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     We present a novel approach to mapping southwestern Wisconsin’s karst 
boundary using digitized soils data, GIS and GPS to facilitate real-time field 
positioning that also has application for geologic and geomorphic modeling.  
The lower boundary of the karst in Sauk, Richland, Crawford and Vernon 
counties is effectively delimited by the contact between the karstic Prairie du 
Chien Formation and the underlying Jordan Sandstone.  This contact is 
associated with particular and distinctive soil groups, and digital soil maps 
effectively mark the geographic location and the elevation of the contact. A 
USDA/NRCS soils shapefile was manipulated in a GIS to isolate the target 
soils, and the intersections of the target soils and roadways were used to 
locate the contact in real time by streaming GPS location data into the GIS.  
The resultant datasets were used to construct 3D models of the contact 
surface, and to produce boundary maps that represent significant 
improvements over previous mapping.  In real-time field testing the 
predicted contact location and the observed location coincided within +/- 10 
m almost 100%.  Comparing the generated maps with pre-existing geologic 
maps for Sauk and La Crosse counties and for adjacent areas of southeast in 
Minnesota reveals striking resemblance and continuity.  The method proved 
accurate and highly efficient, and has potential for application in other 
locations and contexts. 
 

 
Introduction 
 
     Carbonate karst is an important component of southwestern Wisconsin’s landscape 
both from a geomorphic and a land-use perspective (Day et al., 1989; Day and Reeder, 
1989; Reeder and Day, 1993).  Despite this, geologic mapping of the karst has 
progressed slowly, in part because the karst area is predominantly rural and in 
agricultural land use, and in part because the karst occupies ridgetop positions and is 
not spatially extensive over contiguous areas.  Existing large scale geologic maps provide 
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a general indication of karst distribution but they are of limited use for site-specific 
studies and for research on individual or local-scale assemblages of karst landforms. 
     Here we outline a novel approach to mapping the karst north of the Wisconsin River 
where the karst boundary is effectively marked by the contact between the Ordovician 
carbonates of the Prairie du Chien Formation and the underlying Cambrian sandstones 
of the Jordan Formation.  Working in Richland, Crawford, Vernon and western Sauk 
counties (Fig. 1) we developed a means of mapping this geologic boundary using 
digitized soils data, GIS and GPS to facilitate real-time field positioning that also has 
application for geologic and geomorphic modeling.  Ultimately, the technique was 
designed to construct accurate three-dimensional models of the largely subterranean 
topography of the Jordan /Prairie du Chien surface, which has implications for regional 
paleogeography and geomorphology (Mauel, 2008).             
 
Karst in Southwestern Wisconsin 
 
     Karst is a significant component of the upland landscape of southwestern Wisconsin’s 
Driftless Area and includes a wide array of dry valleys, sinkholes, caves and springs (Day 
et al, 1989).  Although dissolution is sluggish, the area was spared the ravages of 
Pleistocene glaciation (Mickelson et al, 1982) which has allowed the persistence of 
spatially restricted, essentially relict ridge-top karst dissected by fluvial valley incision. 
     Although dry valleys dominate the karst, over 200 sinkholes have been documented 
(Day and Reeder 1989) and caves and springs are integral components of the 
geomorphology and hydrology (Day et al. 1989, 2004).  Regional geologic dip is towards 
the southwest and joints are oriented predominantly northeast-southwest.  Springs are 
primarily free-draining or gravity springs which discharge water at the base of valley 
sides, particularly in proximity to the base of the carbonate rocks.  Larger springs are 
located predominantly on valley sides with a southwest aspect but elevations are less 
predictable, perhaps reflecting complexities in the regional geologic structure (Day et al. 
2004).  
     North of the Wisconsin River the karst has formed in Ordovician carbonates, mostly 
dolostones, of the Prairie du Chien Formation.  The carbonates were folded and 
fractured during the Paleozoic and the initial structures have been accentuated by 
subsequent dissolution and slumping. (Hedges and Alexander, 1985).  Karst formation 
may have commenced in the Paleozoic (Hedges and Alexander, 1985) and hydrothermal 
activity affected the carbonates around the same time (Heyl et al., 1970).   The 
dolostones have undergone extensive and complex diagenesis and there is a 
considerable paleokarstic legacy (Smith and Simo, 1997).  
     Ages of the caves have yet to be established with any certainty but they may be 
Mesozoic or earlier.  Inception is generally considered to have occurred under shallow 
phreatic conditions prior to valley incision (Olmstead and Borman, 1968; Milske et al., 
1983).  There are well over 200 individual carbonate caves in southwestern Wisconsin 
but most are shallow and small, and all are less than 1000 m in length.  Their dimensions 
are constrained by slow dissolution rates, thin bedding and the dismemberment of 
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networks and reduction in catchment areas produced by valley incision (Day et al., 
1989).   
     It has generally been assumed that the caves of southwestern Wisconsin developed 
primarily through “normal” dissolution of the carbonate bedrock by dilute carbonic acid 
solutions.  Although this may well be the case, it is clear that hydrothermal modification 
may also have occurred (Reeder and Day, 1989, 1990).  Moreover, it is also possible that 
the caves were influenced, even possibly initiated, by sulfuric acid dissolution processes, 
the broader significance of which has only recently been fully appreciated, and/or by 
dissolution under saline-freshwater mixing conditions (Pipes and Day, 2006). 
     Despite its relative anonymity the karst is not without scientific interest.   In 
particular, the caves are integrated into the regional drainage system (Reeder and Day, 
1993) and both they and sinkhole sediments provide evidence about former surface 
environments (Day, 1986a,b ; Oh and Day, 1991, Oh et al., 1991, 1993).   
 
