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Cover photo Siump along Panther Creek, south of confluence with Cox Creek (photo by Bob Sinclair).

Geological Science Field Trips The Educational Extension Unit of the llinois State Geological
Survey (ISGS) conducts four tours each year to acquaint the public with the rocks, mineral resources,
and landscapes of various regions of the state and the geological processes that have led to their
origin. Each trip is an all-day excursion through one or more lllinois counties. Frequent stops are
made to expiore interesting phenomena, explain the processes that shape our environment, discuss
principles of earth science, and collect rocks and fossils. People of all ages and interests are wel-
come. The trips are especially helpful to teachers who prepare earth science units. Grade school
students are welcome, but each must be accompanied by a parent or guardian. High school science
classes should be supervised by at least one adult for each ten students.

A list of guidebooks of earlier field trips for planning class tours and private outings may be obtained
by contacting the Educational Extension Unit, lllinois State Geological Survey, Natural Resources
Building, 615 East Peabody Drive, Champaign, IL 61820. Telephone: (217) 244-2427 or 333-4747.

Twelve USGS 7.5-minute topographic quadrangle maps (all available from the ISGS) provide
coverage for the field trip: Arenzville East, Arenzville West, Ashland, Beardstown, Clear Lake,
Chandlerville, Cooperstown, Newmansville, Ripley, Rushville South, Versailles, and Virginia.
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BEARDSTOWN AREA

The Beardstown geological science field trip will acquaint you with the geology *, landscape, and

mineral resources of parts of Cass, Schuyler, and Brown Counties, lllinois. The city of Beardstown

is located in west-central lllinois along the lllinois River, approximately 200 miles southwest of
Chicago, 50 miles northwest of Springfield, 100 miles north of St. Louis, and 230 miles northwest
of Cairo.

GEOLOGIC FRAMEWORK

Precambrian Era Through the several billion years of geologic time, Cass, Schuyler, and Brown
Counties and surrounding areas have undergone many changes (see the generalized geologic
column, facing page). The oldest rocks beneath the field trip area belong to the ancient Precam-
brian basement complex. We know relatively little about these rocks from direct observations
because they are not exposed at the surface anywhere in lllinois. Only about 35 drill holes have
reached deep enough for geologists o coliect samples from the Precambrian rocks of lllinois.
From these samples, however, we know that these ancient rocks consist mostly of granitic and
rhyolitic igneous, and possibly metamorphic, crystalline rocks formed about 1.5 to 1 billion years
ago. From about 1 billion to about 0.6 billion years ago, these Precambrian rocks were exposed
at the surface. During this long period, the rocks were deeply weathered and eroded, and formed
a landscape that was probably quite similar to that of the present Missouri Ozarks. We have no
rock record in illinois for the iong interval of weathering and erosion that lasted from the time the
Precambrian rocks were formed until the first Cambrian-aged sediments accumulated, but that
interval is almost as long as the time from the beginning of the Cambrian Period to the present.

Because geologists cannot see the Precambrian basement rocks in Hllinois except as cuttings and
cores from drillholes, they must use various other techniques, such as measurements of Earth’s
gravitational and magnetic fields and seismic exploration, to map out the regional characteristics
of the basement complex. The evidence indicates that in southernmost lllinois, near what is now
the historic Kentucky-Illinois Fiuorspar Mining District, rift valleys like those in east Africa formed
as movements of crustal plates (plate tectonics) began to rip apart the Precambrian-age North
American continent. These rift valleys in the midcontinent region are referred to as the Rough
Creek Graben and the Reelfoot Rift (fig. 1).

Paleozoic Era After the beginning of the Paleozoic Era, about 520 million years ago in the late
Cambrian Period, the rifting stopped and the hilly Precambrian landscape began to sink slowly on
a broad regional scale, allowing the invasion of a shallow sea from the south and southwest. Dur-
ing the several hundred million years of the Paleozoic Era, the area that is now southern lllinois
continued to accumulate sediments deposited in the shallow seas that repeatedly covered it. The
region continued to sink until at least 15,000 feet of sedimentary strata was deposited. At times
during this era the seas withdrew and deposits were weathered and eroded. As a result, there are
some gaps in the sedimentary record in Hlinois.

In the field trip area, bedrock strata range from more than 520 million years (the Cambrian Period)
to less than 290 million years old (the Pennsylvanian Period). Figure 2 shows the succession of rock
strata a drill bit would penetrate in this area if the rock record were complete and all the formations
were present.

The elevation of the top of the Precambrian basement rocks within the field trip area ranges from
less than 3,000 feet below sea level in eastern Schuyler and Brown Counties to more than 4,000 feet
below sea level in eastern Cass County. This 1,000 foot difference in elevation takes place within

*Words in italics are defined in the glossary at the back of the guidebook. Also please note: although all present
localities have only recently appeared within the geologic time frame, we use the present names of places and
geologic features because they provide clear reference points for describing the ancient landscape.



Figure 1 Location of some of the major
structures in the lllinois region. (1) La Salle
Anticlinorium, (2) lllinois Basin, (3) Ozark
Dome, (4) Pascola Arch, (5) Nashville Dome,
(6) Cincinnati Arch, (7) Rough Creek Graben-
Reelfoot Rift, and (8) Wisconsin Arch.

a distance of approximately 30 miles. The top surface of the Precambrian rocks dips eastward
into the lllinois Basin at a rate of approximately 33 feet per mile. The thickness of the Paleozoic
sedimentary strata ranges from about 3,700 feet in eastern Schuyler and Brown Counties to about
4,600 feet in eastern Cass County.

Pennsylvanian-age bedrock strata consisting of shale, siltstone, sandstone, limestone, coal, and
underclay were deposited as sediments in shallow seas and swamps between about 320 and
286 million years ago. In general, within the field trip area, these rocks are found at the surface or
immediately beneath a thin cover of glacial deposits west of the lllinois River in eastern Schuyler
and Brown Counties, and beneath a thick cover of glacial deposits east of the lllinois River in Cass
County. Rocks of Pennsylvanian age are exposed in roadcuts and along the ravines and stream
valleys that have been eroded into the bluffs on the west side of the lllinois River.

Pennsylvanian strata within the field trip area increase in thickness from 0 feet along the lllinois and
La Moine Rivers, where they have been completely removed by erosion, to approximately 300 feet
in eastern Cass County. An erosional unconformity between the overlying glacial deposits of the
Quaternary Period and the Pennsylvanian deposits within the field trip area provides evidence that
some of the Pennsylvanian rocks were removed by erosion. Thickness of Pennsylvanian strata
increases to 2,500 feet in southern lllinois. (See Depositional History of the Pennsylvanian Rocks
in the supplemental reading at the back of this guidebook for a more complete description of
these rocks.)

Mississippian-age bedrock strata are found immediately beneath the Pennsylvanian rocks or
directly under the glacial deposits where the Pennsylvanian rocks have been eroded away. Mis-
sissippian strata outcrop in eastern Schuyler and Brown Counties, but are not exposed east of the
lllinois River within the field trip area. The Mississippian rocks exposed within the field trip area
include the St. Louis, Salem, and Warsaw Formations, which consist of limestones, dolomites,
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Figure 2 Generalized columnar section of the Beardstown area (modified from Wanless 1957).
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Figure 3 Diagrammatic illustrations of fault types that may be present in the field trip area. Arrows indicate relative directions
of movement on each side of the fault.



A = disconformity B = angular unconformity

Figure 4 Schematic drawings of (A} a disconformity and (B) an angular unconformity. X represents the conformable
rock sequence and z is the plane of unconformity.

shales, and sandstones. Deposited as sediments in shallow seas between 360 and 320 million
years ago, these formations are part of the thick succession of strata in the upper Mississippi
River Valley in lllinois that constitute the type section for rocks of the Mississippian Period through-
out the world. The total thickness of Mississippian strata increases from approximately 350 feet in
eastern Schuyler and Brown Counties to more than 550 feet in eastern Cass County. Mississippian
rocks are as thick as 3,200 feet in southern lilinois but thin northward because of both erosion of
the top surface and depositional thinning of many of the component formations. (See Mississippian
Rocks in linois at the back of this guidebook for a more complete description of these rocks.)

STRUCTURAL AND DEPOSITIONAL HISTORY

As noted previously, the Rough Creek Graben and the Reelfoot Rift (figs. 1 and 3) were formed
by tectonic activity that began in the latter part of the Precambrian Era and continued until the Late
Cambrian. Toward the end of the Cambrian, rifting ended and the whole region began to subside,
allowing shallow seas to cover the land.

Paleozoic and Mesozoic Eras From the Late Cambrian to the end of the Paleozoic Era, sedi-
ments continued to accumulate in the shallow seas that repeatedly covered lllinois and adjacent
states. These inland seas connected with the open ocean to the south during much of the Paleozoic,
and the area that is now southern lllinois was like an embayment. The southern part of lllinois and
adjacent parts of Indiana and Kentucky sank more rapidly than areas to the north, allowing a greater
thickness of sediment to accumulate. Earth’s thin crust was periodically flexed and warped as
stresses built up in places. These movements caused repeated invasions and withdrawals of the
seas across the region. The former seafloors were thus periodically exposed to erosion, which
removed some sediments from the rock record.

Many of the sedimentary units, called formations, have conformable contacts—that is, no signifi-
cant interruption in deposition occurred as one formation was succeeded by another (figs. 2 and 4).
In some instances, even though the composition and appearance of the rocks change significantly
at the contact between two formations, the fossils in the rocks and the relationships between the
rocks at the contact indicate that deposition was virtually continuous. In some places, however, the
top of the lower formation was at least partially eroded before deposition of the next formation
began. Fossils and other evidence in the two formations indicate that there is a significant age dif-
ference between the lower unit and the overlying one. This type of contact is called an unconformity
(fig. 4). If the beds above and below an unconformity are parallel, the unconformity is called a diis-
conformity, if the lower beds have been tilted by tectonic forces and eroded before the overlying
beds were deposited, the contact is called an angular unconformity. Unconformities are shown in
the graphic column in figure 2 as wavy lines. Each unconformity represents an interval of time for
which there is no rock record.



Near the close of the Mississippian Period, gentle arching of the rocks in eastern lilinois initiated
the development of the La Salle Anticlinorium (figs. 1 and 5). This is a complex structure having
smaller structures such as domes, anficiines, and synciines superimposed on the broad upwarp
of the anticlinorium. Further gradual arching continued through the Pennsylvanian Period. Because
the youngest Pennsylvanian strata are absent from the area of the anticlinorium (either because
they were not deposited or because they were eroded), we cannot determine just when folding
ceased—perhaps by the end of the Pennsylvanian or during the Permian Period a little later, near
the close of the Paleozoic Era.

During the Mesozoic Era, which foliowed the Paleozoic Era, the rise of the Pascola Arch (fig. 1) in
southeastern Missouri and western Tennessee formed the lllinois Basin by closing off the embay-
ment and separating it from the open sea to the south. The Hllinois Basin is a broad, subsided region
covering much of illinois, southwestern Indiana, and western Kentucky (fig. 1). Development of
the Pascola Arch, in conjunction with the earlier sinking of deeper parts of the area to the north,
gave the basin its present asymmetrical, spoon-shaped configuration {fig. 6). The geologic map
{fig. 7) shows the distribution of the rock systems of the various geologic time periods as they
would appear if all the glacial, windblown, and surface materials were removed.

The Beardstown field trip area is located on the western shelf of the lllinois Basin (fig. 5). Structural
features within the field trip area include several northeast—southwest-trending anticlines and syn-
clines. From north to south these include: the Table Grove Syncline, the Litileton Anticline, the
Astoria Anticline, the Ripley Syncline, and the Versailles Anticline (fig. 8). The Fishhook Anticline
and the Colmar Anticline, structures from which oil and/or natural gas have been produced, mark
the northwest and southwest corners of the field trip area.

Younger rocks of the latest Pennsylvanian and perhaps the Permian (the youngest rock system
of the Paleozoic) may at one time have covered the areas of Cass, Schuyler, and Brown Counties.
It is possible that Mesozoic and Cenozoic rocks {see generalized geologic column) could also have
been present here. Indirect evidence, based on the stage of development (rank) of coal deposits
and the generation and maturation of petroleum from source rocks (Damberger 1971), indicates
that perhaps as much as 1.5 miles of latest Pennsylvanian and younger rocks once covered
southern lllinois. However, during the more than 240 million years since the end of the Paleozoic
Era (and before the onset of glaciation 1 to 2 million years ago), several thousands of feet of strata
may have been eroded. Nearly all traces of any post-Pennsylvanian bedrock that may have been
present in lllinois were removed. During this extended period of erosion, deep valleys were carved
into the gently tilted bedrock formations (fig. 9). Later, the topographic relief was reduced by repeated
advances and melting back of continental glaciers that scoured and scraped the bedrock surface.
This glacial erosion affected all the formations exposed at the bedrock surface in lllinois. The final
melting of the glaciers left behind the nonlithified deposits in which our Modern Soil has developed.

Cenozoic Era: Glacial History A brief general history of glaciation in North America and a descrip-
tion of the deposits commonly left by glaciers may be found in Pleistocene Glaciations in llinois at
the back of the guidebook.

Prior to glaciation, Cass, Schuyler, and Brown Counties and adjacent areas were drained by sev-
eral ancient bedrock valleys, inciuding the Lower lllinois, Crooked Creek, and the Arenzville valleys
(fig. 9). After glaciation, new drainage systems were established. Some of these follow the same
trends of the buried valleys. For example, the modern lllinois River follows the ancient Lower illinois
Bedrock valley, and the La Moine River follows the ancient course of the Crooked Creek valley.
The ancient Arenzville Bedrock valley is completely covered by glacial sediments. Quaternary depos-
its along the lllinois and La Moine River valleys are 50 to 200 feet thick.
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Figure 5 Structural features of lllinois (modified from Buschbach and Kolata 1991).



Chicago

Figure 6 Stylized north—south cross section shows the structure of the lllinois Basin. To show detail, the thickness of
the sedimentary rocks has been greatly exaggerated and younger, unconsolidated surface deposits have been elimi-
nated. The oldest rocks are Precambrian (Pre-€) granites. They form a depression filled with layers of sedimentary
rocks of various ages: Cambrian (€), Ordovician (O), Silurian (S), Devonian (D), Mississippian (M), Pennsylvanian (P),
Cretaceous (K), and Tertiary (T). Scale is approximate.

During the Pleistocene Epoch, beginning about 1.6 million years ago, massive sheets of ice (called
continental glaciers), thousands of feet thick, flowed slowly southward from Canada. The last of
these glaciers melted from northeastern lllinois about 13,500 years before the present (B.P.). During
the lllinoian glaciation (also now called the lllinois Episode), which began around 300,000 years B.P.,
North American continental glaciers reached their southernmost position approximately 175 miles
southeast of Beardstown in the northern part of Johnson County (fig. 10). The maximum thickness
of the later Wisconsin Episode glacier was about 2,000 feet in the Lake Michigan Basin, but only
about 700 feet over most of the llinois land surface (Clark et al. 1988).

The topography of the bedrock surface throughout much of lliinois is largely hidden from view by

glacial deposits except along the major streams. In many areas, the glacial drift is thick enough to
completely mask the underlying bedrock surface. Most of Cass, Schuyler, and Brown Counties is
covered either by glacial moraines and ridged drift or by ground moraines of the lllinois glacial episode.

Although the lllinois Episode glaciers probably built glaciai moraines similar to those of the later
Wisconsin Episode glaciers, the lllinois Episode moraines apparently were not so numerous and
have been exposed to weathering and erosion for thousands of years longer than the younger
moraines of the Wisconsin Episode. For these reasons, features formed during the lllinois Epi-
sode generally are not as conspicuous as those formed during the Wisconsin Episode. However,
within the field trip area, an lllinoian moraine occurs paraliel to the lllinois River along the southeast
edge of Schuyler County. Outside of the lllinois, Sangamon, and La Moine River Valleys, the glacial
deposits consist of ground moraines.
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Figure 8 Structural features in the field trip area (modified from Nelson 1995).

Overlying the lllinois Episode deposits are a thick cover of Wisconsin Episode deposits called the
Peoria Loess (pronounced luss). These sediments, deposited as windblown silts during the Wood-
fordian Subage which began about 22,000 B.P., mantle the glacial drift throughout the field trip
area. (See Pleistocene Glaciations in Illinois at the back of the guidebook.) Thickness of the
loess decreases from approximately 25 feet adjacent to the lllinois River valley to approximately
12.5 feet in central Schuyler and Brown Counties to the west and central Cass County to the east.
This fine-grained dust, which covers most of lllinois, commonly reaches thicknesses exceeding
25 feet along most of the Mississippi and lllinois Rivers, and is as much as 80 feet thick on the east
bluff of the Mississippi Valley in the East St. Louis area. (Loess deposits are described in Ancient
Dust Storms in lliinois - Geogram 5 at the back of the guidebook.) Soils in this area on top of the
bluffs and along the bluff slopes have developed in the loess and in the underlying weathered
silty, clayey llinoian till.

GEOMORPHOLOGY

Physiography The Beardstown field trip area includes parts of the Galesburg Plain west of the
lllinois River and the Springfield Plain east of the Hlinois River; both are part of the Till Plains Sec-
tion of the Central Lowland Physiographic Province (fig. 11). The Till Plains Section is in an early
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stage of erosion and is characterized by broad till plains that are relatively uneroded, in contrast

to the deeply eroded Dissected Till Plains on older drift sheets in lowa.

According to Horberg (1950) and others (for example, Leighton et al. 1948), an extensive lowland
called the central lllinois peneplain (a low, nearly featureless, gently undulating land surface) was
eroded prior to glaciation into the relatively weak rocks of Pennsylvanian age east and south of the
present lllinois River. As glaciation began, streams probably changed from erosion to aggradation;

that is, their channels began to fill up with sediments because the streams did not have sufficient

volumes of water to carry and move the increased amounts of sediment (a process called alluvia-
tion). To date no evidence indicates the early fills in these preglacial valleys ever were completely

flushed out of their channels by succeeding glacial meltwater torrents.

Springfield Plain The Springfield Plain, according to Leighton et al. (1948), includes the level
portion of the lllinoian drift sheet in central and south-central lllinois. It is distinguished mainly by its
flatness and by small, shallow drainageways, as compared with the more sharply incised valleys
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of the Galesburg Plain. The south boundary of the district is a line south of which the drift thins
and bedrock topography becomes a controlling factor; the west boundary follows the edge of the
Hlinoian drift. The moraines are low and broad, but they are readily recognized because of their
continuity. Many of the hills and ridges appear to be kames and crevasse-fillings related to stag-
nant ice conditions.

