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Gypsum and Carbonate Karst Along the I-90 Development Corridor, 
Black Hills, South Dakota

By Larry D. Stetler and Arden D. Davis
Department of Geology and Geological Engineering, South Dakota School of Mines and Technology, Rapid 
City, South Dakota  57701

ABSTRACT

The Interstate 90 development corridor extends from Rapid City to Spearfish, South Dakota, and over-
lies several formations that exhibit gypsum and carbonate karst features.  Karst development commonly 
occurs within sections of three formations in the Black Hills region.  The oldest karst features occur in the 
Mississippian Madison Limestone, a limestone-dolomite system that exhibits a karsted surface as well as 
extensive cave formation.  The Pennsylvanian-Permian Minnelusa Formation contains anhydrite and thin 
limestone beds that have undergone localized and varied karstification.  Hydration and swelling of primary 
anhydrite has resulted in multiple collapse structures within the formation.  The Triassic Spearfish Forma-
tion contains gypsum deposits throughout; however, massively bedded gypsum up to 10 m thick is con-
tained at the top in the Gypsum Spring Member.  

All of these formations can exhibit karst topography and features where exposed, but their properties 
also influence ground-water flow in the subsurface.  Dye tracer tests and geochemical analyses have pro-
vided evidence that flow paths through these formations are controlled largely by karst features and associ-
ated fracture systems.  Ground water in the Madison aquifer in the Rapid City area converges from flows 
through karst from different surface watersheds to the south and the north.  Springs at or near the contact of 
the Permian Minnekahta Limestone and the overlying Spearfish Formation have been chemically tied to 
Madison water, indicating upward flow through collapse breccia in both the Minnelusa and Spearfish for-
mations.  In addition, sinkholes are common occurrences in the Spearfish Formation throughout the Inter-
state 90 development corridor in the Black Hills.

Ground water supplies much of the municipal and private water needs in the Black Hills.  As develop-
ment continues throughout the region, ground-water protection should receive focused attention, particu-
larly along the I-90 development corridor.  Current research is aimed toward geologic mapping, hazard 
identification, and assessment as tools to inform the general public and as planning guides for local govern-
ments.
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Karst Features as Animal Traps: Approximately 500,000 Years of 
Pleistocene and Holocene Fauna and Paleoenvironmental Data from 
the Northern High Plains

By Larry D. Agenbroad and Kristine M. Thompson
Mammoth Site of Hot Springs, South Dakota, Inc., P. O. Box 692, Hot Springs, SD 57747

ABSTRACT

Karst sinkhole features have served as natural animal traps for at least 500,000 years in the uplifted 
regions of the northern High Plains. We examine reported karst traps that have faunas ranging from greater 
than 451,000 years ago, upward through Holocene time. Chronologies are based on tephra, biostratigraphy, 
and absolute dating. Full glacial and interglacial faunas from the late Irvingtonian Land Mammal Age 
through the Rancholabrean Land Mammal Age into the Holocene, are represented. As such, sinkhole traps 
serve as time capsules preserving extinct fauna and clues to past environments.

INTRODUCTION

Fossil vertebrates dating to the mid-Pleistocene 
(Irvingtonian Land Mammal Age) to Holocene are 
known from filled and partially filled karst features. 
Located in the uplifted areas of the northern High 
Plains (Figure 1), at least seven of these features 
have served as natural traps yielding faunal and 
paleoenvironmental data covering the last 500,000 
years. These repositories are often bell shaped solu-
tion caverns with narrow openings, allowing 
ingress, but preventing egress for trapped fauna. 
Some of the features have filled with talus, roof col-
lapse and both eolian and alluvial sediments. Others 
have been sealed off naturally and have only 
recently been reopened. One natural trap (the Mam-
moth Site of Hot Springs, South Dakota) is a former 
karst feature preserved by differential erosion, creat-
ing a topographic high from a former topographic 
low (sink).

