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Abstract

Three-dimensional bedrock 
mapping of Grant County at 
a scale of 1:100,000 provides 

new baseline information on the 
distribution of geologic units. Grant 
County contains Paleozoic bedrock 
units ranging in age from Silurian to 
Cambrian. Strata typically dip to the 
southwest between 14 and 30 ft per 
mile. Older rocks are typically found at 
low elevations in the northern portion 
of the County. Silurian rocks are only 
exposed at Sinsinawa Mound in south-
ern Grant County.
Gentle folds and small faults deform 
the Paleozoic sequence. Folds were 
mapped based on structure contours 
of the base of the Platteville Formation 
and Prairie du Chien Group. The 
northwest trending Mineral Point 
anticline is the largest fold in Grant 
County, where it reaches around 200 
ft in structural relief. Fracture patterns 
vary across the county, but can be 
interpreted in the context of local 
folds. Paleozoic folding is interpreted 
to have resulted from reactivation of 
Precambrian faults, and the accompa-
nying strain in the Paleozoic section 
induced differential stresses resulting 
in fracture sets. Modeled finite strain 
at the fault tipline near the base of the 
Cambrian section is significant despite 
the small displacements inferred along 
basement faults.

Introduction

Grant County lies along the 
border with Illinois and Iowa in 
southwestern Wisconsin. The 

County is divided into two physio-
graphic regions separated by the 
east-west trending Military Ridge. In 
the north, the landscape is dissected 
by streams and contains approxi-
mately 300 ft of topographic relief. 
In the south, the landscape is flatter 
and is composed of rolling uplands. 
Several large drainages, including the 
Grant and Platte Rivers, cut through 
the topography. Also interrupting the 
topography is Sinsinawa Mound, a 
monadnock in southern Grant County 
composed of Silurian-aged rocks.
Southern and much of central Grant 
County is part of the historic Upper 
Mississippi Valley Zn-Pb mining 
district. The district is the namesake 
for Mississippi Valley-type base metal 
deposits, which form from hydrother-
mal brines migrating upwards and 
precipitating Zn, Pb, Fe, and minor 
Cu sulfides, usually in carbonate rocks 
(Leach and others, 2010). Due to the 
economic significance of the mining 
district, studies on the geology began 
early with Owen and others (1844), 
Percival (1856), Strong (1877), and 
Chamberlin (1882). These early authors 
identified the basic stratigraphic frame-
work of Grant County and recognized 
the role of folds in localizing sulfide 

mineralization. Mapping to support 
mineral exploration continued into the 
20th century. Of note was the work 
of Grant (1906) and numerous USGS 
workers in the 1950s and 1960s (e.g. 
Mullens, 1964; Taylor, 1964; Whitlow 
and West, 1966a; Whitlow and West, 
1966b). Mining ended in the Wisconsin 
portion of the mining district in 1979.
Bedrock mapping was reinitiated in 
Grant County to support the results of 
the southwest Wisconsin groundwater 
and geology project (SWIGG). SWIGG 
was designed to study nitrate and 
bacteria contamination in groundwa-
ter wells in Grant, Iowa, and Lafayette 
counties. SWIGG found that in addition 
to land use and well site characteristics, 
bedrock geology and well construc-
tion practices impact the probability 
of a groundwater well containing high 
levels of nitrate and bacteria (Stokdyk 
and others, 2023).
This report and the accompanying 
map (plate 1) build on the surface 
mapping of early workers by describ-
ing and mapping geologic units and 
structures in three dimensions across 
all of Grant County. Field work from 
historic and recent mapping produced 
extensive field observations that are 
used to revise unit nomenclature. 
Compilation of structure data are used 
to interpret the origins of fractures, 
folds, and the regional tectonic 
history. Structural interpretations 
and the accompanying GIS datasets 
can be used to support the results 
of the SWIGG study because nitrate 
and bacteria issues are three-dimen-
sional problems involving both well 
construction practices and bedrock 
geology. The results can also be used 
to improve understanding of the struc-
tural setting of mineral deposits.

Pecatonica member in an abandoned 
quarry northeast of Fennimore, WI
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Methods

Contacts on the bedrock map 
were constructed by inter-
secting rasters consisting of 

a specific contact between bedrock 
formations and groups with a raster 
of the bedrock surface. The elevation 
of the bedrock surface is land sur-
face minus the thickness of overlying 
unconsolidated Quaternary sediment. 
Bedrock contact rasters (dataset 3) 
were constructed from new mapping 
and previously published maps. Figure 
1 shows the locations of datasets used 
to construct bedrock rasters. Structure 
contours, unit thickness estimates, and 
elevation data extracted from surface 
contacts were compiled from pub-
lished 1:24,000-scale maps (Agnew, 
1963; Whitlow and Brown, 1963; 
Mullens, 1964; Taylor, 1964; Whitlow 
and West, 1966a, 1966b, 1966c; West 

and others, 1971; West and Blacet, 
1971; West and Heyl, 1985; Stewart 
and others, 2022a, 2022b; Bremmer 
and others, 2023; Stewart and others, 
2023; Fitzpatrick and Stewart, 2024) 
and used to construct contact rasters. 
Field contact lines from mapping 
were converted into a series of points 
in ArcGIS Pro, and surface elevation 
values were calculated for each point. 
The spacing between points ranged 
from less than 65 ft to approximately 
650 ft. Field data were supplemented 
by interpretations from geologic logs 
of the Mineral Development Atlas 
(Tweedy and Heyl, 1952; Pepp and 
others, 2019), and interpretations from 
select water well construction reports 
(WGNHS, unpub. data, 2025). Airborne 
electromagnetic data from southwest 
Wisconsin (Crosbie and others, 2023) 
were used in areas with little surface 
control. Airborne electromagnetic 

data provide a two-dimensional 
resistivity model along measured flight 
paths. Certain stratigraphic intervals, 
such as the combined Glenwood, 
Platteville, and Decorah formations, 
tend to be less resistive than over-
lying and underlying units, and can 
be used to approximate the base 
of the Platteville Formation in some 
locations. All compiled data for each 
unit contact were used to construct 
interpolated raster contact surfaces 
using the TopoToRaster tool in ArcGIS 
Pro. Some smoothing of the interpo-
lated surface was introduced to reduce 
the importance of datasets with higher 
uncertainty, such as well construction 
reports. Smoothing has little effect 
on high density data sources, such 
as field contact points. The result is a 
constructed raster surface that tracks 
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Figure 1. Geologic map sources 
used to construct the bedrock 
surfaces and county-wide bedrock 
geologic map. 1–Stewart and others 
(2022a) 2–Fitzpatrick and Stewart 
(2024) 3–Stewart and others (2022b) 
4–Bremmer and others (2023) 5–
Stewart and others (2023) 6–West 
and Heyl (1985) 7–West and Blacet 
(1971) 8–West and others (1971) 
9–Taylor (1964) 10–Whitlow and 
West (1966a) 11–Whitlow and West 
(1966b) 12–Agnew (1963) 13–Whitlow 
and Brown (1963) 14–Whitlow and 
West (1966c) 15–Mullens (1964). 
Areas outside of boxed areas are 
new mapping.
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field contacts closely and smooths 
out some of the unevenness of well 
construction report data.
Map contacts on the plate are 
generally close to contacts on geo-
logic maps from adjacent counties. 
1:24,000-scale data sources straddle 
the boundary of Grant County with 
all of Lafayette County (Agnew, 1963; 
Mullens, 1964; Taylor, 1964), much of 
Iowa County (Carlson, 1961; Taylor, 
1964; Fitzpatrick and Stewart, 2024), 
and all of Jo Daviess County, Illinois 
(Whitlow and Brown, 1963; Mullens, 
1964; Whitlow and West, 1966c). In 
those cases, the map is continuous 
with the existing maps across the 
county boundaries. Slight variation 
exists in the base Maquoketa contact 
between this map and the 1:62,500-
scale bedrock map of Jo Daviess 
County by McGarry (2000), probably 
due to different data sources. Contacts 
at the boundary between this map and 
the adjacent 1:100,000-scale map of 
Iowa County (Batten and Attig, 2010) 
are similar, though less Ancell Group 
is generally mapped on ridge crests in 
the Iowa County geologic map.
Uncertainty in the accuracy of the 
rasters varies by location, data sources, 
and geologic unit. Most contacts 
derived from previously published 
1:24,000-scale maps (fig. 1) are proba-
bly accurate to within 20 vertical feet. 
Rasters in these areas have a similar 
accuracy. However, raster surfaces 
beneath flat upland areas far from 
mapped contacts have higher uncer-
tainty. Additionally, field observation 
density varies in published 1:24,000-
scale maps, and areas with low data 
density will tend to have higher uncer-
tainty. Areas of rasters not previously 
mapped at 1:24,000-scale (fig. 1) have 
higher uncertainty, perhaps approach-
ing 50 ft. Units progressively deeper 
in the subsurface have progressively 
higher uncertainty. Finally, the uncon-
formable surface at the base of the St. 
Peter Formation is difficult to predict 
in the subsurface. The base St. Peter 
surface constructed as part of this 

map is a geologically plausible surface 
depicting paleochannels, but it is likely 
highly inaccurate locally (uncertainty 
is greater than 100 ft). Users interested 
in understanding areas with better 
and poorer constrained contacts 
are referred to the maps referenced 
in figure 1.
Folds were mapped using structure 
contours of the base of the Platteville 
Formation and base of the Prairie du 
Chien Group and were assumed to 
continue into underlying and overlying 
units. To include folding in subsurface 
units with little surface or well control, 
isopach rasters were constructed for 

these units and added to or subtracted 
from the elevation rasters of well 
constrained contacts. This approach 
allowed thickness changes in map 
units to be accounted for in elevation 
rasters of subsurface contacts with 
poor control. Following the intersec-
tion of contact rasters and the bedrock 
surface, some map contacts were hand 
edited to remove intersection effects. 
All rasters are included in the supple-
mentary data (dataset 3).
The bedrock surface was constructed 
by subtracting a depth-to-bedrock 
map of Grant County (fig. 2) from 
the 2017 NED DEM (United States 
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Figure 2. Depth-to-bedrock map of Grant County. Data sources used to 
construct the depth-to-bedrock map include outcrop locations, geologic 
logs from the Mineral Development Atlas, logs from water well construction 
reports, and lidar.
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Geological Survey, 2017) with a 10 
m (32.8 ft) land surface resolution. 
The depth-to-bedrock map was 
constructed using outcrop locations 
from new and previously published 
geologic maps (Agnew, 1963; Whitlow 
and Brown, 1963; Mullens, 1964; Taylor, 
1964; Whitlow and West, 1966a, 1966b, 
1966c; West and Blacet, 1971; West 
and others, 1971; West and Heyl, 1985; 
Stewart and others, 2022a, 2022b; 
Bremmer and others, 2023; Stewart 
and others, 2023; Fitzpatrick and 
Stewart, 2024), depth-to-bedrock 
interpretations from geologic logs of 
the Mineral Development Atlas, depth-
to-bedrock interpretations from water 
well construction reports, and lidar. 
Figure 2 shows a generalized depth-
to-bedrock map for Grant County.
Whole-rock geochemistry was ana-
lyzed by ALS in Vancouver, Canada. 
Hand-size samples were crushed to 
chips, then a selection of each sample 
was ground so that at least 85 percent 
had a grain size diameter smaller than 
75 microns. Major elements were ana-
lyzed by ICP-AES following a lithium 
borate fusion. Most trace elements 
were analyzed with ICP-MS using an 
acid dissolution of the fused bead. 
Volatile trace elements (As, Bi, Hg, In, 
Re, Sb, Se, Te, Tl) were analyzed by 
ICP-MS using the ALS aqua regia two-
acid (nitric and hydrochloric) digestion. 
This is effective at dissolving sulfides, 
carbonates, and phosphates. Sulfur 
and carbon were analyzed with IR 
spectroscopy following induction fur-
nace heating. Whole-rock geochemical 
results are available in the supplemen-
tal materials (dataset 2).

Description of 
map units

Each unit description is divided 
into two sections: a brief his-
torical background followed by 

a description. Many historical maps 
and geologic logs in Grant County 
and across southern Wisconsin used 
nomenclature that predates divisions 
established by Ostrom (1969). The his-
torical background is meant to serve 
as a bridge between historic data and 
current nomenclature. Carbonate units 
are described using the terminology of 
Dunham (1962).

Silurian
Silurian undivided
Background
Silurian-aged rocks in Grant County 
are part of the Edgewood, Kankakee, 
and Hopkinton formations (Heyl and 
others, 1959). In Grant County, expo-
sure of these rocks is restricted to the 
far southern portion of the county at 
Sinsinawa Mound. Whitlow and West 
(1966c) divided Silurian-aged rocks 
into separate formations, but this 
map does not attempt to subdivide 
Silurian units.

Description
Silurian strata are generally yellow-
ish-gray to olive-gray, fine- to medi-
um-grained crystalline dolomite. 
Agnew and others (1956) note Silurian 
dolomites are yellower than the under-
lying Galena Formation and contain 
far fewer vugs. Chert nodules and 
chert beds are present in most of the 
exposed section at Sinsinawa Mound 
(Whitlow and West, 1966c). The basal 
20 ft of the Silurian dolomite is lam-
inated and argillaceous (Agnew and 
others, 1956), but becomes massively 
bedded and less argillaceous above 
(Whitlow and West, 1966c). Tabulate 
corals are present at Sinsinawa Mound 
in southern Grant County (Whitlow 
and West, 1966c), where approximately 
140 ft of section is exposed.

Ordovician
Maquoketa Group
Background
The Maquoketa Shale was first named 
by White (1870) for exposures in 
eastern Iowa. Ostrom (1969) followed 
nomenclature used in Iowa by treating 
the Maquoketa Shale as a formation. 
For several decades, Wisconsin maps 
and survey publications treated the 
Maquoketa as a formation (Evans and 
others, 2004; Batten and Attig, 2010; 
WGNHS, 2011). However, Stewart 
(2021) followed the nomenclature of 
Illinois (Templeton and Willman, 1963) 
and treated the Maquoketa as a group. 
The Neda, Brainard, Fort Atkinson, 
and Scales were treated as forma-
tions within the Maquoketa Group. 
This shift was done in part because 
in eastern Wisconsin the Brainard 
and Scales are thick enough to map 
separately at a scale of 1:100,000. This 
map follows Stewart (2021) and treats 
the Maquoketa at the group level. 
However, exposure of the Maquoketa 
is poor in southwestern Wisconsin, 
and no attempt was made to subdi-
vide the unit.

Description
The Maquoketa Shale is a dark-blue, 
gray, to brown shale with lesser inter-
bedded dolomite. The proportion of 
dolomite increases to the south, west, 
and east of Grant County (Agnew and 
others, 1956). A hematitic shale and flat 
pebble conglomerate probably equiv-
alent to the Neda Formation is found 
at the top of the unit and is 8 to 17 ft 
thick (Agnew, 1955). The base of the 
unit, marking an increase in siliciclastic 
content compared to the upper Galena 
Formation, is interpreted to represent a 
sequence boundary (Choi and others, 
1999). The base contains phosphate 
clasts and multiple hardground sur-
faces (McLaughlin and others, 2011). 
Graptolites and cephalopods are found 
in the Maquoketa (Whitlow and West, 
1966a). The thickness of the unit varies 
regionally. At Sinsinawa Mound in 
southern Grant County, the Maquoketa 
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is around 135 ft thick. To the south 
near Galena, Illinois, the Maquoketa is 
108 ft thick, but north of Grant County 
near Blue Mounds, it increases to 240 
ft thick (Agnew and others, 1956).

Galena Formation
Background
The Galena Formation was first 
described by Hall (1851). The most 
recent subdivisions in Wisconsin 
subdivide the Galena into an upper 
Dubuque Member, a middle Wise 
Lake Member, and a lower Dunleith 
Member (Templeton and Willman, 
1963; Ostrom, 1969). However, the base 
of the Galena Formation has been 
inconsistently defined (see Decorah 
Formation discussion below). This map 
follows previous mapping in south-
west Wisconsin and places the base of 
the Galena Formation above the Ion 
Member of the Decorah Formation 
(e.g. Agnew and others, 1956; Heyl and 
others, 1959). The description of the 
Galena below follows Agnew and oth-
ers (1956) and is broken into informal 
upper (non-cherty) and lower (cherty) 
members. The informal upper member 
described below corresponds to the 
Dubuque and Wise Lake members 
of Ostrom (1969), while the informal 

lower (cherty) member corresponds to 
the upper two-thirds of the Dunleith 
Member of Ostrom (1969).

