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INTRODUCTION

The Driftless Area of southwest Wisconsin is home 
to thousands of springs that help support the re-
gion’s world-class trout streams and sustain critical 
habitat for endangered and threatened species (Fig-
ure 1).  Because the region was never ice-covered, 
some of the springs may have served as paleorefu-
gia.  In other regions, such springs support endemic 
species and, depending on their size and stability, 
host high biodiversity of rare species (Nekola, 1999).  
Spring occurrence and geochemistry can also pro-
vide important insights into influences on ground-
water flow and, ultimately, on aquifer contamination 
susceptibility (Nelms et al., 2003).  Where spring 
waters dissolve limestone and become saturated 
with calcium carbonate, they may precipitate tufa 
near the spring orifice.  In these rare cases, the tufa 
can record a history of local climate conditions as 
it builds up, layer after layer over time (Andrews, 
2006).

The purpose of the Keck Wisconsin 2009 project 
was to examine the ecological and physical func-
tions of springs in the Driftless Area.  An under-
standing of these functions is especially relevant 
in Wisconsin because the 2003 Wisconsin Act 310 
requires the Wisconsin Department of Natural Re-
sources (WDNR) to evaluate whether groundwater 
pumping by new high-capacity wells (≥ 100,000 gal-
lons per day) will result in significant environmental 
impacts to springs.  However, Wisconsin’s springs 
are poorly studied, resulting in a lack of information 
for use in determining significance of impacts.

GEOLOGY OF THE DRIFTLESS AREA

The Driftless Area is characterized by Cambrian and 
Ordovician sedimentary strata that dip westward 
very slightly and are exposed in steep and narrow 
river valleys.  Pleistocene deposits are absent except 
for thin layers of loess and/or hillslope sediments on 
valleys sides and stream sediment in valley bottoms 
(Clayton and Attig, 1997).

THE GEOLOGY AND ECOHYDROLOGY OF SPRINGS IN THE 
DRIFTLESS AREA OF SOUTHWEST WISCONSIN

SUSAN K. SWANSON: Beloit College
MAUREEN A. MULDOON: University of Wisconsin – Oshkosh

Figure 1. Distribution of (a) springs and (b) bedrock geology in Crawford and Grant Counties, southwest Wisconsin [modified from 
Macholl (2007), Swanson et al. (2009), and Mudrey et al. (2007)].
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The sedimentary strata consist of a sequence of 
alternating clastic and carbonate rocks that overlie 
Precambrian granite and other undifferentiated 
igneous and metamorphic rocks (Figure 2).  The 
sequence of Cambrian-aged bedrock units includes, 
from oldest to youngest, the Mt. Simon, Eau Claire, 
and Wonewoc Formations (Elk Mound Group), the 
Tunnel City Group, the St. Lawrence Formation, 
and the Jordan Formation.  These rocks are often 
collectively referred to as the Cambrian sandstones 
because they are mostly quartzose and feldspathic 
sandstones.  Notable exceptions are a shaley fa-
cies of the Eau Claire Formation; some members 
of the Lone Rock Formation of the Tunnel City 
Group, which are also mainly shale; and the dolo-
mitic St. Lawrence Formation (Dott and Attig, 2004; 
WGNHS, 2006).

The dominant Ordovician rock types are limestone 
and dolomite.  The sequence of Ordovician-aged 
bedrock units includes, from oldest to youngest, 

the Prairie du Chien Group, the St. Peter Forma-
tion (Ancell Group), and the Sinnipee Group.  The 
Prairie du Chien Group is composed mainly of 
dolomite, but oolite and chert nodules are com-
mon.  The Sauk-Tippecanoe unconformity forms 
the contact between the Prairie du Chien Group and 
the overlying Ancell Group.  The St. Peter sandstone 
is nearly pure quartz like the Cambrian sandstones 
from which it was derived.  Sinnipee Group rocks, 
composed of gray limestone (Platteville Formation), 
shale and gray limestone (Decorah Formation), and 
tan dolomite (Galena Formation), are more resistant 
than the underlying St. Peter sandstone, so they cap 
many of the ridges in the southernmost Driftless 
Area (Dott and Attig, 2004; WGNHS, 2006).  The 
overlying Ordovician Maquoketa Formation and 
undifferentiated Silurian dolomites occur only as 
small, isolated patches capping a few high hills in 
southwestern Wisconsin (Dott and Attig, 2004; Mu-
drey et al., 2007).

