

Continue onto County Road 575 East.

2.8

Turn right onto East 1550 North Road/County Farm Road. Continue to follow County Farm Road.

1.2

Turn right onto West Center Street; continue across State Route 105 (Market Street).

0.2

Turn right onto North Buchanan Street.

16.5

Turn left at the second cross street onto East Washington Street; this becomes Ridge Road, County
Road 1000 North, and Monticello Road during travel to the east.

4.1

Turn left onto U.S. Route 45 North.

0.4

Turn right onto West Windsor Road.

0.7

Turn left at the first cross street onto South First Street. The I-Hotel and Conference Center is on the
right.
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These [Grover Gravel] deposits are exceedingly difficult to explain.
—W.W. Rubey, Geology and Mineral Resources of the
Hardin and Brussels Quadrangles (in Illinois)

INTRODUCTION

Many of the pebbles have an extremely fine polish, and a
surprisingly high percentage of the chert is oolitic. Grains
and clasts typically are coated with bright red clay, giving the Grover a distinct red coloration, while some chert
nodules have a weathered interior beneath an outer coat of
fresh silica. Except for the purple quartzite, these features
are also common within the more extensive “Lafayettetype gravels” (formally Mounds Gravel in Missouri
and Illinois) that cap uplands around the perimeter of
the Mississippi Embayment several hundred kilometers
to the south. The Mounds Gravel and equivalents lack
glacially derived (Canadian Shield) clasts or grains, and
these gravels are nearly universally accepted as preglacial
(e.g., Potter 1955a,b; Thompson 1995; Cox et al. 2014).
The similarities between the Mounds Gravel and Grover
Gravel have led many geologists to correlate these two
deposits and conclude that both formed during a regional
depositional event shortly before continental glaciation
and entrenchment of the Mississippi River channel (e.g.,
Thompson 1995; Cupples and Van Arsdale 2014). Here
we present evidence that some of the Grover deposits
near the Mississippi River channel likely do predate
continental glaciation and may be temporal equivalents
of the Mounds Gravel to the south. However, most such
gravels, particularly in the type area in western St. Louis
County, are Pleistocene in age and were derived, at least
in part, from the earliest advance of the Laurentide ice
sheet, which reached this area at about 2.4 million years
ago (Ma).

The introductory quote from Rubey (1952, p. 67) is probably the only point of widespread agreement concerning
the origin of the Grover Gravel. The Grover mantles
upland surfaces up to 330 ft (100 m) above high-order
streams on both sides of the Mississippi River channel in
portions of Missouri and Illinois, so a pre-Pleistocene age
predating extensive landscape dissection has generally
been inferred for its deposition. This interpretation accords with the Grover’s presence throughout much of St.
Louis County, Missouri, which is south of the traditional
glacial boundary along the Missouri River valley. Yet
large quartzite boulders within the gravel seem to have required glacial transport. This guide presents evidence that
deposits lumped within the Grover Gravel originated from
different depositional mechanisms at various times and
that the distinct rock types common to all these deposits
imply multiple episodes of erosion and redeposition of the
same source material.
The Grover Gravel is mature mineralogically, implying
advanced weathering of the source materials, but immature with respect to texture, indicating minimal transport
and sorting following their most recent mobilization. The
Grover is often described as “chert gravel,” referring to
the dominant type of clast, but in places it contains such a
high percentage of fines that “diamicton” is a better term.
Additional rock types include clear-white quartz (“vein
quartz”), silica-cemented sandstone (“white quartzite”
or “orthoquartzite”), ironstone, and banded purple or
pink (metamorphic) quartzite. Some of the metamorphic
quartzite boulders are quite large, with diameters up to
about 60 cm, and some chert nodules are even larger (Rubey 1952; Willman and Frye 1970; this study). Igneous
clasts, however, are absent to extremely rare at most sites.

BACKGROUND
Worthen (1870) and Salisbury (1892) both described red,
cherty upland gravels in Illinois, mostly along the divide
between the Mississippi and Illinois River valleys (Figure
4.1). Both correlated these deposits with the Lafayettetype gravels to the south, based on similarities in lithology and geomorphic position. Various reports from early

The Grover includes various types and colors of chert.
Some clasts are iron stained; others are bright red jasper.
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Missouri Geological Surveys also included brief descriptions of similar gravels near Grover, Missouri (Broadhead
1874; Todd 1897), and by the early 1900s these were
widely accepted as equivalents to those in Illinois (e.g.,
Fenneman 1911). Rubey (1952) provided the most detailed description of these gravels to date, based on field
work completed in the 1920s. However, many authors
have ignored some of his more insightful remarks that
cast doubt on the common interpretation of these gravels
as conventional fluvial deposits.

the Grover Gravel. First, a cherty residuum is commonly
preserved atop Pennsylvanian strata, even though the local
Pennsylvanian formations lack chert nodules. Moreover,
this residuum contains rounded clasts, including purple
quartzite boulders and vein quartz. He interpreted this
material to be the weathered remnant of a very old till and
considered the Grover to be a correlative outwash facies.
He also found the likely till precursor to this residuum at
scattered sites across the county. The till is characterized
by a preponderance of chert clasts with lesser amounts of
quartzite within a silty clay matrix; igneous erratics are
present but in low concentrations, and the sand fraction
has an unusually high (>1.0) ratio of garnet to epidote.
This till is almost certainly today’s Atlanta Formation,
which has the same diagnostic features (see Figure 4.2
and the discussion for Stops 3 and 4).

Rubey (1952) worked mostly in Illinois, but he emphasized sections in Missouri when discussing the Grover
because the gravels were thicker and better exposed there,
mostly in clay pits. Therefore, he named the gravel after
the exposures in and around the former village of Grover,
Missouri (now part of Wildwood), which was a local center of clay mining (Figure 4.1). The single best exposure
at that time was in a clay pit approximately 3.1 mi (5
km) west of the village, which he designated as the type
Grover Gravel, and Willman and Frye (1970) formally
designated this location as the modern type section. That
pit is now part of Rockwoods Reservation, and the final
highwalls are still accessible.

Recently, Cupples and Van Arsdale (2014) reasserted the
correlation between the type Grover and the Lafayettetype gravels to the south. They envisioned deposition by
an extensive Pliocene-age ancestral Mississippi River that
may have extended northward into Canada. This correlation may be plausible for gravels along the Mississippi
River bluffs (Stop 5), but the texture combined with the
geographic and topographic range of these deposits remain daunting obstacles to accepting such an origin for
the gravels beyond the Mississippi River channel.

Rubey (1952) concluded that the Grover is a preglacial
fluvial deposit capping a mid-Tertiary peneplane, but
he was perplexed about its texture and the quartzite boulders. He noted (p. 63), “In most exposures the gravel is
set in a matrix of poorly sorted, very plastic, noncalcareous clay. . .” Such a texture describes what today would
be called a diamicton, and most of these are glacial tills or
mass-flow deposits.

PRESENT STUDY
This study began as a STATEMAP project on surficial
materials conducted by the Missouri Geological Survey.
During this work, new exposures of the Grover Gravel
were located within and around its type area near Wildwood, Missouri (Figure 4.1), and these provide important
new evidence regarding its age and origin. Many geologists have tacitly ignored an obvious problem concerning
the Grover: the presence of large, erratic boulders south of
the recognized glacial boundary. These erratics, however,
suggested to Goodfield (1965) and Willman and Frye
(1970) that a very old glaciation had reached this area,
one that predated the oldest recognized glaciation at that
time. Initially, we were unaware of Goodfield’s work but
recognized similarities between the Grover and the 2.4
Ma Atlanta Formation (Figure 4.2). The most common
lithofacies of the Atlanta Formation is a cobbly diamicton
(till) consisting mostly of chert with subordinate carbonate clasts within a silty clay matrix. At many sections, the
most common crystalline erratic is pink-purple quartzite;
igneous rocks are also present but in lower concentrations
(Rovey and Tandarich 2006). Thus, the Atlanta Formation seems identical to the old till observed by Goodfield
throughout St. Louis County during the early 1960s.

Davies (1953) concurred that the Grover Gravel is a preglacial stream deposit without venturing an explanation
for the arrival of the large quartzite boulders. More importantly, he described and sometimes photographed exposures of the gravel in St. Louis County in areas that are no
longer accessible. He noted many of the same features as
Rubey, namely, that the Grover has a highly variable texture ranging from relatively well-sorted gravel to cobbles
within a clay-rich matrix.
Davies (1953) recognized that the base of the Grover
does not simply mantle a quasi-planar upland surface, but
decreases systematically in elevation from west to east
across St. Louis County. At the westernmost known exposure (Stop 2), the base of the gravel is at ~790 ft (~241 m)
above mean sea level, but this decreases to around 459 ft
(140 m) near the Mississippi River channel (just west of
Stop 5). Thus, the Grover was deposited over a range in
elevation exceeding 330 ft (100 m), across a broad landscape that was graded to the Mississippi River channel, so
it is unlikely to be a deposit of a single age from a single
large stream (i.e., ancestral Mississippi).

The Atlanta till also contains the same distinctive types of
chert and accessories as the Grover (Stops 3 and 4). North
of the Missouri River and just west of St. Louis County,
remnants of this till within paleokarst depressions are

Goodfield (1965) observed additional relationships within
St. Louis County pertaining to the origin and history of
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Figure 4.2 Pleistocene stratigraphic units in northeast Missouri. See Rovey and Tandarich (2006) for descriptions of each till. The pre-Illinoian stratigraphic units are mostly till,
except for the Crowley’s Ridge Silt. An Illinoian-age till is also present along the Mississippi River Bluffs a few kilometers north of St. Louis. Ages for the loess units (PeoriaLoveland) are from the compilation in Mason et al. (2006). Ages for the older till units are
from Balco and Rovey (2010).
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overlain by the 1.3 Ma Moberly Formation (Figure 4.2).
In most places, however, the ~1.1-million-year interval of
surficial weathering between these glaciations removed
the Atlanta entirely or reduced it to a thin lag of chert,
quartzite, and rare igneous clasts. The igneous clasts in
the Atlanta till are commonly weathered throughout, even
below the uppermost portion affected by pedogenesis,
implying that they were entrained in this condition. We
infer, based on these observations, that in any areas where
the Atlanta till was not buried by younger glacial deposits,
the igneous clasts would be depleted even further, leaving
chert, quartzite, and any other stable constituents as the
dominant rock types that would be recycled into younger
deposits.

buried, which is also the depositional age of the overlying
material.
The most straightforward application of burial dating
involves a surface that has experienced a single period of
surface exposure followed by a single period of burial at
sufficient depth to nearly completely stop the cosmic-ray
flux. Examples of this situation from our previous work
in Missouri are sites where paleosols developed atop
weathered bedrock and are buried by thick tills (Balco and
Rovey 2010). These paleosols experienced long exposure
times at slow erosion rates (which results in high cosmogenic-nuclide concentrations and facilitates accurate measurements), and then were buried by relatively thick [up
to 49 ft (15 m)] tills (which minimizes postburial nuclide
production). In this situation, the proportion of the cosmogenic-nuclide inventory produced after burial is very
small, and uncertainties in correcting for this postburial
production have a minimal effect on the inferred burial
age. On the other hand, the opposite situation—short
periods of exposure followed by burial at shallow depth—
leads to imprecise burial ages. Shallow burial [e.g., by
<16 ft (<5 m) of overlying sediment] only partially attenuates the cosmic-ray flux, so significant cosmogenicnuclide production continues during burial, and the 26Al
and 10Be concentrations measured at the present time will
be dominated by postburial production rather than the preburial nuclide inventory. In this case, uncertainties in correcting for postburial production become important, and
inferring a burial age from the measurements is ambiguous and imprecise. In this situation, the 26Al/10Be ratio typically provides only a maximum or minimum estimate of
the true burial age of the sample. To summarize, although
the basic principle of 26Al/10Be burial dating is inherently
well suited to sedimentary systems characterized by transport of sediment from an eroding source area to a depositional sink, the practical effectiveness of the method can
vary with the characteristics of the sedimentary system,
primarily the surface residence time of the sediment in the
source area, the accumulation rate in the sink area, and the
overall complexity of the system.

