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CHAPTER I 

INTRODUCTION 

Soil is recognized as a natural entity, the character 

of which is determined by the interaction of its parent 

material and environment over time. Since both direction 

and rate of reactions occurring in soils are controlled by 

environmental factors, differences in soil properties 

result from variations in the factors. Parameters govern

ing the direction and rate of profile development include 

slope of the land surface, drainage, biotic activity (both 

plant and animal), and climatic variations. 

Research concerning effects of variations in the topo

graphic factor in the United States has been limited to 

humid regions for the most part. Practically no information 

is available on the magnitude of differences in soil prop

erties caused by aspect variations in the southwestern 

United States. 

Soils were surveyed in five selected watersheds in the 

Guadalupe Mountains National Park as part of an overall 

project entitled, "Watershed Impacts of Recreational Develop

ment in the Guadalupe Mountains National Park of Texas" 

(Fig. 1). During the course of the field work, it was dis

covered that soils on north- and south-facing slopes seemed 

to have perceptibly different profile morphologies and 
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apparent differences in physical and chemical properties. 

The primary objective of this thesis research has been to 

deteirmine the effects of elevation and aspect on soil 

morphological, physical (including temperature), and chem

ical properties in three ecological zones in the Park. 

Determinations of mean annual soil temperatures at SO cm 

permitted the proper placement of these soils into the 

United States comprehensive soil classification system. 



CHAPTER II 

LITERATURE REVIEW 

Effect of Aspect and Elevation 
On Soil Temperature 

Shreve (1924a) and Cantlon (1953), among others, con

cluded that, in general, north-facing slopes (north aspects) 

may differ from adjoining south-facing slopes (south 

aspects) in various environmental parameters such as soil 

and air temperatures, soil and atmospheric moisture, light 

intensity, and wind velocity. Furthermore, these exposure-

induced variations were found to cause differences in 

vegetation. 

Fluker (195 8) stated that rainfall and accompanying 

cloudiness, along with preexisting soil moisture levels and 

other soil conditions, exerted influences on soil tempera

tures. Rainfall promotes either cooling or warming trends 

in the soil, depending upon the season. With greater rain

fall, temperatures of permeable soils were affected to a 

greater extent than were those of impermeable soils, due 

to their greater percolation rates, which, in turn, modi

fied their soil temperatures. Soil moisture apparently 

influences radiation received, evaporation, specific heat, 

thermal conductivity and diffusivity, and heat capacities 

of soils. 



Shreve (192 4a) in his Arizona study concluded that soil 

temperatures decreased with increased elevation, and that 

soil temperatures were higher on south aspects than on 

north aspects. This phenomenon has been confirmed by sev

eral other researchers (McDole and Fosberg, 19 74; Smith 

et al., 196 4) . In both of the latter studies it was also 

reported that mean annual soil temperature (MAST) was 

directly related to elevation. 

Cooper (1960) in a Michigan study explained the role 

of microclimate in soil genesis with emphasis on topograph

ical location. Light intensity was always highest on south 

aspects during every season. The greatest difference in 

maximiun air temperatures occurred during midsummer. Dif

ferences in average minimum air temperatures were greatest 

during the growing season and were smallest during the 

winter months. In early spring, before canopy closure, 

lowest minimum air temperatures were found on north-facing 

slopes. Throughout the entire growing season, evaporation 

losses were greater on south aspects, while more favorable 

soil moisture levels obtained on north aspects. Cooper's 

(1960) study also correlated aboveground climate and under

ground soil temperatures. He also concluded, as did Jenny 

(19 41), that it was soil temperature and moisture conditions 

of a soil through time, that were of most importance in soil 

genesis occurring on opposing slopes. 



Smith et al. (1964) concluded that ground water and 

organic matter content had little influence on MAST, but 

that shallow ground water did influence seasonal temperature 

fluctuations during periods of freezing and thawing. 

Franzmeier et al. (1969) reported temperature differ

ences between north- and south-facing slopes due to differ

ences in the amount of solar radiation received on the 

Cumberland Plateau of Tennessee. North aspects had greater 

variation in soil temperatures than did south aspects, and 

temperature differences due to aspect were greater in 

winter than in summer. 

Apparently the effects of direct radiation on soil 

temperatures are greatly modified by diffuse radiation, air 

temperatures and air movement, and evapotranspiration of 

soil water (Franzmeier et al.,1969). 

According to Smith et al. (196 4), mean monthly soil 

temperatures vary with depth. In any given soil, temperature 

fluctuations are greater with proximity to the surface. 

Seasonal variations of soil temperature are also greatest at 

the surface and tend to decrease with depth until, at a 

depth of 30 feet or more, they disappear. 

Smith et al. (1964) indicated that mean monthly soil 

temperature, at prescribed depths, fluctuated about the 

MAST as an approximate sine curve, showing fluctuations at 

the 9-m (30-foot) depth, to be less than 0.IC (0.2F). This, 



he concluded, allowed an estimation of MAST values to be 

accomplished by a single reading taken at 9 m any time 

throughout the year. McDole and Fosberg (19 74) had similar 

results in Idaho and concluded that soil temperatures vary 

with depth due to daily and seasonal cycles. Several re

searchers found that daily soil temperature fluctuations 

are minor below the SO-cm (20-inch) depth (Elford and Shaw, 

1960; Smith et al., 1964). 

Vegetative cover and litter accumulation are generally 

thicker in colder climates. Thus, they reduce seasonal 

fluctuations of soil temperature because of insulation 

effects (Smith et al., 1964) 

Bouyoucos (1916) found that coarse-textured soils are 

warmer than fine-textured soils because they hold less 

water for evaporation and hence have less cooling potential. 

However, he concluded that soil color and texture generally 

had minor effects on MAST. Other research agrees with 

these conclusions (McDole and Fosberg, 1974; Smith et al., 

1964) . 

Carlton, Young, and Taylor (19 74) showed in their New 

Mexico study, that soil temperatures occurring at higher 

elevations tended to be warmer on southern exposures than 

on nothern exposures. They described natural vegetation 

zones and the elevations at which they occurred, and noticed 

temperature differences among various sites as influenced by 

wind speed and direction, and amount of snow cover. 



8 

Daubenmire (19 6 8) concluded that litter accumulation, 

resulting from plant cover development, reduced soil tem

peratures. In cool climates, soil temperatures under dense 

vegetation tended to be lower in spring and summer, but 

higher in autumn. A forest canopy tended to shift the 

favorable temperature period of plants to later in the 

annual rainfall and photoperiod cycles due to the ability 

of the canopy to delay alternate freezing and thawing of a 

soil. Daubenmire stated that this was one way an over-

story can exert control over successional changes. The 

canopy would also intercept snow and allow the soil to 

freeze deeper before an insulating blanket could accumulate. 

Observations in areas with considerable relief reveal 

variations in vegetative composition with slope aspect dif

ferences. Gail (19 21), in a study of Douglas fir 

(Pseudotsuga menziesii) distribution, found that northeast-

facing slopes supported forest vegetation while south-facing 

slopes were treeless. His study revealed that south aspects 

had greater wind velocities, lower relative humidity, more 

evaporation, and warmer soil temperatures. 

Shreve (192 4b) found vegetation to be markedly affected 

by slope exposure. He concluded that insolation was more 

important than air temperature in determining soil temper

ature, and that the differences in vegetation on north- and 



south-facing slopes were due to a group of conditions 

initiated by differences in insolation and soil temperature. 

