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Editors* Note 
The Guadalupe Mountains National Park, which is located in Trans-

Pecos Texas between Carlsbad, New Mexico, and El Paso, Texas, is one of 
the newest national parks being formed by the Congress in 1967. The 
Guadalupe Mountains and the associated Chihuahuan Desert included in 
the park represent a unique biological area in which a fragile biological equi­
librium exists between the fauna and flora of the Chihuahuan Desert of the 
lowlands and the Rocky Mountains of the high elevations. The preservation 
of this area will depend upon sound management decisions. 

This volume is the result of a symposium held at The Museum of Texas 
Tech University on 4 and 5 April 1975. The impetus for this symposium was 
furnished by our participation in a research project in the Guadalupe Moun­
tains National Park. This work was funded by the Southwest Region of the 
National Park Service through Texas Tech University and administered by 
Mr. Roland H. Wauer. It became apparent to us that considerable scientific 
research was being conducted in the Park both by the staff of Texas Tech 
University and at other institutions. However, we believed that only limited 
communication was occurring between these scientists. We hope that the 
symposium and this volume will significantly enhance this scientific com­
munication and will provide much of the baseline data necessary for the 
development of a master plan by the National Park Service for the Guada­
lupe Mountains National Park, Texas. Because the Carlsbad Caverns 
National Park, New Mexico, is geographically and physiographically 
closely related to the Guadalupe Mountains, we have included several 
studies that recently have been conducted there. 

The research resulting in this symposium would not have been possible 
without the cooperation of the National Park Service. Mr. Roland H. 
Wauer, Regional Chief Scientist, Southwest Region, has been instrumental 
in initiating many of these research projects, especially those being con­
ducted by personnel of Texas Tech University. Special thanks are due the 
personnel of the Guadalupe Mountains and Carlsbad Caverns National 
Parks, especially Donald A. Dayton, Superintendent; John Chapman, Area 
Manager; Gary M. Ahlstrand, Research Ecologist; Philip F. Van Cleave, 
Staff Interpretative and Environmental Services Specialist; and Roger 
Reisch, Park Ranger. 
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The symposium at Texas Tech University was sponsored by The Museum, 
the Graduate School, and the International Center for Arid and Semi-arid 
Lands Studies. We wish to express our gratitude to Dr. Craig C. Black, Dean 
J. Knox Jones, Jr., and Dr. Frank B. Conselman, respectively, of these 
organizations. The editors wish to extend their personal thanks to Dr. Craig 
C. Black, not only for his support of the symposium, but also for his support 
of our activities throughout our work in the Guadalupe Mountains National 
Park. We also gratefully acknowledge the editorial assistance and attention 
to detail of R. Laurie Hendricksen. Stephen L. Williams aided with some of 
the illustrative material. Many of the proper names used for specific locali­
ties are defined in the paper on mammals, whereas others may be found on 
the U.S. Geological Survey quadrangle map for Guadalupe Peak, Texas 
(1:62,500, 1933). 
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ROBERT J. BAKER 

viii 



Welcome 

It gives me great pleasure to welcome participants and guests to Texas 
Tech University for this important symposium. The Guadalupe Mountains 
National Park provides a unique outdoor laboratory for biological investi­
gations, which, of course, will provide the baseline data for the National 
Park Service in developing an interpretive program for public use of this 
area. Because investigators at Texas Tech University have played a major 
role in conducting biological studies in the park, it is especially appropriate 
that this institution take the lead in promoting an interchange of informa­
tion for the benefit of the scientific community and also the more pragmatic 
interests of the National Park Service. 

In the past decade or so, we have experienced a trend in the biological 
sciences in this country toward concentration of investigative research in the 
several experimental fields. At the same time, there has been a tremendous 
increase in interest on the part of the general public in environmental quality, 
preservation of natural areas, and in public use of national parks, monu­
ments, and other similar facilities. It occurs to me that it is paradoxical, given 
a clear "back to nature" movement within our society today, that few insti­
tutions of higher learning are emphasizing the training of environ­
mentalists. I am pleased to note that at Texas Tech University there still is a 
strong tradition in field-oriented studies by professors and students in our 
Department of Biological Sciences, in several departments in the College of 
Agricultural Sciences, and in our Museum Science program. The location of 
a large, new museum at the University contributes materially to this thrust. 

I congratulate the organizers of this symposium and express my gratitude 
to those of you who are participants and attendees for supporting their 
efforts. In perusal of the program, I note not only that the symposium will 
bring together a substantial body of information on one of our newest 
national parks but also that the subject matter underscores the significant, 
continuing, and pressing need for research and teaching at the university 
level in ecology, natural history, and systematics of plants and animals, and 
in related areas of the geosciences and anthropology. 

