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     The Leland Natural Bridge is the largest natural bridge in Wisconsin.  Protected as 
a state natural area, the bridge is formed in calcareous sandstones of the 
Mazomanie Member of the Cambrian-aged Tunnel City Formation.  Although other 
processes may have influenced the evolution of the bridge, several lines of evidence 
indicate that it may have a primarily dissolutional or speleogenic origin.  Calcium 
carbonate contents of local rock samples average 41%, indicating a clear potential 
for dissolution.  Water seeping from the bridge has a mean total hardness of 78 
ppm, indicative of contemporary dissolution. The morphology of the bridge is 
consistent with that of a cave roof remnant, and the orientation of the opening is 
broadly coincident with cave passage orientations and groundwater flow patterns 
elsewhere in the southwestern Wisconsin karst.  A perforation within the coping, a 
significant rockshelter adjacent to the bridge and other small caves nearby also 
indicate speleogenic processes.  Dry valleys in the vicinity are also karstic landscape 
elements.  The bridge is part of a larger remnant architecture which may represent 
an unroofed cave or remnant collapsed sinkholes.  There are numerous caves within 
the Tunnel City Formation regionally, and there is independent evidence for laterally 
extensive, high permeability zones within the Tunnel City aquifer. 

 
 
Introduction 
 
     The Leland Natural Bridge (Figure. 1), a striking sandstone arch on the eastern flank of the 
North Branch of Honey Creek valley in Sauk County, is an emblematic landform of southwestern 
Wisconsin’s Driftless Area – a fragile rock formation in a unique region of some 39000 km2 that 
was spared the ravages of Pleistocene glaciation.  The largest natural bridge in the state, it was 
described in an 1880 Sauk County history (Anon, 1880) as “A wonderful and beautiful 
production”, and was featured in Lawrence Martin’s (1965) classic treatise on the 
geomorphology of Wisconsin.  The bridge was also pictured as one of the state’s “unsurpassed 
natural beauties” in the 1925 edition of the Wisconsin Blue Book – the official documentation 
of state salience and significance (Holmes, 1925).  
     A rockshelter immediately below and adjacent to the bridge (Figure 2) is known as the 
Raddatz Rockshelter (Wittry, 1959a,b; Dott and Attig, 2004), and is 18.3 m (60 feet) wide and 
9.1m (30 feet) deep (WIDNR, 2008a), although Martin (1965) describes it as smaller.  The 
rockshelter is one of the most intensely excavated in the state and was occupied by Native 
Americans during the Archaic (9000 to 2500 BP) and later Woodland (2500 to 850 BP) periods, 
“as indicated by sequences of fire pits, artifacts and projectile points, and bone debris” (Paull 
and Paull, 1977: 131).  Earliest human occupation is dated to perhaps 11000 BP (WIDNR, 



2008a).  The Durst Rockshelter, located nearby and also designated as a state natural area, has 
a similar prehistory (Wittry, 1959b; WIDNR, 2008b).     
     The earliest European reference to the Leland natural bridge appears to have been in 1874 
(Sauk County 2008a).  By 1888 it was reported to be “visited every day”, and by 1897, when the 
land was owned by William Readell (Sauk County, 2008a) it was “covered with names” (Sauk 
County, 2008b: 2).  In the 1890s, “the site was a favorite summer gathering place for locals” 
(Dott and Attig, 2004: 223).  A dance floor was apparently constructed below the bridge, and a 
bar was accommodated within the rockshelter, although it is unclear how long either persisted.  
By the 1920s, the land having passed to Carl Schmoekel (1906) and then Richard Raddatz (1915) 
(Sauk County, 2008a) it is remarked only that “the bridge was a favorite resort for picnic parties, 
and it was being visited by many tourists” (Sauk County, 2008b: 2), and the 1925 Blue Book 
photograph shows no evidence of either the dance floor or the bar (Holmes, 1925: 28).  The 
land was purchased from the Raddatz family in 1966 by DuWayne Carr and Leland Bishop, and 
was acquired by the State of Wisconsin in 1972 (Sauk County, 2008a; O’Brien and O’Brien, 
2001).   Since 1973, the bridge has been protected as a 24.3 ha (60 acres) Wisconsin state 
natural area (number 105) within a 215 ha (530 acres) state park (WIDNR, 2008a).  Visitors to 
Natural Bridge State Park since 2000 are estimated to have numbered between 27,000 and 
58,000 annually (Barish, 2007). 
     It has long been recognized that the Leland natural bridge is not the result of fluvial 
undercutting, but only general aspects of its formation have been suggested and a speleogenic 
origin has never been investigated specifically.  General attribution has been made to 
weathering, seepage, freeze-thaw and wind action, but dissolution has not been identified as a 
primary formative mechanism.  The purpose of this paper is to investigate evidence for a 
speleogenic origin for the natural bridge.  
 