All these karst traps have one thing in common-
they are the result of dissolution of limestone or 
dolomite, and possibly even gypsum. Often the 
opening to the cave is very small, sometimes only a 
slot due to dissolution along fractures in the crystal-
line rocks. Others are the result of roof collapse cre-
ating small, somewhat circular openings. Still others 
represent massive cavern roof collapse creating 
breccia pipes extending to the surface. At least one 
karst trap (the Vore Buffalo Jump) is postulated to 
be the result of solution of gypsum beds within the 
Spearfish Formation (Epstein 2005).

Figure 1. Locality of karst and natural animal traps.

Many of these traps are located on, or near, the 
tops of ridges (Natural Trap, Salamander Cave, 
Graveyard Cave, Shield Cave) which were animal 
trails, especially during periods of heavy snow accu-
mulation. As such, with small entrance openings, 
they may have been masked by drifting snow, con-
cealing the entrance to the trap. Some features, such 
as Natural Trap, Wyoming, maintained a snow cone 
on top of the talus and debris, allowing for lateral 
dispersal of large, heavy bodied fauna.
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DESCRIPTIONS

Middle to late Pleistocene

Natural Trap, Wyoming 

This trap is a large, somewhat bell-shaped cav-
ern formed in the Madison Formation of Mississip-
pian age (Figures 1, 2a, and 3; Table 1). The 
entrance is small with a free fall of up to 85 ft (27 m) 
as illustrated in Fig. 2. The entrance is located on a 
ridge which serves as a major animal trail from the 
summit of the Bighorn Mountains to the valley floor 
of the Bighorn River. The entrance is small enough 
to be hidden almost until at the edge, and it served as 
a trap for pursued herbivores and their pursuing car-
nivores.

Excavation has only proceeded to a depth of 
about 25 ft (8 m), ceasing at a volcanic ash dating to 
110,000 years ago. There are still bones beneath this 
marker horizon, but they have yet to be investigated. 
Several extinct, late Pleistocene megafauna (animals 
over 100 pounds live weight) are represented, 
including mammoth, horses, musk oxen, American 
lions, short-faced bears, and other mammals. The 
first record of the cheetah in North America comes 
from this cave. Most of the studied fauna occur in 
the 12,000 to 20,000 year old horizons (Martin and 
Gilbert, 1978; Gilbert and Martin, 1984).

Botanical information records a C-3 grassland 
being replaced by a C-4 grassland at around 12,000 
years ago. A paleoenvironmental interpretation is 
that of an arctic steppe in a cooler, wetter environ-
ment, becoming warmer and drier as it approached 
the modern conditions. As such, the deposits reflect 
the last interglacial (Sangomon), the last glacial 
(Wisconsinan) and Holocene interglacial.

Porcupine Cave, Colorado

Originally formed in an Ordovician age Mani-
tou Dolomite, Porcupine Cave was sealed naturally, 
in the middle Pleistocene and reopened by miners 
(Figures 1, 2b, and 3; Table 1). Based on biostratig-
raphy, (Table 1) the deposits range from approxi-
mately 487,000 to 365,000 years ago (Anderson 
1996; Barnowski et aI., 1996). The fauna represents 
a glacial (Illinoian) to interglacial (Sangamonian) 

environmental change.  Significant information on 
the paleoenviroment of this period had been deter-
mined by the rich floral and faunal record.

Salamander Cave, South Dakota

A solution cavern in the Mississippian age 
Madison Limestone, Salamander Cave has a narrow, 
slot opening from dissolution along a fracture zone 
(Figures 1, 2c, and 3; Table 1). The cave has two 
major chambers and the horse room is a naturally 
sealed cave with a narrow connection to the modern 
entrance room. A flowstone seals the bone bearing 
stratum revealed in a crystal hunters prospect pit. 
Uranium-Thorium (U/Th) dates on the flowstone are 
252,000 years ago (Mead et al. 1996). It is estimated 
that initial bone deposition could have been as early 
as 451,000 years ago, based on biostratigraphy and 
a statistical estimate based on the U/Th dating 
(Mead et al. 1996). These data suggest a glacial (Illi-
noian) followed by an interglacial, (Sangamonian) 
followed by the Wisconsinan glacial, and the 
Holocene interglacial.