COSMOGENIC-NUCLIDE
BURIAL DATING
Cosmogenic-nuclide burial dating using the rare cosmicray-produced radionuclides beryllium-10 (10Be) and
aluminum-26 (26Al) is a means of determining the depositional age of sediment that is between ~0.2 and 5 Ma in
age (Granger 2006; Dunai 2010). The basis of this method
is that high-energy cosmic radiation reacts with silicon
(Si) and oxygen (O) atoms in quartz present at the Earth’s
surface to produce 26Al and 10Be within the quartz mineral
lattice. The fact that the chemical composition of quartz
is fixed means that atoms of 26Al and 10Be are produced
in a fixed ratio of 6.75:1, so quartz that has experienced
only a single period of surface exposure contains 26Al and
10
Be concentrations that conform to this production ratio.
If the quartz is then buried deeply enough below the surface—typically by younger sediments in an accumulating
sedimentary sequence—to shield these grains from the
surface cosmic-ray flux, 26Al and 10Be production ceases
and their concentrations begin to decrease by radioactive
decay. Because the half-life of 26Al (0.7 Ma) is shorter
than that of 10Be (1.4 Ma), the 26Al/10Be ratio decreases
over time. Hence, the measured 26Al/10Be ratio is inversely
proportional to the time since the sample was covered or
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GUIDE TO THE ROUTE AND STOP DESCRIPTIONS
Getting to St. Louis County, Missouri
Directions
The detailed road log begins in St. Louis County, Missouri. From Champaign-Urbana, follow I-72 West to the
intersection of I-55 south of Springfield, then take I-55 South into downtown St. Louis, Missouri.
Immediately after crossing the Mississippi River, exit to the right onto I-55 South/I-44 West and continue west onto I-44.
Distances along I-44 refer to posted mile markers.

Westward along I-44, we will encounter progressively
older formations beginning with the Mississippian-age St.
Louis Limestone (Figure 4.3). This formation is a finegrained mudstone that is quarried extensively along the
Mississippi River bluffs for aggregate, lime, and cement.
The older Salem Limestone is distinguished by largescale cross-bedding and interbedded shales, whereas the
subjacent Warsaw Formation is even more shaley.

Until the Meramec River valley, all the sparse road cuts
along I-44 are within the St. Louis Limestone. Around
Valley Park, we will reach exposures of the BurlingtonKeokuk and Fern Glen Formations, which contain more
chert, and shortly thereafter, we will pass the OrdovicianMississippian unconformity and a sequence of Ordovician
carbonates down to the Joachim Dolomite.

STOP 1: Rest Stop and Overview of the Meramec River Valley and Possible Ice Margin
(latitude 38.53722°, longitude –90.4972°)
Getting to STOP 1: Rest Stop and Overview of the Meramec River Valley and Possible Ice Margin
Location (mile marker)

Directions

277.0

Descend into the Meramec River valley near the interchange with I-270. The St. Louis, Salem,
and Warsaw Formations are exposed in quick succession along this interchange.

276.0

Cross the Meramec River. The Burlington-Keokuk Formation is prominently exposed for
several miles beyond this point.

272.6

Take Exit 272 onto Missouri Route 141 (left) to the parking lot of a convenience store on the
right just beyond the underpass.

The flat area was quarried from the upper portion of the
Burlington-Keokuk Formation, and the remaining walls
display large scours and cross-bedding. The northern bluff
of the Meramec River valley is visible to the northwest.
The Missouri Geological Survey recently traced the Grover Gravel atop isolated ridge crests to the northern bluff
of the Meramec Valley (Figure 4.1). Fenneman (1911)
reported a questionable occurrence of (reworked?) Grover
materials within a terrace along the Meramec Valley several kilometers upstream of this stop. However, the Grover has never been found south of the valley, indicating
that the source of the gravel was to the north.

follow a similar course all the way to their confluence
with the Missouri. The Meramec, however, bends sharply
to the east near its confluence with the shorter (but wider)
valley of the Bourbeuse River just before reaching the
Missouri River valley, and from there it follows a nearly
parallel course across much of St. Louis County (Figure
4.1). A low area along the divide between the two valleys
just north of the bend probably served as a spillway into
the Meramec River during at least one glaciation (Goodfield 1965). Isolated erratics are present south of the Missouri River just west of this bend (Starbuck 2003), so at
least one glaciation (or meltwater) did cross the Missouri
River valley. Could the Meramec Valley also mark the
terminus of a very old glaciation that reached St. Louis
County?

The Meramec River heads some 80 mi (130 km) to the
southwest and generally flows northeast toward the Missouri River, which occupies an ice-marginal position adjacent to the Ozark Dome. Streams west of the Meramec
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PENNSYLVANIAN
Cheltenham Formation
fireclay
(occurs as paleokarst infill)

MISSISSIPPIAN
Burlington-Keokuk Limestone
limestone and chert

MISSISSIPPIAN
Fern Glen Limestone
limestone and chert

DEVONIAN
Sulphur Springs Group
sandstone, limestone, and shale
ORDOVICIAN
Kimswick Limestone
limestone
ORDOVICIAN
Decorah Group
limestone and shale

ORDOVICIAN
Plattin Group
limestone

ORDOVICIAN
Joachim Dolomite
dolomite and shale

ORDOVICIAN
St. Peter Sandstone
sandstone

Figure 4.3 Bedrock stratigraphy in western St. Louis County, Missouri.
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STOP 2: Rockwoods Reservation: Type Section of the Grover Gravel (latitude 38.57944°,
longitude –90.6761°)
Getting to STOP 2: Rockwoods Reservation
Location (mile marker)

Directions
Return to I-44 and proceed west.

268.8

Notice exposures of the reddish Fern Glen Formation and base of the Mississippian.

268.0

The shaley Decorah Group and the overlying Kimmswick (the youngest Ordovician strata
preserved in this area) are exposed on the north side.

267.0

Notice the contact between the Joachim and Plattin.

266.5

Cross the Meramec River. The nature preserve to the north is the former Times Beach and
Superfund site.

264.7

Take Exit 264 onto Missouri Route 109 and go right (north). From here, the mileage no longer
follows posted markers.
Mile 0.0 starts at the intersection of the exit ramp and Missouri Route 109.

Distance (mi)

Directions

0.0

This is the intersection of the I-44 exit ramp and Missouri Route 109. The fine-grained
Joachim Dolomite is exposed in the adjacent cuts.

0.7

Notice the lower Plattin contact. The Plattin typically has a distinct irregular “burrowed”
appearance.

2.4

Go back down in the Joachim.

3.9

This is the entrance to Rockwoods Reservation. Turn left into Rockwoods and then make a
quick right turn onto Glencoe Road (not labeled as such) into Rockwoods Reservation.

4.5

Notice an old lime kiln to the right. The Plattin Limestone was quarried for cement along this
valley.

6.5

Basal Mississippian strata are exposed to the right.

6.7

Turn into the parking area to the right. Here, we are just south of the drainage divide between
the Missouri River to the north and the Meramec River to the south.

proximately 787 ft (240 m) at the base along the west
margin of the pit to the west]. The pit on the east side is
the formal type section of the Grover, although the gravel
is continuous between the two pits. The old highwall of
the east pit is still exposed along gullies, with up to 36 ft
(11 m) of gravel above the Pennsylvanian Cheltenham
Formation, or fireclay. Most of the Grover appears to have
been deposited over a short interval of time because there
are no discernable weathering profiles within the gravel
except near the very top. Nevertheless, variations in clast
size and abundance divide the gravel into four main
sequences (Figure 4.4).

Introduction
Two abandoned open-pit clay mines, which produced refractory clay, or “fireclay,” are present on opposite sides
of the road. This location is included within the Mississippian Osage Series on small-scale geologic maps, but
the bedrock here is actually a Pennsylvanian outlier, as is
true of most local occurrences of the Grover. At first, this
relationship seems intuitive; younger strata, such as the
Grover, should be preserved at higher elevations where
the youngest local (Pennsylvanian) bedrock is also present. However, the normal relationship between age and
topography is reversed here. The clay mines south of the
Missouri River (and just to the north) exploit a unique
paleotopography in which the basal Pennsylvanian Cheltenham Formation partially fills paleokarst depressions
within underlying carbonates (Figure 4.3). West of St.
Louis County, these features acted as local depocenters
for mass-flow accumulations prior to glaciation (Rovey
and Balco 2010). Did paleokarst depressions in St. Louis
County serve a similar function for the Grover Gravel?

Overall, the percentages of chert (as opposed to quartz
and quartzite) and less-stable heavy mineral grains increase upward to the base of the Yarmouth-Sangamon
Geosol (Figure 4.4). At the base of the paleosol this trend
reverses, reflecting prolonged surficial weathering after
deposition. The trend in chert is a common but unappreciated consequence of its microcrystalline texture, which
renders it more soluble and weatherable than (macrocrystalline) quartz. Consequently, chert is depleted relative to
quartz upward within weathering profiles. However, the

These two pits are the westernmost known occurrences
of the Grover Gravel and also its highest elevation [ap106
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Figure 4.4 Sequence of deposits within the Grover Gravel at the type section in Rockwoods Reservation. The plot shows a systematic upward decrease in the percentage of
quartz and metamorphic quartzite (the most resistant rock types) within various size fractions. Chert constitutes the vast majority of the remaining rock types, and it correspondingly
increases upward. The weathering ratio is the ratio of ultrastable heavy minerals (zircon +
tourmaline + rutile) to unstable heavy minerals (pyroxenes + amphiboles + biotite) within
the very fine sand fraction (3–4 Ф).

chert and unstable heavy mineral percentages are lowest
at the base of each sequence, and overall they are lowest
at the bottom of the Grover. This pattern suggests that local surficial materials were progressively mobilized from
the top down as a series of flows that were redeposited as
the Grover Gravel.

Several features are conspicuously absent. First, pebbles
and cobbles within the Grover are not imbricated, as
would be expected for normal fluvial deposits. Where
there is a preferred clast orientation, it is horizontal (Davies 1953; this study). Second, the lower half of the gravel
lacks discernable bedding, although photographs by
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Davies (1953) show a rough alignment of large cobbles
at specific elevations. The upper half has a vague stratification defined by discontinuous sandy beds and pebble
bands. Successive pebble bands often have odd parallel
undulations, and Davies (1953) and Rubey (1952) both
reported cross-bedding within this upper portion. Davies’
photographs (and today’s exposure) show some angular
discordance between contacts of successive beds, indicating scouring between depositional events but no highangle foresets, as might be expected from migrating sand
and gravel bars.

infiltration. Regardless, the upper sequence of gravel was
deposited much later than that below because it postdates
a Yarmouth-Sangamon weathering profile. This relationship restricts the age of the uppermost gravel sequence to
the Late Pleistocene.

