Mapping Jewel Cave — From the Surface



By Arthur L. Lange and Mike Wiles

Natural caves are extremely sensitive to disturb-
ances of the ground surface and drainage. Cave
resources are subject to destruction by blasting, and
alterations in the percolating water supply can affect
the development of speleothems and other structures.
Even mare susceptible to influence is the unique sub-
terranean biota, whose survival can be endangered by
changes in cave temperature and moisture. Thus, in
planning new roads. buildings. wells. and waste facili-
ties. it is important to ensure that an underlying cavern
environment will not be jeopardized.

Toward this end. we tested a promising geophysical
technique in Jewel Cave National Monument (JCNM) -
atechnigue that could assess the possibie existence of
undiscovered caverns beneath a proposed construc-
tion area. Earlier surveys using the natural-potential
(N-P}y method had demonstrated its effectiveness in
areas of low relief; the much mare severe terrain of the
Black Hills provided an especially rigorous test of this
procedure.

Geologic and Hydrologic Background

JCNM is situated 21 km west of Custer. SD. The
known cave - over 132 km (82 miles) - lies beneatha 5
km2 area (2 land sections) of a broad plateau, dis-
sected by steep-walied Lithograph and Hell Canyons
{Fig. 1). Average elevation is 16800 meters {5200 feet),
with about 120 m of relief. Hilltops form broad. flat
meadows, while the slopes are typically forested with
Ponderosa pine. Neither canyon maintains a stream
flow. even during the heaviest rains,

The cave-bearing formation is a buff, massive dal-
omitic limestone (Pahasapa of Mississippian age).
about 120 m thick, Unconformably cverlying this unit is
the lower third of the Pennsylvanian Minnelusa forma-
tion, containing 60 m of red sandstone, limestone. and
thin beds of chert and shale. Both units occupy the
vadose zane.

Jewel Cave is a 3-dimensional rectilinear maze {Fig,
2} of phreatic origin {pertaining to that layer of rock or
soil through which water may enter wells or from which
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Figure 2. Computer-drawn map of the known 132-km extent of the Jewe! Cave labyrinth, showing the natural-potentiaflines and a segment of a major fauit that intercepts two of
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Figure 3. Natural-potential profile of Line B superimposed ¢n a cross section of topography and cave. The major N-P low coincides closely with the regfon of mapped cave; a
secondary low is associated with a major fault zone, which may possibly contain voids. A drill hole sighted at the open arrow, corresponding fo the lowest potential value of the
line (soiid arrow), would intercept a cave passage at a depth of about 140 m (~460 ft).

map the respense on either side.

Because N-P anomalies. both positive and negative,
can arise from processes other than water movement
around voids, it is advisable to test the N-P targets by
means of anather geophysical method. The gravity
method is mast appropriate since it responds directly
{0 low density zones and voids underground {Neu-
mann, 1967). Unfortunately, the method requires pre-
cise surveying of ground elevations, and mapping of
nearby topography. In addition, H loses resolution as
the target depth exceeds the width of the void, so that
the deeper passages may not be resolvable. For these
reasons, one would confine the gravity measurements
tothe N-P target zones, rather than attempting to sam-
ple the entire area.

Other Natural-Potential Tests Over Caves
The senior author began applying N-P techniques to
caves in 1986 over the Ozark Underground Laboratory,

Protem. MO. Three test lines produced a strong cor-
refation of negalive anomalies with mapped cavern.
Since that first trial. tests have been made in environ-
ments as diverse as the Mammoth Cave area in Ken-
tucky {Lange and Quinlan, 1588}, the Edwards aquifer
of Texas. the Great Basin of eastern Nevada and des-
ert outcrop of Kartchner Caverns State Park, AZ
(Lange et ai.. 1930). Especially pronounced anomalies
have been observed over underground streams, mak-
ing “natural-potential” the logical targeting tool for sit-
ing monitor wells over groundwater conduits in
carbonate terrains. Ongoing research is focusing on
the electrochemical processes that generate cavern
anomalies

The Jewel Cave N-P study was funded by the Uni-
versity of Wyoming National Park Research Center
and JCNM and conducted by The Geophysics Group
in conjunction with San Diego State U. Foundation.

Lange is a geophysicist with the San Diego State
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University Foundation; Wiles is a JCNM Park Ranger.
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