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The accompanying map is an 
interpretation of the distribution 
of bedrock units that are present 

beneath unconsolidated sediments in 
Dodge County, Wisconsin. The unconsol-
idated sediments were mostly deposited 
by modern and glacial processes during 
the Quaternary Period and are generally 
20–60 feet (ft) thick, though locally they 
range from absent (where bedrock crops 
out) to more than 200 ft thick in preglacial 
bedrock valleys. Bedrock unit contacts 
are drawn on the buried bedrock surface, 
which is shown in elevation contours on 
the base for this map. This map builds on 
recent mapping in Fond du Lac and Sauk 
Counties (Batten, 2018; E.D. Stewart and 
others, 2018; E.D. Stewart and E.K. Stewart, 
2020), refines the subdivision of the 
Precambrian Baraboo interval metased-
iments (map units XYb, Yw, and XYi; see 
also Dott, 1983; E.K. Stewart and others, 
2016), identifies several low-amplitude 
folds in the Paleozoic units, and presents 
new evidence for episodic Paleozoic 
reactivation of Precambrian structures. 
A refinement of the bedrock elevation 
contours and the areas underlain by dolo-
stone bedrock may facilitate identification 
of those areas that are most susceptible 
to groundwater contamination from the 
application of nutrients and pesticides on 
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the land surface. The identification and 
mapping of subtle folds in the Paleozoic 
units may also help predict local changes 
in the physical properties of the bedrock; 
for example, changes in hydraulic conduc-
tivity associated with vertical fracturing 
near fold axes (E.D. Stewart and others, 
in press). 

Bedrock units include Proterozoic quartz-
ite, schist, banded iron formation (XYb, 
XYi, Yw), and lesser mafic intrusive rocks 
and pegmatites (Ypm) nonconformably 
overlain by Paleozoic siliciclastic and 
carbonate rocks. Precambrian strata 
(Waterloo Quartzite) were deposited on 
the southeastern margin of Laurentia after 
about 1,630 Ma (mega-annum, or Ma). It 
is possible that an older unconformable 
sedimentary succession beneath the 
Waterloo Quartzite was deposited after 
about 1,714 Ma, similar to the Precambrian 
succession in the Baraboo Hills 50 miles 
to the west (E.D. Stewart and others, 2018; 
E.K. Stewart and others, in press). Regional 
events that controlled deformation of 
these rocks are unresolved (E.K. Stewart 
and others, in press). Baraboo interval 
strata show evidence for metamorphism 
associated with emplacement of the 
Wolf River batholith at approximately 
1,470 Ma (Medaris and others, 2019), and 
indirect evidence for folding during the 
Mazatzal event at approximately 1,630 
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Ma (Holm and others, 1998; Romano and 
others, 2000). The quartzite, schist, and 
iron formation (XYb, XYi, Yw) are intruded 
by mafic dikes and pegmatites (Ypm) of 
uncertain age. Geochemical and geo-
chronologic data suggest pegmatites and 
associated mafic intrusions are associated 
with the Wolf River batholith which may 
be related to the Green Island plutonic 
belt of the Eastern Granite Rhyolite 
province (1,400 Ma; Bucholz and others, 
2005; Holm and others, 2007; Bickford and 
others, 2015; Medaris and others, 2019). 
Some mafic intrusions may be related to 
the Midcontinent Rift (about 1,100 Ma; 
for example, Holm and others, 2020). 
The evidence for these events is from 
aeromagnetic anomaly data (E.K. Stewart 
and others, 2016; E.D. Stewart and others, 
2018) and an exposure of pegmatites 
and mafic dikes at a quarry in southwest-
ern Dodge County (Bucholz and others, 
2005). Here, the Waterloo quartzite (Yw) 
is exposed in low-lying outcrops along 
the western limb of the Waterloo syncline. 
The overlying Cambrian through Silurian 
sandstones and dolomites were deposited 
as nearshore through offshore deposits in 
a broad, epeiric sea some 510–430 million 
years ago (for example, Sloss, 1963; Smith 
and others, 1993; Choi and others, 1999; 
Runkel and others, 1998, 2007; McLaughlin 
and others, 2019). Chronologic subdi-
visions are from Gradstein and others 
(2012) as well as regional studies. The 
subdivision of the Cambrian into Middle 
and Late Cambrian units (Epoch 3 and 
Furongian; _e, _tc, _t) and the position 
of the Cambrian-Ordovician boundary are 
based on Runkel and others (2007). The 
subdivision of the Ordovician and Silurian 
units (Opc, Oa, Os, Om, Su) is based on 
Choi and others (1999), Witzke and others 
(2010), and McLaughlin and others (2019). 
The map area overlies the Wisconsin arch, 
a structural high that was periodically 
subaerially exposed during the deposi-
tion of the Paleozoic units. The Wisconsin 
dome was elevated to the north and the 
Paleozoic units dip gently 3–5 degrees 
toward the Michigan basin to the east. 