Drainage systems are well developed, and in general, the topographic relief (difference in eleva-
tions) is low between the uplands and the master streams. The valleys are relatively shallow.
Most of the principal streams have low gradients and occupy broad alluviated and terraced valleys;
the secondary tributaries have wide V-shaped valleys; and the headwaters, flowing essentially on
the till plain, have broad shallow valleys and low gradients.

The lllinoian drift is moderately thick and is underlain by older drift except in areas where the bed-
rock is close to the surface. Only the larger valleys and uplands of the bedrock surface are reflected
in the present topography. Along the southeast side of the lllinois Valley is a belt of thick loess, which
thins rapidly to the southeast.

Galesburg Plain The Galesburg Plain, according to Leighton et al. (1948), includes the western
segment of the lllinoian drift sheet, a level to undulatory plain with a few morainic ridges that was
formed some 250,000 years ago. The Jacksonville moraine, located west of Beardstown, roughly
parallels the lllinois Valley; and the Buffalo Hart moraine, located north of Beardstown, extends
northward through the central part of the region.

In the Galesburg Plain, the lllinoian drift is generally thick and is underlain by pre-lilinoian glacial
deposits, especially along buried preglacial valleys. Most of the irregularities of the preglacial surface
were filled in with older drift, so that, only gross features of the bedrock topography are reflected
in the present landscape.

The well developed drainage systems flow westward from a central upland into the Mississippi River
and eastward and southward into the lllinois River. The larger valleys are generally steep walled,
alluviated, and terraced. Much of the district is relatively high above base level, so that the minor
valleys are numerous and deep.

Drainage In this field trip area, drainage is controlled by three major rivers: the La Moine, the
Sangamon, and the lllinois. The La Moine and the Sangamon flow into the lllinois River, which
controls their base levels. The lllinois empties into the Mississippi River near the city of Grafton in
Jersey County. Most of the major streams have medium to wide valleys and low gradients (bottom
slopes). The creeks and streams within the bluffs generally have narrow valleys and steep gradients.
As the streams flow out onto the major river valleys, their gradients change from steep to low.

Relief The highest land surfaces in the field trip area occur atop the bluffs on both the west and
east sides of the lllinois River. Elevations of 670 feet above mean sea level (msl) occur on the west
side of the lllinois River, just west of the La Grange Lock and Dam, and on the east side of the lllinois
River, south of Brick School, which is located at the intersection of North Bluff Springs Road and
Chandlerville Road. The highest elevation encountered along the field trip route is 660 feet at the
top of the bluff along IL 103 on the west side of the lllinois River. The lowest elevation is 428 feet
above msl on the west side of the lllinois River at the junction of IL 100, US 67, and IL 103. The
surface relief of the field trip area, calculated as the difference between the highest and lowest ele-
vations, is 242 feet. Local relief is most pronounced along the route where the floor of the lllinois
River valley meets the bluffs. Along the bluffs, local relief commonly exceeds 200 feet within a dis-
tance of a half mile or less.
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NATURAL RESOURCES

Mineral production Of the 102 counties in lllinois, 98 reported mineral production during 1992,
the last year for which records are available. The total value of all minerals extracted, processed,
and manufactured in Hlinois during 1992 was $2,894,300,000, 0.5% lower than the 1991 total.
Minerals extracted accounted for 90% of this total. Coal continued to be the leading commodity,
accounting for 64% of the total, followed by industrial and construction materials at 21.4% and oil
at 14.2%. The remaining 0.4% included metals, peat, and gemstones. lllinois ranked 13th among
the 31 oil-producing states in 1992 and 16th among the 50 states in total production of nonfuel
minerals, but it continued to lead all other states in the production of fluorspar, industrial sand,
and tripoli.

Schuyler and Brown Counties ranked 34th and 88th, respectively, among all lllinois counties in
1992 on the basis of the value of all minerals extracted, processed, and manufactured. Economic
minerals mined in Schuyler County in 1992 included coal, stone (limestone and dolomite), sand
and gravel, and crude oil, and those in Brown County include crude oil and clay. Cass County had
no reported mineral production for 1992.

Coal production in Schuyler County for 1992 was 629,087 tons, with a cumulative production of
12,752,071. Although no coal is currently being produced in Cass or Brown Counties, their historic
cumulative productions are 212,477 and 74,068 tons, respectively.

Coal has been mined primarily from the Colchester Coal in Cass and Brown Counties, and from
the Colchester and Springfield Coals in Schuyler County. The only active mine in the area is the
Cedar Creek Mine, operated by the Black Beauty Coal Company in Schuyler County.

Petroleum production Over 7 million barrels of oil and an undetermined amount of gas have
been produced from Silurian- and Devonian-aged rocks (see fig. 2) in fields west of Beardstown
in Adams, Brown, Pike, Schuyler, and McDonough Counties. The oil and gas produced in this
area, located on the northwestern flank of the lllinois Basin, comes from relatively shallow depths
(less than 650 feet deep,) in comparison to most of the production in lllinois, where the producing
zones generally are 2,000 feet or deeper.

Gas The first hydrocarbons in the area were discovered more than 100 years ago, in 1886 at the
Pittsfield Gas Field, located in Pike County. The trap is located on or near the crest of the Pittsfield
Anticline, an elongate, structurally high dome in the bedrock (see fig. 5). Sixty-eight wells about
285 feet deep produced gas in the field, but production statistics were not kept for this field. Pitts-
field Gas Field was abandoned and revived, but the field was finally abandoned in 1930.

Fishhook Gas Field, in Pike County, is located a few miles north of Pittsfield, on an anticlinal struc
ture on the flank of the Pittsfield Anticline (fig. 5). Fishhook was discovered in 1955 and has pro-
duced over 2,331.5 million cubic feet of gas. Griggsville Gas Field, in Pike County, lies southeast
of the Fishhook field. Discovered in 1982, the field produced 227.2 million cubic feet of gas before
it was abandoned in 1986. Other gas fields (such as Beardstown, Adams, and Time fields) report-
edly have been discovered in the area, but the ISGS cannot verify commercial production of gas
for these fields.

Oil Oil in the area was first discovered in 1914 at the Colmar field in McDonough County. The
reservoir is in the Hoing Sandstone, of Devonian age. The only established production in Illinois in
the Hoing Sand is from the Colmar-Plymouth field. This field has produced over 5 million barrels of oil
from depths around 450 feet, and this 81-year-old field continues to produce about 1,000 barrels of
oil each year. The field has undergone many different forms of oil recovery technology, ranging
from waterflooding to steam flooding, vacuum pumping, and even a short-lived attempt at under-
ground oil mining.
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In the late 1950s and early 1960s, several small Silurian reservoirs were discovered at Kellerville
(Adams County), Siloam (Brown County), Buckhorn (Brown County), and Rushville NW (Schuyler
County). These fields recovered relatively small volumes of oil and were abandoned in the mid-1960s.

In the early 1980s, after the discovery of Buckhorn East Field in Brown County, the region experi-
enced a pronounced increase in exploratory drilling. Buckhorn East has since been renamed
Buckhorn Consolidated and has produced almost 2 million barrels of oil. Siloam and Kellerville
Fields, located nearby, were revived as their field limits were extended by new drilling, and have
produced about 295,000 and 308,000 barrels of oil, respectively. Several smaller new fields were
discovered in Schuyler County in the 1980s, such as Rushville Central and Brooklyn fields, but no
fields as prolific as Buckhorn Consolidated have been discovered.

Groundwater Groundwater is a resource frequently overlooked in assessments of an area’s
natural resource potential. The availability of this resource is essential for orderly economic and
community development. More than 35% of the state’s 11.5 million citizens and 97% of those who
live in rural areas depend on groundwater for their water supply. Groundwater is derived from under-
ground formations called aquifers. The water-yielding capacity of an aquifer can only be evaluated
by constructing wells into it. After construction, the wells are pumped to determine the quality and
quantity of groundwater available for use.

Because thick glacial deposits occur in this area, sand and gravel deposits are common through-
out most of the area, especially along the major rivers and in the buried bedrock valleys. Thick,
permeable deposits of sand and gravel occur along the major rivers, and most of these deposits
yield large amounts of water. In addition to the groundwater aquifers, a number of farms and rural
homesteads obtain their water supplies from manmade lakes. The city of Beardstown withdraws
its municipal water supply from the lllinois River.
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GUIDE TO THE ROUTE

Assemble at the southwest parking lot of the Beardstown High School (SW, SW, SW, Sec. 15,
T18N, R12W, 3rd P.M., Cass County, Beardstown 7.5-minute Quadrangle [40090A4}*). We'll
start calculating mileage at the intersection of State Street and 15th Street.

You must travel in the caravan. Please drive with headlights on while in the caravan. Drive
safely but stay as close as you can to the car in front of you. Please obey all traffic signs. If the
road crossing is protected by an llinois State Geological Survey (ISGS) vehicle with flashing lights
and flags, please obey the signals of the ISGS staff directing traffic. When we stop, park as close
as possible to the car in front of you and turn off your lights.

Private property Some stops on the field trip are on private property. The owners have graciously
given us permission to visit on the day of the field trip only. Please conduct yourselves as guests
and obey all instructions from the trip leaders. So that we may be welcome to return on future
field trips, follow these simple rules of courtesy:

e Do not litter the area.

» Do not climb on fences.

« Leave all gates as you found them.

« Treat public property as if you were the owner—which you are!

When using this booklet for another field trip with your students, a youth group, or family, remem-
ber that you must get permission from property owners or their agents before entering private
property. No trespassing please.

Twelve USGS 7.5-Minute Quadrangle maps (all available from the ISGS) provide coverage for
the area of the field trip: Arenzville East, Arenzville West, Ashland, Beardstown, Chandlerville,
Clear Lake, Cooperstown, Newmansville, Ripley, Rushville South, Versailles, and Virginia.

Miles Miles

fonext from

point start

0.0 0.0 Line up in the southwest parking lot of the Beardstown High School at the
corner of State Street and 15th Street. Leave the parking lot and turn right
onto 15th Street. When you make the turn, Jefferson Street is on the left.

0.1 0.1 STOP (3-way): Intersection of East 15th Street and Monroe Street.
CONTINUE AHEAD.

0.05 0.15 T-intersection from the left: Clay Street. CONTINUE AHEAD.

0.05 0.2 T-intersection from the left: Edwards Street. CONTINUE AHEAD.

0.05 0.25 T-intersection from the left: Bay Street. CONTINUE AHEAD.

* The number in brackets [40090A4] after the topographic map name is the code assigned to that map as
part of the National Mapping Program. The state is divided into 1 blocks of latitude and longitude. The first
two numbers refer to the latitude of the southeast corner of the block; the next three numbers designate the
longitude. The blocks are divided into 64 individual 7.5-minute quadrangles; the letter refers to the east-west
row from the bottom and the last digit refers to the north-south column from the right.
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CAUTION: Cross three railroad tracks, unguarded with signal lights.
Burlington-Northern railroad.

STOP (4-way): Intersection of East 15th Street and Wall Street. TURN LEFT
onto Wall Street. Pass by intersections of East 14th, 13th, 12th, 11th, 10th,
and 9th streets.

STOP (4-way): Intersection of East 8th Street and Wall Street. CONTINUE
HEAD. Pass by intersections of East 7th, 6th, and 5th streets.

STOP (4-way): Intersection of East 4th Street and Wall Street. TURN RIGHT
onto East 4th Street. Pass by intersections of Canal, Oak, and Walnut Streets.

STOP (2-way): 5-point intersection of East 3rd Street, Levee Road, East 4th
Street, and Railroad Street. CONTINUE AHEAD on East 4th Street, which
curves to the right and becomes Chandlerville Road (1000N). Heading east.

View of backwaters behind the Beardstown Levee. Water is pumped over the
levee during periods of high water.

Oak Grove Cemetery to the right.
T-intersection from the right: 850E. CONTINUE AHEAD.

T-intersection from the left: Duck Slough Road, 900E. TURN LEFT. Road is
unmarked. After making the turn, notice the flat topography of the land. You
are driving on top of the Beardstown terrace. This terrace marks the level of
an older floodplain of the lllinois and Sangamon Rivers. The Beardstown
terrace ranges in elevation from 436 to 445 feet above sea level and is about
10 feet higher than the modern lllinois River floodplain.

To the left, directly in front, and to the right, you can see the levee system
along Lost Creek. Lost Creek flows into Muscooten Bay.

Road curves to the right.

Lost Creek levee system. Pull over to the right side of the road. Do not park
on the bridge.

STOP 1 We'll view and discuss the construction and development of levees, the topography of
flood plains and terraces, the width of the Ancient Mississippi River Valley, the modern lllinois
River, and the rechannelization and diversion of the Sangamon River.

0.0

0.2

0.3

29

3.1

3.4

Leave stop 1. CONTINUE AHEAD.

Cross drainage ditch.

Center-pivot irrigation system on the left side of the road. As you continue
across the old floodplain of the Ancient Mississippi River, you will see many

more of these center-pivot irrigation systems. These water wells produce
between 500 and 3,000 gallons per minute depending on their depth and
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design. This should give you an idea of the amount of water stored in the
sand and gravel deposits of the Ancient Mississippi River Valiey.

The farmstead is located on a small rise. This is a sand dune. As you drive
by, take a look at the soil. Where exposed, the soil is very sandy.

Road curves fo the right. The road is now called Clear Lake Road.

T-intersection from the left: Phelps Ditch Road. CONTINUE AHEAD. Three
center-pivot irrigation systems on the right side of the road, and one on the
left.

T-intersection from the right: Schewe Lane (unmarked). CONTINUE AHEAD.
Center-pivot irrigation system on the right.

Road curves 45° to the right. Good view straight ahead of the bluffs, which
mark the easternmost edge of the valley of the Ancient Mississippi River.

Road curves 45° to the left.

T-intersection from the left; 1250E (unmarked). CONTINUE AHEAD.
Road curves 90° to the right. Good view of the bluffs.

T-intersection from the left: Krohe Lane (1120N). CONTINUE AHEAD.

Cross Califs Ditch, which also has a set of levees. Notice that the tops of the
levees here are not as far above the floodplain as the ones along Lost Creek,
even though the tops of the levees are at the same elevation. This is because
the elevation of the floodplain here is higher; therefore, a lower levee is needed
to maintain the same elevation as the levees closer to the lllinois River. The
height of levees decreases as you move away from the Illincis River.

STOP (2-way): Intersection of Clear Lake Road (1270E) and Chandletrville
Road (100N). TURN LEFT onto Chandlerville Road. On the southwest cor-

ner of the intersection is Brick School, constructed in 1927, which was a
staging area for sandbagging during The Great Flood of 1993.

Exposure of Wisconsin Episode Peoria Loess to the right in the biuffs,

T-intersection from the right: Kuhiman Hill Road (unmarked). CONTINUE
AHEAD.

Cross Califs Ditch.

T-intersection from the left: 1450E. CONTINUE AHEAD. Notice the dis-
sected nature of the bluffs, a mixture of sharply rolling uplands cut by steep
ravines and some wider valleys. Also, along the bluffs in many places, ponds
have been formed by constructing earthen dams across the ravines.

Hager Cemetery on the lefl.
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T-intersection from the right: Shilo Road. CONTINUE AHEAD.

T-intersection from the right: Hickory Road. Immediately cross Schadd
Ditch and another T-intersection from the left: Gum Town Road (1730E).
CONTINUE AHEAD.

Cross Indian Run Creek.

Good view of the floodplain to the left. The tree-line in the distance to the
north outlines the course of the Sangamon River.

Cross Job’s Creek. The valley cut into the bluff by Job’s Creek is among the
wider ones in the area.

T-intersection from the left: Old River Road (2000E). CONTINUE AHEAD.

The group of pine trees to the left is growing on a sand dune. The dune
forms a topographic high on the floodplain.

CAUTION: Stop (1-way): T-intersection of Chandlerville Road {(1110N) and
State Route 78. TURN LEFT. Use extreme caution: fast moving traffic from
the right is coming down a steep hill.

T-intersection from the right: Finn Lane. CONTINUE AHEAD.
Cross Panther Creek.

Entering community of Chandlerville, population 800. Slow down. PREPARE
to turn right.

The following was provided by Wayne Nelson of the Chandlerville Water Sup-
ply Department. The village of Chandlerville was incorporated in 1836 and, at
one time, was a stop on the Jacksonville & Havana Railroad. It is located
between the Sangamon River to the north and the bluffs to the south.

The Chandlerville Water Department serves a population of approximately
680. In the early 1980s, nitrate levels in the water department’s only well
began to climb and by the mid-1980s had exceeded the maximum allowable
concentration of 10 mg/L. Tests conducted by the IEPA in 1989 showed
presence of several agri-chemicals including Atrazine (Aatrex), Alachlor (Lasso),
Metolachlor (Dual), and Metribuzin {Sencor). At the time there were no drink-
ing water standards for these chemicals. When standards were enacted,
Chandlerville’s water was in noncompliance. In August 1991, the village
board signed a letter of commitment with the IEPA and the lllinois Attorney
General to proceed with a new water source. The letter directed the village to
take the following steps in addition to the major step of installing new wells:

1. Weekly nitrate sampling.

2. Free bottled water to infants under six months of age.

3. Public notice on a quarterly basis.

4. Notification of area physicians regarding agri-chemical leveis.

5. Posting of signs in schools and restaurants stating the presence
of agrichemicals in the finished water.
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The village board obtained a Community Development Assistance Program
(CDAP) grant to install two new wells. Engineering studies, computer mapping,
and test holes ensure a safe source of raw water.

The village’s two new welis went on line in August 1993. Well no. 3 is 66 feet
deep and well no. 4 is 62 feet deep. The contaminated well, only 37 feet deep,
was located approximately 700 feet from an agri-chemical storage facility and
was drilled in a sand and gravel aquifer. Tillable fields that were treated with
agrichemicals surrounded the old well site.

The new wells show no sign of any regulated chemicals, although iron levels
are high enough that water plant personnel add potassium permanganate to
oxidize and remove the iron from the finished water.

CAUTION: Intersection of English Avenue and Chandlerville Road. TURN
RIGHT at sign marking the western branch of the Lincoln Heritage Trail.

STOP (1-way): intersection of South Main Street and River Street. TURN
RIGHT onto South Main Street.

STOP (3-way): Intersection of Division Street and South Main Street.
CONTINUE AHEAD.

Intersection with Douglas Street. CONTINUE AHEAD.

T-intersection from the left: Cottage Avenue and South Main Street. TURN
LEFT onto Cottage Avenue.

T-intersection from the left: South Bluff Street. CONTINUE AHEAD.
Chandler Cemetery is on the left. Panther Creek is to the right.
Entering Site M State Conservation Area. The road is now called Creek Road.

To the right, along the south side of Panther Creek, a slump in the bluff has
exposed some Peoria Loess.

Loess exposed on the left side of the road. Also a good view of the valley
that has been cut by Panther Creek. To the right is a Sustainable Agriculture
Research and Demonstration Area.