HYDROGEOLOGY OF THE DRIFTLESS 
AREA

Groundwater recharge takes place along ridge tops 
and hillslopes in the Driftless Area, and local flow 
systems with short flow paths are common in the 
shallow bedrock aquifers.  Perched water tables and 
local aquitards also occur throughout the region.  
In this complex setting, the relationship of springs 
to the groundwater flow system is often poorly 
understood (Krohelski et al., 2000; Hunt et al., 
2003).  Groundwater is generally thought to flow 
preferentially along bedding plane fractures or along 
lithologic contacts between units with differences in 
hydraulic conductivity.  Where these features are in-
tersected by stream valleys, groundwater discharges 
at contact springs.  Swanson et al. (2009) found that 
springs are associated with every major stratigraphic 
unit in Iowa County, Wisconsin (Figure 1); however, 
most of the springs are found near the upper contact 
of the Cambrian sandstones, near the upper contact 
of the St. Peter sandstone, or in association with the 
heavily fractured Sinnipee Group rocks (Platteville, 
Decorah, and Galena Formations).  De Geoffroy 
et al. (1967; 1970) similarly note that many of the 
springs in the historic lead-zinc mining district of 

Figure 2. Bedrock stratigraphic units in Wisconsin (modified 
from WGNHS, 2006).
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southwest Wisconsin emanate from fractures and 
along zones of contrasting permeability in the Plat-
teville, Decorah, and Galena Formations.
Because so many springs discharge from the Cam-
brian sandstones or the Ordovician Platteville, 
Decorah, and Galena Formations, field sites were 
established in Crawford and Grant Counties where 
examples of such springs are located (Figure 1).  
Students on this project utilized spring occurrence, 
temperature, and geochemistry to better understand 
modern contributions to trout streams; conducted 
outcrop analog studies to improve understanding of 
the geological controls on springs in the region; and 
studied records of stable isotopes and molar ratios of 
major and trace elements in spring tufa deposits to 
explore past climatic variations and to evaluate the 
long-term continuity of spring flow in the region.

PHYSICAL CHARACTERISTICS OF 
CAMBRIAN SANDSTONE SPRINGS

Ashley Krutko (Capital University) was interested in 
comparing methods to delineate spring source areas 
for two springs in Crawford County (Figure 3).  She 
used a topographic mapping approach, a water-table 
mapping approach, a water balance calculation, 
and a finite element modeling approach (GFLOW) 
(Haitjema, 2007).  While in the field, Ashley mea-
sured spring flow, stream flow along the West Fork 
of Knapp Creek (which the Crawford County site 

springs drain into), and stream flow where other 
tributaries enter the creek.  She also described the 
physical characteristics of the Cambrian sandstones 
that are exposed in Crawford County.  Her results 
suggest that the topographic and water-table map-
ping methods produce similarly shaped source areas 
as might be expected in an area with high topo-
graphic relief.  The GFLOW model assumes 2-di-
mensional groundwater flow and is unable to fully 
capture the complexities of layered stratigraphic 
sequences, which may limit its applicability as a tool 
for delineating source areas in this hydrogeologic 
setting.

Miles Reed (DePauw University) studied the distri-
bution of temperature within spring-fed streams.  
He established fourteen stream reaches down-
stream of the two springs at the Crawford County 
site, where he measured discharge; channel width, 
depth, and length; stream and air temperature; cloud 
cover; humidity; wind speed; shade percentage; and 
a variety of other physical factors (Figure 3).  He 
then used the Stream Segment Temperature Model 
(SSTEMP) (Bartholow, 2002) to simulate the distri-
bution of stream temperature and to gain a better 
understanding of the variables that most affect this 
distribution.  Miles’ model is able to simulate the 
overall pattern of temperature distribution within 
the spring-fed streams, but the model consistently 
over-estimates stream temperature.  He found that 

