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World map showing the similarities in size and latitudes of China and the
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KARST HYDROGEOLOGY IN THE UNITED STATES OF AMERICA

by Dallas L. Peck, Joseph W. Troester, and John E. Moore

ABSTRACT

Karst hydrogeology has been the subject of much study in the United States.
About 15 percent of the conterminous United States has carbonates, gypsum, or
other soluble rocks at the land surface. Dissolution of these rocks has formed karst
topography at the surface and karst features in aquifers that are a major source of
drinking water. Carbonate aquifers, however, are commonly vulnerable to
contamination from the land surface. In 1985, about 25 million cubic meters of
water per day was withdrawn from carbonate aquifers in the United States. Three
fields of current karst research in the United States are water-resources
management, sinkhole formation, and carbonate geochemistry and geomorphic
consequences. Examples of karst fields where these areas of research are

continuing, include Alabama, Florida, and Puerto Rico.



INTRODUCTION

The United States Geological Survey (USGS) strongly promotes participation in
international meetings, such as this Congress in Guilin. At these meetings, USGS
scientists learn new techniques from their colleagues and they share the results of
their latest research with others. USGS scientists work closely with other earth
scientists worldwide to improve understanding of natural resources, so that the
resources can be developed for the benefit of mankind, and at the same time, be
protected for future generations. Hydrology of karst terrane and karst-environment
protection are a major subject of study in the United States mainly because of the
importance of carbonate aquifers associated with karst.

The geographic setting of the United States is similar to that of China (fig. 1). In
general, the two countries are about the same size and roughly lie in the same
latitudes. Because of this, it might be expected that problems associated with karst
areas are similar in both countries (Yuan, 1987).

About 15 percent of the conterminous United States has carbonate, gypsum, or other
soluble rocks at or near the land surface. Karst areas are widespread in the United
States, and can be regionally categorized as follows (LeGrand and others, 1976): (1)
the carbonate rocks in the Tertiary Coastal Plain in South Carolina, Georgia,
Florida, Alabama, and the northern coast of Puerto Rico; (2) the folded belt of
carbonate Paleozoic rocks from Pennsylvania to Alabama; (3) the nearly flat-lying
carbonate Paleozoic rocks in Alabama, Tennessee, Kentucky, Ohio, Indiana, Illinois,
Wisconsin, and Missouri; (4) the carbonate Cretaceous rocks in Texas; (5) the
evaporite-bearing and carbonate Permian rocks in New Mexico; and (6) the
carbonate Paleozoic rocks in South Dakota and Wyoming. In addition, there are
other scattered karst areas of various ages in the Western United States. The
generalized distribution of these regions is shown in figure 2. Because of the wide
differences in climate and topography across the United States, the karst regions

have a broad range of topographic and hydrologic features (LeGrand and others,
1976).

The exposed karst areas of the United States have long been recognized as fragile
environments that are vulnerable to degradation by man’s activities. These areas
are characterized by the constraints of thin soils, marked differences in the
availability of water supplies, and susceptibility to ground-water contamination
inherent in karst areas throughout the world. However, for various hydrogeologic
and demographic reasons, the United States has not been forced to deal with many
complex environmental and engineering problems that occur in many karst regions
of the world. For example, even though deforestation has caused soil erosion in
many parts of the United States, the country has not suffered the consequences of
extensive denudation, such as has occurred in parts of China and in areas around the
Mediterranean Sea. The limited extent of economic mineral deposits in carbonate
rocks has not necessitated extensive dewatering of aquifers, such as is done for
bauxite mining in Hungary. The lack of high elevation and high relief of most of the
carbonate areas of the United States prevents catastrophic flooding, such as that
which occurs in the Dinaric karst of Yugoslavia. The United States does not have
dam sites that cause problems in construction of large hydroelectric projects in
permeable carbonate rocks, such as in Turkey. Lack of high karstic mountains
eliminates the need for construction of tunnels and underground dams for flood
prevention and the interbasin transport of water, such as in France and China.







































These landforms are distinctively different from other karst areas in the United
States, both in scale and shape (White, 1984; Troester and others, 1987). For
example, the average depth of sinkholes in Kentucky near Mammoth Cave is
5.4 meters, whereas the average depth of sinkholes in the northern karst belt of
Puerto Rico is 19 meters (Troester and others, 1984). Figure 9 shows some of the
differences between a typical sinkhole in a temperate climate area and a typical
sinkhole in a tropical climate area. Sinkholes in temperate areas are usually more
shallow and have a more complete soil cover than sinkholes in tropical areas.
Sinkholes in tropical areas are deeper and have steeper slopes and less or no soil on
the sides of the sink than those in temperate areas.

At one time it was thought that the great depths of sinkholes in tropical areas
were due to high concentrations of carbon dioxide in soils. However, the calculated
partial pressure of carbon dioxide in equilibrium with water from monthly samples
of springs and measurements of carbon dioxide in the atmosphere of caves (Troester
and White, 1984, and 1986) in karst areas with different climates indicates that the
concentration of carbon dioxide in soils in tropical areas is similar to those in
temperate areas. However, the part of the year when carbon dioxide in soil is
available to form carbonic acid and, thus, to dissolve limestone, is greater in tropical
areas then in temperate areas. This difference in the availability of carbon dioxide,
combined with torrential tropical rainsis sufficient to cause greater dissolution of
limestone in tropical areas compared to temperate areas (White, 1988).

A LOOK TO THE FUTURE

Research in karst hydrogeology will continue in the United States because of the
imfmrtance of carbonate aquifers as sources for water supFIy and because of the high
vulnerability of these aquifers to contamination from surface sources. The
widespread reliance on karst aquifers for water supply is commonly accompanied by
problems of water-level declines, increased potential for saline-water intrusion, and
increased concerns about potential contamination. Although the demand for waste-
disposal sites is competitive with the need for water supply, research in the
engineering geology of karst sinkhole development and research on the
geochemistry and formation of karst features have proceeded somewhat more
rapidly than that on water-supply management; the results of these research efforts
are extremely useful in identifying potential contamination mechanisms and
probable paths of contamination movement in karst terrane.

These research efforts will continue in the future but will be based on a more
interdisciplinary approach. The advent of powerful, computer-based geographic
information systems and the development of data display techniques on
supercomputers will enhance the researcher’s capabilities to use results on ongoing
research outside of their principal field of expertise. The formation of teams with
multidiscipline scientific expertise to investigate processes in all the earth sciences,
including karst, will allow the USGS to focus results from these fields to help solve
problems attendant to development in karst. In the future, as in the past, the USGS
role will be to concentrate on process research and National programs, while
cooll))clerating with local authorities to provide the scientific basis for solving specific
problems.
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TROPICAL CLIMATE SINKHOLE

Figure 9. Schematic cross sections of typical sinkholes in temperate and tropical climates.
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