Late Pleistocene to Holocene

Mammoth Site, South Dakota

The Mammoth site is a filled karst feature 
which served as a conduit for thermal artesian 
springs, creating a pond within the sinkhole confines 
(Figures 1, 2d, and 3; Table 1). It became a natural 
trap, selective for young, male mammoths and their 
behavior patterns. In addition, 47 species of other 
fauna were also preserved in this deposit. An aver-
age radiocarbon age from one stratigraphic horizon 
provides a date of 26,000 years ago (Agenbroad 
1994). It may have been an active trap for 300 to 750 
years, ceasing to trap animals after the downcutting 
Fall River caused lateral migration of the artesian 
springs. The deposit is elliptical in form, roughly 
150 ft (46 m) by 125 ft (38 m). Drill cores by the 
South Dakota Geological Survey indicate a depth of 
greater than 65 ft (22m). Animals attracted to vege-
tation along the rim of a warm water pond were 
attracted into the sink, to find they could not climb 
out due to the wet, slippery, Spearfish Shale, and 
died of starvation or fatigue. Carnivores were 
attracted to the deposit by the smell of decaying ani-
mals. Some smaller fauna may have been 
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Table 1. Generalized faunal assemblages from High Plains Karst traps

 [V=Vore site, WY; G=Graveyard Cave, SD; Sa=Salamander Cave, SD; M=Mammoth Site, SD; 
NT=Natural Trap, WY; Sh=Shield Cave, MT; P=Porcupine Cave, CO]

Non-mammals V G Sa M NT Sh P
Mollusca X X X
Pisces X X
Amphibia X X X X
Reptilia X X
Aves X X X X

Mammals
Insectivora X X
Chiroptera X X X
Xenarthra X
Lagomorpha X X X X X X
Rodentia
   Sciuridae X X X X X X
  Geomyidae X X X
   Heteromyidae X X X
   Cricetidae X X X X X
   Eretezontidae X X X X
Carnivora
   Mustelidae X X X X X X
   Canidae X X X X X X
   Felidae X(?) X X
   Ursidae X X X X
Perissodactyla
   Equidae X X X X
Artiodactyla
   Tayassuidae X
   Camelidae X X X X
   Cervidae X X
   Antilocapridae X X X X
   Bovidae X X X X X
Proboscidea
   Elephantidae X X

Figure 2.—Plan and profile of karst animal traps in High Plains
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Figure 3.—Chronology and paleoclimate of karst natural animal traps. 
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incorporated by being washed into the sinkhole from 
surrounding uplands. The reworked, cemented sedi-
ment filling the sinkhole were more resistant to dif-
ferential erosion, and the former low topographic 
expression became a modem topographic high.

Shield Cave, Montana

Shield Cave is a 46 ft (14 m) deep bell-shaped 
cave in the Mississippian age Madison Limestone 
(Figures 1, 2e, and 3; Table 1). The trap is located 
near the top of a southwest ridge at an altitude of 
6549 ft (2606 m), in the Pryor Mountains in Carbon 
County, Montana. The floor of the chamber is about 
15 ft (5m) wide in an elliptical configuration. The 
trap collected animals from 9,230 years ago to 1,250 
years ago. At least 13 species of fauna have been 
identified from the site.  The prominent fauna repre-
sented is bison.  Other fauna from the deposits 
include prairie dogs and grizzly bears (Oliver, 
1989).

Graveyard Cave, South Dakota

Graveyard Cave is located in Wind Cave 
National Park and is a small, bell-shaped pit.  There 
is a small, circular opening along the north wall 
which allowed entrance for Holocene animals (Fig-
ures 1, 2f, and 3; Table 1). The floor of the cave is 
literally carpeted with bones. Manganaro (1994) 
investigated a 3 ft by 3 ft square test pit in the south-
east floor of the cave. A radiocarbon date of 2290 BP 
indicates a late Holocene accumulation. Thousands 
of bones were sorted from the fill and one bone awl 
was identified.  The site was described as an archae-
ological site on the basis of this one anomalous arti-
fact.  We suggest it is a paleontological site with one 
probable artifact.