Description
Upper (non-cherty) member. 
Generally light-yellowish-brown dolo-
mitic mudstone to wackestone (Choi 
and others, 1999). Near the top of the 
Galena Formation (Dubuque Member), 
thin-bedded dolomitic shale becomes 
interbedded with dolomite (Agnew 
and others, 1956). The non-cherty 
upper Galena Formation is generally 
medium- to massively-bedded but 
becomes thin- to medium-bedded at 
the top (Agnew and others, 1956). The 
lower part of the non-cherty Galena 
Formation (Wise Lake Member) has 
a honeycomb weathering appear-
ance (Agnew and others, 1956). 
Receptaculites and invertebrate fauna 
such as brachiopods and gastro-
pods occur in the upper member 
(e.g. Whitlow and Brown, 1963). The 
upper (non-cherty) member has a 
total thickness of around 115 to 120 ft 
(Agnew, 1963).
Lower (cherty) member. Generally 
tan to light-brown, mudstone and 
wackestone (Choi and others, 1999). 
Tan to light-brown skeletal wacke-
stone and packstone with minor shale 
partings occur roughly 50 ft above the 
base of the Galena Formation above 

a discontinuity surface interpreted by 
Choi and others (1999) as a sequence 
boundary. Gray chert nodules and 
beds are common in the lower Galena 
Formation. Fine- to medium-grained 
dolomitic sand often fills vugs and 
solution enlarged joints. Shale partings 
become much more prevalent in 
the Ion Member below the Galena 
Formation. The unit is dolomitized 
in southwestern Wisconsin. Beds 
are medium- to massively-bedded. 
Hardgrounds are common (Beyer 
and others, 2008). Receptaculites is 
common in parts of the lower Galena 
Formation. Thalassinoides also occur 
in parts of the lower Galena Formation 
(Beyer and others, 2008; Stewart 
and others, 2022b), though the high 
density of burrows often make exact 
identification difficult. The burrows 
and surrounding matrix have differ-
ent porosity and permeability values 
(Dockal, 2021), which probably gives 
rise to differential weathering and the 
characteristic honeycomb weathering 
of the Galena Formation. Geologic logs 
from the Mineral Development Atlas 
(Pepp and others, 2019), drilled in areas 
of prospective sulfide mineralization, 
show “openings” in the rock that are 
concentrated near the base of the unit 
(fig. 3). Openings in the historic litera-
ture can represent both open space in 
the rock and open space subsequently 
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Figure 3. Histogram of openings, 
or open space elongate parallel to 
bedding, found in the Galena and 
Decorah formations in Grant County. 
Data come from geologic logs that 
are part of the Mineral Development 
Atlas (Pepp and others, 2019). 
Frequency measures the number of 
openings recorded over 10-ft inter-
vals in the geologic logs relative to 
the base Galena Formation. Vertical 
fractures and fissures have been 
removed. Only logs with the base of 
the Galena Formation are included. 
Logs come from areas with mineral-
ization potential, so the distribution 
of openings may not be similar in 
unmineralized areas.
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filled with clay. Most exploration holes 
represented by figure 3 were started 
within the upper Galena Formation, so 
the data are biased against recording 
openings near the very top of the unit. 
The thickness of the cherty portion of 
the Galena Formation is around 100 
to 107 ft (Agnew and others, 1956; 
Agnew, 1963).

Decorah Formation
Background
The nomenclature and upper con-
tact of the Decorah Formation has 
been inconsistently defined and used 
in Wisconsin. This inconsistency has 
led to considerable confusion in the 
literature. In this map, we follow the 
usage of Kay (1928) and include the 
upper Ion Member, the Guttenberg 
Member, and the basal Spechts Ferry 
Member as part of the Decorah 
Formation. All southwestern Wisconsin 
geologic maps from the second half 
of the 20th century onwards, as well as 
many research articles, have included 
the Ion as a member of the Decorah 
Formation (Carlson, 1961; Allingham, 
1963; Agnew, 1963; Whitlow and West, 
1966a; West and Blacet, 1971; West and 
Heyl, 1985; Emerson and others, 2004; 
McLaughlin and others, 2011; Callen 
and Herrmann, 2019; Stewart and oth-
ers, 2022a; Stewart and others, 2022b; 
Bremmer and others, 2023; Fitzpatrick 
and Stewart, 2024). However, when 
Ostrom (1969) defined the Sinnipee 
Group in Wisconsin, the Ion was 
moved into the Galena Formation. 
No rationale was provided for this 
move. This stratigraphic shift was 
used by WGNHS (2006; 2011) and was 
picked up in numerous journal articles 
(e.g. Choi and others, 1999; Swanson 
and others, 2014). The placement 
of the Ion into the stratigraphically 
higher Galena Formation was likely 
the result of carrying nomenclature 
used in northern Illinois (Templeton 
and Willman, 1963) into Wisconsin. In 
northern Illinois, the equivalent units to 
the Ion are the Buckhorn and St. James 
members of the Dunleith Formation, 
which are included stratigraphically 

above the Decorah (see Templeton 
and Willman, 1963). Relative to Grant 
County, the percentage of shale in 
the Ion-equivalent units of the section 
decreases southward into Illinois and 
eastward into central Wisconsin and is 
probably the cause of the nomencla-
ture confusion. Placing the Ion within 
the Decorah Formation is favored here 
due to its lithostratigraphic similarity 
to the Guttenberg and Spechts Ferry 
Members of the Decorah Formation 
in southwestern Wisconsin, its his-
toric placement within the Decorah 
Formation in geologic maps of south-
western Wisconsin, and its lithologic 
differences from the Galena Formation.

Description
Ion Member. The Ion Member of the 
Decorah Formation is a gray to gray-
ish-blue wackestone with interbedded 
skeletal packstone (Bremmer and 
others, 2023). Green shale laminations 
that demarcate beds are common and 
can locally reach approximately 0.5 ft 
thick. The Ion varies from dominantly 
a limestone in the west to a dolomite 
in the east (Heyl and others, 1959). The 
base of the Ion contains more siliciclas-
tics and clay than the top (Agnew and 
others, 1956). The Ion contains tabular, 
thin to medium beds. Brachiopods, 
bryozoans, crinoids, and trilobites 
occur in the unit (Agnew and others, 
1956; Choi and others, 1999). Agnew 
and others (1956) considered the con-
tact between the Ion and Guttenberg 
to be conformable, but Choi and 
others (1999) revised this interpreta-
tion, showing the base of the Ion is 
a sequence boundary representing a 
sharp discontinuity, hardground, and 
omission surface. The Ion is typically 
20 to 22 ft thick.
Guttenberg Member. The Guttenberg 
Member is a gray mudstone to skel-
etal wackestone and packstone with 
interbedded brown organic-rich shale. 
The Guttenberg is a limestone in Grant 
County but becomes progressively 
dolomitized eastward. Bedding is 
typically thin and wavy. The Member 
contains brachiopods, mollusks, 

trilobites, and bryozoans (Agnew and 
others, 1956). The thickness of the 
Gutttenberg varies. Where unaltered, 
it is typically 12 to 17 ft thick in Grant 
County. Around areas of mineraliza-
tion, however, much of the carbonate 
has been dissolved by passing fluids, 
leaving a shaly residuum. Thicknesses 
less than 2 ft for the Guttenberg are 
reported in exploration holes in the 
Mineral Development Atlas. Figure 4 
shows how the Decorah Formation 
thickness in the Platteville area is 
highly irregular (fig. 4a) in areas of 
Mississippi Valley-type mineralization 
(fig. 4b). Most of the thinning of the 
Decorah Formation results from disso-
lution of the Guttenberg Member from 
passing fluids.
Spechts Ferry Member. The Spechts 
Ferry Member is a green to green-
ish-blue shale with interbedded light-
gray skeletal packstone and grainstone 
(Choi and others, 1999). Bentonite 
typically occurs near the base of the 
shale, and phosphatic pebbles occur 
in several beds near the top (Agnew 
and others, 1956). Locally, several feet 
of micrite with interlaminated shale 
and minor packstone can underlie 
more typical shale-rich Spechts Ferry, 
but overlie the bentonite (Bremmer 
and others, 2023). This can give the 
Specths Ferry an anomalously large 
local thickness. Brachiopods, bryozo-
ans, crinoids and trilobites occur in 
the unit, as well as Chondrites (Choi 
and others, 1999). The base of the 
Spechts Ferry Member is interpreted 
to be an unconformity and sequence 
boundary (Choi and others, 1999). In 
Grant County, the shaly portion of the 
Spechts Ferry Member ranges from 
around 7 ft thick in the far west to 2 ft 
thick in the east (fig. 5). In mineralized 
areas, most of the carbonate has been 
dissolved, leaving a thin shaly resid-
uum (Agnew and others, 1956).
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Platteville Formation
Background
The Platteville as a formation name 
was first used by Bain (1906). Prior 
workers had included both the 
Platteville and Decorah formations 
within the Trenton limestone (e.g. 
Strong, 1877; Chamberlin, 1882). 
The Platteville Formation includes 
the upper Quimbys Mill Member, 
the middle McGregor Member, and 
the basal Pecatonica Member. The 
Quimbys Mill Member was named 
by Agnew and Heyl (1946) for expo-
sures roughly two miles north of New 

Diggings in Lafayette County, officially 
replacing the earlier colloquial mining 
term of “glass rock.” The McGregor 
Member was named by Kay (1935) for 
exposure in Clayton County, Iowa. The 
Pecatonica Member was first named by 
Hershey (1894) for exposure along the 
Pecatonica River in northern Illinois.

Description
Quimbys Mill Member. The Quimbys 
Mill Member is a light-gray to light-
pinkish-brown very fine-grained 
carbonate mudstone with thin inter-
bedded chocolatey-brown organ-
ic-rich laminae. The unit consists of 

both limestone and dolomite and is 
extremely well lithified such that the 
unit breaks conchoidally when frac-
tured. It is thin- to medium-bedded. 
Horizontal and vertical burrow net-
works are present along discrete beds 
which probably represent omission 
surfaces. Brachiopods and trilobites are 
also common, particularly in the lime-
stone intervals (Agnew and Heyl, 1946). 
The Quimbys Mill Member thickens 
eastward and thins westward. In west-
ern Grant County, it is less than 1 foot 
thick, but in eastern Lafayette County 
the unit is 13 to 14 ft thick (Agnew and 
others, 1956). The unit also becomes 
increasingly dolomitized eastward 
and was locally thinned by Mississippi 
Valley-type mineralizing fluids.
McGregor Member. The McGregor 
Member is a bluish-grey to light-grey 
silty mudstone to wackestone with 
interbedded thin skeletal packstone 
to grainstone beds (Choi and Simo, 
1998). Agnew and others (1956) note 
a green to blue, calcareous shale up 
to 1 foot thick occurs at the base of 
the McGregor in places. Limestone 
is typical of the unit in western Grant 
County, but it becomes increasingly 
dolomitized eastward. It is typically 
thin bedded. The McGregor Member 
has distinctive wavy bedding, inter-
preted by Byers and Stasko (1978) as a 
diagenetic effect. The base of the unit 
contains Trypanites (Byers and Stasko, 
1978). Trypanites is characterized by 
vertical or high angle, isolated burrows 
excavated into a hardground surface. 
Above the base of the McGregor, 
Chondrites is common (Byers and 
Stasko, 1978). The hardground at the 
base of the McGregor is interpreted as 
a sequence boundary (Choi and Simo, 
1998). The McGregor Member is 28 
to 31 ft thick in southwest Wisconsin 
(Agnew and others, 1956).
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Pecatonica Member. The basal 
Pecatonica Member is a gray to tan-
ish-brown mudstone to skeletal wacke-
stone. Sandy dolomite is common at 
the base of the Pecatonica Member. 
Quartz grains are medium- to coarse-
grained (Agnew and others, 1956). The 
base of the Pecatonica also contains 
phosphatic pebbles (Agnew and oth-
ers, 1956). The Pecatonica is dolomitic 
in composition. It is typically medium- 
to thick-bedded, and beds are typically 
planar. Brachiopods and gastropods 
are common, as are Chrondrites and 
Thalassinoides trace fossil assemblages 
(Choi and Simo, 1998). Carbonate 
mud is often heavily bioturbated. The 
Pecatonica is 18 to 24 ft thick (Agnew 
and others, 1956; Carlson, 1961).

Ancell Group
Background
Like most Ordovician units in 
Wisconsin, the Ancell Group has not 
avoided nomenclature disputes. The 
Ancell Group includes the upper 
Glenwood Formation and the lower 
St. Peter Formation and was defined 
for Wisconsin by Ostrom (1969). Other 
authors have placed the Glenwood as 
a member of the overlying Platteville 
Formation (Strong, 1877; Agnew and 
others, 1956; West and Blacet, 1971; 
West and Heyl, 1985). Still others have 
placed the Glenwood as a member of 
the St. Peter Formation rather than a 
separate formation (Ostrom, 1967; Mai 
and Dott, 1985; Dott and others, 1986; 
Batten and Attig, 2010).
Authors have also debated about the 
exact contact between the St. Peter 
Formation and the Glenwood unit. 
Most geologic maps have followed 
the initial description of Calvin (1906) 
and limited the Glenwood to only a 
shaly and dolomitic zone beneath 
the Platteville Formation (Agnew and 
others, 1956; West and Blacet, 1971; 
West and Heyl, 1985; Stewart and oth-
ers, 2022a; Stewart and others 2022b; 
Bremmer and others, 2023; Fitzpatrick 
and Stewart, 2024). Sedimentologists, 
however, have argued that the 
underlying 5 to 10 ft of sandstone is 

depositionally related to the overlying 
shale rather than the underlying sand-
stone, and so have placed the base of 
the Glenwood within the sandstone 
package (Thiel, 1937; Templeton and 
Willman, 1963; Ostrom, 1969). The 
descriptions below place the base of 
the Glenwood above the sandstone, 
but recognize that the upper St. Peter 
Formation may be closely related to 
the shales of the Glenwood Formation.

Description
Glenwood Formation. The Glenwood 
Formation is a green sandy shale to 
dolomitic shale (Agnew and others, 
1956). Dark-brown to black phos-
phate pebbles occur near the top of 
the Glenwood (Agnew and others, 
1956). Pyrite cement is common 
(Agnew and others, 1956). Sand grains 
within the shale vary from fine- to 
coarse-grained. The shale is generally 
laminated. Horizontal and vertical 
burrows are found in the Glenwood 

Formation (Bremmer and others, 
2023). The thickness of the Glenwood 
varies depending on where the base of 
the unit is mapped. Limited to only the 
shaly beds, the Glenwood is typically 1 
to 3 ft thick in Grant County, though it 
may be close to 6 ft near Beetown in 
western Grant County (Ostrom, 1969).
St. Peter Formation. The St. Peter 
Formation contains an upper Tonti 
Member and a lower Readstown 
Member. Ostrom (1967) defined the 
Readstown Member for exposures in 
Vernon County and established the 
Tonti as a member of the St. Peter 
Formation.
The upper 5 to 10 ft of the Tonti 
Member is fine- to coarse-grained 
sandstone, with some green shale lam-
inations. Iron sulfide cements, weath-
ering to iron-hydroxides at the surface, 
are abundant near the contact with 
the Glenwood Formation. Geochemical 
patterns at the top of the St. Peter 

St Peter Formation southeast of Mount Hope, WI
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immediately below the Glenwood con-
tact show spikes in Fe2O3, S, As, and 
P2O5 related to sulfide mineralization 
(fig. 6). Sandstone near the top of the 
St. Peter is poorly sorted, and occurs in 
medium- to thin-beds (Ostrom, 1969). 
Horizontal and vertical burrows have 
been observed in core from northern 
Grant County (Bremmer and oth-
ers, 2023).
The rest of the Tonti Member of the St. 
Peter Formation is a white, tan, or red-
dish-brown, fine- to coarse-grained, 
supermature quartz arenite. Most 
of the Tonti is weakly cemented, but 
locally, the Tonti Member can contain 
iron oxide, dolomite, calcite, or silica 
cement (Chamberlin, 1882; Agnew and 
others, 1956). Sand grains are suban-
gular to round (Agnew and others, 
1956) and are well sorted. Bedding 
varies from thin to massive-bedded 
(Agnew and others, 1956). Cross-beds 
are common.
The basal Readstown Member is a 
white, green, to red-brown sandstone, 
conglomerate, and shale. The compo-
sition of conglomerate clasts includes 
sandstone, chert, shale, and dolomite 
(Mai and Dott, 1985). Bedding thick-
ness is variable. Many shale beds are 
wavy. Soft sediment deformation is 
common in the unit.
The basal contact of the St. Peter 
Formation with the underlying Prairie 
du Chien Group forms an undula-
tory (or possibly pitted) surface with 
scattered sharply incised paleovalleys. 
Chamberlin (1882) was the first to rec-
ognize that the variability in thickness 
of the St. Peter Formation was due to 
its unconformable contact with the 
underlying Prairie du Chien Group. 
Much of the St. Peter Formation has 
a thickness between 40 and 80 ft, but 
thicknesses less than 20 ft and greater 
than 200 ft occur. Paleovalleys cutting 
through the Prairie du Chien Group 
are best exposed in the Highland area 
in northeastern Grant County. Some 
paleovalleys near Highland contain 
the base of the St. Peter Formation in 
contact with the Jordan Formation or 

St. Lawrence Formation (Fitzpatrick 
and Stewart, 2024). The maximum 
thickness of the St. Peter Formation 
in the Highland area is around 330 ft. 
Elsewhere, paleovalleys appear to be 
present but can only be inferred from 
subsurface well data.

