Guide to the Geology, Hydrogeology,
Botany, History, and Archaeology of the
Driftless Area of Northwestern lllinois,
Jo Daviess County

Samuel V. Panno,’ Philip G. Millhouse,? Randy W. Nyboer,3
Daryl Watson,* Walton R. Kelly,® Lisa M. Anderson,’ Curtis C. Abert,’
and Donald E. Luman’

"llinois State Geological Survey, 2lllinois State Archaeological Survey, ®lllinois Natural History
Survey, “Highland Community College, and ®lllinois State Water Survey

Geological Science
Field Trip Guidebook 2014A

May 31, 2014

' ILLINOIS STATE ][

"I GEOLOGICAL SURVEY
PRAIRIE RESEARCH INSTITUTE

ILLINOIS STATE GEOLOGICAL SURVEY

Prairie Research Institute
University of lllinois at Urbana-Champaign



Cover photograph: (a) Pentamerus, a genus of brachiopod, lived during Silurian to Middle Devonian time
attached to the sea floor. (b) Spear points left by past Native American cultures. (c) Fragile prickly pear
cactus. (d) Photograph of the Kipp property near the Black Jack Mine in the late 1800s showing visitors
examining a pile of ore. (e) Karst springs in Jo Daviess County are typically circular, with bedrock exposed
near the center and drainage off to a nearby stream. (f) The steamboat Nominee docked in Galena, with
two men and a stack of pigs of lead (ingots) in the foreground, circa 1852.

Geological Science Field Trips The Illinois State Geological Survey (ISGS) conducts 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 II-
linois counties. Frequent stops are made to explore 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 welcome. 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 every 10 students.

The inside back cover shows a list of guidebooks of earlier field trips. Guidebooks may be obtained by con-
tacting the Illinois State Geological Survey, Natural Resources Building, 615 East Peabody Drive, Cham-
paign, IL 61820-6918 (telephone: 217-244-2414 or 217-333-4747). Many are available through download-
able pdf: http://www.isgs.illinois.edu/?q=content/field-trip-guidebooks. Guidebooks may also be ordered
from the Shop ISGS link at the top of the ISGS home page: http://www.isgs.illinois.edu.

Six U.S. Geological Survey 7.5-minute quadrangle maps (Warren, Rush, Elizabeth NE, Hanover, Rice, and
East Galena Quadrangles) provide coverage for this field trip area.

© 2014 University of lllinois Board of Trustees. All rights reserved.
For permissions information, contact the lllinois State Geological Survey.



Guide to the Geology, Hydrogeology,
Botany, History, and Archaeology of the
Driftless Area of Northwestern lllinois,

Jo Daviess County

Samuel V. Panno,’ Philip G. Millhouse,? Randy W. Nyboer,3
Daryl Watson,* Walton R. Kelly,® Lisa M. Anderson,’ Curtis C. Abert,’

and Donald E. Luman’

"Illinois State Geological Survey, 2lllinois State Archaeological Survey, 3lllinois Natural History
Survey, “Highland Community College, and ®lllinois State Water Survey

Geological Science
Field Trip Guidebook 2014A

May 31, 2014

' ILLINOIS STATE
"I GEOLOGICAL SURVEY

PRAIRIE RESEARCH INSTITUTE

ILLINOIS STATE GEOLOGICAL SURVEY
Prairie Research Institute

University of lllinois at Urbana-Champaign
615 E. Peabody Drive

Champaign, lllinois 61820-6918
http://www.isgs.illinois.edu

ILLINOIS



Acknowledgments

The authors acknowledge the following for their contribution to the field trip: the Galena-Jo Daviess
County Historical Society, the River Ridge High School A.V. Club, the City of Galena, the Jo Daviess
Conservation Foundation, the Galena/Jo Daviess County Convention & Visitors Bureau, the Galena Cen-
ter for the Arts, the Illinois Department of Natural Resources, Conmat, Inc., Chestnut Mountain Resort,
private landowners who granted access to their property, Tom Golden of Eastern Shore Soil Services, an
anonymous donor who sponsored the band at lunch, and Nancy and Adlai Stevenson. We are also grateful
to Steve Repp, curator of the Alfred W. Mueller Collection, for providing the historic photos of Galena,
[llinois. Thanks also go to the ISGS public field trip logistical team: Lisa M. Anderson, Curtis C. Abert,
Daniel J. Adomaitis, Michael W. Knapp, Cynthia A. Briedis, Kathleen M. Henry, Ronald Klass, and Derek
Sompong. Their time and expertise are critical; without this team, the field trips would not be a success.
Finally, we thank Susan Krusemark and Michael W. Knapp of the ISGS for their invaluable assistance to
the authors by editing, compiling, and taking care of the details in finalizing this guidebook. This field trip
and guidebook were also supported through the assistance and generosity of the League of Women Voters
of Jo Daviess County and the Galena Foundation.

AV

il



CONTENTS

Acknowledgments

INTRODUCTION

Geologic Framework
Precambrian Era
Paleozoic Era
Mesozoic Era

Structural Setting

Preglacial History of Northwestern Illinois
The Driftless Area

Glacial Geology

Geology and Hydrogeology

Geology
Galena Dolomite
Silurian Dolomite
Ore Deposits

Hydrogeology
Springs
Chemical Composition of Groundwater

References

NATIVE AMERICAN HISTORY IN JO DAVIESS COUNTY

Introduction

Paleo-Indian Tradition: 11,000-9000 B.C.
Archaic Tradition: 9000-1000 B.C.
Woodland Tradition: 1000 B.C.-A.D. 1000

Mississippian and Oneota Traditions: A.D. 1000-1400
Postcontact Native American People: A.D. 1690-2014
William Baker Nickerson (1865-1926) and American Archaeology

References

GALENA AND JO DAVIESS COUNTY SETTLEMENT HISTORY

The Settlement of Jo Daviess County
The Agricultural Economy

Jo Daviess County Today

References

THE ECOLOGY AND BIOTIC RESOURCES OF THE DRIFTLESS

AREA OF NORTHWESTERN ILLINOIS
Early Vegetation of Jo Daviess County

© O 00 N N B R e

22
22
22
22
24
25
26
27
28

30
30
36
38
39

40
40



Modern-Day Vegetation of Jo Daviess County

Endangered and Threatened Species of Jo Daviess County

References

GUIDE TO THE ROUTE AND STOP DESCRIPTIONS
Stop 1: Apple River Canyon State Park
Stop 2: Greenvale Road/Benton Mound
Stop 3: Hanover Bluff Nature Preserve
Stop 4: Chestnut Mountain Cover-Collapse Sinkholes Overlying
Silurian Dolomite
Stop 5: Casper Bluff Land and Water Reserve: The Aiken Mound Site
Stop 6: Natural “Spring”
Stop 7: Galena, Illinois