Methodology 
 
     The Leland Natural Bridge was investigated intensively in the field during June 2004.  
Accurate measurements of architectural dimensions were made using compass, clinometer, 
measuring tapes and GPS in combination with the 1:24,000 topographic sheet (Black Hawk, 
Wisconsin) and the 1:100,000 geological map (Clayton and Attig 1990).   Vegetation was 
identified and measurements were made of bedding thickness.  Rock hardness was measured 
using a Schmidt Test Hammer (Day and Goudie 1977) and rock samples were acquired for 
laboratory analysis.  Seepage water samples were taken after heavy rain and were field tested 
for total hardness (Douglas, 1968; www.palintestusa.com).   
 
 
 
Location and Description 
 
     Leland Natural Bridge is located about 24 km (15 miles) northwest of Sauk City and 1.6 km (1 
mile) northeast of the village of Leland, in Sauk County, Wisconsin (Figure 3).  The bridge is 
located on a low northeast-southwest trending ridge some 60 m long and 40 m wide at an 
elevation of about 300 m above msl, and is approximately 50 m above and 500 m distant from 
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the ephemeral fluvial channel of a left (east) bank tributary of the North Branch of Honey 
Creek, which is itself a tributary of the Wisconsin River.  The bridge appears to be a remnant of 
a promontory or residual interfluvial ridge extending approximately northeast-southwest into 
the tributary valley of the North Branch of Honey Creek.  The downslope opening of the bridge 
faces ESE at approximately 120 degrees.  To the north of the ridge the ground rises steadily at 
an angle of about 20 degrees to a height of approximately 341 m.  To the east and west, 
elevations decline rapidly to less than 290 m within flanking north-south valleys that are dry 
except during intense rainfall or spring snowmelt events.  
     The bridge has three distinct components: a basal plinth or foundation, two abutments or 
ribs, and a broadly rectilinear coping, or span (Fig. 1).  The plinth is at an elevation of about 301 
m and is broadly rectilinear, extending primarily beneath the span and beyond the abutments, 
with a thickness beneath the bridge itself of about 4 m and covering an area of about 50 m2.  
The rock span is oriented northeast-southwest, with the opening of the bridge oriented WNW 
to ESE.  The span is some 14 m above the plinth, at an elevation of about 315 m.  The 
abutments rise from the plinth at interior angles of 50 degrees (SW) and 55 degrees (NE).  
Slopes adjacent to the bridge range from 5 to 25 degrees.  
     Martin (1965: 92) gives the span of the bridge as 35 feet and its height as 25 to 35 feet, with 
the span “less than four feet wide at the top.”  Similar dimensions are quoted by Paull and Paull 
(1977: 131): “35 feet long, 30 feet high and 4 feet wide”, and by Dott and Attig (2004: 223-224): 
“35 feet long and 25 feet high at its center”, while the Wisconsin Department of Natural 
Resources lists the span as 25 feet wide, and 35 feet high, with an interior height of 15 feet 
(WIDNR, 2008a).  Measurements in 2004 are as follows: internal width 14.2 m (46.2 feet) at the 
base of the abutments and 8 m (26 feet) immediately beneath the coping; internal height 5.4 m 
(17.5 feet); overall height above the plinth 10.2 m (33.1 feet). The coping is 4.8 m (15.6 feet) 
deep at its center with a mean upper width (based on 5 measurements) of 1.4 m (4.6 feet) 
(range 1.0-1.7m).  The lower width of the coping is 2.4 m (7.8 feet) at the center, 5.1 m (16.6 
feet) at the southwest end and 6.7 m (21.8 feet) at the northeast end. 
     Currently, the vegetation on the slopes surrounding the bridge consists of mixed hardwood 
tree species, including basswood (Tilia americana), eastern red cedar or juniper (Juniperus 
virginiana), red and white oak (Quercus rubra and Q. alba), ash species (Fraxinus spp.), quaking 
aspen (Populus tremuloides), shagbark hickory (Carya ovata) and various maples (Acer spp.), 
together with the shrub witch hazel (Hamamelis spp.) and a mixed groundcover including ferns 
(Pteridophyta spp.), wild grape (Vitis spp.) false Solomon’s seal (Smilacina racemosa), 
columbine (Aquilegia canadensis), wild raspberry (Rubus stigosus), may apple (Podophylum 
peltatum) and poison ivy (Toxicodendron radicans).  The 1925 photograph in the Wisconsin Blue 
Book (Holmes, 1925: 28) shows cattle grazing on pastureland south of the bridge, indicating 
that the vegetation around the bridge has undergone considerable anthropogenic change.  
Various plants and small saplings grow on the plinth, and the shaded cliff community on the 
abutments and plinth contains unusual plants such as walking fern (Asplenium rhizophyllum), 
slender lip fern (Cheilanthes feei), and two rare species: cliff goldenrod (Solidago sciaphila), and 
purple cliffbrake (Pellaea atropurpurea) (WIDNR, 2008a). The upper surface of the coping is 
essentially unvegetated but the ends above the abutments support assemblages of mosses, 
lichens, grasses, wildflowers and stunted specimens of paper birch (Betula papyrifera), aspen 
(Populus tremuloides), oak (Quercus spp.) and eastern red cedar (Juniperus virginiana).   