Prairie du Chien Group
Background
Bain (1906) named the Prairie du Chien 
Group for section near the town of 
Prairie du Chien in Crawford County, 
Wisconsin, replacing the earlier “Lower 
Magnesian” unit used in the upper 
Mississippi Valley. Bain (1906) sub-
divided the Prairie du Chien into an 
upper Shakopee Formation, a middle 
New Richmond Formation (sandstone), 
and a lower Oneota Formation. This 
nomenclature was used by Heyl and 
others (1959) and a large number of 
quadrangle maps published by the 
USGS in southwest Wisconsin during 
the 1960s and 1970s (fig.1 and ref-
erences therein). Davis (1966) and 
Ostrom (1967), however, disagreed 
and changed the New Richmond into 
a member of the Shakopee Formation 
near the end of the USGS mapping 
campaign in southwestern Wisconsin. 
The timing of this change was unfortu-
nate because the large body of USGS 
mapping from the 1960s and 1970s did 
not use the new naming scheme. The 
Ostrom (1967) nomenclature was used 
in WGNHS (2011). In addition to dis-
crepancies about the stratigraphic level 
of the New Richmond, many mappers 
have mentioned trouble identifying 
the New Richmond in the field (e.g. 
Deal, 1947; Heyl and others, 1959; 
Carlson, 1961; Fitzpatrick and Stewart, 
2024). Many maps did not discuss the 
problem but simply left the Prairie du 
Chien Group as an undivided unit (e.g. 
Taylor, 1964; West and Blacet, 1971; 
West and others, 1971; West and Heyl, 
1985). The New Richmond sandstone 
is likely absent in many areas, and its 
utility as either a formation or member 
is questionable. This map does not 
attempt to break the Prairie du Chien 

Group into separate formations, and 
instead keeps the Prairie du Chien as 
an undivided group.

Description
The Prairie du Chien Group is a gray 
to tan, dolomitic mudstone to wacke-
stone to crystalline dolomite. Chert 
is common. Green shale partings are 
common near the top of the unit 
(Agnew and others, 1956). Oolitic beds, 
sandy dolomite, and minor glauco-
nite are common near the base (Deal, 
1947). Bedding varies from laminated 
to massive. Vugs are common. The 
lower 150 ft of the Prairie du Chien 
Group contains scattered beds of 
laminated, silicified dolomite with stro-
matolite domes reaching up to 3 to 4 
ft in diameter (Fitzpatrick and Stewart, 
2024). Davis (1966) and Ostrom (1967) 
interpreted the base of the New 
Richmond member as an uncon-
formity over the Oneota Formation. 
The top of the Prairie du Chien is a 
karsted unconformity overlain by the 
Readstown Member of the St. Peter 
Formation. The thickness of the Praire 
du Chien Group varies locally due to 
the unconformity. The combined thick-
ness of the Prairie du Chien Group and 
Ancell Group progressively increases 
from around 270 ft in northeastern 
Grant County to approximately 380 ft 
near Cassville in southwestern Grant 
County (fig. 7).

Cambrian
Jordan Formation
Background
The Jordan Formation was first 
named by Winchell (1874) for sand-
stone outcrops in southeastern 
Minnesota near the town of Jordan. 
At about the same time in Wisconsin, 
Irving (1875) named stratigraphically 
similar strata the Madison Sandstone, 
and speculated there might be a 
connection to Winchell’s section. 
Despite the simplicity of this correla-
tion, a dizzying number of names, 
correlations, and basal contacts for 
units near the stratigraphic level of the 
Jordan were proposed over the next 
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nearly 60 years. Finally, Trowbridge 
and Atwater (1934, p. 26) decided that 
“order should be brought out of this 
chaos” and they established the Jordan 
Formation as the sandstone beds in 
both Minnesota and Wisconsin below 
the carbonate of the Prairie du Chien 
Group and above the carbonate and 
siltstone of the St. Lawrence Formation. 
The early establishment of this nomen-
clature by Trowbridge and Atwater 
(1934) helped stabilize the terminology 
of the Jordan Formation, and made all 
recent maps consistent in usage.

Description
The Jordan Formation is a tan, pink, 
orange or white, fine- to coarse-
grained quartz arenite. The uppermost 
5 ft of the Jordan Formation locally 
contains green shale partings (Stewart 
and others, 2022a). The upper 15 to 20 
ft of the unit can also locally contain 
6–12 in thick beds composed of sand 
grains with optically continuous quartz 
overgrowths with a dense interlocking 
fabric (Fitzpatrick and Stewart, 2024) 
The quartzite at the top of the unit is 
commonly interbedded with a fine- to 
medium grained friable sandstone 
and flat pebble conglomerate. Locally, 

the upper 40 ft of the Jordan can 
also contain a very fine- to coarse-
grained dolomite-cemented sand-
stone and sandy dolomite (Fitzpatrick 
and Stewart, 2024). Grains vary from 
subangular to round (Agnew and 
others, 1956). The Jordan is thin- to 
thick-bedded. Cross-beds are common 
and reach 3 ft in amplitude (Stewart 
and others, 2022a). Fitzpatrick and 
Stewart (2024) found the base of the 
Jordan grades into the underlying St. 
Lawrence Formation. Bed thickness 
and grain size decrease towards the 
contact. Ostrom (1964), however, 
reported an erosive contact at the base 
of the Jordan. The Jordan is typically 
35 to 80 ft thick, but geologic logs in 
Grant County suggest thicknesses as 
small as 25 ft and as large as 130 ft. 
Thicker sections of Jordan Formation 
generally correspond to thinner sec-
tions of the St. Lawrence Formation, 
though the combined thicknesses are 
not consistent across Grant County 
and variations do not show systematic 
patterns. Byers and Dott (1995) found 
the base of the Jordan was generally 
gradational with the St. Lawrence 
Formation, but in places the base of 
the Jordan was sharp and represented 
an erosional truncation of the under-
lying St. Lawrence. As a result, both 
deposition and erosion may play a 
role in thickness changes in the Jordan 
Formation.

St. Lawrence Formation
Background
The St. Lawrence Formation was 
described by Winchell (1874) for 
exposures in Scott County, Minnesota. 
Near Madison, Wisconsin, Irving (1875) 
named the Mendota limestone for 
rocks at a similar stratigraphic level. 
Like the nomenclature for the Jordan 
Formation, it took until Trowbridge and 
Atwater (1934) to definitively correlate 
the Mendota to the St. Lawrence 
Formation. They further subdivided 
the St. Lawrence into an upper Lodi 
Member and a lower Black Earth 
Member. This nomenclature has been 
relatively stable since the 1930s.
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Description
Lodi Member. The Lodi Member is 
the upper portion of the St. Lawrence 
Formation and is composed of a green 
to tan siltstone with interbedded 
white to tan, very fine- to fine-grained 
sandstone (Fitzpatrick and Stewart, 
2024). Medium-grained sandstone is 
less common. Calcarious cement is 
common in the unit, particularly in the 
finer grained intervals. The upper St. 
Lawrence is laminated to thin-bedded. 
Fine- to medium-grained sandstone 
is often cross-bedded. Bioturbation 
is common and skolithos burrows 
are present.
Black Earth Member. The Black 
Earth Member is the lower portion 
of the St. Lawrence Formation, and 
is composed of a light-tan to gray, 
silty to sandy crystalline dolomite. 
Sand and silt grains are typically 
composed of quartz. Isolated vugs 
are common, though less abundant 
than in the Prairie du Chien Group or 
Galena Formation. Bedding varies from 
laminated to massive. Laminated beds 
probably represent algal deposits. 
Trilobites and brachiopods have been 
reported in the dolomitic portion of 
the St. Lawrence Formation elsewhere 
(Twenhofel and Thwaites, 1919), but 
were not observed in Grant County. 
The thickness of the combined Lodi 
and Black Earth members of the St. 
Lawrence Formation is estimated to 
range from 75 to 135 ft.

Tunnel City Group
Background
Ostrom (1967) established the Tunnel 
City Group in Wisconsin by renaming 
and shifting the base of the older 
Franconia Formation. The base of 
the Tunnel City was placed above 
the Ironton Member, and the Ironton 
Member was shifted into the Wonewoc 
Formation of the Elk Mound Group. 
Ostrom established the Lone Rock 
Formation as the glauconitic facies of 
the Tunnel City, and the Mazomanie 
Formation as the non-glauconitic 
facies. However, Ostrom (1967) also 
noted that in places the Lone Rock 

Formation “encloses” the Mazomanie 
Formation, and stratigraphic columns 
imply the Lone Rock Formation can be 
both stratigraphically above and below 
the Mazomanie Formation. Though the 
stratigraphic code forbids a formation 
to be both above and below another 
formation, this arrangement remains in 
use in Wisconsin (i.e. WGNHS, 2011). To 
avoid this complication, this map does 
not break the Tunnel City into separate 
formations. Most of the Tunnel City in 
Grant County is part of the Lone Rock 
Formation.

Description
The Tunnel City Group in Grant County 
is typically a white, tan, or green very 
fine- to medium-grained sandstone 
with common tan to green shale 
partings. Very-fine grained, micaceous 
white to tan, friable sandstone beds 
are poorly cemented, while more 
resistant sandstone beds contain 
dolomite cement. Glauconite-rich beds 
are characteristic of the unit. These 
beds commonly have basal scours with 
overlying flat pebble conglomerate 
(Fitzpatrick and Stewart, 2024). Most of 
the Tunnel City Group is thin-bedded. 
Cross-bedding is particularly common 
in glauconite-rich beds (Fitzpatrick 
and Stewart, 2024). Bioturbation and 
skolithos burrows are common in the 
Tunnel City. Trilobites and brachiopods 
also occur here (Deal, 1947). The thick-
ness of the Tunnel City Group in Grant 
County, based on lithologic descrip-
tions from geologic logs, ranges from 
80 ft to 130 ft. Most logs, however, 
indicate a thickness of close to 100 ft.

Elk Mound Group
Background
Ostrom (1967) established the Elk 
Mound Group in Wisconsin by renam-
ing and shifting the top of the roughly 
equivalent Dresbach Formation (i.e. 
Twenhofel and others, 1935). Ostrom 
(1967) noted that the older Franconia 
and Dresbach stratigraphic nomencla-
ture also had usage as biostratigraphic 
stages, but these stages were not 
coincident with the lithologic contacts 

mapped in the field. This confusion led 
him to establish the new Elk Mound 
Group, which included the Wonewoc, 
Eau Claire, and Mt. Simon formations. 
The Ironton Member of the Franconia 
Formation was moved to the top of 
the Wonewoc Formation as part of 
this revision.

Description
The Elk Mound Group does not crop 
out in Grant County, but is interpreted 
to occur at the buried bedrock surface 
in the Wisconsin and Mississippi River 
valleys beneath Quaternary sedi-
ment. Descriptions of the Elk Mound 
Group are based on cuttings sets and 
geologic logs of deep-water wells, and 
descriptions of the Elk Mound Group 
in nearby counties.
Wonewoc Formation. The Wonewoc 
Formation is a white to light-gray 
fine- to coarse-grained sandstone. It 
locally contains dolomitic and limonitic 
cement. Light-green shale partings, 
silcrete nodules, and rip-up clasts are 
present in the Wonewoc Formation 
in neighboring Lafayette County. The 
Wonewoc Formation in Grant County 
typically ranges in thickness from 150 
to 165 ft.
Eau Claire Formation. The Eau Claire 
Formation is a gray to light- gray, 
fine- to medium-grained sandstone, 
siltstone and green, gray, or red shale. 
Shale often occurs as partings or 
laminae within very thin bedded sand-
stone. Dolomite cement is common. 
Sandstones can be glauconitic. The 
Eau Claire Formation typically ranges 
in thickness between 110 and 165 ft.
Mt. Simon Formation. The Mt. Simon 
Formation is a gray to pink, fine- to 
coarse-grained sandstone. Shale 
interbeds are common in parts of the 
unit. Interbedded sandstone and minor 
conglomerate occur in the lower-
most several hundred ft of the unit. 
Dolomite cement is locally present 
in some beds. The thickness of the 
unit is poorly constrained. It is 675 ft 
thick at Lancaster, but may be thicker 
elsewhere.
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Description of 
map structures
Fractures
Fractures form when differential 
stresses exceed the failure criteria of 
a rock. In southwestern Wisconsin, 
ancient tectonic events, recent unload-
ing, and dissolution, karsting, and 
collapse could all produce differential 
stresses that lead to fracturing.
Fractures are divided into shear frac-
tures and joints. Each type forms under 
different conditions. Shear fractures 
have a transport direction that lies 
within the plane of the fracture, while 
joints, or opening-mode fractures, 
have fracture walls that open away 
or perpendicular from the plane of 
the fracture. Shear fractures form 
under higher differential stresses than 
joints, and often form conjugate sets. 
Each each set forms around ~20–30 
degrees from the maximum principal 
stress (Handin and Hager, 1957; many 
others). Joints strike in the direction 
of the maximum principal stress, and 
open in the direction of the minimum 
principal stress. In the field, shear 
fractures often contain slickenlines and 
show offset of planar or linear markers. 
Joints do not contain slickenlines.
The fracture pattern and types of frac-
tures in a region can give insight into 
the cause of the fracturing, as well as 
the stress state in the crust. Fractures 
forming from unloading are related 
to the near surface stress state of the 
Earth. Fractures caused by karsting 
and collapse will create chaotic and 
random fracture orientations. Shear 
fractures and joints from a tectonic 
source have preferred orientations 
related to tectonic events. If tectonic 
shear fractures and joints exist in a 
rock, these fractures may be reacti-
vated during unloading, not leading to 
a new set of fractures.

New and published fracture orienta-
tions (Heyl and others, 1959; Whitlow 
and Brown, 1963; Mullens, 1964; Taylor, 
1964; Stewart and others, 2022a, b; 
Stewart and others, 2023; Bremmer 
and others, 2023) were compiled and 
divided into domains based on similar 
patterns (fig. 8). Fractures on the map 
plate come from the sources listed 
above, but represent a small sub-set 
of the total fractures compiled on 
figure 8. Only fractures with dips of 
greater than or equal to 70 degrees 
were included on figure 8 to facilitate 
the use of rose diagrams, and because 
most fractures in the district are sub-
vertical. Fractures were measured in 
all geologic map units. Fracture length 
tended to vary with bed thickness, and 
so a wide range of fracture lengths 
were measured (less than 1 ft to 
greater than 10 ft). Fracture morphol-
ogy varied from closed to open. Some 
were solution-enhanced with enough 
open space that they could be termed 
fissures. Some fractures contained evi-
dence for sulfide mineralization. Three 
population types were identified and 
are described below.

