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Introduction and park facilities
The Living Desert Zoo and Gardens State Park was established in
1971 to preserve and display the wide variety of animals, plants,
and natural environments found in the Chihuahuan Desert.
Located north of Carlsbad on US–285 (Fig. 1), Living Desert Zoo
and Gardens State Park offers a variety of outdoor and indoor
exhibits (Fig. 2) depicting the natural, geologic, archaeological,
historical, and mineral wealth of the area. 

The Chihuahuan Desert covers nearly 200,000 mi2 of northern

Mexico, west Texas, and southern New Mexico and is the second
largest desert in North America (Fig. 3). It is also the highest desert
in North America, with elevations ranging from 1,970 to 5,500 ft.
Most of the area receives less than 10 inches of rainfall per year,
which comes primarily as monsoons in the summer months,
although higher elevations may receive as much as 20 inches per
year (McClurg and McClurg, 1990). The first stop on this tour
through the Chihuahuan Desert is the Visitor Center, which hous-
es the museum gift shop, information booth, restrooms and
lounge, picnic tables, mineral displays, and other educational
exhibits on the geology, botany, and wildlife of deserts. 

From the Visitor Center a 1.3-mi, self-guided, paved trail passes
through reconstructions of a variety of ecosystems present in the
Chihuahuan Desert (Fig. 2), including sand hills, an aviary, desert
uplands, arroyo, and piñon-juniper forest (McClurg and McClurg,
1990). Each area on the trail has interpretative signs describing the
natural environment and wildlife that commonly inhabit it; plants
native to the ecosystem are identified by markers. The tour begins
with the SAND HILLS exhibit, depicting an area east of Carlsbad
that consists of Quaternary sand dunes. The AVIARY includes a
walk-through exhibit of common birds (Fig. 4). Several species of
native cats (bobcat, mountain lion, and cougar), owls (barn and
burrowing), eagles (golden and bald), and hawks (Harris,
Swainson’s, and redtail) are housed in specially designed habitat
areas near the AVIARY. From the AVIARY, the trail passes through
the GYPSUM HILLS and DESERT UPLANDS exhibits, made up of local
selenite (clear, crystalline gypsum), limestone, and sand, and then
through the DESERT ARROYO exhibit. Dry streambeds, called
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FIGURE 1—Location of Living Desert Zoo and Gardens State Park.

FIGURE 2—Facilities of Living Desert Zoo and Gardens State Park.
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arroyos, are common throughout the desert and may quickly fun-
nel rainfall, resulting in flash floods. Javelinas (collared peccary;
Fig. 5) live in an enclosure near the DESERT ARROYO exhibit, as they
commonly live in shallow caves and pockets formed by floodwa-
ters in desert arroyos. The mountainous PIÑON–JUNIPER FOREST
exhibit follows where live bears are housed in a special enclosure.
Look carefully because they don’t always play for the spectators
but hide in their caves. The trail then goes through the NOCTURNAL
ANIMALS exhibit (salamander, bats, ringtail cat, and kangaroo rat),
the popular MEXICAN WOLF YARD and the BIG GAME YARDS (elk,
pronghorn, bison, and mule and white deer, Fig. 6). An overlook
offers excellent views of Carlsbad and the Pecos River valley. The
PRAIRIE DOG VILLAGE of fat, barking prairie dogs and the

WATERFOWL POND also are popular attractions. The last exhibit on
the tour loop is the REPTILE HOUSE, which houses several varieties
of snakes and lizards, including a Gila monster. The trail passes by
the MESCAL PIT, a rock-rimmed pit or outdoor oven used by
Mescalero Apache Indians to cook agave or mescal (McClurg and
McClurg, 1990). Each May the Mescalero Apache Indians recreate
their historic mescal roasting ceremony, and after four days of
cooking they offer the sweet mescal to visitors to taste. The indoor
cactus and succulent greenhouse adjacent to the Visitor Center
includes the SUCCULENTS OF THE WORLD exhibit and houses differ-
ent varieties of plants, including cacti from the Southwest as well
as from other desert environments in the world.