Effects of Soil Temperature, as Influenced 
by Aspect, On Soil Properties 

Morphological Properties: 

Soil profiles on contrasting north- and south-facing 

slopes have been shown to be substantially different in 

response to different soil forming factors. 

Aandahl (19 48) stated that when describing a slope 

position, several factors must be considered. While topog

raphy was a major soil forming factor because it influences 

temperature, runoff, and evapotranspiration, slope gradients 

were not, in themselves, adequate to completely describe 

soils occurring on the slope. In addition, slope length, 

curvature (whether convex or concave), and exposure was 

also important in soil formation and development. 

Norton and Smith (19 30) reported that the most impor

tant effect of slope lies in its influence on the moisture 

status of the soil. This in turn, affected the temperature 

regime of the soil. Both affected weathering rates. As 

slope increased, runoff increased, and consequently, the 

amount of moisture entering the soil decreased. 

Cooper (1960) found that north- and south-facing slopes 

were characterized by different types of weathering pro

cesses. The sola were deeper on the north aspects and 
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shallowest on the upper slopes of south aspects. The fact 

that the surface horizons of south aspects underwent cycles 

of freezing and thawing in winter, and periods of alternate 

wetting and drying during spring and summer, resulted in 

proportionately greater soil weathering occurring on 

southern slopes during the year. Cooper explained that 

similar horizons on north aspects remained uniformly frozen 

throughout the winter in Michigan. Thus, the physical 

stresses caued by alternate freezing and thawing, as well 

as the temperature changes, resulted in greater chemical 

and biotic weathering on south aspects. He concluded that, 

in general, microclimates of south-facing slopes favored 

shallow, intense profile development, whereas that of north-

facing slopes produced deeper, less weathered profiles. 

Losche et al. (19 70) explained that differences found 

in weathering stages on north versus south aspects in their 

North Carolina study were due to higher soil temperatures 

which occurred on south-facing slopes. This agrees with 

Cooper's study (1960). 

Franzmeier et al. (1969) found that soils occurring on 

southern aspects had argillic horizons, while northern ex

posures had cambic horizons on the Cumberland Plateau. 

Prior to the study, the investigators hypothesized that 

soils on steep mountain slopes had thin, weakly developed 

profiles; however, they found the slopes to be relatively 
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stable, and that soils which had developed from acid shales 

and siltstone had deep, well-developed sola. 

Cooper (1960) and Aandahl (19 4 8) showed that solum 

depth increased from slope tops to bottoms. This was due to 

increased runoff near slope tops, and to microclimate dif

ferences on the various slope positions. 

Physical Properties 

Steen (19 57) in Geirmany, found that under a natural 

pasture with south aspects of 4° and 20°, there was little 

difference in the well developed crumb structure in the 

upper 10 cm of soil. Lower in the profile, soil on south 

aspects showed a more pronounced fragmented structure with 

small aggregates and greater pore space. North-facing 

slopes showed larger aggregates and more available water 

with less evapotranspiration. 

A study by Klemmedson (1964), in Idaho, showed that 

gravel content on south exposures was greater than on north 

exposures. The soils studied had developed from Crowsnest 

Gravel which consisted mostly of quartzite and granite. 

Gravel content increased with distance downslope, but then 

again decreased at the bottom. Presimiably, the differences 

in gravel content related to exposure had arisen from dif

ferential soil formation and soil erosion. Since there was 

a flattening of the slope near the bottom, gravel content 
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should have decreased. On north aspects, gravel content 

was higher on the ridge shoulder, yet decreased with dis

tance downslope to the bottom. 

According to Losche et al. (19 70), soils of opposing 

aspects differed significantly in physical and chemical 

properties as well as in morphology. South-facing slopes 

tended to be redder in color and had higher free iron con

tents. They also found soils on south exposures to have 

thicker sola, contain more clay in the B horizons, and to 

show more evidence of clay illuviation. In contrast to 

what Cooper (1960) and Aandahl (19 4 8) stated, Losche et al. 

(19 70) , suggested that soils occurring on the lower slope 

positions were more highly weathered than the soils on the 

upper slope positions. 

Franzmeier et al. (1969) pointed out that soils on 

north exposures were darker in color than those of the 

south aspect. In soils paired for elevation, the A and 

upper B2 horizons of those on north aspects had lower 

chromas or lower values than on south aspects. South 

aspects were found to have redder B horizons. Cooper (1960) 

concluded that Al horizon colors were darker on north 

aspects as a result of higher organic matter accumulation. 

Chemical Properties 

Several researchers have found organic matter to be 

higher on north-facing slopes than on south-facing slopes 
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(Cooper, 1960; Finney et al., 1962; Franzmeier et al., 1969; 

Klemmedson, 1964). As Franzmeier et al. (1969) stated, 

soils on south aspects had less organic matter throughout 

their sola because of warmer temperatures, which promoted 

more rapid oxidation. Northern exposures had greater 

amounts of litter which persisted longer than on opposing 

southern exposures. Finney et al. (1962) showed that 

organic matter content, expressed as organic carbon percent, 

did not vary appreciably in the Al horizons of northeast-

and southwest-facing slopes. However, when it was expressed 

on a weighted basis down to 20 inches it was significantly 

higher on northeast-facing slopes, due to the greater 

amounts in subsoil horizons. Klemmedson (196 4) found that 

organic carbon, water retention, and percent nitrogen were 

greater on north exposures. 

In their southern Arizona grassland study, Haase and 

Schreiber (19 72) reported percent vegetative cover varied 

in response to aspect, soil differences, and slope position. 

In determining aspect influences on the Bernadino series, 

they found more acid soils, greater clay contents, and 

higher moisture retention at IS atmospheres tension on 

north aspects, and indicated that this was due to greater 

leaching. They related this to lower incident radiation 

on northern slopes. These findings agree with Klemmedson 

(1964), i.e., that soils of southwest-southeast aspects 
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generally had lower values for organic carbon. From 

Klemmedson's study (1964), moisture retention at IS atmos

pheres tension decreased with distance downslope on north 

aspects, but that on any pair of opposing north-south 

aspects, moisture retention values at 1/3 and 15 atmos

pheres tension were significantly higher on north-facing 

slopes. 

Steen (19S7) stated that soils on south-facing slopes 

showed higher pH, and contained more soluble phosphorus 

and potassium which perhaps allowed development of a 

"Brown" soil or "Para-Rendzina" under climatic conditions 

which led to podzolization on north-facing slopes. 

Mineralogical Properties 

Losche et al. (19 70), in a study of soils developed 

from granitic biotite gneiss in a North Carolina study area, 

found that greater depth of mineral weathering occurred on 

south-facing slopes. This was possibly due to the higher 

amounts of annual precipitation, along with increased soil 

temperatures, in contrast to their Virginia study area. 

The parent m.aterial at the Virginia study location was 

highly siliceous sandstone and siltstone. Under the higher 

temperature regime, there was more rapid dissolution of the 

primary minerals. They stated that gibbsite dominated the 

fine clay fraction of the south aspect soils, while on 
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soils occurring on north slopes, vhe lower soil temperature 

regime would slow mineral dissolution, nr^ce altering the 

mineralogical properties, and kaolinite synthesis ?nd con

version of mica to 2:1-2:2 intergrade minerals would be 

promoted. 

Franzmeier et al. (1969) found that the amount of mica 

or interstratified vermiculite-mica decreased with depth, 

yet discrete vermiculite increased. They found that the 

principal mineral weathering process was the conversion of 

mica to vermiculite. Lepidocrocite was identified in sev

eral of the soils, and they concluded that it was inherited 

from the parent rocks because it decreased with proximity 

to the surface. 