Cosmogenic-Nuclide Burial Ages
We collected five samples from the east pit and two from
the west pit for burial dating (Table 4.1, Figure 4.7).
Three samples from the gravel (two from the east pit and
one from the west) have similar 26Al and 10Be concentrations, as expected if the gravel is reasonably well mixed
and stratigraphically continuous between the two sites. If
we were to assume that these samples had been buried at
infinite depth—that is, that postburial nuclide production
is zero—26Al/10Be ratios in these samples would imply
burial ages between 0.6 ± 0.17 Ma and 0.87 ± 0.15 Ma.
However, these samples have quite low nuclide concentrations overall, indicating a short period of surface exposure before burial by gravel. At present, they are buried at
a relatively shallow depth below 20 to 23 ft (6 to 7 m) of
gravel, although the burial depth was at least 6.6 ft (2 m)
greater prior to the gully erosion that preceded deposition
of Sequence 4 (Figures 4.4, 4.6). At this depth, postburial
production is significant relative to the total nuclide concentrations, so interpreting these results as a burial age
is ambiguous. Figure 4.7 shows this effect; isolines of
exposure time and burial time both converge in the region of these measurements, so a wide range of exposure
time–burial time combinations would be consistent with
the data. For example, these data would be consistent
with a scenario in which the gravels have lain undisturbed at their current location for several million years.
They would also be consistent with a scenario in which
the gravels were exposed at the surface once for several
thousand years, emplaced below a much deeper sediment
cover at 0.7 Ma, and recently exhumed; or, potentially,
they would reflect a more complex scenario in which the
gravels were buried for 0.7 Ma at a different location and
recently transported to their present location. To summarize, cosmogenic-nuclide concentrations in the gravel are
not diagnostic of a unique burial age.

The Grover here has a typical composition that includes
about 1% to 3% purple quartzite within most size fractions. White (sedimentary) quartzite constitutes a similar
percentage, whereas vein quartz and ironstone are present
in lower abundance, and oolitic chert constitutes around
3% to 5% of the larger size fractions. Igneous pebbles
have been found here but in very low concentrations
(Broadhead 1874; Willman and Frye 1970; this study).
Large chunks of the underlying Cheltenham Formation
are also present throughout the deposit, and some of these
retain delicate pedogenic features, such as soil peds and
possible root structures. These clasts could not have been
transported far by turbulent traction currents, based on
both their local source and frail condition.
The textures are bimodal except within discontinuous
sandy intervals (Figure 4.5). The particle size distribution
ranges from >60 cm in diameter down to <2 µm with up
to ~5% clay by weight, which gives the Grover here an
unusual cohesion for gravel deposits. The finer size population or matrix is mostly sand-sized material, which
obviously has undergone fluvial sorting. Throughout
much of the section, however, the clasts constituting
the larger size population are not touching, but are supported by the finer matrix material, which is atypical for
normal fluvial deposits (Figure 4.6). Moreover, sorting
coefficients often exceed 3.0 and sometimes 4.0, which is
uncharacteristically large for any type of fluvial deposit,
except possibly within environments very proximal to a
source of coarse heterogeneous sediment (e.g., Friedman
1962; Bull 1963; Prothero and Schwab 2014). The extreme heterogeneity, matrix support, lack of imbrication,
and high clay content within much of the Grover here
would be more consistent with mass-flow redeposition
of stream sediment beginning or perhaps alternating with
conventional flooding events (Bull 1963; Rodine and
Johnson 1976; Innes 1983).

Three samples from weathered bedrock underlying gravel
at the east pit also have very low 26Al and 10Be concentrations and, as discussed, lie in the region of Figure 4.7,
where isolines of exposure time and burial age are closely
spaced in relation to measurement uncertainty. However,
these measurements do indicate that the burial age is <1
Ma. A sample from bedrock underlying gravel at the west
pit has higher 26Al and 10Be concentrations and provides
better resolution on burial age. If we assume that the mean
burial depth of this sample is equal to the present thickness of gravel, its burial age is 0.87 ± 0.41 Ma. If we assume instead that it was buried at infinite depth, we obtain
an unconditional minimum age for gravel emplacement of
0.37 ± 0.13 Ma.

A prominent Yarmouth-Sangamon Geosol is present near
the top of the gravel, and this is overlain by an additional
3 to 10 ft (1 to 3 m) of clast-supported pebbles (Figure
4.6). Locally, the lower contact of this upper sequence
defines a prominent erosion surface marked by gully incision. The upper gravel is overlain by and mixed with
(Late Pleistocene) Peoria Loess; however, it is not clear
whether the mixing occurred during deposition, or later by
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Figure 4.5 Representative grain size histograms of the Grover Gravel at various
sites in St. Louis County. Sorting coefficients are inclusive graphic standard deviations determined with cumulative probability plots (not shown). (a) Stop 2, Rockwoods
Reservation (RW); base of Sequence 1. (b) Creve Coeur (CC); see Figure 4.1. (c) Stop
5, Dunn Road (DR).
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bedrock surface underlying the gravel appears to be part
of a Paleozoic weathering profile that was exhumed only
shortly prior to gravel emplacement, which is the standard
explanation for the pink-maroon discoloration at the top
of the Cheltenham Formation.

Gully 1
The pit to the east of the parking area is the formal type
section of the Grover Gravel. In the first prominent gulley
(closest to the parking area) eroding into the old highwall,
the base of the Grover forms an ice-wedge cast within
the underlying clay (Figure 4.8). (We use “ice-wedge
cast” in a broad sense to include features such as “ground
casts” that may form by contractional shrinkage within
the active zone without a direct connect to the underlying permafrost.) Because these features form only under
permafrost, deposition of the type Grover began during
continental glaciation, which is consistent with the Pleistocene burial date obtained from the adjacent pit. If all the
glaciations that reached Missouri and vicinity have been
identified, the age of the main body of gravel should coincide with that for one of the tills shown in Figure 4.2.

Gully 2
A prominent silt bed with normal magnetic remanence is
present near the midportion of the gravel along the next
gulley to the east (Figure 4.9). This evidence, combined
with the burial date from the western pit, indicates the
main phase of Grover deposition began during the Middle
Pleistocene after the Matuyama/Brunhes transition at
0.78 Ma. The silt is strikingly white, except for discrete
sand inclusions and a yellowish brown discoloration near
the top, where it is partially lithified. Rubey (1952) also
described this silt from the 1920s exposure, emphasizing
that it marked a transition from unstratified deposits below to materials with discernable bedding above. He also
described a similar bed from other exposures, which suggests that it represents a significant event during Grover
deposition. The clay content and the percentage of smectite increase upward within the silt, and sharply so above
an irregular boundary marked by manganese oxide stains.
The irregular nature of this boundary is consistent with a
weathering front proceeding downward through the silt,
which further suggests that most of the clay formed in situ
following deposition.

Figure 4.6 Matrix-supported clasts in the upper portion of
depositional Sequence 3 within the Grover Gravel at Rockwoods Reservation. The upper portion of the staff is at
the erosional contact between Sequences 3 (lower) and 4
(upper; see Figure 4.4). The Yarmouth-Sangamon Geosol
is marked by the redder hues within the top of Sequence 3.

To summarize, one sample from the Rockwoods pit complex yields an apparent burial age for the bedrock surface,
which is equivalent to the depositional age of the gravel,
of 0.87 ± 0.41 Ma. Measurements from other samples of
gravel and underlying bedrock are consistent with gravel
emplacement at this time, although the gravel samples
could also be consistent with other scenarios because of
the low 26Al and 10Be concentrations and relatively shallow burial depth. Overall, we conclude that the gravel at
this site is most likely 0.87 ± 0.41 Ma, that is, approximately Middle Pleistocene in age.

A small portion of the finest sand grains within the silt are
or include volcanic glass. Glass shards seem to be more
common within the silt fractions, but these have not been
examined thoroughly. The most common type of vitric
grain is pumice (Figure 4.10), followed by (phenocryst)
minerals coated or enveloped by pumice (Figure 4.11).
Most of the coated grains are feldspars, but these also
include zircon and other unidentified minerals. Platy (bubble wall and bubble-wall junction) shards are also present,
but in much lower concentrations.

One additional interesting issue at this site is the contrast
between the apparent weathering of the bedrock surface
in the east pit and the low cosmogenic-nuclide concentrations in bedrock samples. Typically, one would associate
extensive weathering with a long period of surface exposure and thus high cosmogenic-nuclide concentrations.
The most likely explanation for this mismatch is that bedrock weathering occurred during the Pennsylvanian following deposition of the fireclay deposits and not during
the Pleistocene immediately before gravel deposition. The
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Unit sampled

Weathered bedrock

12-GG-DRS

137

6.4

6.4

6.4

6.4

7.3

7.5

7.6

7.8

7.9

140.7 ± 7.5

136.2 ± 4.3

53.6 ± 2.8

68.2 ± 3.2

53.5 ± 2.6

40.9 ± 2.4

33.0 ± 3.0

39.6 ± 2.4

38.9 ± 2.2

426 ± 30

436 ± 24

263 ± 13

382 ± 16

235 ± 12

205 ± 12

217 ± 15

257 ± 13

261 ± 12

Gravel thickness
[10Be]
[26Al]
1
3
−1 2
3
above sample (m) (10 atoms g ) (10 atoms g−1)3

3.29 ± 0.68

2.99 ± 0.53

Indeterminate

0.87 ± 0.41

Indeterminate

Indeterminate

Indeterminate

Indeterminate

Indeterminate

Apparent burial
age (Ma)4

1.59 ± 0.19

1.47 ± 0.15

0.65 ± 0.15

0.37 ± 0.13

0.87 ± 0.15

0.60 ± 0.17

0

0

0

Burial age
(infinite burial) (Ma)5

2

1

Thicknesses in the east pit do not include gravel above the Yarmouth-Sangamon profile.
Normalized to the isotope ratio standards of Nishiizumi et al. (2007).
3
Normalized to the isotope ratio standards of Nishiizumi (2004).
4
Burial age calculated under the assumption that the mean burial depth of the sample is equal to the present thickness of the Grover Gravel above the sample.
5
Burial age calculated under the assumption that the sample has been buried at an infinite depth (i.e., postburial nuclide production is zero). Under most circumstances, this
provides a minimum limit for the true burial age.

Basal gravel

12-GG-DRB

137

233

12-GG-WT-0.25 Basal gravel

Dunn Road section

233

12-GG-WT-1.25 Weathered bedrock

Rockwoods Reservation, west pit (“Water Tower” section)

Basal gravel

235

235

235

12-GG-RW+1

Weathered bedrock

12-GG-RW-0
235

Weathered bedrock

12-GG-RW-0.5

235

12-GG-RW+0.5 Basal gravel

Weathered bedrock

12-GG-RW-1.0

Rockwoods Reservation, east pit

Sample name

Bedrock
elevation (m)

Table 4.1 Cosmogenic-nuclide concentrations and burial ages for Grover Gravel sites, St. Louis County
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Figure 4.7 26Al and 10Be concentrations in samples from two pits at Stop 2. The x-axis of this diagram shows
the measured 10Be concentration (atoms g–1) divided by the surface production rate (atoms g–1 yr–1) at each
sample site. This normalization facilitates comparison of samples from different sites on the same diagram,
but has somewhat nonintuitive units of years. The y-axis shows the ratio of normalized 26Al and 10Be concentrations; for this normalization, the production ratio is equal to 1. Granger (2006) gives a detailed description
of this diagram. Ellipses represent 68% confidence regions for the measurements. The gray lines in the background are isolines of exposure and burial time, drawn for the present burial depth of the samples. During
initial exposure, nuclide concentrations progress to the right along the line, with the normalized production
ratio equal to 1. During subsequent burial, concentrations decrease, eventually asymptotically converging on
a steady-state value at which the nuclide production rate at the burial depth of the samples is equal to nuclide
loss by radioactive decay. Because of this effect, isolines of exposure and burial time converge in the region
of the steady-state value. In this region, they are closely spaced relative to typical measurement uncertainty,
providing poor resolution on burial age. At higher overall nuclide concentrations (to the right in this diagram),
isolines are widely spaced relative to measurement uncertainty, providing better age resolution.