The park accepts only wild animals that have been injured or
are otherwise unable to survive in the wild on their own, and the
animals must be native to the Southwest. Many of these animals
have had gunshot wounds , have lost toes because of traps, were
hit by cars, or were injured by fire. As such, the park's animal pop-
ulation varies from month to month depending on releases, births,
deaths, and transfers (Taylor, 1986).

History
The Mescalero Apache Indians lived throughout the Guadalupe
Mountains and the Pecos River valley as early as the 1400s.

Torreon
Durango

Coahuila

Chihuahua

Chihuahua

Sonora

Zacatecas

New Mexico

A
riz

on
a

USA

Mexico
Texas

Albuquerque

Juarez El Paso

Del Rio
Presidio

Carlsbad

Chihuahuan
Desert

S
IE

R
R

A
 M

A
D

R
E

 O
C

C
ID

E
N

TA
L

Tu
la

ro
sa

 B
as

in

Rio Grande

C
on

ch
as

Pecos

River

R
iver

Big Bend
Nat’l Park

FIGURE 3—Map of the Chihuahuan Desert (modified from Schmidt, 1979;
http://www.utep.edu/museum/chih19/intro/intro.htm, accessed on
May 7, 2001).

FIGURE 4—Mourning doves and their eggs in a nest in a bush in the
AVIARY. Doves also will nest in protected rocks.

FIGURE 5—Javelinas (collared peccary) in the DESERT ARROYO. Javelinas
get water and food from springs and holes filled with residual water from
past rains, and they live in the limestone (and other rock types) caves and
overhangs along the arroyo walls.

FIGURE 6—Mule deer grazing in the BIG GAME YARD. In the wild, deer
require food and water found throughout the desert and especially in the
mountains. They tend to bed down under trees.
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Comanche Indians roamed the Pecos River valley and pushed the
Apaches westward (Stanley, 1963). These highly mobile people
adapted well to this area and left behind remnants of their camp-
sites and rancherias. They effectively used this harsh environ-
ment, hunting and gathering for subsistence.

In 1536 Cabeza de Vaca began exploring southeastern New
Mexico for the Spanish government. In 1724 Pedro de Rivera was
sent to examine the province of New Spain, and his engineer
Francisco Alvarez y Barriero was one of the first to map the
Guadalupe Mountains. 

Few EuroAmericans settled the inhospitable Carlsbad area until
the late 1800s. At first Hispanic and later Anglo settlers clashed
with the Apaches, resulting in many armed conflicts. The original
route of the Butterfield Overland Mail Stage went through the
Guadalupe Mountains in 1858, and the cavalry was often called
upon for protection from the Apaches. The route was abandoned
in 1859 for safer, less rugged routes south of the Guadalupe
Mountains (Adams, 1993; http://www.nps.gov/cave/time
line.htm and http://www.nps.gov/gumo/gumo/history.html,
accessed on May 7, 2001). After the Civil War, the Ninth and Tenth
Cavalry buffalo soldiers provided protection from raiding Apa-
ches, and by the late 1880s conflicts had been reduced in the
Carlsbad area.

The town of Carlsbad was first known in 1888 as Eddy and was
settled by Charles B. and John A. Eddy and Robert Weems Tansill
(Stanley, 1963; Julyan, 1996). Earlier, in the 1860s, cattlemen such
as John Chisum, Charles Goodnight, Oliver Loving, and Pat
Garrett drove their cattle through southeastern New Mexico to
northern markets and dodged raiding Mescalero Apache and
Comanche Indians. The Chisum Trail went through the Carlsbad
area in 1866. The Pecos River was a popular watering stop on
these cattle drives. By 1887 the two Eddy brothers developed irri-
gation systems throughout the valley and not only raised cattle
but began farming. By 1889 the town of Eddy was known as “the
pearl of the Pecos” (Julyan, 1996). The railroad came to Eddy on
January 10, 1891. 