 
Geological and Geomorphological Context 
 
     The bridge is formed in sandstones of the Mazomanie Member of the Late Cambrian-aged 
Tunnel City Formation, which was formerly known as the Franconia Sandstone.  The Tunnel City 
Formation, which in Sauk County is locally 30 m (97 feet) to 45 m (146 feet) thick, is a locally 
clayey or shaley-bedded, in part calcareous or dolomitic-cemented fine grained quartizitic 
sandstone, with trace amounts of glauconite (Paull and Paull, 1977; Clayton and Attig, 1990).   
The sandstone is typically cross-bedded and, significantly, “somewhat calcareous, perhaps 
beginning to transition into the overlying dolomitic St. Lawrence Formation.” (Dutch, 2008:4). 
     Bed thickness within the bridge itself is generally less than 1m (mean 0.95m, n=6) and the 
beds vary considerably lithologically.  Some are sandy, with distinct cross-bedding, others are 
conglomeratic, containing quartzite pebbles, and still others are calcareous, often with calcium 
carbonate efflorescences.  A light-colored sandy bed approximately 1.5 m thick is evident at the 
base of the arch and immediately above this is a sequence of very thin calcareous beds 
cumulatively about 1.0 m in thickness. 
     Hardness of individual beds within the Tunnel City Formation, both at the Leland natural 
bridge and elsewhere, is also highly variable (Table 1).  Relative compressive strength values, as 
determined using a Type N Schmidt Test Hammer, which measures elastic rebound (Day and 
Goudie, 1977) range generally from 21 to 39 (mean 26.9), with hardness values within the 
bridge itself ranging between 19 and 44 (Table 1).  Hardness, which is a surrogate for 
compressive strength, is important in karst landscapes because it reflects the ability of 
carbonate rocks to maintain steep slopes and caves (Day 1980, 1982). 
     Although it would seem reasonable to infer that jointing perpendicular to the span has 
played some role in its development, the vestigial nature of the bridge renders testing of this 
hypothesis difficult.  There is some evidence of a northwest-southeast lineation north of the 
bridge, although the downslope extension of this lineation is masked by colluvium.  
Measurements of joints in the Tunnel City in Sauk and Richland counties indicate a dominant 
northwest-southeast trend (n=19, data unpublished).  In the immediate vicinity of the bridge 
joints parallel the span to the southeast and northwest sides, although the joints extend only 
below the level of the abutments. 
     It has long been recognized that the bridge is not the result of fluvial undercutting, unlike the 
Pier Natural Bridge, also in the Tunnel City Formation at Rockbridge in Richland County.  
However, no definitive formative sequence has been developed and the possible role of 
speleogenesis has only been suggested or implied.  Martin (1965: 93) attributed the bridge to 
“weathering and the removal of grains of sand by the wind and of blocks of sandstone by 
gravity.” Contemporary evidence of these mechanisms is present in the form of extensive 
deposits of loose sand beneath and around the bridge, both on the plinth and in the 
immediately surrounding area, and in the numerous adjacent blocks, up to 0.75 m3 (26.5 cubic 
feet) in volume, resulting from rockfall.   Paull and Paull (1977: 131) invoked “differential 
weathering of the bedrock by ice wedging and wind erosion” but Dott and Attig (2004: 224) 
comment only that formation resulted from “…the slow erosion of a less resistant layer.”  
Freeze-thaw and ice wedging may indeed play a role in the bridge’s formation; ice forms 
regularly on the bridge during winter, when icicles often hang from the coping.  Dutch (2008: 3) 