Orthogonal joint sets
Near the Mineral Point anticline, 
the Ellenboro monocline, and in the 
Cuba City and Potosi areas, fractures 
are orthogonal. One fracture set is 
perpendicular and the other parallel 
to the adjacent folds (fig. 8). Larger 
datasets, such as along the Mineral 
Point anticline and northern Grant 
County (n=755), have a larger spread 
of fracture and fold axis orientations, 
though nearly all fractures strike either 
northwest or northeast. Very few 
fractures in northern Grant County 
or along the Mineral Point anticline 
showed evidence for dip-slip or 
strike-slip movement. Figure 9a shows 
an example of dominantly orthongo-
nal fractures near the Mineral Point 
anticline. In the Potosi area, Heyl and 
others (1959) recognized the north-
west-striking fractures were generally 
open, but a subset contained horizon-
tal lineations.

The bimodal fracture populations in 
the areas around the Mineral Point 
anticline, Ellenboro monocline, and 
Cuba City are interpreted to represent 
two dominantly opening-mode joint 
sets that formed as a result of folding. 
This interpretation is supported by the 
orthogonal fracture populations at all 
locations and the lack of slickenlines 
and evidence for shear fractures near 
the Mineral Point anticline. Variation in 
the direction of the joint sets between 
some of the sites (fig. 8, nos. 1–4) is 
interpreted to reflect changes in the 
stress state related to local folding 
conditions. This implies there was 
not a consistent regional stress state 
that controlled jointing, but rather 
jointing was related to local folding. 
Joints striking perpendicular to nearby 
fold axes are interpreted to record a 
maximum horizontal principal stress 
direction roughly consistent with the 
shortening direction inferred from 
folding (assuming the folds formed 
from contraction). Joints striking paral-
lel to local fold axes are interpreted to 
record axis-perpendicular stretching. 
Northwest-striking fractures near 
Potosi, however, are unlikely to be pure 
opening-mode joints. Some north-
west-striking fractures contain horizon-
tal slickenlines (Heyl and others, 1959), 
and the northwest-striking fracture 
population is oriented roughly 80 
degrees (rather than perpendicular) to 
the northeast-striking set. The non-or-
thogonal orientation of the fracture 
sets combined with field observa-
tions suggests the northwest-striking 
set records hybrid slip (Ramsey and 
Chester, 2004), or a combination of 
opening mode and shear fracturing. 
This forms under somewhat higher 
differential stresses than pure joints, 
but lower than end-member shear 
fractures.
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16

Bedrock geology of Grant County, Wisconsin

Conjugate shear fractures
In the Dubuque and Beetown areas, 
fractures form two or three popula-
tions (fig. 8, nos. 8–9). The smallest 
population, mostly observed in the 
Beetown area, strikes east-west and 
roughly parallels the nearby fold axes. 
In the Beetown area, this fracture set is 
more heavily mineralized and con-
tains an opening mode component 
(Heyl and others, 1952). The other 
two fracture sets strike northwest and 
northeast, and are roughly 60 degrees 
from the fold axes. Northwest and 
northeast striking fractures tend to be 
closed in the Beetown area (Heyl and 
others, 1952).
The northwest and northeast fracture 
sets are conjugate shear fractures, 
and the east-west fractures are joints 
(Heyl and others, 1952; Whitlow and 
Brown, 1963). Figure 9b shows an out-
crop example of the conjugate shear 
fractures from the Beetown area. The 
acute bisector of the shear fractures is 
interpreted to represent the average 
maximum compressive principal stress. 
The acute bisector is defined as the 
line that evenly splits the smaller acute 
angle (less than 90 degrees) between 
the fracture populations. In both 
Dubuque and Beetown, the inferred 
maximum horizontal stress was nearly 
north-south, close to perpendicular to 
the local fold axis.

Complex fracture pattern
The fracture pattern in parts of western 
and southwestern Grant County have 
more complex or irregular patterns. 
Fracture populations in western Grant 
County (fig. 8, no. 5), in the periphery 
around the Beetown syncline (fig. 8, 
no. 6), and near Cassville (fig. 8, no. 
7) show populations that resemble 
patterns in adjacent domains, but are 
typically less well defined. The pattern 
in Cassville resembles the bimodal 
pattern near the Ellenboro monocline, 
except for a more diffuse northwest to 
northeast set of populations. Tectonic 
control is probably still important in 
areas with complex fracture patterns, 

but unloading, karst, or other factors 
may be contributing more than in 
areas much closer to major folds.

Folds
In Grant County and across southwest 
Wisconsin, bedrock contacts generally 
dip to the southwest between 14 and 
30 ft per mile (fig. 10). Interrupting the 
average dip are several large folds with 
amplitudes of 100 ft to greater than 
200 ft (Grant, 1906; Heyl and others, 
1952; Heyl and others, 1959; Carlson, 
1961; Taylor, 1964; Mullens, 1964; Klemic 
and West, 1964; West and Heyl, 1985; 
Bremmer and others, 2023; Stewart 
and others, 2023). Large folds have 
a wavelength of 1 to 3 miles. Smaller 
folds and undulations are found across 
the county and can be nested within 
the limbs of larger folds. In most of 
Grant County, folds were interpreted 
from structure contour mapping of 
the base of the Platteville Formation 
(fig. 10). In northern Grant County, 
folds were interpreted from structure 
contour mapping of the base of the 
Prairie du Chien Group. The largest 
folds are described below.

Mineral Point anticline and 
Annaton syncline
The Mineral Point anticline and 
the Annaton syncline are a west to 
northwest trending, asymmetric, 
gentle anticline-syncline pair that 
crosses northern Grant County (fig. 10). 
The forelimb of the anticline dips 
3.5 degrees and the back limb dips 
less than 1 degree. The folds have a 
combined amplitude reaching over 
200 ft. The Mineral Point anticline is 
north-vergent and is composed of 
a series of underlapping to overlap-
ping fold segments. Fractures along 
the anticline are typically vertical and 
strike either northwest or northeast. 
Deformation bands are concentrated 
along the steeper north-dipping limb 
of the Mineral Point anticline (Stewart 
and others, 2023). Deformation band 
density varies from isolated occur-
rences to dense webs, and no shear 
offset was observed in the field or 

inferred from petrographic observa-
tions. Deformation bands are believed 
to be compaction bands. Structure 
contours of the base-Platteville surface 
allign with aeromagnetic anomalies, 
and several structural highs closely 
correspond to aeromagnetic highs 
(fig. 11; Daniels and Snyder, 2002).
The steeper northeast-dipping limb 
of the Mineral Point anticline is 
locally displaced by small normal or 
sub-vertical faults. Faults were mapped 
when offset between contacts was 
abrupt (less than 50 ft) and contained 
evidence for brittle deformation, or 
when geophysical evidence supported 
faulting (fig. 12). Due to poor exposure, 
more small faults with less than 20 ft 
throw probably exist than are mapped. 
The Gregory Branch fault (Bremmer 
and others, 2023), a normal fault with 
50 to 60 ft of down-to-the-northeast 
throw, is present north of Stitzer and 
is visible in airborne electromagnetic 
data (fig. 12; Crosbie and others, 2023). 
A small high-angle fault, named the 
Croft fault, is also probably pres-
ent immediately west of Fennimore 
(Bremmer and others, 2023). Along 
the rest of the Mineral Point anticline, 
no other faults were recognized. Heyl 
and others (1959) mapped a thrust 
fault along much of the length of 
the Mineral Point anticline, but no 
evidence for thrusting was observed in 
the field or in AEM data.

Beetown syncline
The Beetown syncline is an east-north-
east trending, asymmetric, gentle 
syncline in west-central Grant County. 
The fold has a maximum amplitude of 
close to 100 ft. The Beetown syncline 
has a steeper south limb that dips 
3 degrees to the north, and a gen-
tler north limb that dips less than a 
degree south.  The syncline is part of 
a north vergent anticline-syncline pair. 
The fold is likely composed of several 
underlapping segments. A 3-mile-wide 
zone of Pb and Zn mineralization runs 
parallel with the Beetown syncline and 
extends beyond to the east-north-
east. This zone also contains higher 
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Figure 9. Examples of fractures and deformation bands in Grant County. Panel A is a field example of largely orthog-
onal (90°) fracture sets near the Mineral Point anticline. Panel B is a photo with a view looking up at an overhanging 
outcrop of conjugate shear fractures near the Beetown syncline (42.7942°N, 90.8868°W). Panel C is an example of 
webs of deformation bands in the St. Peter Formation adjacent to a map-scale syncline, southwestern Highland West 
quadrangle (43.0109°N, 90.4788°W).
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zinc concentrations in spring water 
discharged at the surface (De Geoffroy, 
1969). Alteration associated with this 
zone includes solution thinning, dolo-
mitization, and silicification (West and 
Heyl, 1985).

The Beetown syncline is locally 
displaced by several small high-an-
gle faults of unknown dip or type. 
Displacements were estimated to vary 
from 10 ft to 50 ft (West and Heyl, 
1985). Some faults are down-on-the-
north, while others are up-on-the-
north. The faults occur along the axis of 

the fold rather than along the dipping 
limbs of the fold. The most prominent 
and westernmost of the faults is the 
Beetown fault, which is characterized 
by fractured, brecciated, and altered 
wall rock (Heyl and others, 1959). 
Clastic dikes are reported in the vicinity 
of the faults (West and Heyl, 1985). The 
dikes contain sandstone similar to the 
St. Peter Formation but are strongly 
cemented with abundant quartz over-
growths (Heyl and others, 1959).

Meekers Grove anticline 
and Georgetown syncline
The Meekers Grove anticline and 
Georgetown syncline are an east-west 
trending, asymmetric, gentle anti-
cline-syncline pair that cross southern 
Grant County. In Grant County, the fold 
pair have a typical amplitude of around 
100 ft, but it reaches 260 ft to the east 
in Lafayette County (Mullens, 1964). 
The steeper north limb of the anticline 
generally dips 1 to 2 degrees to the 
north, and the south limb dips less 
than 1 degree to the south. In Grant 
County, the Meekers Grove anticline 
is north vergent, and appears to be 
composed of at least two overlapping 
segments. Little Zn-Pb mineralization 
is associated with the fold in Grant 
County, but some mining activity took 
place along the Meekers Grove anti-
cline to the east in Lafayette County. 
Patterns in base Platteville structure 
contours and the trend of the fold 
tend to follow aeromagnetic anomaly 
contours in southern Grant County 
(fig. 13; Daniels and Snyder, 2002).
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Discussion
Orogenic stress 
transmission 
and the origin 
of fractures

Despite the relatively flat-lying 
orientation of sedimentary 
rocks in Grant County, local 

deformation produced folds, faults, 
and fractures. Map-based studies in 
southwest Wisconsin found that larger 
folds with amplitudes of 100 to 200 
ft formed from shortening related to 
regional tectonic events (Grant, 1906; 
Heyl and others, 1952; Carlson, 1961; 
Agnew, 1963; Klemic and West, 1964; 
Whitlow and West, 1966; Heyl and oth-
ers, 1978; West and Heyl, 1985). Studies 
on far-field stresses in the upper 
Midwest generally support map-based 
interpretations (Craddock and Van 
der Pluijm, 1989; Van der Pluijm and 
others, 1997). Craddock and Van der 
Pluijm (1989) and Craddock and others 
(1993; 2017) found that stresses leading 
to calcite twinning were transmitted as 
far as Wisconsin and Minnesota, 2000 
kilometers inboard from the active 
Appalachian thrust belt. 
How stresses are transmitted deep 
into continental interiors during 
contractional tectonic events is less 
clear, but is important because it has 
implications for predicting fracture 
heterogeneity. Deviatoric stresses 
capable of deforming sedimentary 
rocks in Grant County may have been 
transmitted through the Paleozoic 
section or could have been transmitted 
through basement Precambrian rocks. 
Craddock and van der Pluijm (1989) 
and Craddock and others (1993) noted 
the shortening directions measured in 
calcite twins in the continental interior 
were consistently perpendicular to 
the nearest foreland thrusts, and they 
suggested stresses were transmitted 
deep into the continent within the 
Paleozoic section. Failure and fault-
ing could occur within any plane of 

weakness in the Paleozoic section if 
stresses were transmitted within the 
Paleozoic cover section. Elevated rock 
fracturing associated with faulting 
would be difficult to predict, because it 
would depend on where in the section 
faults developed. Other papers (e.g. 
Craddock and others, 2017) and maps 
(Mossler, 2006; Stewart, 2021) have 
shown that Precambrian basement 
faults were reactivated during later 

Paleozoic events, indicating orogenic 
stresses were, at a minimum, also 
transmitted through the underlying 
basement. Reactivated Precambrian 
faults may cause forced folding of the 
overlying Paleozoic succession. Forced 
folding induces differential stresses in 
the Paleozoic cover (i.e. strain causes 
differential stresses), which could cause 
rock fracturing. In this case, strain and 
rock fracturing would be concentrated 
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in Paleozoic rocks at the base of the 
section near the Precambrian contact, 
and would diminish upward.
In Grant County, dominant paleostress 
directions inferred from fracture sets 
are interpreted to have occurred in 
association with folding of Paleozoic 
sedimentary rocks (fig. 8). Maximum 
interpreted horizontal stress directions 
are close to perpendicular to nearby 
fold axes. Maximum horizontal pale-
ostress directions do not have a con-
sistent azimuth across Grant County 
(fig. 8), which would be expected if 
far-field stresses were propagating 
through the Paleozoic cover sequence. 
The cause of folding and its relation-
ship to fracturing is discussed in the 
conceptual model section below.
While the tectonic origin for large folds 
and faults in Grant County (plate 1) is 
well established (Grant, 1906; Heyl and 
others, 1952; Carlson, 1961; Agnew, 
1963; Klemic and West, 1964; Whitlow 
and West, 1966; Heyl and others, 1978; 
West and Heyl, 1985), more uncertainty 
exists for the origin of anticlines and 
synclines with amplitudes of less than 
40 ft. Heyl and others (1959) believed 
folds with amplitudes less than 40 
ft were also largely caused by tec-
tonics, and in some cases enhanced 
by solution thinning and sagging 
of overlying beds. Mullens (1964) 
believed solution thinning was the 
cause of the smaller folds. Whitlow and 
West (1966a) believed structures less 
than 20 ft were from solution thinning 
and collapse. The amount of solution 
thinning in the Decorah Formation is 
evident in figure 4 for the Platteville 
area, where 10 to 15 ft of thinning in 
a unit otherwise around 40 ft thick 
is common. If solution thinning also 
occurred in other stratigraphic units, 
synclines or basins reaching close to 
40 ft are possible. Irregularities in the 
Precambrian surface may also cause 
differential compaction, and cause 
small undulations on the order of 20 to 
40 ft in Paleozoic contacts.