I wish for you a most successful and productive conference. 

J. KNOX JONES, J R . 
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Introduction 

The reality of this Symposium on the Biological Investigations in the 
Guadalupe Mountains National Park gives me a great deal of personal satis­
faction. I am proud to be part of the program. 

Guadalupe Mountains have been a national park only since 1966, and 
before that time the area received attention from only a few scientists. The 
greatest amount of study resulted from private exploration for oil and gas. 
Vernon Bailey's 1905 report represents the earliest biological survey of the 
Guadalupe Mountains. Barton Warnock spent considerable time studying 
the plant life of the area, particularly within the lower canyons. William 
Davis studied the mammals of the Guadalupes. Fred Gehlbach's investiga­
tions of the herpetofauna was the first ecological analysis of the region. 
Owen Lind's limnological studies in McKittrick Canyon are continuing. 

Since 1966, the Guadalupe Mountains have become a scientist's beehive. 
Titles of papers to be presented at this symposium demonstrate that research 
in the area is as varied as the Guadalupe environments. 

We in the National Park Service believe that the recent series of investiga­
tions initiated within the Guadalupes are the proper way to develop a sound 
research and resources management program for this park, and to provide 
resources information for park planners, interpreters, and managers. 

Too often Federal bureaucrats expend energy and great sums of money 
planning park developments without due regard to the full protection of the 
area's resources that were the primary reasons for establishment of the park. 
Too often land management agencies place fragile and unique resources 
second to roadways, campgrounds, visitor centers, and other facilities. Too 
seldom do we attempt to understand fully the potential implications of a 
development within a natural system. 

Our approach at Guadalupe Mountains National Park began with the 
development of research priorities. This list is included within a Natural 
Resources Management Plan that is revised annually. Copies of the 1975 
Guadalupe Mountains National Park Natural Resources Management Plan 
are available. The plan, initiated by the park staff and coordinated by the 
Office of the Regional Chief Scientist, includes two major sections: 
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1. Project statements which identify the area's natural resource prob­
lems and requirements to comply with National Park Service natural 
science standards. 

2. Five-year programs that include maintenance costs, man-year needs, 
research priorities, and cost estimates. 

A Natural Resources Management Plan is prepared for every National Park 
Service area containing natural resources. 

Research priorities for Guadalupe Mountains National Park include the 
following items: 

1. Inventory of Flora; 
2. Fire Ecology Study; 
3. Inventory of Fauna; 
4. Climatological Data; 
5. Inventory of Significant Geological Features; 
6. Vegetative Analysis; 
7. Faunal Factors; 
8. Data Analysis; 
9. Human Intrusion on the Ecosystem; 

10. Soils Inventory and Analysis; 
11. Water Resources Analysis; 
12. Inventory of Microorganisms; and 
13. Ecosystem Analysis. 

This list includes only those studies to be completed and new projects 
required to comply with natural science standards. A complete ecosystem 
analysis of the Guadalupe Mountains may take decades to complete. We do 
plan to reach the ecosystem analysis stage at a few of our smaller natural 
parks as other project priorities are completed. Southwestern areas such as 
Bandelier, Capulin Mountain, and White Sands may reach that stage of 
comprehension fairly soon. 

The Guadalupe Mountains plan calls for an annual funding base of at 
least $25,000 for research. Admittedly, the funding of $25,000 annually to 
field a team of scientists to gather information on an area as diverse as the 
Guadalupe Mountains is not very much. However, the National Park 
Service will continue to fund for many years the work that Texas Tech and 
its associated scientists have started in the Guadalupe Mountains. We 
believe that our association with University-based scientists is the best pos­
sible route to the completion of a basic resources inventory, analysis of those 
resources, and the development of a management information system. 

The first objective is to acquire a resources basic inventory. We are espe­
cially interested in those resources that are unique or of special visitor 
interest. We will hear about some of the floral and faunal resources in the 
papers to follow. It is imperative to establish environmental baselines for use 
in long-range monitoring. The vegetative transects and mammalian grids 
installed within the Guadalupe Mountains system will function as a future 
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warning system against environmental impacts. The quality of the baseline 
studies must be high. 

There are cases when special emphasis on project continuity and coordi­
nation of data requires other than seasonally oriented studies. We believe 
that a resident research scientist is a necessary element of the Guadalupe 
Mountains National Park staff. Dr. Gary Ahlstrand is investigating fire 
management possibilities within the Guadalupes; he also advises the Park 
Superintendent on research priorities, evaluates project results, analyzes 
their implications in the potential role of fire in the ecosystem, and is 
developing a fire-management program based upon his research and related 
data. Fire in the Guadalupe Mountains ecosystem probably will command 
an important position in management guidelines for the retention of that 
natural system. 

