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CHAPTER I 

INTRODUCTION 

Purposes 

The purpose of this report is to provide geologic 

information and guidelines related to construction and 

development 1n the Pine Springs Canyon area of the Guada

lupe Mountains National Park. Geologic hazards, which 

might interfere with construction and/or future operation 

of facilities, are defined and discussed. Although this 

report deals particularly with hazards related to the 

construction and operation of the proposed tramway, 

conclusions are equally applicable to other types of 

development in the area. 

Geography and Facilities 

The Guadalupe Mountains National Park encompasses 

approximately 120 square miles (Fig. 1). On the north, 

the Park is bounded by the New Mexico-Texas border 

(32°00' north latitude), with the southern limit extend-

1ng to approximately 31°49' north latitude. The 104°45' 

and 104°49' meridians mark the approximate east and west 

boundaries, respectively. 

The immediate Pine Springs Canyon area encompasses 

approximately 4 square miles (Plates 1 and 2, Fig. 1). 

1 



Figure 1. Index map of the Guadalupe Mountains and 
· surrounding areas (after King, 1948). Dashed line 

'indicates the area studied by King (1948). Heavy 
solid line indicates approximate Park boundaries. 
Lighter solid line (encompassing the Guadalupe Peak 
vicinity) indicates the area covered by this Teport. 
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The southern border of the study area 1s just south of 

Guadalupe Peak, and the northern border is slightly south 

of Hunter's Peak. The eastern and western borders are 

immediately west of Pine Springs and just west of Guada

lupe Peak, respectively. The proposed tramway route, 

within this area, extends from the mouth of Pine Springs 

3 

Canyon (near Pine Springs Campground) up the canyon to the 

north talus slope, and across the canyon and up the south 

wall to the Meadow, and from the Meadow to a narrow bed-

rock bench just below and to the east of Guadalupe Peak 

(Plates 1 and 2). The route is described in the Environ- ~ 
~ 
~ 

mental Assessment (National Park Service, 1975, p. 58-74). ~ 
/ 

The tramway is designed to provide public access to 

Guadalupe Peak, the highest point in Texas. Presently, 

access to the Peak is by foot trail, which involves an 

elevation change of approximately 3,000 feet and about 6 

hours for the round trip. At present, only a small, pr1m1-

tive camping area (picnic tables and charcoal grills only) 

exists at the mouth of Pine Springs Canyon, which is 

reached by an improved dirt road leading from U.S. Highway 

62-180 (Plates 1 and 2). Pine Canyon Trail (Fig. 2) leads 

from the campground up Pine Springs Canyon, and up the 

north slope to the Bowl, Bush Mountain, and other points 

of interest 1n the high country to the north. There is 

also a nature trail, extending a short way up the canyon 

from the campground. A trail, leading from the campground 
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up the canyon and ascending the south wall to the Meadow, 

1s marked on some topographic maps; however, no trail pre-

sently exists along this route. The only passable trail ~ 
the Meadow and Guadalupe Guadalupe 

\ 
to Peak goes up 

t 

Canyon, along the northeastern side of El Capitan. 

Facilities tentatively planned include a base station 

(near the present location of Pine Springs Campground), 

which will house a visitor center/orientation complex and 

provide parking and a lower terminus for the tramway. 

Also tentatively planned is a campground, near the mouth 

of the canyon, to complement the facilities at the base 

station. Most of the construction and development in the 

study area will be located near the mouth of Pine Springs 

Canyon, thus geologic hazards in this area will be dis-

cussed in detail later in this report. Facilities 

associated with the proposed tramway naturally include a 

number of tramway towers. Locations of towers 3 through 7 

(Park Service's numbering system) have been tentatively 

fixed and surveyed (Plates 1 and 2). Locations of towers 

1 and 2 will depend on the exact location of the base 

station, and, in this analysis, feasible locations for 

those towers have been chosen (Plates 1 and 2). The tram-

way alternative will also probably involve the construc

tion of a small base station in the Meadow (near the site 

of tower 6). 

,) 

·-~ 
~ 
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Previous Studies 

Research for this report involved study of previous 
' . 

reports concerning the general area. King (1948) discus- ~ ~··· 

sed the geology of the Guadalupe Mountains area, including , 

parts of southern New Mexico: the Delaware Mountains, the / 

' Delaware Basin to the east, and parts of the salt flats to ~ 
'I 

the west (Fig. 1). Kelley (1971) discussed the geology o~ "'"----

the Guadalupe Mountains in southeastern New Mexico (north 

of the Guadalupe Mountains National Park), including parts 

of Eddy, Otero, Chaves, and Lincoln counties. Although 

this area does not encompass the Park, the structural and 

stratigraphic features in Kelley's study area are closely 

related to those in the southernmost Guadalupe Mountains 

of the Park. 

The mapping of the Park, as an integral unit, was 

completed by Goolsby and Reeves (1974) at a scale of 

1:24,000. Mapping on the basis of lithology, rather than 

the traditional geologic formations, was considered more 

useful for land use planning, thus the same approach is 

utilized in this report (Plate 1). 

Physiography 

The development and preservation of the Guadalupe 

Mountains presents many unique problems to the National 

Park Service. In many respects, these mountains are an 

"oasis in the desert". Flanked by the desolate salt flats 



6 

on the west and the gypsum plain and foothills on the 

east, the high relief of the range is.terminated abruptly 

at the Delaware Mountains on the south, and, to the north, 

the mountains bifurcate and gradually merge into the 

plains of New Mexico (Fig. 1). Composed almost entirely 

of Permian sedimentary rocks, the Guadalupe Mountains also 

present many unique geological and engineering problems re

lated to construction and development. 

The lowest point in the study area IS approximately 

5,750 feet, and Guadalupe Peak has an elevation of 8,751 

feet. Pine Springs Canyon, located north of Guadalupe 

Peak, begins near U.S. Highway 62-180 and runs west for 

approximately 1 1/2 miles before turning north into Devil's 

Hall (Plates 1 and 2, Fig. 1). The canyon is flanked on 

the north and south by steep talus slopes and cliffs of 

massive limestone which have about 2,000 feet of relief 

(Figs. 2, 3, 4, and 5). Both walls are cut by a number of 

ephemeral stream valleys, many of which mark fault traces 

(Plates 1 and 2). The highest point along the north wall 

is Hunter's Peak with an elevation of 8,362 feet. Directly 

north of Hunter's Peak is the densely forested Bowl, and, 

farther west along the north wall, Pine Canyon Trail leads 

up the scarps to the high country (Figs. 2, 3, and 4). 

Figure 5 (a view south from Pine Springs Canyon) illus

trates the tramway route up the south wall to a steeply-



Figure 2. View of the north wall of Pine Springs 
Canyon at Pine Canyon Trail (at the left of the 
photo). Hunter's Peak is at upper right. The 
cliffs above the site of alternate tower 3 
(Plates 1 and 2) are just to the left of center. 
--------------~---- ----

Figure 3. View of the north wall of Pine Springs 
Canyon at Hunter's Peak (at upper left). Site 
of tower 3 is just out of view at the lower cen
ter. Cliffs overlying this site are at center. 
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Figure 4. View of the north wall of Pine Springs 
Canyon at the mouth. Locations of towers 2 and 3 
are indicated by numbers. Note the nature of the 
limestone cliffs above each site. Pine Springs 
Campground is out of view at the lower right. 
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Figure 5. View looking southwest from the northern 
talus slope of Pine Springs Canyon. Sites for 
tram towers 4, 5, 6, and 7 are indicated by 
numbers (Plates 1 and 2). Note the rockfall 
debris on the talus slope in the foreground. 
Pine Springs Campground is out of view at the 
lower left. 
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dipping bedrock slope, then to the r1m of the Meadow 

(elevation 8,000 feet), and finally to Guadalupe Peak 

(background). 

Climate 

10 

The extreme relief within the Park causes remarkable 

differences in climate within this relatively small area. 

Temperatures in the high country are usually 10 to 15 

degrees cooler than those in the low country, and mean 

annual precipitation is slightly higher. Climatic data 

for the years 1968 to 1974 were recorded at the Frijole 

Ranger Station (National Park Service, 1975, p. 14). 