T-intersection from the right: Hermann Road. CONTINUE AHEAD.

Note: to the right, Panther Creek is flowing along the south side of the valley
up against the bluffs. In the past, this creek has meandered back and forth
within the area outlined by the flat terrace located immediately to the right.

T-intersection from the right: Creek Road. TURN RIGHT.
Road curves sharply to the left. Note: the steel pillars to the right mark the
location where a bridge once crossed Panther Creek. As soon as you make

the left turn, the road curves back to the right. Cross the ford on Cox Creek.

Pull over to the far right side of the road.
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STOP 2a We'll view and discuss the stream geomorphology at the confluence of Cox and
Panther Creeks, post-European sedimentation, and erosion control measures.

0.0 22.1 Leave stop 2a. CONTINUE AHEAD.

0.2 22.3 To the right, on the other side of Panther Creek, you can see the position of
the old roadbed and a large slump scarp on the bluff.

0.2 225 Excellent view of the slump scarp on the bluff.

0.1 22.6 Pull over to the far right side of the road.

STOP 2b We’'ll view and discuss the large slump feature located along Panther Creek and the
glacial depaosits of the lllinois and Wisconsin Episodes.

0.0 22.6 Leave stop 2b. CONTINUE AHEAD.

0.75 23.35 Road curves 90° to the left.

0.4 23.75 CAUTION: Road crosses a very steep drainage ravine that flows toward Cox
Creek.

0.05 23.8 Road curves 90° to the right.

0.7 24.5 Road curves 90° to the left.

0.3 24.7 Notice the flat to slightly rolling topography. This gives you an idea of how

the landscape looked before erosion.
0.15 24.85 T-intersection from the right: Gurney Road. CONTINUE AHEAD.
0.1 24.95 T-intersection from the left: Gurney Road (2600E). CONTINUE AHEAD.
0.4 25.35 Small drainage ditch developed on top of the bluff; flow is to the north.

0.35 25.7 STOP (1-way): T-intersection of Creek Road (850N) and County Highway
11 (2670E). TURN RIGHT onto County Highway 11.

0.7 26.4 Road curves to the right. T-intersection from the left: Wolf Road (780N) on
the south side of the curve. CONTINUE AHEAD.

0.3 26.7 T-intersection from the left: Cox Road. CONTINUE AHEAD.
0.35 27.05 T-intersection from the left: CONTINUE AHEAD.

0.15 27.2 T-intersection from the right: CONTINUE AHEAD.
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Road curves 90° to the left. T-intersection in the middle of the curve from the
right. CONTINUE AHEAD.

Descending into the valley of Panther Creek.

Cross Panther Creek.

T-intersection from the right. CONTINUE AHEAD.

Back up on top of the loess-covered bluffs. This probably is very close to
the original topography and elevation of the land before erosion dissected

the upland.

Road curves 90° to the right. T-intersection from the south in the middle of
the curve. CONTINUE AHEAD on County Highway 11.

Road curves 90° to the left. Road is now called Fox Road.

Road curves 90° to the right. T-intersection from the left in the middle of the
curve. CONTINUE AHEAD. Road is now called Gridley Road (550N).

Approaching Y-intersection. BEAR LEFT.
Stop (1-way): T-intersection with Philadelphia Road. TURN LEFT (south).

CAUTION: Crossroad intersection of Gilbert Road (500N) and Philadelphia
Road. CONTINUE AHEAD. 2-way stop is from right and left.

Old windmill on the left side of the road.
CAUTION: Approaching intersection with IL 125.

STOP (1-way): Intersection of Philadelphia Road and IL 125. TURN RIGHT onto
IL 125. After making the turn, you will be entering the village of Philadeiphia.
We will foliow IL 125 back to Beardstown.

T-intersection from the right: Sugar Grove Road. Sign marking historic site
of Allendale Home, located to the right. Notice that the landscape along this
portion of the trip is very flat, with only slight undulations in the topography;
no large drainageways have developed. The road is built along the drainage
divide. Rain falling north of the road flows north, and rain falling south of the
road flows south.

T-intersection from the left: Beardstown Road. CONTINUE AHEAD.
Entering the village of Virginia, population 1800.

STOP (4-way) with flashing red light: Intersection of iL 78 and IL 125.
CONTINUE AHEAD. Just before the intersection is a manmade lake on the
right side of the road.

Shiloh Presbyterian Church on the right side of the road. Note the classic
architecture.
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Notice the difference in the topography between this spot and where you first
entered IL 125 at Philadelphia, where it was fairly flat. You are entering a
large valley that has eroded into the bluff. The landscape is characterized by
rolling topography and is dissected by small drainage ravines. On the left
side of the road is Lost Creek, which is one of the major drainageways in the
area. This is the same creek we saw at stop 1.

Large slump blocks in exposures of Peoria Loess on the left side of the road.
From this point, until we reach the edge of the bluffs and enter the lllinois
River valley, you will see numerous exposures of loess along the roadside.
Look near the large barmns and houses constructed next to the bluffs. Several
of these barns and houses have very steep exposures of loess behind them.
Also note that where IL 125 is on top of the bluff near the town of Virginia, it
is fairly straight. Now that the road is in this valley, however, it curves very
gently to the right and left. This is because the road is located on the flood-
plain and is generally parallel to the course of Lost Creek valley.

Entering the community of Bluff Springs. North Bluff Springs Road is to the
right.

Cross bridge over Lost Creek.

Notice the difference in topography. It's flat. We are back on the floodplain of
the Ancient Mississippi River.

Crossroad intersection: Deer Path Road. CONTINUE AHEAD.
CAUTION: Approaching stoplight. Be prepared to stop.

STOPLIGHT: Intersection of IL 125 and Arenzville Road. CONTINUE
AHEAD.

T-intersection from the right: Beardstown Road. TURN RIGHT.
Beardstown city limits.

STOP (4-way): Intersection of East 15th Street and Wall Street. CONTINUE
AHEAD.

STOP (4-way): Intersection of East 8th Street and Wall Street. CONTINUE
AHEAD.

STOP (4-way): Intersection of East 4th Street and Wall Street. TURN RIGHT.
STOP (2-way): 5-point intersection of East 3rd Street, Levee Road, East 4th
Street, and Railroad Street. TURN LEFT and drive up onto Levee Road and
TURN LEFT.

Levee Road curves 90° to the right. Meyers Pond is to the right.

Levee Road curves 90° to the left. Park your car in the middle of the levee road.
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STOP 3 Here we'll view and discuss the lllinois River, diversion of the Sangamon River, and
sedimentation of Muscooten Bay and Meyers Pond.

LUNCH: Are you hungry? Follow Levee Road around to the park for lunch.

Note: There are two large parking lots in the park. We use both of these and the circle drive
between the two parking lots. After we leave the park, we will reset our trip odometers to 0.0.
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Exit park using the road paraliel to railroad tracks. Restart milage at the
intersection of Sangamon Street and East 2nd Street, at the south-southwest
corner of the park.

Intersection with East 3rd Street. CONTINUE AHEAD.

STOP (2-way): Intersection of East 4th Street and Sangamon Street. TURN
RIGHT onto to East 4th Street and cross a single set of railroad tracks.
CAUTION: unguarded crossing.

CAUTION: Cross a second set of unguarded railroad tracks.

Intersection of Base Street. CONTINUE AHEAD.

STOP (4-way): Intersection of Edwards Street. CONTINUE AHEAD.

STOP (4-way): Intersection of West 4th and State Street. TURN LEFT.
STOP (4-way): Intersection of State Street and West 6th Street. TURN RIGHT.

CAUTION: STOP (2-way): Intersection of West 6th Street and US 67 & IL 100.
TURN RIGHT. This road the western branch of the Lincoln Heritage Trail.

Enter bridge crossing the lliinois River. Note: to the right and left, the barge
traffic on the river is usually pretty heavy. To the right is an old iron railroad
drawbridge, which is still in use. To the left is Grape Island, covered with
trees, in the middle of the Hllinois River. At the middle of the river, you enter
Schuyler County and leave Cass County. As you approach the western end
of the bridge, you get a good view of the flat floodplain of the lllinois River
and the bluffs to the west.

STOP (4-way) with flashing red lights: Intersection of IL 103, IL 100, and
US 67. TURN LEFT onto IL 103, the western branch of the Lincoin Trail. To
the right is IL 100 and straight ahead is US 67. Elevation at the intersection is
428 feet above sea level.

Cross Coal Creek Ditch. A good view of the bluffs to the right on the westermn
side of the lllinois River. Water from Coal Creek is pumped over the levee along
the lllinois River. Good view of the levee along the lllinois River to your left.

Cross drainage ditch.
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View of Crane Creek levee directly ahead.

Cross Crane Creek Ditch. Notice that this ditch has levees on both sides.
Water from Crane Creek Ditch empties directly into the lllinois River; eleva-
tion of levee is 452 feet above sea level.

T-Intersection from the left: Sandy Bend Road (2100E). CONTINUE AHEAD.
T-intersection from the left 2040E: CONTINUE AHEAD.

Road starts to ascend the bluff.

Intersection of Bluff Road 2010E: CONTINUE AHEAD.

The road flattens out. You are now on top of the bluff. Elevation is 610 feet
above sea level, approximately 180 feet above the floodplain below. To the
left is a good view of the lllinois River valley and the bluffs to the south. The
large flat floodplain between the bluffs is occupied by the La Moine River.
T-Intersection from right: Water Reservoir Road. CONTINUE AHEAD.
Topography at this point on the top of the bluffs is gently rolling with large
valleys between the higher portions of the bluffs. Several northeast-trending
valleys cut into the top of the bluffs were eroded by glacial meltwater during

the late Wisconsin Episode.

A small lake to the right was formed by damming the left fork of Crane Creek.
This creek possibly follows one of the glacial meltwater channels.

Another low drainage ditch.

Intersection of Sugar Grove Road (1780E) and IL 103 (400N): CONTINUE
AHEAD. Entering and leaving the community of Sugar Grove. Sugar Grove
church on the northwest corner of the intersection is to the right.
T-intersection from the right: Urven Road (1730E). CONTINUE AHEAD.
T-intersection from the left: La Grange Lock Road (1700E). Large valley to
the right. Exposures of Pleistocene deposits to the right. To the right is a

small pond formed by an earthen dam across the drainage ravine.

Road makes a sharp descent into the valley of Town Branch, one of the
large ravines that have eroded into the bluff.

Cross Town Branch, which flows southwest to the La Moine River + 0.4 miles.
Ascending the valley of Town Branch.

Road curves to the left.

Road curves to the right.

CAUTION: Approaching stop.
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STOP (1-way): Intersection of US 24 and IL 103. CAUTION: Fast-moving
traffic. TURN LEFT onto US 24. Immediately after you make the turn, there
is a road to the right. CONTINUE AHEAD (southwest).

T-intersection from the right: Vancil Road. CONTINUE AHEAD.

Pull over and park vehicles on the far right edge of the road. CAUTION: fast
moving traffic.

STOP 4 Ripley roadcut. We'll view and discuss a classic example of an erosional unconformity
between the Mississippian and Pennsylvanian Systems of strata.
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Leave stop 4.

Cross bridge over the La Moine River. Leaving Schuyler County and entering
Brown County. Notice the terrace developed along the La Moine River on the
southwest side of the river.

Entering Ripley, population 100.

T-intersection from the right: 1465E. CONTINUE AHEAD.

T-intersection from the right: CONTINUE AHEAD.

T-intersection from the left: CONTINUE AHEAD. Prepare to TURN RIGHT.

T-intersection from the right: TURN RIGHT. As soon as you turn, take the left
fork in the road.

T-intersection from the right: CONTINUE AHEAD.

Road curves 90° to the left. After the turn, to the right is Cannon Pottery.
Notice the kiln outside the bamn.

Road curves 90° to the right.

T-intersection: 1400E and 1230N. TURN RIGHT. As soon as you turn right,
the road makes a sharp turn to the left.

Pull over to the far right side of the road. Do not park on the bridge. The small
creek flows north where it enters the La Moine River approximately 0.6 miles
north of the road.

STOP 5 Clay pit west of Ripley. We'll view and discuss the lower Pennsylvanian Tradewater
Formation. At this stop, you will have an opportunity to collect gypsum crystals.

0.0

13.4

Leave stop 5. CONTINUE AHEAD.
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Stop (1-way): T-intersection: 1320E and 1250N. TURN LEFT. Intersection is
not marked.

Stop (1-way): T-intersection: 1200N and 1315E. TURN LEFT onto 1200N
heading east.

CAUTION: Stop (2-way): Crossroad intersection of US 24 (1385E) and
1200N. USE CAUTION and cross US 24. CONTINUE AHEAD.

T-intersection from the right: 1400E and 1200N. TURN RIGHT onto 1400E.
Sign indicating Cooperstown 6 miles.

Road curves to the left.

Cross Logan creek. Mississippian limestone is exposed to the left on the out-
side meander (cutbank) of the creek.

Road curves to the right.
Road curves 90° to the right and then 90° back to the left.
Farm lane on the right. CONTINUE AHEAD.

Crossroad intersection of 950N and 1400E. TURN LEFT onto 950N. Red
brick house on the northeast corner of the intersection.

T-intersection from the left: 1450E. CONTINUE AHEAD.

T-intersection from the right: 1475E and 950N. CONTINUE AHEAD. Note the
rolling topography in this area. A small creek parallels the road.

Road makes sharp turn to the right.
Cross bridge over small unnamed creek. Creek flows northeast toward the

La Moine River. Pull over as far as possible. Do not park on the bridge.
CAUTION: Traffic approaching bridge has limited visibility.

STOP 6 "Cooperstown Creek." We'll view and discuss the Mississippian limestones and shales
exposed to the right and left along the creek. A set of three small waterfalls is located to the left.
This stop will give you an excellent opportunity to collect fossils.
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Leave stop 6: The road curves to the right after you cross the bridge and
heads south (1550E).

Y-intersection from the left: 1550E and 850N. TURN LEFT onto 850N, and
prepare to stop at STOP sign. CONTINUE AHEAD.

Entering the village of Cooperstown.

T-intersection from the left: 1600E and 850N. TURN LEFT onto 1600E.
Heading north towards the La Moine River.
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Peoria Loess exposed. Road cuts through a small hill.
Road curves uphill to the right.

To the left is a large ravine. The road now cuts through a loess section.
Mississippian rocks are exposed at the bottom of the ravine.

Outcrop exposed on the left side of the road. Another large ravine. Note
that as we get closer to the La Moine River, the valleys are larger and more
deeply eroded into bedrock.

Road curves 90° to the left and immediately 90° to the right.

The road is now traversing an old terrace level of the La Moine River, which
is immediately to the left.

T-intersection with La Grange Lock Road. TURN LEFT and cross bridge over
La Moine River. Northwest corner of the bridge is marked as 1730E and
070N. Note: we are traveling away from the La Grange Lock and Dam on the
lllinois River, which is about 4 miles south of this intersection. The road to the
right runs along the base of the bluff.

Crossroad intersection: Briney Lane (100N). CONTINUE AHEAD.

T-intersection from the right: Sandy Bend Road (150N). TURN RIGHT onto
Sandy Bend Road.

Langford Cemetery is to the left. Pull over to the right side of the road.

STOP 7 We'll view and discuss the exposure of Peoria Loess, Roxana Silt, and Sangamon Soil,
which is located just past the cemetery.
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Leave stop 7: CONTINUE AHEAD.

T-intersection from the right at the base of the road cut. Good view of the broad
floodplain of the lllinois River. To the right is the La Moine River. Directly
ahead to the east, the trees mark the path of the lllinois River. The large
concrete structure straight ahead is a pumping station at Brigs Landing, where
water from the drainage ditches in the floodplain directly in front of us is
pumped over the levees.

T-intersection from the left: Sugar Grove Road (1780E). TURN LEFT.
Unmarked intersection.

Cross small drainage creek.

SLOW DOWN: Farm house on the left side of the road. Nice view of the Illinois
River valley to the right.

Large erosional ravine to the left.
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0.4 25.6 T-intersection from the right: Roberts Road. Road makes sharp 90° turn fo the
left. TURN LEFT.

0.1 25.7 T-intersection from the right: Sugar Grove Road. CONTINUE AHEAD on
Roberts Road.

0.35 26.05 Road makes a sharp 90° turn to the left.
0.3 26.35 Road makes a sharp 90° turn to the right.

0.35 26.7 STOP (1-way): T-intersection with La Grange Lock Road. TURN RIGHT.
Road immediately curves to the left. Unmarked intersection.

0.15 26.85 CAUTION: Road curves to the right. T-intersection from the left in the middle
of the curve:Quarry Road (270N). TURN LEFT onto Quarry Road.

0.5 27.35 T-intersection from the right: Burns Road (1660E). CONTINUE AHEAD.
0.05 27.4 T-intersection from the left: Watkins Lane {1650E). CONTINUE AHEAD.
0.4 27.8 Quarry is to the left. CONTINUE AHEAD.

0.2 28.0 Gate across the road. Note the old red brick farmhouse on top of the bluff
1o the right.

STOP 8 Ward Quarry. We'll stop and open the gate. Stay in your vehicles. Follow road to the left
along the base of the bluff to the entrance to the quarry. This is the last stop of the day. At this
stop you'll be able to observe exposures of Mississippian and Pennsylvanian rock units, which
are overlain by Quaternary deposits.

0.5 28.5 Leave stop 8: The following road log will lead you back to IL 103. From the
quarry, follow Quarry Road (270N} until you reach La Grange Lock Road (1700E}.
TURN LEFT. Follow La Grange Lock Road (1700E) heading north about
1.3 miles until you come to IL 103, which is (400N). If you tumn right at this
junction, you will be heading towards Beardstown. If you turn left, you will be
heading towards US 24.

END OF FIELD TRIP

We hope you enjoyed this excursion and found the geology of the area around Beardstown to be
interesting and educational. Have a safe journey home! Join us in Hoopeston on May 18, 1996,
for more exciting and fun-filled adventures.
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STOP DESRIPTIONS

STOP 1 Lost Creek Levee System (NW, SE, NW, Sec. 12, T18N, R12W, 3rd P.M., Cass
County, Beardstown 7.5-minute Quadrangle [40090A4]).

Lost Creek has a levee on both sides of the creek. From the bridge you can see the levee along
the Sangamon River to the northwest. The Lost Creek levee system serves to channel water to
the lllinois River from the uplands east of this site. Two levees are necessary to protect against
reverse flow from the lllinois River, back to the east, in times of high river stage. In any levee district,
a system must be provided to move water from uplands to the river during floods. This can be accom-
plished either by pumping water up and over the main levees, or by building levees on both sides
of tributaries to the main river. At Lost Creek the two levee system is used. Supplementary pump
stations exist also, both north and south of this site. Notice that the levee on the south side of
Lost Creek is slightly higher than the levee on the north side. The south levee protects the city of
Beardstown. The north levee protects mostly farmland and a few houses. More money has been
invested, per mile of levee, in protecting the city than has been invested in protecting the farmland.