Delimiting the Karst      
 
     Geologic mapping of the southwest Wisconsin karst has been leisurely, in part 
because there has been no strong economic imperative.  Of the four counties 
considered here, only Sauk County has been mapped geologically at a scale of 1:100,000 
(Clayton and Attig, 1990).  In contrast, reflecting the dominance of agricultural land use, 
the soils of southwest Wisconsin have been classified and mapped in considerable 
detail, most recently through the auspices of the National Cooperative Soil Survey and 
the Wisconsin Natural Resources Conservation Service (NRCS, 2009) and digital soils 
data for the area is available as digital shapefiles (NRCS, 2009). 
     The contact with the underlying Jordan Sandstone effectively delimits the karst that 
is developed within the overlying Prairie du Chien Formation.   At the base of the Prairie 
du Chien is the Oneota dolostone which is a very pale brown to light brownish gray, fine 
to medium grained, locally sandy dolostone (Clayton and Attig, 1990).  By contrast, the 
Jordan Sandstone is a white or brown-stained, medium-textured quartz sandstone, 
although it varies considerably in grain size and degree of cementation (Ostrom, 1965; 
Ostrom et al., 1970).  In fresh sections the Oneota/Jordan boundary is clear and 
conspicuous although elsewhere it may be obscured by regolith and vegetation.  
Although karst development is most pronounced within the Prairie du Chien, upper 
horizons of the Jordan are also at least partially karstified (Reeder, 1992; Reeder and 
Day, 1993) and the Oneota/Jordan contact is itself a locus for cave development (Day 
and Kueny, 1999).   
     Fortuitously, the Oneota/Jordan contact is associated with particular and distinctive 
soil groups which reflect weathering inputs from both formations and, thus, the 
USDA/NRCS digital soil maps effectively mark the geographic location and the elevation 
of the contact, i.e. the boundary of the karst itself.  As part of a broader project to 
model the contact (Mauel, 2008) a methodology has been developed in which GIS, in 
conjunction with GPS, can be used in the field in real time to locate and record the 
Oneota/Jordan contact based on the USDA/NRCS soil data.  
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The Jordan/Oneota Boundary 
 
     Both the Jordan Sandstone and the overlying Prairie Du Chien Formation were 
deposited on a broad, shallow marine shelf, the Upper Mississippi Valley epeiric ramp, 
that extended northward from the Illinois and Ozark Basins across northern Iowa, 
eastern Nebraska, South Dakota, southern Minnesota, and southwestern Wisconsin 
(Runkel, 2007).  The Wisconsin Arch and Dome, positive structural features flanking the 
epeiric ramp on the north and east, substantially influenced regional sedimentation 
patterns, with age and facies relationships indicating gradual, uninterrupted deepening 
and reduced input of siliciclastic sediment towards the south and west (Runkel, 2007).  
Regional dip of the Jordan and Prairie du Chien formations in the study area is towards 
the southwest at approximately 0.1 m/km (Runkel, 2007). 
     The Jordan Formation is the uppermost unit of the Croixan Series of Cambrian 
sandstones, which are approximately 300 m thick within the study area (Byers and Dott, 
1995).  The Jordan sandstones exhibit varying degrees of cementation and grain size, 
together with crossbedding, which indicate transgression and regression during 
deposition (Dott and Attig, 2004).  The uppermost Jordan formation exhibits evidence of 
subaerial erosion, indicated by weathered material and local variation in the contact 
with the overlying Oneota dolostone, and the contact is thus an unconformity (Byers 
and Dott, 1995; Runkel, 1994).  The contact is sharp, although it may be cryptic; it is also 
irregular and truncates structures in the uppermost Jordan (Byers and Dott, 1995).  
 