Vore Buffalo Jump, Wyoming

The Vore Buffalo Jump is an open sinkhole 
located between the westbound and eastbound lanes 
of the interstate (1-90), just west of the South Dakota 
state line near Beulah, Wyoming (Figures 1, 2g, and 
3; Table 1). Testing by the University of Wyoming, 
prior to highway construction, indicates the sinkhole 
was used, repeatedly, as a buffalo jump for at least 
300 years. Plains Indians trapped and slaughtered 
thousands of bison by stampeding the animals over 

the steep rim. At least 22 stratified layers of bison 
bone beds have been recorded in the sinkhole fill. 
Radiocarbon dates and artifact typology place the 
period of use for this trap at the middle to late pre-
historic interval, about 450 years ago (Frison 1991). 
Epstein (2001) suggests the sinkhole may have 
formed by solution of gypsum beds in the lower 
Spearfish Formation.

CONCLUSIONS

The information provided by the seven karst 
animal traps in the northern High Plains is presented 
here. Nearly 500,000 years of faunal and environ-
mental data are represented in the interval repre-
sented in these deposits. At least the last two glacial 
and interglacial intervals are represented by both 
faunal and more limited botanical interpretations. 
The presence of highly fractured and tilted carbon-
ates in the uplifted areas of this physiographic region 
provide the possibility of many more solution fea-
tures than have currently been investigated, or 
reported. This information indicates the high poten-
tial of additional time capsules recording both 
extinct and extra local faunal assemblages, and the 
prospect of additional paleoenvironmental data.
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Developing a Cave Potential Map of Wind Cave to Guide Exploration 
Efforts

By Rodney D. Horrocks
Wind Cave National Park, RR 1 Box 190, Hot Springs, SD, 57747

ABSTRACT

Although the known boundaries of Wind Cave are expanding only gradually, the length of the overall 
survey is increasing at a rate of about four miles per year. This expansion reflects the on-going exploration 
and survey work by cavers.  As an aide to these exploration efforts, a cave potential concept was developed.  
However, the cave potential map actually serves many purposes, including, determining the likely maxi-
mum likely potential of the cave, calculating the potential length of the cave survey, identifying likely areas 
where significant cave may be discovered, determining the relationship, if any, with nearby Jewel Cave, 
determining the cave watershed boundaries, identifying potential land management partners, and guiding 
future land management decisions.  This paper will focus on the first four purposes related to cave explora-
tion. To develop the cave potential map, several data sets were gathered, including: structural geological 
factors, a contour map, plan and profile views of the cave survey, radio location data, geology map, blow-
hole location map, water table contour map, geographic information system (GIS) generated triangular 
irregular networks (TIN), orthophotoquads, and a park boundary map.  By combining these data sets, this 
exercise demonstrated that is it unlikely that Wind and Jewel Caves are connected, while at the same time 
it identified the maximum likely potential of Wind Cave.  By calculating passage density within the current 
boundaries of Wind Cave and then for the maximum likely boundaries, a minimum and maximum potential 
length of the cave was calculated.  It was determined that the current cave boundaries cover 1/8 of the total 
maximum likely potential of the cave.  Interestingly, the maximum potential boundaries are roughly 97 per-
cent inside of the current boundaries of Wind Cave National Park.  Based on passage density, the length of 
the Wind Cave survey could range from 400 kilometers (250 miles) to 1,760 kilometers (1,100 miles).  The 
final length depends on whether the boundaries remain as they currently are or if they were expanded to 
their maximum likely potential.  Since the current 185.6 kilometers (116 miles) of survey represents no 
more than 46 percent of the minimum predicted length of the cave or as little as 10 percent of the maximum 
predicted length of the cave, it is obvious that a tremendous amount of surveyable passage remains in the 
system. 
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The Potential Extent of the Jewel Cave System

By Michael E. Wiles 
Jewel Cave National Monument, 11149 US Highway 16, Bldg.12, Custer, SD  57730

