
Some Alternative Hypotheses of Cave Formation in Southwestern 

Wisconsin 

 

Taylor Pipes and Mick Day 

University of Wisconsin-Milwaukee 
 

It has generally been assumed that cave development (speleogenesis) in southwestern 

Wisconsin occurred through “normal” dissolution of the carbonate rocks by dilute carbonic 

acid solutions.  Hydrothermal processes have operated in caves in the lead-zinc district, but 

the wider possibility of hydrothermal speleogenesis has not been examined.  Likewise, 

potential speleogenesis through dissolution by sulfuric acid solutions, and the potential for 

cave development as a result of saline-freshwater mixing have not received adequate 

attention.  We consider these potential speleogenic processes and their possible combinations.  

We outline what evidence might be expected in the caves under each scenario, we examine 

the evidence currently available and suggest directions for future investigation 

 

Introduction 

 

     It has generally been assumed that the caves of southwestern Wisconsin developed primarily 

through “normal” dissolution processes involving reactions between dilute carbonic acid 

solutions and the carbonate bedrock.  Although this may well be the case, it is clear that 

hydrothermal processes have affected the caves south of the Wisconsin River, where lead and 

zinc ores were emplaced, and it is also possible that similar hydrothermal modification may have 

occurred in the caves north of the Wisconsin River.  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. 

     Our intent here is to explore the various hypotheses, and possible combinations of such, 

which may apply to cave formation in southwestern Wisconsin, to make a preliminary analysis 

of the probability of each scenario, and to stimulate further research and discussion of the issue.  

We begin by considering all the potential speleogenic processes which may have been involved, 

and the possible combinations thereof.  We then outline what evidence might be expected to be 

present in the caves under each set of conditions.  Finally, we examine the evidence currently 

available and suggest some directions for future investigation. 

 

The Range of Cave-forming (Speleogenetic) Processes 

 

     Increasingly, it is recognized that cave formation occurs through a complex interaction of 

speleogenetic processes that combine to focus underground removal of carbonate bedrock so as 

to produce linear voids (caves).  A detailed discussion of all the potential processes involved in 

cave formation is beyond the scope of this paper, but four major groups of processes may 

potentially have been involved in southwestern Wisconsin, and thus require some consideration.  

More detailed information about the current state of knowledge about speleogenesis is available 

in appropriate texts (White, 1988; Ford and Williams, 1989; Gillieson, 1996; Klimchouk et al, 

2000).  



     “Normal” cave formation occurs through the dissolving of carbonate rock by downward 

percolating rainwater that has been acidified, essentially through the incorporation of carbon 

dioxide within the atmosphere and, more importantly, the soil.  Voids of sufficient size to be 

regarded as caves develop as underground dissolution becomes focused along specific lines, 

particularly along planes of weakness, such as bedding planes, joints, faults and other fractures.  

Caves may form at various positions relative to the level of ground saturation (the piezometric 

surface or water table), and their shapes and sizes reflect the spatial and temporal distribution of 

the dissolution process.  Cave development also involves depositional processes, including the 

formation of speleothems.  Although composed primarily of calcite, these may incorporate other 

minerals that provide additional evidence of speleogenetic processes (Hill and Forti, 1986). 

     In locations where and at times when geothermal processes are active, caves may also 

develop through rock dissolution by hot, deep-seated subterranean liquids, which often involve 

solutions of metallic salts.  These hydrothermal caves differ in many ways from those formed by 

“normal” processes; in particular they develop as the hot fluids are forced into the rock at high 

pressure, usually from beneath or laterally, which gives rise to different cave morphologies, and 

they contain distinctive suites of minerals, including quartz and Mississippi type metal ores.   

     In recent years it has been increasingly recognized that significant cave systems (for example, 

Lechugilla, Wind Cave and Jewel Cave) have also been produced by sulfuric acid dissolution.   

In this process, sulfuric acid, usually produced by the dissolving of hydrogen sulfide in deep-

seated groundwater, is forced into overlying rocks, where its effects are directed preferentially 

along zones of pre-existing weakness, such as fractures.      