Methodology 
     A USDA/NRCS soils shapefile was manipulated in a GIS to isolate target soils which 
are characteristic of the Jordan/Oneota contact, and the intersections of the target soils 
and roadways were used to locate the contact in real time by streaming GPS location 
data from a ***** unit into the GIS.  This facilitated both accurate and immediate 
recording of the karst boundary, providing for detailed mapping subsequently, and 
provided a framework for location and study of carbonate exposures and individual 
karst landforms and assemblages.  Full details of the methodology and its implications 
are provided by Mauel (2008). 
     Using GIS and GPS in the field presents both problems and advantages. 
Despite the challenges, the combination of GPS and GIS allows for extensive and 
accurate data collection, management, visualization, integration and analysis (Carver et 
al., 1995a,b), enhances the data collection and verification process and yields 
substantial benefits in terms of the confidence with which data can be used (Carver et 
al., 1995a,b). Field based computing provides “(1) the ability to develop sampling 
strategies as a result of immediate data visualization and feedback, (2) the opportunity 
for field-based verification of on the spot environmental models, (3) the greater 
appreciation of environmental problems and processes in context, and (4) improved 
confidence in primary and secondary data” (Carver et al., 1995a, p. 175). Potential 
logistical considerations in the field include (1) issues of data availability and quality, (2) 
problems with power source(s) and the transport/protection of equipment, (3) lack of 
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technical back-up and services, and (4) issues with field operator abilities and 
techniques (Carver et al., 1995a,b).  
     The method allows the integration of multiple data sources, including remotely 
sensed images (LANDSAT), air photo mosaics (2005 1-meter color and 2004 2-meter 
panchromatic NAIP imagery), GIS datasets (roads, rivers, soils, geology, DEMs, etc.), 
streamed real-time GPS data, and field-generated data, such as GPS tracks and 
waypoints.  Such integration is advantageous in that “(1) remote sensing imagery 
provides the contextual medium for initial geomorphic feature detection, (2) the GIS 
environment can be used to add further data sources, thereby enhancing the feature 
detection process through visualization, analysis and modeling techniques, and (3) GPS 
has the ability to locate field surveys, provide ground-truthing of results from RS/GIS 
analysis, and permit the field mapping of individual features quickly and more easily 
than is possible with traditional techniques” (Smith et al., 1996, p. 224).  Although there 
are major advantages in integrating multiple data sets, potential problems include (1) 
different spatial resolutions of the various data sets, (2) errors in individual data sets 
that may be compounded by integration, (3) constraints in integrating raster and vector 
based data sets effectively, and (4) matching data sets captured over appropriate time 
intervals (Smith et al., 1996).  
     Preliminary feasibility studies were conducted in the field during June, 2006.  As a 
result of streaming GPS data into the GIS, exposures of the Jordan/Oneota contact were 
located and mapped.  Personnel in the Natural Resource Conservation Service (NRCS) 
indicated that two specific soils (coded 1125F & 1145F) effectively mark the 
Jordan/Oneota contact within Richland County, and these became the designated 
“target soils” (Figure 2).  The NRCS provided the GIS data for Crawford, Richland, Sauk 
and Vernon counties.  
     All data was projected in the GIS using WGS 84, which is the standard datum for both 
the GPS and the receivers. Using ESRI ArcGIS 9.1, the two soil layers (1125F & 1145F) 
were selected and highlighted (Figure 2) then merged into a single layer to increase 
processing efficiency (Figure 3).  Soils in the adjacent counties were initially coded in 
different systems but were integrated by identifying continuity between the Richland 
County target soil polygons and adjacent polygons in the neighboring counties.  
     Displaying the newly created target soils layer and the roads layer in the GIS indicated 
where roads and the target soils should intersect (Figure 4).  These intersections were 
then inspected visually in the field to determine if the Jordan/Oneota contact was 
exposed and verifiable at these locations.  Sixty-nine verified locations were confirmed 
(Figure ?). 
     Microsoft Excel was then used to create topographic profiles. GPS data points 
recorded in the GIS were compared to the value of the pixel in which they are located in 
a 30 meter DEM obtained from the NRCS. These comparison elevations were graphed 
with the GPS data points. ArcGIS® was used for both navigation and analysis in the 
preliminary study. Streaming data from the GPS into the GIS allows for the real-time 
display of position, heading, speed and elevation on the GIS display, making navigation 
to road/soil intersections efficient.  
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     The preliminary study indicated anomalies in the elevation data that did not 
correspond to the “relatively flat” and “gently sloping” stratigraphy described in the 
literature.  It was initially unclear whether this reflected actual geologic variation or 
whether it was an artifact of the methodology, but it suggested that a more detailed 
investigation was warranted.   
     The preliminary research was conducted in late June when leaves on trees degraded 