Geology of the Study Area 

The Guadalupe Mountains are a dissected and eastward 

tilted plateau of moderate to high elevations. Limestones, 

with an occasional interbedded sandstone stratum,of various 

structures and textures are the primary rock constituents 

(Hayes, 196 4). The geology of the southern Guadalupe Moun

tains has been extensively discussed by King (1948). 

The Guadalupe Mountains are composed mostly of Peirmian 

limestone that extends some 17 km. into Texas from central 

New Mexico. The southern end of the mountains. El Capitan 

Peak, is an exposed limestone upland that expands as a 



16 

wedge toward the north. The eastern side of the upland 

forms the Reef Escarpment, and has a general northeast 

trend. The western side of the wedge exhibits a north

westerly trend. The southern edge of the upland, along the 

escarpment, exceeds 2400 m (8,000 feet) in elevation, 

rising to its highest point at Guadalupe Peak, the highest 

point in Texas. It is considered to be part of the Capitan 

Barrier Reef. On the west side of the tilted block, an 

extensively developed bajada (piedmont fan) extends west

ward from the escarpment toward a saline basin. The alluvium 

is composed largely of sediments derived from the Bone 

Spring limestone formation. 



CHAPTER III 

MATERIALS AND METHODS 

Field Studies 

Sampling sites were selected in three different water

sheds in the Park, based on differences in moisture and 

temperature regimes (Table 1). Opposing aspects, similar 

slope gradients and elevations were chosen for each pair 

of sites, resulting in six pedons selected for detailed 

study. 

TABLE 1 

ELEVATION AND ESTIMATED PRECIPITATION 
AT THE SITES STUDIED 

Site No. 

1 

2 

3 

Elevation 

meters 
(feet) 

1463 
(4800) 

1615 
(5300) 

2385 
(7825) 

Estimated 
Precipitation 

mm 
(inches) 

254 
(10.0) 

533 
(21.0) 

685 
(27.0 

Figure 2 shows the location of the watersheds being 

studied within the Park. Location of individual sites 

selected for detailed soil studies are shown in Figs. 3-5 
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South and north aspects (Figs. 6 and 7) in watershed 10A6 

(the desert westside) were designated IS and IN, respec

tively. South and north aspects from watershed 7 (a 

xMcKittrick Canyon tributary) were designated as 2S and 2N, 

respectively; sites and associated pedons are shown in 

Figs. 8-12. South and north aspects from the Bowl area of 

the McKittrick Canyon watershed (number 6) were designated 

3S and 3N, respectively; sites and associated pedons are 

shown in Figs. 13-16 

Soil Sampling 

Soil pits were hand dug and profies described according 

to the system used in the United States (Soil Survey Staff, 

1975). Bulk samples were taken from all horizons for lab

oratory analysis and 35 mm color slides were taken of each 

soil profile and site. Common plant species were identified 

at each location. Percent surface stoniness and bedrock out

crop were estimated. Percent slope was determined by use of 

an Abney hand level. 

Temperature Cell Installation 
and Measurements 

Soil temperatures were taken by use of a Soiltest Model 

MC302 soil moisture and temperature meter. Model MC 310A 

temperature/moisture cells with 6-foot leads were buried 

at SO cm (20 in) at each sampling location. Pits were dug 
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Fig. 6. Site IS. 
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Fig. 7. Site IN. 
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Fig. 8. Site 2 (South and North Aspects 
are on the left and right sides of the photo, 
respectively). 
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F i g . 9 . S i t e 2S. 
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Fig. 10. Profile at Site 2S 
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F i g . 12 . P r o f i l e a t S i t e 2N. 
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Fig. 12. Profile at Site 2N. 
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Fig. 13. Site 3S. 
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Fiq. 14. Profile at Site 3S. 
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F i g . 15. S i t e 3N 
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Fig. 16. Profile at Site 3N. 
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next to the original pit in which the profile had been 

described and the cells were implaced to ensure a good soil-

to-cell contact. Pits were then filled using the original 

material and replaced in such a way to simulate the orig

inal compaction. While filling the pits, each temperature 

cell lead was arranged in an L-shaped design to prevent 

water from running directly down the lead to the cell, 

thus affecting temperature readings. 

Monthly temperature readings were taken from July, 

19 78, through August, 19 79. Mean Summer Soil Temperature 

(MSST) and Mean Winter Soil Temperature (MWST) were deter

mined. Mean Annual Soil Temperature (MAST) was then cal

culated from the monthly readings, and compared to Mean 

Seasonal Soil Temperatures (MMST). 

Laboratory Analyses 

Particle Size Distribution 

Particle size distribution was determined on all hori

zons by a modified version of the hydrometer method as 

described by Bouyoucos (19 51). Deionized water was added 

to a 50-g sample of soil; the mixture was shaken and 

brought to a volume of 1000 ml. Clay was determined at the 

two-hour reading. Sand was determined by wet sieving 

through a 300-mesh sieve. Silt was determined by differ

ence. Five ml of 10% sodium hexametaphosphate [Nag(P02)g] 

solution was used as a dispersant. 
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Soil Reaction 

The pH of a saturated paste of each horizon was deter

mined on a Beckman Expandomatic pH meter. A saturated paste 

was prepared using approximately 150 g of soil and allowed 

to equilibrate overnight prior to measurement. 

Electrical Conductivity 

Electrical Conductivity (EC) of each horizon was deter

mined using the saturated paste extract (from previous pH 

determinations) as outlined in USDA Handbook No. 60 (U.S. 

Salinity Laboratory Staff, 1954). 

Soluble Cations 

Soluble cations of each horizon were determined on 

part of the extract used for the EC measurement. Calcium 

(Ca) and magnesium (Mg) were analyzed by atomic absorption 

on a Perkin-Elmer unit. Model 290B. Sodium (Na) and 

potassium (K) determinations were made by flame emission. 

Results are expressed in milliequivalents/liter (meq/1). 

cation Exchange Capacity 

Whole soil, fine clay, and coarse clay cation exchange 

capacities (CEC's) were deteimiined using the procedure out

lined in USDA Handbook No. 60 (U.S. Salinity Laboratory 

Staff, 1954) . Displaced Na"̂  (used to saturate the exchange 

complexes) was determined by flame emission, using the 
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Coleman, Model 21, flame photometer. All CEC's were calcu

lated from a standard curve prepared from 0,2,4,6,8, and 10 

meq/1 solutions of sodium chloride (NaCl) in 1 normal (N) 

ammonium acetate (NH^)Ac) adjusted to pH 7.0. 

Organic Carbon 

Organic carbon was determined on all horizons sampled 

by a modified version of the Walkley-Black method. Ground 

samples were passed through a 60-mesh sieve. Approximately 

0.5 g of soil was weighed and transferred to a 300-ml erlen-

meyer flask. Exactly 10 ml of 0.4 N chromic acid (H2CR2O-,) 

was added from a burette. Small funnels were placed in 

the top of the flasks to act as condensers. The soil-acid 

mixture was then boiled gently for five minutes with occa

sional swirling to get the soil in suspension. After cool

ing, deionized water was added to make a volume of 

approximately 250 ml. Three to 5 ml of concentrated 

sulfuric acid (H2SO.) and three drops of orthophenanthroline 

indicator were added. The samples were then titrated with 

an approximately 0.2N ferrous ammonium sulfate solution 

[Fe(NH.SO.)2'6HO] to the end point, which was marked by a 

reddish tinge following a bright green. Acid-washed quartz 

sand was used as a blank. Percent organic carbon was then 

calculated using the equation: 
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(B-U) 
-g— X D X N X A 

X 100 = Percent organic C 
W 

Where: 

B = ml [Fe(NH4S04)2*6H20] used for the blank; 

U = ml [Fe(NH4S04)2*6H20] used for the sample; 

D = ml chromic acid used (10 ml) ; 

N = nojnnality of chromic acid (0.4 N) ; 

A = milliequivalent weight of carbon (0.003); 

W = weight of sample used, expressed on oven dry basis. 