Such speleogenesis produces caves that in some ways are similar to hydrothermal caves, but they 

have their own characteristic morphology and particularly distinctive mineral suites, typically 

including sulfur, gypsum and H2S indicator minerals (Hill, 2000; Polyak and Provencio, 2001). 

     The importance of cave development resulting from enhanced dissolution in saline-freshwater 

mixing zones, and other zones of dissimilar groundwater mixing, has also been increasingly 

recognized in the last two decades (Back et al., 1984, 1986; Smart et al., 1988; Whitaker and 

Smart, 1990; Mylroie and Carew, 1990, 2000).  Mixing of basinal brine with fresh shallow 

phreatic water to produce continental interior analogues has been postulated (Mylroie, 1991) and 

such a scenario could pertain to southwestern Wisconsin (Panno and Bourcier, 1990; Smith and 

Simo, 1997).   Mixing zone caves typically include extensive large conduits and large undercut 

chambers.  

 

Possible Combinations and Sequences of Cave Formation in Southwestern Wisconsin 

 

     Given that it is possible that each of the above four mechanisms may have been involved in 

cave formation, individually or in combination with one, two or all three of the others, there are 

theoretically 256 potential combinations of ways in which the caves of southwestern Wisconsin 

may have developed.  Note that this scenario assumes, initially, that the caves both north and 

south of the Wisconsin River have formed in the same way.  The alternative, that they have 

developed differently, we will examine subsequently. 

     While it is beyond our remit here to list and examine all the possibilities, the following rota 

demonstrates the range of combinations of just three of the mechanisms, omitting saline-

freshwater mixing only for the sake of simplification and likewise excluding the possibility 

(although this is obviously unrealistic) of each mechanism occurring more than once: 

1.  The caves may have formed entirely through the “normal” dissolution process. 



2.  The caves may have formed entirely through the hydrothermal process. 

3.  The caves may have formed entirely through the sulfuric acid process. 

4.  The caves may have formed through the “normal” dissolution process, followed by the 

hydrothermal process. 

5.  The caves may have formed through the “normal” dissolution process, followed by the 

sulfuric acid process.   

6.  The caves may have formed through the “normal” process, followed by the 

hydrothermal and then the sulfuric acid processes.  

7.  The caves may all have formed by the “normal” process, followed by the sulfuric acid 

and then the hydrothermal process.  

8.  The caves may have formed by hydrothermal dissolution, followed by “normal” 

dissolution. 

9.  The caves may have formed by hydrothermal dissolution, followed by sulfuric acid 

dissolution. 

10. The caves may have formed by hydrothermal processes, followed by “normal”, then 

sulfuric acid dissolution. 

11. The caves may have formed by hydrothermal processes, followed by sulfuric acid 

then “normal’ dissolution. 

12.  The caves may have formed by sulfuric acid dissolution, followed by “normal” 

dissolution. 

13.  The caves may have formed by sulfuric acid dissolution, followed by hydrothermal 

processes. 

14.  The caves may have formed by sulfuric acid dissolution, followed by “normal” 

dissolution, then hydrothermal processes. 

15.   The caves may have formed by sulfuric acid dissolution, followed by hydrothermal 

processes, then by “normal” dissolution. 

     All of these possibilities, together with those presented by the additional inclusion of saline-

freshwater mixing, merit further investigation, which is obviously a long-term research endeavor.  

Our intent here is not to examine each potential situation individually, but rather to review the 

existing information in order to assess whether there is any evidence at all pointing to the 

operation of each of the four cave-forming processes.  In other words, what, if any, is the 

existing evidence for “normal” and sulfuric acid dissolution, for hydrothermal development, and 

for saline-freshwater mixing corrosion? 

     The situation is further complicated by the very real possibility that the caves north and south 

of the Wisconsin River may have different developmental histories.  The possibility of 

differential development north and south of the river increases the number of potential 

combinations exponentially.  Obviously, full consideration of all these possibilities is beyond the 

scope of this review, but it does merit further investigation.  In particular, it is clear that 

hydrothermal activity has had a significant role in cave development south of the Wisconsin 

River, where there is extensive documentation of the lead and zinc ores that are or were present 

in the caves and were commercially exploited, particularly in the 19
th

 Century (Heyl et al., 1970; 

Paull and Paull, 1977; Hedges and Alexander, 1985; Reeder and Day, 1989, 1990). 