Bedrock surface

The topographic surface of the 
mostly buried bedrock was inter-
preted from depth-to-bedrock 

information from 3,213 well construction 
reports (WCRs), soils data from the U.S. 
Department of Agriculture, and obser-
vation of land surface topography. The 
bedrock surface elevation was hand 
contoured at 20-ft intervals. The bedrock 
topography closely mimics the pres-
ent-day surface topography in places 
underlain by shallow dolostone (depth 
to bedrock <50 ft). On the basis of this 
observation, bedrock-surface-elevation 
contours were interpreted to closely follow 
the trend of surface topographic contours 
in areas underlain by dolostone bedrock 
units, including drumlin fields where WCR 
data suggest some drumlins underlain 
by dolostone include a bedrock core (E.K. 
Stewart, 2021). Bedrock elevation contours 
more loosely follow the trend of surface 
elevation contours in areas underlain by 
sandstone, shale, and quartzite. 

Most of the topography on the bedrock 
surface developed before the deposition 
of glacial and modern sediments during 
the Quaternary Period. The variable 
resistance to weathering and erosion of 
bedrock units is reflected in the topogra-
phy of the bedrock and land surfaces. The 
Precambrian quartzite (XYb, Yw) is most 
resistant to erosion. Today, the western 
side of the Waterloo syncline is a mostly 
buried Precambrian topographic high 
(Yw); during the Cambrian Period, this 
topographic high was at the land surface. 
The Paleozoic dolostone units (Su, Os, 
Opc) are relatively resistant to erosion and 
tend to cap elevated ledges or plateaus. In 
contrast, the softer sandstone and shale 
units (Om, Oa, _t, _tc) are more suscep-
tible to erosion and tend to form slopes 
that are dissected by preglacial drainage 
systems. The ledge-forming Silurian 
dolostone (Su) is present in eastern Dodge 
County. Bedrock-surface and ground-sur-
face elevations are highest in areas of 
northeastern and north-central Dodge 
County that are underlain by Silurian dolo-
stone. To the west, shale of the Ordovician 
Maquoketa Group (Om) is a slope-forming 
unit that flanks the Silurian dolostone, and 

this contact is discontinuously expressed 
in the land surface morphology as the 
Niagara Escarpment. The Maquoketa is 
herein elevated from a formation to a 
group to more closely follow its usage 
in Illinois and Indiana. The Maquoketa’s 
subunits are herein elevated from member 
to formation rank. The Maquoketa Group 
includes (in ascending order) the Scales 
Formation (shale), the Fort Atkinson 
Formation (shaly dolostone), the Brainard 
Formation (dolomitic shale and lesser 
shaly dolomite and grainstone), and the 
Neda Formation (mudstone to oolite). In 
central Dodge County, dolostone of the 
Ordovician Sinnipee Group (Os) forms a 
second broad, relatively elevated ledge. 
Due to the regional eastward dip, this 
Ordovician ledge has the highest surface 
elevation in northwestern Dodge County. 
The slope-forming sandstone and shale 
of the Ordovician Ancell Group (Oa) abut 
the Sinnipee Group to the west. Preglacial 
drainages dissect western Dodge County 
west of the Sinnipee Group, exposing 
dolostone of the Ordovician Prairie du 
Chien Group (Opc) and underlying sand-
stone of the Cambrian Trempealeau and 
Tunnel City Groups (_t, _tc). 