The clay mineralogy of the silt is strikingly different
from that of the gravel. Clay within the gravel is mostly
mixed-layer kaolinite with no discernable, or very subtle,
smectite peaks, as determined from X-ray diffraction. The
silt, however, has prominent smectite, kaolinite (normal
7-Å), and halloysite peaks, which are typical weathering
products of volcanic ash, especially halloysite. The early
lithification and yellowish brown discoloration atop the
silt are additional traits of volcanic ash, so this deposit
may be an ash bed that is weathering into a bentonite.

and tourmaline (Table 4.2, Figure 4.12). The silt, however,
is enriched in less stable minerals, including magnesiumrich chain silicates, biotite, allanite (a member of the
epidote group), and apatite (Figure 4.13a,b). Some of the
biotite grains are euhedral, as are untwinned potassium
feldspar crystals (presumably sanidine), apatite, and various other minerals yet to be identified. Zircon is present
in lower concentrations than within the gravel, but those
within the silt are mostly euhedral instead of rounded
(Figure 4.13c). The silt clearly has a different provenance
than the Grover, and the only plausible transport mechanism seems to be eolian. Moreover, the heavy mineral
suite within the silt is typical of phenocrysts ejected along

The silt also contains a distinct suite of nonopaque heavy
minerals consistent with a volcanic origin. The gravel is
dominated by ultrastable minerals, mostly rounded zircon
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Figure 4.9 White silt bed within the Grover Gravel at Rockwoods Reservation.

do match those of the white silt, so far as tested, although
similar ashes also erupted from the Valles caldera in New
Mexico (Izett 1981). The New Mexico eruptions were
smaller, however, and no deposits from these events have
been found in states adjacent to Missouri. Moreover, the
last major eruption from the Valles caldera was at ~1.25
Ma, which apparently is too old for this site (Slate et al.
2013). Finally, the 0.77 Ma age of the Bishop ash also
concurs with the ~0.76 Ma age of the Fulton till (Figure
4.2); thus, deposition of the Bishop ash could have coincided with permafrost. Without radiometric dates, however, we cannot eliminate the possibility that these shards
were reworked from some other ash on the Great Plains
and redeposited here as loess.

Figure 4.8 Ice-wedge cast beneath the Grover Gravel. The
gulley wall is nearly vertical. The base of the gravel fills the
former ice wedge within the underlying Cheltenham Formation, meaning that deposition began under permafrost.

with volcanic ash from highly silicic volcanoes (Izett
1981; Sarna-Wojcicki and Davis 1991). Nevertheless, the
presence of nonvolcanic grains (e.g., chert) that obviously
are derived from the Grover or the same source means
that it is not a direct ash fall, as is typical for distal ash
beds (Sarna-Wojcicki and Davis 1991).

Regardless of the source, the ash supports the interpretation of a rapid and possibly mass-flow origin for much of
the Grover Gravel. Volcanic ash is notorious for inducing landscape instability because it may kill vegetation
while preventing rainfall infiltration, leading to more and
faster runoff within local watersheds. Landscapes are also
unstable in periglacial environments, particularly under
permafrost or melting permafrost. Both factors combined
would have primed the local streams for a series of highdischarge and mass-flow depositional events.

Possible Sources of the
Silt and Its Implications
At least four Pleistocene ash deposits are preserved in
adjacent states, although none have been documented
previously from Missouri (Table 4.3). Three of these are
from the Yellowstone eruptive center and one is from the
Long Valley caldera in California. The Yellowstone ashes
are characterized by a preponderance of platy shards over
pumice, the absence of biotite, the near absence of allanite, and high concentrations of iron-rich chain silicates
and olivine (Izett 1981). The 1.27 Ma Mesa Falls tephra
contains a higher proportion of pumice grains than the
other Yellowstone deposits, but the 0.64 Ma Lava Creek
B tephra is the only Yellowstone ash within the plausible
range in age of the white silt. However, the shard and
heavy mineral types of the Lava Creek B are distinct from
those within the silt. The shard and mineral characteristics
of the 0.77 Ma Bishop ash from the Long Valley caldera

Questions for Discussion
1. Are the clay coatings around the grains and clasts
		 depositional or diagenetic?
2. Are the undulating pebble bands within the upper
		 Grover more consistent with deposition from debris
		 flows or traction currents?
3. Would conventional fluvial deposition be consistent
		 with permafrost beneath the base of the Grover?
4. What could be the source of the oolitic chert? Car		 bonates (especially Ordovician) throughout the
		 midwestern United States contain silicified oolites,
113

a

b

c

d

50 μm
Figure 4.10 Pumice shards within the white silt bed at Rockwoods Reservation. (a) Scanning electron microscopy (SEM)
image of cellular pumice. Note the stacked (authigenic) clay crystals within some of the vesicles. This type of pumice
shows distinct vesicles with a petrographic microscope (panel c). (b) SEM image of finely vesicular pumice. Some of the
larger vesicles extend through the entire grain near the left margin. Note the “tubular” vesicles (also called “straight-ribbed”
or “capillary” vesicles) in the lower center. This type of pumice gives a fibrous appearance with the petrographic microscope (panel d). Pumice grains within the silt seem to grade continuously between that shown in this panel and panel a.
(c) Cellular pumice shard under partial cross polarization. (d) Fibrous pumice shard under plane-polarized light. The grain
size is approximately 100 µm; note the larger (broken) vesicles around the perimeter.

		
		
		
		

but the amount in the gravel seems unreasonably
high for any local or regional stratigraphic unit.
Moreover, some of the oolites are unusually large:
are they true oolites?

		
		
		
		
		
		
		

5. Given that a glacier reached a position just to the
		 north shortly before deposition of the Grover, could
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its forebulge have contributed to temporary differential relief and landscape instability? Or more plausibly, could a forebulge have temporarily reversed
the flow direction of local streams? Such a reversal
could have brought clasts northward from a landscape that is no longer preserved because of headward erosion of streams flowing into the Meramec.

a

b

50 μm

50 μm

c

d

50 μm

e

50 μm

Figure 4.11 Coated mineral grains within the white silt.
Various mineral types are coated by or encased within
glass, pumice, or both. (a) Feldspar under cross polarization. (b) Mineral grain within volcanic glass, plane-polarized
light. The boundary between the glass and mineral cannot
be distinguished in plane-polarized light. (c) Mineral grain
within volcanic glass, partial cross polarization. This image
shows the same view as in panel b, but under partial cross
polarization, a fractured birefringent mineral grain is visible
within the (amorphous) glass. The high-interference colors
of the mineral suggest zircon. (d) SEM image of a broken
zircon crystal enmeshed within pumice. The upper arrow
points to the (broken) margin of a glass coating with vesicle
impressions around the grain. The arrow to the lower right
points to pumice vesicles. Note the second zircon fragment
(possibly the other termination of the annotated grain) to
the left. (e) Unidentified mineral grain within pumice under
partial cross polarization.
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Table 4.2 Heavy mineral percentages within the Grover Gravel at Rockwoods Reservation1
Ultrastable
Material
Gravel
(5)
White silt
(1)

Stable

Unstable

Z

T

R

G

E

S

P+A

B

63
[6.1]

17
[7.9]

Tr.

11
[5.8]

3
[0.6]

Tr.

5
[3.1]

1
[0.8]

13

35

Tr.

5

1

0

24

22

Listed values are averages and standard deviations [in brackets] of (n) samples normalized for the
following translucent minerals: Z, T, and R denote zircon, tourmaline, and rutile, respectively; G, E, and
S denote garnet, epidote, and staurolite, respectively; P + A and B denote pyroxenes + amphiboles
and biotite, respectively. Allanite is also present in low amounts (≤2%) in the gravel and higher amounts
(~10%) in the silt. The gravel samples are all from below the Yarmouth-Sangamon weathering profile. Tr.,
trace.

1

Figure 4.12 Heavy mineral grains within the Grover Gravel at Rockwoods Reservation. Most of the
nonopaque grains are rounded zircon. The grain size is 60 to 120 µm. Euhedral zircon is also present within the gravel, but rounded grains are more common.
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a

b

Figure 4.13 Mineral grains within the white silt at Rockwoods Reservation. (a) Biotite. The yellowish brown grain in
the lower center retains part of the pseudo-hexagonal crystal form of biotite. The grain size is approximately 100 µm.
Pseudo-hexagonal biotite is a reliable indicator of a volcanic
source (Umer-Scholle et al. 2014). (b) Biotite. The reddish
brown grain in the lower center retains several euhedral
crystal faces. The grain size is approximately 100 µm. Reddish biotite may resemble hematite, but is distinguished by
its platy cleavage and a biaxial interference figure. (c) Zircon
and apatite. The arrow on the right points to a euhedral
zircon crystal; the left arrow points to apatite. Apatite is
distinguished by its crystal form, poor to no cleavage, lack of
color in plane-polarized light, and low first-order interference
colors. Most equant grains are about 100 µm.

c

Table 4.3 Important Pleistocene volcanic ash beds in the U.S. Midcontinent1

Unit

Source

Distinguishing characteristics

Lava
Creek B

0.64

Yellowstone

Platy shards, lack of biotite, Fe-rich chain silicates, Fe-rich
olivine, gray color, allanite and apatite are uncommon

Yes

Bishop

0.77

Long Valley
caldera, California

Pumiceous shards, abundant biotite, Mg-rich chain
silicates, white color, common allanite and apatite

Yes

Valles caldera,
New Mexico

Pumiceous shards, abundant biotite, Mg-rich chain
silicates, white color, common allanite and apatite

No

Yellowstone

Platy and pumiceous shards, lack of biotite, Fe-rich chain
silicates, Fe-rich olivine, gray color, allanite and apatite
are uncommon

Yes

Valles caldera,
New Mexico

Pumiceous shards, abundant biotite, Mg-rich chain
silicates, white color, common allanite and apatite

No

Yellowstone

Platy shards, lack of biotite, Fe-rich chain silicates, Fe-rich
olivine, gray color, allanite and apatite are uncommon

Yes

Bandelier
(upper)
Mesa
Falls
Bandelier
(lower)
Huckleberry
Ridge
1

Age
(Ma)

Known
from states
adjacent to
Missouri?

~1.25
1.27

~1.65
2.1

Compiled from Boellstorff (1978), Izett (1981), Izett and Wilcox (1982), Sarna-Wojcicki and Davis (1991), and Slate et al. (2013).
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STOP 3: Wildwood City Hall and Parking Garage: Multiple Facies and Ages of the Grover
Gravel (latitude 38.58139°, longitude –90.6314°)
Getting to STOP 3: Wildwood City Hall and Parking Garage
Distance (mi)

Directions
Return to the park entrance at the intersection of Glencoe Road and Highway 109. Mileage resets at
this intersection.

0.0

At the park entrance, turn left (north) onto Missouri Route 109.

1.0

Observe the Ordovician-Mississippian contact; note the red, cherty residuum in the Mississippian.

1.6

Turn right (east) onto Old Manchester Road.

2.1

At the stop sign, we are at the highest local geomorphic surface atop the Burlington-Keokuk, and the
Grover is absent.

2.4

The Grover is exposed to the left above the Cheltenham Formation along the church parking lot.

2.5

At the roundabout, take Taylor Road to the north. We are now in the former village of Grover.

2.8

Turn left (west) onto Main Street. Note the escarpment just ahead; the base marks the MississippianPennsylvanian unconformity. The Grover is absent atop the upland surface (Burlington-Keokuk), but it
is widely present just below the escarpment where the Pennsylvanian is present at a lower elevation
(remember the unconformity and karstic landscape). If the local Grover deposits were eroded from the
nearby upland, residuum from the cherty Mississippian carbonates could have supplied the red clay
and some of the chert nodules.