invoked a broad, multi-process evolution involving “erosion by water, frost action, wind and 
gravity.”  Similarly, Dott and Attig (2004: 224) ascribed formation of the arch to “Weathering by 
seepage and repeated freezing and thawing of water”, reflecting the general public impression 
that the bridge was created “by wind erosion and weathering of the sandstone” (WIDNR, 
2008a).  
 
A Speleogenic Origin? 
 
     The first explicit suggestion that natural bridges in Wisconsin’s Driftless Area might have a 
speleologenic origin was made by Day and Kueny (1999) in their report on the cavernous nature 
of another fragile rock formation in Crawford County known as Five Column Rock.  Unlike the 
Leland Natural Bridge, Five Column Rock is formed at the transition from the Jordan Sandstone 
to the overlying Oneota dolostone and it has a rather different morphology with a basal 
sandstone plinth, a set of columns enclosing “windows”, and a tabular dolostone coping.  The 
rock’s morphology, stratigraphic context and juxtaposition to extant cave passage all point to a 
speleogenic origin.   
     More generally, Day (2001) has suggested that many of southwestern Wisconsin’s fragile 
rock formations may also actually be cave remnants.  Recent work has also highlighted the 
potentially diverse speleogenic processes which may be responsible for cave development in 
southwestern Wisconsin (Pipes and Day, 2006).  Regional speleogenesis may at least partially 
be hypogenic, involving upward dissolution by sulfuric acid solutions, in which case cave 
formation may have also occurred within non-carbonate rocks underlying the regional 
limestones and dolostones, including Cambrian clastic rocks such as the Tunnel City Formation.  
There is also independent evidence for laterally extensive, high permeability zones in the 
Tunnel City Group, suggesting that stratigraphically controlled heterogeneities like contrasts in 
lithology or bedding-plane fractures may influence the flow of groundwater and promote 
speleogenesis (Swanson et al., 2006, Swanson, 2007). 
     Although other erosional processes have usually been invoked in explaining the bridge’s 
formation, Martin (1965) perhaps inadvertently suggested a speleologic context when he noted 
that “Below the arch of the bridge is a cave 7 ½ feet high and 25 feet long.”  Paull and Paull 
(1977: 131) were more circumspect, noting only that “An overhanging cliff provided a cavelike 
opening.” And, likewise, Dott and Attig (2004: 224) comment only that “The large, cavelike 
amphitheater beneath the bridge illustrates the slow erosion of a less resistant layer.”  Dutch 
(2008: 4), however, hinted at possible speleogenic involvement, noting that the Tunnel City 
sandstone is “somewhat calcareous, perhaps beginning to transition into the overlying 
dolomitic St. Lawrence Formation.”  He also suggested that the bridge was formed “by the 
uneven dissolving of mineral deposits holding the sand grains together” (Dutch 2008:3), and 
that “an outcrop weathered away because of dampness to create a grotto with an overhang, 
then the roof may have collapsed” (Dutch 2008: 4).  
     If the Leland Natural Bridge does have a speleogenic origin, at least in part, then one would 
expect that the host rock would have a significant calcium carbonate content, and that there 
would be evidence of contemporary dissolution.  One would also anticipate that the bridge 
morphology would be consistent with a speleologenic origin and that other caves and karst 
landforms would exist in the vicinity of the bridge and elsewhere in the formation. 