Conceptual model 
for development of 
fractures and folds
This section proposes a conceptual 
model for the development of folds 
and fractures in Grant County. It first 
describes a tectonic origin for large 
folds, then interprets paleostress direc-
tions and fracturing in the context of 
folding, and finally discusses evidence 
for extension and shortening near 
major folds. Collectively, these lines 
of evidence are used to constrain the 
conceptual model for folding and 
fracturing described at the end of 
the section.
In the study area, large folds (greater 
than 100 ft amplitude) in Paleozoic 
rocks formed from reactivation of 
underlying Precambrian faults (Carlson, 
1961; Klemic and West, 1964; Heyl and 
others, 1978; Bremmer and others, 
2023). Many folds, including the 
Mineral Point anticline, Meekers Grove 
anticline, and Beetown syncline, have 
segments with a similar general trend 
to underlying aeromagnetic anomaly 
contours or occur along the bound-
ary to larger aeromagnetic anomalies 
(fig. 13). Aeromagnetic anomalies are 
often interpreted to be caused by 
differences in Precambrian geology in 
the upper Midwest, even when buried 
by hundreds of feet of Phanerozoic 
sediments (e.g. NICE working group, 
2007). Several aeromagnetic highs 
have similar locations to structural 
highs along the Mineral Point anticline 
(compare aeromagnetic contours and 
base Platteville contours on fig. 11). The 
overall trend of the Beetown syncline, 
Ellenboro monocline, folds in the 
Potosi area, and the Meekers Grove 
anticline also generally follow the trend 
of nearby aeromagnetic contours. The 
Beetown syncline and the Ellenboro 
monocline are separated by a semi-cir-
cular aeromagnetic high that may 
represent an igneous intrusion (fig. 13, 
see fig. 10 for fold names). It is possible 
the Beetown syncline and Ellenboro 
monocline formed from reactivation 

of the same Precambrian fault, but the 
fault was intruded out by a younger 
igneous event preventing a continuous 
Paleozoic structure.
Fracture populations suggest paleost-
ress directions are inconsistent across 
Grant County, but are roughly coaxial 
with fold axes (fig. 8). If folding resulted 
from reactivation of Precambrian 
basement, such a scenario is consis-
tent with stresses being transmitted 
from an orogenic belt through the 
Precambrian basement, reactivat-
ing variously oriented Precambrian 
faults. This relationship suggests 
strain associated with forced folding 
induced differential stresses in the 
cover sequence, causing failure and 
fracturing. Such a scenario is significant 
because it predicts a different distribu-
tion and density of fractures than from 
regional, far-field stresses transmitted 
through the Paleozoic section. It also 
predicts a higher fracture density 
where finite strain is highest near folds. 
Stewart and others (2022a) found such 
a relationship within the study area. 
Fracture density in the Castle Rock and 
Long Hollow 7.5-mintues quadrangles 
was generally higher near mapped 
folds, though with significant scatter. 
Joint swarms up to 4 ft wide were 
found to be concentrated near folds 
(Stewart and others, 2022a; Bremmer 
and others, 2023), though Fitzpatrick 
and Stewart (2024) also noted joint 
swarms in the Highland area but did 
not find a clear connection to fold-
ing. It is possible increased fracturing 
near folds impacted the distribution 
of Mississippi Valley-type deposits by 
providing enhanced secondary poros-
ity for the focused transport of miner-
alizing fluids (Arnold and others, 1996). 
It is also possible these same structures 
could provide high permeability zones 
for modern groundwater systems, but 
such a hypothesis is untested.
Major folds also show evidence for 
axis-normal extension. The Mineral 
Point Anticline is cut by the down-
to-the-northeast Gregory Branch 
normal fault (Bremmer and others, 
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2023; fig. 12). Northwest-striking joints 
parallel the main trend of the Mineral 
Point anticline, also accommodating 
axis-normal stretching. Other major 
folds show similar structures. East-west 
striking joints near Cuba City paral-
lel the Meekers Grove anticline and 
accommodate axis normal extension. 
Populations of axis parallel joints also 
occur along the Ellenboro monocline 
and the Beetown syncline. Several high 
angle faults also cut the trough of the 
Beetown syncline. All these secondary 
structures occur approximately 1,500 
ft above the Precambrian basement. It 
is possible they were caused by outer 
arc stretching related to folding, or 
alternatively they could be caused by a 
change in stress state.
Thrust or reverse reactivation of 
Precambrian faults is tentatively 
interpreted to be the cause of forced 
folding in most and possibly all of 
the major folds in Grant County. Both 
thrust/reverse and normal reactiva-
tion of basement faults can produce 
asymmetric gentle folds in overlying 
rocks, but the strain history in the 
cover sequence differs and can be 
used to tentatively interpret basement 
kinematics. Normal reactivation of an 
underlying basement fault produces 
consistent horizontal extensional 
strain perpendicular to the fold axis in 
the overlying forced fold (Cosgrove 
and Ameen, 1999). Thrust or reverse 
reactivation commonly produces 
contractional and extensional strain 
in the overlying folded sequence, 
varying both with respect to location 
in the fold and potentially overprinting 
each other through time (Cosgrove 
and Ameen, 1999). The Mineral Point 
anticline is a good example of a large 
fold in Grant County, and it shows 
evidence for both shortening and 
extension, most consistent with thrust 
or reverse reactivation of the underly-
ing basement. Joints striking parallel 
with the fold and the Gregory Branch 
fault both indicate extension occurred 
normal to the fold axis. However, 
compactional deformation bands in 
the St. Peter Formation are found 

along the north-dipping limb of the 
anticline. Compactional bands suggest 
a contractional origin because they 
are uncommon in extensional settings 
(Soliva and others, 2013). Additionally, 
cataclastic shear deformation bands 
tend to be localized around faults 
in extensional settings but are more 
distributed in contractional settings 
(Solum and others, 2010; Soliva and 
others, 2016). Deformation bands 
along the Mineral Point anticline are 
widely distributed though heteroge-
neous in density along the approxi-
mately 0.5-mile-wide north-dipping 
limb of the fold, more consistent with 
a compressive setting. Finally, the 
Beetown syncline and the Meekers 
Grove anticline near Dubuque are 
interpreted to contain shear fractures. 
These fractures are interpreted to have 
a maximum compressive stress that is 
horizontal (see above), similar to the 
predicted maximum compressive stress 
for thrust/reverse motion in base-
ment faults.
Figure 14 presents a conceptual model 
for the geometry and internal strain 
for major folds in Grant County and 
is based on field data and subsurface 
modeling. Near surface constraints 
are based on field mapping and AEM 
profiles, while deformation near the 
Precambrian basement is modeled 
based on the trishear fault propagation 
fold model (Erslev, 1991). Trishear is a 
kinematic model where deformation 
in advance of the tipline of a fault is 
accommodated within a triangular 
zone propagating away from the 
tipline. Throw on the Precambrian fault 
was modeled as 130 ft, typical of much 
of the fold. The thrust was given an 
arbitrary dip of 30 degrees (vertically 
exaggerated in fig. 14). Strain ellipses 
near the tipline and fault propagation 
fold geometry were calculated using 
FaultFold v. 7.2.0, a program based on 
the algorithms of Allmendinger (1998) 
and Zehnder and Allmendinger (2000). 
Deformation was forward modeled 
from an undeformed state to match 
the mapped geometry of the fold in 
Ordovician units. The fault propaga-

tion to slip ratio was set at 1.5, and the 
trishear angle was set at 60 degrees. 
Varying these parameters does not 
significantly change the results. The 
cross section (fig. 14) is vertically 
exaggerated 5 times to show changes 
in bedding dip with depth. Finite strain 
ellipses are not exaggerated.
Several predictions can be derived 
from figure 14. First, the dip of the bed-
ding on Paleozoic rocks is interpreted 
to progressively increase with depth, 
and the width of the fold zone is pred-
icated to decrease with depth. Second, 
finite strain modeling of Cambrian 
strata close to the propagating fault tip 
yields strongly deformed rocks despite 
the small offset of the fault (fig. 14b). If 
dense networks of deformation bands 
accommodated some or most of the 
shortening in the basal Cambrian sec-
tion, a significant reduction in bulk rock 
permeability may result. Finally, higher 
up near current land surface, modeled 
strain ellipses show less finite strain 
(fig. 14b). In this area, field observa-
tions suggest some contractional strain 
was accommodated by deformation 
bands and shear fractures. Extensional 
strain, accommodated by both normal 
faulting and jointing, either over-
printed the contractional strain or 
perhaps occurred over the same time 
interval. Extension may have resulted 
from outer arc stretching related to the 
geometry of the fold, or perhaps due 
to a change in regional stresses.

Hydrogeology map 
applications
Three-dimensional bedrock map-
ping in Grant County can be used 
for various fundamental and applied 
research questions relating to nitrate 
contamination, bacteria contamination, 
and other applied problems. The map 
allows surface and/or subsurface fea-
tures, such as springs or mineralized 
areas, to be interpreted in three-di-
mensional space. In the following 
sections, three examples of hydrogeo-
logic applications are provided. First, 
the potential impacts of folds and 



24

Bedrock geology of Grant County, Wisconsin
faults on groundwater are described. 
Second, mapping is used to assess 
the impact of stratigraphy on springs. 
Springs form from focused flow below 
ground surface, and a better under-
standing of their stratigraphic distri-
bution may help improve conceptual 
models for groundwater flow. Finally, 
the mapping is used to assess the 
number of groundwater wells open to 
multiple Ordovician aquifer systems, 
which have the potential to transfer 
bacteria and nitrates from the more 
contaminated and fractured Sinnipee 
carbonate aquifer to underlying less 
contaminated aquifers.

Impact of folds and faults 
on groundwater flow
Larger folds and faults may impact 
modern hydrologic systems because 
they likely focused groundwater flow 
during mineralization in the Upper 
Mississippi Valley Zn-Pb district 
(UMVD). Zn-Pb sulfide deposits are 
found across much of Grant County. 
These deposits formed from Permian 
hydrothermal brines flowing north out 
of the Illinois Basin through Ordovician 
carbonates in the UMVD (Brannon and 
others, 1992). Synclines in the district 
(see fig. 10), including the Beetown 
syncline (West and Heyl, 1985) and 
folds in the Potosi area (Whitlow and 

West, 1966a), commonly host Zn-Pb 
deposits. These observations led many 
workers to the interpretation that 
synclines helped focus mineralizing 
fluids (e.g. Heyl and others, 1959). 
Groundwater flow modeling by Arnold 
and others (1996) helped quantify 
the impact of field observations. They 
found that elevated vertical hydraulic 
conductivity in the Maquoketa Group, 
likely related to fracturing and folding, 
was an important variable for focusing 
mineralizing fluids.
Clastic dikes, which are concentrated 
in areas of folded and faulted rocks 
(Heyl and others, 1959), provide insight 
into the scale and heterogeneity of 
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fracture systems and their potential 
to cross-connect aquifers. The clastic 
dikes are thought to have formed 
during tectonic deformation when 
open fractures formed as a result of 
folding. The fractures allowed a slurry 
of sand and wall rock chips to be 
injected upwards into the Sinnipee 
Group by overpressured fluids (Heyl 
and others, 1959; Allingham, 1963). The 
presence of clastic dikes stratigraph-
ically high in the Galena Formation 
indicates large fracture systems and 
faults can be continuous from the 
St. Peter Formation to the Galena 
Formation, and these large fractures 
are likely concentrated in folded and 
faulted areas (Heyl and others, 1959). It 
is unknown whether these large frac-
ture systems locally impact ground-
water systems today by hydraulically 
connecting upper and lower aquifers.
Folds and faults may also be capable 
of acting as barriers to groundwater 
flow. Stewart and others (2023) noted 
that historic Pb mines in the Crow 
Branch area of eastern Grant County 
were focused along the edge of the 
Annaton syncline in areas between 
doubly-plunging segments of the 
Mineral Point anticline (fig. 10). They 
interpreted the segments as folds 
that developed over basement faults, 

and the overlap region between 
folds as the area above a transfer 
zone between faulted segments of 
Precambrian basement. Elevated frac-
turing in the transfer zone could con-
ceivably have provided the mechanism 
to focus mineralizing fluids upward. 
The main segments of the folds/
faults were thought to have acted 
as lateral barriers to flow. Notably, 
modeling of modern groundwater flow 
in the Sandwich Fault Zone of north-
ern Illinois found that the fault core 
reduces horizontal hydraulic conduc-
tivity by at least an order of magnitude 
(Hadley and others, 2020), reiterating 
the important though complex role 
these structures play in impeding or 
enhancing groundwater flow.

Impact of stratigraphy on 
springs and hydrogeology
Stratigraphy was found to be one 
of the principal controls on spring 
location in southwest Wisconsin (De 
Geoffroy, 1969; Swanson and others, 
2009). Springs often form along high 
permeability beds that overlie aqui-
tards. As groundwater moves down-
ward and approaches an aquitard, the 
aquitard causes groundwater flow to 
become mostly horizontal. The hori-
zontal flow can intersect valley slopes 

and discharge as a spring. The distri-
bution of springs can be indicative of 
locations of both high flow zones and 
aquitards in the stratigraphic section 
and can help improve conceptual 
models of groundwater flow.
The Decorah–Platteville–Glenwood 
formations act as an aquitard in 
southwest Wisconsin (De Geoffroy and 
others, 1967; Carter and others, 2011). 
High permeability beds, often near 
the Decorah Formation, occur above 
and within the Decorah–Platteville–
Glenwood aquitard (Swanson and 
others, 2014). De Geoffroy (1969) 
reported spring horizons at the base 
of the Galena Formation, base of the 
Ion Member, base of the Guttenberg 
Member, and base of the Platteville 
Formation. High permeability zones in 
carbonate rocks within the Decorah–
Platteville–Glenwood occur due to the 
development of secondary porosity, 
either through chemical dissolution 
along bedding planes, or through 
unloading or solution enhancement of 
preexisting mechanical fractures. 
Small springs and seeps in northwest-
ern Grant County are concentrated 
near the Glenwood Formation and 
Spechts Ferry Member of the Decorah 
Formation (Swanson and others, 2014; 
Stewart and others, 2022b; fig. 15). 
Springs presented on figure 15 are 
from Stewart and others (2022), and 
were recorded where trickling water 
was noticed during mapping. Seeps 
were recorded where certain strati-
graphic beds showed evidence of 
water seepage and minor focused 
groundwater flow. Spring abundance 
is plotted on a histogram relative to 
the base of the Platteville Formation 
mapped by Stewart and others 
(2022b). The Glenwood and Spechts 
Ferry are composed largely of shale, 
an effective aquitard. A small peak in 
spring abundance is also present near 
the base of the Galena Formation. 
Scattered springs also occur through-
out the rest of the Decorah Formation 
and are sporadic within the Prairie du 
Chien Group. In general, these results Spring southwest of Fennimore, WI
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support De Geoffroy (1969) and the 
idea that stratigraphy is a dominant 
control on small springs and seeps. 
It also suggests that the two most 
continuous aquitards in northwest-
ern Grant County are the Glenwood 
Formation and the Spechts Ferry 
Member of the Decorah Formation.
Larger springs also show a depen-
dance on stratigraphy (fig. 15), but 
spring distribution is complicated by 
recharge areas. Spring locations and 
discharge rates are from Swanson 
and others (2019), and sites represent 
both sampled springs and springs 
investigated but not surveyed. These 

springs contain much larger flow 
volumes than springs from Stewart 
and others (2022b). To account for the 
change in the combined Ancell–Prairie 
du Chien thickness across the county 
(fig. 7), the stratigraphic elevation of 
springs in the Prairie du Chien Group 
were normalized to a thickness of 300 
ft. Results show springs are concen-
trated 70–80 ft above the base of the 
Galena Formation, near the Galena-
Decorah contact, the lower 30 ft of 
the Decorah Formation, and within 
several horizons in the Prairie du Chien 
Group. Only 1 spring occurred within 
10 ft of the Glenwood Formation, 
different from a strong peak seen in 

the small springs and seeps dataset. 
The reduction in the number of large 
springs near the Glenwood Formation 
is probably related to the Glenwood 
Formation’s place at the base of 
a series of aquitards, which could 
prevent groundwater from reaching 
the Glenwood before it is discharged. 
Much of Grant County is dissected 
by stream valleys, and most surface 
recharge is probably discharged along 
valley slopes within stratigraphically 
higher spring horizons, such as the 
base of the Galena Formation and the 
base of the Guttenberg Member of the 
Decorah Formation. Recharge to the 
Platteville Formation is limited by the 

Figure 15. Histograms of the location within the stratigraphic section of small springs and seeps (left) and large 
springs (right). Spring locations are from Stewart and others (2022b) and Swanson and others (2019). Discharge rates 
are from Swanson and others (2019).
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overlying aquitards and the narrow 
ridges typical of much of Grant County. 
Broad uplands are needed to pro-
vide recharge to the lower Platteville 
Formation, and these are characteristic 
of only parts of southern Grant County, 
limiting the number of locations in the 
county where large springs near the 
Glenwood could form. Seepage along 
valley slopes from springs discharging 
in the Decorah and Galena formations 
may help contribute to the large num-
ber of smaller springs and seeps near 
the Glenwood Formation.

Cross-connecting ground-
water wells in Grant County
SWIGG identified bedrock geology as 
one of several risk factors for nitrate 
contamination in groundwater wells 
in southwest Wisconsin (Stokdyk and 
others, 2023). Wells with an open 
interval in the Sinnipee Group had 
higher nitrate contamination risk com-
pared to wells only open to underlying 

aquifers. Some groundwater wells 
cross-connect aquifers. These wells 
have open intervals that span more 
than one aquifer. If there are differ-
ences in hydraulic head between the 
two aquifers, groundwater will flow 
down or up the well when pumping is 
not occurring. When hydraulic head 
is less in the lower aquifer, there is 
the potential to transfer contaminants 
such as nitrate from a contaminated 
upper aquifer into the lower aquifer. 
This could adversely impact neigh-
boring wells constructed with an open 
interval only in the lower aquifer. Wells 
cross-connecting the Sinnipee Group 
with lower aquifers, such as sandstones 
within the Ancell Group, were also 
found to have a higher contamination 
risk of nitrate (Stokdyk and others, 
2023). Other risk factors include well 
construction practices and well site 
characteristics (i.e. slope, elevation, 
tendency for rainfall to infiltrate into 
the ground versus runoff).