The early days in Eddy were far from easy. Periodic floods dev-
astated the area, and sandstorms swept up the loose soil needed to
sustain growth of crops. Disease and insects took their toll. Many
crops could not survive in the alkaline, gypsum-rich soil. A spring
northwest of town was reported to have a similar composition as
the water at a famous European spa known as Karlsbad (original-
ly in Germany but now in the Czech Republic; Stanley, 1963;
Julyan, 1996). The townspeople voted to change the name from
Eddy to Carlsbad in 1899, in hopes of reversing the devastating
economic depression and attract newcomers. 

Minerals soon became important to the economy of Carlsbad. In
1900 bat guano was mined from Carlsbad Caverns and other caves
in the Guadalupe Mountains (Nymeyer and Halliday, 1991).
Guano is a source of nitrate and was used as fertilizer and in the
manufacture of gunpowder and chemicals. As much as 100,000
tons of bat guano was shipped from the caves (Howard, 1993).
From 1912 to 1923, gypsum was mined for plaster by the Globe
Plaster Company at Oriental, near Brantley Lake State Park
(McLemore, 1993). One of the first oil wells in the Permian Basin
was drilled at nearby Dayton, to supply the plaster company with
a high-viscosity oil that was required to cook the plaster. By 1913
oil was discovered farther south near Carlsbad, and the town’s
economy was ensured for generations to come. In 1925 potash was
discovered east of town, and mining began in 1930. In 1923
Carlsbad Caverns National Monument was established; the name
was changed to Carlsbad Caverns National Park in 1930.
Guadalupe Mountains National Park was established in 1972, and
tourism became an important part of the economy of Carlsbad.

The first settlers did not realize the tremendous wealth lying
beneath them. Oil, "black gold," was discovered in the Midwest
Refining Company's State No. 1 well on June 13, 1928, at a depth
of 4,065 ft (DeFord and Wahlstrom, 1932; Christiansen, 1989). The
well yielded 700 barrels per day. Additional oil and gas fields were
discovered throughout southeastern New Mexico and western

Texas, the area that geologists call the Permian Basin (Fig. 7).
During 1999 more than 327 million barrels of crude oil and more
than 11 trillion cubic feet of natural gas were produced from the
Permian Basin in both Texas and New Mexico, which accounted
for 16.8% of the total crude oil and 6.3% of the total natural gas
produced that year in the United States (Energy Information
Administration, 2000). The city of Carlsbad grew rapidly and
became one of the major communities providing service for the oil
fields. 

Not only were petroleum resources found during drilling, but
drillers also encountered several zones of polyhalite and sylvite,
major potash ores. The first potash mine, located between
Carlsbad and Hobbs, went into production in 1931. Total potash
production since 1950 has amounted to more than 100 million tons
and is valued at more than $7 billion (McLemore and Hoffman, in
preparation). New Mexico is the largest producer of potash in the
United States. Potash is an important component in fertilizers, and
about 5% of the total production is used by the chemical industry.
Some salt is recovered as a byproduct for animal feed.

During World War II the Carlsbad Army Airfield, south of town,
served as a training center for combat fliers. After the war the air-
field was closed, and the area was designated as an industrial
park.

The Chamber of Commerce of Carlsbad developed the idea of a
zoological park as early as 1963 (Taylor, 1986). New Mexico
Governor David Cargo became interested in the idea as early as
1967 and authorized a joint local and state committee to further
develop plans for the park. Neil Wills and Robert Light donated
the land, and additional acreage was added from the county (for-
merly Joe Johns Park) and the U.S. Bureau of Land Management
for a total of 1,100 acres. Work began on the state park in 1969, and
it officially opened on June 12, 1971.

Geology
The various exhibits throughout the park demonstrate the impor-
tance of geologic processes in forming the landscape that the “liv-
ing desert” depends upon. Many of the landforms formed over
millions of years.

Proterozoic granite and metamorphic rocks lie at a depth of
approximately 11,200 ft and are overlain by approximately 2,700 ft
of mostly limestone and dolomite of Cambrian to Upper Permian
age (about 550–248 m.y.; Hayes, 1964). Most of the Cam-
brian–Permian rocks were deposited on widespread, shallow-
marine shelves (Hayes, 1964; Adams, 1965). 