Average annual precipitation for this time span was 22.82 

inches, thus the climate can be classified as semi-arid. 

The Park, geographically close to the great Chihuahuan 

Desert of North America, receives more precipitation than 

the surrounding areas due to the elevation of the mountains. 

Rainfall, highest in the summer, usually occurs as rapid 

downpours with associated electrical storms. As a result 

of the extreme relief and poor soil development, destruc

tive flash floods often result. Flood hazard is most preva

lent In the low country near the mouth of Pine Springs 

Canyon. The Guadalupe Mountains area also has a high 

average wind velocity. The highest velocities, usually 

occurring 1n the winter months (September to March), often 

exceed 80 miles/hour in the high country near Guadalupe 

Peak (National Park Service, 1975). 



CHAPTER II 

GEOLOGY 

Stratigraphy 

Table 1, a generalized stratigraphic column, illus

trates formational units In the study area. The Cherry 

Canyon Formation and the Bell Canyon Formation are both 

predominantly fine-grained, thin-bedded sandstones, but 

both also include a number of limestone members, some of 

which are present locally in the study area. The Capitan 

Limestone, which forms the main mass of the Guadalupe 

Mountains, is a fossiliferous, massive unit which may be 

arenaceous and/or extensively dolomitized locally; whereas 

the Carlsbad Limestone is thin-bedded and often partially 

dolomitized. The Cherry Canyon and Bell Canyon formations 

outcrop in the lower parts of Pine Springs Canyon, where 

not covered by Quaternary alluvium. The base of the 

Capitan Limestone forms the abrupt transition from steep 

talus slopes of the Cherry Canyon and Bell Canyon forma

tjons to vertical cliffs of the Capitan unit (Figs. 2, 3, 

~, and 5). The Carlsbad Limestone outcrops only in the 

topographically highest country; in the Meadow, surround

ing Guadalupe Peak and Hunte~Js Peak, and in the Bowl 

(Figs. 3, 23, 24, and 26). 

Major lithologic units outcropping In the Pine Springs 

11 



TABLE 1 

GENERALIZED STRATIGRAPHIC COLUMN FOR THE 

PINE SPRINGS CANYON AREA 

(After King, 1948) 

Carlsbad 
Limestone 

Capitan 
Limestone 

Goat Seep Limestone 

Sandstone tongue 
of the 

Cherry Canyon 
Formation 

Bell Canyon 
Formation 

Cherry Canyon 
Formation 

·~ 

Note: The column represents, from left to right, 
a transition from shelf margin facies to 
basin facies. 

12 
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Canyon area are shown on Plate 1. Formational units, 

which may include diverse lithologies, are not particu

larly useful for land use planning; however, an under

standing of the relationship between lithologic units and 

formational units is desirable. This correspondence is 

shown in Table 2. 

Structure 

A study was made of regional structural trends from 

large-scale geologic and tectonic maps of the Park area. 

More detailed structural studies in the Park were com

pleted by King (1948) and Goolsby and Reeves (1974), but 

detailed, localized study of the Pine Springs Canyon area, 

using aerial photos and ground investigation, was 

necessary. 

Structure 1n the Pine Springs Canyon area is expres

sed by faults and joints. The most plausible configura

tion of the causative stress field is shown diagrammati

cally in Figure 6. Faults in this area are the expression 

of extension at or ncar the surface, probably caused by 

uplift of the area. The axis of maximum extension lies 1n 

an approximately N60°E direction, at about 90° to the 

structural grain (Fig. 6). The tramway route crosses s1x 

of these faults, and the area of construction and 

d~~elopment encompasses, either directly or indirectly, 

ten faults. For reference, these faults are numbered, 1 
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TABLE 2 

CORRESPONDENCE BETWEEN MAPPED LITHOLOGIC UNITS AND FORMATIONAL 
'-, 

UNITS IN THE PINE SPRINGS CANYON AREA 

Lithology 

Coarse-grained talus and alluvium. 
Poorly sorted; partially consolidated. 
Dominantly limestone fragments. 

Thin-bedded limestone anJ/or dolomite. 
Indurated, dominantly fine-grained. 

Massive limestone and/or dolomite. 
Indurated, dominantly fine-grained. 

Thin-bedded .quartz sandstone. Fine
grained, indurated, calcareous cement. 
Members are dominantly fine-grained, 
thin-bedded limestone and/or dolomite. 

Thin-bedded quartz sandstone. Fine
grained, indurated, calcareous cement. 

Geologic Formation 

No formal name 

Carlsbad Limestone 

Capitan Limestone 

Bell Canyon Formation 
and/or 

Cherry Canyon Formation 
with limestone members 

Bell Canyon Formation 
and/or 

Cherry Canyon Formation 

~ 
.,J::::. 
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to 10, from east to west (Plates 1 and 2). 

All the faults in the Pine Springs Canyon area are 

normal, as would be expected in a tensional regime. The 

general trend is N30°W, at approximately 90° to the ax1s 

of maximum extension (Plates 1 and 2, Table 3). Fault 

planes, in all cases, are nearly vertical. The sense of 

16 

relative motion on each of these faults is shown on Plates 

1 and 2, and approximate displacement on each is indicated 

in Table 3. Fault traces along the north wall of Pine 

Springs Canyon can be readily discerned (Figs. 2, 3, and 

4). 

In addition to the faulting in this area, deformation 

1s manifested by a large number of joints (Figs. 9 and 

16). The great majority of joints are nearly vertical and 

trend N30°W, roughly parallel to the faults. There is 
' 

also a subsidiary, near-vertical joint set which trends 

approximately N60°E. Numerous measurements of joint 

trends were made in the study area (Plate 1), and segre

gate trends support the aforementioned position of the 

ax1s of maximum extension (Figs. 6 and 7). Density of 

joints averages one every three to four feet, with density 

increasing near faults. This suggests that most of the 

deformation took place as a single event (during a rela

tively short time span), probably during the main uplift 

of the mountains, which has been dated (King, 1948; Hayes, 



TABLE 3 
... 

DISPLACEMENT ON AND TREND OF FAULTS IN THE 

PINE SPRINGS CANYON AREA 

Fault Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Approximate 
Displacement (ft.) 

200 

200 

100 (?) 

100 (?) 

200 

150 

100 

100 

150 

600 

Approximate 
Trend 

Note: Fault numbers refer to the reference numbers used 
on Plates 1 and 2. 

17 
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West--+---------~-------- "~----+-------+-- East 
(2700} (90°) 

Figure 7. Rose diagram of·segregate joint trends in 
the Pine _Springs Canyon area. Percent of total 
measurements are plotted for every 5 degrees of 
azimuth. Locations of individual measurements 
are shown on Plate 1. 
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1964) as late Pliocene to early Pleistocene (approximately 

3 to 10 million years ago). 

Evidence for more recent movement does exist in the 

Park area. For example, faults in the Border zone (on the 

western side of the mountains) have probably been active 

within the past 1 million years; the movement occurring 

along pre-existing faults and with the same sense of 

motion (King, 1948). Joints in the Quaternary alluvium 

in Pine Springs Canyon indicate that deformation has 

continued up to at least 1 million years ago and probably 

has occurred more recently than that (Goolsby and Reeves, 

1974). The presence of these relatively recent joints 

(having the same trends as the joints in Permian rocks) 

supports the conclusion that the stress field which was 

responsible for structures in Permian rocks is probably 

still operative today (Fig. 6). 



CHAPTER III 

GEOLOGIC HAZARDS 

Structural 

Any approach to Guadalupe Peak from the east must 

traverse a number of faults (Plates 1 and 2). Construe-

tion should be avoided on or near faults because future 

dislocations would be more intense in these zones, and the 

increase in joint density and presence of fault breccias 

(Figs. 8 and 9) will create foundation problems. Solu-

tion cavities in the rock units are also more likely to 

exist along faults, thus problems involving earth-settling 

(consolidation of fault breccias; collapse of solution 

cavities, etc.) would be most intense near the fault 

zones. Because fault planes in this area are nearly ver-

tical, the areas most affected are directly above the 

fault traces, with areas on the downthrown side affected 

to a lesser degree. 