Bedrock surface rasters (see data-
set 3) were used to determine the 
location and percentage of wells 
open to the Galena Formation and 
wells cross-connecting the Galena 
Formation and the Ancell Group. In 
total, 6,087 geolocated well construc-
tion reports in Grant County contain 
casing depth and total well depth 
information. For each of these wells, 
GIS software was used to calculate the 
surface elevation, the elevation of the 
base of the well casing, the elevation 
of the top and bottom of the Galena 
Formation, the elevation of the top 
of the Ancell Group, and the eleva-
tion of the bottom of the well. This 
information was used to identify which 
wells had open intervals in the Galena 
Formation, and which wells were open 
to both the Galena Formation and the 
Ancell Group.
Understanding the number and 
locations of wells with elevated risk 
of nitrate contamination, as well as 

Figure 16. Panel A shows the location of wells open to the Galena Formation. Panel B shows the wells open to both. 
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understanding the number and gen-
eral location of wells that cross-con-
nect aquifers is important for assessing 
the scope of the nitrate problem in 
Grant County. A total of 1,855 ground-
water wells were estimated to be 
open to the Galena Formation (30.5 
percent). These wells are concentrated 
in the southern and western por-
tions of the county, as well as along 
the Annaton syncline near the Iowa 
County border (fig. 16). 553 groundwa-
ter wells are estimated to cross-con-
nect the Galena Formation and the 
Ancell Group (9.1 percent). The overall 
geographic distribution is similar to 
the distribution of wells open to the 
Galena Formation, except for a lower 
percentage of cross-connecting wells 
in the extreme southeast corner of the 
county (fig. 16). This area is located rel-
atively high in the stratigraphic section, 
and most wells do not extend deep 
enough to reach the Ancell Group.

Acknowledgments

The authors thank Bill Batten for 
field help, and Matthew Rehwald 
and Peter Schoephoester for 

GIS support. The authors appreciate 
helpful discussions on hydrogeology 
with Maureen Muldoon, Dave Hart, 
Sue Swanson and G. Graham. They 
also acknowledge land access pro-
vided by many landowners in Grant 
County. Funding was provided in 
part by the U.S. Geological Survey 
National Cooperative Geologic 
Mapping Program under Earth MRI 
award number G21AC10500-00, 
2021, and STATEMAP award number 
G20AC00201, 2020. The authors also 
appreciate comments and suggestions 
from four anonymous reviewers, which 
helped improve the map and report.

References
Agnew, A.F., and Heyl Jr., A.V., 1946, 

Quimbys Mill, New Member 
of Platteville Formation, Upper 
Mississippi Valley—Geological 
Notes: AAPG Bulletin, v. 30, no. 
9, p. 1585–1587, https://doi.
org/10.1306/10.1306/3D93386A-
16B1-11D7-8645000102C1865D.

Agnew, A.F., 1955, Facies of Middle 
and Upper Ordovician rocks of 
Iowa: AAPG Bulletin, v. 39, no. 
9, p. 1703–1752, https://doi.
org/10.1306/5CEAE274-16BB-
11D7-8645000102C1865D.

Agnew, A.F., Heyl, A.V., Jr., Behre, 
C.H., Jr., and Lyons, E.J., 1956, 
Stratigraphy of Middle Ordovician 
Rocks in the zinc-lead district of 
Wisconsin, Illinois, and Iowa: U.S. 
Geological Survey Professional 
Paper 274–K, p. 251–312, https://
doi.org/10.3133/pp274K.

Agnew, A.F., 1963, Geology of 
the Platteville Quadrangle, 
Wisconsin: U.S. Geological Survey 
Bulletin 1123–E, p. 245–277, 1 
pl., scale 1:24,000, https://doi.
org/10.3133/b1123E.

Allingham, J.W., 1963, Geology of the 
Dodgeville and Mineral Point quad-
rangles, Wisconsin: U.S. Geological 
Survey Bulletin 1123-D, p. 169–244, 
7 pls., scale 1:24,000, https://doi.
org/10.3133/b1123D.

Allmendinger, R.W., 1998, Inverse 
and forward numerical mod-
eling of trishear fault-propa-
gation folds: Tectonics, v. 17, 
no. 4, p. 640–656, https://doi.
org/10.1029/98TC01907.

Arnold, B.W., Bahr, J.W., and Fantucci, 
R., 1996, Paleohydrogeology of the 
Upper Mississippi Valley Zinc-Lead 
district in Sangster, D.F., and others, 
eds., Carbonate-hosted lead-
zinc deposits—75th Anniversary 
Volume: Special Publications of the 
Society of Economic Geologists, 
v. 4, p. 378–389, https://doi.
org/10.5382/SP.04.28

Bain, H.F., 1906, Zinc and lead depos-
its of the upper Mississippi Valley: 
U.S. Geological Survey Bulletin 
294, 155 p, 15 pls, https://doi.
org/10.3133/b294.

Batten, W.G., and Attig, J.W., 2010, 
Preliminary geology of Iowa 
County, Wisconsin: Wisconsin 
Geological and Natural History 
Survey Open-File Report 2010–01, 
2 pls., scale 1:100,000, https://doi.
org/10.54915/dekh8646.

Beyer, S.R., Simo, J.A., and Byers, C.W., 
2008, Lithofacies, K-bentonite geo-
chemistry, and sequence stratigra-
phy of the Ordovician (Mohawkian–
Cincinnatian) Galena Group, 
northeastern Iowa: Geoscience 
Wisconsin, v. 19, part 2, p. 23-47, 
https://doi.org/10.54915/igrp6433.

Brannon, J.C., Podosek, F.A., and 
McLimans, R.K., 1992, Alleghenian 
age of the Upper Mississippi Valley 
zinc-lead deposit determined by 
Rb-Sr dating of sphalerite: Nature, 
v. 356, p. 509–511, https://doi.
org/10.1038/356509a0.

Bremmer, S.E., Stewart, E.D., Batten, 
W.G., Kusick, A.R., and McNall, 
N., 2023, Geologic map of the 
Fennimore and Mount Hope 
7.5-minute quadrangles, Grant 
County, Wisconsin: Wisconsin 
Geological and Natural History 
Survey Open-File Report 2023–04, 
19., 1 pl., scale 1:24,000, https://doi.
org/10.54915/lmnw3300.

Byers, C.W., and Stasko, L.E., 1978, 
Trace fossils and sedimento-
logic interpretation; McGregor 
Member of Platteville Formation 
(Ordovician) of Wisconsin: Journal 
of Sedimentary Research, v. 48, 
no. 4, p. 1303–1310, https://doi.
org/10.1306/212F766C-2B24-
11D7-8648000102C1865D.

https://doi.org/10.1306/10.1306/3D93386A-16B1-11D7-8645000102C1865D
https://doi.org/10.1306/10.1306/3D93386A-16B1-11D7-8645000102C1865D
https://doi.org/10.1306/10.1306/3D93386A-16B1-11D7-8645000102C1865D
https://doi.org/10.1306/5CEAE274-16BB-11D7-8645000102C1865D
https://doi.org/10.1306/5CEAE274-16BB-11D7-8645000102C1865D
https://doi.org/10.1306/5CEAE274-16BB-11D7-8645000102C1865D
https://doi.org/10.3133/pp274K
https://doi.org/10.3133/pp274K
https://doi.org/10.3133/b1123E
https://doi.org/10.3133/b1123E
https://doi.org/10.3133/b1123D
https://doi.org/10.3133/b1123D
https://doi.org/10.1029/98TC01907
https://doi.org/10.1029/98TC01907
https://doi.org/10.5382/SP.04.28
https://doi.org/10.5382/SP.04.28
https://doi.org/10.3133/b294
https://doi.org/10.3133/b294
https://doi.org/10.54915/dekh8646
https://doi.org/10.54915/dekh8646
https://doi.org/10.54915/igrp6433
https://doi.org/10.1038/356509a0
https://doi.org/10.1038/356509a0
https://doi.org/10.54915/lmnw3300
https://doi.org/10.54915/lmnw3300
https://doi.org/10.1306/212F766C-2B24-11D7-8648000102C1865D
https://doi.org/10.1306/212F766C-2B24-11D7-8648000102C1865D
https://doi.org/10.1306/212F766C-2B24-11D7-8648000102C1865D


29

Wisconsin Geological and Natural History Survey
Byers, C.W., and Dott, R.H., 1995, 

Sedimentology and deposi-
tional sequences of the Jordan 
Formation (Upper Cambrian), 
northern Mississippi Valley: Journal 
of Sedimentary Research, v. 65, 
no. 3b, p. 289–305, https://doi.
org/10.1306/D4268239-2B26-
11D7-8648000102C1865D.

Callen, J.M., and Herrmann, A.D., 2019, 
In situ geochemistry of middle 
Ordovician dolomites of the upper 
Mississippi valley: The Depositional 
Record, v. 5, no. 1, p. 4–22, https://
doi.org/10.1002/dep2.51.

Calvin, S., 1906, Geology of Winneshiek 
County [Iowa], in Wilder, F.A., and 
Savage, T.E., 1905, Annual Report, 
with accompanying papers: Iowa 
Geological Survey Annual Report, 
v. 16, p. 37–146, https://pubs.lib.
uiowa.edu/igsar/article/id/904/.

Carlson, J.E., 1961, Geology of the 
Montfort and Linden quadran-
gles, Wisconsin: U.S. Geological 
Survey Bulletin 1123–B, p. 95–138, 
2 pls., scale 1:24,000, https://doi.
org/10.3133/b1123B.

Carter, J.T., Gotkowitz, M.B., and 
Anderson, M.P., 2011, Field verifi-
cation of stable perched ground-
water in layered bedrock uplands: 
Groundwater, v. 49, p. 383–392, 
https://doi.org/10.1111/j.1745-
6584.2010.00736.x.

Chamberlin, T.C., 1882, Geology 
of Wisconsin: Survey of 1873–
1883, Volume IV: Madison, 
Wis., Commissioners of Public 
Printing, 833 p.

Choi, Y.S., and Simo, J.A., 1998, Ramp 
facies and sequence stratigraphic 
models in an epeiric sea: the Upper 
Ordovician mixed carbonate-si-
liciclastic Glenwood and Platteville 
Formations, Wisconsin, USA: 
Geological Society, London, Special 
Publications, v. 149, p. 437–456, 
https://doi.org/10.1144/GSL.
SP.1999.149.01.20.

Choi, Y.S., Simo, J.A., and Saylor, 
B.Z., 1999, Sedimentologic and 
sequence stratigraphic interpre-
tation of a mixed carbonate-silici-
clastic ramp, midcontinent epeiric 
sea, middle to upper Ordovician 
Decorah and Galena Formations, 
Wisconsin, in Harris, P.M., Saller, 
A.H., and Simo, J.A., eds., Advances 
in carbonate sequence stratig-
raphy: application to reservoirs, 
outcrops and models: SEPM special 
publication 63, p. 275–289, https://
doi.org/10.2110/pec.99.11.

Cosgrove, J.W., and Ameen, M.S., 
1999, A comparison of the geom-
etry, spatial organization and 
fracture patterns associated with 
forced folds and buckle folds: 
Geological Society, London, 
Special Publications, v. 169, p. 7–21, 
https://doi.org/10.1144/GSL.
SP.2000.169.01.02.

Craddock, J.P., and van der Pluijm, B.A., 
1989, Late Paleozoic deformation 
of the cratonic carbonate cover of 
eastern North America: Geology, 
v. 17, no. 5, p. 416–419, https://doi.
org/10.1130/0091-7613(1989)017
<0416:LPDOTC>2.3.CO;2.

Craddock, J.P., Jackson, M., van der 
Pluijm, B.A., and Versical, R.T., 1993, 
Regional shortening fabrics in east-
ern North America: Far-field stress 
transmission from the Appalachian-
Ouachita Orogenic Belt, v. 12, 
no. 1, p. 257–264, https://doi.
org/10.1029/92TC01106.

Craddock, J.P., Malone, D.H., Porter, 
R., Compton, J., Luczaj, J., 
Konstantinou, A., Day, J.E., and 
Johnston, S.T., 2017, Paleozoic 
reactivation structures in the 
Appalachian-Ouachita-Marathon 
foreland: Far-field deformation 
across Pangea: Earth-Science 
Reviews, v. 169, p. 1–34, https://
doi.org/10.1016/j.earsci-
rev.2017.04.002.

Crosbie, J.W., Minsley, B.J., Hart, 
D.J., Fitzpatrick, W., Muldoon, 
M.A., Stewart, E.K., Hunt, R.J., 
Komiskey, M.J., and Duncker, J.J., 
2023, Airborne Electromagnetic 
(AEM) Survey in Southwest and 
Southeast Areas, Wisconsin, 
2022: U.S. Geological Survey 
data release, https://doi.
org/10.5066/P90K1CRG.

Daniels, D.L., and Snyder, S.L., 2002, 
Wisconsin Aeromagnetic and 
Gravity Maps and Data A Web 
Site for Distribution of Data: 
U. S. Geological Survey Open-
File Report 02–493, https://doi.
org/10.3133/ofr02493.

Davis Jr, R.A., 1966, Revision of 
Lower Ordovician nomenclature 
in the upper Mississippi valley: 
The Journal of Geology, v. 74, 
no. 3, p. 361–365, https://doi.
org/10.1086/627170.

De Geoffroy, J., Wu, S.M., and Heins, 
R.W., 1967, Geochemical coverage 
by spring sampling method in the 
southwest Wisconsin zinc area: 
Economic Geology, v. 62, no. 5, p. 
679–697, https://doi.org/10.2113/
gsecongeo.62.5.679.

De Geoffroy, J., 1969, Geochemical 
Prospecting by Spring Sampling 
in the Southwest Wisconsin Zinc 
Mining Area: Wisconsin Geological 
and Natural History Survey 
Information Circular 10, 28 p., 1 
pl., scale 1:125,000, https://doi.
org/10.54915/gopj3461.

Deal, C.S., 1947, The areal geology 
and stratigraphy of the Boscobel 
quadrangle, Wisconsin: Madison, 
University of Wisconsin–Madison, 
M.S. thesis, 55 p.

Dockal, J.A., 2021, Lead-zinc crevices 
of Iowa, Illinois, and Wisconsin,  
in  Brick, G.A., Alexander Jr., 
E.C., eds., Caves and karst 
of the Upper Midwest, USA: 
Switzerland, Springer, p. 217–237, 
https://doi.org/10.1007/978-3-
030-54633-5_7.

https://doi.org/10.1306/D4268239-2B26-11D7-8648000102C1865D
https://doi.org/10.1306/D4268239-2B26-11D7-8648000102C1865D
https://doi.org/10.1306/D4268239-2B26-11D7-8648000102C1865D
https://doi.org/10.1002/dep2.51
https://doi.org/10.1002/dep2.51
https://pubs.lib.uiowa.edu/igsar/article/id/904/
https://pubs.lib.uiowa.edu/igsar/article/id/904/
https://doi.org/10.3133/b1123B
https://doi.org/10.3133/b1123B
https://doi.org/10.1111/j.1745-6584.2010.00736.x
https://doi.org/10.1111/j.1745-6584.2010.00736.x
https://doi.org/10.1144/GSL.SP.1999.149.01.20
https://doi.org/10.1144/GSL.SP.1999.149.01.20
https://doi.org/10.2110/pec.99.11
https://doi.org/10.2110/pec.99.11
https://doi.org/10.1144/GSL.SP.2000.169.01.02
https://doi.org/10.1144/GSL.SP.2000.169.01.02
https://doi.org/10.1130/0091-7613(1989)017%3C0416:LPDOTC%3E2.3.CO;2
https://doi.org/10.1130/0091-7613(1989)017%3C0416:LPDOTC%3E2.3.CO;2
https://doi.org/10.1130/0091-7613(1989)017%3C0416:LPDOTC%3E2.3.CO;2
https://doi.org/10.1029/92TC01106
https://doi.org/10.1029/92TC01106
https://doi.org/10.1016/j.earscirev.2017.04.002
https://doi.org/10.1016/j.earscirev.2017.04.002
https://doi.org/10.1016/j.earscirev.2017.04.002
https://doi.org/10.5066/P90K1CRG
https://doi.org/10.5066/P90K1CRG
https://doi.org/10.3133/ofr02493
https://doi.org/10.3133/ofr02493
https://doi.org/10.1086/627170
https://doi.org/10.1086/627170
https://doi.org/10.2113/gsecongeo.62.5.679
https://doi.org/10.2113/gsecongeo.62.5.679
https://doi.org/10.54915/gopj3461
https://doi.org/10.54915/gopj3461
https://doi.org/10.1007/978-3-030-54633-5_7
https://doi.org/10.1007/978-3-030-54633-5_7


30

Bedrock geology of Grant County, Wisconsin
Dott, R.H., Byers, C.W., Fielder, G.W., 

Stenzel, S.R., and Winfree, K.E., 
1986, Aeolian to marine tran-
sition in Cambro–Ordovician 
cratonic sheet sandstones of 
the northern Mississippi val-
ley, U.S.A.: Sedimentology v. 33, 
no. 3, p. 345–367, https://doi.
org/10.1111/j.1365-3091.1986.
tb00541.x.