Floodplains

Many Illinois cities, towns, and villages are situated along rivers. Early settlers depended on streams
for drinking water, transportation, and power to run their mills and factories. The floodplains, cre-
ated by overbank sediments deposited during floods, are some of the most fertile farmlands. The
earliest forts, towns, and farms, therefore, were established along rivers.

Runoff

The land area drained by a river is called a drainage basin. Rainfall that reaches the ground is
divided into three components: most of it soaks into the ground (infiltration), a portion of it evapo-
rates, and some of it may flow across the ground surface and into streams (runoff). Runoff occurs
when the rate of rainfall exceeds the rate at which water can infiltrate the soil. It is affected by many
features of the drainage basin, including the permeability of the soil, the vegetation, and the number
of streams in the basin. The amount of runoff increases during rainy seasons when the ground
becomes saturated, or when the ground is frozen and no moisture can soak into it. As the amount
of runoff increases, so does the possibility of flooding. Runoff is measured in two ways: by the
stage or height of a river or stream (depth of the water) or by the discharge (volume of water per
unit of time). The discharge, the measure commonly used by geologists, can be determined from
the stage height at a gauging station if the shape of the river's channel (and therefore the area of
its cross section) and the velocity of the river's flow are known.

The layers of decaying humus and natural vegetation of forests and grasslands help reduce run-
off by soaking up precipitation. In addition, the roots help increase percolation into the topsoil and
subsoil by forming funnels through which water can travel. Closely planted, long rooted crops
increase percolation, but widely planted crops, such as corn, and fallow fields increase runoff.
The cutting of forests and the plowing of grasslands have increased the proportion of rainfall that
runs off the land, thus increasing the probability of floods. The water also carries with it large quanti-
ties of the richest topsoil, which muddies the rivers and is ultimately deposited in the Gulf of Mexico.

Runoff and erosion can be decreased by replanting forests and grasslands along the steepest
slopes and by creating greenways along the creeks and streams. Terracing, contour plowing, low
till or no till planting practices, and a wise choice of crops can reduce runoff and erosion on gentler
slopes. Damming gullies reduces runoff by slowing stream velocities and controls erosion upstream
by trapping sediment behind the dams. Flood-prevention and erosion-control measures go hand in
hand. Preventing soil erosion also aids flood control by reducing the amount of sediment deposited
in reservoirs and river channels.
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Floods

A flood occurs when the capacity of a stream channel is exceeded by the volume of runoff, and
the water spills out of the channel and onto adjacent land, commonly referred to as the floodplain.
When the water leaves the channel, its velocity decreases and it loses energy, dropping coarse
grained sediments (sand and gravel) out of suspension to create a natural levee along the top of
the bank. Farther out on the floodpiain, the water moves slowly and deposits fine grained sedi-
ments (silt and clay) over large areas. The deposition builds up the level of the floodplain. The
floodplain also serves as a storage area for some of the flood water, which is not released until
the flood recedes.

When lllinois was first being settled, damages suffered from floods were limited. However, with
the increased populations and industrial development along the rivers, flood damage has become
a serious economic problem for communities, counties, the state, and the nation.

The Great Flood of 1993

Nine states were declared disaster areas because of this century’s worst flooding on the Mississippi,
Missouri, lllinois, and adjacent rivers. North and South Dakota, Minnesota, lowa, Western lllinois,
southwestern Wisconsin, Missouri, Nebraska, and Kansas were affected. More than 10.2 million
acres were inundated, making for one of the worst farming seasons ever. The rains began in
March and continued through the summer. Many areas received 150% to 200% of their average
rainfall amounts. Damage was in the billions of dollars. The area was so waterlogged that flood
waters were slow to abate. By the next planting season, some of the land was still underwater,
and much of it was still too wet to plant crops.

At Beardstown, the flood of 1993 was the second highest on record. The floods of 1943 were a
fraction of one foot higher. Downstream of Beardstown, most of the levee districts along the lliinois
River suffered the highest flood record in 1993 and many of those levees were overtopped by
flood waters.

Flood Control

There are two basic approaches to flood control. One approach is to control the extent of flooding
by building dams, reservoirs, levees, and other man-made structures. The other is to control the
height of floods by conservation practices designed to hold the water where it falls in the drainage
basin (watersheds).

During periods of high flow, a levee confines the river water within a narrow channel. This constric-
tion raises the peak of flood waters upstream and downstream. Once the construction of levees
begins, they usually have to be built at all low points along a river system. Furthermore, a system
of levees in one drainage district is only as strong as its weakest spot, thus uniform heights and
strengths are required to ensure protection for all areas.

Overview of Levee Construction and Failure
The following descriptions are from ISGS Special Report 2 (Chrzastowski, et al. 1994).

Levees are linear, earthen mounds of two general types, depending on what they protect. Agricultural
levees protect farmlands; urban levees, generally higher and broader structures, protect cities.
Levees along the floodplains in lllinois are primarily agricultural. Beardstown is protected by an
urban levee.

Levees are typically constructed of sediments dredged from river channels or excavated from flood-

plains. Properly compacted clay is ideal for levee construction because it resists erosion and forms
a relatively impermeable barrier to the infiltration of flood water. In contrast, sand allows infiltration,
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Figure 12 Overtopping, seeps, and piping move water over, through, or under a levee during a flood (after U.S. Army
Corps of Engineers 1978).

which can weaken the levee and lead to structural failure. Sand is also easily eroded from the

levee. T

he characteristics of sediments relate to three causes of levee failure (fig. 12).

Surface erosion
The surface of the levee is eroded by flood water lapping against it or by precipitation, as during a
heavy rainfall, when drops of water pelt the surface and dislodge particles of sediment.

Levee seepage

The levee is internally weakened as it becomes saturated by water seeping through permeable
layers within the levee, or by the process called piping, which occurs when water flows through
animal burrows or along the openings made by plant roots, particularly tree roots, and erodes
sediment from inside the levee and transports it to the surface (fig. 12).

Underseepage
The ground under the levee is weakened as water moves through porous sand layers beneath the
levee and pipes sediment away. Because of the loss of support, the levee may subside or collapse.

A levee can also be weakened by overtopping, which simply means that water flows over the levee.
Overtopping is not a type of levee failure, but a case of the flood’s height exceeding the design height
of the levee. Once overtopping begins, the flow of flood water usually quickly breaches the levee.

Figure 12 illustrates how water moves through, under, and over a levee as it holds back flood water.
During the 1993 flood, most levees in lllinois were breached because of overtopping rather than
structural weaknesses. In several cases, seepage and underseepage probably contributed to local-
ized weakening and subsidence of levees, which made them more vulnerable to overtopping and
breaching.
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Levee seeps and sand boils

Fiood water on the river side of levees applies pressure 1o the levees, which are constructed to
hold back water for a short time. Because of the unusually long duration of the high water in the
flood of 1993, water infiltrated permeable layers within and beneath the levees. The result was
seeps piping sand from exposed levee slopes. Sand boils were common on the floodplains adja-
cent to many levees. They formed where lenses of sand under or within a levee provided a path-
way for water to pipe sediment. Unless piping (erosion) of sediment from under or within the levee
was halted, the flowing water would quickly sap the levee structure and cause a catastrophic fail-
ure. Sand boils are counteracted by building a dike of sandbags around the boil (fig. 12) and allowing
water to rise within the ring. The rate of flowing water slows within the ring dike, and the sandbags
minimize the loss of sediment by trapping it in place and equalizing the water pressure. Allowing
the water to escape over the sandbag dike prevents water pressure from building up elsewhere
inside the levee. Sand boils can develop, then cease their activity as changes occur in the flow
pathways within the levee. Fine grained materials (silt or clay) transported within the levee may
block the flow path and shut off one sand boil while opening a channel for another.

Levee underseepage, piping, and subsidence

Where a large amount of permeable, uncompacted sediment such as sand underlies a levee, the
material may become unstable and mobile as it becomes saturated. If saturation occurs, the levee
loses support and may sag, forming a low spot in the crest. If underseepage removes sediment
beneath the levee, the undermining may bring about a sudden and catastrophic collapse. In either
case, flood water can then pour over the subsided or collapsed segment of the levee and quickly
erode a deep and wide breach.

Flood Recurrence

The flood recurrence interval is a numerical representation of the likelihood of flooding. The histori-
cal record is statistically analyzed and a percent likelihood of occurrence is assigned to a series of
discharges. For example, a stream discharge of 1,500 cubic feet per second may have a 10% (1

in 10) chance of occurring in any particular year. Expressed as a recurrence interval, this would be
a 10-year flood. A much higher stream discharge may have only a 1% (1 in 100) chance of occur-
ring. This recurrence interval is the so-called 100-year flood. It is important to remember that the
recurrence interval does not mean that the flood will occur only once every so many years; it is
simply another way of expressing the likelihood for a flood of a particular height to occur during
the year.

Recurrence intervals and their associated discharges are used in planning the development of areas
prone to flooding and in building structures, such as bridges, dams, and levees, affected by
floods. For example, the lllinois Department of Transportation requires that bridges for state and
federal highways be designed to allow a 50-year flood discharge to pass through the opening.
The Federal Emergency Management Agency (FEMA) uses anticipated flood discharges to deline-
ate flood-prone areas and set flood insurance rates. The FEMA flood insurance rate maps are
distributed to libraries and local government agencies for use in planning.

The recurrence intervals and associated discharges are very useful, but they are only as reliable
as the data used to calculate them. Most streams in lllinois have been monitored for less than
100 years, so the recurrence intervals for large floods are not well supported by the data available.
The effect of this data gap can be minimized by examining floodplain deposits and estimating pos-
sible rainfalls and associated runoff.

Effect of Human Activity

As stated earlier, human activity can affect flooding in several ways. Drainage basin alterations,
including vegetation removal, paving, and drainage enhancement (ditches and sewers), decrease
the capacity of the ground to absorb rainwater and help the runoff reach streams more quickly.
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Flood crests rise more rapidly and have higher peak discharges after basin development. River altera-
tions, including channel straightening and levee building, force flood waters to stay within the channel.
Floods move downstream more quickly and erode the channel. In addition, with the channel width
restricted, stage heights are higher for the same discharge. Areas that haven’t been altered may
also be aftected as flood water reaches them more quickly or as it backs up when it reaches a
restricted section of channel. Finally, because they alter the character of a river’s floods, human
alterations also affect the accuracy of the statistical analyses used to calculate recurrence intervals.

STOP 2a Confluence of Cox and Panther Creeks (Center of NW, NW, SE, Sec. 9, T18N, R9W,
3rd P.M., Cass County, Newmansville 7.5-minute Quadrangle [40090A1]).

Postsettlement alluvium The Site M region was first settled in the mid to late 1820s. The uplands
probably were not cultivated extensively at first because of difficulty breaking the strong mats of
prairie grass roots in the sod. The uplands were, however, probably grazed by cattle and hogs. In
the broad stream valleys, cultivation began during the late 1850s. Sediment that was eroded from
the uplands and hillslopes, and redeposited in the major stream valleys is clearly visible in the stream
banks at the confluence of Cox and Panther Creek. A unit of light colored alluvium, 1 to 3 feet
thick, overlies an older soil profile, which is easily identified by its darker color. The dark color is
typical of an organic-rich topsoil. This dark organic layer is the top of the soil that covered the flood-
plains prior to the advent of land clearing for cultivation and forestry.

STOP 2b Slump along Panther Creek (SE, SW, SE, Sec. 9, T18N, R9W, 3rd P.M., Cass County
County, Newmansville 7.5-minute Quadrangle {40090A1]).

This stop illustrates the necessity of integrating regional and site-wide geological information to
determine the long-term impacts of decision making on land use.

Geology of hillside The geologic materials in this hillside consist of up to 20 feet of windblown

silt (loess) overlying compact sandy, silty diamicton (unsorted, unstratified rock debris composed
of many patrticle sizes) of the Vandalia Till Member of the
Glasford Formation (illinois Episode of glaciation). The lo-

ess consists of two units: the underlying and sandier, red- SOILS GEOLOGIC UNITS
dish brown Roxana Silt and the overlying and siltier, light Modern
brown Peoria Loess.
i f Peoria Loess
The slump A large, complex landslide (classified as an

earth slump; figs. 13, 14, 15) dominates the hillside. Sev-

. . Farmdale
eral typical characteristics of an earth slump are present:
(1) a steep scarp at the top, (2) a hummocky surface of | f_ f_f _________
disturbed ground consisting of blocks of slumped material Sangamon
below the scarp, (3) tension cracks between some of the
blocks (several cracks are large enough to cause injury to
unwary walkers, and (4) small wetland areas on the hum- G":,‘;g{,‘;,fa°;7}f“°"
mocky ground where cattails are growing, a sure sign that {1inoian)
some individual slump blocks have rotated and tilted slightly
backward, causing rainwater to pond on their surfaces.

Roxana Silt

Creek

——————

If loess is well drained and dry, it will stand in nearly verti-
cal slopes. When saturated, loess is unstable and highly
prone to slumping. Thick loess on a hillside, even when it is

Figure 13 Generalized Quaternary
geologic units and soils at Site M.
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covered with grass, can be easily destabilized by excess moisture. In addition, if this hillside was
grazed by livestock in past years, the animals’ movements over the slope could have helped
destabilize it.

Changes in the hillside in the past 60 years Air photos taken in 1938 and 1994 (figs. 16, 17)
show some interesting contrasts and changes in the landscape between 1938 and 1994 and
allow some insight into possible causes of the slump.

The 1938 air photo shows the hillside and adjacent upland had few trees and may have been
used as pasture for the grazing of livestock. The absence of trees, with their deep root systems to
take up moisture and help anchor soil in place, may have been an initial contributing factor to the
failure of this hillslope.

In the 1938 photo, the road appears to be in good condition. Apparently, it was constructed near the
base of the slope, with a narrow strip of gently sloping ground between it and Panther Creek.
Although traffic on the road was probably light, construction of the road may have removed some
earth materials from the base of the slope, thereby oversteepening it and providing some impetus
for slope destabilization.

The 1994 air photo shows that slumping in the hillside was well underway when the photo was
taken, and that it probably occurred during at least two different episodes. The most recent epi-
sode of slumping resulted in the fresh arc-shaped scarps (the same as those exposed a this stop)
toward the southeast corner of the slump area. Larger, older, tree-covered arc-shaped slumps occur
immediately northwest of the fresher scarps. In addition, the south side of the newer scarps can be
traced on the surface downslope to the creek. The extension of the slump to the creek on the
north side can also be seen in the photo, although it is slightly less obvious.

Comparison of other features In addition to the multiple slumping episodes that occurred on the
hillslope between 1938 and 1994, other features of interest at this site are the creek meanders,
which can be seen near the short north-south segment of the road and east of what is now the
slumped area. The small semicircular meander at the corner of the north-south part of the road no
longer exists in the 1994 photo, but its trace can still be seen in the plowed field. Although the con-
figuration of the creek at the base of the slump does not appear to have changed much from
1938 to 1994, examination of the ground surface suggests that the toe of the slump has displaced
the creek toward the northeast, causing the stream to actively erode the opposite creek bank,
undercut the trees, and expose the sediments.

Figure 14 Slump feature along Panther Creek at stop 2.
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Figure 15 Schematic diagram illustrating some features found in the slump area at stop 2. A steep scarp with nearly verti-
cal walls has formed in loess. Below is a hummocky surface with tension cracks and crevices, suggesting the material is
gradually moving down slope. The remains of an old compacted roadbed probably helps produce a somewhat more coher-
ent surface in that vicinity. Ponding of water at the back of some slump blocks has occurred. At the toe of the slump, the
material is moving toward the creek. Stream erosion at the toe creates instability.

Geologic Description of Floodplain Sediments
Top of stream bank exposure

Colluvium and alluvium (creep and slopewash deposits; stream deposits)
Silt (reworked and redeposited reddish brown Roxana Siit and light
brown Peoria Loess); presettiement soil buried 12 to 16 inches

below land surface at this location 60 inches
Pebble line, mostly reprecipitated carbonates 1inch
Glacial deposits
Diamicton, loamy, yellowish brown, abundant coal fragments 12 inches
Diamicton, silty, dark brown to grayish brown 14 inches
Lacustrine (lake) deposits (low-energy, transitional to boggy environment)
Sand, very fine, well sorted; brownish to grayish yellow 3—4 inches
Silt, light brownish gray 24-30 inches
Silt, dark gray, jointed, oxidized along joints 2—4 inches
Silt, black, organic, highly contorted 4-8 inches

Silt, gray, exposed to unknown depth below creek level
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Figure 16 1938 air photo of area surrounding stop 2 at Site M. Compare this photo with the 1994 air photo.
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Figure 17 1994 air photo of area surrounding stop 2 at Site M. The slump feature is easily recognized. Compare this photo with the
1938 air photo.
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Figure 18 Old iron railroad drawbridge across the lllinois River is raised, allowing a barge to pass
beneath (photo by Wayne T. Frankie).

These deposits indicate that prior to the advance of lllinois Episode glaciers, this low area on the
floodplain was probably occupied several times by small lakes of uncertain extent. The silts and
well-sorted sand suggest such low-energy depositional environments in which fine grained sedi-
ments such as silt settle out. However, at one point the lake was transitional to a boggy environment,
as evidenced by the black organic silt. How this unit became contorted is a matter for speculation.
A possibility is that the layer of organic-rich silt was frozen when a glacier approached near enough
to disturb and contort the frozen sediment. Glaciers advanced into the area and deposited the
diamictons. Following many thousands of years of erosion, the loess was deposited, and the land-
scape began to assume its present form. Reworking (erosion and deposition) of the Peoria Loess
and Roxana Silt occurred during the last 10,000 years or so as the loess periodically slumped
downslope and was picked up and reworked by stream action.

STOP 3 Beardstown Levee and LUNCH (NE, SE, SE, Sec. 10, T18N, R12W, 3rd P.M., Cass
County, Beardstown 7.5-minute Quadrangle [40090A4]).

The top of the Beardstown levee offers a good view of the lllinois and Sangamon Rivers, Muscooten
Bay, and Meyers Pond (fig. 18). Compare the topography of this area with the route map on page
31 of the guide book. The landscape has significantly changed because of the infilling of Muscooten
Bay and Meyers Pond by sediment. Also notice along the Beardstown levee the development of
the channel bar, which has cut off any large boat traffic into Muscooten Bay.