3.0

Turn right onto an unmarked side street and proceed just past the entrance of the parking garage.

The upper diamicton has a similar texture, so it could easily be interpreted as a second younger till. We believe,
however, that it is the same material as the underlying
diamicton, which was eroded from the nearby upland and
redeposited here by a series of mass flows, probably by
solifluction. The fresh exposure revealed a crude stratification within the upper diamicton discernable mostly
by differences in clast concentration. Moreover, just to
the south behind the new City Hall building, this layer
undergoes a facies change marked initially by interbedded silts, which are probably reworked loess. Farther to
the south, the upper diamicton grades nearly imperceptibly into a massive silt, interpreted as loess, occupying a
slightly higher topographic position, and the silt interbeds
are continuous with this loess (Figure 4.13c). This lower
silt is overlain sharply by Peoria Loess, but no paleosol is
preserved beneath the contact. The lower silt has a sandier
texture and higher percentages of illite and kaolinite than
the Peoria Loess, which are typical of the Illinoian Loveland Silt (Figure 4.2). However, the actual age of the lower silt is unconstrained because of the absence of a weathering profile. Conceivably, its age may range from the
Early Wisconsinan (Roxana Silt) to the late pre-Illinoian
because loess deposits of these ages are also preserved
along the Missouri and Mississippi River valleys (Figure
4.2; see discussion for Stop 5).

Background
Historically, all the local materials with gravel clasts have
been lumped within the Grover, but excavations here
between 2010 and 2012 revealed various facies that cannot be coeval. A relatively thin (<10 cm) bed of clastsupported pebbles and cobbles separates two matrix-supported diamictons, all with typical Grover clasts (Figure
4.14a,b). The base of the clast-supported bed marks an
erosion surface atop the underlying diamicton, which
is gradually truncated to the northeast, away from the
Burlington-Keokuk upland. The matrix within the clastsupported bed is clay-rich material with strong angularblocky peds and clay coatings, indicating prolonged pedogenesis prior to burial.
We interpret the clast-supported layer as pedisediment
atop the erosion surface. The lower diamicton is highly
weathered and pedogenically altered, but all the typical
Grover clasts are present. About 330 ft (100 m) to the
south (now heavily revegetated), the lower diamicton is
thick enough to recognize its true character: a weathered
and leached remnant of an old till, very likely the 2.4 Ma
Atlanta till! The most distinctive characteristics of the
Atlanta are its silt-rich matrix texture, a high (>1.0) ratio
of garnet/epidote and the presence of pink-purple quartzite as the most common crystalline erratic (Table 4.4).
The texture here has a slightly lower percentage of sand
than in exposures to the west, but this is a typical result of
leaching below a solum, and the lithology closely matches
both the Atlanta till to the west and descriptions of the old
till throughout St. Louis County (Goodfield 1965).

In summary to this point, deposits that historically have
been called “Grover Gravel” in its type area probably
range from 2.4 Ma (Early Pleistocene) to Late Wisconsinan [ca. 14 thousand years ago (ka)]. These materials were
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a

b

Figure 4.14 Exposure at Wildwood City Hall and parking
garage. (a) Upper and lower diamictons separated by a thin
clast-supported gravel. The view is facing west from behind
the north end of the parking garage. (b) Lower diamicton.
The upper margin of the photo is about 10 cm below the
base of the clast-supported gravel shown in panel a. (c)
Diamicton sequence behind the new Wildwood City Hall
building. View is to the north, about 330 ft (100 m) southeast
of that in panels a and b. The lower diamicton is just above
the road grade but obscured in this view. The upper diamicton overlies and is interbedded with silt; a lower silt bed is
at the pick. The upper diamicton grades southward into a
massive silt at a slightly higher elevation. Note the decrease
in clast concentration within the upper diamicton from the
background to foreground.

c

Table 4.4 Lithology of pre-Illinoian tills in northeast Missouri1
No.
sites

Total
no.
samples

Macon

5

Columbia

Unit

Texture
Sa

Si

Cl

29

38
[1.1]

32
[2.6]

30
[1.8]

10

52

30
[4.0]

38
[4.1]

Fulton

14

71

26
[2.0]

Moberly
(undifferentiated)

12

88

Atlanta

5

Total
no.
samples

Coarse sand lithology
No.
sites

Total
no.
samples

Q+F

C+C

I+M

G:E

14

61
[2.4]

28
[3.2]

11
[2.2]

3

7

0.95
[0.2]

32
[2.8]

41

57
[9.9]

32
[9.5]

11
[1.8]

5

8

0.70
[0.2]

37
[2.2]

37
[2.3]

68

54
[9.6]

40
[9.5]

6
[2.0]

4

7

0.82
[0.9]

26
[1.9]

42
[1.8]

32
[2.6]

88

43
[6.5]

49
[8.9]

8
[2.3]

5

13

0.84
[0.2]

28

14
[1.6]

47
[2.8]

39
[2.3]

29

10
[5.7]

88
[6.0]

2
[0.5]

3

5

3.2
[0.6]

Till at Wildwood*

4

9
[0.5]

58
[1.9]

33
[2.1]

4

39
[5.4]

60
[5.0]

1
[0.6]

3

2.0
[0.7]

Till at Ridge
Meadows*

3

12
[3.8]

57
[2.1]

31
[5.3]

3

57
[16]

41
[14]

2
[2.0]

Parameter values are averages and standard deviations [in brackets] of individual means at different sites, giving equal weight to each site regardless of the number of samples at each location. Sa, Si, and Cl denote sand, silt, and clay, respectively, in the <2.0 mm fraction; Q + F, C + C, and I +
M are quartz + feldspar, carbonates + chert, and igneous + metamorphic rock fragments, respectively; G:E is the garnet/epidote ratio in the very fine
sand (62–125 µm) fraction. The sites are along the I-70 corridor between St. Charles and Kingdom City; the raw data are summarized in Rovey
(2012).
*Samples are leached.
1
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deposited and redeposited in a variety of ways by glacial
ice, streams, and mass flows.

2. Some of the quartz and quartzite pebbles within the
		 Grover are very well rounded, as are the same rock
		 types within the lower diamicton (Atlanta till). Could
		 these clasts have been entrained from earlier fluvial
		 deposits; that is, might there be still older “Grover
		 Gravel” deposits?

Questions for Discussion
1. How did some of these pebbles receive such a fine
		 polish? Are they recycled ventifacts?

STOP 4: Ridge Meadows Elementary School: Till Facies and Source of Erratics (latitude
38.57194°, longitude –90.6008°)
Getting to STOP 4: Ridge Meadows Elementary School
Distance (mi)

Directions

3.4

Take Main Street back to the east and turn left (north) onto Taylor Street.

3.5

Turn right (east) onto Missouri Route 100, or (new) Manchester Road.

5.4

Turn right (south) onto Old State Road.

6.4

Turn left onto Ridge Road.

6.6

Turn right into the parking lot of Ridge Meadows Elementary School.

The school is within an old clay pit, and Grover clasts are
present throughout the area. Some of these are spoils from
the old mine, but a remnant highwall along the margin of
the old pit exposes in-place materials.

4.4). The material again closely matches that of the Atlanta Formation as well as attributes described by Goodfield
(1965) for remnants of the old till scattered throughout
St. Louis County. To date, however, quantitative characteristics of the Atlanta till have been based on unleached
matrix material, so this correlation is provisional.
Nevertheless, the glacial limit clearly extends south of
the Missouri River within St. Louis County, and these old
glacial sediments were the source for much of the type
Grover Gravel. In some cases, till from this glaciation is
the “Grover Gravel.”

Follow the (Rock Hollow) hiking trail into the woods
about 660 ft (200 m) to the old highwall. Note that the
gravel appears to be clast supported until the exposure
is cleaned, revealing a matrix-supported diamicton. The
“Grover Gravel” here is virtually identical with the lower
diamicton at Stop 3, which would be most unusual if it
were not part of a regional deposit, namely, till (Table

STOP 5: Dunn Road Excavation: A Pliocene(?)-Age Gravel (latitude 38.77194°, longitude
–90.1825°)
Getting to STOP 5: Dunn Road Excavation
Distance (mi)

Directions
Retrace the route back to Manchester Road and turn right (east).

15.1

Exit north onto I-270.

20.7

Turn onto Olive Street. The Creve Coeur exposure (Figure 4.5) is to the east.

40.9

Exit onto Riverview Drive (the last exit in Missouri) and turn left (north).

41.2

Turn left onto Dunn Road and then right into the MotoMart parking lot.

This site is one of several occurrences of gravel at a similar elevation along or just west of the Mississippi River
bluff, and all these have traditionally been correlated with
the type Grover Gravel (Fenneman 1911; Davies 1953;
Grimley et al. 2001). All these exposures are just a few kilometers downstream from the confluence of the Missouri
and Mississippi River channels; thus, the source of fluvial
sediment could be to the north or west. The base of the
gravel here is at an elevation of ~460 ft (~140 m) and no

more than 49 ft (15 m) above the active floodplain of the
modern Mississippi. The Illinoian glacier (barely) crossed
the Mississippi River channel just north of St. Louis, but
this excavation is the only current exposure of Illinoian
till west of the Mississippi River channel in Missouri.
The gravel here was deposited as a fining-upward sequence with clast support throughout (Figure 4.15). This
deposit is better sorted, with a smaller median clast size

120

than gravels at the preceding stops; thus, the gravel here
is a typical coarse-grained fluvial deposit, likely from
the ancestral Mississippi River or possibly the Missouri.
The upper 13 ft (4 m) of gravel is part of a pedocomplex
extending upward into an overlying silt, which in turn is
buried by the Illinoian till and then a thick sequence of
glaciolacustrine sediment below Roxana Silt and Peoria
Loess (deposits above the till are no longer exposed).
Grimley et al. (2001) provisionally correlated the silt bed
above the gravel with the Crowley’s Ridge Silt, a late preIllinoian loess (precise age unknown, but probably ≥250
ka; Markewich et al. 1998; Grimley et al. 2003).

The youngest possible age of this deposit (~1.6 Ma) is
older than all the pre-Illinoian glaciations known to have
reached Missouri, except for that of the 2.4 Ma Atlanta
Formation (Figure 4.2). If the deposit is younger than 2.4
Ma, materials from this glaciation may have provided
some of the clasts, including the quartzite, but the igneous
pebbles must have been derived from a different source
because the Atlanta till never has igneous constituents in
anything close to this percentage. Under this hypothesis,
the igneous clasts might have been derived from a glaciation between the ages of the Atlanta and Moberly Formations that reached the Mississippi or Missouri drainage
basin, but not northern Missouri.

This exposure and others along the bluff have all the
familiar rock types associated with the Grover Gravel at
the previous stops, but igneous rocks are abundant here
as well. The igneous clasts (mostly granitic) commonly
exceed 10% of the total within size fractions ranging from
coarse sand to small pebbles, and pink orthoclase grains
constitute a similar portion of the sand. Fenneman (1911)
concluded, based on the concentration of igneous rock,
that these deposits are reworked Grover materials mixed
with sediment from a younger glaciation. Such was our
initial interpretation as well, but cosmogenic-nuclide burial ages here are not consistent with this interpretation. 26Al
and 10Be concentrations in gravel and underlying bedrock
at this site are significantly higher than in any samples
from the Rockwoods sections (Table 4.1, Figure 4.16),
yielding correspondingly better burial-dating resolution.
If we assume that the mean burial depth of the samples
is equal to the present thickness of the gravel, burial ages
for these samples are 3.29 ± 0.68 Ma and 2.99 ± 0.53 Ma
for bedrock and gravel, respectively. These ages are indistinguishable and would indicate that the gravel at this site
is preglacial, deposited during late Pliocene cooling that
preceded the first major expansion of the Laurentide ice
sheet (Zachos et al. 2001; Lawrence et al. 2010; Lang et
al. 2014). However, the present burial depth of these samples is shallow enough that this conclusion is somewhat
dependent on assumptions about mean burial depth. If we
assume infinite burial for both samples, we obtain unconditional minimum burial ages of 1.59 ± 0.19 Ma and 1.47
± 0.15 Ma, respectively. Thus, under any circumstances,
the gravel at this site is substantially older than that at the
Rockwoods type section and no younger than Early Pleistocene. Overall, we think it is most likely latest Pliocene
or earliest Pleistocene in age.