Dunham, R.J., 1962, Classification of 
carbonate rocks according to dep-
ositional textures in Ham, W.E., ed., 
Classification of carbonate rocks—a 
symposium: American Association 
of Petroleum Geologists Memoir 
1, p. 108–121, https://doi.
org/10.1306/M1357.

Emerson, N.R., Simo, J.T., Byers, C.W., 
and Fournelle, J., 2004, Correlation 
of (Ordovician, Mohawkian) 
K-bentonites in the upper 
Mississippi valley using apatite 
chemistry: implications for strati-
graphic interpretation of the mixed 
carbonate-siliciclastic Decorah 
Formation: Palaeogeography, 
Palaeoclimatology, Palaeoecology, 
v. 210, no. 2–4, p. 215–233, 
https://doi.org/10.1016/j.
palaeo.2004.02.042.

Erslev, E.A., 1991, Trishear fault-prop-
agation folding: Geology, v. 19, 
no. 6, p. 617–620, https://doi.
org/10.1130/0091-7613(1991) 
019<0617:TFPF>2.3.CO;2.

Evans, T.J. Massie-Ferch, K.M., and 
Peters, R.M., 2004, Preliminary 
bedrock geologic map of 
Walworth, Racine, Kenosha, 
Milwaukee, Waukesha, Ozaukee, 
and Washington counties,: 
Wisconsin Geological and Natural 
History Survey Open-File 2004–18, 
scale 1:100,000, https://doi.
org/10.54915/zlar9728.

Fitzpatrick, W.A., and Stewart, 
E.D., 2024, Geologic map of 
the Highland East and West 
7.5-minute quadrangles, Grant 
and Iowa counties, Wisconsin: 
Wisconsin Geological and Natural 
History Survey Map 510, 15 p., 
1 pl., scale 1:24,000, https://doi.
org/10.54915/xqaf2637.

Grant, U.S., 1906, Report on the lead 
and zinc deposits of Wisconsin, 
with an atlas of detailed maps: 
Wisconsin Geological and 
Natural History Survey Bulletin 
14, 100 p., 26 pls., https://doi.
org/10.54915/riaj2619.

Hall, James, 1851, Lower Silurian 
System, Chapter IX in Foster, J.W., 
and Whitney, J.D., Geology of Lake 
Superior land district: Washington, 
D.C., A. Boyd Hamilton Printers, 
p. 140–151.

Hadley, D.R., Abrams, D.B., and 
Roadcap, G.S., 2020, Modeling a 
largescale historic aquifer test— 
Insight into the hydrogeology of a 
regional fault zone: Groundwater, v. 
58, no. 3, p. 453–463, https://doi.
org/10.1111/gwat.12922.

Handin, J., and Hager Jr, R.V., 1957, 
Experimental deformation of 
sedimentary rocks under con-
fining pressure: Tests at room 
temperature on dry samples: 
American Association of Petroleum 
Geologists Bulletin, v. 41, no. 1, p. 
1–50, https://doi.org/10.1306/
5CEAE5FB-16BB-11D7-
8645000102C1865D.

Hershey, O.H., 1894, The Elk Horn 
Creek area of St. Peter sandstone 
in northwestern Illinois: American 
Geologist, v. 14, p. 169–179.

Heyl, A.V., Jr., Lyons, E.J., and Theiler, 
J.J., 1952, Geologic structure map of 
the Beetown lead-zinc area, Grant 
County, Wisconsin: U.S. Geological 
Survey Miscellaneous Field Studies 
Map 3, 1 pl., scale 1:12,000, https://
doi.org/10.3133/mf3.

Heyl, A.V., Jr., Agnew, A.F., Lyons, E.J., 
Behre, C.H., Jr., and Flint, A.E., 
1959, The geology of the Upper 
Mississippi Valley zinc-lead district: 
U.S. Geological Survey Professional 
Paper 309, 310 p., 24 pls., https://
doi.org/10.3133/pp309.

Heyl, A.V., Jr., Broughton, W.A., and 
West, W.S., 1978, Geology of 
the Upper Mississippi Valley 
Base-metal district (3d ed.): 
Wisconsin Geological and Natural 
History Survey Information 
Circular 16, 45 p., https://doi.
org/10.54915/awwh6252.

Irving, R.D., 1875, Note on some new 
points in the elementary stratifica-
tion of the primordial and Canadian 
rocks of south central Wisconsin: 
American Journal of Science, v. 
s3–9, no. 54, p. 440–443, https://
doi.org/10.2475/ajs.s3-9.54.440.

Kay, G.M., 1928, Divisions of the 
Decorah Formation: Science, v. 
67, no. 1723, p. 16, https://doi.
org/10.1126/science.67.1723.16.a.

Kay, G.M.,1935, Ordovician system in 
the Upper Mississippi Valley, in Kay, 
G.F., and Trowbridge, A.C., eds., 
Upper Mississippi Valley, Iowa City, 
Iowa to Duluth, Minnesota, 9th 
annual field conference, Aug. 25–
Sept. 1, 1935: Wichita, Kans, Kansas 
Geological Society, p. 281–295, 
https://archives.datapages.com/
data/kgs/data/006/006001/281_
kgs0060281.htm.

Klemic, H., and West, W.S, 1964, 
Geology of the Belmont and 
Calamine quadrangles, Wisconsin: 
U.S. Geological Survey Bulletin 
1123–G, p. 361–435, 3 pls., 
scale 1:24,000, https://doi.
org/10.3133/b1123G.

https://doi.org/10.1111/j.1365-3091.1986.tb00541.x
https://doi.org/10.1111/j.1365-3091.1986.tb00541.x
https://doi.org/10.1111/j.1365-3091.1986.tb00541.x
https://doi.org/10.1306/M1357
https://doi.org/10.1306/M1357
https://doi.org/10.1016/j.palaeo.2004.02.042
https://doi.org/10.1016/j.palaeo.2004.02.042
https://doi.org/10.1130/0091-7613(1991)019%3C0617:TFPF%3E2.3.CO;2
https://doi.org/10.1130/0091-7613(1991)019%3C0617:TFPF%3E2.3.CO;2
https://doi.org/10.54915/zlar9728
https://doi.org/10.54915/zlar9728
https://doi.org/10.54915/xqaf2637
https://doi.org/10.54915/xqaf2637
https://doi.org/10.54915/riaj2619
https://doi.org/10.54915/riaj2619
https://doi.org/10.1111/gwat.12922
https://doi.org/10.1111/gwat.12922
https://doi.org/10.1306/5CEAE5FB-16BB-11D7-8645000102C1865D
https://doi.org/10.1306/5CEAE5FB-16BB-11D7-8645000102C1865D
https://doi.org/10.1306/5CEAE5FB-16BB-11D7-8645000102C1865D
https://doi.org/10.3133/mf3
https://doi.org/10.3133/mf3
https://doi.org/10.3133/pp309
https://doi.org/10.3133/pp309
https://doi.org/10.54915/awwh6252
https://doi.org/10.54915/awwh6252
https://doi.org/10.2475/ajs.s3-9.54.440
https://doi.org/10.2475/ajs.s3-9.54.440
https://doi.org/10.1126/science.67.1723.16.a
https://doi.org/10.1126/science.67.1723.16.a
https://archives.datapages.com/data/kgs/data/006/006001/281_kgs0060281.htm
https://archives.datapages.com/data/kgs/data/006/006001/281_kgs0060281.htm
https://archives.datapages.com/data/kgs/data/006/006001/281_kgs0060281.htm
https://doi.org/10.3133/b1123G
https://doi.org/10.3133/b1123G


31

Wisconsin Geological and Natural History Survey
Leach, D.L., Taylor, R.D., Fey, D.L., 

Diehl, S.F., and Saltus, R.W., 2010, 
A deposit model for Mississippi 
Valley-Type lead-zinc ores, chap. A 
of U.S. Geological Survey, Mineral 
deposit models for resource 
assessment: U.S. Geological Survey 
Scientific Investigations Report 
2010–5070–A, 52 p., https://doi.
org/10.3133/sir20105070A.

Mai, H., and Dott, R.H., Jr., 1985, A 
subsurface study of the St. Peter 
sandstone in southern and eastern 
Wisconsin: Wisconsin Geological 
and Natural History Survey 
Information Circular 47, 26 p., 2 
pls., scale 1:750,000, https://doi.
org/10.54915/jodx9930.

McGarry, C.S., 2000, Bedrock geology 
map, Jo Daviess County, Illinois: 
Illinois State Geological Survey 
Open File Series 2000–8d, 1 pl., 
scale 1:62,500, https://resources.
isgs.illinois.edu/maps/bedrock-
geology-map-jo-daviess-
county-illinois.

McLaughlin, P.I., Emerson, N., Witzke, 
B., Sell, B., and Emsbo, P., 2011, 
Distal signatures of Late Ordovician 
oceanic anoxia—New data from 
a classic epeiric ramp transect, in 
Miller, J.D., Hudak, G.J., Wittkop, 
C., McLaughlin, P.I., eds., Archean 
to Anthropocene: Field guides to 
the geology of the mid-continent 
of North America: Geological 
Society of America Field Guide 
24, p. 259–284, https://doi.
org/10.1130/2011.0024(12).

Mossler, J.H., 2006, Bedrock Geology 
of the Prescott quadrangle, 
Washington and Dakota counties, 
Minnesota: Minnesota Geological 
Survey Miscellaneous Map Series 
M–167, 1 pl., scale 1:24,000, https://
hdl.handle.net/11299/58164.

Mullens, T.E., 1964, Geology of the 
Cuba City, New Diggings, and 
Shullsburg quadrangles, Wisconsin 
and Illinois: U.S. Geological Survey 
Bulletin 1123–H, p. 437–531, 8 
pls., scale 1:24,000, https://doi.
org/10.3133/b1123H.

NICE Working Group, Holm, D.K., 
Anderson, R., Boerboom, T.J., 
Cannon, W.F., Chandler, V., 
Jirsa, M., and Van Schmus, 
W.R., 2007, Reinterpretation of 
Paleoproterozoic accretionary 
boundaries of the north-
central United States based on 
a new aeromagnetic-geologic 
compilation: Precambrian 
Research, v. 157 no. 1–4, p. 
71–79, https://doi.org/10.1016/j.
precamres.2007.02.023.

Ostrom, M.E., 1964, Pre-Cincinnatian 
Paleozoic Cyclic Sediments in 
the Upper Mississippi Valley: a 
Discussion, in Merriam,D.F.,  ed., 
Symposium on cyclic sedimen-
tation: Kansas Geological Survey 
Bulletin 169, p. 381–398, https://
www.kgs.ku.edu/Publications/
Bulletins/169/Ostrom/.

Ostrom, M.E., 1967, Paleozoic 
stratigraphic nomenclature 
for Wisconsin: Wisconsin 
Geological and Natural History 
Survey Information Circular 
8, 1 pl., 4 p., https://doi.
org/10.54915/hsbc6227.

Ostrom, M.E., 1969, Champlainian 
Series (Middle Ordovician) 
in Wisconsin: The American 
Association of Petroleum 
Geologists Bulletin, v. 53, no. 
3, p. 672–693, https://doi.
org/10.1306/5D25C6A5-16C1-
11D7-8645000102C1865D.

Owen, D.D., Locke, J., and Phillips, 
E., 1844, Report of a geologi-
cal exploration of part of Iowa, 
Wisconsin, and Illinois, made under 
Instructions from the Secretary of 
the Treasury of the United States in 
the Autumn of the Year 1839, with 
Charts and Illustrations: Senate 
document, 28th Congress, 1st ses-
sion, no. 407, 191 p., 1844, https://
doi.org/10.17077/006199.

Pepp, K., Siemering, G., and Ventura, S., 
2019, Digital atlas of historic mining 
activity in southwestern Wisconsin: 
University of Wisconsin–Madison 
Division of Extension Publication 
G4177, 40 p., https://learningstore.
extension.wisc.edu/products/
digital-atlas-of-historic-mining-
features-and-potential-impacts-
in-southwestern-wisconsin.

Percival, J.G., 1856, Second Annual 
Report of the Geological Survey of 
the State of Wisconsin: Madison, 
Wis., Calkins & Proud, 111 p.t, 111 p.

Ramsey, J.M., and Chester, F.M., 2004, 
Hybrid fracture and the transi-
tion from extension fracture to 
shear fracture: Nature, v. 428, p. 
63–66, https://doi.org/10.1038/
nature02333.

Soliva, R., Schultz, R.A., Ballas, G., 
Taboada, A., Wibberley, C., Saillet, 
E., and Benedicto, A., 2013, A 
model of strain localization in 
porous sandstone as a function 
of tectonic setting, burial and 
material properties; new insight 
from Provence (southern France): 
Journal of Structural Geology, v. 49, 
p. 50–63, https://doi.org/10.1016/j.
jsg.2012.11.011.

Soliva, R., Ballas, G., Fossen, H., and 
Philit, S., 2016, Tectonic regime 
controls clustering of deforma-
tion bands in porous sandstone: 
Geology, v. 44, no. 6, p. 423–426, 
https://doi.org/10.1130/G37585.1.

Solum, J.G., Brandenburg, J.P., Naruk, 
S.J., Kostenko, O.V., Wilkins, S.J., and 
Schultz, R.A., 2010, Characterization 
of deformation bands associated 
with normal and reverse stress 
states in the Navajo Sandstone, 
Utah: AAPG Bulletin, v. 94, no. 
9, p. 1453–1475, https://doi.
org/10.1306/01051009137.

