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Introduction

The state of Wisconsin experienced rapid popula-
tion growth in the 1990s, especially in the Fox
River lowland, which extends northward from
Fond du Lac to Brown County in east-central Wis-
consin. As a result of this population growth,
many areas within the lowland are experiencing
an increasing demand for natural resources, in-
cluding crushed rock, sand and gravel, and
groundwater. Geologists at the Wisconsin Geo-
logical and Natural History Survey (WGNHS)
have undertaken an initiative to understand the
geology of the Fox River lowland. As part of this
project, they have recently completed preliminary
geologic maps of Winnebago County, including
the glacial deposits that cover the land surface,
the elevation of the buried bedrock surface, and
the bedrock geology.

Value of geologic mapping

An understanding of the extent and distribution of
natural resources is important to local governing
bodies as they proceed toward completing and
implementing comprehensive (Smart Growth)
plans as required under state law. Elements of the
comprehensive plans that may be affected by the
distribution of geologic resources include land
use, natural resources, transportation, and eco-
nomic development. For example, the bedrock
formations are important for the nonmetallic min-
erals they provide: Sandstones are a resource for
silica sand used in the foundry industry, and car-
bonate rocks (limestone/dolomite) are the primary
source of construction aggregate in Winnebago
County and the entire lower Fox River Valley re-
gion. In addition, sand and gravel resources in the
county are limited, so mapping their distribution
is important in the planning of future land use.
Constructing rural housing developments near or

on top of the few undeveloped potential sand and
gravel deposits may not be in the best long-term
interest of the citizens of Winnebago County.

Besides nonmetallic mineral resources, mapping
the extent and distribution of surficial materials
can help develop an understanding of stormwater
infiltration and runoff to streams and rivers. Win-
nebago County has recognized the impact of such
runoff on lakes and streams, and currently has an
ordinance requiring erosion control and stormwa-
ter management at construction sites. A funda-
mental knowledge of the properties and composi-
tion of surficial materials will be helpful in effec-
tively enforcing rules designed to protect streams
and lakes—important natural resources of Winne-
bago County.

The geology of Winnebago County is also impor-
tant in understanding the distribution of ground-
water resources. The surficial materials and the
bedrock layers are the principal aquifers that sup-
ply public and private water wells. The availability
of groundwater and its quality are major concerns
to county and local government due to the in-
creasing number of rural homeowners dependent
on private wells. In the past decade, more than
10,000 new water wells have been installed in
the central Fox River lowland, placing additional
demands on aquifers that contain a finite amount
of water. As a result, availability and quality of
groundwater have been affected in many loca-
tions. For example, in some aquifers, the water
table has been lowered, allowing naturally occur-
ring metals such as arsenic and other toxic heavy
metals to be released into the groundwater by
weathering of naturally occurring sulfide miner-
als.



These are only a few of the issues currently be-
ing discussed in Winnebago County. During
this field trip, we will consider the importance
of some geological resources to local and state
officials.

Geology of Winnebago County
Glacial geology

Winnebago County is part of the Fox River low-
land, which extends over parts of 13 counties

in east-central Wisconsin. This lowland

stretches from Green Bay to Portage and is de-
fined by the Fox River, its tributaries, and asso-
ciated drainage basins. The surficial geology of
the lowland consists of landforms and sediment
deposited from a glacier that most recently
covered east-central Wisconsin approximately
21,000 years ago. This glacier, called the Green
Bay Lobe, was part of the Laurentide Ice Sheet,
which covered a large area of North America (fig.
1). This ice sheet was centered in northern
Canada and extended eastward to the Atlantic
Ocean, west to the Rocky Mountains, north to the
Arctic Ocean, and southward into the upper Mid-
west. Six lobes of this ice mass extended into Wis-
consin and covered a large part of the state. The
Green Bay Lobe was the largest of these lobes
and covered all east-central Wisconsin. The lobe
terminated in the south near the Wisconsin/Illinois
border and to the west by an area commonly re-
ferred to as the Central Sand Plain. To the east, the
lobe abutted the Silurian Escarpment and the
much larger Lake Michigan Lobe, which covered
the Lake Michigan basin and extended southward
into central Illinois.