In Pennsylvanian–Permian time (325–245 m.y.) North America,
including southeastern New Mexico, was at equatorial latitudes
and was covered by a shallow tropical ocean. Deep marine basins
were formed south and west of Carlsbad as seas encroached upon
shallow-marine shelves depositing the Abo, Hueco, and Yeso
Formations. The Delaware Basin (Foster, 1983; Hill, 1996; Fig. 7)
formed during the Pennsylvanian Ouachita–Marathon orogeny (a
mountain-building event) as part of the larger Permian Basin and
was filled by 1,600–2,200 ft of limestones, siltstones, sandstones,
and interbedded dark shale (http://geoinfo.nmt.edu/staff
/scholle/guadalupe.html, accessed on May 7, 2001). During much
of the Permian, the Delaware Basin was a normal marine basin;
however, during late Guadalupian time the basin became restrict-
ed. The basin consists of three parts: the basin, basin margin, and
shelf (Hayes, 1964; Fig. 8), which changed geographic position
with time as the basin subsided, filled, and dried out. During the
earlier Leonardian Epoch, alternating beds of gypsum, sandstone,
and dolomitic limestone of the Yeso Formation were deposited
along the shorelines (basin margin), and the thin-bedded black
limestones of the Bone Spring Limestone were deposited deeper
in the basin (Fig. 8). Later, during the Guadalupian Epoch, the
Delaware Basin continued subsiding slowly, the shoreline moved
north, and small reefs began to form the Goat Seep Dolomite as
the Brushy Canyon and Cherry Canyon Formations were deposit-
ed in the basin (Fig. 8). Many of the region's important oil and gas
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fields, including some near Carlsbad, produce from these rocks. 
Seas continued to cover much of southeastern New Mexico and

west Texas depositing more limestone, dolomite, and gyp-
sum-anhydrite (the Artesia Group; Fig. 8). As the basin subsided
rapidly, barrier reefs formed as three distinct facies developed.
The lagoon and back reef facies consisted of limestones and
dolomites belonging to the Queen and Grayburg Formations. The
reef facies with algal and sponge skeletons formed the Goat Seep
Dolomite. The offshore basin facies consisted of quartz sandstones
of the Cherry Canyon Formation. The largest reef, the Capitan
Limestone was deposited along the rim of the basin and rapidly
grew toward the basin center (Fig. 8). The Carlsbad Group was
deposited along the edges of the basin, and the Bell Canyon
Formation was deposited offshore. 

The large limestone reef, the Capitan Limestone, formed in the
warm tropical seas south of the Carlsbad area at the margin
between the shelves and basins (Fig. 8, 9). Present-day limestone
reefs are built by various organisms, such as corals and algae, that
secrete limy skeletons that are anchored to the sea bottom. As

older organisms die, others build their skeletons on top, eventual-
ly forming the reef that acts as a barrier to the sea. The Permian
(Capitan Limestone) reef is unique because it is composed pre-
dominantly of sponges and algae. In addition, at McKittrick
Canyon, the entire cross section through the reef (back reef to
basin facies) is exposed, making it one of the few places in the
world where an exhumed reef can be seen. The Capitan Limestone
reef is one of the most famous reefs in the world and is exposed at
the surface along the escarpment between Carlsbad Caverns
National Park and Guadalupe Peak, southwest of Living Desert
Zoo and Gardens State Park. From Carlsbad, the reef trend con-
tinues east-northeast in the subsurface. South of the Capitan reef
lies the deep marine Delaware Basin (Fig. 7).