     Previous research on southwestern Wisconsin caves has generally assumed that the caves are 

the result of “normal” dissolution.  There has been no previous assessment of the probability that 

the caves were formed by sulfuric acid or saline-freshwater dissolution, and the role of 

hydrothermal processes has been recognized only south of the Wisconsin River.  Here we wish 



to begin consideration of the wider array of possibilities, with reference to existing 

documentation.  The potential for future study is obvious. 

 

Potential Evidence of Cave-forming Processes 

 

     “Normal” cave development has been explained in great detail previously, and we will not 

reiterate this discussion here.  Both geologic and hydrologic controls influence “normal” 

speleogenesis, and the resultant cave morphologies are highly variable.  In general, however, 

caves formed by “normal” dissolution generally have evidence of both phreatic and vadose 

development, usually in that order, along a gravity-controlled hydraulic gradient; they tend to be 

developed along pre-existing planes of weakness, particularly joints and bedding planes; their 

upper portions are generally older than lower levels; and their mineralogy is dominated by calcite 

(for further discussion see Gillieson, 1996; Klimchouck et al, 2000).  “Normal” caves are 

inevitably associated with overlying karst landscapes, of which they are an integral component. 

     There are four major factors to be considered in caves that have developed hydrothermally: 

they have experienced elevated temperature gradients, elevated rates of water input and 

discharge, oxidation of hydrogen sulfide, and the mixing of waters of contrasting chemistry 

(Dublyansky, 2000a).  Hydrothermal caves range greatly in size and typically occur in regions of 

tectonic activity, including volcanism and surface uplift.  Hydrothermal waters may also have 

high levels of carbon dioxide, which also enhances dissolution (Palmer 1991).  There are 

significant differences between shallow and deep hydrothermal caves (Dublyansky, 2000a,b). 

     Morphologically, hydrothermal caves often have large basal chambers with branching 

networks of ascending passages terminating in roughly spherical, cupola-like pockets.  In other 

cases they are developed as either two- or three-dimensional mazes or networks.  Other 

morphologies are also known (Ford, 1995; Dublyansky, 2000b).  Hydrothermal caves have no 

necessary relation to the surface landscape, generally have few or no natural entrances, and 

indeed may be capped by non-carbonate rocks which have no surface karst developed on them 

(Gillieson, 1996). 

     Perhaps the most reliable indicator of hydrothermal development is in speleothems, and 

particularly in subaqueous deposits.  Calcite remains the most common of the minerals found in 

these caves, but they also typically contain exotic minerals, such as quartz, or Mississipp Valley 

type metal ores such as sphalerite, fluorite or barite (Ford, 1995).  Characteristic collapse 

breccias also occur in some hydrothermal caves (Dublyansky, 2000b). 

     Caves developed through sulfuric acid dissolution are also usually associated with 

regions of tectonism, igneous activity or intense sediment compaction (Palmer, 1991; Gillieson, 

1996).  Sulfuric acid is formed usually by the oxidation of hydrogen sulfides or pyrite, an iron 

sulfide mineral, derived from sedimentary basins.  Bacterial activity may be an important 

component of such oxidation (Bottrell et al., 2000).  Such caves have morphologies similar to 

hydrothermal caves, with large chambers linked to higher mazes and blind shafts.  Passages may 

be large, and often have a ramiform-spongework pattern.  They frequently contain mineral suites 

including extensive deposits of sulfur and gypsum, together with H2S indicator minerals such as 

endellite, alunite, natroalite and others (Hill, 2000; Polyak and Provencio, 2001).  Sulfuric acid 

dissolution may also be a much more significant factor in cave inception than in subsequent 

development (Lowe et al., 2000), but sulfuric acid caves, like hydrothermal caves, have no 

necessary relation to a surface karst landscape. 