References

MAP OF THE FIELD TRIP ROUTE
DETAIL OF FIELD TRIP STOPS
FOSSIL GUIDE

GLOSSARY

Figures

1

2

0N

10

11

12

Jo Daviess County is part of the Driftless Area that encompasses four
states and more than 16,000 square miles

Generalized geologic column of Illinois showing all eras and periods
throughout Illinois’ geologic history

The Illinois Basin and all the surrounding structures (arches and
domes) that bound the basin margins

Generalized bedrock geology map of Illinois

(@) Major structural features in northern Illinois, southern Wisconsin,
and eastern Iowa that bound Jo Daviess County. (b) Generalized
geologic map of Jo Daviess County

Glaciation of North America in the vicinity of Jo Daviess County
Generalized map of the glacial deposits of Illinois

Simplified timeline of glacial and interglacial events in Illinois during
Pleistocene glaciation

Cross section across Jo Daviess County showing isolated Silurian
dolomite-capped mounds of the Dodgeville surface

Tilted blocks of Silurian dolomite atop Maquoketa Shale showing move-

ment of the blocks as they erode and collapse from the top of a knob in
Jo Daviess County

Map of the karst areas of Illinois showing the extent of karst terrain in
lllinois, including northwestern Illinois

En echelon cover-collapse sinkholes in loess overlying crevices in
Silurian dolomite, as shown on a LiDAR (light detection and ranging)
shaded relief elevation model

41
43
45

46
46
48
49

51
52
53
54

57

58
59
65
68

© N

10

11

11

11

12



13

14

15

16

17

18

19

20

21

22

23

24

25

26

27
28

29

30

31

32

33

34

35

Solution-enlarged crevice in a road cut that is typical of crevices in
Silurian dolomite

The first map of the Upper Mississippi River lead mines, prepared by
R.W. Chandler (1829)

Photograph of the Kipp property near the Black Jack Mine in the late
1800s showing visitors examining a pile of ore estimated to be worth
815,000 at that time ($383,000 today)

Sucker hole at the Blewett Mine near Galena

Vinegar Hill Mine showing sucker holes on a LiDAR shaded relief
elevation model

Vegetative crop lines showing fracture and crevice patterns in
underlying Galena Dolomite

Karst springs in Jo Daviess County are typically circular, with
bedrock exposed near the center and drainage off to a nearby stream
Colonization of the Americas by Native Americans began as early as
17,000 years before present near the end of the Ice Age, when ice
connected Asia and North America

Spear points left by past Native American cultures are commonly
found in Jo Daviess County and are an important clue to the
culture of the time

Burial mounds constructed by the Woodland Indians are common
along the Mississippi River bluffs

Native Americans worked the Buck Mine Trench for galena, which

they used for paint, decorations, and ceremonial and trading purposes

Sage smoke ceremony at the Casper Bluff Land and Water Reserve
Aiken Group of Ancient Earthworks, the first map of the Aiken bird
effigy and mounds at the Casper Bluff Land and Water Reserve, by
W.B. Nickerson (1898)

Lead ore (galena) is found within crevices within the Galena-Platteville
Formation

Early mining operation in Jo Daviess County

Detail of a lithograph titled View of Galena Ill., drawn and published
by E. Whitefield (1856)

Hughlett Furnace, located one-fourth mile north of Galena, was a
major smelting operation fueled by wood

Metallic lead production from 1800 to 1952 in the Upper Mississippi
Valley District (Driftless Area) showing major historical events
Extensive mining in this area (e.g., the Blewett Mine just north of
Galena) has created a rugged, excavated landscape with the remains
of a disintegrating infrastructure and steep, cone-shaped gob piles
The railroad replaced river travel and was used to shuttle pigs of
lead (ingots) to Chicago

Corner of Hill and Main Streets in Galena, Illinois, around the turn of
the century

General Ulysses S. Grant and his son Jesse in 1865 standing on the
porch of their home at 500 Bouthillier Street in Galena, Illinois
Stamp on an envelope from the Twin Black Jack Mining Company
referring to “Galena the center of the greatest lead and zinc district
in the world”

14

15

16

17

17

18

18

23

24

24

26

27

27

30
32

32

33

33

34

34

35

36

36



36
37

38

39

40

4]

42

43

44

45

46
47

48

49

50

51
52
53

54

55

56

57

58

Today, farmland dominates the landscape of Jo Daviess County 37
Richardson Blacksmith Shop on Commerce Street in Galena, circa

1910, now part of the U.S. Grant Museum 38
Abandoned mines such as this are located all across Jo Daviess

County and, for safety reasons, most have been sealed 38
Recent aerial photograph of the City of Galena taken from a hot-air
balloon 39
Canada Violet (Viola canadensis) IL-E 40

The Jeweled Shooting-Star (Dodecatheon amethystinum) is rare in

[linois and is found primarily in the Driftless Area on rich, rocky

slopes in open mesic woodlands 40
Photograph of Apple River Canyon State Park showing the Apple River

and Canada yew shrub that are a remnant population of the Pleistocene

glacial episode 41
The George N. Townsend house located just south of Apple River

Canyon State Park was built of local stone in 1856 41
Sand prairie and pale coneflowers in a burned unit near an abandoned
Army warehouse on the Savanna Army Depot 42
Fragile prickly pear cactus (Opuntia fragilis) IL-E is found only in the

sand prairies at the Savanna Army Depot in Illinois 42
Conceptual model of an algific talus slope 43
Reaching into an algific talus slope cold air vent during the summer,

one can feel very cold air discharging from underground 43
The Iowa Pleistocene snail (Discus macclintocki) IL-E Fed-E is found

only within algific talus slopes of the Driftless Area 43

The Savanna Army Depot is shown here in a LiDAR shaded relief
elevation model with the mounds or igloos that once stored military
ordnance on the site 44
Bald Eagles are now returning to Jo Daviess County, thanks, in

large part, to the efforts of Terrance Ingram and the Eagle Nature

Foundation 44
Formation of Apple River Canyon 47
An 1893 plat book of the village of Millville 47
Photograph from 1925 of a hand-painted sign describing the features

in and around Millville 47

The “poster wildflower” of the Driftless Area in Illinois, and specifically
Apple River Canyon, is the Bird’s-Eye Primrose (Primula mistassinica),

a State Endangered Plant 48
Numerous Silurian dolomite-capped knobs may be seen in the distance,
as viewed from Benton Mound 49

Entrance to the abandoned quarry on the Hanover Bluff Nature
Preserve showing a spire of Silurian dolomite that rises about 50 feet

above the quarry floor 50
The western wall of the quarry is a remnant of the Silurian dolomite
palisades along the Mississippi River bluff 50