Rechannelization of rivers, like that of the Sangamon River, shortens and straightens the channel.
This speeds up the river's flow and thus lowers flood stages upstream. However, if the gradient of
the river is increased (same drop in elevation over a shorter distance), the river will reestablish
equilibrium by increasing headward erosion. This leads to increased sedimentation near the mouth
of the river.
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Figure 19 Composite Figure 20 Composite section of Pennsylva-
section of Mississippian nian strata in the field trip area (modified from
strata in the field trip area. Reinertsen 1964).

STOP 4 Roadcut northeast of Ripley (SE, NW, NE, Sec. 33, T1N, R2W, 4th P.M., Schuyler
County, Ripley 7.5-minute Quadrangle [40090A6]).

A major unconformity marks the Mississippian-Pennsylvanian boundary over much of lllinois (and
other parts of the North American continent). This unconformity is well exposed in the roadcut.
Prior o the earliest deposition of Pennsylvanian strata in this area (and elsewhere in lllinois), ero-
sion created channels, valleys, and sinkholes in the middle and upper Mississippian strata. During
this early period of erosion, western lllinois was a rugged upland that contained wide relatively flat
areas bordered and dissected by steep-sided valleys.

During early Pennsylvanian time, this area in western lllinois was topographically higher than the
southern parts of the lllinois Basin, and thus continued to be eroded. Erosion led fo the removal of all
of the Chesterian Series (upper Mississippian) and the underlying Ste. Genevieve Limestone,
which have a combined thickness of more than 800 feet thick in southern Illinois. In this part of west-
ern lllinois, the lower Pennsylvanian rocks rest unconformably on rocks of middle Mississippian
age, including the Salem Limestone as seen in this cut, and elsewhere on the St. Louis (above the
Salem) or the Warsaw and Keokuk Formations (below the Salem; fig. 19).

In west-central lllinois, lower Pennsylvanian strata below the Colchester Coal include the Tradewater
and Caseyville Formations of the Raccoon Creek Group (fig. 20). The thickness of these rock
units increases from less than 1 meter (3.3 feet) in western Brown County to more than 10 meters
(33 feet) in eastern Schuyler County. This trend was, however, modified locally by the irregular
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Figure 23 View of southeast roadcut (stop 4) showing unconformity between the lower Pennsylvanian and
middle Mississippian strata. Russ Jacobson is standing at the base of lower Pennsylvanian shales that fill
this channel (photo by Wayne T. Frankie).

surface on which Pennsylvanian sedimentation took place. These deposits were laid down in
channels, valleys, and sinkholes that developed in middle Mississippian Limestones from the St.
Louis to Keokuk. These early Pennsylvanian deposits are quite discontinuous and variable in their
lithology and thickness. Shales, channel and transgressive sands, basal conglomerates of weath-
ered Mississippian rock, and pockets of clay, shale, and coal may be seen at outcrops. Examples
of these lithologies can be seen at this and the next stop.

At this stop (figs. 21, 22, 23) an erosional unconformity was created by a channel that cuts into
the Salem Limestone. The channel is about 5 meters (15 feet) deep and filled with shale and sand-
stone that has thin carbonaceous partings. A thin, but distinctive black shale (containing a limited
marine fauna and representing the initial invasion of marine conditions across the entire area
exposed in this cut) is present in the middle of the sediments filling the channel. At the northeast
end of the channel (fig. 18) is a small subsidiary channel that contains, at its base, a distinctive bed of
chert pebbles (a basal conglomerate), derived from erosion of local chert-bearing Mississippian
limestone (most likely from the St. Louis; fig 24).

Once the channel depression was filled, the sea retreated (transgressed) and deltas advanced
(prograded) into the area depositing the massive, crossbedded sandstone (Babylon Sandstone of
the Tradewater Formation) near the top of this cut. Overlying this sandstone is a claystone and a
partially eroded coal, possibly the Pope Creek. Remember this coal when we go to the next stop,
where we will examine a portion of the Raccoon Creek Group from the Pope Creek Coal up to just
under the Colchester Coal (fig. 20).

The Pennsylvanian shales, siltstones, and sandstones filling the erosional channels in the Salem
Limestone contain plant remains, including stems, leaves, and some seed pods. Along the La Moine
River valley a few miles from this stop, similar sediments deposited in an erosional channel within
the Salem Limestone contain some of the earliest known plants found in the Illinois Basin (Leary
1974, 1977). The plants and rocks found in this area of the basin may also be of very early Penn-
sylvanian age. Thus, this site (and others nearby) gives us a glimpse into conditions and life in early
Pennsylvanian times.
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Figure 24 Lag conglomerate of chert from weathered Mississippian strata filling channel at stop 4
(photo by Wayne T. Frankie).

The Salem Limestone is predominantly a brown to light brownish gray limestone, dolomitic limestone,
or dolomite. This limestone or dolomitic limestone is fine grained (dense), and may be argillaceous
(containing clay-size particles), silty or even sandy; it occurs in irregular thin to massive beds. This
rock type or facies of the Salem may give way locally to a light gray or greenish gray dolomitic silt-
stone or dolomitic sandy shale that closely resembles the underlying Warsaw Formation, with
which it is in gradational contact, both vertically and laterally.

STOP 5 Clay Pit west of Ripley. Exposures of Pennsylvanian Tradewater Formation (NW, NE,
SE, Sec. 32, T1N, R2W, 4th P.M., Brown County, Ripley 7.5-minute Quadrangle [40090A6]).

The strata exposed at this stop belong to the lower Pennsylvanian Tradewater Formation of the
Raccoon Creek Group (fig. 25). The rock succession reaches from the shale and underclay below
the Pope Creek Coal to the Seahorne Limestone near the base of the Colchester Coal of the Car-
bondale Formation (fig. 20). The Pope Creek Coal is laterally equivalent to the thin coal near the
top of Stop 4.

As noted earlier, in this part of western lllinois the thickness of the Pennsylvanian section between

the Colchester Coal (base of the Carbondale Formation) and the Babylon Sandstone (base of the
Tradewater Formation) is greatly reduced (fig. 20). At this stop, the De long, Brush, and Herman
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Figure 25 View of exposure of Pennsylvanian-age Cheltenham Clay at stop 5 (photo by Wayne T. Frankie).

Coals, Seville Limestone, and Rock Island Coal are not present. Within this reduced interval
instead is a thick deposit of claystone.

The abundant claystone commonly found in this thinned Pennsylvanian interval of the Tradewater
is called the Cheltenham Clay Member by geologists. This complex claystone member results
from the thinning of many units and the merging of several claystone units normally found beneath
the coals missing from this section. This greatly thinned and simplified section is the result of
nearly constant exposure of the rocks on the margins of the lllinois Basin. With sedimentation
rates greatly reduced, only the residual soil represented by the Cheltenham was left.

The Cheltenham Clay along its crop on the western edges of the lllinois Basin has long been
known as a refractory clay. It has been used in making bricks, tile, and various other products
such as pottery. The exposures of this clay at Ripley are no exception and this particular pit has
been long utilized. Cannon Pottery located just east of here still uses the Cheltenham Clay for
making several clay products.

Composite Outcrop Description
Seahorne limestone, knobby,

lenticular, with marine fossil debris 0-10 inches
Cheltenham clay 6-8 feet
sandstone, clean, quartz arenite .5-1.5 feet
claystone, gray 2 feet
Pope Creek Coal, weathered 4 inches
underclay 3 feet
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Figure 26 Typical selenite gypsum crystals found on the exposed surface of the
Cheltenham Clay at stop 5 (photo by Wayne T. Frankie).

The Pope Creek Coal is exposed on the right-hand side of the roadcut on the west side of the
creek. The color variations in the Cheltenham Clay appear to be surface features caused by the
effects of weathering on clay’s varying chemical composition. Gypsum crystals occur on the
weathered surfaces of the claystone (fig. 26). The sulfate (SO4) ions needed to form gypsum is
probably derived from weathering of pyrite (FeS2) and, perhaps, other sulfide minerals in the
claystone.

STOP 6 "Cooperstown Creek," Mississippian limestone (SW, NE, SW, Sec. 15, T1S, R2W, 4th
P.M., Brown County, Cooperstown 7.5-minute Quadrangle [39090H5]).

Three rock units of middle Mississippian (Valmeyeran) age are exposed in this abandoned quarry
and at several exposures along the small stream (figs. 27, 28). A generalized section of the rocks
exposed near the bridge (south portion of the creek) is shown in figure 29. The oldest rock unit
(geologic formation) exposed is the Warsaw Shale, which is present in the stream bottom and
forms the lower part of the stream’s sides. Above the Warsaw Shale lies the slightly younger
Salem Limestone, which forms the upper part of the side walls of the stream nearer the main
road. The lip of the small waterfall is within the Salem. The youngest unit is the St. Louis Lime-
stone, which rests on the Salem. It is only exposed in the small abandoned quarry on the north-
west side of the stream.

Several post depositional chemical changes have affected the Mississippian units in this area.
Dolomitization has variably affected all three formations. Dolomitization is a process by which a
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Figure 27 Exposure of typical Salem Limestone that forms bluffs overlying limestones
and shales of the Warsaw Formation at stop 6. Geologist Russ Jacobson is standing on
the Warsaw shale (photo by Wayne T. Frankie).

calcium carbonate (limestone [CaCO3]) is converted to a calcium-magnesium carbonate (dolomite
[CaMg (COg)2]). Iron oxide is commonly present, especially in the Salem and Warsaw fossiliferous
limestones, and it is probably precipitated later from water percolating through the rock. Silicifica-
tion (a process by which silica is either precipitated [formed in an opening], or replaces some other
mineral) has resulted in the formation of geodes in the Warsaw and cherts in some intervals in the
St. Louis. (See Geodes—Small Treasure Vaults in lllinois at the back of the guidebook).

The middle Mississippian rocks, especially the Salem and St. Louis, are economically important
units for this area, as well as for the rest of lllinois. They are an important source of construction
aggregates and agricultural lime. In the subsurface, they are important reservoirs for hydrocarbons
in the southern part of lllinois.

Warsaw Shale

The Warsaw consists primarily of light to medium gray shale interbedded with finely crystalline, argil-
laceous, silty dolomite (particularly in the upper part of the rock unit) and light gray to olive gray
(sometimes rusty where weathered) fossiliferous limestone. An example of fossiliferous limestone
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Figure 28 Exposure of bioclastic limestone in Warsaw Formation at stop 6. Note the limestone lens above

and to the left of geologists Rod Norby and Zak Lasemi. This lens quickly pinches out to their right (photo
by Wayne T. Frankie).

can be seen best a few hundred yards downstream where it forms the lip of the small waterfall
and one or two ledges below. The limestone is fossiliferous with abundant bryozoans and common
brachiopods, gastropods, and echinoderm fragments and stems. The shale and argillaceous dolo-
mites are less fossiliferous in this area. Geodes are present, but they are generally uncommon in
the upper reaches of the stream. Small, poorly formed geodes are common to abundant in the
lower reaches of the stream about 1/2 mile from the bridge.

Depositional Environments of the Warsaw

The Warsaw was deposited during a period when siliciclastic material (mostly silt and clay) was
being supplied to the sea from emergent land areas, primarily to the west and north. Abundant
animal and plant nutrients associated with these siliciclastics promoted growth of filter-feeding,
calcium-carbonate-secreting organisms such as bryozoans and echinoderms. Because large
amounts of silt and clay inhibit development of many carbonate-producing organisms, a topographic
high on the seafloor was necessary for these organisms to flourish. Where irregular seafloor
topography promoted their development, abundant crinoids (an echinoderm) and lacy and twig-like
bryozoans were able to baffle the currents and trap fine grained sediments. This action resulted in
mound-like, limestone-rich features surrounded by siliciclastic sediments. These mounds were the
sites on which bryozoans, echinoderms, and other organisms such as brachiopods and gastropods
flourished. Shells and fragments from these organisms were transported by storm and tidal currents
and deposited as major components of sand bars, shoals, or channels. Fossiliferous sand bars are
represented, at the second substop near another small waterfall, by discontinuous, lenticular bodies
consisting of fossil hash and commonly whole fossils, which are difficult to collect except by break-
ing off a piece from a block or slab. This will be one of the better places to collect fossils. The fos-
sil fragments that form these bioclastic limestones (a term for limestones with fossils as a primary
component) are not rounded or sorted (equal grain size). This characteristic indicates that bioclas-
tic limestones of the Warsaw were deposited rapidly (possibly by storm currents) and were not
subjected to continuous current agitation.

Salem Limestone

The Salem Limestone overlies the Warsaw and consists of light gray, relatively clean (very little
mud), primarily very fine to fine grained, and some medium grained bioclastic limestone. Fossil
fragments in the Salem limestones are, for the most part, well rounded and sorted, a characteristic
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COOPERSTOWN - Main Section

Soil, loess.

~

N

N

Quaternary AN
St. Louis Limestone

= =

Limestone, yellowish gray, gray and brown gray, microcrystalline, brecciated in
a few intervals, one or two beds displaying calcite pseudomorphs after gypsum.

Limestone/dolomitic limestone, yellowish gray to brown gray, microcrystalline
to fine grained, generally brecciated; three intervals
of green to greenish gray shale.

Dolomite/dolomitic limestone, yellowish gray, brecciated and algally laminated,
weathered in places to rusty red.

Shale, greenish gray with gray brown, microcrystalline limestone bed.

Salem Limestone

Limestone, light gray to brown gray, fine to coarse grained, bioclastic with
rounded bryozoan and echinoderm fragments and common to abundant
foraminifers. This bed forms the top of the southeast side of the stream. The
lower beds are shaley and sandy with abundant small colonial corals
(Syringopora). Base is main lip of the small waterfall.

Limestone, greenish gray, weathers grayish orange, fine grained, very sandy,
heavily iron-stained.

Warsaw ﬁl__' I = [
: 1
s
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Dolomite, light olive gray, mottled, fine grained, very sandy.

Sandstone, light greenish gray, fine grained, calcareous, fossiliferous.

Dolomite, light to medium gray, argillaceous and silty, laminated with
soft sediment deformation.

Shale, light greenish gray to olive gray.

stream /g\
<

Covered

Figure 29 Detailed stratigraphic section of Mississippian rocks exposed along the creek at stop 6, near the bridge.

indicating constant current agitation during deposition. The Salem generally contains small spheri-
cal grains called ooids or coated grains. Coated grains are present in some beds in the Salem at
this stop, but they are generally too small to be seen with the naked eye. Ooids have concentric
layers that are formed by inorganic and organically induced precipitation of calcium carbonates
around preexisting grains. Rocks made out of ooids are called oolitic limestones. Oolitic limestones
indicate precipitation in a high energy carbonate environment that has intense wave and tidal current
activities. Another characteristic of the Salem in this area is the abundant occurrences of small
single-celled animals, called Foraminifera or forams, which secreted a calcium carbonate shell.
These forams are, however, also too small to be seen by the naked eye, but they can be seen
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COOPERSTOWN - Farthest downstream section

Quaternary

Soil, loess.

Salem Limestone (

Limestone/dolomitic limestone, yellowish gray to gray brown, weathers yellowish
brown to rusty brown, fine grained to coarse grained (particularly at top),
argillfaceous, sandy and glauconitic (particularly near bottom), thick bedded (up
to 3 ft).

Warsaw

Sandstone, greenish gray, very fine grained, glauconitic, calcareous, “Sonora
tacies", thickness ranges from 0 to 5 feet.

Shale, gray, thickness ranges from 5 to 12 feet.

feet

Dolomitic limestone, fight olive gray, fine to very fine grained, argillacecus; light
gray shale with small geodes.

Shale, dark gray, somewhat fissile; thin dolomitic limestone bed at base just
above covered interval.

stream

-~

Covered

Figure 30 Detailed stratigraphic section of Mississippian rocks exposed along the creek at stop 6, approximately 0.5 mile

north of the bridge.
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with the aid of a hand lens. Shale, a major component of the Warsaw, is rare in the Salem. Farther
downstream (where we probably will not have time to go today), a very fine to fine grained dolomitic
and glauconitic sandstone occurs at the base of the Salem (fig. 30). A similar but thinner sandstone
also occurs on the floor of the abandoned quarry. This sandstone bed is believed to represent a tongue
of the Sonora Sandstone (a lateral, equivalent of the Salem) that is present near the Mississippi
River to the northwest. The thickness of the Salem varies within the area; it is at least 20 feet
thick further downstream (see fig. 30).

Depositional Environments of the Salem

The Salem was deposited in a clear water, shallow marine environment. The bioclastic limestone
of the Salem grades laterally and vertically into microcrystalline (the grains or crystals can only be
seen with the aid of a microscope) limestone and dolomite deposited in relatively quiet water envi-
ronments. Input of silt and clay, common in the Warsaw, was substantially reduced, except for the
sandstone bed at the base of the Salem. This decrease in silt and clay was related to reduction in
the supply of these materials from emergent land areas, possibly due to a change in climate that
reduced the amount of rainfall. The presence of coated carbonate grains in many areas and greater
rounding and sorting of fossil fragments indicate the water depth also became shallow enough to
allow a high degree of wave and tidal current agitation

St. Louis Limestone

The Salem is overlain by the St. Louis Limestone, which consists of light gray to gray brown, micro-
crystalline limestone and dolomite that weathers yellow gray to tan. Bioclastic limestone similar to
that in the Salem and Warsaw is rare or absent in the St. Louis in this area. Some green shale
beds occur in some intervals, indicating a periodic influx of siliciclastic sediments. Some beds are
laminated. These laminations, generally known as stromatolites, formed as a result of sediment
trapping and binding by blue green algae. The St. Louis also contains evaporite such as gypsum
(with water) and anhydrite (without water); both are calcium sulfates. The anhydrite is present only
in the subsurface. Brecciated zones (beds where the limestone has been broken in place and
recemented) occur within the St. Louis in the outcrops (including this area), and they have been
interpreted to result from dissolution of gypsum and anhydrite. A sample from the St. Louis at this
stop contains calcite crystals that have the same morphology as gypsum crystals. This similarity
indicates that gypsum was formed during deposition of the St. Louis but, because of gypsum’s
higher solubility, it was later altered to calcite without a change in morphology.

Depositional Environments of the St. Louis

Sedimentary structures such as stromatolites and the presence of evaporite minerals (e.g., gypsum
and anhydrite) indicate that the St. Louis was deposited in a much shallower water environment
than the Warsaw and Salem. Gradual changes in the environment of deposition from the Warsaw
through the St. Louis may be related to changes in climatic conditions. During Warsaw deposition,
the climate may have been relatively humid with frequent rainfall, which resulted in abundant input
of silt and clay into the sea from highland areas. Siliciclastic input was reduced during Salem
deposition, possibly as a result of a drier climatic condition. The climate became more arid and
rainfall less frequent during deposition of the St. Louis. This occurrence resulted in an increase in
the salinity of the water and led to precipitation of evaporites, such as gypsum and anhydrite.
Such an evaporative condition was also conducive to the formation of dolomite by the increasing
ratio of magnesium to calcium in the water (due to uptake of calcium during the precipitation of
gypsum and anhydrite). Dolomites formed under evaporative conditions are typically microcrys-
talline, as are the dolomites in the St. Louis in this area.
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Figure 31 Diagrammatic cross section showing the relationship of formations and members of lllinoian
Age in western lllinois (from Lineback 1979).
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STOP 7 Langford Cemetery, Exposure of Peoria Loess, Roxana Silt and Sangamon Soil, (Center
of Sec. 12, T1S, R2W, 4th P.M., Schuyler County, Cooperstown 7.5-minute Quadrangle {39090H5]).