In light of the evidence concern1ng recent deforma-

tion (King, 1948; Goolsby and Reeves, 1974), it can be 

pr~dicted that any future earth movements in the. area will 

probably occur along established planes of weakness (fault 

planes), and that the sense of motion will be the same as ... 

that of the past (Plate 1). Because faults are normal and 

nearly vertical, differential motion is· likely to be of a 

20 



Figure 8. Brecciated fault block (between faults 
3 and 4) on the north wall of Pine Springs 
Canyon. 

Figure 9. Joint-controlled erosion features on the 
north wall of Pine Springs Canyon. The canyon 
at center marks the trace of fault 4 (Plates 
1 and 2). 

21 
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vertical nature and could have disastrous consequences for 

the tramway. The axis of maximum extension, N60°E, coin-

cides roughly with the trend of the tramway route (Plates 

1 and 2, Fig. 6), thus any significant extension, result-
.~ 

1ng from earth movements, could snap tram cables. 

The intense jointing of rock units in the Pine Springs 

Canyon area must be taken into account before foundations 

for structures are laid. Joints may also serve as sites 

for the development of solution cavities, particularly in 

the massive limestones. Many fault and joint traces along 

the walls of Pine Springs Canyon are expressed geomorpho-

logically as linear drainage channels (Plate 2, Fig. 9), 

resulting from differential solution and erosion along 

fracture zones. Engineering practices to compensate for 

the fractured nature of rock units should be followed. 

The massive (Capitan Limestone) and thin-bedded lime-

stones (the Carlsbad Limestone and members of the Bell 

Canyon and Cherry Canyon formations) are the most intensely 

fractured rocks in the area (Plate 1). The sandstones of 

the Bell Canyon and Cherry Canyon formations are slightly 

less affected, but jointing may be a problem locally (par-

ticularly near faults). The Quaternary alluvium is least 

affected by jointing. Most of the foundation problems 

related to jointing will be encountered in the high coun

try where limestones are the bedrock. 
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Mass Movements 

Mass movement hazards include any type of mass 

transfer, which may have a~1 effect on construction and/or 

future operation of the facilities planned for the Pine 

Springs Canyon area. The most prevalent hazard 1n this 

category is rockfall, whereby "relatively large fragments 

of rock become detached and by means of free-fall, rolling, 

and bounding, move rapidly downslope under the force of 

gravity" (Rogers et al., 1974). Because of the naturally 

coarse size of rockfall debris, a single fall could do 

considerable damage to a tram tower or other structure. 

Study of potentially hazardous rockfall areas, from aerial 

photos and ground investigation, pinpointed potential 

source areas for rockfall material and the probable coarse 

of the material once a fall was initiated. 

Rockfalls are common where there are cliffs of mas

sive, broken, faulted, or jointed bedrock. The density of 

joints in the Pine Springs Canyon area serves to break up 

the rock and furnishes planes of weakness along which 

falls can begin (Figs. 9 and 19), and the 1ncrease 1n 

density of jointing and presence of fault breccias make 

fault traces particularly good source areas for rockfall 

material (Fig. 8). Massive limestones of the Capitan 

Limestone constitute the higher portions of the mountains 

and supply most of the rockfall debris. In the semi-arid 

climate, limestones are particularly susceptible to 



24 

solution by ground and surface waters, thus many joints 1n 

the limestones have been widened by solution. Natural 

erosion, in turn, tends to remove the underlying, thin

bedded limestones and sandstones, thus undercutting the 

massive limestone, and creating a number of unstable areas 

(Figs. 2, 3, 4, 9, and 19). 

Factors which could trigger rockfalls are shock waves 

from distant or nearby earthquakes, repeated freeze-thaw 

cycles of ground or surface waters, airplane and car 

no1se, high winds, and blasting for construction and/or 

m1n1ng purposes. Evidence for past rockfalls in the Pine 

Springs Canyon area are readily seen on aerial photos and 

ground views (Figs. 4, 5, and 17). The author observed a 

small rockfall while conducting field work on January 1, 

1976, and Mr. Roger Reisch, the Park Ranger, reports mul

tiple falls in Pine Springs and McKittrick Canyons in the 

summer of 1974, destroying a number of live trees 

(personal communication). 

On the basis of frequency of past falls and the 

nature and position of source areas, the areas considered 

least susceptible to rockfall hazards are delineated on 

Plate 2. The most hazardous areas are located on talus 

slopes, below the cliffs of massive limestone. Comparison 

between the hazardous areas and natural drainage patterns 

(Plate 2) indicates that most falls are channelled into 
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existing drainage systems, but many falls proceed directly 

down talus slopes, either because channels do not exist 

1n the immediate vicinity or because the rockfall debris 

1s moving too rapidly to be controlled by natural topo-

graphy. 

The rockfall observed on January 1, 1976, at 1:45 

p.m. CST, moved directly down the south talus slope of 

Pine Springs Canyon, its course not being affected by 

natural topography. The fall, which originated in a 

small valley on the south wall of the canyon near its 

mouth (Plates 1 and 2), came d'own the valley (probably a 

solution-widened joint), and rolled approximately 800 feet 

down the talus slope. The debris was not particularly 

coarse, the largest boulders in the fall being about 3 
' feet 1n diameter. The source valley, freshly disturbed 

soil on the talus slope, and a sotol plant which was up-

rooted by the fall are shown in Figures 10, 11, and 12. 

This example demonstrates that areas shown on Plate 2 as 

"safe" areas are not entirely free of rockfall hazards. 

Construction of tram towers and other structures in the 

most hazardous areas (the areas not stippled on Plate 2) 

should be avoided. Any tower site which might be, even 

remotely, susceptible to rockfalls should have a protective 

wall, shaped so that rockfall debris would be channelled 

away from the tower itself. 
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Figure 10. Source valley for the small rockfall, which 
was ohservcd on Junuary 1, 1976. The exact loca
tion is shown on Plates 1 and 2. This valley is 
probably a solution-widened joint. Note the s1ze 
of the rockfall debris in the foreground. 

Figure 11. Disturbed soil, resulting from the observed 
rockfall. Note the size of the boulder at left. 
Markings on the Jacob's staff are in feet. 



Figure 12. Sotol plant (foreground), which was up
rooted by the observed rockfall. Source valley 
for the fall (Fig. 10) is in the background. 
Note the very large boulder, which was emplaced 
by a previous fall. 

27 
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Creep is defined as an imperceptibly slow, more or 

less continuous, downward movement of slope-forming soil 

or rock (Rogers et al., 1974). This ha~ard is confined to 

relatively steep talus slopes. Most of the slopes in the 

Pine Springs Canyon area have a good vegetative cover, 

which tends to stabilize the soil and rock, and soil 

development lS relatively poor (an average thickness of 

about 2 inches). Evidence of creep was observed only 1n 

one small area on the south wall of the canyon, where no 

construction lS anticipated. In most areas of anticipated 

construction on steep slopes, the soil and talus cover can 

be easily removed and foundations placed on bedrock, thus 

creep is not considered to be an important hazard in this 

area. 

The only other mechanism for mass transport, which 

may affect development, is the action of running water. 

Major drainage systems in the area are shown on Plate 2. 

Obviously, no construction should be planned 1n any of 

these systems. Smaller, more local, ephemeral stream 

valleys should also be avoided. Structures should be 

built on bedrock, where possible, to reduce the danger of 

removal of underlying material by eros1on. A considerable 

margin of safety should be allowed in the placement of 

construction sites because many of these areas (particu-

larly in the low country) may be subject to flash flooding. 
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Solution Collapse 

As evidenced by Carlsbad Caverns (approximately 40 

miles to the north of this area), formed in essentially 

the same rock units which make up the Guadalupe Mountains, 

solution may be an important and widespread process. As 

mentioned earlier, limestones in semi-arid regions are 

particularly susceptible to solution. The existence of 

closely spaced faults and joints offers planes along which 

solution can take place. The action of ground waters is 

evidenced by active springs in the surrounding vicinity 

(Guadalupe Spring, springs in McKittrick Canyon, etc.). 