This photograph from the Clinton Herald on October 4, 1947, shows
an experiment of burying 1,000-pound bombs beneath the soil at the
Savanna Army Depot “in order to preserve them” 50



59

60
61

62
63
64
65
66

67
68

This cover-collapse sinkhole overlying a Silurian dolomite crevice is

about 20 feet in diameter and about 10 feet deep 51
Bird effigy at the Casper Bluff Land and Water Reserve 52
View of the Mississippi River from the Casper Bluff Land and Water
Reserve 52
Natural “spring” along the Galena River Trail 53
Galena, Illinois, around the turn of the century 54
Main Street in Galena, Illinois, in 1905 and in 2014 showing little

change over more than 100 years 55
The steamboat Nominee docked in Galena, with two men and a stack of
pigs of lead (ingots) in the foreground, circa 1852 55
During the early half of the 20th century, Galena experienced repeated
flooding that threatened its downtown 56
Pleasure boats on the Galena River around the turn of the century 56

Bluebirds are now returning to Galena, thanks to the efforts of the
Jo Daviess Conservation Foundation’s Conservation Guardians of
Northwest Illinois (formerly the Natural Area Guardians) 57






INTRODUCTION

This field trip takes place in the Driftless Area' of north-
western Illinois (Figure 1), where participants will learn
how the geology and natural resources (mineral, and
fauna and flora) are inseparably intertwined with human
history and habitation in this area. This guidebook is
intended to present to participants the geology, hydro-
geology, archaeology, history, and botany of Jo Daviess
County and how those entities relate to the county’s
unique place in the history of the United States.

Geologic Framework

This section describes the geologic history of Illinois
and Jo Daviess County from 1.5 billion years ago to
prior to the Pleistocene Epoch (Figure 2). This section
has been modified from Guide to the Geology of the
Apple River Canyon State Park and Surrounding Area
of Northeastern Jo Daviess County, Illinois, by Frankie
and Nelson (2002).

Precambrian Era

The oldest rocks in the field trip area lie about 2,500
feet below the surface and belong to the ancient Pre-
cambrian basement complex. We know relatively little
about these rocks from direct observations because of
their depth and the fact that they are not exposed at

the surface in Illinois. Only about 35 drill holes have
reached deep enough for geologists to collect samples
from Precambrian rocks of the state. From these few
samples, as well as from measurements of the Earth’s
gravitational and magnetic fields and from seismic stud-
ies, we know that these ancient rocks consist mostly of
granitic and rhyolitic igneous, and possibly metamor-
phic, crystalline rocks formed about 1.5 to 1.0 billion
years ago. From about 1.0 billion to about 600 million
years ago, these Precambrian rocks were exposed at the
surface. During this long period, the rocks were deeply
weathered and eroded, and the area was probably simi-
lar to the topography of the present Missouri Ozarks.
During this time, rift valleys in southern Illinois (simi-
lar to those in eastern Africa) formed as the movement
of crustal plates (known as plate tectonics) began to rip
apart the Precambrian North American continent.

Paleozoic Era

After the beginning of the Paleozoic Era, about 520
million years ago in the late Cambrian Period, the rift-
ing stopped and the North American continent was
spared being split apart. The hilly Precambrian land-

scape began to sink slowly on a broad regional scale, al-
lowing the invasion of shallow seas from the south and
southwest into what would be Illinois. During the next
280 million years of the Paleozoic Era, the area that is
now called the Illinois Basin (Figure 3) continued to
accumulate sediments that were deposited in the shal-
low seas that repeatedly covered this subsiding basin.
The region continued to sink until at least 20,000 feet
of sedimentary strata was deposited in the deepest part
of the basin, located in the Rough Creek Graben area of
southeastern Illinois and western Kentucky. At various
times during this era, the seas withdrew and deposits
were weathered and eroded. As a result, there are some
gaps in the Paleozoic sedimentary record in Illinois.

From the Late Cambrian to the end of the Paleozoic
Era, sediments continued to accumulate in the shallow
seas that repeatedly covered Illinois and adjacent states.
These inland seas were connected with the open ocean
to the south during much of the Paleozoic, and the area
that is now southern Illinois was similar to an embay-
ment. The southern part of Illinois and adjacent parts of
Indiana and Kentucky sank more rapidly than the areas
to the north, allowing a greater thickness of sediment

to accumulate. During the Paleozoic and Mesozoic, the
Earth’s thin crust was periodically flexed and warped
in places as stresses built up in response to the tectonic
forces associated with the collision of continental and
oceanic plates and mountain building. These move-
ments caused repeated invasions and withdrawals of
the seas across the region; consequently, the former sea
floors were periodically exposed to erosion, which re-
moved some sediment from the rock record.

Many of the sedimentary units, called formations, have
conformable contacts—that is, no significant inter-
ruption in deposition occurred as one formation was
succeeded by another. 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 virtu-
ally continuous. In contrast, however, in other places
the top of the lower formation was at least partially
eroded before deposition of the next formation began.
In these instances, fossils or other evidence within or
at the boundary between the two formations indicate a
significant age difference between the lower unit and
the overlying unit. This type of contact is called an
unconformity. Unconformities occur throughout the

ITerms in italics (except for Latin names) are defined in the glossary at the back of the guidebook. Also, please note that although
all present localities have only recently appeared within the geologic time frame, the present names of places and geologic fea-
tures are used because they provide clear reference points for describing the ancient landscape.
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Figure 1 Jo Daviess County is part of the Driftless Area that encompasses four states and more than 16,000 square miles. It
represents an area that was not directly affected by glaciation during the Illinois and Wisconsin glacial epochs (figure modi-

fied from the Driftless Area Initiative’s Major Land Resource Areas map, http://www.driftlessareainitiative.org/maps.cfm).

Used with permission of The Driftless Area Initiative, with special thanks to David C. Wilson (cartographer).
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Figure 2 Generalized geologic column of Illinois showing all eras and periods throughout Illinois’ geologic history

(from Frankie and Nelson 2002, p. iv).



Figure 3 The Illinois Basin (shaded) and all the surrounding
structures (arches and domes) that bound the basin margins
showing the depth of the basin. Contour interval is 5,000 feet
(Figure 3-3 from Kolata and Nimz 2010, p. 78).

Paleozoic rock record and are shown in the generalized
stratigraphic column as wavy lines. Each unconformity
represents an extended time interval for which no rock
record exists; this is similar to periodically removing
several pages or even a chapter from a history book.