GPS signals and ground vegetation masked exposed contacts. The level of error 
recorded for each GPS waypoint was never less than 4 meters, and an examination of 
the “Accuracy” column in the GPS log dataset revealed error fluctuations for “track” 
points. The high level of error resulted from “line of sight” obstructions such as terrain, 
foliage, and the position of the GPS unit antenna, which was mounted on the vehicle’s 
windshield, such that the roof blocked satellite signals, rendering much of the sky 
invisible to the receiver.  
     To remedy the latter problem, the GPS receiver antenna was subsequently mounted 
on top of the vehicles roof.  Also, in order to minimize signal degradation resulting from 
tree foliage, subsequent surveys were conducted in April 2007 before the trees “leafed 
out” and when sparse ground vegetation gave clearer views of exposed rock contacts.  
     The full study employed a laptop computer with a processor capable of running ESRI® 
ArcGIS®.  The computer was mounted in the field vehicle such that the display was 
visible while ensuring driver safety and equipment protection. Also used was a Garmin 
76S Charplotting GPS receiver capable of Differential GPS (DGPS) with Wide Area 
Augmented Signal (WAAS) capability, 24 MB of internal memory, a barometric altimeter, 
and a Garmin GA 27C low profile external antenna.  An external GPS antenna mounting 
post was fabricated and attached to vehicle’s the roof rack. A 250 watt AC power 
inverter powered the laptop and GPS receiver during operation in the vehicle. When the 
ignition was turned off both the GPS unit and the laptop operated without interruption 
using their own batteries. 
     To facilitate the efficient display and analysis of the entire dataset, hardware 
improvements included upgrades to the power supply (550 watts), the video card (AGP 
8x with 512 MB video RAM), the system memory (4 gigabytes of 800 mhz DDR2 RAM), 
and the hard-drives (2 x 500 gigabyte SATA II with 16 MB data buffer, 3.0 Gbs/per 
second data transfer).  The AGP aperture setting in the BIOS was set to the maximum 
256 MB setting, allowing 256 MB of system memory to be used for video processing.  
     Within the ESRI ArcGlobe and ArcScene software the caching option was used on a 
network, allowing each machine to have access to the cache folder without the need for 
simultaneous decompression of the large amounts of compressed data. The creation of 
the cache file for the entire dataset took over 64 hours with the resultant cache file 
occupying 89 gigabytes of the hard drives. Using the cache allowed the user to turn 
layers on and off, change display settings, and navigate through the 3D models of such 
large datasets without crashing the software.  
     The full study used essentially the same methodology as the preliminary survey, 
although with increased focus on accuracy, redundancy, backup, independence and 
analysis (Mauel, 2008).  Datasets were examined carefully to identify errors and/or 
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anomalies, with the ultimate goal of constructing a 3D model of the Jordan/Prairie du 
Chien contact surface (Mauel, 2008). 
     The “Intersect” function in ArcGIS was used initially to find locations where the 
“roads” layer intersected with the “target soil” layer but inspection of the shapefiles 
revealed areas where the road networks were incomplete.  Accordingly, the “potential 
points” layer was inspected and edited, creating 903 points to be inspected in the field.  
These locations were then inspected in the field to determine if the Jordan/Oneota 
contact was visible and could be recorded accurately.  The contact was recorded only if 
both formations were identifiable within a 3m horizontal distance and if there was no 
evidence of disturbance by slope or anthropogenic processes. Disturbance of overlying 
soil and regolith was also minimized, although in some locations it was necessary to 
expose fresh rock faces, and in no case did the survey proceed beyond the area 
immediately adjacent to the highway.  The contact was clearly identified at 289 data 
points, a yield of 32.68 %.  When the contact was confirmed the vehicle was 
maneuvered to position the GPS antenna at the correct elevation and the position and 
elevation were then recorded. 
     Real-time GPS information was streamed using the National Marine Electronics 
Association (NMEA) format, which is the standard understood by most GIS software 
packages with GPS extensions (NMEA, 2008). All of the “tracks” data was recorded in 
two forms: as an ArcGIS GPS log and as the Garmin GPS unit “tracks”. In both cases, the 
tracks were set to record all fields available at two-second intervals, essentially 
providing constant data collection. All elevations and levels of error were recorded 
independently in a Microsoft Excel spreadsheet. The data from the GPS unit was 
downloaded each night in the field and saved on the laptop computer to a project 
folder, which was also copied to an external hard drive.  
     After the fieldwork was completed, the datasets were examined using the “Statistics” 
tool to identify errors and/or anomalies. Twenty records (of a total of 196,056) recorded 
anomalous vehicle speeds, translating into approximately 1 in 10,000 track points (one 
point every 5.55 hours). Only a single elevation anomaly was detected and no elevation 
values fell outside the elevation range (180-480 m) indicated by the USGS DEM acquired 
from the NRCS.  Overall, the examination suggested that a high level of confidence could 
be placed in the accuracy of the waypoint data. 
 