     Cave development through saline-freshwater mixing is best documented in coastal, 

particularly small island locations (Back et al., 1984, 1986; Smart et al., 1988; Whitaker and 

Smart, 1990; Mylroie and Carew, 1990, 2000).  Mixing of basinal brine with fresh shallow 

phreatic water to produce continental interior analogues has been postulated (Mylroie, 1991) and 

such a scenario could pertain to southwestern Wisconsin (Panno and Bourcier, 1990).   Mixing 

zone caves typically include extensive large conduits, branching rectilinear systems, and large 

undercut chambers which are larger than available surface recharge would seem to permit and 

which may be “out of phase” with surface karst development.  

 

Geomorphology of Southwestern Wisconsin Caves 

 

     The caves of southwestern Wisconsin have formed in Ordovician carbonates, mostly 

dolostones, of the Prairie du Chien and Platteville-Galena Formations, which are increasingly 

dolomitized across the Wisconsin Arch.  The carbonates were folded and fractured during the 

Paleozoic, and these initial structures have been accentuated by subsequent dissolution and 

slumping. (Agnew, 1963; Hedges and Alexander, 1985).  Karst formation may have commenced 

early in the Paleozoic (Hedges and Alexander, 1985), and hydrothermal activity affected the 

Platteville-Galena Formation around the same time (Behre et al., 1935; Heyl et al., 1970).   The 

dolostones have undergone extensive and complex diagenesis (Smith and Simo, 1997) and there 

is a considerable paleokarstic legacy (Mai and Dott, 1985; Smith et al. 1993, 1996).  

     Ages of the caves have yet to be established with any certainty, but they may well be 

Mesozoic or earlier (Wopat, 1974).  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 over 200 individual carbonate caves in southwestern Wisconsin, but most are 

shallow and small, and all are less than 1000m in length.  Their dimensions are constrained by 

slow dissolution rates, thin bedding and the dismemberment of networks and reduction in 

catchment areas produced by valley incision (Day, 1986abc; Day et al., 1989).  Passages tend to 

be tubular, with some vadose trenching, and they contain extensive breakdown deposits, together 

with extensive red-brown silts and clays produced by weathering of the carbonates and 

infiltration of loess (Day, 1988).  Passages are mostly near-horizontal, with occasional large 

rooms and vertical pits.  Entrances are typically through sinkholes or in quarry faces.   

 

Available Evidence of Cave-forming Processes 

 

     Until now, it has generally been assumed that southwest Wisconsin caves are part of a normal 

karst landscape which was previously more extensive but has now been much restricted to 

narrow ridges as a result of fluvial valley incision (Day et al., 1989).  This remains a strong 

probability given the existence of a “normal”, although limited array of karst landforms (Day et 

al., 1989), evidence of continuing carbonate dissolution (Day, 1979, 1984), evidence of regional 

integration of groundwater drainage systems (Terlau and Day, 1997) and an apparent 

development of cave systems at consistent elevations in interfluvial ridges (e.g Olmstead and 

Borman 1968).  Regional karst springs appear to have “normal” chemical and hydrologic 

regimes (Heller, unpublished).  

     Most southwest Wisconsin caves present evidence of both phreatic and vadose phases of 

development, but there has been no detailed regional study of the ages or developmental history 



of the caves.  It has been postulated that cave development dates to the Cretaceous (Wopat, 

1974), but there is no fundamental reason why initiation should not have occurred considerably 

earlier or more recently.  An evolutionary scheme has been deduced for Pop’s Cave (Olmstead 

and Borman 1968), but the broader applicability of this has not been assessed.  Clearly the caves 

have been influenced recently by Pleistocene conditions, particularly through infiltration of 

loessial silt (Day, 1988), but more detailed studies of their evolution, perhaps similar to those 

undertaken in Minnesota caves (e.g. Milske et al. 1983) would be helpful. 

     The mineralogy of southwest Wisconsin caves has, likewise, been the object of very limited 

prior study, although most reports suggest that the mineral suites are calcite-aragonite dominated 

(Smith and Simo, 1997).  Detailed mineralogic studies of Wisconsin caves would be most likely 

to produce significant evidence about cave development processes. 