Human intrusion on the Guadalupe Mountains is another concern that is 
being addressed within all of the studies. Carrying-capacity determinations 
will be made on sound biological information that is obtained by scientists 
concentrating on their various disciplines. The assimilation of those data 
with park requirements will lead toward decisions that will cause minimal 
impact. 

Computerization of all the data obtained through field studies and the 
laboratory began during the first funded year. A coordinate grid system of 
31,377 cells was developed for the 77,500-acre park. The purpose of struc­
turing a data bank is to describe each data cell as completely as possible in 
terms of physical, cultural, and natural resources. Data storage and retrieval 
must be compatible with the National Park Service computer program 
housed at NASA's Slidell Computer System in Mississippi. 

The National Park Service Science Center near Slidell is responsible for 
developing a management information system. This involves integrating 
scientific expertise, archival materials, and computer sciences with manage­
ment and planning activities. It is our intention that, within the decade, 
Washington, D.C., and regional offices and major parks will possess ter­
minals so that park staffs can take advantage of activities currently under­
way to manage soundly and to interpret their areas. 

An initial Management Information System is already in use for back-
country campground management at Great Smokies National Park. A simi­
lar system has been installed at Grand Canyon for river management. Time 
and money will be needed for all parks to join such a system. The Guadalupe 
Mountains National Park program is a beginning. 

ROLAND H. WAUER 
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Geology of the Guadalupe Mountains 
National Park 

JOHN P. BRAND and ALONZO D. JACKA 
Texas Tech University, Lubbock 

The Guadalupe Mountains National Park enjoys a worldwide reputation 
as a region in which a unique complex of geological phenomena may be 
viewed and studied. Rocks, ranging in age from possibly medial Precam-
brian to Holocene crop out in or within the near vicinity of the park. Geolo­
gists have pieced together a fairly complete history of the last one and one-
half billion years through study of these rocks. Although the region has been 
viewed by geologists for over 100 years, detailed studies did not begin until 
about 50 years ago; the renewed interest was prompted by the exploration 
for and production of petroleum and natural gas in west Texas. 

The Guadalupe Mountains National Park is situated within an area com­
monly assigned to the Trans-Pecos region of Texas. This, in turn, occupies a 
portion of a well-known geological province, the Permian Basin. Trans-
Pecos Texas is a land of contrasts, both physiographically and geologically. 
The region contains numerous distinct mountain ranges and intervening 
basins (Fig. 1). Some ranges are folded and block faulted, the product of the 
late Cretaceous to early Cenozoic Laramide Revolution and middle-to-late 
Cenozoic block faulting. Accordingly, the region possesses affinities with the 
Rocky Mountains and the Basin and Range Province of western America. 
Several ranges are made up of thick accumulations of lava flows and pyro-
clastic ejecta. Finally, the region boasts remnants of the folded Marathon 
Mountains, the product of late Paleozoic orogeny in the Ouachita-
Marathon geosynclinal belt. Elements of the structure and stratigraphy of all 
the above are involved in the reconstruction of the history of Guadalupe 
Mountains National Park. To turn attention to the region of the park, one 
first must view the area of the expanded Permian Basin (Fig. 2). This maze of 
paleotectonic features was in the process of formation during most of the 
Paleozoic Era, but the features did not assume their Permian form until 
during late Pennsylvanian and early Permian time. Orogeny and sub­
sequent erosion during this latter interval produced numerous platforms, 
shelves, and basins which controlled the types of sedimentary rocks that 
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BRAND AND JACK.A 

Fig. 1. Ranges and basins of part of Trans-Pecos Texas. After Permian Basin 
Section, S. E. P. M. 1975, 

accumulated during the Permian Period (Fig. 3). With inundation of the 
complex topography by the early Permian sea evolved the possibility of 
deposition of sediments in such diverse environments as shallow-water plat­
forms, back-reef lagoons, and deep-water basins. The margins of the 
shallow-water platforms afforded an opportunity for reef-forming 
organisms to flourish. Subsurface exploration has established the presence 
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GEOLOGY 

of a barrier reef along the margins of the Diablo Platform, the Northwest 
Shelf, the Central Basin Platform, and the Eastern Shelf. The entire North 
American continent records no barrier reefs of similar magnitude. Behind 
the reefs were wide, shallow lagoons in which carbonate, evaporite, and 
clastic sediments accumulated. Immediately seaward of the reefs were basins 
up to 2000 ft deep in which accumulated a thick sequence of predominantly 
clastic sediments which were transported down to the basin through sub­
marine canyons and deposited as deep sea fans. On the slope between the 
reefs and the basin, accumulated piles of talus derived from the seaward face 
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Fig. 2. Paleotectonic features of Permian Basin. 
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Outcrops of Woifcomp, 
Leonard, Guadalupe, 
ond Ochoo Series 
(Permian), and their 
equivalents 