Ammonium Acetate Extractable 
Cations' 

Ammonium acetate (NH^OAC) extracts were made in accor

dance with procedures outlined'in USDA Handbook No. 60 (U.S. 

Salinity Laboratory Staff, 1954). Ca and Mg were determined 

by atomic absorption; K and Na were determined by flame 

photometer. Concentrations were converted to milliequiv-

alents per 100 grams (meq/lOOg). 

Water Saturation Percentage 

Water saturation was determined on the soil paste by 

oven drying according to procedures outlined in the USDA 

Handbook No. 60 (U.S. Salinity Laboratory Staff, 1954) . A 

portion of the saturated paste, prepared for EC and water 

soluble cation measurements, was used for water saturation 

percent. 
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Water Retention 

A pressure membrane apparatus was used to determine 

water retention at 1/3, 3, and IS bars tension on all samples 

taken, by the method described in the USDA Handbook No. 60 

(U.S. Salinity Laboratory Staff, 1954). Samples from con

trasting profiles at similar elevations were deteinnined 

simultaneously. This precluded the possibility of differ

ences in pressure taking place during determinations on 

samples- from a single site. 

Coarse Fragment Procedures 

Soil bulk samples were air dried and separated to 

obtain approximately a 1-kg representative sample. Separated 

samples were dry sieved through a 2-mm sieve and the aggre

gates were ground. Coarse and fine material were then put 

in separate containers, and the fines weighed and recorded. 

Coarse fragments were placed in plastic shaking jars, with 

5 ml of 10% Na^(PO^)^ solution added for dispersion, the 

mixture was then brought to volume with deionized water and 

stoppered. After shaking for 4 hours, coarse fragments were 

washed and set aside to dry. The washed fine material was 

wet sieved and then dried in an oven at 105°. Weights were 

recorded of both coarse fragments and washed fines. The wet 

sieved fines were then added to dry sieved fines to obtain 

the total weight of the fine fraction. A schematic diagram 

depicting separation of coarse and fine fractions is given below 
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BULK SAMPLE 

Dry Sieve 

2mm 2mm 
wet sieve 

N*' 2mm 
gravel ^—9- Total fines 

Calcium Carbonate 

CaCO^ equivalent values of all calcareous horizons were 

determined by a slightly modified acid neutralization pro

cedure outlined in USDA Handbook No. 60 (U.S. Salinity Lab

oratory Staff, 1954). Previous experience has shown that 

iron (Fe) in West Texas soils forms a complex which precip

itates and obscures the colorimetric end point. The 

procedure was modified in that the endpoint was not indicated 

with phenolphthalein but rather with a Beckman expandomatic 

pH meter. The endpoint was reached when the solution held a 

pH of 8 for 30 seconds. 

Qualitative Gypsum Test 

The possible presence of gypsum was determined by adding 

a few drops of barium chloride (BaCl2) to filtrates. The 

test was performed to determine whether flocculation is 

likely in particle size distribution analyses and clay 

separation procedures. 
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Clay Separation for 
X-Ray Analysis 

Separation of clay fractions for mineralogical study 

was performed on two selected horizons from each profile. 

After dispersion of the H202-treated samples, suspensions 

were washed into 500-ml erlemmeyer flasks containing S ml of 

10% Calgon solution, agitated on reciprocating shaker over

night, and then transferred to 1000-ml sedimentation 

cylinders. The suspensions were brought to volume with 

deionized water and siphoned with a recurved glass tube at 

the time calculated by Stokes Law for a 2-micrometer (ym) 

particle to fall 30 cm. The cylinders were refilled to 

volume and the siphoning procedure repeated until a negligi

ble amount of clay remained. Volumes were controlled by 

flocculation with 10% CaCl2 and subsequent decantation. The 

flocculated clays were dialyzed in deionized water until dis

persion occurred and then stored. 

X-Ray Diffraction of Clays 

An adequate quantity of clay suspension was placed into 

a IS-ml conical centrifuge tube and 5 ml of 0.3N CaCl2 was 

+ 2 added to ensure Ca saturation of the exchange sites. 

After centrifugation the supernatant liquid was decanted and 

the procedure repeated twice. Following saturation, the 

clay was washed with 5 ml of 1% glycerol solution and centri-

fuged until dispersion occurred. After the final washing, 
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5 ml of 1% glycerol solution was added to the suspension 

which was then stirred and pipetted onto a glass slide. 

After drying, the slide was heated to 60 C overnight to 

remove any excess glycerol. 

A similar saturation procedure was followed in preparing 

K-saturated samples except that 0.3N KCl solution and de

ionized water were used instead of the CaCl2 and glycerol, 

respectively. The washed dispersed solution was pipetted 

onto a glass slide, air dried, and heated to 250 C for 4 

hours, and X-rayed. After X-raying, the same sample was 

heated at 550 C for 4 hours and then again X-rayed. 

Clays were X-rayed on a GE diffractometer using nickel-

filtered copper K-°^radiation measured by a geiger counter. 

Scanning speed was one degree per minute with the recorder 

speed set at 2° per inch, and the diffractograms recorded 

from 2° to 30°29. Time constant was 2, and the samples were 

run at 500 counts per second (ops). 



CHAPTER IV 

DISCUSSION OF RESULTS 

Field Studies 

The soils of the higher elevations of Guadalupe Moun

tains National Park and the surrounding area, have been 

developed primarily in residuum from Permian limestones. 

Characteristically, they are immature, moderately dark in 

color, and relatively high in organic matter. 

In the desert region of the park (site 1), the infre

quent precipitation and high evaporation rates have resulted 

in the accumulation of salts, primarily CaSO.•2H2O (gypsum) 

and CaCO^ (lime) on the alluvial fans. More soluble salt 

accumulations are evident in the basins and are wind blown. 

Some CaCO^ may be blown in, but most is probably formed from 

dissolution and reprecipitation of CaCO^ from the limestone. 

Deep sand deposits, and gypsum dunes occur in the un-

drained basins on the extreme western side of the Park. 

These soils are strongly calcareous throughout the profiles, 

and are medium to coarse textured. Soils in this region are 

light colored and low in organic carbon. 

Field observations revealed distinct morphological dif

ferences between soils at the same elevations but on differ

ent aspects. Differences also occurred among soils at 

42 
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different elevations but on similar aspects. Of the six 

pedons studied, only sites 2N, 3S, and 3N in the upper ele

vations of the Park, had enough clay translocation to meet 

the requirements of an argillic horizon. Sites 3S and 3N 

were the only pedons that were noncalcareous to weakly 

calcareous throughout. Site 2N in McKittrick Canyon trib

utary was noncalcareous down to an Rca horizon. In sharp 

contrast, all other study sites were strongly calcareous, 

and at sites IN, IS, and 2S, secondary CaCO., coatings were 

apparent on the coarse fragments. 

In comparing depth of profile development, north 

aspects had deeper sola, yet depth to the limestone bedrock 

was highly variable in each pedon. 