The melting back of the Green Bay Lobe to the
north resulted in the formation of a large lake in
front of the ice margin and covered a vast area of
the Fox River lowland. This lake was called gla-
cial Lake Oshkosh and inundated most of Winne-
bago County. Red, clay-rich sediment was depos-
ited within this lake. Glacial Lake Oshkosh ini-
tially drained southward into the lower Wisconsin
River via an outlet located just north of Portage,
Wisconsin (fig. 2a). With further retreat of the ice
lobe, a series of lower outlets opened across the
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Figure 1. Location of Winnebago County in
Wisconsin (a) in relation to the Laurentide Ice Sheet
and its lobes (b) during the last part of the
Wisconsin glaciation.

Door Peninsula, lowering glacial Lake Oshkosh to
the level of water in the Lake Michigan Basin (fig.
2b-h). Eventually, the Green Bay Lobe readvanced
twice back into the Fox River lowland around
15,000 and 13,500 years ago (fig. 2g). During
both readvances, glacial Lake Oshkosh was reac-
tivated, depositing lake sediment over the land-
scape.

In Winnebago County, the lake covered a large
part of the landscape (fig. 3), coating it with a
layer of fine-grained lake sediment consisting pri-
marily of clay and silt. With the first readvance of
the ice sheet back into the Fox River lowland (fig.
4a), much of this lake sediment was reworked by
the glacier and plastered onto upland areas of the
county. Part of the readvancing lobe terminated in
Winnebago County and formed a prominent
ridge, called a moraine, which traverses the towns
of Nekimi, Utica, and Rushford. This moraine is
composed of reworked lake sediment called till,
and it covers most upland areas in the county that
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Figure 2. About 20,000 to 15,200 years ago, the Green Bay Lobe receded, opening
a sequence of lower outlets to the east (a—f). The lobe readvanced to the central
part of the lowland twice, at about 15,000 and 13,500 years ago, resulting in reuse
of the outlets (g). A profile of the land surface across the Door Peninsula shows the
location and elevation of the eastern outlets of glacial Lake Oshkosh (h).



were not covered subsequently by sediment de-
posited in glacial Lake Oshkosh.

Many small lakes formed in front of the ice lobe
as it formed its terminal moraine. Several of these
glacial lakes, including Cottonwood, Island,
Gleason, and Bradley Lakes (fig. 4a), were lo-
cated in Winnebago County. Silt and clay depos-
ited in these lakes provide the substrate for the
numerous wetlands in this part of the county.
With the subsequent retreat of the lobe, the lakes
drained into a lower and larger glacial Lake
Oshkosh that once again covered a large part of
the county (fig. 4b, c). Eventually, after one more
minor advance of the Green Bay Lobe that only
reached Neenah, the ice receded northward into

Canada and glacial Lake Oshkosh ceased to exist.

The final result of the glaciation in Winnebago
County is that the landscape is coated mainly
with silt and clay lake sediment. In many low-
lying areas, wetlands formed because of this rela-
tively impermeable substrate and the very low re-
lief of the landscape. Today, many of these wet-
lands have been preserved and provide prime
habitat for fish and wildlife.

Bedrock geology

The bedrock, which lies immediately beneath the
glacial deposits in Winnebago County, consists of
layered sedimentary rocks, including sandstones
and dolomites that formed 440 to 570 million
years ago (fig. 5). Beneath these rock layers are
much older Precambrian crystalline rocks that are
as old as 1,750 million years; these rocks do not
reach the surface in Winnebago County, but typi-
cal examples are the granites formerly quarried
for building stone at Red Granite and Montello,
and the rhyolite at Berlin.

The layered sedimentary rocks can be grouped
into four major units that allow us to better under-
stand their history and distribution. The four units
include, from youngest to oldest, the Sinnipee
Group, Ancell Group, Prairie du Chien Group,
and the Cambrian sandstones. These rock strata
dip gently (10 to 15 feet/mile) to the east (fig. 6)
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Figure 3. Maximum extent of glacial Lake Oshkosh
in Winnebago, Calumet, and Fond du Lac Counties.

and extend under Lakes Winnebago and Michi-
gan. The bedrock geologic map of Winnebago
County shows that all four units are present at the
bedrock surface (fig. 7).

The oldest sedimentary rock unit in Winnebago
County is the Upper Cambrian sandstone. It con-
sists of many different rock formations, known
mostly from samples collected by well drillers and
studied at the WGNHS. These rocks are poorly
exposed at the land surface, but form the bedrock
surface beneath the glacial deposits in the north-
western part of the county. These sandstones are
usually thick, saturated with water, and form the
most productive deep aquifer in the county. They
are the source rock for most municipal and high-
capacity industrial wells.