This roadcut exposes up to 10 feet of loess (Peoria Loess and Roxana Silt) over Sangamon Soll
developed in the Hulick Till Member of the Glasford Formation (deposited during the lllinois Episode
of glaciation; fig. 31). Toward the east end of the exposure, a particularly striking example of
highly oxidized, brownish red, well-drained Sangamon Soil can be seen. This red color is typical
of well-drained Sangamon Soil wherever it is exposed on today’s landscape. Not all exposures of
the Sangamon Soil are, however, this same reddish color. Like the soil on today’s landscape, the
Sangamon Soil developed on both well-drained and poorly drained areas of the landscape, and
only the well-drained areas show this iron-red appearance.

The diamicton in which the soil has developed is highly weathered at this stop, which occurs just
east of the "feather-edge” of deposition of the Hulick Till Member of the Glasford Formation. With-
out considerable sampling and analysis, we do not, in fact, know whether we are actually seeing
the Hulick or the Kellerville Till Members of the Glasford (the Kellerville is the basal diamicton of
the Glasford west of the lllinois River; the Hulick overlies the Kellerville). If both tills are present
and if the Hulick is very thin in this area, the Sangamon Soil, which developed over a span of
50,000 to 100,000 years, has quite likely developed through the entire thickness of the Hulick and
well into the Kellerville.
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STOP 8 Delbert Ward Quarry (NE, SE, NE, Sec. 3, T1S, R2W, 4th, P.M., Schuyler County,
Rushville South 7.5-minute Quadrangle [40090A5]).

The same three Mississippian rock units present at the Cooperstown Stop are also exposed within
this abandoned quarry (figs. 32, 33). The Warsaw is present in the quarry floor and presumably
several feet below; it extends up to a few feet above the first bench. The Salem occupies most of
the lower one-third of the wall of the next bench, and the St. Louis forms the middle third. The upper
third includes a thin Pennsylvanian sandstone and conglomerate overlain by Quaternary sediments,
including a glacial till, glacial lacustrine sediments, and a moderately thick loess.

The characteristics of the Warsaw at this stop are similar to those of the Warsaw at the Cooperstown
Stop, except light gray to olive gray, fine grained, very argillaceous, silty dolomite tends to dominate and
the shale and dolomitic shale becomes a minor portion of the formation. Some bioclastic limestone is
present near the middle of the unit. This bioclastic limestone contains abundant bryozoans and
common echinoderms, brachiopods, and gastropods. The shale and argillaceous dolomites are less
fossiliferous. Geodes are present throughout, but they most commonly occur in two distinct zones,
one near the top just below a nodular dolomite layer and the other below the bioclastic limestone.

The Salem Limestone, present above the Warsaw, is slightly coarser than the Salem at the Coop-
erstown Stop. It consists of light gray to light gray brown, clean bioclastic limestones that contain
moderately rounded grains of bryozoans, echinoderms, forams, and other fossil fragments. A few
thin shale beds or partings are present, especially in the unit overlying the bioclastic interval. The
presence of shale suggests occasional input of siliciclastic material from adjacent near shore envi-
ronments. Additional observations observed at the Cooperstown Stop indicate the Salem was depos-
ited in a shallow marine environment under clear but slightly agitated water conditions.

The St. Louis Limestone overlies the Salem and is very similar to that seen at the Cooperstown
Stop. It includes the light gray to brownish gray, microcrystalline limestone and dolomite and three
similar green shales near the base of the unit. Some brecciated zones are present. As noted in
detail for the Cooperstown Stop, the St. Louis represents a very shallow water environment.

The upper part of the St. Louis and the remainder of the Mississippian rock units are absent in this
area, probably due to major erosion that occurred following withdrawal of the sea near the end of
the Mississippian or the beginning of the Pennsylvanian Age. The erosional or depositional break
such as that between the Mississippian and the overlying Pennsylvanian System is called an uncon-
formity, which in this case, represents several million years. An even larger unconformity between
the Pennsylvanian and the more recent Quaternary sediments represents well over 200 million
years. The Mississippian-Pennsylvanian unconformity is the result of major streams downcutting
into Mississippian sediments and eroding a significant portion of these rocks. Paleovalleys and
channels produced by the erosion are now filled with channel deposits of Pennsylvanian sandstone
and conglomerate that in part consists of cherts and limestone rock fragments derived from the
St. Louis Limestone (fig. 34).

At several places around the gquarry, these Pennsylvanian sandstones and conglomerates are
present as channel deposits between the St. Louis Limestone and the overlying Quaternary sedi-
ments. A thin, black weathered zone (which can be seen but not reached) near the top of the
north wall of the quarry is most likely the Pope Creek Coal.
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feet

DELBERT WARD QUARRY

Quaternary

Soil, loess, lacustrine, and glacial sediments; not measured.

Pennsylvanian

St. Louis Limestone

Salem Limestone

Coal, shale, sandstone, and conglomerate.

Limestone, light gray 1o brown gray, microcrystalline, dense, dolomitic, grades
into green to greenish gray shale and light olive gray argillaceous and sandy
dolomite/dolomitic limestone.

Limestone, light gray to light brown gray, medium grained, well sorted (grains
of equal size); foraminifers and echinoderms common, bryozoans also present;
rock changes to Ig;ht greenish gray argillaceous dolomitic sandstone near top;
beds of laminated brecciated dolomite present near base.

Dolomite, light gray, argillaceous, silty; greenish gray dolomitic shale at top.

Dolomite, olive gray, fine to very fine grained, sandy, silty and laminated near

Warsaw f—"/
bench /T>-§ Covered
K SRS N Sy Sy [ S—
7 - A e el A N A T
== =77 — 7 =7 =

— top, weathers reddish brown; remainder argillaceous with fine fossil debris.

Dolomite/dolomitic fimestone, light olive gray to olive gray, fine to very fine
grained, argillaceous to very argillaceous; zone of geodes at top and near
bottomn, interval above lower geode bed consists of a fine grained bioclastic with
abundant bryozoans and common brachiopods and gastropods.

Figure 32 Detailed stratigraphic section of

Mississippian and associated rock strata ex-

Covered posed in the Delbert Ward Quarry at stop 8.
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Figure 33 Entrance to Delbert Ward Quarry (stop 8). Exposure of limestones and shales of the Warsaw Formation (lower bench),
the Salem and St. Louis Limestones (upper bench), and the overlying Pennsylvanian strata and Quaternary sediments (photo
by Wayne T. Frankie).

Figure 34 Exposure of lower Pennsylvanian basal conglomerate filling in a small channel in the underly-
ing St. Louis Limestone in the Delbert Ward Quarry (stop 8). The conglomerate contains large weathered
chert clasts from the underlying St. Louis and marks an erosional unconformity (photo by Wayne T. Frankie).
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GLOSSARY

The following definitions are from several sources in total or in part, but the main reference is:
Bates, R.L., and J.A. Jackson, editors, 1987, Glossary of Geology: American Geological Institute,
Alexandria, VA, 3rd Edition, 788 p.

Ablation Separation and removal of rock material and formation of deposits, especially by wind
action or the washing away of loose and soluble materials.

Age An interval of geologic time; a division of an epoch.

Aggrading stream One that is actively building up its channel or floodplain by being supplied
with more load than it can transport.

Alluviated valley One that has been at least partially filled with sand, silt, and mud by flowing
water.

Alluvium A general term for clay, silt, sand, gravel, or similar unconsolidated detrital material
deposited during comparatively recent time by a stream or other body of running water as a
sorted or semisorted sediment in the bed of a stream or on its floodplain or delta, etc.

Anticline A convex upward rock fold in which strata have been bent into an arch; the strata on
each side of the core of the arch are inclined in opposite directions away from the axis or
crest; the core contains older rocks than does the perimeter of the structure.

Aquifer A geologic formation that is water-bearing and which transmits water from one point to
another

Argillaceous Largely composed of clay-sized particles or clay minerals.

Arenite A relatively clean quartz sandstone that is well sorted and contains less than 10% argil-
laceous material.

Base level Lowest limit of subaerial erosion by running water, controlled locally and temporarily
by water level at stream mouths into lakes or more generally and semipermanently into the
ocean (mean sea level).

Basement complex Largely crystalline igneous and/or metamorphic rocks of complex structure
and distribution that underlie a sedimentary sequence.

Basin A topographic or structural low area that generally receives thicker deposits of sediments
than adjacent areas; the low areas tend to sink more readily, partly because of the weight of
the thicker sediments; this also denotes an area of deeper water than found in adjacent shelf
areas.

Bed A naturally occurring layer of Earth material of relatively greater horizontal than vertical
extent that is characterized by a change in physical properties from those overlying and underly-
ing materials. It also is the ground upon which any body of water rests or has rested, or the
land covered by the waters of a stream, lake, or ocean, the bottom of a watercourse or of a
stream channel.

Bedrock The solid rock underlying the unconsolidated {non-indurated) surface materials, such
as, soil, sand, gravel, glacial till, etc.

Bedrock valley A drainageway eroded into the solid bedrock beneath the surface materials. It
may be completely filled with unconsolidated (non-indurated) materials and hidden from view.

Braided stream A low gradient, low volume stream flowing through an intricate network of inter-
lacing shallow channels that repeatedly merge and divide, and are separated from each other
by branch islands or channel bars. Such a stream may be incapable of carrying all of its load.

Calcarenite Limestone composed of sand-sized grains consisting of more or less worn shell
fragments or pieces of older limestone; a clastic limestone.

Calcareous Containing calcium carbonate {CaCOg}); limy.

Calcite A common rock-forming mineral consisting of CaCOg; it may be white, colorless, or pale
shades of gray, yellow, and blue; it has perfect thombohedral cleavage, appears vitreous,
and has a hardness of 3 on the Mohs’ scale; it effervesces (fizzes) readily in cold dilute hydro-
chloric acid. It is the principal constituent of limestone.

Chert Silicon dioxide (SiO2); a compact, massive rock composed of minute particles of quartz
and/or chalcedony; it is similar to flint but lighter in color.
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Clastic Fragmental rock composed of detritus, including broken organic hard parts as well as
rock substances of any sort.

Closure The difference in altitude between the crest of a dome or anticline and the lowest con-
tour that completely surrounds it.

Columnar section A graphic representation in a vertical column of the sequence and strati-
graphic relations of the rock units in a region.

Conformable Layers of strata deposited one upon another without interruption in accumulation
of sediment; beds parallel.

Delta A low, nearly flat, alluvial land deposited at or near the mouth of a river where it enters a
body of standing water; commonly a triangular or fan-shaped plain sometimes extending
beyond the general trend of the coastline.

Detritus Material produced by mechanical disintegration.

Disconformity An unconformity marked by a distinct erosion-produced irregular, uneven surface
of appreciable relief between parallel strata below and above the break; sometimes represents
a considerable interval of nondeposition.

Dolomite A mineral, calcium-magnesium carbonate (Ca,Mg[CO3]z); applied to those sedimen-
tary rocks that are composed largely of the mineral dolomite; it also is precipitated directly
from seawater. It is white, colorless, or tinged yellow, brown, pink, or gray; has perfect rhom-
bohedral cleavage; appears pearly to vitreous; effervesces feebly in cold dilute hydrochloric
acid.

Drift All rock material transported by a glacier and deposited either directly by the ice or re-
worked and deposited by meitwater streams and/or the wind.

Driftless Area A 10,000 square mile area in northeastern lowa, southwestern Wisconsin, and
northwestern lllinois where the absence of glacial drift suggests that the area may not have
been glaciated.

End moraine A ridge-like or series of ridge-like accumulations of drift built along the margin of
an actively flowing glacier at any given time; a moraine that has been deposited at the lower
or outer end of a glacier.

Epoch An interval of geologic time; a division of a period.

Era A unit of geologic time that is next in magnitude beneath an eon; consists of two or more
periods.

Escarpment A long, more or less continuous cliff or steep slope facing in one general direction,
generally marking the outcrop of a resistant layer of rocks.

Fault A fracture surface or zone in Earth materials along which there has been vertical and/or
horizontal displacement or movement of the strata on both sides relative to one another.
Floodplain The surface or strip of relatively smooth land adjacent to a stream channel that has
been produced by the stream’s erosion and deposition actions; the area covered with water

when the stream overflows its banks at times of high water; it is built of alluvium carried by
the stream during floods and deposited in the sluggish water beyond the influence of the
swiftest current.

Fluvial Of or pertaining to a river or rivers.

Formation The basic rock unit distinctive enough to be readily recognizable in the field and wide-
spread and thick enough to be plotted on a map. It describes the strata, such as limestone,
sandstone, shale, or combinations of these and other rock types; formations have formal
names, such as Joliet Formation or St. Louis Limestone (Formation), usually derived from
geographic localities.

Fossil Any remains or traces of an once living plant or animal specimens that are preserved in
rocks (arbitrarily excludes Recent remains).

Geology The study of the planet Earth. It is concerned with the origin of the planet, the material
and morphology of the Earth, and its history and the processes that acted (and act) upon it to
affect its historic and present forms.

Geophysics Study of the Earth by quantitative physical methods.
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Glaciation A collective term for the geologic processes of glacial activity, including erosion and
deposition, and the resulting effects of such action on the Earth’s surface.

Glacier A large, slow-moving mass of ice at least in part on land.

Gradient A part of a surface feature of the Earth that slopes upward or downward; a slope, as of
a stream channel or of a land surface.

Igneous Said of a rock or mineral that solidified from molten or partly molten material, i.e., from
magma.

Indurated A compact rock or soil hardened by the action of pressure, cementation, and
especially heat.

Joint A fracture or crack in rocks along which there has been no movement of the opposing
sides.

Karst Area underlain by limestone having many sinkholes separated by steep ridges or irregular
hills. Tunnels and caves resulting from solution by groundwater honeycomb the subsurface.

Lacustrine Produced by or belonging to a lake.

Laurasia A combination of Laurentia, a paleogeographic term for the Canadian Shield and its
surroundings, and Eurasia. It is the protocontinent of the Northern Hemisphere, corresponding
to Gondwana in the Southern Hemisphere, from which the present continents of the Northern
Hemisphere have been derived by separation and continental displacement. The hypothetical
supercontinent from which both were derived is Pangea. The protocontinent included most of
North America, Greenland, and most of Eurasia, excluding India. The main zone of separation
was in the North Atlantic, with a branch in Hudson Bay, and geologic features on opposite
sides of these zones are very similar.

Limestone A sedimentary rock consisting primarily of calcium carbonate (the mineral, calcite).

Lithify To change to stone, or to petrify; esp. to consolidate from a loose sediment to a solid
rock.

Lithology The description of rocks on the basis of color, structures, mineral composition, and
grain size; the physical character of a rock.

Local relief The vertical difference in elevation between the highest and lowest points of a land
surface within a specified horizontal distance or in a limited area.

Loess A homogeneous, unstratified deposit of silt deposited by the wind.

Magma Naturally occurring mobile rock material or fluid, generated within Earth and capable of
intrusion and extrusion, from which igneous rocks are thought to have been derived through
solidification and related processes.

Meander One of a series of somewhat regular, sharp, sinuous curves, bends, loops, or turns
produced by a stream, particularly in its lower course where it swings from side to side across
its valley bottom.

Meander scars Crescent-shaped, concave marks along a river’s floodplain that are abandoned
meanders, frequently filled in with sediments and vegetation.

Metamorphic rock Any rock derived from pre-existing rocks by mineralogical, chemical, and
structural changes, essentially in the solid state, in response to marked changes in tempera-
ture, pressure, shearing stress, and chemical environment at depth in Earth’s crust (gneiss,
schist, marble, quartzite, etc.).

Mineral A naturally formed chemical element or compound having a definite chemical composi-
tion and, usually, a characteristic crystal form.

Moraine A mound, ridge, or other distinct accumulation of...glacial drift, predominantly tifl, depos-
ited in a variety of topographic landforms that are independent of control by the surface on
which the drift lies.

Morphology The scientific study of form, and of the structures and development that influence
form; term used in most sciences.

Natural gamma log These logs are run in cased, uncased, air, or water-filled boreholes. Natural
gamma radiation increases from the left to the right side of the log. In marine sediments, low
radiation levels indicate non-argillaceous limestone, dolomite, and sandstone.
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Nonconformity An unconformity resulting from deposition of sedimentary strata on massive
crystalline rock.

Outwash Stratified drift (clay, silt, sand, gravel) that was deposited by meltwater streams in
channels, deltas, outwash plains, on floodplains, and in glacial lakes.

Outwash plain The surface of a broad body of outwash formed in front of a glacier.

Oxbow lake A crescent-shaped lake in an abandoned bend of a river channel.

Pangea A hypothetical supercontinent; supposed by many geologists to have existed at an early
time in the geologic past, and to have combined all the continental crust of the Earth, from
which the present continents were derived by fragmentation and movement away from each
other by means of some form of continental displacement. During an intermediate stage of
the fragmentation, between the existence of Pangea and that of the present widely separated
continents, Pangea was supposed to have split into two large fragments, Laurasia on the north
and Gondwana on the south. The proto-ocean around Pangea has been termed Panthalassa.
Other geologists, while believing in the former existence of Laurasia and Gondwana, are
reluctant to concede the existence of an original Pangea; in fact, the early (Paleozoic or older)
history of continental displacement remains largely undeciphered.

Ped A naturally formed unit of soil structure, e.g. granule, block, crumb, or aggregate.

Peneplain A land surface of regional proportions worn down by erosion to a nearly flat or
broadly undulating plain.

Period An interval of geologic time; a division of an era.

Physiography The study and classification of the surface features of Earth on the basis of simi-
larities in geologic strucure and the history of geologic changes.

Physiographic province (or division) (1) A region, all parts of which are similar in geologic
structure and climate and which has consequently had a unified geologic history; (2) a region
whose pattern of relief features or landforms differs significantly from that of adjacent regions.

Radioactivity logs Logs of bore holes obtained through the use of gamma logging, neutron log-
ging, or combinations of the several radioactivity logging methods.

Relief (a) A term used loosely for the actual physical shape, configuration, or general uneveness
of a part of Earth’s surface, considered with reference to variations of height and slope or to
irregularities of the land surface; the elevations or differences in elevation, considered collec-
tively, of a land surface (frequently confused with topography). (b) The vettical difference in
elevation between the hilltops or mountain summits and the lowlands or valleys of a given
region; "high relief" has great variation; "low relief" has little variation.