     The first major clue pointing to a possible speleogenic origin through carbonate dissolution is 
the chemical content of the rock itself.  Calcium carbonate contents of eight samples of the 
Tunnel City Formation, including five from the Leland Natural Bridge itself, were determined in 
the UWM Geosciences laboratory using standard methods (Shapiro and Brannock, 1955; 
Shapiro, 1975).  The mean carbonate content of all samples was 38.72% with those from 
elsewhere having a slightly lower mean percentage (35.37%) than those from the Leland 
natural bridge itself (40.73%).  Interestingly, mean carbonate content of the coping (21.72%) 
was the lowest of any portion of the bridge, with the highest carbonate content (69.45%) being 
in what was sampled as a limestone bed near the base of the northeast abutment. 
     Further evidence to support a dissolutional origin occurs in the guise of contemporary 
dissolution of the rock by naturally occurring water.  During and after heavy rainfall water flows 
over the horizontal and vertical rock surfaces, permeates the rock, particularly via small 
fractures, and seeps out on the underside of the coping and at the bases of the abutments, 
most notably at the base of the northeast abutment.   
     Three 50 ml samples of water seeping from the lower sections of the Leland Natural Bridge 
were obtained after heavy rainfall in June 2004 and were analyzed for total hardness, a 
surrogate for calcium/magnesium carbonate content, using a standard field methodology 
employing EDTA (Ethylene-diamene tetra-acetic acid) tablets (Douglas, 1968; 
www.palintestusa.com).  Mean hardness of the three samples was 78 ppm, which is at the low 
end of water hardness ranges reported in karst landscapes generally (Ford and Williams, 2007) 
and in the southwestern Wisconsin karst (Reeder, 1992) but which nonetheless is indicative of 
active dissolution within the rock formation.     
     The overall morphology of the bridge itself is not inconsistent with it being a cave roof 
remnant, and natural bridges with similar morphologies are documented in karst areas 
internationally (Ford and Williams, 2007; Gillieson, 1996; Jennings, 1985; Palmer 2007). 
Unroofed caves are an important related paleokarst landform (Osborne, 2004).  Moreover, the 
orientation of the bridge opening is broadly coincident with cave passage orientations 
elsewhere in southwestern Wisconsin’s carbonate karst (Terlau and Day, 1997) and is generally 
in accordance with models of the regional karstic groundwater flow (Day et al., 2004).  
     Interestingly, within the coping, slightly southwest of center, between the upper two beds 
and about 1 m beneath the upper surface of the coping is a small analog of the natural bridge 
itself: a perforation about 1 m wide and 0.5 m high.  This suggests that the process which 
produced the natural bridge is still operative, and with similar orientation.  Development of 
small caves paralleling trunk passages but at higher elevations is well documented in the 
speleological literature (Palmer, 2007), and hypogene caves often have a ramiform and 
spongework pattern (Hill, 2000).  
     The presence of the Raddatz Rockshelter immediately adjacent to the southwest end of the 
Leland natural bridge is further evidence of the local operation of speleogenic processes.  
Rockshelters are an archaeologically important subset of caves and often develop where 
weathering hollows coalesce at the hydrologic outlets of small conduits or protocaves 
(Gillieson, 1996).   Measurements of the rockshelter in 2004 indicate that it is 14 m (45.5 feet) 
in length with a maximum entrance height of 2.5 m (8.1 feet) tapering to zero at each end.  
Maximum horizontal depth is 8.7 m (28.3 feet). These measurements are broadly in accordance 
with previously quoted dimensions (Martin, 1965), although indicative of a slightly smaller 