In Late Permian time continued sedimentation and a drop in sea
level allowed for the development of sabkha environments (depo-
sition above normal high tides in an arid environment), the drying
of the basin, and the formation of an extensive evaporite sequence
(Castile and Salado Formations; Fig. 8) on top of older Permian
sediments. When a volume of seawater is evaporated, about 75%
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of the water is removed by evaporation before anhydrite precipi-
tates and nearly 90% of the water must evaporate before the salts
will precipitate. More than 4,000 ft of salt, potash, and anhydrite
were deposited during this time (Salado Formation), and these
rocks contain economically important salt and potash resources
(Barker and Austin, 1999). The last records of the Permian sea are
found in the Rustler and Dewey Lake Formations, which consist
of marginal marine and continental deposits. 

Living Desert Zoo and Gardens  State Park is on top of a ridge
of hills known as the Ocotillo Hills, northwest of and overlooking
Carlsbad. The hills are anticlines that may be draped over earlier
reef mounds. The Ocotillo Hills consist of Permian Tansill and
Yates Formations. The Tansill Formation consists predominantly
of dolomites overlain by gray siltstones that were deposited in
shallow-marine-shelf and coastal-plain environments about 260
m.y. ago. The Yates Formation consists of rusty yellow sandstone,
siltstone, dolomite, limestone, and evaporites and is exposed

mostly in the arroyos below the state park (Motts, 1962). The con-
tact between the Tansill and Yates Formations is exposed in a road
cut along the access road to the state park (Anonymous, 1982).
Some of the region's important oil and gas fields occur in these
rocks.

Petroleum is generated from source rocks rich in organic mate-
rial and then migrates into reservoir rocks where it is trapped.
Permian units are good source rocks because they were deposited
when New Mexico was a tropical environment; thus the rocks are
rich in organic material. In southeastern New Mexico, oil and gas
are produced from many reservoirs of Cambrian through Permian
age and from many rock types ranging from sandstone to lime-
stone to dolomite (Fig. 7). Petroleum is less dense than water in the
pore spaces of the reservoir rocks and tends to migrate updip until
it is trapped by an impermeable shale, sandstone, limestone,
evaporites, or sealing faults (Broadhead, 1987, 1993). Petroleum
also can accumulate at the top of anticlines or in stratigraphic
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traps, where one type of deposit changes to another (Broadhead,
1987, 1993). These structural and stratigraphic traps are common
in the Carlsbad area.

The Avalon (Delaware) oil field is east of Carlsbad and first pro-
duced in 1977 (Cantrell and Kane, 1993). The field produces from
the upper Cherry Canyon Formation at a 2,600-ft depth and from
the lower Cherry Canyon/upper Brushy Canyon Formations at a
3,400-ft depth. The upper Cherry Canyon consists of subarkosic
sandstone, whereas the lower Cherry Canyon/upper Brushy
Canyon consists of subarkosic siltstones. 

Triassic continental fluvial and lacustrine sediments were
deposited on top of the Permian rocks. Marine seas returned to
New Mexico during Cretaceous time, but only scattered remnants
of these deposits are found in the subsurface of southeastern New
Mexico (Kues and Lucas, 1993). Most of these rocks have been
removed by erosion in the last several million years.

The middle Miocene to early Pliocene Ogallala Formation,
about 4–12 m.y. old, overlies the remaining Mesozoic sedimenta-
ry rocks and is one of the most widespread units in the United
States, extending from South Dakota to southern New Mexico and
northwestern Texas. It is the prime reservoir of ground water
throughout the region and is responsible for man changing the
appearance and character of the Great Plains. The Ogallala
Formation is as much as 400 ft thick in southeastern New Mexico
and consists of fluvial sandy clay, siltstone, sandstone, and local
gravel valley-filling deposits interbedded with eolian sand and silt
and playa-lake deposits. These rocks were derived from a contin-
uous chain of mountains extending from the Rocky Mountains in
Colorado and northern New Mexico to Trans-Pecos Texas (Reeves,
1972; Hawley, 1984, 1993a,b). Caliche beds are common through-
out the unit. Caliche is composed of fractured and permeable
deposits of gravel, sand, silt, and clay that are cemented by calci-
um carbonate (McGrath and Hawley, 1987).