Two main preglacial drainage systems 
incised the bedrock surface (see fig. 1). In 
eastern Dodge County, several east-south-
east-trending preglacial tributaries to 
the ancestral Rock River incised the 
Silurian dolostone (Su) and shale of the 
Maquoketa Group (Om). These tributaries 
flowed either east towards the ancestral 
eastern branch of the Rock River, or west 
toward the south-southeast-trending 
ancestral Rock River that paralleled 
the Niagara Escarpment and is today 
partially occupied by Horicon Marsh, 
Sinissippi Lake, and the modern Rock 
River in southeastern Dodge County. The 
ancestral Crawfish River developed over 
less-resistant Cambrian to Ordovician 
sandstone (_t, _tc, Oa) in western Dodge 
and southeastern Columbia Counties. It 
flowed south into Jefferson County to join 
with the ancestral Rock River. Incision by 
these drainage systems partially con-
trols the mapped extent of the bedrock 
units, especially to the east where deep 
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3
preglacial valleys cut down into shale of 
the Maquoketa Group (Om), removing the 
overlying Silurian dolostone (Su). 

Structure

Many previously unrecognized 
folds in the Paleozoic units are 
identified and named on the 

map. Fold geometry aligns with linear 
aeromagnetic anomalies that previously 
had been interpreted as Precambrian 
fold axes and faults (see figs. 2 and 3; E.K. 
Stewart and others, 2016). 

Precambrian
The Precambrian quartzite, schist, and iron 
formation (XYb, XYi, Yw) are deformed by 
kilometer-scale folds and may be offset by 
regional-scale faults (E.K. Stewart and oth-
ers, 2016). Precambrian rocks (Yw, Ypm) 
are only exposed in the Waterloo syncline, 
an east-plunging, kilometer-scale syncline 
in southwestern Dodge County. An ellipti-
cal, canoe-shaped aeromagnetic anom-
aly in northern Dodge County is likely 
caused by similarly folded quartzite and 

iron formation (E.K. Stewart and others, 
2016). Beyond the Waterloo syncline, the 
Precambrian surface is poorly constrained 
by a few unevenly distributed wells. 

Paleozoic
The Paleozoic units are offset on the order 
of tens of feet by small folds that may 
be underlain or cut by faults. Structures 
are recognized through the correlation 
of Paleozoic units identified from well 
construction reports, cuttings, core, and 
geophysical logs. A series of low-ampli-
tude anticlines and synclines similar to 
those recognized in the lead-zinc district 
of southwestern Wisconsin (for example, 
Heyl and others, 1959) are apparent on 
the structure-contour map drawn on the 
base of the Sinnipee Group (Os; see fig. 2). 
Descriptions of two representative struc-
tures are provided below. 

Beaver Dam anticline
The Beaver Dam anticline is a gentle, 
east-southeast-plunging anticline with 
a maximum amplitude of approximately 
75 ft. The anticlinal trace is sinuous across 

west-central Dodge County, extending for 
approximately 17 miles. The inclination of 
the fold limbs is subtle, reaching as much 
as 2 degrees, but it is probably less for 
most of the fold’s length. 

The Beaver Dam anticline is coincident 
with a curvilinear, positive aeromagnetic 
anomaly and an abrupt, slight offset in 
the gravity data. A drill core collected 
along the fold axis (drill core name: 
WGNHS Slinger; WID: 14001388) recovered 
Precambrian iron formation (XYi) overlain 
by sandstone of the Cambrian Elk Mound 
Group (_e) across a sharp, erosive contact 
at a relatively elevated 490 ft above sea 
level. Large (>5 centimeters), angular 
clasts of iron formation are incorporated 
into the lowest sandstone of the Cambrian 
Elk Mound Group. The Ordovician Prairie 
du Chien Group (Opc) is absent and the 
overlying Ordovician Ancell Group (Oa) 
comes into contact with sandstone of 
the Cambrian Jordan Formation of the 
Trempealeau Group (_t) across an uncon-
formable surface. The core shows evidence 
for greater fracture density and small 

Figure 1. Elevation of 
the buried bedrock 
surface, in feet above 
sea level. Modern 
lakes are shown in 
blue and labeled. 
The approximate 
locations of ancestral 
preglacial rivers are 
shown by the dashed 
yellow lines, with 
arrows indicating 
the downstream 
direction. 
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faults compared to cores collected away 
from the fold axis. Fracturing and faulting 
is prevalent within the Ancell Group and 
fractures in the basal Elk Mound Group are 
heavily mineralized with sulfides. 