rockshelter than that documented by the Wisconsin Department of Natural Resources (WIDNR, 
2008a).  
     The dry or underdrained valleys in the vicinity of the Leland natural bridge are also 
suggestive of karstic elements in the landscape.  Such valleys, which exhibit ephemeral surface 
discharge only during or following intense rainfall or snowmelt, develop as former surface 
drainage systems are progressively abandoned when soluble carbonate rocks develop 
increasing secondary permeability (Ford and Williams, 2007), and they are the most numerous 
components of southwestern Wisconsin’s karst landscape (Day et al., 1989).  
     The morphology of the landscape immediately adjacent to the Leland natural bridge is also 
suggestive of local karstic development.  The bridge itself is part of a larger remnant 
architecture, being located on the downslope side of a broadly circular amphitheater some 25m 
in diameter whose margins consist of rocky promontories sundered by small and larger 
interstices.  The bridge itself represents a breach in the southeast rim of this structure, and 
access to the northern façade of the bridge is gained via another breach in the southwest 
quadrant.   Immediately to the northeast is a conjoined and similar, although slightly smaller 
second amphitheater with a similarly perforated margin, and northeast of this is another, 
largely ruinate form.  These three features together constitute a broadly elliptic amphitheater 
extending northeastward upslope from the bridge and covering some 1000 m3. 
     Although the origin of these elliptic features and the larger elliptic structure is conjectural, it 
is possible that they represent unroofed remnants of cave passages or rooms or the remnants 
of adjacent collapsed sinkholes.  Such landforms have not been documented in the Tunnel City 
Formation previously, although sinkholes and partial collapses of cave roofs occur in the 
regional carbonate karst (Day, 1986a,b; Day and Reeder, 1989; Day et al., 1989) and there are 
numerous regional examples of extant caves within the Tunnel City Formation (Day, 2001).  The 
independent evidence for laterally extensive, high permeability zones within the Tunnel City 
aquifer (Swanson et al., 2006; Swanson, 2007) is also supportive of a karstic dissolutional 
formation hypothesis since it highlights the potential for focused groundwater flow and 
dissolution. 
     Sandstone caves are not numerous in temperate areas but they have been recorded in 
various locations (Ford and Williams, 2007; Gillieson, 1996; Jennings, 1985; Middleton and 
Waltham, 1986; Palmer, 2007).  Quartz sandstones are reasonably soluble in natural waters, 
especially under alkaline conditions (Young and Young, 1992), and calcite cements are readily 
dissolved, although insoluble residues often infill developing caves and dolines, restricting 
fissure and conduit flow (Ford and Williams, 2007).   
     Several small caves, none penetrable for more than 2 m exist in the outcrops upslope from 
the Leland natural bridge, and two of these caves are almost connected.  The upslope area also 
contains a rockshelter similar to that beneath the bridge itself, although it is smaller. Regionally, 
there are numerous examples of small caves in the Tunnel City Formation and other Cambrian 
sandstones. (Cronon, 1970; Day, 2001) and there is regional evidence for laterally extensive, 
high permeability zones within the Tunnel City Group itself (Swanson et al., 2006).   Most caves 
in the Tunnel City Formation are tall, narrow clefts formed along near-vertical joints, although 
some have more complex anatomies (Figure 4).  The Pier Natural Bridge at Rockbridge, in 
Richland County (Figure 5) has developed where the Pine River has eroded through a narrow 
ridge along one such joint.  Elsewhere, Elephant Trunk Rock (Figure 6), also in Richland County, 



although anthropogenically repaired, also has a morphology suggestive of a remnant cave 
passage. 
 
Discussion and Conclusions 
 
     There is considerable evidence to support the hypothesis that the Leland Natural Bridge has 
a speleogenic origin, at least in part. The Schmidt Hammer hardness values for the Tunnel City 
Formation are within the general spectrum of hardness exhibited by both limestones and 
sandstones (Day and Goudie, 1977), although they are toward the lower end of the limestone 
range.  Nevertheless, they show that the rock is mechanically strong enough to support cave 
development and maintenance.  Moreover, the carbonate contents of the formation, 
particularly within the bridge itself, clearly confirm the potential for karstic dissolution.  
     Sampled seepage water hardness is at the low end of water hardness ranges reported in 
karst landscapes generally (Ford and Williams, 2007) and in the southwestern Wisconsin karst 
(Reeder, 1992).  Although hardness is a function of alkaline earth metal contents, which may 
include minerals other than carbonates, the sample values are nonetheless indicative of active 
dissolution within the rock formation.  Interestingly, the mean hardness of the natural bridge 
waters (78 ppm) is very similar to that of the Wisconsin River at Muscoda (80 ppm) (Hem, 
1959), suggesting that carbonate dissolution may play a larger role in the regional landscape 
than is sometimes recognized. 
          The morphology of the Leland Natural Bridge itself is consistent with it being a cave roof 
remnant, and the presence of both the adjacent rock shelter and the small arch within the 
coping show that cave-like features exist locally as well as elsewhere in the Tunnel City 
Formation.   The orientation of the bridge broadly accords with karst landform orientations 
elsewhere in southwestern Wisconsin and with regional groundwater flow models.   Also, it is 
clear that the bridge is not an isolated landform element, and it is possible that the adjacent 
features are unroofed remnants of cave passages or rooms, or the remnants of adjacent 
collapsed sinkholes.  Significantly, there is also independent evidence for laterally extensive, 
high permeability zones within the Tunnel City Formation (Swanson et al., 2006; Swanson, 
2007). 
     The evidence for a speleogenic origin of the Leland Natural Bridge again raises the possibility 
that other fragile rock formations in the Driftless Area have originated through carbonate 
dissolution, even in formations that are classified as sandstones.  Furthermore, it supports the 
evidence that regional sandstone caves are within the spectrum of true speleogenic features, 
and that preferential dissolution may result in high permeability zones within both traditional 
carbonate rocks and within adjacent clastic rocks. 
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Figure 1:  The Leland Natural Bridge, looking southeast.   
 