The movements of water, percolating through limestones and 

other rock units, can be traced following heavy rainfalls, 

but this does not help in detecting large, subsurface solu

tion cavities. No solution sinks are known to exist in 

the mountains, but the nature of the rock units makes the 

existence of some subsurface cavities probable. Geophysi

cal surveys and/or drilling can be used to detect solution 

cavities below construction sites. 

Although solution is most likely to affect the mass1ve 

limestones, Quaternary alluvium and other rock types can 

also be affected. Solution in these Quaternary deposits 

generally occurs near cliffs along Pine Springs stream bed 

(Fig. 13), and construction 1n such areas should be 

avoided because of caving. As noted by other writers 



Figure 13. Solution cavities in the Quaternary allu
vium in Pine Springs Canyon. This view was 
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taken in the main drainage channel of the canyon. 
Markings on the Jacob's staff are in feet. Total 
length of the staff in this photo is about 4 feet. 



(Goolsby and Reeves, 1974), the Quaternary deposits are 

often partially consolidated at the surface and uncon

solidated at depth, reflecting the action of ground 

waters. Clearly, the subsurface should be investigated· 

(at least at some of the construction sites) before 

construction plans arc finalized. 

Earthquakes 
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A study of microearthquake activity 1n the Guadalupe 

Mountains National Park was conducted in conjunction with 

this land use planning report. The instrument utilized 

in this study was a Springthener MEQ-800 microearthquake 

system, which 1s used extensively in all kinds of seis

micity studies. The MEQ-800 was operated intermittently 

at the Old Frijole Stage Station (Table 4, Fig. 1). 

Total time of seismic record was approximately 204 hours 

(12,233 minutes). The sensitivity of the instrument and 

the assumptions made in the statistical analysis make 

the frequency predictions applicable to the entire Park 

area. 

The general form for the equation, relating frequency 

of earthquakes and Richter magnitudes, is given below 

(Richter, 1958, p. 359); 

log N = A - bM, 

where N is the number of shocks of magnitude M or 

greater per unit time, A and b are constants, and 
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TABLE 4 

TIMES AND GAIN SETTINGS OF SEISMOGRAPH RUNS 

Run Number Gain Setting Time Started 
(in db) Time Ended 

1 78 11:30 a.m. 11-1-75 
10:10 a.m. 11-2-75 

2 84 6:45 p.m. 12-31-75 
11:00 a.m. 1-1-76 

3 96 12:11 p.m. 1-1-76 
10:16 a.m. 1-2-76 

4 90 10:32 a.m. 1-2-76 
9:45 a.m. 1-3-76 

5 90 10:03 a.m. 1-3-76 
5:41 p.m. 1-3-76 

6 90 6:02 p.m. 1-3-76 
6:05 p.m. 1-4-76 

7 96 6:27 p.m. 1-4-76 
5:48 p.m. 1-5-76 

8 84 6:16 p.m. 1-5-76 
3:34 p.m. 1-6-76 

9 90 3:42 p.m. 1-6-76 
8:57 a.m. 1-7-76 

10 96 9:10 a.m. 1-7-76 
11:15 a.m. 1-8-76 

Note: Gain settings are g1ven in decibels (db) . 
All times are Central Standard. 

,,J 
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logarithms are to the base 10. The value of the constant 

b is taken to be 0.9, 1n accordance with worldwide 

averages. The value for A was calculated from tables, 

relating A to the gain settings for the MEQ-800 (Shurbet, 

unpublished). Using an average gain of 90 for the seis

mograph runs (Table 4), A was calculated to be approxi

mately 1.44. It was assumed in these calculations that 

the maximum trace amplitude (on the seismograph record) 

which could have gone undetected (due to noise, etc.) 

was 2 centimeters. Therefore, an earthquake of magnjtude 

1.6, as defined by Richter (1958), is the largest shock 

which could have occurred in this time interval and gone 

undetected. Using the values for the constants, A and b, 

established above and a magnitude M = 2, we obtain 

log N = 1.44 - 0.9(2) 

log N = -0.36 

N = 0.44 shocks of magnitude 2 or greater/204 

hours. 

The predicted frequency would be more useful if expressed 

1n shocks/year. Therefore, because 

204 hours (total run time) x 42.97 = 1 year, 

we can convert the frequency expression above to shocks/ 

year by multiplying by the factor 42.97. Performing 

the above operation, we obtain 

N = 18 to 19 shocks of magnitude 2 or greater/ 



year. 

For this area, no more than 18 to 19 earthquakes of magn1-

tude 2 or greater can be expected every year. As 1s 

evident in Table 5, a shock of magnitude 2 is not a large 

earthquake. 

In the same way as shown above, the frequency of 

larger shocks (greater M values) can also be computed. 

For magnitudes 3 or greater, 

log N = 1.44 - 0.9(3) 

log N = -1.26 

N = 0.05 x 42.97 (the time factor) 

N = 2 to 3 shocks of magnitude 3 or greater/year. 

On this basis, the predicted frequencies of shocks in this 

area, for M = 2 to M = 8, are computed and tabulated in 

Table 5. It is clear, from Table 5 and from Richter's 

general equation (1958), that the frequency of shocks 

decreases logarithmically as the magnitudes 1ncrease. 

Assuming that a shock of magnitude 5 or greater would 

be sufficient to cause considerable damage (Table 5) and a 

life expectancy of 100 years for the tramway and related 

construction, then 
-2 N = 3.74 x 10 (Table 5) x 100 years 

N = 3 to 4 shocks of magnitude 5 or greater/100 

years. 

That is, no more than 3 to 4 earthquakes of magnitude 5 or 

greater can be expected to occur in this area within a 100 

34 
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TABLE 5 

GENERAL EFFECTS OF AND FREQUENCY PREDICTIONS FOR 

EARTHQUAKES IN THE GUADALUPE MOUNTAINS 

NATIONAL PARK 

Richter 
Magnitude 

(M) 

2 

3 

4 

5 

6 

7 

8 

General Effects 
(in the epicentral 

area) 

Not generally felt. 

Felt indoors. Hanging 
objects swing. Vibra
tion like passing of 
light trucks. 

Vibration like passing 
of heavy trucks. Stand
ing cars rock. Wooden 
walls and frames creak. 

Furniture moved or over
turned. Weak, non-rein
forced masonry cracked. 

Reinforced masonry, not 
designed to resist lat
eral forces, is damaged. 
Fall of chimneys and 
towers. 

Major damage. 

Major damage. 

Predicted Frequency 
(in shocks of magnitude 
M or greater per year) 

18.78 

2.36 

-1 2.97 X 10 

3.74 X 10- 2 

4.71 X 10- 3 

5.93 X 10- 4 

7.47 X 10- 5 

Note: Methods employed for calculating the above frequen
cies are described in the text (pages 31-38). The 
general effects listed above were adapted from 
Gutenberg and Richter (1942, p. 177) and the Modi
fied Mercalli Intensity Scale of 1931 (Richter, 
1958, p. 137). These effects represent only rough 
approximations. 
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year time span. Similarly, frequency predictions for other 

time spans and magnitudes can be computed from the frequen-

Cles listed in Table 5 by multiplying by the appropriate 

factor. For example, assuming a 50 year time span and a 

magnitude of 4, 

~ = 2.97 x 10-l (Table 5) x 50 years 

N = 14 to 15 shocks of magnitude 4 or greater/SO 

years. 

No more than 14 to 15 shocks of magnitude 4 or greater can 

be expected within a 50 year time span. 

The frequencies predicteG (Table 5) represent only 

statistically valid conclusions. The possibility that a 

large earthquake could occur in this area in the near 

future cannot be ruled out entirely, but the data does not 

indicate that this area lS very active seismically. The 

fact that no local earthquakes were recorded and that the 

time period of observation was necessarily short also limits 

the accuracy of the statistical predictions. Many writers 

(Richter, 1958; Sanford, 1965) have shown that frequency 

predictions, based on short periods of observation, may 

yield erroneous results. For example, if a seismograph 

were operated in this area for a period of one year, and 

no local earthquakes were recorded, the multiplying factor 

(42.97) would be eliminated in the frequency calculations. 