Near the close of the Mississippian Period, gentle arch-
ing of the rocks in eastern Illinois initiated the develop-
ment of the LaSalle Anticlinorium, a complex structure
having smaller structures such as domes, anticlines,
and synclines superimposed on the broad upwarp of
the anticlinorium. Further gradual arching continued
through the Pennsylvanian Period. Because the young-
est 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 Penn-
sylvanian or during the Permian Period a little later,
near the close of the Paleozoic Era.

Mesozoic Era

During the Mesozoic Era, the rise of the Pascola Arch
in southeastern Missouri and western Tennessee pro-
duced a structural barrier that helped form the current
shape of the Illinois Basin by closing off the embay-

ment and separating it from the open sea to the south.
The Illinois Basin is a broad, subsided region covering
much of Illinois, southwestern Indiana, and western
Kentucky. Development of the Pascola Arch, in con-
junction with the earlier sinking of the deeper portion of
the basin north of the Pascola Arch in southern Illinois,
gave the basin its present asymmetrical, spoon-shaped
configuration. The geologic map 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 (Figure 4).

Younger rocks of the latest Pennsylvanian and perhaps
the Permian (the youngest rock systems of the Paleo-
zoic) may at one time have covered the southern and
northern portions of Illinois. It is possible that Meso-
zoic and Cenozoic rocks (see Figure 2) could also have
been present here. Indirect evidence, based on the stage
of development (rank) of coal deposits and the genera-
tion and maturation of petroleum from source rocks
(Damberger 1971), indicates that perhaps as much as
1.5 miles of Late Pennsylvanian and younger rocks
once covered southern Illinois. 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), however, several thousands of feet of strata may
have been eroded. Nearly all traces of any post-Penn-
sylvanian bedrock that may have been present in Illinois
were removed. During this extended period of erosion,
deep valleys were carved into the gently tilted bedrock
formations. Later, the topographic relief was reduced
by repeated advances and melting back of continental
glaciers that scoured and scraped the bedrock surface.
These glacial processes affected all the formations ex-
posed at the bedrock surface in Illinois. The final melt-
ing of the glaciers left behind the nonlithified deposits
from which our modern soil has developed.

Structural Setting

Jo Daviess County is located northwest of the Illinois
Basin on the southwestern flank of the regional, broad,
and gently sloping Wisconsin Arch (Figure 5). Paleo-
zoic bedrock strata in the field trip area have a regional
dip of 20 to 30 feet per mile to the southwest, except
where the strata are affected by local structure (e.g.,
folds and faults). The Wisconsin Arch is a broad, posi-
tive area that separates the Michigan Basin on the east
from the Forest City Basin on the west. The northern
end of the Wisconsin Arch—termed the Wisconsin
Dome—is a region of Precambrian outcrops in north-
ern Wisconsin. The rest of the arch is overlapped by
Cambrian, Ordovician, and Silurian sedimentary rocks.
The southeast end of the Wisconsin Arch connects with
the Kankakee Arch, which separates the Michigan and
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[llinois Basins (Nelson 1995). The Illinois Basin is the
major structural depression between the Ozark Dome
to the west, the Cincinnati Arch to the east, and the
Kankakee Arch to the north.

The Wisconsin Arch began to emerge late in the Cam-
brian Period and was well established by the middle of
the Ordovician Period. The Wisconsin Arch may have
been covered by seas in the late Ordovician through
middle Silurian time, but rose again in late Silurian or
Devonian time (Nelson 1995).

Preglacial History of
Northwestern Illinois

After the last Paleozoic sea withdrew from the mid-
continent at the end of the Pennsylvanian Period some
286 million years ago, or possibly as late as the end of
the Permian Period nearly 245 million years ago, the
Upper Mississippi Valley region was uplifted and has
remained a land area. During this long interval of ero-
sion, many hundreds of feet of Paleozoic strata have
been stripped away. During the Pliocene Epoch be-
tween 5.3 and 1.6 million years ago, near the end of the
Tertiary Period, the topography or relief of the region
was reduced to a very low erosional plain, referred to as
the Dodgeville Peneplain. A peneplain is a land surface
worn down by stream erosion and mass wasting to a
low, nearly featureless plain that gradually slopes up-
ward from the sea. Such an erosion surface would take
a very long time to develop and would be characterized
by sluggish streams flowing in broad valleys. Bedrock
structures, such as anticlines (strata arched upward),
would have no influence on the topography because
they would be uniformly beveled.

In northern Jo Daviess County, the slope of the Dodge-
ville Peneplain and the dip of the Silurian dolomite

are the same. The erosion surface corresponds to the
dip slope—a fact cited by some geologists who argue
that the upland surface is not a peneplain at all but a
structurally controlled feature that formed when strata
that were less resistant than the Silurian dolomite were
stripped away by erosion. In the unglaciated Driftless
Area of Wisconsin, the Dodgeville surface is well pre-
served. However, in Jo Daviess County, Illinois, only
remnants of the Dodgeville surface are preserved as iso-
lated, flat-topped ridges and knobs of Silurian dolomite.
We can imagine the tops of these Silurian flats joined
by a plane surface representing the former peneplain,
sloping gently southwestward from about 1,200 to
1,000 feet above mean sea level (msl).

After the Dodgeville Peneplain was formed, the region
was uplifted and another partial peneplain, called the

Lancaster Peneplain, was eroded down to resistant stra-
ta about 200 feet lower. The Lancaster Peneplain is ex-
tensively preserved on the bedrock surface of northern
[llinois and is well developed in the Driftless Area. The
Lancaster surface closely coincides with the top of the
Ordovician Galena Dolomite to the north near Galena
and slopes southwestward from an elevation of about
985 to 800 feet above msl.

The Driftless Area

The Driftless Area of northwestern Illinois, southwest-
ern Wisconsin, southeastern Minnesota, and northeast-
ern lowa is unlike other parts of these states because it
escaped the direct effects of Pleistocene-age glaciation
(Figure 6). The higher elevation of the area resulted in
the diversion of continental glaciers around the Drift-
less Area. Today, the area has relatively thin, fragile
soils and is well known for its former mining activities,
present-day agriculture, unique ecology, and steep and
rugged knobs, hills, and valleys. It lays claim to the
highest elevations in Illinois. Jo Daviess County has a
long history of geological processes that sculpted the
present landscape; conflict between Native Americans
and early settlers; prehistoric, historic, and recent min-
ing activities; agriculture; and, more recently, natural
area preservation and tourism.

100 200mi 4

150  300km N

Wisconsin (25,000 Pre-lllinois (1,800,000

to 10,500 years ago) to 500,000 years ago)
lllinois (200,000 =P major meltwater
to 130,000 years ago) drainage

Figure 6 Glaciation of North America in the vicinity of Jo
Daviess County showing the extent of Pre-Illinois (1,800,000
to 500,000 years ago), the extent of the Illinois glacial episode
(200,000 to 130,000 years ago), and the extent of the Wiscon-
sin glacial episode (25,000 to 10,500 years ago; Figure 3 from
Killey 2007, p. 3).