ABSTRACT

Currently, over 50 miles (40 percent) of the known cave system is outside park boundaries, and baro-
metric airflow studies indicate that as much as 95 percent remains to be discovered.  A first approximation 
of the maximum extent of humanly passable cave passages based on volume estimates from barometric air 
flow, constraints presented by geologic contacts, the water table, and known structural features have been 
modeled.  These relationships were quantified and analyzed using structural and potentiometric contours 
from the U.S. Geological Survey Black Hills Hydrologic Study, surface and subsurface mapping by the 
National Park Service, and other sources.  The model serves as an important management tool for an enor-
mous resource requiring proactive measures to ensure its continued protection.
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Geologic Controls on a Transition Between Karst Aquifers at Buffalo 
National River, Northern Arkansas

By Mark R. Hudson1, David N. Mott2, Kenzie J. Turner1, and Kyle E. Murray3
1 U.S. Geological Survey, Box 25046, MS 980, Denver, CO 80225
2 National Park Service, Buffalo National River, Harrison, AR 72601
3 University of Texas at San Antonio, San Antonio, TX 78249

ABSTRACT

Most major springs, in the central part of the 190-km-long Buffalo River watershed of northern Arkan-
sas, discharge from limestone of the Mississippian Boone Formation (the Springfield Plateau aquifer). 
However, the largest spring, Mitch Hill Spring, discharges from dolostone of the lower part of the underly-
ing Ordovician Everton Formation (part of the Ozark Plateau aquifer). New dye tracer studies and geologic 
mapping in and adjacent to the Davis Creek subbasin of the Buffalo River watershed have revealed the geo-
logic framework of this transition between the upper and lower karst aquifers.  

Seventeen new dye injection traces conducted by National Park Service in 2001-2003 indicate that the 
recharge area for Mitch Hill Spring is twice that previously known. Springs in the upper part of the Davis 
Creek subbasin locally draw interbasin recharge from the adjacent Crooked Creek watershed to the north. 
Importantly, a losing section in the middle reach of Davis Creek has been documented by a dye trace to con-
tribute to Mitch Hill Spring, connecting it to stream flow from the upper part of the Davis Creek subbasin.  

Integration of geologic mapping with the dye tracer results highlights the stratigraphic and structural 
features that influence ground-water flow.  In general, within the erosional relief of the Buffalo River water-
shed, structural lows localize the largest springs in the perched upper limestone aquifer of the Mississippian 
Boone Formation whereas structural highs allow recharge and discharge of the lower karst aquifer repre-
sented by the lower part of the Ordovician Everton Formation.

Most springs in the upper aquifer discharge near the base of the Mississippian Boone Formation, par-
ticularly its basal St. Joe Limestone Member. Local shaley facies in the St. Joe Limestone Member in this 
area help concentrate the springs at this stratigraphic horizon. As found in a previous study farther west, 
structural lows formed by faults and folds in the Boone Formation localize the largest springs, including the 
discharge with known interbasin recharge. 

Development of the karst aquifer in the lower part of the Ordovician Everton Formation was facilitated 
by a change to carbonate-rich facies from sand-rich facies of the formation farther west. The losing reach 
of Davis Creek coincides with outcrop of lower Everton Formation brought to the surface by uplift along an 
anticline and monocline. Likewise, Mitch Hill Spring is localized in a dolostone interval near the base of 
the Everton Formation just above its contact with argillaceous dolostone of the Ordovician Powell Dolo-
mite, a unit of lower karstic permeability. Both formations are exposed where the Buffalo River has eroded 
into the uplifted side of the northwest-trending Cane Branch monocline. Collapse breccia is widely pre-
served in sandstone layers just above the dolostone horizon of Mitch Hill Spring, providing further evidence 
of a major karst network. The west-trending Mill Creek graben intervenes between outcrops of lower Ever-
ton Formation at the losing reach of Davis Creek and at Mitch Hill Spring. A ground-water path across this 
graben probably utilizes down-dropped limestone of the Boone Formation to link flanking zones of lower 
Everton Formation. 


