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ABSTRACT 

Evaporite-dissolution brecciation focused subsequent porosity development and brecciation within carbon
ates of the Lower Ordovician Oneota Formation (Prairie du Chien Group) near Spring Green, Wisconsin. 
Stratiform breccia was formed first by the dissolution of bedded anhydrite. Younger, discordant carbonate 
breccia and existing caverns are superimposed on stratiform evaporite-dissolution breccia. The breccia and 
caverns continue to be zones of relatively high permeability and porosity. 

INTRODUCTION 

Studies of Lower Ordovician carbonate in North 
America generally emphasize the extensive paleokarst 
developed beneath the Lower-Middle Ordovician 
Sauk-Tippecanoe unconformity (for example, Kyle, 
1976; Mussman and Read, 1986; Kerans, 1988; 
Mazzullo, 1989; Knight and others, 1991). The extent 
of buried paleokarst beneath this unconformity in 
Wisconsin is well documented (summarized by Mai 
and Dott, 1985). Paleokarst developed beneath the 
less well-known mid-Lower Ordovician unconformity 
is also recognized (Smith, 1989; Smith and others, 
1993, 1996). 

Breccia formed during evaporite dissolution is 
known to be an important source of porosity (for 
example, Middleton, 1961; Warren and Kendall, 
1985), and is also known to promote the later dissolu
tion and brecciation of interbedded carbonate strata 
(for example, Beales and Oldershaw, 1969; Park and 
Jones, 1985). This paper examines the role of evapor
ite dissolution in localizing subsequent karstification 
of shallow-marine carbonate of the Lower Ordovician 
Prairie du Chien Group in Wisconsin. Improved un
derstanding of the relationship between former bed
ded evaporite and subsequent patterns of brecciation 
may result in improved prediction of zones of high 
permeability and porosity in carbonates of economic 
importance, such as hydrocarbon reservoirs and fresh
water aquifers. 

GEOLOGIC SETTING 

Quarrying operations south of Spring Green, Wiscon
sin (fig. 1; SE1/4 sec. 3, T. 7 N., R. 3 E.), have ex
posed a 21 m-thick section of the Lower Ordovician 
Oneota Formation, which is unconformably overlain 
by a 1m-thick section of silicified oolitic grainstone 
and quartz arenite. Regional stratigraphic relation
ships determined from outcrops and water-well logs 
and a late-Early Ordovician-age conodont fauna 
(Smith, 1991) suggest that the grainstone and quartz 
arenite are part of the basal Shakopee Formation (figs. 
2 and 3). 

The Oneota Formation at this quarry displays an 
unusual degree of brecciation and cavern development 
(fig. 3), but is otherwise representative of the Oneota 
Formation in the outcrop area (Smith and others, 
1993, 1996). The Oneota Formation is dominated by 
10- to 30-cm thick laterally continuous beds of stro
matolites, wavy-laminated peloidal boundstone, 
oolitic-peloidal grainstone and packstone, and other 
peritidal carbonate (fig. 2; Smith, 1991). Quartz sand 
and silt are abundant within the basal Oneota Forma
tion and decrease in abundance up-section (fig. 2). 
Evidence for syndepositional subaerial exposure con
sists of desiccation cracks, and silicified and moldic 
anhydrite (Smith, 1991; Smith and others, 1993, 
1996). Sediment of the Oneota Formation is inter
preted as having been deposited in a shallow, tropical, 
epeiric sea, in shallow-subtidal to peritidal settings 
(Adams, 1978; Davis, 1970, 1971). 
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Figure 1. Location of quarry within Prairie du Chien 
outcrop area (stippled). Inset map at bottom shows 
location of quarry relative to nearby cultural features 
(after U.S. Geological Survey, 1960; S.E. 1/4, S. 3, T. 
7 N., R. 3 E.). 

RESULTS AND DISCUSSION 

Stratiform breccia 

Quarrying operations have exposed caverns and both 
stratiform and discordant breccia. Stratiform breccia is 
cross-cut by all other breccia and thus is the oldest 
breccia fabric in the quarry. Stratiform breccia is 10 to 
25 cm thick, laterally-continuous over 200 m of 
quarry wall, and follow gentle undulations in bedding. 
The lower one- to two-thirds (5 to 20 cm) of most 
stratiform breccia have been silicified and consist of 
chalky-appearing chert (fig. 4). In thin section, the 
chalky chert contains abundant anhydrite crystal 
ghosts (fig. 5), suggesting that silicification accompa
nied anhydrite dissolution, a common phenomenon in 

shallow-burial diagenetic settings (Milliken, 1979). 
Carbonate strata underlying stratiform breccia are 

relatively undisturbed, whereas the 3 to 5 m of overly
ing strata typically display gentle folding and minor 
fracturing (fig. 6), indicating lithification prior to de
formation. Brecciation and fracturing occurred as 
overlying carbonate strata collapsed into stratiform 
voids produced by the gradual dissolution of anhy
drite beds. The lateral continuity of stratiform breccia 
suggests that dissolution and collapse took place 
gradually over a broad area, as suggested for analo
gous settings by Middleton (1961) and Warren and 
others (1990). Cross-cutting relationships indicate that 
stratiform breccia formed during subaerial exposure 
associated with development of the Oneota-Shakopee 
unconformity. 

Discordant breccia 

Discordant breccia is superimposed upon stratiform 
breccia (fig. 7). The timing of development of the dis
cordant breccia is bracketed by the end of Oneota 
deposition and the inception of marine conditions dur
ing Shakopee deposition (approximately 495-490 Ma 
based on time scales summarized in Smith and others, 
1993, 1996). Discordant breccia formed as Oneota 
carbonate beds collapsed into underlying caverns (fig. 
7). Breccia consists of carbonate and/or chert clasts 
with carbonate and/or quartz-arenite matrix (fig. 8). 
Tilted beds were truncated prior to the deposition of 
the overlying Shakopee Formation (fig. 7). 

Existing caverns 

Existing caverns are largely localized within older dis
cordant breccia and cavern fill, all of which are cen
tered on and partially localized within stratiform brec
cia. As a consequence, caves line the walls of this 
quarry at levels corresponding to the positions of 
stratiform breccia (figs. 4 and 7). Caverns contain ara
gonitic and calcitic speleothems, aragonite-cemented 
breccia, and unlithified reddish-brown clay-rich sedi
ment interstratified with fragments of speleothems 
(fig. 9). 

SUMMARY 

Stratiform breccia was formed by the dissolution of 
bedded anhydrite. Discordant breccia produced by 
later carbonate dissolution cross-cut stratiform brec
cias. Existing caverns cross-cut both stratiform and 
discordant breccia, but are localized along strati
graphic horizons containing stratiform breccia. In 
general, evaporite-dissolution brecciation has focused 
all major subsequent porosity development, empha
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Figure 2. Generalized 
stratigraphic column for 
southwestern Wisconsin. Dark 
vertical bar indicates 
stratigraphic interval examined 
in this study. After Smith and 
others (1993). 

Figure 3. Composite 
measured section in quarry 
showing positions of 
stratiform breccia, 
discordant breccia, and 
caves. 
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Figure 4. Photograph of east quarry 
face showing positions of stratiform 
breccia (arrows). Note preferential 
position caverns within the zone 
containing the three stratiform 
breccia. Scale bar is 10 m tall. 

sizing the influence of bedded anhydrite 
on the pattern of porosity evolution. 
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