Sediment Solid fragmental material, either inorganic or organic, that originates from weathering
of rocks and is transported by, suspended in, or deposited by air, water, or ice, or that is accu-
mulated by other natural agents, such as chemical precipitation from solution or secretion
from organisms, and that forms in layers on Earth’s surface at ordinary temperatures in a
loose, unconsolidated form; e.g, sand, gravel, silt, mud, till, loess, alluvium.

Sedimentary rock A rock resulting from the consolidation of loose sediment that has accumu-
lated in layers (e.g., sandstone, siltstone,limestone).

Sinkholes Small circular depressions that have formed by solution in areas underlain by soluble
rocks, most commonly limestone and dolomite.

Stage, substage Geologic time-rock units; the strata formed during an age or subage, respec-
tively.

Stratigraphy the study, definition, and description of major and minor natural divisions of rocks,
especially the study of the form, arrangement, geographic distribution, chronologic succes-
sion, classification, correlation, and mutual relationships of rock strata.

Stratigraphic unit A stratum or body of strata recognized as a unit in the classification of the
rocks of Earth’s crust with respect to any specific rock character, property, or attribute or for
any purpose such as description, mapping, and correlation.

Stratum A tabular or sheet-like mass, or a single and distinct layer, of homogeneous or grada-

tional sedimentary material of any thickness, visually separable from other layers above and
below.
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Exotic Rocks—Or Erratics Are Erratic

A piece of Canada sitting in central Illinois (photo by D. Reinertsen).

Where did erratics come from?

These exotic rocks came from Canada and the states north of
us. The continental glaciers of the Great Ice Age scoured and

scraped the land surface as they advanced, pushing up
chunks of bedrock and grinding them against each other
or along the ground surface as the rock-laden ice sheets
pushed southward.

Sometimes you can tell where the erratic originally
came from by determining the kind of rock it is. A large
boulder of granite, gneiss, or other igneous or meta-
morphic rock may have come from Canada.

Some erratics containing flecks of copper were prob-
ably transported here from the “Copper Range” of the
upper peninsula of Michigan. Large pieces of copper
have been found in glacial deposits of central and north-
ern Illinois. Light gray to white quartzite boulders with
beautiful, rounded pebbles of red jasper came from
Ontario, Canada. Purplish pieces of quartzite, some of
them banded, probably originated in Wisconsin.

Most interesting are the few large boulders of Cana-
dian tillite. Glacial till is an unsorted and unlayered mix-
ture of clay, sand, gravel, and boulders that vary widely

in size and shape. Tillite is glacial till that was deposited
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Here and there in Illinois
are boulders lying alone
or with companions in
the corner of a field or
someone’s yard, on a
courthouse lawn or a
schoolyard. Many of
them—colorful and glit-
tering granites, banded
gneisses, and other
intricately veined and
streaked igneous and
metamorphic rocks—
seem out of place in the
stoneless, grassy knolls
and prairies of our state.
Their “erratic” occurrence
is the reason for their
interesting name.
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by a glacier many millions of years older than the ones that invaded our state during the Great Ice Age.
This glacial till has been around so long that it has been hardened into a gray to greenish gray rock
containing a mixture of grains of different sizes and scattered pebbles of various types and sizes.

Glaciers spread southward into the Midwest from
two centers of ice accumulation in western and
eastern Canada.



How did erratics get here?

Many boulders were probably dropped directly
from the melting front of the glacier. Others
may have been rafted to their present resting
places by icebergs in ancient lakes or on flood-
waters of some long-vanished stream as it
poured from a glacier. Still others, buried in
the glacial deposits, could have worked their
way up to the land surface as the surrounding

Keep an eye out for erratics.
You may find some of these glacial
strangers in your neighborhood.

loose soil repeatedly froze and thawed. When
the freezing ground expands, pieces of rock
tend to be pushed upward, where they are more
easily reached by the farmer’s plow and also
more likely to be exposed by erosion.

Many erratics are of notable size and beauty.
Some are used as monuments in courthouse
squares and parks, or along highways. Many
are marked with metal plaques to indicate an
interesting historical spot or event.

While on a drive through central Illinois, you may catch
Contributed by M.M. Killey a glimpse of an erratic (photo by J. Dexter).
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Geodes—Small Treasure Vaults in Illinois

Geodes, a term derived from a Greek word meaning
earth-shaped, are irregular, roughly spherical bodies.
They can be oblong or shaped like invertebrate
fossils (e.g. crinoid calyx). Some are hollow and
lined with beautiful layers and clusters of vari-
ous mineral crystals, but others are completely
filled by inward-growing crystals. Hollow ge-
odes, relatively lightweight compared with those
completely filled, are more desirable because
they generally contain a greater variety of miner-
als that have grown well-formed crystals. Some
of Illinois’ most beautiful and unusual mineral speci-
mens can be found in the crystal linings of geodes.

Where we find geodes

Geodes found in Illinois range from less than 1 inch to more than 2 feet in diameter, but 3 to 5 inches is

the average. They generally occur in limestone, a calcium carbonate (CaCO,), or in dolomite, a calcium-

magnesium carbonate (CaMg(CO,),). Although geodes can be found in carbonate-rich rocks throughout
the state, one of the most famous geode collecting areas in the country is in a region of
western Illinois and adjacent parts of lowa and Missouri. The region encompasses about
a 70-mile radius from the towns of Warsaw, Hamilton, and Nauvoo.

What’s in a geode?

A typical geode from western lllinois has an outer shell of chalcedony, a type of crypto-

crystalline quartz composed of silicon dioxide (SiO,). Once the outer shell forms, min-

eral-rich water still inside the shell may cause more quartz to be deposited and other

minerals to form toward the center. Chalcedony, much harder than the host rock of

limestone, helps to preserve the specimen during weathering. As the weaker host rock
is eroded, the geodes “weather out” and remain behind. They generally are easy to see because of their
shape and the texture of their outer shell.

The micro-environment inside the shell is an excellent place for crystal growth. Temperature
and pressure changes, as well as evaporation, cause the mineral matter to precipitate. More solu-
tions rich in minerals may seep into the geode later, adding to the quartz crystals or forming other
minerals. In addition to the chalcedony of the outer shell, the insides of some geodes are lined
with a pronounced bumpy, mammillary form of blue-gray chalcedony. Some specimens also have
excellent clear quartz crystals. Ankerite, aragonite, calcite, dolomite, goethite/limonite, gypsum,
and marcasite/pyrite are the other minerals most commonly found. Occasionally, dark bronze,
fine, hair-like masses are found inside; these may be millerite (NiS) or a filament-like form of pyrite.

Perhaps the most fascinating geodes are those that contain petroleum, which may be under enough
pressure to squirt out when the geode is broken. The enclosing rock north of Nauvoo, where these unusual
geodes are found, no longer contains any significant oil. So what is the source of oil in these geodes? What
is the origin of the other minerals? We don’t know for sure. Perhaps trace amounts of some of the elements
that make up the rarer minerals were present in shale layers associated with the carbonate strata. As a
matter of fact, the most prolific zone for collecting geodes in western lllinois is in the lower part of the War-
saw Shale of the Valmeyeran Series (middle series of the Mississippian System). These sedimentary strata
were deposited in shallow seas that covered what is now the midcontinent about 350 million years ago.



How geodes form

Geologists have proposed several theories to explain the conditions and processes that form
geodes, but none seems to be entirely adequate to explain all geode features. In discussing the
origin of the western Illinois geodes, Hayes (1964) noted that any theory proposed must explain
why the geodes are

¢ essentially confined to a specific stratigraphic interval, the lower part of the Warsaw Shale;

¢ usually associated with particular lithologies (clayey, shaley dolomite, and dolomitic mudstone);

¢ located in specific zones or beds rather than scattered randomly;

¢ fairly uniform in size in a particular zone and round, at least initially;

¢ enveloped by laminations in the bedrock that exhibit some thinning of layers above and
below the specimen.

As limey sediments accumulated in shallow midcontinental seas, rounded cavities that are char-
acteristic of geodes could not have existed at the interface or contact of water and sediments. Nor
could they have existed during the earliest stages of sediment compaction and cementation. There-
fore, some feature of a different texture than the host limestone had to be present. This feature
either caused geodes to form or was transformed into a geode. Hayes hypothesized that the only
features in the rocks that shared enough characteristics with geodes to serve as precursors were
calcite concretions (small zones in the original sediment strongly cemented by calcite). The size and
shape of these concretions, their position in the limestone, and their relation to the surrounding
rocks are strikingly similar to those of geodes. In several exposures in the region, rock samples may
be found that display all stages of the transition from concretion to geode. Hayes suggested that
calcite concretions formed where organic materials (remains of the living tissues of plants or ani-
mals) accumulated with carbonate-rich sediments under quiet-water conditions. The organic matter
decomposed, causing an oxygen-poor (anaerobic), alkaline environment (pH >7) to develop in the
sediments. These conditions encouraged calcite to precipitate from solutions in sediments.

The formation of many features seen in geodes may involve a step-by-step replacement of these
concretions by quartz and other minerals. Changes in the chemical composition and acidity (pH) of
water in the sediments caused chalcedony to replace the calcite at the outer margins of the con-
cretions. This process caused the formation of a calcite-concretion core surrounded by a hard, but
slightly permeable, shell of chalcedony. Further changes in the composition and pH of the water
percolating slowly through the sediment caused the
core concretion inside the geode eventually to dissolve,
leaving a hard, hollow cavity in which more chalcedony,
quartz, or other minerals could precipitate.

Contributed by David L. Reinertsen,
D. Scott Beaty, and Jonathan H. Goodwin
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Mississippian Rocks in lllinois

AGE AND DISTRIBUTION

The Mississippian Period is the interval of Earth’s geologic history from about 360 to 320 million years
ago (fig. 1). The term Mississippian System refers to the layers of sediment that were deposited during
this period. Today, Mississippian-age rocks are present in the southern two-thirds of lllinois, where they
are over 3,200 feet thick (fig. 2). These rocks were once more widely distributed over the midcontinent but
were removed in places by erosion. Although these layers of rock were originally horizontal, they were
warped downward into the shape of a shallow basin because of stresses in the Earth’s crust. This large
downwarped depression is called the lllinois Basin. At the deepest part of the basin in southeastern llli-
nois, the Mississippian rocks are as deep as 5,000 feet beneath the surface. In western and southernmost
lllinois, Mississippian rocks are shallow and exposed at the surface around the edge of the basin (see
outcrop areas in fig. 2).

ECONOMIC SIGNIFICANCE

Mississippian rock resources have been important to the mineral industries and economy of lllinois since
the early 1800s.

® Nearly 80% of the oil produced in lllinois has come from Mississippian rocks (Howard 1991). This
crude oil is refined to produce gasoline, fuel oil, asphalt, road oil, lubricants, and other petroleum
products, including petrochemicals.

® Fluorite (fluorspar), sphalerite (zinc ore), and galena (lead ore) were mined from major mineral
deposits in heavily faulted Mississippian rocks in Hardin and Pope Counties, southernmost lllinois,
from the early 1800s until the last mine closed in 1995. Mining ceased because of cheaper sources
from other countries, primarily China and Mexico. Additional research on the Mississippian rocks
in southernmost lllinois may lead to the discovery of new economically minable fluorspar or other
mineral deposits.

® Fluorite (calcium fluoride), lllinois’ state mineral, is used in a variety of manufacturing processes, for
example, as a flux in refining iron ore to steel. Fluorite is primarily used to make hydrogen fluoride
(hydrofluoric acid) and fluorine gas, an ingredient in refrigerants, solvents, lubricants, and toothpaste.

® About one-third of the limestone and dolomite for crushed stone in lllinois is quarried from Mississip-
pian rocks. Crushed stone, also called construction aggregate, is used for road construction, concrete
structures, agricultural lime, sulfur dioxide removal from coal-burning power plant flues, and produc-
tion of Portland cement and various chemicals. Some Mississippian-age limestone was quarried as
a building and decorative stone in southern lllinois until the 1960s. It is similar to the “Indiana Lime-
stone,” a building stone used nationwide that is quarried in south-central Indiana.

PALEOGEOGRAPHY

Continental plate movement Paleogeography means “ancient geography.” During the Mississippian,
the area now called lllinois was located south of the equator (fig. 3). The equator has not moved during
the history of the Earth, but the “plates” that make up Earth’s crust have slowly moved around during
Earth’s life of 4.6 billion years. During the 40 million years of the Mississippian Period, what is now lllinois
moved slowly northward from near 30° south latitude to just north of 10° south latitude. About 100 million
years later, all the continental plates drifted together and formed the supercontinent Pangea. Since then,
the continental plates have been slowly drifting apart.

O lllinois State Geological Survey GeoNote 1 1
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Figure 1 Mississippian rock units in lllinois. Units that have produced oil are shown in bold
type. The base of the Fort Payne is approximately equivalent in time to the base of Keokuk
(dashed line). DEV = Devonian, UP = Upper Devonian, and K = Kinderhookian.
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Figure 3 Position of much of the United States and general paleogeography during the Mississippian
Period, approximately 350 million years ago.

Ancient seas lllinois and surrounding areas of the midcontinent were covered by a warm, shallow inland
sea that extended inland from the deep ocean at the edge of the continental plate (fig. 3). During the early
part of the Mississippian, this inland sea covered most of the midcontinent and was up to several hundred
feet deep in the southern lllinois area. During the later part of the Mississippian, sea level dropped and
exposed more land. As a result, the sea became shallower, just a few tens of feet deep in the lllinois Basin.
Geologists can tell relative water depths from the type of sea life preserved as fossils in the rocks (plates A
and B) and from sedimentary patterns or structures, such as ripple marks, that were formed in the sedi-
ment by currents generated by tides and waves.

COMMON MISSISSIPPIAN ROCKS

Common rocks of Mississippian age found in the lllinois area formed at the bottom of the shallow inland
sea. Rivers and streams eroded sand, silt, and clay from the surrounding land area and carried them into
the sea where they were deposited on the bottom. Shale forms when mud (a mixture of fine clay and silt)
collects at the bottom of the sea and is buried and compacted (lithified, or made rock-like). Sandstone
and siltstone form similarly, but from coarser sand and silt particles.

Limestone, the most abundant Mississippian rock type in lllinois, formed differently. Limestone is pri-
marily calcium carbonate (calcite, or CaCO, ) and can form in several different ways. One of the most
common ways begins with sea animals (such as crinoids, brachiopods, bryozoans, and mollusks) that
secrete calcium carbonate to form their protective shells. When these animals die, their shells collect on
the sea floor. Often the shells are broken by strong currents (due to storms and tides) near shore and are
carried seaward. When these shells become compacted and cemented on the sea floor (by calcite that
precipitates from the sea water), limestone forms. Calcite-secreting animals are most abundant and pro-
lific in clear, warm, relatively shallow water where there is little mud coming into the sea. Because these
animals feed by filtering tiny floating plants and animals from the sea water, mud would choke them.
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Some limestones (for example, oolitic limestone) are a chemical precipitate from the sea water. Others
(for example, micrite) form in part through precipitation caused by microbes, algae, or other organisms.
In some cases, limestone is recrystallized to form a magnesium-rich carbonate rock called dolostone

(or dolomite).

DEPOSITIONAL HISTORY

Various combinations of the rocks described above were deposited in lllinois during the 40 million years of
the Mississippian Period. The oldest rocks were laid down first and are at the bottom of the sequence (fig. 1).

Pre-Mississippian Before Mississippian times, late in the Devonian Period (fig. 1), mud was being de-
posited in the sea that covered the area. This mud continued to enter the sea during the early Mississippian
Period (Kinderhookian Epoch). As the mud was buried and compacted, it became shale. The sea during
this time ranged from a few tens of feet deep near the shore to several hundred feet deep in southeastern
lllinois, where the shale is thickest. Geologists call this shale unit the New Albany Group (fig.1). Today this
shale is at the surface in western lllinois but is more than 5,000 feet deep in southeastern lllinois, where it
is 450 feet thick.

This shale is rich in organic matter that was derived from dead marine plants and animals that accumulat-
ed on the ancient sea floor. As the shale was buried progressively deeper in the Earth’s crust by overlying
sediments, it became warmer. (The Earth is hotter toward the center.) Eventually, about 250 to 150 million
years ago, the shale became so hot (at least 125°F) that the organic matter “cooked” and released oil

and gas. This oil and gas moved slowly upward along fractures and through pore spaces into and through
overlying rock units. Some of this oil and gas became “trapped” in areas where porous rock is overlain by
dense, non-porous rock. It is this trapped oil and gas that some geologists look for and that is pumped from
the ground for our use.

Kinderhookian Epoch The amount of mud carried into the sea eventually diminished and allowed sea
animals to dominate long enough for a thin limestone, the Chouteau Limestone, to be deposited over much
of the southern half of lllinois. This limestone marked the end of the Kinderhookian Epoch (fig. 1).

Valmeyeran Epoch During Valmeyeran time (fig. 1), the sea continued to cover much of the midconti-
nent (fig. 3). In western lllinois, where the sea was now clear and shallow, more than 150 feet of lime-
stone (Fern Glen, Burlington, and Keokuk Limestones, fig. 1) formed a bank with a fairly sharp eastern
slope that dropped off into deeper water. Initially, while this limestone was forming in western lllinois,
very little sediment (Springville Shale) was being deposited in the southeastern part of the state, where
the sea was much deeper.

Later, while the limestone continued to accumulate in the west, silt, clay, and sand again entered the sea
from the east and northeast, forming the unit called the Borden Siltstone (fig. 1). This clay and silt eventually
spread into western lllinois and choked most of the calcite-secreting organisms, thereby ending limestone
production. Where the shales and siltstones that developed from this clay and silt overlie the limestone in
the west, geologists call them the Warsaw Shale (fig 1). The Warsaw, well known for its geodes, is exposed
at the surface in parts of western lllinois.The shales and siltstones of the Borden are present in central and
southern lllinois and reach a maximum thickness of 700 feet thick in east-central lllinois.

While the Borden Siltstone was still accumulating along the center of what is now lllinois, limestone began to
form to the east and south. Initially, the Fort Payne Formation (fig. 1) was deposited in relatively deep water.
Then, as the amount of silt and clay entering the area gradually diminished, the Ullin, Salem, St. Louis, and
Ste. Genevieve Limestones (fig. 1) formed in the warm, clear, and progressively shallower water.