Glacial Geology

Most of Illinois and all the neighboring states to the
north, east, and west were inundated by continental
glaciers from the north during the Pleistocene Epoch
[1,600,000 to 12,000 years before present (BP); Hansel
and McKay 2010]. Often referred to as the “Ice Age,”
the glaciers of this epoch did not enter into Jo Daviess
County or a contiguous portion of land in southwestern
Wisconsin, southeastern Minnesota, and northeastern
Iowa. Glaciation had a profound effect on most of I1-
linois from extensive physical erosion by advancing
glaciers, the effects of flooding by glacial meltwaters,
and the deposition of fine-grained (clay, silt, sand) and
course-grained (gravel) materials. Much of Illinois is
now covered with a blanket of materials hundreds of
feet thick in many places that mask the underlying ter-
rain. The Driftless Area provides a window into the
appearance of northern Illinois and southern Wisconsin
topography prior to glaciation. Some changes to the
topography, however, are due to changes in climate,
including the effects of the erosive nature of glacial
meltwaters (deep valleys), the weathering effect associ-
ated with the climate (e.g., frost wedging), and the ac-
cumulation of windblown /oess (excellent agricultural
soils). The following is a brief summary of the glacial
history of Illinois that was derived, to a large extent,
from Frankie and Nelson (2002).

During the Pleistocene Epoch, the climate cooled and
continental glaciers began forming in eastern and cen-
tral Canada as snow and ice accumulated in these areas.
The glaciers began spreading in all directions from
these centers. Their advances into the central lowlands
of the United States dramatically changed the landscape
of the midwestern United States. As the glaciers entered
Illinois about 800,000 years ago (Hansel and McKay
2010), they carried with them rock debris. This debris
was incorporated into the ice as the glaciers advanced
and was deposited as the glaciers retreated or melted.
Numerous advances and retreats of glaciers occurred
during the Pleistocene Epoch, but geologic records
have been destroyed for all but the last 425,000 years.
The older episodes are collectively referred to as Pre-
Illinois, and each glacial episode is punctuated by inter-
glacial episodes when the climate was similar to what it
is today.

The first of the last two glacial episodes began about
300,000 years ago and is referred to as the Illinois
Glacial Episode. The Illinois Episode continued for
175,000 years and, based on sediment consolidation
[B.B. Curry, Illinois State Geological Survey (ISGS),
personal communication], saw up to 1,000 feet of ice
in northern Illinois that almost reached the southern-
most tip of Illinois (Figure 6). However, the glacier

went around the Driftless Area and much of Jo Daviess
County, stopping a mere 3 miles east of Apple River
Canyon State Park. This episode was followed by an-
other interglacial episode that lasted for about 50,000
years until the beginning of the Wisconsin Glacial Epi-
sode (about 75,000 years ago). The glaciers from this
episode were only about 700 feet thick and extended
into northeastern Illinois only about 25,000 years ago;
the Wisconsin glacier finally retreated from Illinois
about 13,500 years ago (Figures 7 and 8).

During the late stages of the Wisconsin Glacial Episode,
fine silt deposited in what is now the Mississippi River
valley was blown up onto most of Illinois by strong
westerly winds. This material, known as loess, reached
thicknesses of up to 25 feet. The loess later developed
into the present soil zone; because of erosion, the loess
thickness now ranges from 0 to 25 feet.

Geology and Hydrogeology

Samuel V. Panno, Illinois State Geological
Survey, and Walton R. Kelly, Illinois State
Water Survey

Geology

Bedrock in Jo Daviess County consists of Middle Or-
dovician (444—490 million years ago) carbonate rocks
of the Galena-Platteville Group, thin remnants of the
Ordovician Maquoketa Shale, and Silurian (412-443
million years ago) dolomite.

The well-known knobs of Jo Daviess County (e.g.,
Scales Mound) are erosional remnants of an older ter-
rain (Figure 9). The resistant Silurian dolomite cap rock
protects the knobs from erosion, but undercutting of the
softer and more easily erodible Maquoketa Shale on
which the dolomite rests results in highlands with intact
dolomite caps in some areas and scattered and tilted
house-size blocks of dolomite that slide around on the
shale in other areas (Figure 10). The Maquoketa Shale
and underlying Galena Dolomite make up the subdued
hills and valleys of Jo Daviess County.

Tectonic compression and extension occurred in Illinois
and the surrounding states during and after the forma-
tion of the Wisconsin Arch, which began in Cambrian
time (490-543 million years ago) and continued to be
active in late Silurian or Devonian time (354417 mil-
lion years ago; Nelson 1995). The Wisconsin Arch, in
part, separates the Illinois Basin to the south from the
Michigan Basin to the east. Jo Daviess County lies on
the southwestern flank of the Wisconsin Arch (Frankie
and Nelson 2002). As a result of compression and
extension, bedrock along the Wisconsin Arch has a
well-developed vertical joint system. Heyl et al. (1959)
stated,
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Figure 7 Generalized map of the glacial deposits of Illinois (Figure 12-12 from Kolata and Nimz 2010, p. 229).

All the rock formations in the district [most of Jo (in preparation b) suggested, based on this work, that
Daviess County] contain well-developed vertical the east- to west-trending fractures were formed dur-
and inclined joints. The vertical joints are trace- ing the Appalachian fold and thrust belt during the late
able for as much as 2 miles horizontally, and for as Paleozoic Alleghanian Orogeny. These fractures were
much as 300 feet vertically. Joints are especially enlarged and mineralized by ore-forming solutions
well developed in the Galena dolomite. (p. 1) around early Permian time. Most of the north- to south-

trending fractures and crevices of the carbonate bedrock

Both Heyl et al. (1959) and Bradbury (1959) found in the county formed sometime later.

that most of the fractures and crevices in the area were

oriented predominantly in east-west and north—south Galena Dolomite

directions. Recent work by Panno et al. (in prepara- In the mid-1990s, the ISGS identified Jo Daviess Coun-
tion a) examined 18,000 crop lines, aligned sinkholes, ty as karst (Panno et al. 1997; Weibel and Panno 1997,
and historic mining trends (following vein-filling ores) Figure 11). Subsequent work by McGarry and Riggs
throughout Jo Daviess and into adjacent counties and (2000) identified most of Jo Daviess County as having
found similar fracture and crevice trends. Panno et al. “a very high aquifer sensitivity because
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Figure 9 Cross section across Jo Daviess County showing isolated Silurian dolomite-capped mounds of the Dodgeville surface

(modified from Figure 10 from Frankie and Nelson 2002, p. 15).