Percent vegetative cover showed pronounced variation 

with respect to opposing aspects as well as elevational 

differences. North aspects at all three sites had more 

vegetative, cover than opposing south aspects (Figs. 6, 7, 8, 

9, 11, 13, and 15). At pedons IN and IS, percent vegetative 

cover between opposing aspects showed the least apparent 

difference when compared v/ith the other two sites. North 

aspects supported slightly greater amount of shrub cover, 

or trees in the case of 3N, and slightly more grass cover 

than corresponding south aspects. Increased litter accumu

lation was evident at sites 2N and 3N (Figs. 11 and 15). 

Pedon 2N had considerably more oak cover (Quercus spp.) 
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than pedon 2S. Oak comprised approximately 40 to 50% of the 

total vegetative cover on the north aspect, but only 5 to 

10% on the south aspect. At Pedon 3N, Douglas fir, Ponderosa 

pine (Pinus ponderosa), and oak were the dominant tree 

species; all were absent on 3S, but alligator juniper 

(Juniperus deppeana) was common. These site 3 soils were 

typically darker colored, higher in organic matter, and had 

lower pH values (mildly alkaline to slightly acidic) when 

compared to the other two sites. 

Textures differed among the three sites, although 

gravel content remained relatively high in all cases. In 

the desert region, textures were medium, while in the moun

tainous regions, textures were medium and fine. Coarsely 

fragmented limestone, apparently derived from the underlying 

bedrock, was high in all pedons. Soil horizons often pen-

trated deep within the bedrock crevices (Fig. 16), causing 

irregular boundaries to occur. This was especially evident 

at site 3 where sampling was not possible below large rock 

boulders with ordinary hand digging equipment, yet Bt mate

rial was still present in the cracks. 

The lower B2 horizons of sites IS, 2N, 2S, and 3S had 

structures described as "rock controlled" because of the 

high coarse fragment content. 
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Soil Temperature Studies 

The Guadalupe Mountains offer an ideal location in 

which to study soil temperature regimes. The amount of 

vegetative cover, aspect and slope gradient, snow cover, 

ground water, elevation, rain, and cloud cover play signif

icant roles in determining seasonal and monthly soil tem

peratures. Observations made in the study area reflect 

many of these parameters. 

Monthly soil temperatures are listed, along with MAST, 

MSST, MWST, and MMST in Table 2. The two July readings were 

averaged in calculating MAST values. For site 1, readings 

were missed in September 1978 due to impassable roads. At 

site 2, the December readings were missed due to icy road 

conditions. In calculating MAST values, missing data points 

were interpolated from plots of monthly soil temperatures. 

The missed September reading was estimated by subtracting 

the October reading from the August reading, then dividing 

by 2, and finally adding that figure to the October reading. 

The same method was employed at site 2, using the January 

and November readings. Differences in J!4AST values occurred 

between opposing aspects at similar elevations, as well as 

among pedons of similar aspect at different elevations. 

As predicted, all south aspects were warmer than corre

sponding north aspects throughout the year as reflected by 

their MAST values (Figs. 17-19). Less vegetative cover and 
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TABLE 2.—SOIL TEMPERATURE MEASUREMENTS 
(C) AT SO cm 

Month 

19 78 July* 

Jun 

Sept 

Oct 

Nov 

Dec 

1979 Jan 

Feb 

Mar 

Apr 

May 

Jun 

July* 

MAST 

MSST 

NWST 

NMST 

IS 

27.2 

24.4 

22.5** 

20.5 

15.0 

9.2 

8.5 

12.0 

16.0 

19.2 

21.5 

24.2 

26.0 

18.3 

25.1 

9.9 

18.8 

IN 

26.5 

22.5 

17.5** 

12.5 

8.5 

4.0 

3.7 

4.2 

8.5 

12.5 

18.0 

22.5 

23.0 

13.3 

23.2 

3.9 

13.4 

2S 

26.1 

23.8 

17.5 

20.5 

13.5 

10.9** 

8.2 

11.0 

15.0 

18.0 

20.0 

21.5 

24.0 

17.1 

23.5 

9.6 

17.9 

2N 

25.0 

22.7 

14.5 

13.0 

8.2 

5.6** 

3.0 

4.2 

8.5 

12.0 

15.0 

19.0 

21.5 

12.4 

21.7 

3.6 

12.8 

3S 

20.5 

17.8 

14.0 

17.1 

11.5 

6.0 

5.0 

7.0 

10.5 

14.0 

16.0 

19.0 

22.0 

13.2 

19.4 

6.0 

14.3 

3N 

17.8 

16.1 

10.0 

10.5 

5.2 

2.0 

1.0 

2.0 

4.0 

8.0 

10 .-0 

13.0 

16.0 

8.2 

15.3 

1.7 

9.0 

*July 1978 and July 1979 were averaged together. 

**Estiinated values; readings not taken for reasons explained in 

text. 
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Fig. 17. Monthly Soil Temperatures at Site 1 
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Fig. 18. Monthly Soil Temperatures at Site 2 
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Fig. 19. Monthly Soil Temperatures at Site 3 
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more direct exposure to sunlight appear to be the most in

fluential environmental parameters affecting soil 

temperatures. 

Soil temperature variations due to differences in ele

vation fall on predicted trends on both south and north 

aspects (Figs. 20-21). However, the difference between MAST 

values for corresponding aspects at sites 1 and 2 were un

expectedly low and cannot be explained (Figs. 20-21). 

Soil temperature regimes were tentatively designated 

from MAST values obtained from measurements made for 13 

months. The MAST values of pedons IS and 2S show them to 

be thermic with temperatures of 18.3C and 17.IC, respec

tively. The MAST values of pedons IN, 2N, and 3S were 

13.3C, 12.4C, and 13.2C, respectively, indicating a mesic 

regime. At the beginning of the study, it was assumed that 

the MAST of site 3N would qualify it as being in the frigid 

temperature regime since it is above 2300 m and supports a 

Ponderosa pine-Douglas fir community. Yet upon analyzing 

the data collected for 13 months, the MAST indicated a mesic 

regime (8.2C). One possible explanation may be that the 

location of the Park is too far south to warrant the 8C 

limit for the frigid regime, whereas similar elevations 

slightly further north would probably be in that regime. 

Additional data may indicate the need to adjust these 

initial temperature regime designations. 
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Laboratory Analyses 

Particle Size Distribution 

Particle size distribution studies show a range of 

medium (silt loam) to fine (clay) textures (Table 3). Pro

files IS and IN, all loams and gravelly loams, show very 

little difference in clay content. Due to their high CaCO^ 

content, clay translocation in the profile would not be 

expected. There seems to be very little difference in tex

tures due largely to low weathering intensity differences, 

between the two opposing aspects. Silt contents are rela

tively high because of eolian contributions. Sand contents 

are the highest of all sites and were probably influenced 

by strongly aggregated sand size CaCO^* 

Profiles 2S and 2N show greater differences in percent 

clay than between pedons on opposing aspects at the other 

two study sites. Profile 2N shows appreciably more clay, 

probably because of a higher moisture status. Clay trans

location has occurred sufficiently to qualify the profile 

as having an argillic horizon. The somewhat higher silt 

content of 2S may have been influenced by eolian deposits. 