Geomorphic development
Geologic, or more specifically geomorphic, processes formed com-
plex landforms and other topographic features in the Carlsbad
area (Hawley, 1993a) that are illustrated in the various exhibits at
the state park. There are four major geomorphic processes: region-
al uplift, erosion, solution-subsidence (including cave formation),
and formation of sand dunes.

One major geomorphic process in the Carlsbad area is the for-
mation of the Guadalupe, Sacramento, and Delaware Mountains
to the south and west. Regional uplift of the Carlsbad area
occurred during the Laramide tectonic event in the early Tertiary
(Erdlac, 1993). This was followed by continued uplift, tilting, and
faulting during Basin and Range extension. The several thousand
feet of topographic relief between the mountains and plains seen
today had developed by 12–13 m.y. ago (Hawley, 1993a). In the
state park's DESERT UPLANDS and PIÑON–JUNIPER FOREST exhibits,
the changes in vegetation, wildlife, and geology between the
lower elevations of the desert and the piñon-juniper forest of the
higher mountains are presented. The upper elevations tend to
have slightly lower temperatures and more moisture, which is
ideal for growth of piñon pine, juniper trees, and other high desert
and mountain plants. Deep steep-sided canyons provide a diver-
sity of wildlife and vegetation. Ponderosa pine, Douglas-fir, and
aspen grow at the higher elevations in the Guadalupe,
Sacramento, and Delaware Mountains.

Significant erosion and mass wasting along streams and rivers
are the second most important geomorphic process in the
Carlsbad area (Hawley, 1993a), and they are illustrated by the
DESERT ARROYO exhibit at the state park (Fig 5). Arroyos are dry
creek beds cut into the landscape by water during heavy rainfall.
During thunderstorms, arroyos quickly fill with flowing water,
often as flash floods, that erodes into the landscape and moves
material downstream. Conglomerates and mudstones typically
form the banks of the arroyos. The DESERT ARROYO exhibit at the

state park illustrates the dependency of wildlife on the thick veg-
etation that grows in arroyos and provides food, shade, and cover.
The arroyos in the Carlsbad area provide geologists with clues as
to the formation of the lower Pecos River (Hawley, 1993a). The
Pecos River is responsible for long-term removal of sediments and
solutes over time and has effectively lowered the landscape. The
river probably developed during the Pliocene time (5.3–1.8 m.y.;
McLemore, in press).

Solution-subsidence is the third most important geomorphic
process in the Carlsbad area (Hawley, 1993a) and is illustrated by
the GYPSUM HILLS and DESERT UPLANDS exhibits. Dissolution of the
highly soluble limestone, gypsum, and other evaporites creates
natural holes or caves or even larger caverns in the rock, as seen in
the exhibit (Fig. 10). These underground cavities cause unstable
surfaces and create sinkholes. This results in karst topography.
Two periods of major dissolution and subsidence occurred in the
Carlsbad area since Late Permian time, the first in the Trias-
sic–Jurassic (245–146 m.y.) and the second in the Ter-
tiary–Quaternary (65 m.y.–present; Bachman, 1984). The spectacu-
lar landforms in the Carlsbad area, the Guadalupe Ridge and the
Capitan Reef escarpment, are a result of removal of overlying sed-
imentary rocks by dissolution and erosion (Hawley, 1993a). Two
processes may be responsible for dissolution and subsidence in
the Carlsbad area. Rainwater percolates through crevices in the
surface (joints, bedding planes, fractures) and begins to dissolve
limestone, gypsum, and other evaporites. Surface water in streams
can widen these crevices. Rainwater in contact with CO2 from the
atmosphere can form a weak carbonic acid, which further dis-
solves the rocks. A second process is dissolution by sulfuric acid.
Sulfuric acid may have been formed by the oxidation of hydrogen
sulfide that migrated upward from deep in the basin along faults
(Hill, 1987; Crawford, 1993). 