 



 
Figure 2:  The Raddatz Rockshelter.   
 
 



 
Figure 3:  Location of the Leland Natural Bridge 
 

 
Figure 4:  Cave Entrance in Tunnel City Formation, Richland County.   
 



 
Figure 5:  The Pier Natural Bridge.   
 
 
 
 

 
Figure 6:  Elephant Trunk Rock.   
 



Table 1:  Mean Schmidt Hammer Hardness Readings (n=10 unless otherwise indicated) 
(For methodology see Day and Goudie 1977) 
 
Adjacent to rockshelter                            27.6 
Base of SW bridge abutment                   44.4 
Base of NE bridge abutment                    24.9 
1.5m above base of NE abutment            33.3  
SW end of bridge span                             24.2 
NE end of bridge span                              19.0 
Mean for other Tunnel City exposures     26.9  (n=150)  
 
 
References Cited 
 
Anonymous (1880) The History of Sauk County, Wisconsin, Western Historical Company, 
Chicago. 
 
Barish, L.S. (ed) (2007) The Wisconsin Blue Book 2007-2008.  State Printer, Madison, WI. 
 
Clayton, L. and Attig, J.W. (1990) Geology of Sauk County, Wisconsin.  Wisconsin Geological and 
Natural History Survey Information Circular 67. 
 
Cronon, W. (1970) The sandstone caves of Wisconsin.  The Wisconsin Speleologist, 9(3), 53-99. 
Day, M.J.  (1980) Rock hardness: Field assessment and geomorphic importance.  The 
Professional Geographer 32(1), 72-81. 
 
Day, M.J.  (1982) The influence of some material properties on the development of tropical 
karst terrain.  Transactions British Cave Research Association  9(1), 27-37. 
 
Day, M.J. (1986a) Caves in southwestern Wisconsin, U.S.A.  Proceedings 9th International 
Speleological Congress, 1, 155-157. 
 
Day, M.J. (1986b) Caves in the Driftless Area of southwestern Wisconsin.  The Wisconsin 
Geographer, 2, 42-51. 
 
Day, M.J. (2001) Sandstone caves in Wisconsin.  Proceedings 13th International  
Congress of Speleology, 1, 89-92.  Reprinted in The Wisconsin Speleologist, 25(1), 18- 
22 (2002). 
 
Day, M.J. and Goudie, A.S. (1977) Field assessment of rock hardness using the Schmidt Test 
Hammer.  British Geomorphological Research Group Technical Bulletin, 18,  19-29. 
 
 
Day, M.J. and Kueny, J.A. (1999) A speleogenic origin for Five Column Rock,  



Wisconsin.  Journal of Cave and Karst Studies, 61(3), 141-144. 
 
Day, M.J., Kueny, J., Parrish, A. and Tenorio, R. (2004) Testing a preliminary model of spring 
location in the karst of southwestern Wisconsin.  The Wisconsin Geographer, 20, 29-34. 
 
Day, M.J. and Reeder, P.P. (1989) Sinkholes and landuse in southwestern Wisconsin. pp. 107-
113.  In: B.F. Beck (ed), Engineering and Environmental Impacts of Sinkholes and Karst, A.A. 
Balkema. 
 
Day, M.J., Reeder, P.P. and Oh, J. (1989) Dolostone karst in southwestern Wisconsin.  The 
Wisconsin Geographer, 5, 29-40. 
 
Dott R.H. and Attig, J.W. (2004) Roadside Geology of Wisconsin. Mountain Press, Missoula, MT. 
 
Douglas, I. (1968) Field methods of water hardness determination.  British Geomorphological 
Research Group Technical Bulletin, 1. 
 
Dutch, S. (2008) Natural Bridge State Park.  
http://www.uwgb.edu/dutchs/geolwisc/geostops/NaturalBridge.htm 
 
Ford, D.C. and Williams, P.W. (2007) Karst Hydrogeology and Geomorphology.  Wiley, 
Chichester, UK. 
 