This would obviously reduce greatly the predicted frequen-

cies. As a result of this and other assumptions made in 



this analysis (that we could m1ss an earthquake of 

magnitude 1.6, etc.), the frequency predictions presented 

here are probably high for this area (i.e., the predic

tions are pessimistic). 

The relationship of Richter magnitudes and earthquake 

intensities (the amount of ground shaking at a localized 

area) is complex. Intensity decreases as distance from 

the epicenter increases (Richter, 1958). General effects 

of shocks of certain magnitudes are listed in Table 5. 

It should be noted that this correspondence is inexact 

and that the effects listed are for areas very near the 

earthquake epicenter. The effects of seismic waves 

generated by earthquakes are most intense on unconsoli

dated sediments, such as the Quaternary alluvium at the 

mouth of Pine Springs Canyon (the site of tower 1 and the 

lower base station). Solid bedrock is affected to a 

lesser degree (Richter, 1958). This observation is true 

whether the shock waves emanate from nearby quakes or tele

seisms (distant quakes). Ground motions from a number of 

distant earthquakes were recorded during the period of 

seismograph runs. Any significant shocks in the Park area 

can also be expected to trigger a number of rockfalls. Due 

to the highly fractured nature of the rocks in this area, 

teleseisms may also play a role in triggering rockfalls, 

though no correlation was found between the observed rock

fall (January 1, 1976, 1:45 p.m. CST) and the recorded 

37 
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arrival of teleseismic waves. Any maJor quake occurr1ng 

in the Park area can be expected to have disastrous 

effects on buildings, tram towers, and other man-made 

structures. For this reason, it is recommended that more 

scLsmic monitoring be conducted in this area, in order to 

establish more accurate predicted frequencies. 



CHAPTER IV 

GEOLOGIC HAZARDS AT EACH CONSTRUCTION SITE 

Lower Base Station and Tower 1 

For this analysis, it is assumed that the lower 

base station and tower 1 will be located near the present 

site of Pine Springs Campground (Plates 1 and 2, Fig. 14). 

This area is approximately 400 feet south of the maJor 

drainage channels of Pine Springs Canyon. The camp is at 

an elevation of about 5 feet above these major stream 

beds. On the south and west, the campground is flanked by 

gentle hills, which are covered by talus and vegetation. 

On the western side, two short ephemeral stream valleys 

feed into the campground vicinity (Plate 2, Fig. 14). 

Pine Springs Campground rests on coarse, poorly 

sorted Quaternary alluvium (Plate 1), composed mainly of 

limestone fragments derived from the surrounding moun

tains. The upper few feet are partially consolidated with 

calcareous cement, but, below this surficial layer, the 

alluvium is probably unconsolidated. Several wells have 

been drilled in this vicinity (one recent water well), and 

much useful information about thickness and nature of the 

alluvium at depth 1s available. The alluvium is not 

jointed here, due to its essentially unconsolidated 

nature. In general, the Quaternary deposits should 
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Figure 14. View of Pine Springs Campground from the 
north wall of the canyon. Location of tower 1 

40 

and the lower base station is near the campground. 
Location of tower 2 (foreground) is indicated by 
number. The arrow indicates the recommended 
alternate location for tower 1 and the lower 
base station. Note the drainage patterns in the 
area. 



provide good foundation bedrock. 

The trace of fault 5 cuts through the area and is 

almost coincidental with the southwestern edge of the 

campground (Plates 1 and 2). This fault does not dis

place the Quaternary deposits and has not been active in 

the recent past. The campground is located on the up

thrown block of fault 5, and the fault plane does not 

directly underlie the camp. 

Mass movement hazards at this locality involve both 

rockfall and mass transport by running water. Rockfalls 

from cliffs on the north wall of the canyon (Fig. 4) 

will probably not affect the camp area, as the main 

stream channels lie between these cliffs and the camp-

ground. Rockfalls that could affect this area would 

originate in the massive limestones, which overlie the 

Bell Canyon Formation on the southwestern side of the 

campground (Fig. 15). The morphology of the talus 

slope between these cliffs and the camp (Fig. 15) makes 

the possibility of falls affecting the camp remote. 

However, the two short drainage channels that cut this 

slope and terminate at the camp could, conceivably, 

channel rockfall debris into the locality. These 

two channels are too short to present a flood hazard, 

but the major drainage channels of Pine Springs Canyon 

(located to the north) may present a serious problem 
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Figure 15. View of the cliffs near the southwestern 
edge of Pine Springs Campground. Note the poorly 
developed stream valleys which may channel rock
falls into the camp area. Site for alternate 
tower 1 is to the left of this view. 
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1n this respect. These maJor ephemeral streams are 

fed by a large drainage area (Plate 2) and are separated 

from the camp by only about 5 feet of elevation. Solu

tion collapse 1s not likely to be a problem at this site 

because the unconsolidated alluvium lacks the strength 

to support such cavities in the subsurface. 
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The most important geologic hazards at this site are 

flood (including erosion and deposition of sediment by 

running water) and, to a lesser extent, rockfall hazards. 

For these reasons (particularly flood hazards), it is 

recommended that the site for the lower base station and 

tower 1 be located approximately 800 feet to the southeast 

of Pine Springs Campground. This suggested location 

(Plates 1 and 2, Fig. 14) has the following advantages: 

it is slightly farther from the major drainage channels 

of Pine Springs Canyon (and the canyon is much wider at 

this point); the cliffs of the Capitan Limestone are far 

enough away so that rockfall hazards are essentially 

eliminated (Fig. 15); and there are no ephemeral stream 

valleys (such as the two short valleys into Pine Springs 

Camp) that lead down the western talus slope into this 

site (Plate 2, Fig. 14). Therefore, this recommended 

site (also on Quaternary alluvium) for the lower base 

station and tower 1 would lessen flood and rockfall 

hazards. 
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Tower 2 
,II' 

Because the exact location of tram tower 2 has not 

been surveyed, the site is assumed to be on the north 

talus slope of Pine Springs Canyon, north-northwest of 

Pine Springs Campground (Plates 1 and 2, Figs. 4 and 14). 

This particular site was assumed because there are no 

obstructions between it and tower 1 (or alternate tower 

1) and tower 3 (or alternate tower 3), and geologic haz-

ards are minimized. The main drainage channel of Pine 

Springs Canyon is south of the indicated site, and cliffs 

of the mass1ve Capitan Limestone are located to the north 

(Figs. 4 and 14). The site proper is on the Cherry Canyon 

Formation (Plate 1), which is covered by a thin layer of 

talus and soil. Bedrock jointing is probably extensive, 

although lack of good exposures excludes direct observa-

tion. Observations at other localities in Pine Springs 

Canyon show that the Cherry Canyon Formation is extensively 

fractured in much the same manner as the overlying lime-

stones (Fig. 16). 

At this locality, the bedrock is very fine-grained, 

quartz sandstone. Average diameter of the grains is 

approximately 0.1 millimeter. Thin sections are finely

laminated due to variation 1n the percentage of quartz 

grains composing different layers. The cement is almost 

100 percent dolomite and is micritic (grain size 4 

microns or less). Cementation is well-developed, thus the 



Figure 16. Closely spaced joints in the thin-bedded 
Cherry Canyon Formation in Pine Springs Canyon. 
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sandstones have low porosities. 

This tower site is between faults 4 and 5, on the 

upthrown side of both (on a horst structure); therefore, 

neither fault plane passes beneath the site (Plates 1 

and 2). Mass movement hazards may be of some importance 
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here. The cliffs of massive Capitan Limestone (located to 

the north) may serve as a source for rockfalls, but the 

cliffs above this area are lower than usual (Fig. 4). The 

well-developed stream valleys to the west of the site 

(Plate 2, Figs. 4 and 14) will effectively channel rock

fall material away from the tower locality. This tower 

site is not considered to be in a hazardous rockfall area 

(Plate 2), but a fall originating at the right point on 
•* 

the cliffs could, conceivably, affect the area. Hazards 

due to floods (including erosion and deposition by running 

water) are not of great importance. Drainage channels 

surrounding the site are fairly well-developed, and the 

location is at a safe distance from (and at a safe eleva-

tion above) the main ephemeral stream channels of Pine 

Springs Canyon (Fig. 14). It is unlikely that solution 

cavities could be developed to any great extent in the 

Cherry Canyon Formation; therefore, solution collapse will 

not be a geologic hazard here. 