Immediately above these Cambrian sandstones
lies the dolomite of the Prairie du Chien Group.
These rocks are exposed at the bedrock surface in
a strip that extends from northeast to southwest
across the central part of the county. In some
places this dolomite is exposed at the land surface

General Geology and Natural Resources of Winnebago County, Wisconsin
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Figure 4. About 15,200 years ago, the Green
Bay Lobe readvanced into the Fox River
lowland, covering a large part of Winnebago
County and northern Fond du Lac County
(a). Numerous small lakes and a fairly
prominent moraine formed in front of the ice
margin. As the ice receded northward, these
small lakes drained into glacial Lake Oshkosh
(b). Continued recession of the ice margin
northward resulted in the expansion of
glacial Lake Oshkosh (c).
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and outcrops in a series of bluffs or escarpments.
At many of these exposures, the rocks are quar-
ried because they are a good source of high-qual-
ity aggregate for the construction industry.

The Ancell Group, the third of four main units,
consists mainly of sandstone of the St. Peter For-
mation. Where present it overlies the Prairie du
Chien dolomite. This sandstone is also exposed at
the bedrock surface in a narrow band that
stretches from northeast to southwest across the
county. A major geological break, or unconfor-
mity, occurs between the Prairie du Chien dolo-
mite and the St. Peter sandstone. This unconfor-
mity is the result of a large river system draining
into an ancient sea that eroded deep channels
into the Prairie du Chien dolomite and subse-
quently filling them up with sand. Some of these
channels were so deep that that in places the
Prairie du Chien dolomite may have been com-
pletely eroded away, resulting in the St. Peter
sandstone being directly deposited on top of the
older Cambrian sandstone. In other cases, how-
ever, minimal erosion of the Prairie du Chien do-
lomite occurred, and no St. Peter sandstone is
present. As a result, the younger Platteville dolo-
mites may lie directly on top of the Prairie du
Chien dolomite.

This irregular occurrence of St. Peter sandstone
across the county is poorly understood because of
the lack of good geologic information. This is frus-
trating for geologists and water managers alike
because this sandstone, which has historically
been an important aquifer, sometimes contains
layers of naturally occurring sulfide minerals, in-
cluding arsenic. It is from within this sandstone
that many rural and suburban residential wells
obtain their drinking water. As officials of many
state and local governing bodies are aware, this is
a significant problem that can pose serious health
hazards throughout the region because the occur-
rence of arsenic in well water can vary widely
over short distances and is difficult to predict.

The youngest bedrock rock unit in Winnebago
County is the Sinnipee Group, which consists pri-
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marily of dolomite and is exposed at the bedrock
surface in the eastern half of the county. As previ-
ously mentioned, these rocks either overlie the St.
Peter sandstone or the Prairie du Chien dolomite.
Similar to the Prairie du Chien dolomite, the
Sinnipee Group occurs near the surface in many
locations in the eastern half of the county, making
it accessible for quarrying. The Platteville and Ga-
lena dolomites are the primary source of aggre-
gate in the county. Their strength and durability
make them ideal aggregate material for asphalt
and concrete.

Depth to bedrock

The depth to the bedrock surface in Winnebago
County is highly variable. It is the result of mil-
lions of years of river and stream erosion prior to
glacial erosion and deposition. Prior to the most
recent ice age (<2 million years ago), the land-
scape was probably similar to what we observe
today in the Driftless Area of southwest Wiscon-
sin: high broad plateaus dissected by deep con-
tinuous valleys. An evaluation of water well con-
struction reports reveals a set of deeply incised
valleys that cross Winnebago County (fig. 8). The
deepest parts of these valleys are found along the
axis of the Fox River, Lake Poygan, and the Wolf
River. Some sections of these buried valleys are
more than several hundred feet deep and are
filled with thick sequences of glacial lake sedi-
ment.

Within some of the lake sediment sequences are
layers of sand and gravel that provide a feasible
source of water for domestic wells. Further inves-
tigation of the buried valleys may determine
whether layers of sand and gravel within the bur-
ied valleys are sufficiently continuous to provide a
source of groundwater for municipal water wells.