Waupun anticline
The Waupun anticline is a gentle, 
east-northeast-plunging anticline with 
a maximum amplitude of approximately 
60 ft. The anticlinal trace is discontinu-
ous across northwestern Dodge County, 
extending for approximately 12 miles. 
The inclination of the fold limbs is subtle, 
reaching as much as 2 degrees, but it is 
probably less for most of the fold’s length. 

The Waupun anticline is coincident with 
a strong, broad, linear, northeast-trend-
ing set of aeromagnetic anomalies that 
extends to the southwest (bisecting 
Columbia County) and to the northeast 
to the city of Fond du Lac in Fond du Lac 
County. Geophysical logs and geologic 

logs generated from the cuttings of sev-
eral deep wells at the Waupun Correctional 
Institution indicate that the Prairie du 
Chien Group (Opc) is locally absent and 
the Ancell Group (Oa) comes into contact 
with the lower Trempealeau Group (_t) 
(cross section A–A'). The observed offset of 
the Precambrian surface is about 300 ft, an 
order of magnitude larger than the offset 
of overlying Cambrian to Ordovician units. 

Interpretation
In Dodge County, observations of drillers’ 
logs, well cuttings, drill core, and geophys-
ical logs demonstrate the deformation 
of the Cambrian sandstones (_e, _tc, 
_t) through the Ordovician Ancell Group 
(Oa). The overlying Ordovician Maquoketa 
Group (Om) and Silurian dolostone (Su) 
are likely also deformed (Heyl and others, 
1959); however, in Dodge County, the 
available data constraining such defor-
mation are inconclusive. Observations in 
Dodge County are consistent with regional 

observations that indicate several epi-
sodes of deformation focused along reac-
tivated Precambrian structures. Craddock 
and Van der Pluijm (1989) and Van der 
Pluijm and others (1997) documented the 
transmission of late Paleozoic plate tec-
tonic stresses from the Appalachian and 
Ouachita orogenies into the interior of the 
midcontinental United States, and they 
suggested these stresses may have caused 
reactivation of pre-existing structures that 
were favorably oriented with respect to 
the plate margin. Paleozoic to Mesozoic 
reactivation of Precambrian structures 
likely influenced the source and pathway 
of the mineralized Mississippi Valley-
type fluids in southeastern Wisconsin 
(Haroldson and others, 2018; Luczaj and 
Huang, 2018) and a subsequent remobili-
zation of arsenic within the local ground-
water aquifer system (E.D. Stewart and 
others, in press). 

Figure 2. Structure-contour map of the 
base of the Ordovician Sinnipee Group 
(Os). Structure contours were drawn by 
hand from the elevation of the base of 
the Sinnipee Group as recorded in well 
construction reports, geologic logs, 
geophysical logs, and drill core.
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The fold axes interpreted from the struc-
ture contours drawn on the base of the 
Sinnipee Group (fig. 2) tend to align with 
geophysical anomalies that likely reflect 
structures in the underlying Precambrian 
rocks (fig. 3; Holm and others, 2007; E.K. 
Stewart and others, 2016). The coincidence 
of Paleozoic folds with Precambrian faults 
is observed in the Baraboo Hills, some 40 
miles west of Dodge County (E.D. Stewart 
and E.K. Stewart, 2020). In Dodge County, 
the large offset of the Precambrian surface 
relative to the offset of the overlying 
Paleozoic units observed along the axes 
of the Beaver Dam and Waupun anticlines 
may be attributed to Precambrian defor-
mation, which supports the interpretation 
that older structures were reactivated 
during the Paleozoic. 