The most pertinent geologic problems likely to be 

encountered at this site are rockfalls (though the 
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possibility of falls directly affecting this site is 

remote) and the jointed nature of the bedrock. As a pro

tective measure, it is recommended that a wall be con

structed around the tower site, in order to channel 

rockfall debris away from the tower. Grouting and other 

special practices will probably be necessary to insure 

foundation stability on the extensively jointed bedrock. 

Tower 3 

This site is located on the north talus slope of Pine 

Sp~ings Canyon, south-southwest of Hunter's Peak (Plates 

1 and 2, Figs. 4 and 17). The major drainage channel of 

the canyon is south of the site, and cliffs of massive 

Capitan Limestone are located to the north. The ground 

surface at this locality slopes gently toward the south, 

and the fine-grained sandstones of the Cherry Canyon 

Formation are covered by a thin sheet of coarse talus and 

soil. Removal of the soil and talus veneer should present 

no problem, thus, foundations can be placed on bedrock. 

Extent of jointing in the bedrock lS unknown due to lack 

of good exposures, but observations at other localities 

(Fig. 16) indicate that these sandstones are extensively 

fractured. 

Thin sections of the Cherry Canyon Formation at the 

site of tower 3 were analyzed. Lithology is similar to 

that at tower 2. The bedrock is very fine-grained 



Figure 17. View of the north slope of Pine Springs 
Canyon from the slope on which towers 4 and 5 
are located (Plates 1 and 2). Sites for towers 
3 and 4 are indicated by number. Arrow indicates 
the location of Figures 18 and 19. 
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sandstone. The quartz grains are angular to subangular 

and well-sorted. Most of the grains are approximately 

0.1 millimeter 1n diameter. A finely-laminated texture 

is apparent in thin section, with some of the layers con

taining a higher percentage of quartz than others. The 

grains are cemented with dolomicrite (dolomite of a gra1n 

s1ze of 4 microns or less), with a small amount of hema

tite present in some layers. In general, fine-grained 

dolomite cement fills all the voids, thus the sandstones 

have low porosities. 

The trace of fault 5 passes within 200 feet of the 

tower site (Plates 1 and 2). The site is located on the 

downthrown side of the fault, thus, the fault plane 

passes beneath the site at some depth. This could con

tribute to earth-settling problems. The site is between 

two ephemeral stream valleys (Plate 2), thus erosion by 

the action of water will present no hazard. However, 

drainage patterns are not well-developed and will not 

. greatly influence the coarse of rockfalls. Rockfalls are 

a maJor hazard at the site because the cliffs of massive 

limestone (located to the north) are highly fractured, 

and many unstable areas exist (Figs. 3, 17, 18, and 19). 

The surveyed location for tower 3 is within a hazardous 

rockfall area (Plate 2). The presence of large solution 

cavities in the subsurface is not likely because of the 



Figure 18. Unstable cliffs on the north wall of Pine 
Springs Canyon, above the site for tower 3. 
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Exact location is shown by the arrow ln Figure 17. 

Figure 19. Jointing in t he unstable cliffs on the 
north wall of Pine Springs Canyon, above the 
site for tower 3. Exact location is shown by 
the arrow in Figure 17. 

' 
' 



lithologic character of the underlying rocks (fine

grained sandstones). 
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In summary, the most pertinent geologic hazards at 

the site of tower 3 are rockfalls (originating in the 

unstable cliffs to the north), the presence of fault 5 at 

the surface and 1n the subsurface, and the fractured 

nature of the bedrock. Because of these hazards (particu

larly rockfall), it is recommended that the site for tower 

3 be relocated approximately 1600 feet to the northwest 

(Plates 1 and 2, Fig. 20). This alternate location has 

the following advantages: the limestone cliffs to the 

north have less relief and are more stable (Fig. 2); 

drainage patterns are well-developed and will channel 

rockfalls away from the site; and the alternate location 

is a safe distance from fault 5 and is located on the up

thrown side of fault 6, thus the fault plane does not 

underlie the site (Plate 1). The bedrock at both sites 1s 

essentially the same, and grouting and/or other construc

tion practices will probably be necessary to compensate 

for extensive jointing. The exact location of the tower 

should be as far away from the major faults as is feasible. 

Some protection from rockfalls should be provided, regard

less of which site is ultimately chosen. A strong fence 

or retaining wall should be constructed around the tower 

and shaped so that it would effectively channel rockfall 



Figure 20. View, looking west, of the recommended 
alternate location for tower 3 (Plates 1 and 2). 
Arrow indicates the location of this alternate 
site. Note the drainage patterns in this area 
and the nature of the cliffs at right. 
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debris away from the tram tower. 

Towers 4 and 5 

Tram towers 4 and 5 are located on the same steep, 

southeast-dipping, slope of the Capitan Limestone (Plates 

1 and 2, Figs. 5 and 21); therefore, these two sites 

share many of the same geologic problems. The 35° dip 

(78 percent grade) of the land surface toward the south-

east terminates in the major drainage channel which forms 

the eastern edge of the Meadow (Plate 2). A good vegeta-

tive cover does exist on this slope, but soil development 

is poor (1 to 2 inches). Structures will be built on 

bedrock. The rocks of the Capitan Limestone are densely 

jointed in this area, and most of the joints, which are 

vertical, trend N30°W. 

Bedrock samples fro~ the individual sites are 

similar. At both tower sites, the Capitan Limestone 1s 

very fine-grained and arenaceous. The sandy material is 

almost exclusively quartz and makes up 30 to 40 percent 

of the rock. The carbonate material is almost 100 

percent dolomite. In general, the rock 1s tight, but 

there are some small fractures along which porosity has 

developed. At this locality, the Capitan Limestone 1s 
.~ 

not very fossiliferous. 

The existence of major faults 1n this area (faults 
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Figure 21. View, looking northwest, of the steep slope 
on which sites for towers 4 and 5 are located. 
Locations for each are indicated by number. Note 
the fractured nature of the bedrock and the steep 
dip of this slope. 
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7 and 8) 1s of some importance (Plates 1 and 2). The 

plane of fault 8 does underlie tower site 4 in the 

subsurface. Mass movement hazards are important at these 

sites only 1n so far as construction near cliffs (which 

bound this slope on its northwestern and northeastern 

margins) may cause caving. The existence of major faults 

and a number of closely spaced joints may contribute to 

subsurface solution, but the steepness of the slope makes 

the extensive percolation of waters into the subsurface 

unlikely. 

The major geologic hazards at sites 4 and 5 are 

the steepness of the slope (Fig. 21), the presence of 

fractured cliffs on the northeastern and northwestern 

margins (Fig. 5), and the existence of major faults and 

a number of closely spaced joints at this locality. 

Foundations will probably need to be dug into the 

bedrock on the updip sides of construction sites, 1n 

order to compensate for the steep ground surface. 

Towers should be placed as far from the bounding cliffs 

as is feasible, and also should be constructed as far 

from major faults as possible (particularly in the case 

of tower 4). Special techniques will have to be em

ployed to compensate for the fractured nature of the 

bedrock. 



Upper Base Station and Tower 6 

Tower 6 and the upper base station are located In 

the northeastern corner of the Meadow (Plates 1 and 2, 

Figs. 5, 22, and 23). The land slopes gently toward the 

southeast into a ravine which ·~ivides the Meadow into two 
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physiographic parts (the northern part sloping southward, 

and the southern part sloping northward) (Fig. 25). The 

northern, southern, and western edges of the Meadow are 

bounded by precipitous cliffs, whereas the eastern side 

slopes into a deep drainage channel which runs northward 

into Pine Springs Canyon (Plate 2, Figs. 22, 23, and 24). 

The northeastern corner of the Meadow has a good vegeta

tive cover and about two inches of soil over bedrock. 