Boundaries of prov­
inces of Permian 

time 

Basin areas Deformed pre-Wolf camp 
Paleozoic rocks of 
Marathon folded belt 

Fig. 3. Permian geological provinces of west Texas and southeast New Mexico. 

of the reefs (Fig. 4). The back-reef lagoon, the reef, and the fore-reef talus 
constitute a stratigraphically restricted but complex relationship referred to 
as the "Permian Reef Complex" (Fig. 5). 

The visitor to the Guadalupe Mountains National Park may view all the 
aforementioned environments of deposition via a leisurely walk through any 
of the major canyons which trend normal to the Guadalupe escarpment. For 
the motorist driving from Carlsbad, New Mexico, to Guadalupe Pass, the 
following applies. From Carlsbad to White City, one drives quite near the 
margin of the reef facies. From White City to Guadalupe Pass one travels 
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Fig. 4. El Capitan. 

Fig. 5. Diagrammatic sketch of Permian Reef Complex. 

over rocks which were deposited in the Delaware Basin. The most conspicu­
ous unit, the Castile Gypsum, crops out in a road cut where the highway 
descends the Yeso (Spanish word for gypsum) hills to the flat area a mile 
north of the New Mexico-Texas state line. Farther east, in the subsurface, 
one would encounter extensive beds of halite (rock salt) with which are asso­
ciated the potash minerals of the Carlsbad mining district. Both the gypsum 
and halite were formed as the result of evaporation of sea water. West of the 
highway, one cannot but be impressed by the precipitous Guadalupe escarp­
ment. The top of the escarpment is formed by the Capitan barrier reef; the 
beds which slope steeply toward the valley floor are within the fore-reef talus 
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facies. The nearly horizontal beds near the highway are rocks of the basin 
facies. The rock in El Capitan was deposited near the margin of the reef 
barrier and the fore-reef talus. A glance to the southeast from Guadalupe 
Pass affords a view of the Delaware Mountains—a range made up of clastic 
rocks of the Delaware Basin facies (Fig. 6). 

Specific aspects of the geology of the Guadalupe Mountains involve two 
separate studies. The first relates to the sedimentological history of the Per­
mian Period as interpreted from the rocks in the immediate area. The 
second, mainly physiographic, concerns the late Tertiary and Quaternary 
history of the region. Following are brief discussions of the salient features of 
these two rather widely separated intervals of geologic time. 

PERMIAN HISTORY 
The earliest events of the Permian Period are recorded in rocks of lower 

Permian (Wolfcampian) age. The first unit, the Hueco Formation truncates 
rocks of nearly all ages from Precambrian through late Pennsylvanian. The 
basal member, the Powwow Conglomerate, contains debris from nearly all 
pre-Permian units. Wolfcampian beds contain predominantly carbonate 
units across the platforms and clastic units in the basins. They do not, how­
ever, display the distinct differentiation into reef complexes evident in later 
Permian strata. One overriding characteristic of the Permian sea was the ten-

6 

Fig. 6. West front of Delaware Mountains. 
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Fig. 7. Shelf, margin, and basin facies of Permian Basin. 

dency, throughout Permian time, for the sea in the basin to become progres­
sively smaller and deeper. The regression of the sea was not at a uniform rate, 
as many transgressive and regressive oscillations are recorded. Some of these 
sea-level fluctuations were undoubtedly of a eustatic nature and appear to 
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reflect sea-level changes because of multiple glacial cycles during the 
Permian Period. 

At the beginning of the second Permian Epoch, the Leonardian, the con­
trast of shallow-water platform and deep-water basin topographies was well 
established and facies differentiation so characteristic of Leonardian and 
Guadalupian units became evident (Fig. 7). The first barrier reef of signifi­
cant size, the Victorio Peak reef, developed along the eastern margin of the 
Diablo Platform. During growth of the Victorio Peak reef, a dark-gray to 
black limestone (Bone Springs Limestone) accumulated in the deep water of 
the Delaware Basin. This petroliferous unit may be seen in the first road cut 
as one approaches Guadalupe Pass from the south. Simultaneously, a 
lagoonal-arid coastal plain facies of gypsum, dolomite, and siltstone of the 

Fig. 8. Submarine canyons and deep-sea fans of Permian Basin. 