Figure 10 Tilted blocks of Silurian dolomite atop Maquoketa
Shale showing movement of the blocks as they erode and
collapse from the top of a knob in Jo Daviess County. Photo-
graph by Elizabeth L. Baranski; used with permission.

fractured dolomite bedrock aquifers lie beneath the
glacial drift or loess. Areas where dolomite bedrock is
exposed are most sensitive.” The karst water-bearing
formations include the Galena-Platteville Group and the
Silurian dolomite. Panno and Luman (2008) examined
sinkholes and the abundant secondary porosity (crev-
ices) exposed along road cuts and in quarries in eastern
Jo Daviess County and concluded that the area overlies
a karst aquifer within the Galena Dolomite. They also
showed that sinkholes in the county were sparse and
difficult to locate because of its thin soils, although the
county did fall into the “medium” to “high” category
of aquifer vulnerability per Lindsey et al. (2010). Ek-
berg (2008) subdivided the secondary porosity of the
Galena-Platteville into matrix, fracture, and conduit po-
rosity. These subdivisions are supported by spring hy-
drographs and drawdown curves from aquifer tests that
support a triple-porosity aquifer. The fracture porosity
through which groundwater flows consists of northeast-
and northwest-trending vertical fractures (consistent
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Figure 11 Map of the karst areas of [llinois showing the ex-
tent of karst terrain in Illinois, including northwestern Illinois
(from Weibel and Panno 1997).

with Heyl et al. 1959) and of bedding planes (Ekberg
2008). Domestic wells in Jo Daviess County get their
water from the Galena Dolomite at depths of less than
250 feet (Frankie and Nelson 2002). Frankie and Nel-
son (2002) suggested that these aquifers are susceptible
to bacterial pollution because the “open crevices pro-
vide little filtering action, and polluted water may travel



Figure 12 En echelon cover-collapse sinkholes in loess overlying crevices in Silurian dolomite, as shown on a LiDAR (light
detection and ranging) shaded relief elevation model. Map by Donald E. Luman.

long distances through these openings with little loss
of pollutants” (p. 25). In addition, McGarry and Riggs
(2000) characterized eastern Jo Daviess County as hav-
ing a combination of low (because of the presence of
Maquoketa Shale) and very high sensitivities (because
of exposed fractured dolomite bedrock) to groundwa-
ter contamination. These findings are consistent with
regional water quality results reported in Panno and Lu-
man (2008).

Silurian Dolomite

Examination of the LiDAR elevation data revealed nu-
merous cover-collapse sinkholes in western Jo Daviess
County overlying Silurian dolomite. Examination of
the area on the ground revealed numerous sinkholes,
solution-enlarged crevices, and small caves. Crevices
in the Silurian dolomite are relatively wide (up to 6
feet or more). Sinkholes in this area are roughly cir-
cular features, 6 to 21 feet deep and 60 to 100 feet in
diameter, based on measurements of LiDAR elevation
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data. Several of these sinkholes, initially seen in aerial
photographs, were documented by Weibel and Panno
(1997) and Panno et al. (1997). Many more sinkholes
were found using LiDAR elevation data, and most of
the sinkholes lay en echelon along nearly east- to west-
trending (N 80° W) lineaments in sediment overlying
Silurian-age dolomite (Figure 12). Weibel and Panno
(1997) and Panno et al. (1997) reported that they were
collapse features with no evidence of waste piles or
ejecta that would suggest excavations. Consequently,
we interpreted them as sinkholes and not small-scale
mining operations (known as sucker holes) following
veins of ore minerals. Only about 10 of these Silurian
dolomite sinkholes have been examined in the field,
and it is possible that a few could be related to adjacent
large-scale mining operations (e.g., Touseull and Rich
1980). Although a large sinkhole area is located in the
vicinity of the New California Diggings (Figure 12) in
the far southern edge of the Galena subdistrict (Heyl et
al. 1959), the ore deposits in this area were primarily



within the deeper Galena Group dolomite underlying
the Silurian dolomite and Maquoketa Shale. Therefore,
features identified as cover-collapse sinkholes in sedi-
ment overlying the Silurian dolomite are not related to
mining operations. Road cuts in the area (between 3 and
4 miles to the east) reveal that these aligned sinkholes
probably formed along nearly east- to west-trending
crevices that range from 1.5 to 6 feet in width (Figure
13). The depth of the crevices at this site is at least 20
feet from land surface, as seen in road cuts. Collapse
of sediment into these large crevices probably created
the sinkholes and associated lineaments observed in the
imagery. In addition, it is possible that large blocks of
Silurian-age dolomite on ridges could separate along
crevices and migrate downhill on the underlying shale.
This would dilate existing crevices even more, thereby
creating additional linear collapse features (D. Mikulic,
ISGS, personal communication).

Because the Silurian dolomite is of limited areal extent
and forms the highlands of Jo Daviess County, based
on water-well data from the Illinois State Water Survey,
it is rarely used as a groundwater source in this area.
However, it is a prolific aquifer in other counties of
northern Illinois (e.g., Will County to the southeast).

Ore Deposits

Solution-enlarged crevices also acted as foci for ore
mineralization in this area. The Upper Mississippi
Valley Zinc—Lead District, which includes Jo Daviess
County and extends into lowa and Wisconsin, is re-
ferred to as the Upper Mississippi Valley District. The
geology of this area has been summarized by Heyl et
al. (1959) and Bradbury (1959). Lead- and zinc-bearing
ore minerals were mined from the Jo Daviess County
area from the late 1700s until 1976 (Figure 14). Primary
ore mineralization was found in solution-enlarged crev-
ices or in solution cavities in carbonate rocks of the Ga-
lena Group, called “gash-vein deposits.” Galena (PbS,)
was the main ore mineral in these deposits (Figure 15),
and sphalerite (ZnS,) was the most abundant ore min-
eral associated with bedding planes and reverse faults
(Heyl et al. 1959). Geochemical and isotopic indicators
within the ore and associated minerals indicate that hy-
drothermal ore-forming fluids (hot brines) carrying lead
and zinc in solution were the source of the mineraliza-
tion. Ore-forming solutions originating from evapora-
tive brines associated with the Reelfoot Rift System
(late Paleozoic time) is one of the more recent hypoth-
eses proposed to explain the origin of these deposits
(Rowan and de Marsily 2001). Ore mineralization and
dolomitization (the conversion of limestone to dolomite
by hot brines) of the Ordovician-age carbonate rocks
of this district have been dated as Early Permian in age
(270 and 280 million years ago; Brannon et al. 1992;
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Pannalal et al. 2004). The hot, acidic, metal-bearing
brines (the more acidic the water, the more dissolved
metals it can hold) migrated through fractures and
crevices within carbonate rock and dissolved some of
the carbonate rock. This buffered the brine and made it
much less acidic and unable to carry as much dissolved
metal; thus, the metals were deposited as sulfides on the
walls of the now wider crevices.