Stop 1. Eureka Moraine, Glacier Ridge Bison
Farm Gravel Pit (owners: Mark and Michelle
Schultz)

The Eureka moraine is a prominent ridge that cuts
across southern Winnebago County. This moraine
formed at the margin of the Green Bay Lobe when



it stabilized at its maximum extent dur-
ing the lobe’s first readvance into Wis-
consin around 15,000 years ago. From
the study of modern glaciers, geologists
know that many large streams carrying
sand and gravel usually emerge from
beneath the ice. This sand and gravel is
usually deposited directly in front of the
ice margin as the stream flows away
from the ice lobe (fig. 9). Thick accumu-
lations of sand and gravel can occur
where the ice sheet stabilizes, forming a
moraine.

Such is the case at the Glacier Ridge Bison Farm
where sand and gravel is currently being exca-
vated at the crest of the moraine. Please note that
in the main part of the pit up to ten feet of red gla-
cial till (reworked lake sediment) overlies nearly
30 feet of sand and gravel. This sand and gravel
was most likely deposited in a deep river channel
that was emerging from the base of the ice lobe
close to its margin. The extent of this old river
channel is not obvious, but it appears to extend
across the property and has apparently been
mined for many decades.

A review of topographic maps and aerial photo-
graphs reveals that over the past 80 years numer-
ous sand and gravel pits have been located in the
ancient river channels associated with the Eureka
moraine. Apparently, these deposits have supplied
a significant amount of sand and gravel to the
county. Currently only a few gravel pits are lo-
cated along the moraine, but further exploration
may reveal the potential for more deposits.

Stop 2. Eureka moraine, Radio Tower Hill

Radio Tower is located on top of the Eureka mo-
raine and is an excellent location to view the sur-
rounding landscape. As you look south, the land-
scape is dominated by a rolling topography con-
sisting mainly of elongated hills called drumlins
that were formed when the Green Bay Lobe was
receding from its maximum extent, around
17,000 years ago. To the north of the Eureka mo-
raine, the landscape is relatively flat and is domi-
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Figure 9. Margin of the Green Bay Lobe forming the
Eureka moraine and associated proglacial outwash
fans (a). Many features such as drumlins and eskers
that formed on the bed of the glacier (b) have been
buried beneath lake sediment in Winnebago County.

nated by red till and lake sediment deposited in
glacial Lake Oshkosh.

The Eureka moraine is not only important because
it marks the limit of the readvancing Green Bay
Lobe and represents a potential resource of sand
and gravel, but because it divides the region into
two areas where the surface materials consist pre-
dominantly of sand to the south and fine-grained
lake sediment consisting of silt and clay to the
north. Representative grain-size analyses of these
sediments show a dramatic increase in sand in the
surface materials, from about 20 percent to 65
percent as we cross the moraine. This difference
in grain size reflects the origin of the sediment.
The sandy sediment to the south of the Eureka
moraine was most likely eroded from the sand-
stone and dolomite that underlie large parts of the
area covered by the Green Bay Lobe. On the
other hand, the surface material north of the mo-
raine is a product of fine-grained lake sediment
deposited in glacial Lake Oshkosh, some of which
has been reworked into glacial till.

Such a dramatic difference in sand content of sur-
face materials will play a major factor in storm-

10 General Geology and Natural Resources of Winnebago County, Wisconsin



water infiltration and runoff. The surface sediment
south of the moraine is more permeable and
likely to adsorb surface-water runoff. To the north
of the moraine, however, the land surface is less
permeable and runoff is more likely to occur.

Stop 3. NorRok Materials Quarry (owner: Tim
Trapp); A.F. Gelhar Company Quarry (owner:
Jim Gelhar)

The NorRok and Gelhar Quarries are located im-
mediately adjacent to each other in the southwest
corner of Winnebago County. The quarries, when
viewed together, provide an excellent example of
how the Platteville dolomite (Sinnipee Group)
overlies the highly irregular St. Peter sandstone.

The walls of the Gelhar Quarry expose approxi-
mately 60 feet of St. Peter sandstone. This rock, as
you will observe, consists of sand grains that are
weakly cemented together. As a result, the sand is
easy to mine and is commonly used in the
foundry industries as molding sand. Close inspec-
tion of the quarry walls shows structure in the
rock, indicating that the sand was initially depos-
ited in a deep river channel cut down into the
older Prairie du Chien dolomite (not visible). From
the dimensions of the quarry it is not easy to de-
termine the shape or direction of the filled chan-
nel as it crosses the landscape.