The selenite (crystalline gypsum) slabs used to reconstruct part
of the GYPSUM HILLS along the trail (Fig. 11) came from the Yeso
Hills south of Carlsbad, where planar masses of selenite form beds
in part of the Castile Formation. Selenite crystals as much as 18 ft
long and 6 ft wide are reported (Crawford, 1993). Early settlers
used selenite as windowpanes, and selenite was once quarried for
the manufacture of capacitors during World War II (Crawford,
1993). The origin of these large selenite crystals is uncertain. The
selenite may have formed by local hydration of anhydrite along
faults where basin fluids migrated upward and encountered the
Castile evaporites. Another possible formation of the selenite is by
dissolution of anhydrite by sulfuric acid, followed by precipitation
of selenite. The striations along the selenite crystals are due to
modern weathering.

Solution-subsidence in the Carlsbad area also resulted in the
formation of extensive caves and cavern systems in the Capitan
Limestone; Carlsbad Caverns are the prime example. Processes

FIGURE 10—Dissolution features in limestone (DESERT ARROYO exhibit).
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similar that created the dissolution features (i.e., surface-water
dissolution and/or dissolution by sulfuric acid) created the caves
and caverns (Hill, 1987). 40Ar/39Ar dating of alunite that formed
during the early development of the caves indicates that the Big

Room of Carlsbad Caverns formed 4.0–3.9 m.y. ago, whereas
Lechuguilla Cave formed 6.0–5.7 m.y. ago and three other caves in
the area formed 11.3–6.0 m.y. ago (Polyak et al., 1998). These ages
suggest that the water table dropped from 11.3 m.y. ago to the pre-
sent, possibly related to tectonic uplift and tilting of the
Guadalupe Mountains. Some of the caves and caverns are active-
ly forming today. Surface-water dissolution most likely started
cave formation in the Guadalupe Mountains, perhaps as early as
the Permian (Jagnow and Jagnow, 1992). Extensive cavern forma-
tion occurred when the Guadalupe Mountains were uplifted,
about 6 m.y. ago. The abundance of gypsum in the caverns sup-
ports an origin by sulfuric acid dissolution (Hill, 1987; Jagnow and
Jagnow, 1992). Brines rich in hydrogen sulfide, possibly as a
byproduct of microbes recycling hydrocarbons (Hill, 1996), seeped
upward from the deeper basin along fractures, faults, bedding
planes, and other permeable pathways. Hydrogen sulfide com-
bines with the fresh ground water and air to form sulfuric acid,
which quickly dissolves the enclosing limestone. As the fresh
ground-water table dropped—due to a drier climate, erosion by
the Pecos River, and regional uplift—new levels of caverns formed
(Fig. 12).

A fourth geomorphic process also contributed to the landscape
in the Carlsbad area and is seen in the SAND HILLS exhibit (Fig. 13).
Sand dunes, or moving masses of windblown sand and silt, com-
monly overlie the Ogallala Formation and are common in most

Carbonic acid solution reaction:
1. H2O   +        CO2 =  H2CO3

(water) + (carbon dioxide) = (carbonic acid)
2.  H2CO3 +     CaCO3 =      Ca++ + 2HCO3

–

(carbonic acid) + (limestone) = (dissolved limestone)

Sulfuric acid solution reaction:
1.    2H2S                +     O2 =     2S    +    2H2O
(hydrogen sulfide) + (oxygen) = (sulfur) + (water)
2. 2H2O +    2S    +     3O2 =   2SO4

– + 4H+

(water) + (sulfur) + (oxygen) = (sulfuric acid)
3. 2H+ + SO4

-2 +    CaCO3 +   2H2O   = CaSO4•2H2O +        H2CO3

(sulfuric acid) + (limestone) + ( water) = (gypsum)       +   ( carbonic acid)