Ore deposits were located throughout Jo Daviess Coun-
ty, and evidence of the mines and workings are visible
as old crevice mine openings, trenches, and sucker
holes. Heyl et al. (1978) described early mining in the
area as follows:

Production was largely from “float” deposits
formed by weathering of sulfide veins that left con-
centrations of residual galena on hillside bedrock
overlain by varying thicknesses of residual soil.
The miners would dig a pit to bedrock and then
reach out in all directions, dragging the galena to
the center. The mining limit of each pit was soon
reached, and then the miners simply moved a short
distance away and dug another pit. This system of
“suckering” produced the pock-marked hillsides so
common in the district. (p. 4; see Figure 16)

The sucker holes are visible throughout the county and
are the most visible on LiIDAR shaded relief elevation
models (Figure 17).

Hydrogeology

The Galena-Platteville Formation constitutes the major
aquifer of Jo Daviess County. Ekberg (2008) subdi-
vided the secondary porosity of the Galena-Platteville
into matrix, fracture, and conduit porosity (a triple-
porosity aquifer). The fracture porosity through which
groundwater flows consists of northeast- and northwest-
trending vertical fractures (consistent with Heyl et

al. 1959) and bedding planes (Ekberg 2008). These
northeast- and northwest-trending fractures are oriented
more north—south and east-west in Jo Daviess County
(Panno et al. in preparation b). Ekberg (2008) found
that the fractures, crevices, and bedding planes of the
Galena Dolomite aquifer constitute the greatest poros-
ity. The Galena and underlying Platteville Formations,
collectively referred to as the Galena-Platteville Dolo-
mite, constitute an important and reliable groundwater
resource for residents of Jo Daviess County (Hackett
and Bergstrom 1956; Csallany and Walton 1963). Csal-
lany and Walton (1963) found that “most water-yielding
openings occur in the upper one-third of the shallow
dolomite aquifers” (p. 1). They stated that some shallow
dolomite wells have yields in excess of 1,000 gallons
per minute. They also found that where the Galena-Plat-



Figure 13 Solution-enlarged crevice in a road cut that is typical of crevices in Silurian dolomite.
(inset). The crevice shown in the photograph is 3 feet wide. Photograph by Samuel V. Panno; used
with permission.
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teville Dolomite is overlain by unconsolidated deposits
in northern Illinois,

solution activity has enlarged openings, and the
unit yields moderate quantities of water to wells.
Where the unit is overlain by the Maquoketa Shale,
the Galena-Platteville Dolomite is a less favorable
source of ground water and yields little water from
joints, fissures, and solution cavities. (p. 6)

Panno et al. (in preparation a,b) found that the widths of
fractures and solution-enlarged crevices in the Galena
Dolomite ranged from less than 0.4 inches to 3 feet

or more. In general, the crevices provide a network of
pathways through which infiltrating surface water and
groundwater can flow rapidly (Figure 18). Bedding
planes may also provide pathways for groundwater
movement. The effect of depth on the porosity and per-

meability associated with shear zones is currently under
investigation. However, elevated concentrations of
nitrate as nitrogen (NO,-N) and choride (CI) in ground-
water from private wells suggest the system is open to
surface-borne contamination to depths of at least 100
feet (Panno and Luman 2008).

There are 16 public water supplies in Jo Daviess Coun-
ty having between one and nine production wells, for a
total of more than 50 in the county. Three of these pub-
lic supply wells are screened in shallow sand and gravel
aquifers (two in East Dubuque and one in Galena).

The others are drilled into bedrock, and many of them
are open to multiple aquifers. Almost two-thirds of the
wells are open to the Galena-Platteville Aquifer. About
one-third of the wells are open to deeper aquifers, in-
cluding the Jordan Sandstone, Ironton-Galesville Sand-
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Figure 14 The first map of the Upper Mississippi River lead mines, prepared by R.W. Chandler (1829). Wisconsin Historical

Society, WHi-39775; used with permission.
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Figure 15 Photograph of the Kipp property near the Black Jack Mine in the late 1800s showing visitors examining a pile of ore
estimated to be worth $15,000 at that time ($383,000 today). Notice the candles used by the miners and visitors as their only
source of light. Oil lamps were introduced in the early 1900s. From the collection of the Illinois State Geological Survey.

stone, Eau Claire Formation, and Mt. Simon Sandstone;
about half of these wells are open to shallower bedrock
aquifers (Galena-Platteville and Ancell) as well. Bed-
rock well depths range from 200 to 1,825 feet. Seven of
Galena’s eight wells are more than 1,500 feet deep.

Water quality data are available for about two-thirds of
the public supply wells. The water in the bedrock wells
is a calcium-magnesium-bicarbonate (Ca-Mg-HCO,)
type and is generally of good quality. Chloride con-
centrations are typically less than 20 mg/L, and NO-N
concentrations are generally below detection. The only
water quality concerns for the bedrock wells are two
nuisance problems—high hardness and iron concen-
trations—and both of these problems are corrected in
the treatment plants. The water quality in the sand and
gravel wells in East Dubuque is inferior to that found
in the bedrock wells. Concentrations of total dissolved
solids are significantly higher, greater than the second-
ary standard of 500 mg/L. Chloride and NO,-N concen-
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trations are also much higher than in the bedrock wells,
although below drinking water standards.

It is reasonable to assume that relatively rapid recharge
to the karst aquifer occurs throughout the county, but
probably less so where Maquoketa Shale is present.
Those areas where Maquoketa Shale constitutes the
bedrock surface, and where drain tiles are used to lower
the water table, a much greater amount of recharge may
discharge to streams before entering the karst aquifer.
Sinkholes and macropores (e.g., desiccation cracks in
soil) are present in the county and are locations of fo-
cused recharge. Sinkholes in the area are not commonly
seen either because of the degree of cultivation, which
tends to obscure all but the very largest of sinkholes,

or perhaps because of their natural scarcity. During dry
periods, macropores (desiccation cracks) are ubiquitous
and form easily because of the thinness of the soil and
the depth of the water table (below the soil-rock inter-
face).



Figure 16 Sucker hole at the Blewett Mine near Galena. Note the mounding around the
edges and the size of the tree within the hole. The tree is about 2.5 to 3 feet in diameter
and probably close to 100 years old. Photograph by Samuel V. Panno; used with permis-
sion.

Figure 17 Vinegar Hill Mine showing sucker holes on a LIDAR shaded relief elevation model (from
Panno et al. in preparation b). Map by Donald E. Luman.
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Figure 18 Vegetative crop lines showing fracture and crevice
patterns in underlying Galena Dolomite (from Panno et al. in
preparation b).

