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Chapter 11.2

GYPSUM KARST IN THE UNITED STATES
Kenneth S. Johnson

Abstract

Gypsum is one of the most soluble of common rocks; it is dissolved readily o form caves,
sinkholes, disappearing streams, and other karst features that typically are found in- limestones
and dulomites, The four hasic requirements for gypsum karst to develop are: (1) @ depaosit of
gypsunt; (2) water, unsaturated with CaS0y; (3) an outlet for escape of dissolving water; and (4}
energy o cause water 1o flow through the system, Gypsum deposits are present in 32 of the 48
conterminous United States, and they underdie about 35—40% of the land area; they are reported
in rocks of every gealogic system from the Precambrian through the Quaternary, Gypsum karst is
krown at least Tocally (and sometimes quite extensively) in almost all areas underlain by gypsum,
and commonly extends down to depths of at least 30 m below the land surface, The most wide-
spread and pronounced examples of gypsum karst are in the Permian basin of southwesiern
United States, but many other areas also are significant, Human activities may also cause, or doce-
lerate, development of gypsum karst.

Introduction

Evaporite deposits are those sediments that form due to precipitation of various salts out of
evaporating water, mainly sea water. Principal evaporite rocks are gypsum {or anhydrite) and salt
thalite), although patash salts and ather rarer salts also are locally important. (Note: The term
gypsum is used in this report, although anhydrite is the common form of calcium sulfate in the
deeper subsurface.) Gypsum deposits locally have accumulated o considerable thicknesses, even
tens 1o hundreds of meters thick, where there was continued replenishment of the water from
which calcium sulfate was originally precipitated. Thick gypsum deposits are widely distributed in
the United Stes (Fig, 1) and they contain evidence of karst in most areas. Gypsum is one of the
most soluble of the common rocks throughout the world, and it is dissolved readily 1o form the
same types of karst features that typically are found m limestones and dolomites. The principal
difference is thar gypsum-karst features can form rapidly, in a matter of weeks or vears, whereas
carbonate-karst features typically take years, decades, or centuries to form.

The current chapter provides an overview and summary of the general characteristics and
distribution of gypsum karst in the United States. 1t is based largely upon earlier studies by
Cuinlan et al. { 1986}, Dean and Johnson ¢ 1989), and Johnson (1997). Other recent comprehensi-
ve studies of gypsum in the United States were published by Withington & Jaster (19607,
Withington (19625, and Smith e al. (19730, In addition, there are numerous oeal or regional sto-
dies dealing with karst development in the various gypsum deposits: contact with the appropriate
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Fig. 1. Gypsum anhyedeite deposits in the conerminous United Sures (afier Dean & Johnson, [989)

I
Stane Geological Survey, and the local cave-exploration groups, is usually the best way to begin a
search Tor such published or unpublished data,

Hundreds of areas or disticts in the United States comain karst features that have developed
in gypsum rocks, but it is bevond the scope of this summary report 0 document them all,
Therelore, T will discuss the following: (1) the general characteristics of gypsum-karst processes;
(2 the general distribution of gypsum karst, and cite several examples that have been well docu-
mented; and (3 human-induced gypsum karst that can cause local problems.

Publication of this report is approved by the Director of the Oklihoma Geological Survey,

1. Gypsum karst processes

The provesses for development of karst features in gypsum are identical to those that form
karst features in limestone sind dolomite, except that the provesses are much more rapid, Water
percolates over or through gypsom and dissolves the highly soluble rock; tepically, this causes Tor-
maticn of @ series of sinkholes, caves, natural bridges, disappearing streams, and springs, Onee o
through-Now passage is created inthe gvpsum, enlarzement results from further dissolution and
[rom abrasion, as water-borme particles are transported through the caviry.

The provess Tor dissolution of evaporites was described earlier by Johnson (19813, with parti-
cular reference to salt but it clearly applies w dissolution of gypsum as well. He pointed out that
ground water in contact with an evaporite deposit (2 gepsum deposit, in the current report) will




GYPSUM KARST IN THE UNITED STATES 135

dissolve some of the rock. providing the water is not already saturated with CaSO,. For extensive
dissolution 1o accur, it is necessary for the aqueous solution thus formed to be removed from the
gypsum deposit; otherwise, the water becomes smurated, and the process of dissolution stops.
The four basic requirements for dissolution of gypsum are:

i1y a deposit of gypsum against which, or through which, water can flow;

(2} asupply of water unsaturated with CaSO,;

(3) an outlet whereby the resulting gypsiferous water can escape; and

(41 energy (such as a hydrostatic head or density gracdient) 1o cause the Mow of water throu-
gh the svstem.

