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Abstract 
Springs are an integral part of the karst landscape of southwestern Wisconsin. The regional geologic dip is 
towards the southwest, andjoints are oriented predominantly northeast-southwest. The 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 local carbonate rocks. Based on this overall situation, it is hypothesized that springs will be 
located primarily on valley sides with a southwest aspect, at elevations declining southwestward, and reflecting 
the elevation of the contact between the carbonates and underlying sandstones. The hypothesis was tested by 
field location, aspect and elevation determination of 72 major springs in Richland and Crawford Counties. 
Aspect attributes generally support the hypothesis, with 38 of the springs (52.8%) having aspects within the 
southwest quadrant. The elevation data, however, reveals a trend contrary to that hypothesized, with spring 
elevations generally declining towards the northeast. These results may reflect the sampling design, 
measurement errors, complexities in the regional geologic structure and/or incomplete understanding of the 
regional hydrology. 

Introduction 
Springs, which represent discharge of 

groundwater into surface channels, are a significant 
component of the karst landscape of southwestern 
Wisconsin (Day et al. 1989; Kemp and Day 1998). 
Most of the approximately 10,000 recorded springs 
appear to be of the contact form of gravity, or free
draining springs, which develop where permeable 
carbonate strata overlie less permeable rocks, and 
flow without any significant hydrostatic head from 
cave entrances or through interstices between 
rubble (White 1988; Jennings 1985). In particular, 
these springs develop where" ... the karst rock 
slopes towards and lies above the adjacent valley, 
into which karst water drains freely under gravity." 
(Ford and Williams 1989: 156). 

The springs are among the most numerous 
of southwestern Wisconsin's karst landforms. 
2,278 springs have been recorded in Grant County 
alone (Smith and Ball 1972), and De Geoffroy 
(1969, 1970) obtained chemical samples from a 

total of 7,210 springs, mostly in the Sinnipee Group 
carbonates south of the Wisconsin River. Surveys 
in the 1950s documented 586 springs in Richland 
County (Wisconsin Conservation Department 1958) 
and 469 in Crawford County (McNurlin 1959). The 
carbonate aquifers are dominantly of the diffuse 
flow type (White 1969, 1977), which is typical of 
impure limestones and dolostones. Recharge is 
primarily through infiltration, and transmission 
velocities generally are low, mostly via pores, tight 
fractures and small voids. In the saturated or 
phreatic zone, water is in dynamic storage in 
unconfined aquifers, and slow gravity flow 
maintains moderate spring discharges. Portions of 
the aquifers appear to be of the free-flow type 
(White 1969, 1977), with higher velocity, turbulent 
flow in integrated conduits enlarged by dissolution 
(Reeder 1992; Reeder and Day, 1993, 1994). 
Paleoconduits, abandoned as the regional 
potentiometric surface (or water table) was lowered 
exist in severaJ regional caves (Day 1986). 
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Spring discharges are highly variable, but 
90% of those sampled in Iowa County between 
1986 and 1988 were discharging less than 0.38 
m3sec·1 (IOOgpm) (Day et al. 1989), confirming 
previous estimates from 1966 (Brynildson 1966). 
By contrast, also in Iowa County, Bi~ Spring has a 
regular discharge ofabout 6.1 m3sec- (1600gpm) 
and Arndt Spring discharges 4.5 m3sec-1 

(l200gpm). Similarly, about 83% of the 469 
springs in Crawford County have discharges of less 
than 0.38 m3 sec-1 (McNurlin 1959). The largest 
regional spring is probably Castle Rock Spring, in 
Grant County, which has a regular discharge of 
about 11.4 m3sec-1 (3000gpm). Many higher 
elevation springs are intermittent or ephemeral 
(Reeder 1992; Reeder and Day 1993, 1994). 

Spring water temperatures measured 
between 1986 and 1988 ranged between 8.9 and 
10.6 °C (48-51OP), with a mean temperature of 
9.7°C (n=185) (Day et al. 1989). Similarly, 12 
springs sampled monthly in 1980-81 ranged 
between 9.1 and 10.3°C (48.4-50SF) (Heller, pers. 
comm., 1988). Springwater is typically calcium
magnesium-bicarbonate dominated and 
supersaturated with carbon dioxide. Heller (1988) 
measured total hardnesses (as CaC03) ranging from 
327 to 373 mgr 1 and pH values from 7.2 to 8.0. 
Locally, springs are contaminated by agricultural 
chemicals 
(Reeder 1992; Reeder and Day 1993, 1994). 