Results 
 
     The datasets were ultimately used to construct eight 3D models of the surface of the 
Jordan/Prairie du Chien contact, which has important implications both for 
interpretation of regional geology and geomorphology and for understanding the karst 
hydrology (Mauel, 2008; Day et al., 2004).  That methodology and its results are 
provided by Mauel (2008) and will not be considered in detail here, although the 
resulting models provide a valuable representation of the intersection between the 
present topographic surface and the Jordan/Prairie du Chien contact surface, which 
effectively provides a cartographic depiction of the extent of the regional karst. 
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     The resultant maps of the karst area are shown in Figures 5-8.  Although these maps 
are perhaps less useful in a geomorphological context than the ability to locate the karst 
margins in the field in real time, they represent significant improvements over previous 
mapping efforts (e.g. Day et al. 1989).  More importantly, real-time field testing of the 
technique during June 2008 resulted in a success rate, in which the predicted contact 
location and the observed location in the field coincided within +/- 10 m, approaching 
100%.   
     The utility and accuracy of these maps can be assessed by comparing them with the 
geologic maps previously available for Sauk and LaCrosse counties and for adjacent 
areas of southeast in Minnesota.  The Prairie du Chien Formation has been mapped in 
detail in southeastern Minnesota, and a visual comparison between the Minnesota 
geologic map and the study area contact surfaces created from the models reveals a 
striking resemblance (Figure 9) with the distribution showing the same ridgetop 
dendritic pattern. 
     A more rigorous and compelling comparison is provided by downloading the detailed 
(*scale*) geologic maps for LaCrosse and Sauk counties (*references*).  The former 
borders the study area and the latter is within it (Figure 10).  Selecting and highlighting 
the Prairie du Chien Formation polygons in the LaCrosse County geologic map shows 
that the polygons of the interpolated surface model are a continuation of the polygons 
demarcating the Prairie du Chien Formation in LaCrosse County (Figure 11). In Sauk 
County the interpolated surface models not only adjoin the polygons of the geologic 
map (Figure 12) but also overlap the demarcated extent of the Prairie du Chien 
Formation. Comparison between the models and the Sauk County geologic map shows 
that the interpolated surface models demarcate the Prairie du Chien formation with a 
high degree of accuracy (Figure 13). The overlapping polygons of the surface models 
vary in their respective spatial extents but the general shapes and sizes of these 
polygons mimic those of the Sauk County geologic map.  
     Converting the interpolated surface models to shapefiles allows for calculation of the 
spatial extent of 8 surface models that were developed through *******. The results for 
the total surface area, differences in extent between models, and the difference of each 
model compared to the current mapped extent of the Prairie Du Chien Formation within 
the data point perimeter are shown in Table 1. The total area of the Prairie du Chien 
formation in the 8 models is on average 284 km2 less than the extent derived from the 
1:1,000,000 Wisconsin Geologic map (WGNHS, 2007). Five of the models are within 5 
km2 of each other but models 4 and 7 differ by more than 20 km2 from the closest 
model area.  The success rate obtained by the 2008 field testing suggests, however, that 
these divergences are relatively minor and have little impact on either real-time field 
use or overall map accuracy.  
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Table 1:  Comparison of surface models to 1:1,000,000 Wisconsin geologic map 