     Consideration of hydrothermal influences has previously been restricted to caves formed in 

the Platteville-Galena formations in the lead and zinc district south of the Wisconsin River, but 

even here the assumption has usually been that the caves developed initially through “normal” 

processes and that hydrothermal ores were emplaced subsequently (Paull and Paull, 1977; Day, 

1986abc).  There has been little previous investigation of hydrothermal speleogenesis 

possibilities north of the Wisconsin River where the Platteville-Galena is absent and the older 

carbonates crop out, although regional hydrothermal dolomitization is clearly indicated (Smith, 

1990; Smith and Simo, 1997). Similarly, there has been no meaningful study of the similarities 

and/or differences in morphology, hydrology or chemistry between the caves in the different 

formations. 

     What is certain is that tectonic conditions potentially influencing southwestern Wisconsin’s 

carbonate rocks during the Paleozoic were such that widespread hydrothermal activity cannot be 

dismissed.  Regional tectonism during the Paleozoic caused extensive fracturing (Agnew, 1963; 

Holst 1982) and the Permian-aged lead and zinc ores in the Platteville-Galena appear to be 

controlled by a fold-related fracture pattern that provided access for mineral fluids (Paull and 

Paull, 1977).  The Prairie du Chien carbonates are older than the Platteville-Galena, so they were 

certainly in place at the same time as hydrothermal action introduced metal ores into the latter 

during the early Permian (Rowan et al, 1995).  Similar copper deposits, together with minor 

occurrences of lead and zinc do occur within the Prairie du Chien carbonates (Paull and Paull, 

1977), and regional hydrothermal dolomization is clearly indicated (Smith, 1990; Smith and 

Simo, 1997) but their relationship to cave development is currently unknown. 

     In terms of morphology, there is currently no definitive evidence to demonstrate that caves 

north and south of the Wisconsin River are fundamentally dissimilar.  Several southwestern 

Wisconsin caves have large chambers, but these are not always associated with branching 

networks of ascending passages terminating in spherical pockets.  Likewise, some southwestern 

Wisconsin caves have maze-like sections (e.g. Castle Rock Cave) but this is not consistent.  

According to Hedges and Alexander (1986: 45), “Many maze caves unrelated to modern 

topography also occur in the (Lower Ordovician) Oneota dolomite”, which is also suggestive of 

other than “normal” development.  Some southwestern Wisconsin caves do have natural 

entrances, although many have been discovered during quarrying.   

     As noted previously, the mineralogy of southwest Wisconsin caves has been the object of 

very limited prior study, so there is no definitive evidence of hydrothermal mineral associations 

north of the Wisconsin River, although the Prairie du Chien carbonates do host copper, lead and 

zinc deposits on the northern fringes of the lead-zinc district (Paull and Paull, 1977).  The 

abundance of breakdown in the caves has usually been ascribed to instability during drainage 



(e.g. Olmstead and Borman 1968), but it is possible that it is related to hydrothermal activity, and 

it would be useful to compare the breakdown to the collapse breccias characteristic of 

hydrothermal caves elsewhere. 

     As with hydrothermal activity, regional conditions during the Paleozoic were certainly 

conducive to sulfuric acid dissolution.  Moreover, evidence for the regional occurrence of 

sulfuric acid groundwater solutions is provided by several previous studies.  In Iowa, for 

example, sulfuric acid dissolution has been implicated in the development of Level Crevice 

Cave, which is developed in the Galena Formation, and which was originally opened through 

mining activity.  The cave waters contain sulfate ion in large concentrations, and iron-oxiding 

bacteria are present in large numbers  (Morehouse, 1968).  The cave has three bedding-parallel 

levels and contains deposits of calcite, pyrite, limonite, marcasite and galena.   

     Another example of regional sulfuric acid activity is provided by recent underwater studies in 

the abandoned and flooded Tennyson lead mine, where natural biofilms containing archaea and 

sulfate-reducing Desulfobacteriaceae bacteria apparently concentrate zinc sulfide by conversion 

of sulfuric acid solutions (Labrenz et al. 2000).  As the bacteria oxidize organic matter they 

release sulfide ions into the solution surrounding the biofilm, leading to local saturation and 

accumulation of microscopic zinc sulfide crystals, together with iron oxides and other metals.  