FIGURE 11—Selenite slabs along the trail at the GYPSUM HILLS exhibit.
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FIGURE 12—Levels of cavern development as hydrogen sulfide brines mix with fresh ground water; from Jagnow and Jagnow (1992).
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deserts. Sand dunes form in a region that is generally devoid of
vegetation and has an abundance of loose sand and topographic
features that allow the sand particles to lose their momentum and
settle. Any number of objects, such as shrubs, rocks, or fence posts,
can obstruct the wind force, causing sand to pile up in drifts and
ultimately large dunes. The composition of the sand depends
upon the rock types found in the area. The wind picks up pieces
of sand and dirt eroded from the surface and hurls the particles
against rock exposures, breaking off more particles. Some of these
sand dunes can be quite thick, from a few inches to over 60 ft.
Frequent wind shifts may uncover or cover plant roots and animal
burrows. In wet periods, vegetation will grow on the dunes and
somewhat stabilize them. The wind moves the sand, forming new
dunes almost daily. Geologists can tell from the shape of the dunes
which way the wind is blowing. The windward face of a dune has
a gradual slope. Sand blown from the windward face is deposited
on the steeply sloping leeward side. Sand on the leeward side or
slip face is subject to constant change, avalanching when the sand
reaches its maximum angle of repose, at 34°. Impossible as it may
seem, no slip face can exceed a 34° angle. Most of the dunes in
southeastern New Mexico are crescent shaped in plan view
because they formed by constant wind predominantly from one
direction across a flat desert floor; these are called barchan dunes.
Barchan dunes are common at Oasis State Park near Portales
(McLemore, 1998). Parabolic dunes, which also are crescent
shaped, are locally formed by wind blowing from the opposite
direction. Head and tail dunes grow in the protected air pockets
near rocks or shrubs. Longitudinal dunes form long, linear ridges
of sand by a strong, persistent prevailing wind.

Summary
Living Desert Zoo and Gardens State Park demonstrates the rela-
tionships and dependency of geologic processes on the variety of
plants and animals found within the various ecosystems of the
Chihuahuan Desert in southern New Mexico, west Texas, and
northern Mexico. Four major geomorphic processes formed the
dramatic and complex landforms and other topographic features
in the Carlsbad area: regional uplift, erosion, solution-subsidence
(including cave formation), and formation of sand dunes.
Although camping is not allowed, the state park offers a variety of
outdoor and indoor exhibits (including over 40 species of animals
and hundreds of species of plants), a museum gift shop, informa-
tion booth, restrooms and lounge, picnic tables, and mineral dis-
plays. The park demonstrates the harsh reality as well as the hid-
den beauty of our surrounding desert environment.

FIGURE 13—Slope of a sand dune at the SAND HILLS exhibit. Dune sands
typically consist of well-rounded quartz grains, locally frosted. Small
amounts of feldspar and rock fragments, locally with thin iron oxide and
clay coatings, give the buff to orange color common to many sand dunes.
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New Mexico Geological Society Field Conference participants will be the
guests of Mesalands Dinosaur Museum and Torvosaurus for an opening-
night reception, Wednesday, September 26.

52nd annual New Mexico Geological Society
Field Conference

September 26–29, 2001
The 52nd annual New Mexico Geological Society Field
Conference will examine the geology of east-central
New Mexico and the panhandle of Texas. The confer-
ence will primarily focus on the Mesozoic geology of
this area, but it will also include examination of
younger and older strata. Expect to be surprised by the
scenery and geology of this area of the southern High
Plains.

The conference will be centered in historic
Tucumcari (“Tucumcari Tonite”), which boasts of 1,500
motel rooms (and less than 6,000 inhabitants). The first
day’s tour will be by bus, the second day will be a
four-wheel drive caravan, and the third day will be all
on paved roads.

The first day will include a visit to Palo Duro
Canyon, the “Grand Canyon of Texas,” which displays
a spectacular sequence of Permian–Triassic red beds,
as well as stops that examine the late Cenozoic
Ogallala and middle Cretaceous marine strata.

The second day traces the steps of the pioneer geol-
ogist Jules Marcou as we visit Pyramid Mountain and
focus of an enthusiastic nineteenth century geological
controversy. The day ends at the famous Blackwater
Draw archaeological site, type area of the Clovis cul-
ture.

The third day examines the Mesozoic geology
between Tucumcari and Conchas Lake State Park,
where the structure is not as simple as you might
expect for the High Plains!

We look forward to seeing you in September.