When all Tour of these requirements are met, dissolution of gypsum can be quite rapid, in
terms of geologic time.

Gypsum Karst is rarely seen at the land surface in eastern United States, hot it is fairly common
in the semi-arid o arid regions of the west. Owing to rapid dissolution of gepsum, most would-be
autcrops in the east are quickly destroved, and the rock and its dissolution features are observable
onlv in excavations, mines, tnnels, and boreholes. Abrupt thinning or termination of 2 gvpsum
deposit, padiculardy where overlying strata are hreceiated, commonly marks 2 dissolution front
(either ancient or modern where karst processes are, or have heen, occurring.

Gypsum karst develops rapidly hecause gypsum is highly soluble in water. The solubility of
CasOy 2H,0 ranges from ahout 2,200-2600 ppm in the temperature range of 0—0°C (Hardie,
1967; Blount and Dickson, 1973). Gypsum-karst development can even he accelerated when
accomprnied by dedolomitization (Raines & Dewers, 19971 Karst features may be present in
gypsum deposits in all parts of the United States, whether the gypsum crops out or is in the deep
suhsurface; the karst may result from climatic and hydrologic conditions of today, or it may be a
relict from an earlier, wetter climate and/or hvdrogeologic regime of the Pleistocene or pre-
Pleistocene epochs.

In the eastern United States, where average annual precipitation commaonly is greater than 73
o, gpsuin deposits generally are eroded or dissolved 1o depths of at least several metess or tens
of meters below the land surface. In the west, however, in areas where the average annual precipi-
tation commonly is less than about 75 con, gypsum tends 1o resist erosion and typically caps rid-
ges, mesas, and buttes; in spite of its resistance 10 erosion in the west, gypsum commaonly con-
tains karst features, such as cavities, caves, and sinkholes, atesting the importance of ground-
water movement, even in low-rainfall areas.

Evidence of gypsum karst includes surface and shallow-subsurface features, such as caves,
sinkholes (dolinesy, kareen, disappearing streams (swallow holes), springs, collapse structures,
and the drapping of drill hits and/or loss of drilling Nuids while drilling through gypsum beds. All
these karst features (Plates 2 & 3}, and many more, are identical in charseter and genesis (o those
found in carbonare rocks, In fact, paleokarst, becciaed zones, and ather karst featires found in
some carbonates ey have been initated by cadier disselation and karst development in gypsum
that s interbedded with the carbonaes; Sando (1988), Friedman (19973, and Palmer & Palmer
(1997 provide examples and a summary of this carbonate/sulfate relationship. Gypsum-karst fea-
tures communly have a lincar osrcntation, and these appear 1o be comrolled by joints or fractures
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2. Distribution of gypsum karst

Gypsum deposits are present in 32 of the 48 conterminous United States, and they underlie
about 3540 percent of the land area (Fig. 1), Gypsum occurs in 24 separate structural basing or
geographic districts in the United States, and is reported in rocks of every geologic system from
the Precambrian through the Quaternary. Generally, karst features are present (an least locally) in
areas where gypsum crops aut, or is less than 30 m helow the land surface. The most widespread
and pronounced examples of gypsum karst are in the Permian basin of southwestern United
States, Other significant examples are in the Ninois basin, Michigan basin, Forest City basin, the
Black Hills arca of South Dakota, and pans of Texas, Wyoming, and other western states,

The Permian basin contains a thick sequence of Permian gypsum, salt, and red beds that
extend from west Texas and southeast New Mexico into western Oklithoma, western Kansas, and
southeast Colorado (Fig, 1), Individual gypsum beds typically are 310 m thick in most Permian
hasin formations, but are 20200 m thick in the Castile Formation of the Deliware basin part of
the Permian basin {Dean and Johnson, 1989), Low rainfall in the region permits extensive outcro-
ps of gypsum; particularly in the Delaware basin, to the south, and along the Permian basin’s west
flank (eastern Mew Mexico) and east Nank (north-central Texas and western Oklahoma), In these
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areas, typical gvpsum-karst features abound, and are described by Olive (1957), McGregor et al.
(19633, Fischer & Hackman (1964), Myers etal (1969, Kelley (1971), Quintan (1978), Bozeman et
al. {1987, Sares & Wells {1987y, Johnson (1990, 1992, 19971, Belski (19923, Hill {19961, and Forhes
& Mance (1997). Quinlan et al. (19686} repon that there are more than 500 gypsum caves in the
United States, and that most of them are in the Permian hasing most of the litersure on these
ves has been published by Jocal cave-explomtion groups,