Immediately adjacent to this pit is the NorRok
Materials Quarry where the younger Platteville
dolomite is actively being mined and crushed for
the construction industry. In the southern part of
this quarry near the scale house, the dolomite lies
on top of the St. Peter sandstone. However, as we
move immediately northward, the sandstone
pinches out beneath the younger dolomite and
ceases to exist, showing the lateral discontinuity
of the formation. The thin, 1- to 2-foot sand seam
observed in the face of the dolomite quarry may
be the sandstone that separates the Platteville do-
lomite from the much older Prairie du Chien dolo-
mite.

In many other areas of the county such as the
towns of Omro, Algoma, and Clayton, the St. Pe-
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ter sandstone is buried deeply beneath younger
rocks and is saturated with water, making an ex-
cellent aquifer for domestic wells. As residential
development has increased in these areas over
the past decade, many new wells have tapped
into this sandstone aquifer. This increased demand
for water has lowered the water table in places,
allowing oxygen to enter the aquifer, resulting in
chemical reactions (oxidation) that release certain
heavy metals including arsenic, cadmium, chro-
mium, nickel, and iron. Even without the process
of oxidation, the presence of sulfide minerals may
result in low levels of arsenic in groundwater
wells (on the order of 5 to 30 parts per billion).
For example, based on previous well water sam-
pling in the Town of Clayton, one of every four
wells is likely to have unacceptable water quality
due to the presence of heavy metals.

Stop 4. Allen Quarry (owners: Michaels Mate-
rials)

The Allen Quarry, located off Highway 21 near
the intersection of County Highway K, is an excel-
lent place to view a 40-foot high section of Prairie
du Chien dolomite overlain by 10 feet of red gla-
cial till. Close inspection of the dolomite reveals a
set of horizontal cracks (bedding planes) and a set
of vertical cracks (fractures). The dolomite is con-
tinuous across the quarry, providing Michaels Ma-
terials with a good supply.

The Prairie du Chien dolomite, a dominant source
of crushed rock in southwestern Winnebago
County, forms many of the broad upland areas in
the towns of Nepeuskun, Rushford, and Poygan.
The western edge of many of these upland areas
represents the westernmost extent of dolomite in
the county.

A review of the bedrock surface elevation map
(fig. 8) reveals that many of these upland areas are
dissected by broad valleys where the dolomite
has been eroded away, exposing the older Cam-
brian sandstone at the bedrock surface (fig. 6).
These bedrock valleys are filled predominantly
with lake sediment, although layers of sand and
gravel may be present. As a result, these buried



bedrock valleys may be a source of groundwater
for domestic water wells.

At the top of this quarry the dolomite is covered
by red till. Because we are within the margin of
the Eureka moraine, most of this material is re-
worked lake sediment from glacial Lake Oshkosh.
These deposits usually contain less than 20 per-
cent sand, making them relatively impermeable to
the infiltration of stormwater.

Stop 5. Lunch (Review of lake sediments from
glacial Lake Oshkosh)

The WGNHS has drilled nine deep boreholes in
the Fox River lowland to characterize the type of
sediment present in buried bedrock valleys. These
valleys dissect Winnebago County and have been
filled in with glacial sediment deposited during
the most recent glaciation. These glacial sedi-
ments most likely consist of lake sediment that is
clay and silt. However, some of the sediment may
contain layers of sand and gravel that could be a
groundwater resource.

Although the WGNHS has not yet drilled any
boreholes in the buried valleys in Winnebago
County, several boreholes are located immedi-
ately to the west in Waushara County. Several of
these boreholes show saturated sand layers that
range between 40 and 60 feet in thickness. More
drilling will be needed to determine whether
these sand layers extend into the buried valleys in
Winnebago County and whether they contain ad-
equate groundwater resources for municipal
wells.

The majority of the sediment in the nine bore-
holes contains thick sequences of lake sediment.
Several boxes of this lake sediment, displayed for
examination, reveal numerous small layers of silt
and clay. One silt layer and one clay layer, usually
called a couplet, represent one year of deposition.
Counting these couplets shows that glacial Lake
Oshkosh existed for more than 1,000 years during
its most extensive phase.