If deposition here does predate continental glaciation,
how did the igneous rocks get here? The maximum size
of these clasts (small pebbles) is smaller than those in the
type area, so they may have arrived by conventional fluvial transport from the Canadian Shield area. Alternatively,
the source of the igneous and metamorphic rocks might
be to the west in the Rocky Mountains and Sioux Quartzite outcrop, respectively. In this case, the clasts might
have been transported by an ancestral Platte River system
feeding into the ancestral Iowa River to the north or the
southern segment of the Missouri River to the west. As
another possibility, Willman and Frye (1970) noted that
the typical rock types in the Grover (including gravel-size
quartzite) are also present within the Baylis Formation
and equivalents (assumed Cretaceous), another enigmatic
deposit that is preserved locally across the midwestern
United States, including portions of Illinois and Iowa.
Thus, the once more extensive Baylis Formation could
be the immediate source of some of the materials in both
the Atlanta till and older fluvial sediment. Under all these
latter scenarios, the gravel here may be a temporal equivalent of the Mounds Gravel to the south.
In conclusion, results to date show that the deposit here
is substantially older than the type Grover Gravel to the
west. However, the immediate source of the igneous and
metamorphic rocks remains unknown. All feasible histories, however, require multiple episodes of erosion and
recycling by various geologic agents to account for the
occurrence and distribution of quartzite erratics. Additional burial dates, coupled with detrital zircon dating, could
further constrain the provenance and geomorphic history
of the Grover Gravel.

Returning to Champaign-Urbana
Directions
Return to I-270 and cross the bridge into Illinois.
Follow I-270 back to I-55.
Retrace the route back to Champaign-Urbana.
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Figure 4.15 Grover Gravel at the Dunn Road section. Note the smaller clast size
within the gravel compared with previous sections.
1.2

5 ka

1.0

10 ka

Exposure

20 ka

50 ka

l

ria

Bu

1 Ma
2 Ma

Steady-state
end point

0.6

3 Ma

26

10

[ Al]* / [ Be]*

0.8

4

0.4

5

0.2

0.0
0

10

20

30
10

40

50

3

[ Be]* (10 yr)
Figure 4.16 26Al and 10Be concentrations in samples from the Dunn Road section at Stop 5. The structure
of this diagram is the same as in Figure 4.7. Cosmogenic-nuclide concentrations in these samples are much
higher than those measured at the Rockwoods pit sites, which provides better age resolution.
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ABSTRACT

falo Rock State Parks and along the Illinois and Michigan
(I&M) Canal State Trail (Figure 9.1). Professional field
guides published by the Illinois State Geological Survey
(Odom et al. 1962; Collinson et al. 1972; Nelson et al.
1996; and others) offer detailed outcrop descriptions and,
along with other published studies (Willman and Payne
1942; Fraser 1976; Kolata et al. 1978; Jacobson 1985;
Kolata and Nelson 1990; Nelson 1995; Marshak and
Paulsen 1996; Larson 2002; Plotnick et al. 2009; Huysken
and Fujita 2013), offer in-depth treatment of depositional
environments and structural and tectonic analyses of the
area. Additionally, field guides and descriptive publications geared toward the layperson (Wiggers 1997; Greenberg et al. 2005; Altaner and Butler 2013; Reams 2013)
offer an excellent introduction to the geology of the area.
Rather than repeating the details of prior work, we summarize pertinent geologic models in the context of the
outcrops we visit. Our goal is to focus on the pedagogy
of using a field-based, project-based approach to teaching
concepts in geology.

This field guide describes a one-day field trip that makes
use of state parks and natural areas in the Starved Rock
area near La Salle, Illinois, including Matthiessen State
Park, Buffalo Rock State Park, and the Illinois and Michigan (I&M) Canal State Trail. The field trip is geared
toward geoscience educators—instructors and faculty
interested in enhancing field-based instruction for geology and earth science students. Field investigations are
complex in that they require hypothesis development, data
collection, application of content knowledge, interpretation, and graphical and spatial analyses. They are a robust
way to help students develop higher order thinking skills
in analysis, synthesis, and evaluation. Our approach emphasizes discovery-, project-, and place-based learning as
an entry into field investigations.
On this trip, geoscience educators are guided through two
field projects. The first is designed for introductory- to
intermediate-level courses in earth science, physical geology, and historical geology. The focus is on introducing
concepts of sedimentary rock identification, sequence
placement and relationships (sequence stratigraphy),
interpretation of depositional environments, and recognition of bedrock structure. The second project introduces
techniques of bedrock mapping, cross-section construction, and structural analysis. Both projects are scalable
in the sense that they can be modified to accommodate
different learning levels, student populations, and time
allotments. Working through the series of activities introduces students to concepts of placing individual outcrops
in the context of regional geology. Within the road log,
we include learning objectives, activities, and suggested
discussion questions so that readers can investigate the
pedagogies outlined.

Over the past several years, faculty in the Department
of Geosciences at Indiana University Northwest have
experimented with a field trip model that stresses fitting
outcrop-level observation, data collection, and application
of geologic concepts into a larger regional framework.
We introduce geologic concepts as a learning progression,
through which students revisit or add to previous projects
to support their learning at a variety of levels. A reflective
component allows students to demonstrate intellectual advancement and to work toward mastering concepts.
We hope this North-Central Geological Society of America field trip guide will serve as a useful resource for educators planning field trips in and around the Starved Rock
area. Participants on this field trip will receive detailed
field projects developed by the field trip leaders. Although
the details of the projects are not published in this field
guide, the complete projects can be obtained by contacting the field trip leaders. Discussions in the field will
center on geologic concepts in the context of pedagogical
approaches and science education.

INTRODUCTION
This field guide focuses on examining bedrock outcrops
located in and near Illinois state parks and natural areas
between La Salle and Ottawa, Illinois. The trip generally
follows Illinois Routes 178, 71, and 351; it includes outcrops in and around Starved Rock, Matthiessen, and Buf-
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Figure 9.1 Route map of the field trip area.

La Salle

Stop location
Driving route
Walking route

SYSTEM
Quaternary

SERIES
Pleistocene

GROUP

FORMATION

DESCRIPTION
Till, outwash

unconformity

Bond

Limestone—light gray to greenish gray micritic,
massive, pervasively brecciated, some brachiopods.

Patoka

A unit with variable thickness consisting of shale,
sandstone, clay, limestone, and coal. In Illinois, this
unit is dominated (>85%) by shale and sandstone.

Shelburn

Mainly siliciclastics and dominated by fine- to mediumgrained sandstones in Illinois. Contains widespread
beds of limestone, black shale, and coal.

Carbondale

Cyclothem sequence—alternating sequences of
sandstone, shale, limestone, thin coal, and underclay.

(Upper)
Pennsylvanian
(Middle)
unconformity

Ordovician

Champlainian
(Middle)

Platteville dolostones and limestones—light yellow
brown and brownish limestone and dolomite, cherty,
some broken skeletal material.

Platteville

Ancell

St. Peter Sandstone

Sandstone—light brown to white, consists of fine
to medium well-rounded quartz grains, well sorted.

unconformity

Ordovician

Canadian
(Lower)

Prairie
du Chien

Shakopee Dolostone

Dolostone—light tan, fine-grained massively bedded
and unfossiliferous.

Figure 9.2 Description and relative stratigraphic position of rock units seen on this field trip. Unconformities listed are
those observable on the trip. Selected rock units shown are based on the broader stratigraphy of Nelson et al. (1996) and
the Tri-State Committee on Correlation of the Pennsylvanian System in the Illinois Basin (2001).

GEOLOGIC SETTING

the next oldest rocks preserved are units of Pennsylvanian
age. Rocks of the intervening Silurian, Devonian, and
Mississippian Periods, representing more than 200 million years of Earth’s history, are well known in other areas
of Illinois, but are not present locally because of erosion
prior to Pennsylvanian time. Precisely when these rocks
were removed can be determined only by more broad
regional studies, but to the south along the La Salle structural trend, Mississippian rocks are folded, suggesting
that the latest period of structural deformation was the
latest Mississippian, Early Pennsylvanian, or both (Nelson
1995). Following the Pennsylvanian Period was another
extended period of erosion of the craton, removing another 300 million years of record. Whereas Cretaceous rocks
can be found in southern and far western Illinois, the Cretaceous seas apparently never reached the Starved Rock
area. During the Pleistocene, the Laurentide ice sheet
advanced southward from Canada on several occasions,
covered this area with ice, and left behind deposits that lie
unconformably on the Pennsylvanian bedrock.

The Starved Rock area lies in the central craton of the
North American continent within the Illinois Basin. Geologic structures are generally subtle, of low amplitude,
and frequently buried under Pleistocene deposits. These
structures can best be observed in locations where stream
erosion has cut deeply through the Pleistocene till. In the
Starved Rock area, glacial meltwater has deepened the
Illinois River valley to such an extent that Paleozoic bedrock can be examined along its bluffs and in its tributaries.
The Paleozoic geologic history of this region is characterized by successive marine transgressions and regressions.
There have been long periods of erosion of previously
deposited marine sediments, and the unconformities
that developed during these erosional periods are very
pronounced in the stratigraphic column (Figure 9.2). Although Cambrian rocks are known from the subsurface,
they do not outcrop in the field area. The only Cambrian
exposures in Illinois are along the Sandwich Fault Zone,
20 to 40 mi (32 to 65 km) to the north (Kolata et al.
1978). Outcrops of the Lower Ordovician carbonates and
clastics of the Sauk Sequence, which occur naturally in
stream valleys and in commercial quarries, are the oldest
rocks available for study at the surface. Middle Ordovician rocks of the Tippecanoe Sequence are well exposed
in many localities and will be examined in some detail on
the field trip. Locally, a long period of erosion followed—

Stratigraphy of the Starved Rock Area
The Paleozoic stratigraphy of the Starved Rock area is
rather straightforward, having the sedimentary rocks that
one would expect in the interior of the lithospheric plate.
It is, however, important to understand the position of
the North American lithospheric plate with respect to the
equator and other lithospheric plates. The oldest sedimen-
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tary rock exposed in this area that is available for study is
the Lower Ordovician Shakopee Dolomite (Figure 9.2).
Slightly older units are exposed in private commercial
quarries; however, these rocks are generally not available to large groups. In the outcrop, the Shakopee appears
similar to many lower Paleozoic dolostones. It is light
tan, fine grained, thinly to massively bedded, and unfossiliferous, and in powdered form, it responds only weakly
to dilute hydrochloric acid. The Shakopee is overlain
unconformably by the St. Peter Sandstone, although evidence for the unconformity is very limited in individual
outcrops and can best be recognized on a regional scale.
Templeton and Willman (1963) have described the St.
Peter Sandstone in the Starved Rock area in detail. Of
particular interest are their observations that the St. Peter
is a pure quartz sandstone, very well sorted, and locally
cross-bedded, characteristics that make its identification in
the field area rather straightforward. Silica sand from the
St. Peter is the basis for a key industry in northern Illinois.
An unconformity separates the St. Peter Sandstone from
younger rocks. In Matthiessen State Park, the dolostone
and limestone of the Platteville Formation overlie the
St. Peter in Deer Park Canyon. Both the dolostone and
limestone of the lower part of the Platteville contain chert
nodules in some beds (Templeton and Willman 1963).
The limestone is light gray to pinkish brown and crops out
as steeply dipping beds where Deer Creek empties into
the Vermilion River. In other parts of the field area, the St.
Peter Sandstone is unconformably overlain by Pennsylvanian rocks. Evidence for the unconformity beneath the
Pennsylvanian is quite obvious in each locality where it is
exposed, both by lithologic determination of the rocks and
the structural attitude of the Ordovician rocks. In several
outcrops, the unconformity is clearly an angular unconformity, whereas in others, it appears to be a disconformity.
Although we will not make a stop to see the Pleistocene
deposits, their presence is indicated by the topography.
Pleistocene deposits have been the subject of extensive
studies by Illinois State Geological Survey personnel over
the past century, and they can be observed at stops outlined in other field guides.