The Delaware basin of west Texas and southeast New Mexico, in the southwest part of the
Permian basin, contains one of the greatest accumulations of evaporites in the United States
{Dean & Johnson, 1989), Evaporites (gypsumdanhydre and salt) of the Late Permian Castile,
Salado, and Rustler Formations typically are 300 m w more than 1,500 m thick within the
Delaware hasin, and are more than 450 m thick where these deposits extend north and east of the
basin. Qutcrops of these three formations constitute the most extensive examples of gypsum karst
in the nation. The area referred o as the Gypsum Plain comprises about 2,600 km? of outcrop-
ping gypsum of the Castile and Salado Formations (Kirkland & Evans 19803, and additional
EYpsum ourcrops are present just to the eastin the Rustler Hills and in Reeves County, Texas.

The Delaware basin gypsum deposits contain abundant sinkhales, caves, closed depressions,
collapse sinks, and underground drainage; an excellent summary is proviced by Hill (1996). Much
of the ares has been affected by subsurface dissolution of some of the salt layers, and most of the
outcraps consist of massive beds of gypsum, Four principal areas of gypsam karst are Gypsum
Plain, Nash Dreaw, Burton Flar, and the Pecos River Valley (Hill, 1996), Sinkhales, 2 few meters 1o
100 m across, are active collapse features in all four areas, and generally they are related 1o shal-
low, underground caverns less than 100 m deep. One sinkhole, formed during a stomm in 1918,
collapsed suddenly 1o form a gaping hole about 23 m across and 20 m deep (Hill, 1996), Caves are
prominent and abundant on Gypsum Plain and Burton Flat (Sares & Wells, 1987, Belski, 1992).
The longest gypsum cave n the Delaware basin occurs on Gypsum Flain; Farks Ranch Cave is
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more than 5,200 m long and it has two sinkhole entrances (Hill, 1996). Other caves in the area
are White Horned Owl Cave (about 760 m long) and Skylight and Resurgence Caves (eich about
B0 m long). Burron Flat consists of more than 275 km# of rolling karst plain on which more than
&0 caves have been found {Belski, 1992; Hill, 1996); almost all the cave entrances are in gypsum
units, although interbedded dolomite beds locally are exposed in the walls of some of the caves,

Along the west flank of the Permian basin, in eastern New Mexico, gypsum crops out extensi-
vely along parts of the Pecos River Valley. Various gypsum and carbonate units are present in the
Permian Artesia Group, San Andres Formation, and Yeso Formation, and they contain a large
number of caves, sinkholes, and other karst features in the Yaughn—Roswell area (Fischer &
Hackman, 1964; Kelley, 1971; Forbes and Nance, 1997} Several of the caves in this area are more
than 3,200 m long, and the deepest has a vertical extent of more than 120 m (Forbes & Nance,
1997). Individual sinkholes commonly are 7-300 m in diameter, and the larger, coalesced sinkho-
les are as much as 3-5 km across and up 1o 60 m deep (Quinlan et al,, 1986). Gypsum is preferen-
tially dissolved here by interstraal karstification, and the less-soluble interbeds of carbonates and
siliciclastics are thus undermined and now dip down (or drape) toward the center of some of the
dolings and subsidence synclines (Fischer & Hackman, 1964). Quinkan et al. (1986) report thn
Bottomless Lakes State Fark, near Roswell, contains the most spectacular group of collapse
sinkholes in a gypsum-karst terrane; here, a series of deep, waner-filled sinkholes developed in the
San Andres Formation as @ result of dissolution of gypsum and salt by artesian waters.,