Sand contents of both profiles are the lowest found of all 

three sampling locations. In contrast to sites IS and IN, 

sites 2S and 2N show a definite elevation influence that 

distinguishes them from the lower and less weathered pro

files in the desert region. 
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TABLE 3.—PARTICLE 
AND COARSE 

SIZE DISTRIBUTION 
FRAGMENTS 

Horizon 

Al 
Blca 
B2ca 
B3ca 

All 
A12 
Blca 
B2ca 
B3ca 

All 
A12 
B2ca 
B31ca 
B32ca 

Al 
Bit 
B21t 
B22t 
B3&R 

All 
A12 
B215&R 
B22t&R 
B3t&R 

Al 
Blt&R 
B21t&R 
B22t&R 

Depth 

cm 

0-11 
11-37 
32-56 
56-65 

0-12 
12-25 
25-41 
41-78 
78-100+ 

0-8 
8-19 

19-31 
31-46 
46-62 

0-9 
9-19 
19-34 
34-57 
57-85 

0-9 
9-21 

21-38 
38-62 
62-72 

0-10 
10-21 
21-38 
38-60+ 

Sand 

51.2 
38.5 
38.9 
43.8 

44.3 
41.6 
40.6 
43.1 
48.9 

28.7 
23.8 
15.8 
16.4 
23.4 

22.2 
21.7 
21.7 
22.1 
20.3 

25.3 
29.7 
27.1 
28.3 
24.8 

25.6 
28.9 
27.1 
25.2 

Silt Clay 

Profile IS 
36.0 
40.4 
42.0 
39.9 

12.8 
21.1 
19.9 
16.3 

Profile IN 
37.2 
39.9 
43.2 
35.3 
34.8 

18.5 
18.5 
16.2 
20.2 
16.3 

Profile 2S 
39.6 
46.1 
56.9 
58.7 
55.8 

31.7 
30.1 
27.3 
24.9 
20.8 

Profile 2N 
38.0 
32.8 
36.9 
35.0 
34.9 

Pre 
43.7 
41.3 
33.2 
36.6 
33.7 

39.8 
45.5 
41.4 
42.9 
44.8 

ifile 3S 
31.0 
29.0 
39.7 
35.0 
41.5 

Profile 3N 
40.7 
31.9 
31.8 
31.5 

33.7 
39.2 
41.1 
43.3 

Coarse 
Fragments 

46.9 
49.1 

46.1 
58.6 

70.1 
65.6 

48.4 
54.4 

36.7 
54.2 

25.3 

Textural 
Class* 

GrL 
VCobL 
VGrl 
VCobL 

L 
GrL 
VGrl 
VGrL 
VCobL 

CI 
GrCL 
VGrSiCL 
VGrSiL 
VGrSiL 

CL 
C 
VGrC 
VGrC 
VCobC 

CL 
GCL 
GrCL 
VGrCL 
VCobC 

GrCL 
GrCL 
GrC 
GrC 

*Texture a b b r e v i a t i o n s : Gr 
VCob = very cobbly; L = loam; CL 
s i l t y clay loam; C = c l ay . 

g rave l ly ; VGr = very g rave l ly ; 
Clay loam; SiL = s i l t loam; SiCL 
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Profiles 3S and 3N show sufficient evidence of clay 

translocation to qualify as having argillic horizons. The 

clay increases significantly with depth throughout profile 

3N with textures varying from clay loam and gravelly clay 

loam to clay. In contrast to the other sampling locations, 

sites 3S and 3N reflect an elevation influence more than an 

aspect influence on their textural characteristics. The 

insignificant CaCO^ values for these two pedons indicate 

greater leaching than in the soils from the other sites. 

Coarse Fragment Contents 

Coarse fragment procedures (Table 3) were established 

as a check on field estimates. It is important to remember, 

that the gravelly modifiers used for horizons (Table 3) in 

which the gravel was not determined in the laboratory, were 

derived from field estimates only. In all pedons, coarse 

fragment percentages determined in the laboratory were simi

lar to field estimates. Total soil fines were derived by 

adding the washed, less than 2 mm soil material to the less 

than 2 mm dry sieved fine material as explained earlier. In 

all sites except site 1, south aspects had the highest coarse 

fragment percentages, ranging from 48% at site 2N to 70% at 

site 2S, and from 25% to 54% at 3N and 3S, respectively. 

Coarse fragments appear to increase with depth, however, 

the B2ca horizon in profile 2S shows a decrease in coarse 

fragment content with depth. Reasons for this are unclear. 
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Calcium Carbonate Equivalent 

As shown in Table 4, CaC03 percentages generally 

increase with depth. Pedons IN, IS, and 2S show the highest 

percentages, and reflect an appreciable redistribution of 

CaCO^. Differences also occur between soils of opposing 

aspects at locations 2 and 3, where the north aspects show 

the lower values. Profiles 2N and 3N are virtually non

calcareous except for small particles of limestone that 

were inadvertantly included in the grinding process. At 

2N, CaCO^^ increases abruptly in the lower B3 horizon due 

to secondary accumulation, or inheritance of small limestone 

particles, or both. Generally, in noncalcareous horizons, 

CaCO^ should not exceed 1.0%. Slightly higher values indi

cate the presence of fine limestone particles as explained 

earlier. Only pedons IN, IS, and 2S definitely have suf

ficient secondary CaCO^ accumulation to qualify as having 

calcic horizons. The B3&R horizon of pedon 2N may qualify 

as a calcic horizon, but additional work would be needed to 

determine the percentage of secondary verus primary CaCO^. 

Soil Reaction 

Relatively high pH values reflect the calcareous nature 

of both profiles at site 1 and profile 2S (Table 4) . In 

general, pH values are highest at site 1 and lowest at site 

3. The lower pH values in both profiles at site 3 and 
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H o r i z o n 

Al 
B l c a 
B2ca 
B3ca 

A l l 
A12 
B l c a 
B2ca 
B3ca 

A l l 
A12 
B2ca 
B31ca 
B32ca 

Al 
B i t 
B21t 
B22t 
B3&R 

A l l 
A12 
B21t&R 
B22t&R 
B3t&R 

Al 
Blt&R 
B21t&R 
B22t&R 

TABLE 4 . 