North ofthe Wisconsin River Valley, most 
springs are developed within and particularly close 
to the base of the early Ordovician-aged Prairie du 
Chien carbonates, which overlie less permeable 
Cambrian sandstones and range in thickness from 
12 to 73 meters. The carbonates are essentially 
medium-textured, gray to buff dolostones, locally 
sandy, cherty and shaley and with a porosity of 
about 10% (Heyl et al. 1970; Day 1984). 
Reflecting the dominant structural effect of the 
Wisconsin Arch, regional dip is generally south to 
southwestward at about I to 2 mkm· 1 

, although 
locally steeper and interrupted by smaller structures 
(Heyl et al. 1959; Robinson and Klingelhoets 1959; 
Clayton and Attig 1990). 

In Richland County the carbonates typically 
form ridge crests and upper valley side slopes, with 
sandstone-based lower slopes beneath them. 
Further west in Crawford County the carbonates 
outcrop lower on the slopes. The ridge top karst is 
integrated into a dendritic fluvial topography 
dominated by broad, alluviated river valleys 
tributary to the Wisconsin and Mississippi Rivers, 
and the headwater topography is best characterized 

as fluviokarst (Day et al. 1989). Drainage patterns 
and interfluvial ridge orientations are controlled by 
northeast-southwest fracture orientations and by 
broad north-south trending folds that range from 
30-50km in length, 5-10km in width and 30-60m in 
amplitude (Heyl et al. 1959; Knox 1982; Reeder 
1992). 

Hypotheses and Methodology 
Previous studies of regional geo logy, 

geomorphology and hydrology (Day et al. 1989; 
Clayton and Attig 1990; Reeder 1992, Terlau and 
Day 1997), have demonstrated that the regional 
geologic dip is towards the southwest, and joints are 
oriented predominantly northeast-southwest. The 
joint pattern is reflected in the regional drainage 
pattern of Richland and Crawford Counties, with 
rivers tributary to the Wisconsin River draining 
essentially northeast-southwest. The 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. This regional situation suggests 
that underground water flow may reasonably be 
modeled initially as dominantly down-dip, i.e. 
towards the southwest, and that such flow may be 
expected to emerge in springs at the base of valley 
sides with a similar aspect, i.e. at the base of slopes 
on the east and north sides of valleys. 

Accordingly, the following two hypotheses 
were tested in this research: 

1. Most springs have southwest aspects. 
2. Spring elevation decreases towards the 

southwest. 
These two hypotheses were tested by field location, 
aspect and elevation determination of 72 major 
springs [those with a discharge of 0.53 m3sec-1 (140 
gpm) or greater] in Richland and Crawford 
Counties (Figure 1). The springs were selected on 
the basis of earlier spring studies in Richland 
County (Wisconsin Conservation Department 1958) 
and Crawford County (McNurlin 1959) and were 
located by field reconnaissance. Only springs that 
were located in the field were included in the study. 
Springs with greater discharges and perennial flow 
were selected because they were easier to locate and 
because it was considered that they were more 
likely to reflect regional groundwater drainage 
patterns associated with the base of the carbonate 
sequence. By contrast, smaller ephemeral and 
inteITIlittent springs were considered more likely to 
reflect localized conditions within the carbonate 
rocks themselves. 
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A database was set up to record spring 
location. Specific pos~tions were established using 
hand-held GPS units. The aspect of each spring 
was determined within a 90 degree quadrant (1-900

, 

91-180° etc) by visual determination and compass 
survey. Aspect hypothesis testing was by a Chi 
Square test. Elevation of springs was assessed by 
use of hand-held GPS receivers, and by reference to 
the appropriate 1:24,000 topographic maps, with an 
approximate accuracy of within five meters, 
reflecting variations in topographic and vegetation 
interference. Trends in spring elevation were 
assessed using inverse distance weighting (Bartier 
and Keller 1996) in ArcView 3D Analyst. 

Results 
Locating the springs listed in the earlier 

surveys proved more troublesome than was 
anticipated, but 72 springs (37 in Richland County 
and 35 in Crawford County) out of a possible total 
of91 (79%), were located successfully (Figure I). 
Only these 72 springs were used in subsequent 
analyses. Although measurements of discharge 
were not made on a consistent or technically 
rigorous basis, most, if not all of the springs located 
appear to have discharges considerably less than 
those recorded in the 1950s surveys. 

Aspect attributes generally support the first 
hypothesis (that springs have southwest aspects), 
with 38 of the springs (52.8%) having aspects 
within the southwest quadrant and 20 (28%) in the 
southeast quadrant (Figure 2). Application of a Chi 
Square test results in rejection at the 0.001 level of 
the null hypothesis that spring numbers are 
unrelated to aspect. 