Stewart, E.K., 2021, Bedrock geol-
ogy of Dodge County: Wisconsin 
Geological and Natural History 
Survey Map 508, 7 p., 1 pl., 
scale 1:100,000, https://doi.
org/10.54915/akdf5802.

https://doi.org/10.3133/sir20105070A
https://doi.org/10.3133/sir20105070A
https://doi.org/10.54915/jodx9930
https://doi.org/10.54915/jodx9930
https://resources.isgs.illinois.edu/maps/bedrock-geology-map-jo-daviess-county-illinois
https://resources.isgs.illinois.edu/maps/bedrock-geology-map-jo-daviess-county-illinois
https://resources.isgs.illinois.edu/maps/bedrock-geology-map-jo-daviess-county-illinois
https://resources.isgs.illinois.edu/maps/bedrock-geology-map-jo-daviess-county-illinois
https://doi.org/10.1130/2011.0024(12)
https://doi.org/10.1130/2011.0024(12)
https://hdl.handle.net/11299/58164
https://hdl.handle.net/11299/58164
https://doi.org/10.3133/b1123H
https://doi.org/10.3133/b1123H
https://doi.org/10.1016/j.precamres.2007.02.023
https://doi.org/10.1016/j.precamres.2007.02.023
https://www.kgs.ku.edu/Publications/Bulletins/169/Ostrom/
https://www.kgs.ku.edu/Publications/Bulletins/169/Ostrom/
https://www.kgs.ku.edu/Publications/Bulletins/169/Ostrom/
https://doi.org/10.54915/hsbc6227
https://doi.org/10.54915/hsbc6227
https://doi.org/10.1306/5D25C6A5-16C1-11D7-8645000102C1865D
https://doi.org/10.1306/5D25C6A5-16C1-11D7-8645000102C1865D
https://doi.org/10.1306/5D25C6A5-16C1-11D7-8645000102C1865D
https://doi.org/10.17077/006199
https://doi.org/10.17077/006199
https://learningstore.extension.wisc.edu/products/digital-atlas-of-historic-mining-features-and-potential-impacts-in-southwestern-wisconsin
https://learningstore.extension.wisc.edu/products/digital-atlas-of-historic-mining-features-and-potential-impacts-in-southwestern-wisconsin
https://learningstore.extension.wisc.edu/products/digital-atlas-of-historic-mining-features-and-potential-impacts-in-southwestern-wisconsin
https://learningstore.extension.wisc.edu/products/digital-atlas-of-historic-mining-features-and-potential-impacts-in-southwestern-wisconsin
https://learningstore.extension.wisc.edu/products/digital-atlas-of-historic-mining-features-and-potential-impacts-in-southwestern-wisconsin
https://doi.org/10.1038/nature02333
https://doi.org/10.1038/nature02333
https://doi.org/10.1016/j.jsg.2012.11.011
https://doi.org/10.1016/j.jsg.2012.11.011
https://doi.org/10.1130/G37585.1
https://doi.org/10.1306/01051009137
https://doi.org/10.1306/01051009137
https://doi.org/10.54915/akdf5802
https://doi.org/10.54915/akdf5802


32

Bedrock geology of Grant County, Wisconsin
Stewart, E.D., Mauel, S.W., Carson, E.C., 

and Graham, G.E., 2022a, Geologic 
map of the Castle Rock and Long 
Hollow 7.5-minute quadrangles, 
Grant County, Wisconsin: Wisconsin 
Geological and Natural History 
Survey Open-File Report 2022–01, 
9 p., 1 pl., scale 1:24,000, https://
doi.org/10.54915/qfnf9732.

Stewart, E.D., Mauel, S.W., Graham, 
G.E., and Carson, E.C., 2022b, 
Geologic map of the Bloomington 
and Brodtville 7.5-minute quad-
rangles, Grant County, Wisconsin: 
Wisconsin Geological and 
Natural History Survey Open-
File Report 2022–03, 10 p., 1 
pl., scale 1:24,000, https://doi.
org/10.54915/mcau3924.

Stewart, E.D., Mauel, S.W., and Batten, 
W.G., 2023, Geologic map of the 
Stitzer and western part of the 
Montfort 7.5-minute quadrangles, 
Grant County, Wisconsin: Wisconsin 
Geological and Natural History 
Survey Open-File Report 2023–03, 
1 pl., scale 1:24,000, https://doi.
org/10.54915/icay3440.

Stokdyk, J.P., Borchardt, M.A., Firnstahl, 
A.D., Bradbury, K.R., and Muldoon, 
M.A., 2023, Assessing private well 
contamination in Grant, Iowa, and 
Lafayette counties—The southwest 
Wisconsin groundwater and geol-
ogy study: Wisconsin Geological 
and Natural History Survey Open-
File Report 2023–02, 47 p., https://
doi.org/10.54915/tbjg5785.

Strong, M., 1877, Part IV: Geology and 
topography of the lead region 
in Chamberlin, T.C., Geology 
of Wisconsin—Survey of 1873–
1877, Volume II: Madison, Wis., 
Commissioners of Public Printing, 
p. 645–752.

Swanson, S.K., Bradbury, K.R., and 
Hart, D.J., 2009, Assessing the 
vulnerability of spring systems 
to groundwater withdrawals in 
southern Wisconsin: Geoscience 
Wisconsin v. 20, p. 1–13, https://doi.
org/10.54915/jbst4378.

Swanson, S.K., Muldoon, M.A., 
Polyak, V., and Asmerom, Y., 2014, 
Evaluating shallow flow-system 
response to climate change 
through analysis of spring depos-
its in southwestern Wisconsin, 
USA: Hydrogeology Journal, v. 
22, no. 4, p.851–863, https://doi.
org/10.1007/s10040-014-1115-3.

Swanson, S.K., Graham, G.E., and 
Hart, D.J., 2019, An inventory of 
springs in Wisconsin: Wisconsin 
Geological and Natural History 
Survey Bulletin 113, 24 p., https://
doi.org/10.54915/nrcz5790.

Taylor, A.R., 1964, Geology of the 
Rewey and Mifflin quadrangles, 
Wisconsin: U.S. Geological Survey 
Bulletin 1123–F, p. 279–360, 2 
pls., scale 1:24,000, https://doi.
org/10.3133/b1123F.

Templeton, J.S., and Willman, H.B., 
1963, Champlainian Series (Middle 
Ordovician) in Illinois: Illinois 
State Geological Survey Bulletin 
89, 257 p., http://hdl.handle.
net/2142/91524.

Thiel, G.A., 1937, Petrographic analysis 
of the Glenwood beds of south-
eastern Minnesota: Geological 
Society of America Bulletin, v. 
48, no. 1, p.113–122, https://doi.
org/10.1130/GSAB-48-113.

Trowbridge, A.C., and Atwater, G.I., 
1934, Stratigraphic problems in the 
upper Mississippi Valley: Geological 
Society of America Bulletin, v. 
45, no. 1, p. 21–80, https://doi.
org/10.1130/GSAB-45-21.

Twenhofel, W.H., and Thwaites, F.T., 
1919, The Paleozoic section of the 
Tomah and Sparta quadrangles, 
Wisconsin: The Journal of Geology, 
v. 27, no. 8, p. 614–633, https://doi.
org/10.1086/622684.

Twenhofel, W.H., Raasch, G.O., and 
Thwaites, F.T., 1935, Cambrian 
strata of Wisconsin: Geological 
Society of America Bulletin, v. 46, 
no. 11, p. 1687–1744, https://doi.
org/10.1130/GSAB-46-1687.

Tweedy, G.A., and Heyl, A.V., Jr., 1952, 
Mineral exploration and develop-
ment atlas of the Upper Mississippi 
Valley District: Wisconsin Geological 
and Natural History Survey Open-
File Report 1952-02, 52 p., https://
doi.org/10.54915/qpoi9339.

U.S. Geological Survey, 2017, 1/3rd 
arc-second Digital Elevation Models 
(DEMs): U.S. Geological Survey 
National Map 3DEP Downloadable 
Data Collection web page, https://
data.usgs.gov/datacatalog/data/
USGS:3a81321b-c153-416f-98b7-
cc8e5f0e17c3.

Van der Pluijm, B.A., Craddock, J.P., 
Graham, B.R., and Harris, J.H., 
1997, Paleostress in cratonic North 
America: Implications for defor-
mation of continental interiors: 
Science, v. 277, no. 5327, p. 
794–796, https://www.science.org/
doi/10.1126/science.277.5327.794.

West, W.S., Whitlow, J.W., Brown, 
C.E., and Heyl, A.V., Jr., 1971, 
Geologic map of the Ellenboro 
quadrangle, Grant County, 
Wisconsin: U.S. Geological Survey 
Geologic Quadrangle GQ–959, 
1 pl., scale 1:24,000, https://doi.
org/10.3133/gq959.

West, W.S., and Blacet, P.M., 1971, 
Geologic map of the Lancaster 
quadrangle, Grant County, 
Wisconsin: U.S. Geological Survey 
Geologic Quadrangle GQ–949, 
1 pl., scale 1:24,000, https://doi.
org/10.3133/gq949.

West, W.S., and Heyl, A.V., 1985, 
Geologic map of the Hurricane 
quadrangle, Grant County, 
Wisconsin: U.S. Geologic Survey 
Geologic Quadrangle Map 
GQ–1582, scale 1:24,000, https://
doi.org/10.3133/gq1582.

https://doi.org/10.54915/qfnf9732
https://doi.org/10.54915/qfnf9732
https://doi.org/10.54915/mcau3924
https://doi.org/10.54915/mcau3924
https://doi.org/10.54915/icay3440
https://doi.org/10.54915/icay3440
https://doi.org/10.54915/tbjg5785
https://doi.org/10.54915/tbjg5785
https://doi.org/10.54915/jbst4378
https://doi.org/10.54915/jbst4378
https://doi.org/10.1007/s10040-014-1115-3
https://doi.org/10.1007/s10040-014-1115-3
https://doi.org/10.54915/nrcz5790
https://doi.org/10.54915/nrcz5790
https://doi.org/10.3133/b1123F
https://doi.org/10.3133/b1123F
http://hdl.handle.net/2142/91524
http://hdl.handle.net/2142/91524
https://doi.org/10.1130/GSAB-48-113
https://doi.org/10.1130/GSAB-48-113
https://doi.org/10.1130/GSAB-45-21
https://doi.org/10.1130/GSAB-45-21
https://doi.org/10.1086/622684
https://doi.org/10.1086/622684
https://doi.org/10.1130/GSAB-46-1687
https://doi.org/10.1130/GSAB-46-1687
https://doi.org/10.54915/qpoi9339
https://doi.org/10.54915/qpoi9339
https://data.usgs.gov/datacatalog/data/USGS:3a81321b-c153-416f-98b7-cc8e5f0e17c3
https://data.usgs.gov/datacatalog/data/USGS:3a81321b-c153-416f-98b7-cc8e5f0e17c3
https://data.usgs.gov/datacatalog/data/USGS:3a81321b-c153-416f-98b7-cc8e5f0e17c3
https://data.usgs.gov/datacatalog/data/USGS:3a81321b-c153-416f-98b7-cc8e5f0e17c3
https://www.science.org/doi/10.1126/science.277.5327.794
https://www.science.org/doi/10.1126/science.277.5327.794
https://doi.org/10.3133/gq959
https://doi.org/10.3133/gq959
https://doi.org/10.3133/gq949
https://doi.org/10.3133/gq949
https://doi.org/10.3133/gq1582
https://doi.org/10.3133/gq1582


33

Wisconsin Geological and Natural History Survey
White, C.A., 1870, Azoic, Lower Silurian, 

Upper Silurian, and Devonian 
Systems, Chapter I of General 
Geology, Part II of Report on the 
Geological Survey of the State of 
Iowa to the 13th General Assembly, 
January, 1870, containing results 
of examinations and observa-
tions made within the years 1866, 
‘67, ‘68, and ‘69—Volume 1:  Des 
Moines, Iowa, Mills & Co, p. 167–
188, https://www.iihr.uiowa.edu/
igs/publications/publications?cat-
egory=Early-State-Surveys.

Whitlow, J.W., and Brown, C.E., 1963, 
Geology of the Dubuque North 
quadrangle, Iowa-Wisconsin-
Illinois: U.S. Geological Survey 
Bulletin 1123-C, p. 139–168, 2 
pls., scale 1:24,000, https://doi.
org/10.3133/b1123C.

Whitlow, J.W., and West, W.S., 1966a, 
Geology of the Potosi quadran-
gle, Grant County Wisconsin, 
and Dubuque County, Iowa: U.S. 
Geological Survey Bulletin 1123–I, 
p. 533–571, 4 pls., https://doi.
org/10.3133/b1123I.

Whitlow, J.W., and West, W.S., 1966b, 
Geologic map of the Dickeyville 
quadrangle, Grant County, 
Wisconsin: U. S. Geological Survey 
Geologic Quadrangle GQ–488, 
scale 1:24,000, https://doi.
org/10.3133/gq488.

Whitlow, J.W., and West, W.S., 1966c, 
Geologic map of the Kieler 
quadrangle, Grant County, 
Wisconsin and Jo Daviess County, 
Illinois: U.S. Geological Survey 
Geologic Quadrangle GQ–487, 
1 pl., scale 1:24,000, https://doi.
org/10.3133/gq487.

Winchell, N.H., 1874, The geology of 
the Minnesota Valley in Winchell, 
N.H., and Peckham, S.F., 1874, The 
second annual report for the year 
1873: Minnesota Geological and 
Natural History Survey Annual 
Report, no. 2, p. 127–212, https://
hdl.handle.net/11299/56230.

Wisconsin Geological and Natural 
History Survey [WGNHS], 2006, 
Bedrock stratigraphic units in 
Wisconsin: Wisconsin Geological 
and Natural History Survey Open-
File Report 2006–06, https://doi.
org/10.48358/bheo2122.

Wisconsin Geological and Natural 
History Survey [WGNHS], 2011, 
Bedrock stratigraphic units in 
Wisconsin: Wisconsin Geological 
and Natural History Survey 
Educational Series 51, 2 p., https://
doi.org/10.48358/udww3545.

Zehnder, A.T., and Allmendinger, R.W., 
2000, Velocity field for the tris-
hear model: Journal of Structural 
Geology, v. 22, no. 8, p. 1009–1014, 
https://doi.org/10.1016/S0191-
8141(00)00037-7.

https://www.iihr.uiowa.edu/igs/publications/publications?category=Early-State-Surveys
https://www.iihr.uiowa.edu/igs/publications/publications?category=Early-State-Surveys
https://www.iihr.uiowa.edu/igs/publications/publications?category=Early-State-Surveys
https://doi.org/10.3133/b1123C
https://doi.org/10.3133/b1123C
https://doi.org/10.3133/b1123I
https://doi.org/10.3133/b1123I
https://doi.org/10.3133/gq488
https://doi.org/10.3133/gq488
https://doi.org/10.3133/gq487
https://doi.org/10.3133/gq487
https://hdl.handle.net/11299/56230
https://hdl.handle.net/11299/56230
https://doi.org/10.48358/bheo2122
https://doi.org/10.48358/bheo2122
https://doi.org/10.48358/udww3545
https://doi.org/10.48358/udww3545
https://doi.org/10.1016/S0191-8141(00)00037-7
https://doi.org/10.1016/S0191-8141(00)00037-7


This report is an interpretation of the 
data available at the time of prepara-
tion. Every reasonable effort has been 
made to ensure that this interpretation 
conforms to sound scientific principles; 
however, the report should not be 
used to guide site-specific decisions 
without verification. Proper use of the 
report is the sole responsibility of the 
user. The use of company names in this 
document does not imply endorse-
ment by the Wisconsin Geological 
and Natural History Survey. University 
of Wisconsin–Madison Division of 
Extension, in cooperation with the 
U.S. Department of Agriculture and 

Wisconsin counties, publishes this 
information to further the purpose of 
the May 8 and June 30, 1914, Acts of 
Congress. An EEO/AA employer, the 
University of Wisconsin–Madison pro-
vides equal opportunities in employ-
ment and programming, including Title 
VI, Title IX, and ADA requirements. If 
you have a disability and require this 
information in an alternative format, 
contact the Wisconsin Geological and 
Natural History Survey at 608-262-
1705 (711 for Wisconsin Relay).

Our Mission
The Survey conducts earth-science 
surveys, field studies, and research. We 
provide objective scientic information 
about the geology, mineral resources, 
water resources, soil, and biology of 
Wisconsin. We collect, interpret, dis-
seminate, and archive natural resource 
information. We communicate the 
results of our activities through publi-
cations, technical talks, and responses 
to inquiries from the public. These 
activities support informed decision 
making by government, industry, 
business, and individual citizens of 
Wisconsin.

Published by and available from:
Wisconsin Geological and Natural History Survey
	 3817 Mineral Point Road, Madison, Wisconsin 53705-5100 
	 608.263.7389 www.wgnhs.wisc.edu 
	 Susan K. Swanson, Director and State Geologist

http://www.wgnhs.wisc.edu

	Abstract
	Introduction
	Methods
	Description of map units
	Silurian
	Silurian undivided

	Ordovician
	Maquoketa Group
	Galena Formation
	Decorah Formation
	Platteville Formation
	Ancell Group
	Prairie du Chien Group

	Cambrian
	Jordan Formation
	St. Lawrence Formation
	Tunnel City Group
	Elk Mound Group


	Description of map structures
	Fractures
	Orthogonal joint sets
	Conjugate shear fractures
	Complex fracture pattern

	Folds
	Mineral Point anticline and Annaton syncline
	Beetown syncline
	Meekers Grove anticline and Georgetown syncline


	Discussion
	Orogenic stress transmission and the origin of fractures
	Conceptual model for development of fractures and folds
	Hydrogeology map applications
	Impact of folds and faults on groundwater flow
	Impact of stratigraphy on springs and hydrogeology
	Cross connecting groundwater wells in Grant County


	Acknowledgments
	References