Old organic material consisting of lake plants and
tree branches is also buried in the clay and silt
couplets, allowing us to perform radiocarbon
analyses to determine the age of glacial Lake
Oshkosh. The history of the lake is now fairly well
known (fig. 2), including the distribution of lake
sediment in the Fox River lowland.

The distribution of such fine-grained lake sedi-
ment over the landscape explains the poor infil-
tration and the problems with soil erosion in Win-
nebago County. Such erosion has significant im-
pact on surface-water bodies, including the lakes.
Winnebago County has realized the impact of this
runoff and has an ordinance requiring erosion
control and stormwater management at construc-
tion sites. Educating the public on the impact of
the soil erosion on surface-water bodies could
also help improve their quality.

Stop 6. Ben Carrie Quarry (owners: Michaels
Materials)

The Ben Carrie Quarry, owned and operated by
Michaels Materials, is located in the Town of
Menasha just west of Neenah. The quarry is an
excellent place to observe the relationships be-
tween the St. Peter sandstone and the Platteville
and Prairie du Chien dolomites.

In the northeastern end of the quarry, approxi-
mately 20 feet of fractured Platteville dolomite
overlies 15 feet of yellow St Peter sandstone. Ex-
amination of the quarry wall shows that the sand-
stone pinches out laterally to the north. As we ob-
served at Stop 1, this is not surprising given the ir-
regular occurrence of the St. Peter sandstone
across Winnebago County. Where the sandstone
pinches out in the quarry wall, the Platteville do-
lomite overlies the Prairie du Chien dolomite. A
walk along the quarry walls shows that the dolo-
mite from these two units is very similar, although
there are slight differences that help geologists
identify them independently. Some of these differ-
ences include the mechanical properties of the
rock as well as the presence of shale layers.

12 General Geology and Natural Resources of Winnebago County, Wisconsin



The St. Peter sandstone is especially interesting at
this stop because it shows the presence of natu-
rally occurring sulfide minerals. These sulfide
minerals, when exposed to the oxygen in the air,
oxidize and turn parts of the rock red and yellow.
A result of this oxidation process is that heavy
metals such as arsenic, chromium, and nickel can
be released to the environment.

In many areas of Winnebago County, the St. Peter
sandstone is buried deep below the land surface.
As a result, the sandstone can be fully saturated,
thereby providing a good source of groundwater
for residential water wells. Due to the rapid de-
velopment of many new housing developments in
the county, the demand for water from the St. Pe-
ter sandstone has increased dramatically over the
last decade.

Stop 7. Emerald Valley Development, Town of
Clayton

The Emerald Valley Development, which covers
approximately 100 acres, is a rural subdivision
approved by the Town of Clayton. The develop-
ment, located 5 miles west of Neenah, is amidst
many other housing developments in the area.
Given that public water and sewer will not be ex-
tended to the site, dwellings in the development
will most likely have to rely on septic systems for
wastewater disposal and individual wells for wa-
ter supply. This gives rise to several questions.

1. Is there a potential source of sand and gravel
or crushed rock at the site or in the surrounding
neighborhood?

The development is located on an upland area
where approximately 15 feet of red till overlies 75
feet of Platteville dolomite. The elevation of this
upland area drops off 1 mile to the east onto a
lower plain that is covered with glacial Lake
Oshkosh sediment. This drop in elevation, or es-
carpment, is where the Platteville dolomite termi-
nates and comes near the land surface. This es-
carpment trends north to south, crosses the Town
of Clayton, and provides good access for compa-
nies mining dolomite. Although there appear to
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be no quarries along this escarpment in the Town
of Clayton, it is a source of dolomite as deter-
mined by the location of other quarries located in
Outagamie County.

Closer inspection of the surrounding landscape
shows that there is a hill located immediately
west of the development. This hill most likely con-
sists of Platteville dolomite and would probably
be an excellent source of crushed rock.

2. Are the surface materials (soils) suitable for
the development of septic systems?

A review of the preliminary geologic maps and
the soil survey for Winnebago County shows that
this site is covered by reworked lake sediment
(till), consisting mainly of clay and silt. The sur-
face sediment, therefore, is likely to be unsuitable
for traditional below-grade septic systems due to
poor infiltration of water. Apparently, percolation
tests on the soils confirm this finding, making
mound septic systems the most viable alternative
for wastewater disposal.