Figure 3. Location of the (a) Crawford County field site, (b) the northeast spring at the site, and (c) the southwest spring at the site.
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the model is most sensitive to air temperature, 
followed by shade percentage along a given reach.  
With greater accuracy of these two field measure-
ments, it is likely that agreement between modeled 
and measured stream temperatures would improve.  
However, the simulation is still instructive in terms 
of controls on the distribution of stream tempera-
ture.  Miles’ results agree with other studies (e.g., 
Gaffield et al., 2005) that suggest that the restoration 
of vegetation, which affects both air temperature and 
shading, is a critical component of a stream restora-
tion effort.

GEOCHEMISTRY OF SPRING WATERS

Springs at the Crawford County site discharge from 
the Tunnel City Group, whereas springs at the Grant 
County sites discharge from the Sinnipee Group 
rocks.  Mary Liang (Franklin and Marshall College) 
explored major ion geochemistry of spring waters 
to understand how differences in groundwater 
flow paths influence geochemistry and, ultimately, 
whether or not tufa deposition is likely.  Mary 
sampled both springs at the Crawford County site 
(Figure 3).  She also sampled two tufa-depositing 
springs and one smaller spring without significant 
tufa deposits at the Potosi and the Platteville sites in 
Grant County (Figures 4 and 5).  Each spring was 
sampled three times in July and August 2009.
Mary’s results show that spring waters that discharge 
from the Tunnel City Group sandstones in Crawford 

County have much lower concentrations of total dis-
solved solids than spring waters that discharge from 
the Sinnipee Group carbonates in Grant County.  
In addition, spring waters that discharge from the 
Cambrian sandstones are undersaturated with re-
spect to calcite, whereas spring waters that discharge 
from the tufa-depositing springs are saturated or 
super-saturated.  The waters discharging from the 
tufa-depositing springs also show evidence of CO2 
degassing.  Water samples were collected at the 
spring orifice, several meters downstream from the 
spring orifice, and at the drip face of the tufa mound 
for each tufa-depositing spring.  With increasing 
distance from a spring orifice, the pH increases, the 
calcite saturation index increases, and the partial 
pressure of CO2 decreases.  It is unclear from the 
geochemistry alone why some springs discharging 
from the Sinnipee Group carbonates have built up 
substantial tufa mounds over time while others have 
not.  Mary concludes that research on heterogene-
ities in the aquifer or on the geomorphology of the 
hillslopes may provide further clues into the occur-
rence of these unique features.

HYDROSTRATIGRAPHY OF THE 
SINNIPEE GROUP

Hannah Doherty (Mt. Holyoke College) conducted 
an outcrop analog study to better understand the 
distribution of stratigraphically-controlled features 
and their influence on groundwater flow to the tufa-

Figure 4. Location of the Potosi tufa spring site in Grant County, including (a) an aerial view of the site, (b) the tufa mound, and (c) 
the exposed section.
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depositing springs in Grant County.  Hannah de-
scribed sections of the Sinnipee Group at the Potosi 
site, the Potosi Hill site along Highway 61, and the 
Platteville site (Figures 4 and 5).  She also used geo-
physical logs from wells installed at the University 
of Wisconsin-Platteville campus and the University 
of Wisconsin -Platteville Pioneer Farm.  Hannah is 
able to correlate outcrop natural gamma measure-
ments collected at the Potosi site, Potosi Hill, and 
the Platteville site with the borehole natural gamma 
logs.  This allows her to better understand how fea-
tures she observed in the rocks in outcrop influence 
the flow of groundwater where the rocks exist in the 
subsurface.  Hannah concluded that the tufa-de-
positing springs discharge near the upper contact of 
the shaley Spechts Ferry Member with the over-ly-
ing, heavily-fractured limestone of the Guttenberg 
Member (Decorah Formation).  Borehole tempera-
ture, conductivity, flow, and caliper logs complement 
her field results and suggest that this stratigraphic 
contact represents a zone of preferential groundwa-
ter flow across the region.  In addition to providing 
a hydrogeologic framework for the tufa-depositing 
springs, her work has implications for groundwater 
contamination susceptibility in the southern part of 
the Driftless Area.