Depth 

cm 

0-11 
11-32 
32-56 
56-65 

0-12 
12-25 
25-41 
41-78 
78-100+ 

0-8 
8-19 

19-31 
31-46 
46-62 

0-9 
9-19 

19-34 
34-57 
57-85 

0-9 
9-21 

21-38 
38-62 
62-72 

0-10 
10-21 
21-38 
38-60+ 

—SELECTED CHEMICAL 

pH 

P r o f i l e 
8 .2 
7 . 9 
7 . 8 
7 .9 

P r o f i l e 
7 .6 
7 . 7 
7 .9 
7 .9 
8 . 1 

P r o f i l e 
7 . 7 
7 . 6 
7 . 8 
7 .9 
8 .0 

P r o f i l e 
7 . 6 
7 . 4 
7 . 4 
7 . 4 
7 . 5 

P r o f i l e 
7 . 5 
7 . 4 
7 . 3 
7 . 3 
7 . 4 

P r o f i l e 
7 . 4 
7 . 1 
6 . 8 
7 . 1 

GC 

IS 
0 . 8 
0 . 6 
0 . 6 
0 . 6 

1N_ 
2 . 3 
1.7 
0 . 6 
0 . 6 
0 . 5 

2S_ 
5 . 1 
3 . 8 
3 .4 
2 . 4 
1.9 

2N 
5 . 1 
3 .4 
2 . 1 
1.6 
1.4 

3S 
5 . 7 
3 . 3 
2 . 3 
1.9 
1.6 

3N 
6 . 1 
3 . 3 

1.7 
1.6 

P R O P E R T I E S 

CaCO 

2 5 . 4 
3 7 . 1 
4 6 . 2 
4 7 . 9 

2 0 . 2 
2 8 . 3 
4 4 . 3 
4 5 . 5 
5 2 . 2 

8 .5 
1 0 . 9 
3 6 . 8 
4 9 . 2 
5 5 . 9 

3 . 7 
2 . 9 
3 .2 
3 . 3 

1 2 . 1 

2 . 9 
4 . 7 

3 .4 
4 . 9 
6 . 3 

2 . 8 
2 . 9 

2 . 0 
2 . 3 

CEC 

meq/ 
lOOg 

1 3 . 8 
1 3 . 2 
1 2 . 4 
1 3 . 1 

2 4 . 1 
2 3 . 7 
1 2 . 7 
1 3 . 2 
1 3 . 3 

4 0 . 3 
3 8 . 6 
3 3 . 6 
3 8 . 7 
2 9 . 3 

5 3 . 5 
4 6 . 8 
3 8 . 7 
3 8 . 1 
37 .0 

5 0 . 5 
4 6 . 9 

4 5 . 4 
4 1 . 5 
3 9 . 6 

4 8 . 0 
5 4 . 7 

5 5 . 0 
4 3 . 9 
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profile 2N reflect increased leaching. Slight differences 

between pedons of opposing aspects are evident. In general, 

pH values for the south aspects are higher than on opposing 

north aspects, again because of differential leaching. 

Organic Carbon 

Organic carbon (Table 4) was always highest in surface 

(A) horizons. Variations between profiles is a function of 

total plant cover and soil temperature differences. Values 

increase markedly with increased elevation and those from 

north aspect profiles are appreciably higher than those 

from corresponding south aspects. Cooler temperatures, as 

well as higher precipitation and concomitant increase per

centage plant cover, result in the higher values. 

Cation Exchange Capacity 

Whole soil CEC values (Table 4) reflect the type and 

amount of silicate clays and organic matter content. CaCO^, 

sand, and silt, act as diluents which mask mineralogical 

differences. Where CaCO^ accumulations occur, CEC values 

are lower than expected. CEC's from the south aspects tend 

to be lower than opposing north aspects, reflecting lower 

clay contents, lower OC values, or both. Because of rela

tively high organic carbon values, CEC values are higher in 

A horizons than in subjacent horizons with similar clay con

tents. Sites 2 and 3 have appreciably higher CEC values 
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than corresponding aspects and horizons in site 1 because 

of higher OC values, higher clay contents, and less free 

CaCO^. 

Electrical Conductivity 

Electrical conductivity (EC) values are given in Table 

5. They are generally low in all pedons. At site 1, higher 

soluble salt accumulations were expected due to eolian 

deposition from nearby saline basins; however, EC values 

remained low. 

Water Soluble Cations 

Total soluble cations (Table 5) reflect EC values. 

Soils with low total salt concentrations show consistently 

lower amounts of soluble cations. As EC values increase, 

Ca , Mg ' and Na increased proportionately. Potassium 

is generally highest in A horizons of north aspects, prob

ably resulting from greater recycling due to the denser 

vegetation. 

Water Saturation Percentage 

Saturation percentages (Table 5) indicate total poros

ities of the samples. Soils high in either silicate clays 

or CaCO-. are more porous and require a larger volume of 

water for saturation. Humus and CaCO^ also affect satura

tion values. Higher humus in surface horizons from north 



TABLE 5.—WATER SOLUBLE CATIONS, WATER 
SATURATION PERCENTAGE , AND ELECTRICAL 

CONDUCTIVITY VALUES 
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Horizon 

Al 
Blca 
B2ca 
B3ca 

All 
A12 
Blca 
B2ca 
B3ca 

All 
A12 
B2ca 
B31ca 
B32ca 

Al 
Bit 
B21t 
B22t 
B3&R 

All 
A12 
B21t&R 
B22t&R 
B35&R 

Al 
Blt&R 
B21t&R 
B22t&R 

Ca 

7.0 
7.3 
6.5 
10.0 

12.5 
10.5 
9.5 
9.0 
8.5 

9.0 
7.7 
8.5 
14.3 
11.5 

15.5 
13.5 
12.0 
12.0 
8.5 

12.3 
15.3 
12.5 
11.3 
10.8 

8.0 
15.8 
7.8 
4.3 

Soluble 

Mg 

. 

— m e g / 1 — 

3.4 
4.9 
5.2 
1.2 

2.4 
2.3 
2.2 
2.4 
2.4 

1.2 
1.1 
1.0 
2.3 
2.9 

3.4 
2.4 
2.1 
2.1 
1.3 

2.8 
3.4 
2.6 
2.2 
2.2 

5.0 
4.9 
3.9 
4.9 

Cations 

Na 

Profile 
0.9 
0.5 
1.6 
2.1 

Profile 
0.5 
0.6 
0.3 
0.4 
1.5 

Profile 
0.3 
0.6 
0.8 
2.6 
2.1 

Profile 
2.4 
0.3 
0.4 
0.7 
0.3 

Profile 
0.4 
1.5 
0.8 
0.4 
0.5 

Profile 
0.5 
1.4 
0.4 
0.6 

K 

IS 
0.7 
0.3 
0.2 
0.3 

IN 
1.0 
0.9 
0.4 
0.3 
0.3 

2S 
0.2 
0.2 
0.1 
0.2 
0.1 

2N 
0.8 
0.2 
0.2 
0.2 
0.1 

3S 
0.2 
0.2 
0.1 
0.1 
0.1 

3N 
0.8 
0.4 
0.1 
0.1 

Water 

Saturation 

% 

29.7 
32.4 
29.2 
41.9 

42.7 
40.5 
41.8 
38.3 
40.3 

44.0 
48.9 
64.4 
61.8 
52.2 

57.7 

50.7 
55.8 
52.4 
49.2 

55.4 

54.7 
55.0 
55.8 
48.9 

61.9 

56.2 

56.1 
47.2 

EC 

mmhos/ 

cm 

0.9 

1.0 
1.4 
1.4 

1.2 
1.1 
0.8 
0.8 

1.1 

0.9 
1.1 
1.8 

1.6 
1.2 

1.5 
1.2 
1.0 
1.2 
0.9 

1.1 

1.2 
1.1 

1.0 
1.0 

1.5 

1.7 
0. 3 
0.8 
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aspects relative to the south aspects are reflected in 

higher saturation values. The role of CaCO^ in influencing 

water saturation values is rather difficult to assess. 

When the particles are strongly cemented into sand-size 

aggregates porosity is relatively low. When particles are 

smaller they act more like silt and clay, thereby increasing 

porosity. 

Soil Water Studies 

Water retention values (Table 6) at 1/3, 3 and 15 bar. 

tension are expressed as gravimetric water content in per

cent. Values are correlated to clay and silt contents, 

and they also suggest an influence by CaCO^. As the amount 

of silt increases, generally reflecting greater CaCO^, 

available water (AW) increases. The three pedons (2N, 3N, 

and 3S) with the highest clay content tend to have the 

lowest available water due to the higher amount of water 

retained at 15 bars tension. 

CaCO^ exerts a significant influence on the two soils 

at site 1 and pedon 2S. Both pedons at site 1 have higher 

sand contents than pedon 2S, however AW is higher, due to 

the relatively high, mostly silt-size carbonate particles. 

In a comparison of 2S and 3S pedons, the effect of the 

higher silt content, due to the high amount of CaCO , is 

apparent. 