 
     Visual comparison between the interpolated surface models and the depicted extent 
of the Prairie du Chien on the 1:1,000,000 Wisconsin Geologic map indicates that there 
are areas where the models and the map diverge.  When one of the surface model 
shapefiles is displayed in white as the “bottom” layer in the GIS (e.g. Figure 14), the 
green Prairie du Chien Formation polygon from the geologic map does not include all 
the area depicted as the Prairie du Chien by the surface model. When one of the surface 
model shapefiles is displayed in white as the “top” layer in the GIS (e.g. Figure 15), the 
green Prairie du Chien Formation polygon from the geologic map is not included in the 
area depicted by the surface model.    
 
Discussion 
 
     The method described above proved highly successful, particularly for real-time field 
determination of the karst boundary as marked by the Prairie du Chien/Jordan contact.  
The target soil layers within the four-county study area provide a reliable surrogate for 
detailed geologic mapping, and the results represent a significant improvement over 
previous geologic mapping efforts.  Delineation of the karst is important not only from a 
geomorphic perspective but also because human interaction with the karst is a growing 
topic of concern (Day and Reeder, 1989), particularly in the context of potential 
groundwater contamination (Reeder and Day, 1993).  
     Not only is the method accurate, as evidenced by field trials and comparison with 
geologic maps of adjacent areas, but it is highly efficient in the sense that it facilitates 
rapid and detailed spatial surveys over extensive geographic areas.  As such, it clearly 
has broader applications in field geomorphology and land-use studies.  Although this 
particular study has a well-defined geomorphic focus, with the specific target soils 
closely tied spatially to a specific geologic contact, the technique clearly has potential 
for application in other locations where soil mapping has proceeded more rapidly than 
geologic mapping.  Within the study area, for example, the method will next be 
employed to locate and map the contact between the Prairie du Chien carbonates and 
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the overlying St. Peter sandstone, which crops out particularly in western Vernon and 
Crawford counties and which effectively represents the upper boundary of the regional 
karst.    
     It is also clear that the method could be improved by using more sophisticated 
“professional” or “survey” grade GPS equipment which would allow differential dataset 
post-processing to reduce errors through comparison of the dataset with data 
generated by a base station.  Open source software packages might also allow for post-
processing.  Additional hardware upgrades, particularly employing configurations used 
for 3-D photo-realistic video game processing could further improve speed and 
accuracy.  
 
 

 

 
Figure 1:  Vernon, Crawford, Richland, and Sauk Counties 
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Figure 2:   Soil polygon map with target soil highlighted in red 
 

 

  Figure 3:   Target soil isolated to create new layer 
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Figure 4:  Target soil layer, roads layer, and potential intersection points 

 

Figure 5:  Karst Area (Prairie du Chien Formation) in Crawford County 
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  Figure 6:  Karst Area (Prairie du Chien Formation) in Richland County 

 

Figure 7:   Karst Area (Prairie du Chien Formation) in Sauk County 
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Figure 8:  Karst Area (Prairie du Chien Formation) in Vernon County 

 

 

Figure 9:  Visual comparison between Prairie du Chien Formation extent in study 
area and as mapped in adjacent area of Minnesota. 
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Figure 10:  Visual comparison between Prairie du Chien Formation extent in study area 
and as mapped in Sauk and LaCrosse counties. 
 

 

 

Figure 11:  Prairie du Chien Formation extent in study area and as mapped in LaCrosse 
County. 
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Figure 12:  Prairie du Chien Formation extent in study area and as mapped in Sauk 
County. 

 

Figure 13:  Detail of Prairie du Chien Formation extent in study area and as mapped in 
Sauk County. 
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Figure 14:  White areas represent Prairie du Chien Formation as modeled but not 
mapped previously. 

 

Figure 15:  White areas represent Prairie du Chien Formation mapped previously but not 
modeled. 
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