was a low-lying landscape of sedimentary rocks, probably
Cambrian sandstones, which yielded these mature, nearly
pure quartz sediments. The lack of any significant amount
of finer clastic sediments suggests that wind was a significant factor in sorting the clastic sediments and that it
explains the juxtaposition of the Platteville carbonates directly on the sandstones. These carbonate rocks are part of
a vast shelf deposit of Middle Ordovician time representing a shallow sea of clear, warm water very near the equator. In this environment, marine life thrived and generated
the carbonate grains that constitute these rocks. Although
the development of tectonic activity along the Iapetus
Ocean margin of the North American plate began in Middle Ordovician time, local evidence is lacking because of
the limited thickness of the exposures. Several significant
volcanic ash beds are known throughout the Great Lakes
region within the Middle Ordovician sediments, but none
have been recognized in the longest section measured and
described by Templeton and Willman (1963) at the mouth
of Deer Park Canyon (Matthiessen State Park). The sequence of Ordovician units in this area, although thin and
limited in lithologic extent, seems to fit the epicontinental
model rather well.
The Pennsylvanian rocks exposed here have been studied
in great detail because of the presence of commercial coal
and the highly varied lithologies that fit the cyclothem
model of rapid transgression and regression of lithofacies
across a very gentle slope. The shifting of environments
and the “stacking” of marine and nonmarine sedimentary
rock types atop one another may best be explained by the
shifting coastlines caused by multiple glaciations during
Pennsylvanian time (Heckel 1986). Thus, the coal beds of
the terrestrial swamp environment are interlayered with
floodplain muds and stream-channel sandstones as well
as coastal sandstones and muds. The carbonates represent
slightly deeper water that developed during the periods
of greatest transgression of the continental interior. The
clastic sediments were likely derived from the rising Appalachian Mountains.

Bedrock Structures in
the Starved Rock Area

Depositional Model for Shelf Sedimentation

The Starved Rock area is situated along the northeastern
edge of the Illinois Basin, a large structural basin shaped
like the bowl of a spoon, extending across the southern
three-fourths of Illinois and into southwestern Indiana,
part of western Kentucky, and small areas of Missouri
and Tennessee (Figure 9.3). The character of the basin
can be likened to nested Tupperware bowls, where older
Cambrian and Ordovician units meet the surface along
the outer portions of the basin and younger Pennsylvanian
sedimentary rocks intersect the land surface in the central
basin. Tectonic activity during late Precambrian and early
Cambrian time created rift valleys in what is now southern Illinois and Kentucky. Two deep basement structures
underlying the southern part of the basin, the Reelfoot

The sedimentary units exposed in the outcrops along the
Illinois River and its tributaries in the Starved Rock area
are too thin to observe complete sequences of sediment
that could be used to distinguish specific continental shelf
sedimentation models. However, the interpretation of the
position of the North American lithospheric plate during the Ordovician Period allows us to suggest that an
appropriate model is one of epicontinental seas moving
over a broad, shallow shelf where no significant tectonic
activity occurred in the interior of the continent. The St.
Peter Sandstone represents the very well sorted, texturally
and mineralogically mature clastics of the beach–barrier
island complex (Mazzulo and Ehrlich 1983). The texture
and mineralogy of the St. Peter suggest that the source
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Rift and Rough Creek Graben, are associated with continental rifting during this time. During the late Cambrian,
rifting ended, subsidence followed, and shallow seas
covered the area. Basin subsidence lasted through the Paleozoic, with the rate of subsidence decreasing after early
Cambrian time (Nelson 1995).

courses and are part of a typical undergraduate geoscience
curriculum. Popham (2007) summarized a learning progression as a “powerful analytic tool” whereby instructors
present students with subskills and bodies of enabling
knowledge as the building blocks that students must accomplish en route to mastery of critical concepts. The Department of Geosciences at Indiana University Northwest
has identified an essential curricular aim: students should
be able to gather and interpret data at individual outcrops,
synthesize outcrop-scale information from several locations to construct a regional picture, construct a geologic
history, and evaluate geologic models. These exercises
were developed by working backward from this central
aim to identify specific concepts and skills that students
would need on the path to mastery.

The largest and most prominent structural feature in the
Starved Rock area is the Peru Monocline, an asymmetric
north–south-trending anticline (monocline) that extends
roughly from southeast of Dixon in Lee County, Illinois,
to southern La Salle County, Illinois. It is part of a larger
fold complex known as the La Salle Anticlinorium, a
200-mi-long (320-km-long) belt of mainly north–southtrending folds that extend roughly from Mendota in northern Illinois to Lawrenceville in southeastern Illinois. The
main phase of folding occurred in the latest Mississippian
through Early Pennsylvanian Periods and most likely occurred in response to movement along deeper basement
faults (Nelson 1995). More subtle deformation continued
intermittently throughout, and after Pennsylvanian time
as well (Jacobson 1985). Tilting is pronounced in Ordovician-aged rocks that make up the western limb of the
monocline, with westerly dips that reach 35°. Outcrops of
the westward-dipping Ordovician Platteville Limestone
and St. Peter Sandstone are well exposed along the Vermilion River in Matthiessen State Park and along the I&M
Canal Trail between La Salle and North Utica. Exposures
of the nearly horizontal eastern limb of the monocline are
also present at these locations. The change in bedding attitude can be observed and measured over a distance of
only a few hundred meters, enabling interpretations of the
placement and orientation of the fold axis at these locations. Deformation slowed through the later portion of the
Pennsylvanian and Permian; thus, Pennsylvanian-aged
rocks that lie atop older Ordovician units on the western
limb are only slightly tilted and produce a recognizable
angular unconformity.

We use a learning progression approach, wherein students
are not expected to master individual concepts through
a single activity, but rather to develop skills over time.
The first exercise focuses on concepts that are universally
introduced as part of introductory physical geology or
earth science courses; it includes rock identification,
relative time, and depositional environments. Later
exercises revisit these concepts but also introduce more
robust techniques of data gathering and analysis of
geologic structures, involving higher levels of complexity
consistent with a learning progression (Duncan et
al. 2009). The two activities expose students to, and
incorporate, many key geologic concepts while also
applying them to a place-based activity. Through the use
of field-specific exercises, students also reap the benefits
of a learning environment that maximizes the opportunity
for them to interact with each other and faculty through
discussion, collaboration, and feedback. Consequently, the
learning progression also allows for an effective formative
assessment process, whereby instructors assess learning
throughout the ongoing instruction (Popham 2007).
We have incorporated these exercises, or parts of these
exercises, into introductory- and upper-level courses in
which both undergraduate geology majors and nonmajors
are enrolled. The individual courses include History of the
Earth, Laboratory and Field Techniques, and Structural
Geology. In the first activity, students examine up to eight
individual bedrock outcrops across the Starved Rock area,
correlating rock units to develop a structural and historical
depiction of the area. In the second activity, students map
lithologic contacts and make detailed measurements of
bedding attitudes at Matthiessen State Park to construct a
bedrock map and cross section. The second activity can be
expanded to a larger, more regional project by including
outcrops along the I&M Canal Trail and by adding a
structural analysis to the exercise. We have utilized these
activities in individual classes, and most recently, we have
incorporated both activities in back-to-back sessions of
our intermediate-level Laboratory and Field Techniques
course.

North of the Starved Rock area is the Sandwich Fault
Zone, an 85-mi (137-km) northwest–southeast-trending
zone of high-angle faults. Exposures are scarce because
nearly all faults are buried under Quaternary alluvium
and glacial deposits, but exposures do exist along the Fox
River in Kendall, Ogle, and Will Counties. Vertical displacement is estimated to be a maximum of 800 ft (244
m), and faults within this zone are mainly downthrown to
the north (Figure 9.3). The timing of faulting is not narrowly constrained, but major movement occurred between
Middle Silurian and Pleistocene time, and the timing is
associated with deformation in the La Salle Anticlinorium
(Kolata et al. 1978).

PEDAGOGY
Here, we present components of two exercises that are
designed as a learning progression; they introduce and
reinforce concepts and skills that are integral to individual
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Figure 9.3 Illinois Basin and major structural features in Illinois and the surrounding area, modified from Treworgy
(1981) and Nelson (1995). Base map from Kolata and Nimz (2010).
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by constructing a bedrock map and cross section. For the
expanded project, students also develop skills in mapping
by using aerial photographs, and they develop skills in
structural analysis by using stereonets. Students exhibit
competency not only by producing a bedrock map and
cross section, but also by mapping the position of the fold
axis (of the Peru Monocline) at Matthiessen and at the
I&M Canal Trail and interpreting its position between
the two locations. Students use their structural measurements to graphically construct the orientation of the fold
axis and compare its orientation with that from their field
interpretations.

Activity 1: Outcrop Description and
Correlation in the Starved Rock Area
The first exercise is designed to reinforce concepts and
skills to which our students are typically introduced in
an introductory-level physical geology or earth science
course. These include rock identification, identification
of lithologic contacts and unconformities, correlation,
recognition of relationships between outcrop and regional
stratigraphy, knowledge of the geologic time scale, use
of stratigraphic columns, recognition of sedimentary and
geologic structures, and fossil identification. Students exhibit competency by generating site-specific stratigraphic
columns, positioning each outcrop (and associated stratigraphic column) in a regional cross section, and proposing
a sequence of events that accounts for the observed lithology and bedrock structures (a geologic history). While
completing the exercise, students engage in field methods
associated with creating maps, constructing field notes
and drawings, and recognizing the orientation of sedimentary strata.

CONCLUSION
We provide an approach to teaching field investigations
through discovery-, project-, and place-based activities in
which students examine bedrock outcrops in and around
Illinois state parks and natural areas in the Starved Rock
area. The field trip covers aspects of the two exercises we
have developed for introductory, intermediate, and advanced levels of undergraduate geology and earth science
students. Alone, each exercise provides a complete field
project. Taken together, the activities are designed as a
learning progression, whereby competency is built by engaging and reengaging with concepts and skills at increasingly higher levels. We have developed these projects to
address a particular set of curricular aims at Indiana University Northwest by involving observation and data collection, but also by interpretation and synthesis of data on
a regional scale. We hope the overview presented in this
field trip guidebook will generate interest in the concept
of conducting project-based activities as a regular part of
undergraduate geology field trips.

