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Groundwater Characterization of the Madison Aquifer near
Jewel Cave National Monument, South Dakota

Introduction

Jewel Cave National Monument in the Black Hills of
southwestern South Dakota (fig. 1) has more than 200 miles (mi)
of mapped cave passages (figs. 2-3; https://www.nps.gov/jeca/
index.htm) and several subterranean lakes (“cave lakes”) that
have been discovered since 2015 (Anderson and others, 2019;
U.S. Geological Survey, 2019). Jewel Cave is one of the world’s
longest known caves (Long and others, 2019). Its natural beauty
and unique natural cave features led U.S. President Theodore
Roosevelt to designate the cave as a national monument in 1908
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Figure 1. The study area showing the Jewel Cave National
Monument park boundaries and areas where Madison
Limestone is exposed at the land surface, South Dakota
(modified from Anderson and others, 2019).

(KellerLynn, 2009). Jewel Cave was naturally formed in the
regionally extensive Madison Limestone, which is character-
ized as a carbonate karst environment (containing caves and
sinkholes) with extensive subterranean cave networks and losing
streams at the land surface (Long and others, 2019). The Madi-
son aquifer is a major aquifer in the Black Hills area and gener-
ally occurs in the upper karstic part of the Madison Limestone,
where numerous fractures and solution openings are present
(Carter and others, 2002).

Figure 2. Cave explorers celebrate the mapping of the 200th mile in
Jewel Cave National Monument in 2018. Photograph courtesy of the
National Park Service.

Preserving and protecting the cave is an important element
of the National Park Service mission (https://www.nps.gov/abou-
tus/index.htm). Understanding the hydrogeologic connection
between the surface and the subsurface is essential for ensuring
the preservation and protection of the cave for future genera-
tions. The National Park Service and U.S. Geological Survey
have partnered to better characterize the hydrogeologic network
near Jewel Cave and to highlight the interconnection between
the surface water (fig. 4) and groundwater of the area. The highly
interconnected surface-water and groundwater resources make
the area highly vulnerable to aquifer contamination from human
activities at the surface (Long and others, 2019). Improved
understanding of groundwater flow and vulnerability of the Mad-
ison aquifer allows scientists, park managers, the visiting public,
and the surrounding communities to better manage, protect, and
preserve the site and its unique natural features.

U.S. Department of the Interior
U.S. Geological Survey

@ Printed on recycled paper

Fact Sheet 2019-3072
November 2019


https://www.nps.gov/jeca/index.htm
https://www.nps.gov/jeca/index.htm
https://www.nps.gov/aboutus/index.htm
https://www.nps.gov/aboutus/index.htm

103°47"

Base modified from U.S. Geological Survey digital elevation data 15 MILES
Universal Transverse Mercator projection, zone 13 N.

1.5 KILOMETERS

EXPLANATION
/ Madison Limestone outcrop (Strobel and others, 1999)
]

Lithostratigraphic units overlying Madison Limestone
(Strobel and others, 1999)
Jewel Cave National Monument boundary

—_ National Park Service mapped Jewel Cave network

{38410350350%  Jewel Cave lake and National Water Information

System identifier



https://www.nps.gov/jeca/learn/nature/jasperfire.htm
https://www.nps.gov/jeca/learn/nature/jasperfire.htm
https://www.nps.gov/wica/index.htm
https://www.nps.gov/wica/index.htm

Figure 6. Discovery of New Year’s Lake in Jewel Cave National
Monument. Photograph courtesy of the National Park Service.

Figure 7. Discovery of Piso Mojado Lake in Jewel Cave National
Monument. Photograph courtesy of the National Park Service.

Groundwater Characterization of the Madison Aquifer

Groundwater characterization of the Madison aquifer
consisted of analyzing well hydrographs (graphs that show the
variation of groundwater elevation), developing a groundwater
potentiometric map (a map representing the hydraulic head,
which is the elevation to which water would rise in a tightly
cased well), and interpreting groundwater flow near Jewel Cave
(Anderson and others, 2019). In general, groundwater conditions
near Jewel Cave consist of confined and unconfined regions of
the Madison aquifer. The confined region is where the Madi-
son Limestone is overlain by a confining unit, which is a low
permeability geologic unit that impedes the vertical movement
of water. A confined aquifer contains water that would rise
above the top of the aquifer in a penetrating well (also known as
an artesian aquifer) and is where the aquifer is fully saturated.
An unconfined aquifer is an aquifer in which the water table
is exposed to the atmosphere through openings in the overly-
ing materials. The Madison aquifer is under artesian pressure
over most of its regional extent but does not have flowing well
conditions because the potentiometric surface is below the land
surface. However, the aquifer is unconfined in areas where the
Madison Limestone is exposed at the land surface, and generally,
for a short distance downgradient from the outcrop area. In the
southwestern Black Hills, the Madison aquifer is unconfined (not
fully saturated) for a distance of about 6 mi downgradient from
the outcrop area (Carter and others, 2002).

Water levels measured (fig. 8) in 24 wells and 4 cave lakes
are presented in Anderson and others (2019). Hydrographs of
changes in water levels in four observation wells (fig. 9) repre-
sent confined and unconfined regions of the Madison aquifer and
were used to develop the potentiometric-surface map (fig. 10).
Water-level data from calendar years 1980 to 2019 from 24 non-
observation wells in the study area were also used to construct
the potentiometric-surface map of the Madison aquifer. All
water-level data used for this study are available from U.S. Geo-
logical Survey (2019).

Figure 8. U.S. Geological Survey hydrologist measuring the depth
to water in a well near Jewel Cave National Monument.
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National Oceanic and Atmospheric Administration climate
station USC00392087 Custer, South Dakota, cumulative
difference of precipitation from the normal (base period
1980-2010; data from National Oceanic and Atmospheric

Ad stration, 2019). Dashed line indicates the normal
tation, in inches

2020

Cumulative monthly departure from normal precipitation, in inches
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