Another major gypsumekarst area of the Permian basin is along its east flank, in north-central
Tesas and western Oklahoma. Principal gypsum units are the Permian Blaine and Cloud Chief
Formations, with gypsum beds 3-30 m thick. Among the more important gypsum-karst features
of the region are two well-known caves and a magor Tresh-water anquifer. The J. C. Jester Cave of
soithwestern Oklahoma (Fig. 4) was surveved between 1983 i 1937 (Boreman ot al, |, 1987,
Johnson, 19923 the main passage is 2413 m long, but, along with the side passages, the wial
lengily is 10,065 m, making it the longest reported gypsum cave in the western world, The cave
has passageways that tepically are 1-5 moin diameter, and locally are up o 20 m wide; it occurs
mainly in a S-m-thick gypsum bed of the Blune Formation, Alahaster Cavern of northwestern
Oklahoma (Fig. 4), now developed s a tourist cave, has a main passage about 700 m long; it has
maximum width of 18 m and 4 maximum height of 15 m (Myers et al, 1969; Johnson, 1992). The
cave 15 developed mainly in the 1-m-thick, basal gypsum hed of the Blaine Formation, Other
avpsum caves are described by McGregor and others (1963}, and in various issues of Oklahoma
Underground, the journal of the Central Oklahoma Grotio,

A major fresh-water aquifer is developed in the Blaine Formation of southwestern Oklahoma
andd north-ventral Texas (Johnson, 1990, 19925, Water is produced from the karstic and cavernous
gypsum and dolomite beds of the Blaine aquifer. The aqguifer is 50-63 m thick and consists of 9
thick gypsum heds (each 3-8 m thick) imerbedded with thinner dolomite beds (0L1-1.% m thick)
and shale heds (0.3-8.0 m thick). Irmigation wells wpically are 15-100 m deep and commaonly
yicld 10008000 Limin. The water is a calcium-sulfare type; total dissolved solids average about
3,100 mg/L (of which abour 90% is Cas0,), and the water is suitable for irrigation but generally i
unsuitable for drinking.
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Fig. 2. Schematic cross sections through major gepsuny caves in the Permian Bhine Formation of western
Oklahoma: (above, A ). O Jester Cave; (bolow, By Alabaster Cavern. Alter Myers et il (1968, Begeman ¢l
{al (1967, and Johnson (19892).

Gypsum karst is indicated, indivectly, along the east and west sides of the llinais basin in
llinois, Indiana, and Kentucky, The St. Louis Limestone (Late Mississippian} contains several
gepsum beds, 1-15 m thick, in the subsurface (McGregor, 1954; Saxby & Lamar, 1957; McGrain &
Helton, 1964), Gypsum does not crop out in Indiana and Kentucky, however, because interstratal
karstification is dissolving the evaporites and producing ground water with a high concentration
of dissolved sulfates along the eastern boundary of the subsurface gypsum deposits {George,
1977}, Chemical analyses of springs and well water shows a sulfae concentration of up to 1,330
mg/, and a low chloride concentration, usually less than 30 mg/L. Westward (downdip) advance
of the gypsum-dissolution front in this region generates the sulfate-rich water and collapse of
overlving carbonate rocks into cavities, George (1977) cites an example of the collapsed carbona-
tes in Squire Boane Caverns, Harrison County, Indiana. Jorgensen and Cary (1973} show an
abrupt lateral thinning of gypsum (from about 4 m thick w0 <0,5 m thick, within a distance of 150
mj in the S Louis Limestone near Shoals, Indiana; these authors, along with French and Rooney
(1969, ascribe this thinning 1o dissolution along the eastern, up-dip limit of the gvpsum, Sasby
and Lamar (1957) also recorded the presence of breccia and the absence of gypsum in outcrops of
St Lowis Limestone on the west (linois) side of the Winois basin, and they felr this may have
resulted from dissolution of the gvpsum,

The Michigan basin contains gypsum karst in the Mississippian Michigan Formation in the cen-
tral part of the State (Elowski & Ostrander, 1977). The Michigan Formation contains a1 senes of
gypsum beds, 1-10 m thick, interbededed with sandstone and shale; these strata crop out locally
or are mantled by glacial drift on the east and west side of the basin. Gypsum caves, sinkholes, and
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collapse features are described in the Grand Rapicls area of Kent County (in the west), and also in
parts of losco and Arenac Counties (in the east) (Elowski & Osteander, 1977). These authors
describe a Wilm-long gypsum cavern (Felleri Cave) that was encountered in an underground
evpsum mine near Grand Rapicds; the cave is 3—15 m wide and a5 much as 3 m high.