An early period of uplift may have devel-
oped during the Middle Cambrian, shortly 
before or during the deposition of the 
Mount Simon Formation (_em) of the 
Elk Mound Group (_e). The evidence for 
this uplift is mostly from the observation 
of large, angular clasts of iron formation 
incorporated into the base of the Elk 
Mound Group in the WGNHS Slinger drill 
core along the axis of the Beaver Dam 
anticline. The size and angularity of these 
soft, poorly resistant clasts indicate they 
were exposed at the land surface shortly 
before their incorporation into the basal 
Elk Mound Group detritus. The overall 
coarse grain size of the Elk Mound Group 
in Dodge County suggests the Wisconsin 
arch was subtly expressed as a topo-
graphic high by Middle Cambrian time. 
The fine-grained fraction that is charac-
teristic of the Eau Claire Formation (_ee) 
elsewhere in Wisconsin is minimal to 
absent in all but perhaps eastern Dodge 
County, likely due to the winnowing of 
the finer grains in a slightly higher-energy, 

more proximal setting over the Wisconsin 
arch. The overlying Cambrian Tunnel City 
Group (_tc) and Trempealeau Group (_t) 
maintain their thicknesses, indicating 
potential Cambrian deformation did not 
persist much longer beyond the deposi-
tion of the Elk Mound Group. 

An important period of deformation 
developed by the end of Early Ordovician 
time, resulting in a more pronounced 
uplift of the Wisconsin arch (Heyl and oth-
ers, 1959). This Early to Middle Ordovician 
deformation likely caused the localized 
uplift and erosion of the Prairie du Chien 
Group (Opc) before the deposition of the 
overlying Ancell Group (Oa). Mapping in 
southeastern Minnesota is consistent with 
these observations and further documents 
the changes in thicknesses within the 
Prairie du Chien Group that are interpreted 
as evidence for syndepositional tectonism 
(Steenberg and others, 2015, 2018). Closer 
to Dodge County in the Baraboo Hills 

Figure 3. Structure contours drawn on 
the base of the Ordovician Sinnipee 
Group (from fig. 2) overlain on reduced-
to-pole (RTP) aeromagnetic anomaly 
map. Aeromagnetic anomalies reflect 
magnetic contrast in the upper crust; 
in Wisconsin, this data responds to 
variations in the Precambrian basement 
because the overlying Paleozoic rocks 
and Quaternary sediments are mostly 
magnetically transparent. Paleozoic 
fold axes closely align with linear 
aeromagnetic anomalies (compare with 
fig. 2), supporting the interpretation 
that Precambrian structures were 
reactivated during the Paleozoic. 
See Daniels and Snyder (2002) and 
E.D. Stewart and others (2018) for 
a description of the aeromagnetic 
dataset. 

90
0

95
0

85
0

80
0

75
0

70
0

65
0

60
0

55
0

50
0

45
0 40
0

35
0

85
0

80
0

750

70
0

65
0

60
0

55
0

50
0

45
0

650

700

750

–36

2,083

196

251

293

330

364

398

431

462

492

521

552

586

625

669

725

793

885

1,043

Nanoteslas 
(nT)

90
0

95
0

85
0

80
0

75
0

70
0

65
0

60
0

55
0

50
0

45
0 40
0

35
0

85
0

80
0

750

70
0

65
0

60
0

55
0

50
0

45
0

650

700

750

Miles0 52.5

–36

2,083

196

251

293

330

364

398

431

462

492

521

552

586

625

669

725

793

885

1,043

Nanoteslas 
(nT)



W
IS

CO
N

SI
N

 G
EO

LO
G

IC
A

L 
A

N
D

 N
A

TU
R

A
L 

H
IS

TO
R

Y
 S

U
R

V
EY

 •

6
of Sauk County, outcrops of the Prairie 
du Chien Group are gently folded (E.D. 
Stewart and E.K. Stewart, 2020). 

Subtle deformation continued after the 
deposition of the Ancell Group (Oa), 
resulting in the folding of the overly-
ing Sinnipee Group (Os) and localized 
fracture development and mineralization. 
Subsurface mapping of the base of the 
Ordovician Maquoketa Group (Om) and 
overlying Silurian dolostone (Su) indicates 
subtle folding of these units, though less 
conclusively than for underlying units (see 
cross sections A–A' and B–B'). 
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