3. Is surface-water runoff during development of
the site a potential concern?

The presence of a relatively impermeable clay-
rich soil at the site makes surface-water runoff a
potential problem at the site if not managed cor-
rectly. A review of topographic maps shows that
the development is located on a rolling upland
area away from any major lakes or streams. Two
small swales cut across the site, draining any sur-
face-water runoff to the ditches located along the
roadway. These ditches eventually drain the water
westward to the Arrowhead River, which flows
into Lake Winneconne.

4. Will numerous septic systems potentially im-
pact groundwater resources at this site?

A review of water well records show that there is
approximately 10 feet of till over 75 feet of
Platteville dolomite before reaching the St. Peter
sandstone. It appears that many of the residential
wells use groundwater from the sandstone as their



primary water supply. Further review of the well
records shows that groundwater is first detected
around 40 to 50 feet below the ground surface.
Given this information, there appears to be a rela-
tively small chance that contaminants from septic
systems would have an impact upon the ground-
water beneath the site due to the relatively low-
permeability of the surface sediment and the
depth to groundwater.

Please be aware that when an aquifer is close to
the ground surface, there is always a chance that
contaminated surface water could have an impact
upon shallow groundwater resources. As observed
in the Ben Carrie Quarry (Stop 6), the Platteville
dolomite contains many vertical fractures that
may allow contaminants to reach the groundwater
more quickly than expected.

5. Assuming no public water supply, are there
sufficient shallow groundwater resources to sup-
ply individual domestic water wells?

Again, the review of water well records in the
area shows that the St. Peter sandstone as a pri-
mary aquifer supplying groundwater to many wa-
ter wells. Water-level data on these records indi-
cate that the sandstone is fully saturated when the
wells were initially installed. Without monitoring
many of these wells, it is not possible to deter-
mine whether the water levels have fallen due to
increased use of the groundwater. Although there
is likely sufficient quantity of groundwater, in this
area the St. Peter aquifer does not reliably supply
groundwater that meets state and federal drinking-
water guidelines.

6. Assuming water levels will fall with increased
use of the St. Peter sandstone aquifer, are sulfide
minerals present in the rock that could lead to
contamination of the groundwater?

There is sufficient evidence in the Town of
Clayton that many wells located in the St. Peter
sandstone have been contaminated with elevated
levels of arsenic. Therefore, we can conclude that
naturally occurring sulfide minerals are present in
the St. Peter sandstone. The increase in use of this
sandstone aquifer has probably lowered water
levels, allowing oxidation of the sulfide minerals
to occur. In many cases, this has resulted in con-
tamination of the groundwater. Even without the
process of oxidation, the presence of sulfide min-
erals in the sandstone may result in low levels of
arsenic in groundwater wells (on the order of 5 to
30 parts per billion). Based on previous well wa-
ter sampling in the Town of Clayton, one of every
four wells is likely to have unacceptable water
quality.

7. Given that many wells in the St. Peter Sand-
stone have been impacted with arsenic and other
metals, are there deeper aquifers that could sup-
ply better quality water?

The water well records reveal that the formations
beneath the St. Peter sandstone include the dolo-
mite of the Prairie du Chien Group and the Cam-
brian sandstones, both potentially containing
abundant groundwater. Given that these potential
aquifers are much deeper, the additional drilling
costs to install the wells might be substantial and
would increase the cost of site development by
several thousand dollars.

14 General Geology and Natural Resources of Winnebago County, Wisconsin



Waupaca County Outagamie County
>
= c
c S
3 8
< 3
o =
®© S
e _
2 S
3
=
Legend
Bedrock elevation
I 900 - 950 ft. ASL
I 850 - 900
[ 800 - 850
[ 750-800
700 - 750
[ 650-700
[ 600 - 650
[ 550 - 600
500 - 550
- [
2
c
>
o
@)
[0) 8}
X @©
© -
= 3 >
0] <
o ) » 25
o w o
Fond du Lac County
Map courtesy of Bruce Brown

0 15 3 6 Miles Bedrock Units
Os - Sinnipee Group (Galena/Platteville dolomite)

Supplemental figure to the Field Trip Guide Book Oa - Ancell Group (St. Peter sandstone)
Op - Prairie du Chien Group (dolomite)
Bedrock geology superimposed on the bedrock elevation Cu - Cambrian sandstones (undifferentiated)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