Today, these Valmeyeran-age limestones are up to 1,800 feet thick in southeastern lllinois, where they are
buried as deep as 5,000 feet. These limestones are also present at the surface in western lllinois, most
notably in the bluffs along the Mississippi River between Alton and Grafton, and in southern lllinois. Where
shallow enough, the limestones are quarried in parts of southern and western lllinois. Oil is produced from
some of the limestones in southeastern lllinois; about 18% of all lllinois oil production comes from porous
zones in the Ste. Genevieve Limestone (Howard 1991). The deeper limestones can be as productive as
the Ste. Genevieve, but they have not been fully explored.
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Chesterian Epoch Near the end of Valmeyeran time, as relative sea level gradually dropped, the north-
ern shoreline moved southward and exposed more land. This transition marked the end of the Valmeyeran
Epoch and the beginning of the Chesterian Epoch (fig. 1). As sea level lowered, more mud and sand were
carried by ancient rivers and streams from land areas to the north, northeast, and northwest into the sea
in the lllinois area. The mud and sand carried into the sea were reworked by tidal currents and distributed
over large areas of the sea floor, where they were buried and eventually formed shale and sandstone.
Shell- forming organisms were relatively less common during Chesterian time because they were re-
peatedly choked by the mud and sand in the water. Periodically during the Chesterian, the sea withdrew
entirely from the area of lllinois for a time and then returned. Paleosols (ancient soils) and deeply eroded
valleys that were later filled with sediment are evidence of these periods of dry or exposed land.

Periodically, sea level rose, and the quantities of mud and sand flowing into the sea were reduced. During
these times, the shell-forming organisms prospered once again, and thin limestones formed in this inland
sea. These limestones are commonly only 10 to 30 feet thick, unlike the thicker ones of Valmeyeran age.

These fluctuations in sea level during the Chesterian resulted in deposition of alternating units of shale,
sandstone, and limestone, which geologists refer to as cyclic sedimentation.

Chesterian rocks are present in the southern half of lllinois. Although the rocks are at the land surface in
parts of southwestern and southernmost lllinois, in southeastern lllinois they are as deep as 3,000 feet.
The rocks of the Chesterian Series are as thick as 1,400 feet in southernmost lllinois. Sandstones of
Chesterian age have produced about 60% of the oil found in lllinois (Howard 1991).

The Chesterian, the last epoch of the Mississippian Period, was a time of transition from the Valmeyeran
Epoch, when the seas were clear and thick limestones formed, to the subsequent Pennsylvanian Period,
when seas shallowed and disappeared for long periods of time and shale, siltstone, sandstone, and coal
were the major deposits formed.
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BRYOZOANS TRILOBITE CRINOIDS BLASTOIDS

Phillipsia 1x

Archimedes |x

BRACHIOPODS

Rhombopora | x

Pentremites 2!3 X

CORALS

Triplophyllites |x
Spirifering %

Spirifer |x

Girtyella |x

Brachythyris |x Pugnoides
Caninia 8/3:

Schuchertella |x Echinoconchus |x

Ortholfetes |x

PLATE A Typical Mississippian fossils.
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Quaternary Glaciations in lllinois

ORIGIN OF THE GLACIERS

Over the past 1.6 million years, known as the Quaternary (kwa-TURN-ah-ree) Period of geologic time,
most of the northern hemisphere above the 50th parallel was repeatedly covered by glacial ice. The cool-
ing of the earth’s surface began at least 2 million years ago, and with that cooling, ice sheets eventually
formed in sub-arctic regions and spread outward until they covered the northern parts of North America.
With ongoing climatic change during this period, these ice sheets would form and reform many times.

Early studies of the glaciated landscape concluded that four separate glacial episodes had occurred in
North America. The deposits from each episode were separated from each other by buried soils, which
formed on the land during warmer intervals between glaciations. More recent studies have shown that
there were more than four glaciations, but the actual number is not yet known. These studies, based on
buried soils and glacial deposits, estimate 4 to 8 episodes of ice advance and melting over lllinois. We
now know that the older glacial sediments are more complex than originally thought and probably rep-
resent more than one episode. Until we know more, all of the glacial deposits before the lllinois Episode
(from 300,000 to 125,000 years ago) are classified as pre-lllinoian deposits.

The North American ice sheets developed
when the mean annual temperature was
perhaps 4° to 7°C (7° to 13°F) cooler than it
is now and winter snows did not completely
melt during the summers. Because this time A ‘ [ ] Unglaciated terrain
of cooler conditions lasted tens of thousands IR 300 (B e \

of years, thick masses of snow and ice accu- RS ) Ry
mulated to form glaciers. As the ice thickened,
the great weight of the ice and snow caused
the glaciers to flow outward at their margins, in
several instances for hundreds of miles. As the
ice sheets expanded, the areas in which snow
accumulated probably also increased in extent.

Late Wisconsin ice
e sheets and glaciers
'3 Maximum extent of older
B Quaternary glaciations

N
0 ! 1000 mi

1000 km

Several times, huge tongues of ice, called
lobes, flowed southward from two different y
centers, one east and one west of present- el
day Hudson Bay, and converged in the central \ ] i
lowland between the Appalachian and Rocky ST
Mountains. There the glaciers made their [ e
farthest advances to the south. The sketch at AN

right shows the centers of flow, the general
directions of flow from the centers, and the
southern extent of glaciation. Because llli-

nois lies entirely in the central lowland, it was
invaded by lobes from both accumulation centers.

EFFECTS OF GLACIATION

Quaternary glaciers and the waters melting from them changed the landscapes they covered. The glaciers
scraped and smeared the landforms they overrode, leveling and filling many of the minor valleys and even
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some of the larger ones. Moving ice carried colossal amounts of rock and earth, commonly for hundreds
of miles; the glaciers scoured the land surface and kneaded much of the rock debris into the moving ice.

The continual floods of glacial meltwaters entrenched new drainageways and deepened old ones, and
partly refilled them with the great quantities of rock and earth carried by the glaciers. According to some
estimates, the amount of water that was drawn from the sea and changed into ice during a glacial epi-
sode lowered the sea level by 300 to 400 feet below its present level. When these continental ice sheets
melted, tremendous volumes of water eroded and transported sediments.

In most of lllinois, glacial and meltwater deposits buried the previous rocky, low, hill-and-valley terrain
and created the flatter landforms that became our prairies. The glaciers deposited across roughly 90% of
the state a mantle of ground-up rock debris, gravel, sand, and clay that at points reaches thicknesses of
400 to 500 feet. These deposits are of incalculable value to lllinois residents because they are the parent
material of our rich soils, the source of drinking water for much of the state, and provide large amounts of
sand and gravel for construction.

GLACIAL DEPOSITS

Drift is the term for all the deposits of earth and rock materials moved by glacial activity. Till is the type of
drift deposited directly by glacial ice. Because till was not moved much by water, this sediment is unsort-
ed, containing particles of many different sizes and compositions. It is also unstratified (unlayered). A till
may contain materials ranging in size from microscopic clay particles to large boulders. Most tills in lllinois
are pebbly clays with only a few boulders. For descriptive purposes, a mixture of clay, silt, sand, and boul-
ders is called diamicton. This term describes a deposit that could be interpreted as till or as a product of
a different process called mass wasting, which includes such things as rockslides or other similar gravity-
propelled earth movements.

End moraines are the arc-shaped ridges that formed when till piled up along a glacier’s leading edge
when the ice was melting at roughly the same rate as the flowing ice moved forward. Till also formed
ground moraines, or till plains, which have gently undulating surfaces formed as the ice front melted
back. Deposits of till identify areas once covered by glaciers. The many alternating ridges and plains in
northeastern lllinois are the successive end moraines and till plains formed by the retreating Wisconsin
Episode glaciers (about 25,000 to 13,500 years ago).

Outwash is the sorted and stratified sediments deposited by meltwater flowing away from the glacier.
Outwash deposits are layered in beds because the flow of water that moved the material varied in gradi-
ent, volume, velocity, and direction. As a meltwater stream carried the rock materials along, it sorted them
by size. As stream velocity decreased, heavier gravels and cobbles were deposited before fine sands,
silts, and clays, which were deposited farther downstream. Typical Quaternary outwash in lllinois consists
of multilayered beds of sands and gravels and some silts. These beds look much like modern stream de-
posits in some places. Outwash tends to be coarser and less weathered than stream sediment (alluvium),
which is generally finer than medium sand and contains variable amounts of weathered rock debris.

Meltwater deposits are found not only in the area once covered by the glaciers but also in areas far
beyond it. Meltwater streams ran off the top of the glacier, in crevices within the ice, and under the ice. In
some places, the cobble-gravel-sand filling of the bed of a stream that flowed within or under the ice is
preserved as a sinuous ridge called an esker. Some eskers in lllinois are made up of sandy, silty, gravelly
deposits and contain mass-wasted diamicton material. Cone-shaped mounds of coarse outwash, called
kames, were formed where meltwater plunged through crevasses in the ice.

The finest outwash sediments, the silts and clays, formed bedded deposits in the ponds and lakes that
filled glacier-dammed stream valleys, the low-lying areas on till plains, and some low till plains where melt-
waters were diked behind end moraines. Meltwater streams that entered a lake rapidly lost velocity and
dropped the sands and gravels they carried, forming deltas at the edge of the lake. Very fine sands and
silts were commonly redistributed on the lake bottom by wind-generated currents, and the clays, which
stayed in suspension longest, slowly settled out and accumulated with them.

2 GeoNote 3 @ lllinois State Geological Survey



Along the ice front, meltwater ran off in innumerable shifting, cross-cutting, and short-lived streams (called
braided streams), which laid down an outwash plain, a broad, flat blanket of outwash. Outwash was also
carried away from the glaciers in valleys cut by floods of meltwater. The Mississippi, lllinois, and Ohio Riv-
ers occupy valleys that were major channels for meltwaters and that were greatly widened and deepened
during the greatest meltwater floods. When the floods waned, these valleys were partly filled with outwash
far beyond the ice margins. Such outwash deposits, largely sand and gravel, are known as valley trains.
Valley train deposits may be both extensive and thick. For instance, the long valley train of the Mississippi
River Valley is up to 200 feet thick in places.

LOESS, EOLIAN SAND, AND SOILS

One of the most widespread types of sediment resulting from glaciation was carried not by ice or water,
but by wind. Loess (rhymes with “bus”) is the name given to windblown deposits dominated by silt-sized
particles. Most of the silt was derived from wind erosion of the valley trains. Wind action also sorted out
sand, which commonly formed sand dunes on the valley trains or on the adjacent uplands. In places,
sand dunes have migrated up to 10 miles away from the principal source of sand. Flat areas between
dunes are generally underlain by eolian (windblown) sand that was usually reworked by water action. On
uplands along the major valley trains, loess and eolian sand are commonly interbedded. With increasing
distance from the valleys, the eolian sand thins and disappears, often within one mile from the valleys.

Eolian deposition occurred when certain climatic conditions, most likely following a seasonal pattern, were
met. Deposition was probably in the fall, winter, or spring when low precipitation volumes and low tem-
peratures caused meltwater floods to abate, exposing the surfaces of the valley trains and permitting them
to dry out. Throughout the Quaternary Period, prevailing westerly winds deposited loess more thickly on
the east sides of the source valleys. Although the loess thins rapidly away from the valleys, it extends over
almost all of lllinois.

Each glacial episode was followed by an interglacial episode that began when the climate warmed
enough to melt the glaciers and their snowfields. During these warmer intervals, when the climate was
similar to that of today, drift and loess surfaces were exposed to weather and the activities of living things.
Consequently, over most of the glaciated terrain, soils developed on the glacial deposits and altered

the composition, color, and texture of the deposits. Such soils were generally destroyed by later glacial
advances, but some were buried. Those that survive serve as “key beds,” or stratigraphic markers, and are
evidence of the passage of a long interval of time.
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GLACIATION IN A SMALL ILLINOIS REGION

These diagrams show how a continental ice sheet might have looked at various stages as it moved across

a small region in lllinois. The diagrams illustrate how the ice sheet could change the old terrain and create a
landscape like the one we live on. To visualize how these glaciers looked, geologists study the landforms and
materials left in the glaciated regions, as well as present-day mountain glaciers and polar ice caps.

The block of land in the diagrams is several miles wide and about 20 miles long. The vertical scale is exag-
gerated; layers of material and landforms are drawn proportionally thicker and higher than they actually are
so that they can be easily seen.

1 The Region Before Glaciation — Like most of lllinois, the region illustrated is underlain by almost flat-lying beds of
sedimentary rocks—layers of sandstone (7=:;), limestone (=), and shale (===). Millions of years of erosion have

planed down the bedrock (BR), creating a terrain of low uplands and shallow valleys. A residual soil weathered from local
rock debris covers the area but is too thin to be shown in the drawing. The streams illustrated here flow westward and the

one on the right flows into the other at a point beyond the diagram.

_—HZ

2 The Glacier Advances Southward — As the glacier (G) spreads out from its ice snowfield accumulation center, it
scours (SC) the soil and rock surface and quarries (Q)—pushes and plucks up—chunks of bedrock. The materials are
mixed into the ice and make up the glacier’s “load.” Where roughness in the terrain slows or stops flow (F), the ice “current”
slides up over the blocked ice on innumerable shear planes (S). Shearing thoroughly mixes the load. As the glacier spreads,
long cracks called “crevasses” (C) open parallel to the direction of ice flow. The glacier melts as it flows forward, and its melt-
water erodes the terrain in front of the ice, deepening (D) some old valleys before ice covers them. Meltwater washes away
some of the load freed by melting and deposits it on the outwash plane (OP). The advancing glacier overrides its outwash
and in places scours much of it up again. The glacier may be 5,000 or so feet thick in Canada and tapers to the margin, which
was probably in the range of several hundred feet above the old terrain. The ice front advances perhaps as much as a third of
a mile per year.
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3 The Glacier Forms an End Moraine — A warming climate halts the glacier advance across the area, and the ice begins
to melt as fast as it advances. The ice front (IF) is now stationary, or fluctuating in a narrow area, and the glacier is forming
an end moraine.

As the top of the glacier melts, some of the sediment that is mixed in the ice accumulates on top of the glacier. Some
is carried by meltwater onto the sloping ice front (IF) and out on to the plain beyond. Some of the debris slips down the ice
front in the mudflow (FL). Meltwater runs through the ice in a crevasse (C). A supraglacial stream (SS) drains the top of the
ice, forming an outwash fan (OF). Moving ice has overridden an immobile part of the front on a shear plane (S). All but the
top of a block of ice (B) is buried by outwash (O).

Sediment from the melted ice of the previous advance (figure 2) remains as a fill layer (T), part of which forms the till plain
(TP). A shallow, marshy lake (L) fills a low place in the plain. Although largely filled with drift, the valley (V) remains a low
spot in the terrain. As soon as the ice cover melts, meltwater drains down the valley, cutting it deeper. Later outwash partly
refills the valley: the outwash deposit is called a valley train (VT). Wind blows dust (DT) off the dry floodplain. The dust will
form a loess deposit when it settles. Sand dunes (D) form on the south and east sides of streams.

4 The Region after Glaciation — As the climate warms further, the whole ice sheet melts, and glaciation ends. The
end moraine (EM) is a low, broad ridge between the outwash plain (OP) and till plains (TP). Run-off from rains cuts
stream valleys into its slopes. A stream flows through the end moraine along the channel cut by the meltwater that ran
out of the crevasse in the glacier.

Slopewash and vegetation are filling the shallow lake. The collapse of outwash into the cavity left when the ice block
melted has formed a kettle (K). The outwash that filled a tunnel draining under the glacier is preserved in an esker (E).
The hill of outwash left where meltwater dumped sand and gravel into a crevasse or other depression in the glacier or
at its edge is a kame (KM). A few feet of loess covers the entire area but cannot be shown at this scale.
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TIME TABLE OF EVENTS IN THE ICE AGE IN ILLINOIS

O lllinois State Geological Survey

Years Time-distance diagram Sediment record Dominant climate conditions
before Interglacial and Dominant land-forming and soil-
present glacial episodes forming events
9' % interglacial River, lake vs_/ind, and Warm;_stable Iandscapg condi'tions.
o episode slope deposits. Formation qf modern soil; running wa-
T O ter, lake, wind, and slope processes.
10,0007 Till and ice-marginal | Cold; unstable landscape conditions.
WISCONSIN deposits; outwash and | Glacial deposition, erosion, and
(late) glacial lake deposits; | land-forming processes (e.g., formation
. glacial loess. of end moraines, outwash plains, valley
% episode i glacial ice trains, proglacial lakes, kettles), plus
2 running water, lake, wind, and slope
ie) processes
5 25,000
£ WISCONSIN Loess; river, lake, and | Cool; stable.

(early and middle) slope deposits. Weathering, soil formation (Farmdale
glacial margin Soil and minor soils); wind and running
north of lllinois water processes.

75,000 — - -
L River, lake, wind, and | Warm; stable.
@) SANGAMON . . . .
g_) interglacial slope deposits. Weathering, s.0|l formation (San_gamon
o episode Geosol); running water, lake, wind, and
w slope processes.
Z 125,000 —
(uj Till and ice-marginal Cold; unstable.
E ”—'—'NO|S deposits; outwash and| Glacial deposition, erosion, and land-
() glacial <= glacial lake deposits; | forming processes, plus proglacial
4 episode loess running water, lake, wind, and slope
o B processes; possible minor soil
formation.
300,000 —
YARMOUTH River, lake, wind, and | Warm; stable.
interglacial slope deposits. Long weathering interval with deep soil
episode formation (Yarmouth Geosol); running
water, lake, wind, and slope processes.
Till and ice-marginal | Alternating stable and unstable inter-
deposits; outwash and| vals of uncertain duration.
glacial lake deposits; | Glacial deposition, erosion, and land-
; loess plus nonglacial | forming processes, plus proglacial
PRE-ILLINOIS river, lake, wind, and and interglacial running water, lake,
glacial slope deposits. wind, and slope processes; interglacial
and weathering and soil formation.
interglacial
1,600,000~ €pisodes
and older
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Sequence of Glacial and Drainage History of lllinois

preglacial drainage pre-lllinois glacial episode Yarmouth interglacial episode

lllinois glacial episode Sangamon interglacial episode Wisconsin glacial episode

Sketch maps showing Quaternary drainage history, including glacial Lake Milan (Im), and inferred maximum ice-margin
positions in lllinois during the preglacial drainage, pre-lllinois glacial episode, Yarmouth interglacial episode, lllinois
glacial episode, Sangamon interglacial episode, and Wisconsin glacial episodes. Numbers indicate sequence of ice-
margin advances. Dashed lines indicate ice margin positions. Based on published data from Horberg (1950b), Willman
and Frye (1970), Curry (1998), Hansel and Johnson (1992, 1996), and Herzog (1994).
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Quaternary Deposits Ay AL b
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E River sediment
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- Predominantly diamicton deposited as
till and ice-marginal sediment

Bedrock

Mostly Paleozoic shale, limestone, dolomite,
or sandstone; exposed or covered by loess
and/or residuum
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