Although, in this case, the sulfuric acid is assumed to be the product of contamination during 

mining activities, this is not necessarily the case, and the findings also have implications in 

suggesting that biological routes may be important in the formation of low-temperature zinc 

sulfide deposits. 

     Again, perhaps the only way to make a thorough assessment of the probability of sulfuric acid 

dissolution in southwestern Wisconsin caves is to conduct detailed mineralogic studies.  

Although there have been no previous reports of gypsum or other indicator minerals in the caves, 

further detailed surveys might be worthwhile.  The numerous bedding-parallel levels described 

in Level Crevice Cave are reminiscent of the multiple levels developed in some Wisconsin 

caves, such as Pops Cave (Olmstead and Borman 1968) and Haines Cave, suggesting that 

comparative morphologic studies may prove worthwhile. 

     Panno and Bourcier (1990) suggested that North American midcontinental speleogenesis 

could have resulted from saline-freshwater mixing induced by Pleistocene glaciation.  In their 

model, the pressure of glacial ice and the flushing of underlying saline aquifers on the margins of 

inter-cratonic basins as a result of bottom melting resulted in upward migration of the saline 

waters into near-surface aquifers, where it mixed with infiltrating meteoric and meltwater to 

accelerate carbonate dissolution, hence initiating or accelerating cave and karst development.   

     This hypothesis has not yet been tested in Wisconsin, and indeed it is difficult to do so 

because saline-freshwater mixing caves do not necessarily posses distinctive morphologies or 

mineral suites.  Nonetheless, this possibility is intriguing, not least because it calls into question 

the age of the caves, suggesting that at least some of them may be considerably younger than has 

generally been accepted.  Moreover, there is little in the existing literature about southwestern 

Wisconsin caves to refute the mixing possibility, which merits further consideration.  Regional 

Paleozoic dolomitization has been attributed to seawater or evaporative brines (Asquith, 1967; 

Smith and Simo, 1997) and to mixing-zones (Badiozaminai, 1973), and these may have also 

been involved in speleogenesis.  Smith (1997) indicates that at least some regional speleogenesis 

has occurred preferentially within high permeability zones of brecciation resulting from 

evaporite dissolution, so the importance of saline-freshwater interactions may well be much 

greater than has been recognized previously.  



 

Recommendations for Future Research 

 

     The present understanding of cave development in southwestern Wisconsin is rather limited, 

and there is considerable potential for future research.  In particular, the following might prove 

useful in elucidating the regional speleogenic history: 

1.  There should be more detailed studies of southwestern Wisconsin caves in general. 

Existing overviews should be complemented by more specific studies similar to that by 

Olmstead and Borman (1968). 

2.  Studies should be made to compare and contrast the caves north and south of the 

Wisconsin River.  Morphologic studies would represent a useful initial approach to this. 

3.  Studies should be made to compare the caves to those in adjacent parts of Minnesota 

and Iowa, where more has been done previously. 

4.  The hydrothermal and sulfuric acid hypotheses require in-depth research, particularly 

in the sphere of cave mineralogy.   

5.  The saline-freshwater mixing hypothesis merits serious attention, particularly since it 

brings into question the ages of the cave systems. 

 

Conclusion 

 

     The probabilities that hydrothermal processes, sulfuric acid dissolution and saline-freshwater 

mixing have influenced cave development in southwestern Wisconsin have received inadequate 

attention previously.  Although “normal” cave development cannot be dismissed, it is clear that 

hydrothermal processes have been operative regionally, and have resulted in ore emplacement in 

caves south of the Wisconsin River.  Although hydrothermal ores clearly are not apparent north 

of the river, there remains the possibility that hydrothermal processes have had some influence 

there too.  Perhaps more significantly, the role of sulfuric acid dissolution merits consideration, 

particularly since there is some existing evidence to suggest that this may have been, and 

continue to be of regional significance.  The saline-freshwater mixing hypothesis is conceptually 

sound, and there is considerable circumstantial evidence to suggest that it may have been 

significant, but it is problematic to test this hypothesis in the field; nevertheless, it merits further 

consideration. 
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