Gillieson, D. (1996) Caves: Processes, Development and Management. Blackwell, Oxford, UK. 
 
Hem, J.D. (1959) Study and interpretation of the chemical characteristics of natural water.  
USGS Water-Supply Paper, 1473.. 
 
Hill, C. (2000) Suphuric acid, hypogene karst in the Guadeloupe Mountains of New Mexico and 
West Texas, USA.  pp. 309-316. In A.B. Klimchouk, D.C. Ford, A.N. Palmer and W. Dreybrodt 
(eds), Speleogenesis: Evolution of Karst Aquifers, National Speleological Society, Huntsville, AL.  
 
Holmes, F.L. (ed). (1925) The Wisconsin Blue Book 1925.  State Printer, Madison, WI.  
      
Jennings, J.N. (1985) Karst Geomorphology.  Blackwell, Oxford, UK. 
 
Martin, L. (1965) The Physical Geography of Wisconsin. (Third edition). University of Wisconsin 
Press, Madison, WI. 
 
Middleton, J. and Waltham, T. (1986) The Underground Atlas: A Gazetteer of the  
World’s Cave Regions.  St. Martin’s Press, NY. 
 
O’Brien, D.W and O’Brien, P.E. (2001) Looking Into History: The Sauk County Area.  Sauk County 
Historical Society, Baraboo, WI. 



 
Osborne, A. (2004) Paleokarst, pp. 559-561. In J. Gunn (ed), The Encyclopedia of Caves and Karst 
Science, Taylor and Francis, NY.  
 
Palmer, A.N. (2007) Cave Geology.  Cave Books, Dayton, OH. 
 
Paull, R.K. and Paull, R.A. (1977) Geology of Wisconsin and Upper Michigan.   
Kendall/Hunt, Dubuque, IA. 
 
Pipes, T. and Day, M.J. (2006) Some alternative hypotheses of cave formation in southwest 
Wisconsin.  The Wisconsin Geographer, 21, 82-94. 
 
Reeder, P.P. (1992) Groundwater Contaminant Pathways in a Fractured Dolostone-Clastic 
Aquifer: Richland County, Wisconsin.  PhD Dissertation, UW-Milwaukee. 
 
Sauk County, Wisconsin (2008a) Sauk County Parcel Base Map.  Sauk County Mapping 
Department, Baraboo, WI. 
 
Sauk County, Wisconsin (2008b) Natural Bridge State Park.   
http://www.saukcounty.com.bridge.htm 
 
Shapiro, L. (1975) Rapid Analysis of Silicate, Carbonate and Phosphate Rocks.  USGS Bulletin, 
1401, 58-66.   
 
Shapiro, L. and Brannock, W.W. (1955) Rapid determination of carbon dioxide in silicate rocks.  
Analytical Chemistry 27, 1796-1797. 
  
Swanson, S.K. (2007) Lithostratigraphic controls on bedding-plane fractures and the potential 
for discrete groundwater flow through a siliclastic sandstone aquifer, southern Wisconsin.  
Sedimentary Geology, 197, 65-78. 
 
Swanson, S.K, Bahr, J.M., Bradbury, K.R. and Anderson, K.M. (2006) Evidence for preferential 
flow through sandstone aquifers in Southern Wisconsin.  Sedimentary Geology, 184 (3-4), 331-
342.   
 
Terlau, C.A. and Day, M.J. (1997) A comparison of the orientation of cave passages and surface 
tributary valleys in the karst of southwestern Wisconsin, U.S.A.  Proceedings 12th International 
Congress of Speleology, 1, 133-136. 
 
WIDNR (Wisconsin Department of Natural Resources) (2008a) Natural Bridge and  
Rockshelter.  http://dnr.wi.gov/org/land/er/sna/sna105.htm 
 
WIDNR (Wisconsin Department of Natural Resources) (2008b) Durst Rockshelter.   
http://dnr.wi.gov/org/land/er/sna/sna44.htm 



 
Wittry, W.L. (1959a) The Raddatz Rockshelter, Sk5, Wisconsin.  The Wisconsin  
Archeologist, 40, 33-90. 
 
Wittry, W.L. (1959b) Archeological studies of four Wisconsin rockshelters.  The  
Wisconsin Archeologist, 40, 137-267. 
 
Young, R.W. and Young, A. (1992) Sandstone Landforms.  Springer, Berlin. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