Spring elevations were considerably more 
variable, but with elevations generally declining 
towards the northeast, contrary and opposed to 
prediction (see Day et al. Figure 3 at center). Mean 
spring elevation in Richland County was 207m, 
with a range from 140 to 500m; mean elevation in 
Crawford County was 244m, with a range from 200 
to 340m. Approximate slope of the spring elevation 
surface across the two county study area is about 
I m vertically per horizontal kilometer. 

Discussion 
The preliminary model of down-dip 

groundwater flow emerging at the edges of valleys 
trending along the strike gives rise to the two initial 
hypotheses that are tested here, but also requires 
considerable additional development to incorporate 
other variables. 
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Figure 1. Spring locations, Richland and 
Crawford Counties. 
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Figure 2. Spring aspects, by quadrant. 
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Aspect attributes generally support the 
hypothesis (Figure 2). Statistical analysis strongly 
supports the hypothesis that springs are located 
preferentially on the north and east sides of the river 
valleys. The elevation data, however, reveals a 
trend contrary to that hypothesized, with spring 
elevations generally declining towards the northeast 
(Figure 3). 

These results may reflect several factors. 
The sampling design itself may have influenced the 
outcome, in that only the springs with the greatest 
discharge in the 1950s surveys were included. 
Inclusion ofa larger number of springs with a 
greater range of discharges might influence the 
results obtained, but might also complicate the 
analysis. Had we been able to locate the other 19 
springs (21 %) with 1950s discharges 0.53 m3sec·1 

(140 gpm) or greater, this might also have 
influenced the outcome. The study could also 
usefully be expanded to incorporate additional 
counties north of the Wisconsin River, such as 
Vernon County, and those south of the Wisconsin 
River, although in the latter area the regional 
geological context is different, with the majority of 
springs developed in the younger Sinnipee Group 
carbonates. 

Measurement errors may also playa role, 
particularly in the context of spring elevations. The 
determination ofelevations using hand-held GPS 
receivers and with reference to the 1 :24,000 
topographic sheets represented a pragmatic 
approach to the problem, but it is clearly not ideal, 
although elevations are considered accurate to 
within Sm. On the other hand, detailed planimetric 
survey would be prohibitively time consuming. 
Duplication of elevation measurements using more 
sophisticated GPS receivers and a base station is 
probably the best approach. 

Complexities in the regional geologic 
structure may also explain the apparent increase in 
spring elevations towards the northeast. Field 
observations confirm that there is local flexure 
within the carbonate-sandstone sequence, and the 
northeast-southwest fractures and north-south 
trending folds that have been documented 
previously may influence local spring development. 

Finally, the preliminary model may 
represent an erroneous or incomplete understanding 
of the regional hydrology. Although spring aspects 
broadly support the hypothesis that groundwater 
flow is down-dip, there may be localized 
exceptions. The complexities of karst groundwater 
movement are well established (Ford and Williams 
1989; White 1988; Klimchouck et al. 2000). It is 

also possible that at least some of the sampled 
springs are located within the carbonate rocks, 
rather than at the basal contact with the less 
permeable underlying sandstones. The measured 
ranges in spring elevations support this possibility, 
and further investigation is necessary. Variations in 
permeability within the carbonates themselves may 
well result in considerable spring discharges at 
horizons above the basal contact, but confirming 
this requires considerable excavation of the bedrock 
around springs, which is time consuming and may 
well be opposed by landowners. It is equally 
possible that some springs may actually be located 
within the underlying sandstones, although this 
would appear to be unlikely in view ofthe 
observation of carbonate rock debris in 85% of the 
sampled springs. 

The apparent general decrease in spring 
discharge since the 1950s is noteworthy, although 
not substantiated here by accurate measurement. 
Interestingly, the 1950s surveys themselves noted 
the same phenomenon, which presumably reflects 
increasing human abstraction of groundwater for 
domestic and other uses. Other alternative 
explanations might involve seasonal and longer
term variations in groundwater recharge by 
precipitation. By contrast, observations of spring 
use during the sampling program indicate that less 
than 5% of these larger springs are currently in 
domestic or agricultural use, with the vast majority 
of those being employed only for casual watering of 
livestock. 

Conclusions 
This preliminary study suggests that there is 

still much to learn about the regional karst 
hydrology of southwestern Wisconsin, but it 
supports elements ofthe initial model. Aspect 
attributes generally support the hypothesis, and are 
considered reliable. By contrast, the elevation data 
reveals a trend contrary to that hypothesized, with 
spring elevations generally declining towards the 
northeast. This apparent contradiction may well 
reflect the sampling design and particularly 
measurement inaccuracies, although it may also 
represent complexities in the regional geologic 
structure and the regional karst hydrology. 
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