Activity 2: Mapping Project
at Matthiessen State Park
The second exercise maximizes the benefits associated
with place-based learning by conducting a more advanced
bedrock mapping project at one of the sites first visited
during the previous exercise (Matthiessen State Park). We
reinforce the concepts of rock identification, identification of lithologic contacts, and correlation. The project
familiarizes students with methods of pace and compass,
topographic mapping, geologic contact mapping, bedding
attitude measurement, bedrock structure recognition, and
cross section construction. Students exhibit competency
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GUIDE TO THE ROUTE AND STOP DESCRIPTIONS
The road log for this trip begins in the main parking lot of
the Starved Rock State Park Visitor Center, 2668 East 873
Road, near the town of Oglesby. Points of departure and
stops are shown on the relief map (Figure 9.1), and cu-

mulative mileage and directions are tabulated below. We
have included notes to potential field trip organizers under
the “Good to know” heading that provide basic information about parking, restrooms, and other useful information. See Figure 9.1 for a map of the field trip route.

STOP 1: French Canyon: St. Peter Sandstone (latitude 41.31931°, longitude –88.98940°)
Getting to STOP 1: French Canyon
Cumulative distance (mi)

Point-to-point distance (mi)

0.0

0.0

Directions
Proceed on foot 0.4 mi along the Canyon Trail to French
Canyon.

Good to know: The Visitor Center provides ample parking, restrooms, and snacks. Collecting and hammering are
not allowed in any Illinois state park.

Numerous sedimentary features are found in the sandstone, and we will discuss the significance of cross-beds
and maturity (textural and mineralogical) in interpreting depositional environments and the sediment source.
Some common attributes used to describe sandstone are
included in the project handout. Try identifying the rock
in terms of grain size, sorting, roundness, and mineralogy.
How many of the sedimentary structures listed can you
find in the canyon walls?

The trail provides spectacular views of the St. Peter Sandstone along the canyon wall. These outcrops will be our
starting point for examining the local stratigraphy as we
introduce a project on the geologic history of the Starved
Rock area. After taking a little time to position ourselves
(stratigraphically), we will explore features in the canyon
walls as we walk along the trail.

Return to vans.

STOP 2: Clark Run: Ordovician Shakopee Dolostone and St. Peter Sandstone (latitude
41.34505°, longitude –89.01162°)
Getting to STOP 2: Clark Run
Cumulative distance (mi)

Point-to-point distance (mi)

Directions

0.9

0.9

Exit the Visitor Center parking lot and head west on the
road leading from the Visitor Center (East 873 Road)
toward Illinois Route 178.

2.4

1.5

Turn right onto Illinois Route 178 and head north toward
North Utica.

2.5

0.1

Turn left on West Lincoln Street and park the vans along
the road. Exit the vans and walk north along Illinois Route
178 to the bridge.

Good to know: There is ample parking along West Lincoln
Street and a sidewalk along the outcrop.

cover and can be seen only on a freshly broken surface.
A freshly broken surface offers an opportunity to confirm
the rock type by testing for a weak reaction to dilute hydrochloric acid. The St. Peter Sandstone sits unconformably on the Shakopee, indicating that the sea withdrew
at the end of Shakopee deposition and erosion took place
prior to the onset of St. Peter sedimentation.

Outcrops of the St. Peter Sandstone are at eye level along
the sidewalk on the west side of the road just south of the
bridge. Although the outcrop is not as dramatic as that
in French Canyon, the St. Peter Sandstone has the same
character as that in the park. Near the base of the exposure, we can directly observe the oldest sedimentary rock
exposed in this area, the Lower Ordovician Shakopee Dolomite. It is generally described as light tan, fine grained,
massively bedded, and unfossiliferous. At this location,
the tan color of the rock is obscured by lichen and moss

We will spend a little time at this outcrop locating the
contact between the St. Peter Sandstone and the underlying Shakopee Dolomite, discussing where these rock units
fit into the local stratigraphy, and fitting this outcrop into
our regional cross section. Discussions will also focus on
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the importance of rock types and mineralogy in interpreting environments of deposition and changing conditions
during deposition of these units. The nearly horizontal
attitude of the beds reinforces concepts associated with

sedimentary rock deposition (superposition and original
horizontality). It also tells us that no significant earth
movements took place in this area during Early and Middle Ordovician time.

STOP 3: Matthiessen State Park: Dells Area, Folded Ordovician Rocks, and the Peru
Monocline (latitude 41.29595°, longitude –89.02548°)
Getting to STOP 3: Matthiessen State Park
Cumulative distance (mi)

Point-to-point distance (mi)

Directions

2.5

0.0

Turn around and head south (turn right) on Illinois Route
178.

5.9

3.3

Turn right onto North 25th Road into the Matthiessen
State Park, Dells Area. Drive slowly!

6.9

1.0

Park in the visitors’ lot.

Good to know: There are restrooms and vending machines
in the parking area and a covered picnic area adjacent to
the log fort. Groups of 25 or more should register with the
park office ahead of time. Hiking off the marked trails is
prohibited.

pass through the crest of the Peru Monocline and onto
the western flank of the fold. The fold becomes evident
along the Vermilion River, where impressive outcrops of
the tilted Platteville Limestone dip steeply (about 35°)
west toward the river (Figure 9.4c). The outcrop can be
found by continuing past the stairs leading to the lower
footbridge and along the small path that heads toward the
Vermilion River. Here, the Platteville is limestone and
contains abundant chert and fossil fragments.

Before heading down the stairs to the dells, we will pause
at the log fort to introduce the second project, bedrock
mapping and geologic cross section construction in Matthiessen State Park (Figure 9.4a). This project serves as
the next step in the learning progression. We have used it
in our lower- to intermediate-level field methods course as
a follow-up to the Geologic History of the Starved Rock
Area project. We have also used it as an introduction to
bedrock mapping in our undergraduate Structural Geology course.

At the Vermilion River, the elevation of the Platteville
Limestone is lower than the contact located at the upper
footbridge. A geologist’s sketch can be useful in understanding the geometry of the structure between the bridge
and the Vermilion River (Figure 9.4d), where rock units
bend (dip) progressively downward toward the west.
Not far from the Vermilion River (a few tens of meters),
along the bank of Deer Creek, dips decrease to 10° to 13°.
Within a few hundred meters along the creek, outcrops of
the St. Peter Sandstone are again visible along the canyon
walls. Discussion will focus on identifying the orientation
of the western limb of the fold and how the crest (axis) of
the fold can be located. We will also discuss placement of
the contact between the St. Peter Sandstone and the Platteville Limestone on a topographic map.

Head down the stairs to the bridge crossing the upper
dells. Cross the bridge and gather at the outcrop that is
visible along the path. The St. Peter Sandstone can be
seen at the base of the outcrop. We have moved higher in
the section, and the upper contact of the St. Peter Sandstone and the unconformably overlying Platteville dolostone and limestone is visible (Figure 9.4b). The beds here
are nearly horizontal, but toward the Vermilion River, the
attitude of the rocks changes. Discussions at this outcrop
will focus on the stratigraphic position of the outcrop and
the orientation of the beds. We will also put the location
of this outcrop into a regional context.

Return to the trail and take the stairs to the lower footbridge. The footbridge is built just below the contact between the St. Peter Sandstone and the overlying Platteville
(and provides an important data point for constructing a
bedrock map of the park). Cross the bridge and follow the
trail back to the log fort.

Take the trail south approximately 0.25 mi (0.4 km).
Large exposures of nearly horizontal St. Peter Sandstone
are visible along the walls of the dell below. We will

LUNCH

Return to the vans and depart.
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STOP 4: Split Rock: Peru Monocline and Angular Unconformity Between Ordovician St. Peter
Sandstone and Pennsylvanian Bond Formation (latitude 41.33478°, longitude –89.05680°)
Getting to STOP 4: Split Rock
Cumulative distance (mi)
7.7

Point-to-point distance (mi)

Directions

0.8

Head back to Illinois Route 178 North and turn left.

8.7

1.0

Turn left on Illinois Route 71 West.

12.1

3.5

Take a slight right onto Illinois Route 351 North.

13.9

5.8

Turn left onto A Street.

14.2

0.3

Park in the I&M Canal Trail Lock 14 parking lot.

Good to know: Parking lot, picnic tables, and pit toilets
are available.

deformation. A few hundred meters to the east, horizontal
beds of the Shakopee Dolomite crop out across the canal.
The contact between the units is covered with vegetation
but can be approximated within 1,148 ft (350 m) or so.
We will introduce a very small bedrock mapping project
using (Google) aerial photos. Designed as a complement
to the Matthiessen project, it also serves as a short, standalone introduction to mapping bedrock structures. Discussions will focus on identifying the orientation and position
of the fold axis and interpreting its position between Matthiessen and Split Rock.

We will walk east along the I&M Canal Trail approximately 2 mi (3.2 km) to Split Rock. Split Rock lies north,
and slightly west, of the outcrops we examined in Matthiessen State Park. We have traveled along the crest of
the fold, and here, layers of the St. Peter Sandstone dip
west. Pennsylvanian limestone lies unconformably over
the top of the St. Peter Sandstone, and a spectacular
example the angular unconformity produced at this contact is visible on the outcrop across the canal (Figure 9.5).
The angular relationship between the Ordovician and
Pennsylvanian rocks gives an indication of the timing of

STOP 5: Pennsylvanian Fossil Beds

Walk back to the parking area and board the vans.

(latitude 41.314179°, longitude –89.064184°)

Getting to STOP 5: Pennsylvanian Fossil Beds
Cumulative distance
(mi)

Point-to-point distance
(mi)

Directions

14.5

0.3

Head back on A Street and turn right onto Illinois Route 351
South.

16.3

1.8

Take a slight left onto Illinois Route 71 East.

16.7

0.4

The outcrop is on the left. Park along the side of the road.

Roadside outcrops provide excellent exposures of Pennsylvanian limestone of the Bond Formation. These rocks
belong to the La Salle Limestone Member, which has
been reported to contain abundant brachiopods, crinoid
columnals, and gastropods (Collinson et al. 1972). You

may collect fossils here, and we will spend a little time
collecting, comparing, and coveting one another’s finds.
In your packet, you will find a sheet illustrating fossils
that occur in these rocks.
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Figure 9.5 Steeply dipping beds of the St. Peter Sandstone and a prominent angular unconformity overlain by Pennsylvanian strata along the I&M Canal Trail near La Salle.
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STOP 6: Buffalo Rock State Park (latitude 41.32695°, longitude –8.910078°)
Getting to STOP 6: Buffalo Rock State Park
Cumulative distance (mi)

Point-to-point distance (mi)

Directions

19.8

3.1

Continue on Illinois Route 71 East.

21.4

1.6

Turn left onto Illinois Route 178 North.

26.8

5.3

Turn right onto North 27th Road/Dee Bennett Road.

27.3

0.5

Turn right into Buffalo Rock State Park. Drive to the lot
at the top of the hill and park.

Walk down along the road to vertical exposures of the
Pennsylvanian Carbondale Formation unconformably
overlying the St. Peter Sandstone. The Pennsylvanian
rocks have a higher clay content and are not as well sorted
as the St. Peter Sandstone. They also contain beds of coal,
a rock type that is absent from Ordovician rocks. The
nearly horizontal attitude of both the bedding and the unconformity makes the unconformity difficult to locate at
first glance. We will discuss how the unconformity might
be located, the depositional environment that produces
coal, and the cyclothem depositional model.
Cumulative distance (mi)

Head back up the hill and through the parking lot. Trails
lead past the buffalo pen and to an overlook that is reclaimed land from the Blackball Mines. Here, mine tailings have been vegetated in a rather interesting way. They
have been covered with modern earthen mounds in the
style of prehistoric effigy mounds.
Board the vans.

Point-to-point distance (mi)

Directions

27.7

0.5

Head out of the park and turn left onto North 27th
Road/Dee Bennett Road.

32.0

5.3

Turn left onto Illinois Route 178 South.

32.7

0.7

Take a slight right onto Illinois Route 351 North.

33.6

0.9

Turn left into Starved Rock State Park (East 873
Road) and park in the Visitor Center lot.
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