The Forest City hasin area of lowa contains evidence of gypsum karst in Devonian and [urassic
strata, The Devonian Wapsipinicon and Cedar Yalley Groups contain numerous gypsum beds in
central and southern lowa (Witzke & others, 1988). Devonian gypsum does not crop out in lowa,
andd it is thought that the present limits of some of the evaporite units are dissolutional; some of
the breccia beds (i.e., the Devonian Davenport breccias) are interpreted as having formed by
gypsum dissolution and collapse shortly after evaporite deposition (Witrke et al, 1988). The Fon
Dodge Formation is an outlier of Jurassic gvpsum present in about 40 km? of Webster County,
central lowa. The gypsum is as much as 10 m thick, but the upper surface is quite irmegular due o
partial dissolution before deposition of an overlying Pleistocene ull (Cody et al., 1996), This ull
commonly is 10-30 m thick, but gypsum is exposed locally in stream cuts and quarry faces, The
prinwipal karst featres are joint-controlled dissolution channels, about 1 m wide and 1-3 m deep,
incised into the upper surface of the Fort Dodge gypsum,

Other examples of gypsum karest ave noted in central Texas, South Dakota, and Wyoming. The
Cretaceous Kirschberg Evaporite Member of the Teerett Formation contains 10 m of gypsum in a
quarry near Frederickshurg, Texas (Warren et al., 1990), Vertical pipes, caves, and collapse breccia
are well exposed, and gypsum and calite speleothems (mainly in the form of popeom and fow-
stone) were deposited in the pipes and caves. In the Black Hills area of South Dakota, gypsum in
the Triassic Spearfish Formation lucally contains sinkholes and caves thar have caused environ-
mental problems (Rahn & Davis, 1996; Davis & Bahn, 1997). Gypsum beds up w5 m thick contain
sinkholes and caves, and the karst bas resulted mgeneral ground subsidence, foundation cracking
and seepage in houses, filure of a sewage lagoon, and problems with a proposed mine-tailings
facility and a goll-course reservoir. In Wyoming, Sando (1988) describes widespread paleokarstin
the Madison Limestone of Mississippian age. He notes that dissolution of gypsum beds within the
predominantly limestone sequence during Late Mississippian—Early Pennsylvanian time enhanced
comtemporancaus development of sinkholes, caves, dissolution-enlarged joints, and brecei
Fones,

5. Human-induced gypsum karst

Gypsum karst can be accelerated by human activity, Gypsum-karst problems are caused by the
same actvities that cause problems in carbonate terranes: (1) building structures thar induce olif-
ferential compaction of soils above an irregular gypsum-bedrock surface; (2) building seructures
dhirectly upon gyvpsum-collapse leatures; and (3) impounding water above, or directing water into,
a gypsum unit where soil piping can divert water {and soily into underground gypsum cavitics,
These human activities can cause land subsidence, or can cause new or concestled sinkholes and
cave systems Lo open up; this can result in settling or catastrophic collapse of the ground.

Specific human activities that have accelerated gypsum karst in the Black Hills arca of South
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Dakota include (Rahn & Davis, 1996; Davis & Rabn, 197): (1) sewage lgoons, built on alluvium
ahove a karstic gypsum layer, hegan leaking badly within one year, and finally failed with partially
treated sewage escaping the site; and (2) directing runoff inte buried gypsum karst caused several
houses o sette and crack, and produced sinkholes in urban/soburban areas. Cooper (199%) also
pointed out that (hecause gypsum dissolution is so rapid) pumping kirge volumes of gypsiferous
water from wells means that subsurface gypsum will be dissolved at an accelerated rate, and this
can cause increased subsidence and possible collapse.

Conclusions

This repont provides a brief overview of the processes and distribution of gypsum karst in the
United States, Caves, sinkholes, disappearing streams, and other features typical of karst terranes
are present in gypsum deposits throughout the nation. Gypsum deposits are present in 32 of the
48 conterminous states, and karst is known an least locally in almost all of these areas. Gypsum
karst is, in most respects, identical to karst in carbonate rocks, except that the process is much
more rapicl. It is much more widespread than is commonly believed.

Gypsum karst is most conspicuous in gypsam outcrops, bt it also s likely o be found in
many areas where the gypsum is up o 30 m below the land surface. The most pronounced areas
of gypsum karst are in the Permian basin of southwestern United States, although other important
arcas include the Michigan, Forest City, and Wlinois hasins, and parts of Texas, South Dakot,
Wyoming, and other western stes, Human-induced gypsum karst results chiefly from construc-
tion upon, or dicecting water into or above, outcropping or shallow gypsum deposits,
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