PALEOCLIMATE RECORDS FROM TUFA-
DEPOSITING SPRINGS

Liz Forbes (Whitman College) and Ethan Mamer 

(Beloit College) collected core from the tufa mound 
at the Platteville site (Figure 5).  They are using stable 
isotopes of oxygen (δ18O) and carbon (δ13C) along 
with molar ratios of major and trace elements (Mg/
Ca, Sr/Ca, and Ba/Ca) to infer climate conditions 
at the time the tufa was deposited.  A total of five 
cores were collected.  Ethan analyzed PLC3, which 
was cored to a depth of 4.10 meters, and Liz ana-
lyzed PLC4 and 5, which were cored to a total depth 
of 3.58 meters.  Ethan conducted higher resolution 
sampling (every 10 cm) for stable isotopes and lower 
resolution sampling (every 20 cm) for elemental 
analysis by XRF, and Liz’s sampling frequencies were 
the reverse.  In addition, plant matter found in PLC4 
provided material for radiocarbon dating.

Liz and Ethan are able to correlate the stable isotope 
and molar ratio records among their cores.  The data 
suggest overall drier conditions in the mid-Holocene 
(prior to approximately 4,500 yrs BP), as evidenced 
by heavier (less negative) δ13C ratios and higher 
molar ratios of major and trace elements.  There is 
also some indication in the δ18O records that tem-
peratures were slightly warmer than modern condi-
tions during this time.  After approximately 4,500 yrs 
BP, the lighter δ13C ratios and lower molar ratios of 
major and trace elements indicate increasing mois-
ture conditions.  The results generally agree with 
previous research on Holocene climate conditions 
in the Upper Midwest.  Previous studies that utilize 
physical data sets are mostly based on the analysis of 

Figure 5. Location of the Platteville tufa spring site in Grant County, including (a) an aerial view of the site, (b) the tufa mound, and 
(c) another spring with very little tufa deposition.
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cave stalagmites in northeastern Iowa, lake deposits 
in Minnesota, and pollen records from across the 
Upper Midwest (Bartlein et al., 1984; Brugam et 
al., 1988; Denniston et al., 1999).  However, there 
is very little existing work that is based on physical 
data from the Driftless Area of Wisconsin.  There-
fore, although better age constraints on the tufa are 
needed, Liz and Ethan’s work has good potential to 
make contributions to our understanding of climate 
change in southwestern Wisconsin over the last 
10,000 years.

CONCLUSIONS

The Driftless Area of southwestern Wisconsin is 
home to thousands of springs that support numer-
ous trout streams in the area.  The importance of 
springs to their receiving waters was recognized 
in the 2003 Wisconsin Act 310, which requires the 
WDNR to evaluate whether groundwater pumping 
by new high-capacity wells will result in significant 
environmental impacts to springs.  The current 
legislation extends this protection to springs with 
flow rates greater than 1 cfs.  Proposed legislation 
(AB844) pending in state legislature will extend 
protection to springs with flow rates of 0.25 cfs.  
The context of the current and proposed legislation 
highlights the relevance of the Wisconsin project 
results.

To date, Wisconsin’s springs have not been studied 
very extensively and as a result there are few baseline 
data that can be used in determining significance of 
impacts.  Work by students on the Wisconsin Proj-
ect has provided a better understanding of springs 
in Driftless Area.  The outcrop analog study by Han-
nah Doherty had led to improved understanding 
of the geological controls on springs in the region.  
Ashley Krutko’s work provides a useful comparison 
of methods for delineating the source water areas 
of springs.  Mary Liang’s work on groundwater 
geochemistry and Miles Reed’s work on stream 
temperature has provided a better understanding 
of spring contributions to trout streams.  Liz Forbes 
and Ethan Mamer’s study of stable isotopes and mo-
lar ratios of major and trace elements illustrates the 
relevance of spring tufa deposits as records of past 

climatic variations.  Taken together, the results of the 
Wisconsin Project have advanced our understand-
ing of the geology and ecohydrology of springs in 
the Driftless Area.
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