Structures can, therefore, be constructed on the thin

bedded Carlsbad Limestone bedrock, which is densely 

jointed in all parts of the Meadow (the majority of the 

vertical joints trending N30°W). Dense jointing and the 

thin-bedded character of the Carlsbad Limestone combine to 

give the bedrock in the Meadow a highly fractured appear

ance (Fig. 24) . 

At this locality, the Carlsbad Limestone is highly 

fossiliferous, also containing a high percentage of fecal 

pellets. The fossils and pellets range from about 0.25 

millimeter up to about 7 millimeters in diameter. These 

grains are not tightly packed or well-cemented, and the 



Figure 22. View of the northeastern edge of the 
Meadow from the location of tower 5 (Plates 1 
and 2, Fig. 21). Location of tower 6 is indi
cated by number. Note the vertical cliffs 
which bound this edge of the Meadow. 
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Figure 23. View of the northeastern edge of the Meadow, 
looking northwest. This area is the location of 
tower 6 and the upper base station (Fig. 22). Note 
the relatively gentle slope of the surface and the 
sheer cliffs at right. 

Figure 24. View of the highly fractured cliffs, which 
form the northwestern edge of the Meadow. 



rock has a f3irly high porosity. The carbonate material 

is 80 to 90 percent dolomite (with some local zones 

composed of calcite) and is dominantly micritic (grain 

s1ze 4 microns or less). 
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Jointing at this site will be the maJor problem 

related to foundation planning. Major faults are located 

at a safe distance, the closest one cutting the south

western edge of the Meadow at Guadalupe Canyon (Plates 1 

and 2). Rockfall hazards are non-existent at this site 

due to the complete absence of overhanging cliffs. 

Because the Meadow is bounded on its northern, southern, 

and western sides by cliffs, mass movement (the caving of 

these cliffs) could be a major problem if construction 

sites are located too close to these precipices (Figs. 22 

and 24). If construction is avoided 1n, or near, the 

drainage patterns which transect the Meadow (Plate 2, Fig. 

25) erosion by running water will present no hazard. 

Solution collapse may be a problem because of low surface 

gradients (allowing surface waters to percolate into the 

subsurface), jointing (offering channels along which this 

percolation can take place), and the presence of the solu

tion-prone Capitan Limestone in the subsurface (directly 

underlying the Carlsbad Limestone at this site). 

The most important problems at this site will be the 

possible collapse of solution cavities below the site, the 
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possible collapse of cliffs which bound the area, and the 

fractured nature of the bedrock. Because of the geomorpho

logic, structural, and stratigraphic conditions at this 

site, the subsurface should be tested for the existence of 

solution cavities before construction plans are finalized. 

Exact construction sites should be located well inside any 

bounding cliffs, preferably located in (toward the center 

of the Meadow) a distance equal to the height of the 

cliffs. Because of the slope of the Meadow at this site 

(toward the south), this ideal distance may be impossible 

to achieve. Nevertheless, construction sites should be 

located as far from the cliffs as possible. Good engine

ering practices should be followed in order to compensate 

for the fractured and porous nature of the bedrock. 

Because of the geomorphology of the Meadow (the 

northern part sloping to the south, and the southern 

part sloping to the north), it is recommended that an 

additional tower site be located near the southwestern 

corner of the Meadow. Recommended location for this 

additional tower (numbered tower 6') is shown on Plates 

1 and 2 and in Figure 25. Geologic conditions at this 

location are much the same as those at the location of 

tower 6, with the exception of this location being nearer 

to fault 9. This additional tower would reduce the 

distance between the last tower (tower 7, near Guadalupe 
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Figure 25. View of the southern portion of the Meadow. 
Guadalupe Peak is in the background. Arrow denotes 
the location of recommended additional tower 6' 
(Plates 1 and 2). Note the ravine which divides 
the Meadow into two physiographic parts. 



Peak) and those in the ~cadow. It is felt that this 

additional tower will add significantly to the stability 

of the tramway by reducing stresses on both tower 6 and 

tower 7 (high winds often move across the area between 

Guadalupe Peak and the Meadow). 

Tower 7 

The upper terminus for the tramway (tower 7) 1s to 

be located on a narrow bedrock bench below and to the 
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east of Guadalupe Peak (Plates 1 and 2). This location IS 

a relatively flat portion of a narrow spur which extends 

down the eastern side of Guadalupe Peak, terminating 

abruptly at the upper end of Guadalupe Canyon (Fig. 26). 

This spur is not more than 30 to 40 feet wide at the loca

tion of the tower and is bounded by steep slopes on either 

side. Therefore, the upper tower and egress facilities 

for tourists cannot be very large, and should cover as 

little area as is feasible. Talus slopes on the northern 

side of this spur are somewhat steeper than those on the 

southern flank, and low cliffs are also present locally on 

the northern flank (Fig. 26). No significant thickness of 

soil or talus exists at this site, and the tower will be 

constructed on bedrock (the thin-bedded Carlsbad Limestone). 

The Carlsbad Limestone is highly jointed in this area, 

although no faults are located in the immediate vicinity 

(Plates 1 and 2). Joint density is approximately one 



Figure 26. View of Guadalupe Peak from the south
western edge of the Meadow, near the location 
of tower 6'. Arrow indicates the position of 
tower 7. 
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every 3 feet, the joints being vertical and trending 

N30°W. The thin-bedded nature of the unit and the 

presence of joints effectively brecciate the rock. 

Massive calcite fills many of the joints in the area, 

thus blasting should be avoided because of the cleavage 

properties of calcite (Goolsby and Reeves, 1974). 

At this site, the Carlsbad Limestone is highly 

fossiliferous and pellets are also abundant. The size 

of these grains is usually about 0.25 to 2 millimeters. 

The grains are more tightly packed and cementation 1s 

better developed than in the specimens studied for tower 

6. Therefore, the porosity of the Carlsbad Limestone at 

this site is somewhat less than at tower 6. The car

bonate material is approximately 70 to 80 percent 

calcite. The cement is dominantly sparry calcite, but 

micrite is also abundant (usually within grains and as 

grain coatings). 
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The effects of jointing will be of some importance at 

this site, but the nearest fault is located at a safe 

distance (Plates 1 and 2). No major drainage system cuts 

the spur in this area, thus erosion will not present a 

hazard. Rockfalls are no hazard here, but caving of the 

underlying rock could be a problem if construction sites 

are too close to cliffs (particularly on the northern 

flank). To the writer's knowledge, no springs issue from 



the canyons in the immediate vicinity, although some do 

occur at some distance down the flanking canyons (Guada

lupe Springs, for example). The occurrence of large 

solution cavities below this site is not probable, but 

the possibility cannot be ruled out entirely because the 

Capitan Limestone does underlie the site. 
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The most important problems at this site will be the 

narrow character of the mountain spur (because construc

tion near cliffs must be avoided) and the brecciated 

nature of the bedrock. Exact placement of structures 

should be offset slightly toward the southern flank of the 

spur to avoid building on the low cliffs which occur on 

the northern flank. The fractured nature of the bedrock 

should be compensated for when foundations are laid. 

Construction planning for this upper terminus is 

also important in another respect. Located as it is· 

(very near Guadalupe Peak), this tower will be visible 

for miles around. Any alteration of the natural terrain 

in this vicinity must be carefully planned, so as not to 

mar the beauty of Guadalupe Peak and the surrounding 

area. A summary, of the major geologic hazards at each 

construction site and recommendations concerning each 

site, is presented in Table 6. 



Tower Site 
(see Plates 1 and 2 
for exact locations) 

Lower Base Station 
and Tower 1 

----------~-

Alternate Site for 
Lower Base Station 
and To,.;er 1 

Tower 2 

TABLE 6 

MAJOR GEOLOGIC HAZARDS AND RECOMMENDATIONS 

Major Geologic Hazards 
(listed in order of importance) 

1. l\lass mo\·ement by runnlng 
water (jncluding flood 
hazard). 