Springs

Springs are a common feature throughout Jo Daviess
County, and the locations of some have been mapped
by Reed (2008) and Maas (2010). The only available
data on the chemical composition of springs in the
county are from Maas (2010) for six springs in north-
eastern Jo Daviess County within the Warren Quadran-
gle. The springs lay along prominent lineaments identi-
fied by Panno et al. (in preparation b) and are consistent
with the discharge of groundwater along bedrock crev-
ices where the overburden thins near stream valleys.
Groundwater, under hydrostatic pressure, would be able
to breach land surface in low-lying areas with relatively
thin overburden (usually near stream valleys). Bedrock
springs typically appear to be large circular to elliptical
depressions (Figure 19). A small section of the circular
depressions is breached, providing openings through
which the spring water discharges to a nearby stream.

Chemical Composition of Groundwater
Groundwater in Jo Daviess County is a Ca-Mg-HCO, -
type groundwater (very hard) with elevated concen-
trations of CI~ and NO,-N in some areas (Panno and
Luman 2008). The background or natural concentration
range for CI” in shallow groundwater in northern and
central Illinois is between 1 and 15 mg/L (Panno et al.

Figure 19 Karst springs in Jo Daviess County are typically circular, with bedrock exposed near the center and
drainage off to a nearby stream. Photograph by Samuel V. Panno; used with permission.
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2006a). The range for background concentration of
NO,-N in Illinois is between 0 and 2.5 mg/L (Panno et
al. 2006b; Hwang et al. in preparation). On the basis of
chemical compositions of groundwater from wells and
springs, the distribution of these ions and relatively high
dissolved oxygen concentrations (4.7 to 8.7 mg/L) in
the underlying aquifer is indicative of an open, oxygen-
ated, unconfined karst system. Surface streams typically
have dissolved oxygen concentrations between 8 and 12
mg/L. Potential sources of CI- and NO,-N include road
salt, human and animal waste, and fertilizers (e.g., pot-
ash). Water resources in an open aquifer system such as
this are especially vulnerable to surface-borne contami-
nants. There is little or no attenuation of contaminants
discharged into sinkholes, macropores, and fissures;
consequently, areas downgradient of contamination
sources (wells, springs, and streams) can show effects
within a few days or even hours (Green et al. 2006).
The convergent nature of flow in karst aquifers may re-
sult in contaminants becoming concentrated in conduits
(Field 1993).

When discussing background concentrations, one must
be aware that, for example, concentrations of sodium
(Na"), CI', and NO,-N that are somewhat elevated
above background levels do not constitute water that

is harmful to humans or to natural flora and fauna of
an area. They do, however, indicate that surface-borne
contaminants from land-use activities have entered
groundwater and will ultimately discharge to sur-

face waters. Further, it has been shown that elevated
concentrations of Na* and CI~ can be deleterious to
vegetation (e.g., Panno et al. 1999) and aquatic or-
ganisms (e.g., Kelly et al. 2012). These can impart a
salty taste to drinking water when CI~ concentrations
exceed 250 mg/L, and elevated Na* concentrations in
drinking water may be a problem for people with high
blood pressure (U.S. Environmental Protection Agency
2014). Nitrate-N concentrations greater than 10 mg/L
in drinking water have been shown to cause methemo-
globinemia (blue baby syndrome) and may be linked
to stomach cancer (O’Riordan and Bentham 1993). For
the purposes of this investigation (Panno et al. 2006b),
we considered concentrations exceeding the upper end
of background levels as anthropogenic tracers that may
be used to investigate aquifer recharge areas, recharge
rates, and groundwater movement through the underly-
ing karst aquifer.

Chloride and NO,-N concentrations in private and pub-
lic wells [most cased more than 100 feet (30 meters) be-
low the surface] in the county were as high as 55 and 31
mg/L, respectively. These concentrations are well above
the upper background threshold concentrations (i.e.,
levels that would be expected for pristine groundwater
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in this area). Potential sources of these contaminants
include road salt (CI"), nitrogen fertilizer (NO,-N), live-
stock waste, and effluent from private septic systems
(both CI"and NO,-N). Contaminant concentrations in
relation to sample depth were consistent with those of
an open karst system (Panno and Luman 2008), where
little or no stratification of concentrations is observed
such that the migration of contaminants is subject to the
vagaries of an anisotropic aquifer.

Work by Maas and Peterson (2010) in the eastern part
of Jo Daviess County indicated that water from five

of six springs sampled discharged from open, oxygen-
ated systems and typically contained CI~ (5.44 to 26.7
mg/L) and NO,-N (2.92 to 30.1 mg/L) concentrations
above background. Spring water from all six springs
was undersaturated with respect to calcite and dolomite.
Because spring water is typically an amalgam of deep
and shallow groundwater, the data suggest that shal-
low groundwater (not in equilibrium with the carbonate
rock) is mixing with deeper groundwater before dis-
charging from the springs. The lack of saturation with
respect to calcite and dolomite indicates that karstifica-
tion of the Galena Dolomite is an ongoing process in
this area. The elevated concentrations of NO,-N found
in all but one of the springs are similar to those of tile
drain waters in Illinois. This suggests that these springs
may be affected by recharge water containing relatively
high concentrations of surface-borne contaminants.

Because of the nature of groundwater flow in karst
aquifers, groundwater pathways may be discrete con-
duits or crevices, bedding planes, or both and may be
fed by numerous and smaller crevices within carbon-
ate bedrock. Because springs are discharge points for
groundwater, they may be fed by numerous flow paths
of various ages. Some of the inputs may have a shallow
component containing surface-borne contaminants from
a variety of land uses, whereas other inputs may origi-
nate from deeper, usually less contaminated, sources.
The percentages of each component source can vary
depending on the groundwater flow paths to the springs
and can vary with the time and season.

Nitrate-N concentrations for most of the springs were
greater than those of shallow groundwater in Illinois
(based on data from Panno et al. 2005). This is not sur-
prising given that row crop agriculture is the dominant
land use in the area and that N-fertilizer and manure
are commonly applied to the fields. This indicates that
N-based fertilizers, manure and human wastes, or both
are likely entering the groundwater systems. The high
dissolved oxygen concentrations in the spring samples
(Maas 2010) suggest rapid movement of water into the
subsurface, which would limit attenuation within the



soil zone. In situations where water recharges more
slowly through the soil zone, oxygen is consumed as
organic matter is reduced, resulting in anoxic conditions
that promote denitrification, which would decrease
NO,-N concentrations. The thin soils and the presence
of macropores and sinkholes in this area appear to
promote rapid recharge to bedrock aquifers, a common
feature of karst regions.
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