2. Rockfall. 

---~---~---------~------

1. Mass movement by runn1ng 
water (including flood 
hazard). 

1. Rockfall. 

2. Jointed bedrock. 

Recom1nenda t ions 
Concerning Each 

Major Geologic IIazard 

1. Relocate approxi
mately 800 feet to 
the southeast 
(Alternate 1). 

2. Construct protective 
wall around sjte. 

1. Avoid construction 
in or near the small 
stream channels 
which transect this 
area. 

1. Construct protective 
wall around site. 

2. Special construction 
practices. 

C)\ 
C)\ 



Tower 3 

Alternate site for 
Tower 3 

Towers 4 and 5 

TABLE 6 (Continued) 

1. Rockfall. 

2. Presence of fault 5 at 
surface and in subsurface. 

3. Jointed bedrock. 

1. Relocate approxi
mately 1600 feet to 
the northlves t 
(Alternate 3). 

2. Relocate as described 
above. 

3. Special construction 
practices. 

-~-- ----------------· ----- --------- ---.-. -------~ ----~--

1. Rockfall. 

2. Jointed bedrock. 

1. Construct protective 
wall around sjte. 

2. Special construction 
practjccs. 

------ ~-------~---~---------------~------
-

1. Steep dip of land surface. 

2. Proximity of fractured 
cliffs. 

3. Presence of fault 8 at 
surface and in subsurface. 

4. Jointed bedrock. 

1. Set foundations into 
bedrock on updip 
sides of sites. 

2. Build as far from 
these cliffs as 
possible. 

3. Build as far from 
this fault as 
possible. 

4. Special construction 
practices. 

0\ 
......:1 



Tower 6 

Tower 6' 

To,,·er 7 

TABLE 6 (Contjnued) 

1. Solution collapse. 

2. Proximity of fractured 
cliffs. 

3. Jointed bedrock. 

1, 2, 3. Same as for tower 
6, above. 

1. Subsurface testing by 
geophysical surveys 
and/or drilling. 

2. Build as far from 
these cliffs as 
possjble. 

3. Special constructjon 
practices. 

1, 2, 3. SaJI!O crs fo1 
toh'er (1, above. 

---------------------------
1. Narrow character of this 

spur. 

2. Steep dip of the slopes 
which flank this spur. 

3. Jointed bedrock. 

1. Facj J j ties sJJoulcl 
cover as little area 
as possible. 

2. Exact site should be 
slightly offset 
toward southern 
flank of this spur. 

3. Special construction 
practices. 

--------------Note: For a more complete description of hazards and recommcncl~tions, sec text pages 39-74. 

0\ 
00 



CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

General 

From a geological standpoint, the tramway proposal 

represents a feasible alternative for development of the 

Guadalupe Mountains National Park. The geologic hazards 

are not considered great enough to warrant a radical 

change in the tramway route (Plates 1 and 2). Indeed, 

any route from the low country to Guadalupe Peak will 

involve many of the same geologic hazards (faulting, 

jointing, rockfall, etc.). 

Structural geologic hazards (faulting and jointing) 

should be g1ven careful consideration before construction 

plans are finalized. Construction sites should not be 

located on fault traces, and construction on the down

thrown sides of faults should also be avoided, where 

possible, because the fault plane will underlie these 

sites at depth. If a specific site must be located near a 

fault, it should be placed on the upthrown side (in the 

case of the normal faults in this area). If this is not 

possible (as in the case of tower 4), then the site should 

be located as far from the fault trace as is possible, 

although the near-vertical nature of the faults reduces 

the area which may be directly affected by these hazards. 
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Grouting and/or other special construction practices will 

probably be necessary to lnsure foundation stability at 

all sites where bedrock lS extensively jointed. 

Mass movement hazards are also of importance ln the 

Pine Springs Canyon area. Construction in hazardous rock

fall areas (Plate 2) should be avoided. Sites which are, 

even remotely, susceptible to rockfalls should have a 

protective wall constructed around them. Areas which are 

subject to flash floods should also be avoided. All sites 

should be located at a safe distance from and at a safe 

elevation above the main drainage channels of Pine Springs 

Canyon (Plate 2). Smaller ephemeral stream channels 

should also be avoided. Structures should be placed on 

solid bedrock, where possible, to reduce the possibility 

of erosion undercutting foundations. 

In some parts of the study area, the existence of 

large solution cavities in the subsurface is a definite 

possibility. Clearly, collapse of these cavities could 

have disastrous effects on structures. Drilling and/or 

geophysical surveys (resistivity, seismic reflection, 

etc.) can be utilized to detect the existence and loca

tions of such cavities. These methods should be employed 

in those areas where geologic and geomorphologic condi

tions favor subsurface solution. 

The possibility of earthquakes occurring 1n the Park 



area obviously has an important bearing on all types of 

anticipated development. Although the preliminary data 

(collected for this report) does not indicate the area to 
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be seismically active, the frequency predictions (Table 5) 

do indicate the possibility of a destructive earthquake 

occurring in this area within the projected lite of the 

tramway and related development. In order to establish 

more reliable frequency predictions, more seismic monitor-

ing should be conducted. The results of this recommended 

monitoring will indicate whether structures planned for 

the Park should be engineered to withstand earthquake 

shocks. 

Specific 
.~ 

The site for tower 1 and the lower base station should 

be located approximately 800 feet southeast of Pine Springs 

Campground (Alternate 1 on Plates 1 and 2). The present 

camp site is not a highly objectionable location, but the 

recommended site will greatly lessen flood hazards and will 

eliminate rockfall hazards. With this recommended change, 

Pine Springs Campground can continue to be utilized (and 

perhaps expanded) to complement facilities planned for 

the lower base station. 

The site for tower 2 seems, from a geological stand-

point, to be the best location possible along the north 

talus slope of Pine Springs Canyon. However, any locality 



along the northern slope of the canyon will be suscep

tible to rockfalls, it is recommended that a protective 

wall, shaped so that it will channel rockfalls away from 

the tower, be constructed around tower 2. 

The site for tower 3 should be relocated approxl

mately 1600 feet to the northwest of the present (sur

veyed) location (Alternate 3 on Plates 1 and 2). This 

relocation will serve to minimize geologic hazards 

(particularly rockfall). However, rockfalls could, con-
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ceivably, also affect this recommended site, thus tower 3 

should also have a protective wall. 

Towers 4 and 5 should be constructed as far from the 

cliffs which bound the slope (Fig. 5) as is possible. 

Tower 4 should be built as far from fault 8 (Plates 1 and 

2) as is possible. Solid construction for these towers 

(4 and 5) is critical. Together, towers 4 and 5 represent 

the mechanical link between the low country on the north 

slope of Pine Springs Canyon (tower 3) and the high 

country on the northeastern edge of the Meadow (tower 6). 

Therefore, both towers will have to be engineered to with

stand great stresses, and foundations will probably have to 

be set deeply into the bedrock on the updip (northwestern) 

sides of construction sites. 

Construction of tower 6 and the upper base station 

near the precipitous cliffs which bound the Meadow (Figs. 
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22 and 24) should be avoided. The site for this tower is 

located in an area where conditions are favorable for the 

development of subsurface solution cavities. Geophysical 

surveys and/or drilling should be employed to check for 

cavities beneath the site. Due to the physiographic 

nature of the Meadow and the distance between towers 6 and 

7 (Plates 1 and 2), it is recommended that an additional 

tower (6') be constructed at the southwestern edge of the 

Meadow (Plates 1 and 2, Fig. 25). The subsurface should 

also be tested below this site before construction plans 

are finalized. 

The exact site for tower 7 should be offset slightly 

to the south of the center of this narrow mountain spur, 

1n order to avoid building on the low cliffs on the 

northern slope (Fig. 26). The facilities at tower 7 

should cover as little area as is feasible due to the 

narrow nature of the mountain spur. 

In conclusion, all towers and other structures 

should be carefully planned and engineered, so as to 

minimize geologic hazards and future problems. In all 

cases, disturbance of the natural terrain should be mini-

mized. Any disturbance (the clearing of vegetation and 

top soil, etc.) will greatly accelerate natural erosion, 

and may result in irreparable damage to the landscape. 

The construction of the proposed tramway is feasible, but 



it will, no doubt, be a delicate and expensive under
taking. The recommendations presented here should be 
carefully integrated with ecological and environmental 
considerations, 1n order to formalize a viable plan for 
the development of this scenic area of the Guadalupe 
Mountains National Park. 
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