TABLE 6.—WATER RETENTION VALUES 
AND AVAILABLE WATER 
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Horizon 

Al 
Blca 
B2ca 
B3ca 

All 
A12 
Blca 
B2ca 
B3ca 

All 
A12 
B2ca 
B31ca 
B32ca 

Al 
Bit 
B21t 
B22t 
B3&R 

All 
A12 
B21t&R 
B22t&R 
B3t&R 

Al 
Blt&R 
B21t&R 
B22t&R 

Depth 

cm 

0-11 
11-32 
32-56 
56-65 

0-12 
12-25 
25-41 
71-78 
78-100+ 

0-8 
8-19 

19-31 
31-46 
46-62 

0-9 
9-19 
19-34 
34-57 
57-85 

0-9 
9-21 
21-38 
38-62 
62-72 

0-10 
10-21 
21-38 
38-60+ 

1/3 

23.4 
24.6 
27.9 
24.8 

22.7 
23.8 
27.3 
27.9 
25.4 

25.2 
25.6 
26.2 
27.0 
27.6 

27.7 
29.1 
28.7 
29.3 
30.8 

24.5 
24.1 
26.2 
24.8 
26.6 

24.0 
26.1 
27.2 
26.8 

Tension (bars) 

3 

Profile IS 
11.6 
12.3 
12.2 
15.4 

Profile IN 
15.3 
15.8 
18.0 
15.8 
18.1 

Profile 2S 
24.7 
23.5 
22.5 
22.2 
21.7 

Profile 2N 
19.8 
22.6 
30.8 
29.1 
25.2 

Profile 3S 
25.8 
23.9 
24.1 
23.1 
20.7 

Profile 3N 
33.7 
25.0 
25.4 
21.3 

15 

9.6 
10.3 
14.0 
12.4 

9.2 
10.4 
12.8 
12.7 
10.6 

12.5 
12.0 
13.0 
13.6 
12.4 

15.8 
16.2 
16.3 
17.1 
18.5 

12.6 
12.2 
14.2 
13.7 
15.3 

13.4 
14.2 
15.4 
17.7 

Available 
Water 

13.8 
14.3 
13.9 
12.4 

13.5 
13.4 
14.5 
15.2 
14.8 

12.7 
13.6 
13.2 
13.4 
15.2 

11.9 
12.9 
12.4 
12.2 
12.3 

11.9 
11.9 
12.0 
11.1 
11.3 

10.6 
11.9 
11.8 
9.1 
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It is extremely difficult to evaluate the precise 

effects of CaCO^ on the available water holding capacity of 

soils. Although laboratory-determined AW is usually high 

on high-carbonate soils, the sites generally appear to be 

droughty as indicated by vegetation studies. Suffice it to 

say, that the amount and particle size of CaCO-. is un

doubtedly influential in soil water availability. 

Ammonium Acetate 
Extractable Cations 

Extractable cations (Table 7) expressed in meq/lOOg, 

are closely correlated to soluble cations. The high Ca"*"̂  

values indicate the presence of free CaCO.. Base satura

tion percentages on soils containing free CaCO-. almost 

always exceed 100%, because CaCO^ is dissolved by the 

NH^OAc extractant. This applies to sites IN, IS, and 2S, 

as well as the lower part of profiles 2N and 3S. Lower 

percent base saturation values suggest a greater amount of 

leaching, e.g., pedon 3N. At site 3N, the high base satu

ration of the Al horizon may be caused by the recycling of 

cations especially by the dominant coniferous vegetation. 

Eolian deposition, perhaps occurring preferentially on 

certain aspects, of calcareous dust at higher elevations 

may influence soluble cation contents and ratios. 
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TABLE 7.—AMMONIUM ACETATE EXTRACTABLE CATIONS, 
AND PERCENTAGE BASE SATURATION 

Horizon 

Al 
Blca 
B2ca 
B3ca 

All 
A12 
Blca 
B2ca 
B3ca 

All 
A12 
B2ca 
B31ca 
B32ca 

Al 
Bit 
B21t 
B22t 
B3&R 

All 
A12 
B21t&R 
B22t&R 
B3t&R 

Al 
Blt&R 
B21t&R 
B22t&R 

*Where 

Ca 

69.9 
84.4 
77.2 
63.9 

87.2 
76.7 
80.1 
68.5 
78.9 

86.4 
95.2 
109.8 
94.5 
100.7 

44.5 
31.9 
41.2 
39.9 
39.9 

36.7 
55.6 
36.4 
42.3 
60.1 

36.4 
20.3 
24.8 
19.1 

data are 

Cation 
Mg Na 

5.8 
6.1 
7.6 
7.4 

2.6 
2.4 
2.5 
2.4 
2.8 

2.1 
2.1 
1.8 
2.9 
3.4 

4.5 
2.9 
3.1 
2.9 
2.2 

5.0 
4.9 
4.1 
3.8 
3.6 

9.0 
8.9 
7.7 
7.2 

Profile 
1.1 
1.1 
0.9 
1.1 

Profile 
0.9 
0.9 
0.8 
0.8 
0.9 

Profile 
1.0 
1.2 
1.4 
1.3 
1.3 

Profile 
1.0 
0.8 
0.9 
0.8 
1.0 

Profile 
1.0 
0.8 
0.5 
0.5 
0.6 

Profile 
0.9 
0.7 
0.5 
0.5 

IS 

IN 

2S 

2N 

3S 

3N 

not listed, percent b. 

K 

0.8 
0.5 
0.4 
0.3 

1.2 
0.9 
0.4 
0.3 
0.3 

1.0 
0.8 
.0.5 
0.5 
0.3 

2.1 
1.1 
1.1 
0.7 
0.7 

1.2 
0.7 
0.7 
0.5 
0.4 

2.1 

1.2 
0.8 
0.5 

ase sal 

Base 
Saturation* 

97.4 
78.4 

86.9 

91.8 

56.8 
61.4 
62.2 
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X-Ray Diffraction Analysis 

X-ray diffraction analysis is an exceedingly useful 

tool in mineral identification and often is the only direct 

way of confirming the presence of a mineral in soil clays. 

However, it is still only semi-quantitative even when care

ful techniques, which have been standardized in preliminary 

work on the soils under investigation or on similar soils, 

are used. Clear-cut depth or functional soil trends can 

be confirmed using less precise techniques, but when trends 

are less evident, speculation as to possibilities may be the 

only statements that can be made. Although a high percent

age of the clay mineralogy performed in the United States, 

both by soil scientists and geologists, is done on the 

whole clay fraction (<2 ym), separation into at least two 

subfractions, coarse clay (2-0.2 ym) and fine clay (<0.2 ym) 

and subsequent x-raying of them is highly desirable. Sep

aration into subfractions was not done in the study reported 

herein because: (1) gross functional trends and mineralog

ical data as they affect physical and chemical soil prop

erties were the main concerns and (2) the tedious, 

time-consuming nature of the separation process. 

In examining diffractograms of clay from individual 

pedons (Figs. 22-24), several precautions are in order: 

(1) despite using approximately the same amount of sus

pension for each sample the concentration of the suspension 
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varied greatly, resulting in differences in amounts of clay 

oriented on the slide. This makes comparisons between treat

ments, i.e., Ca-glycerol solvated and K-saturated, heated 

samples, difficult. Moreover, problems arise when comparing 

horizons within the same profile, as well as between aspects 

and site elevations. (2) Inadvertent enrichment of either 

coarse or fine clay during the pipetting of the suspensions 

onto the glass slide is indicated in some diffractograms, 

e.g., the B22t horizon of 3N (Fig. 24). The K-saturated, 

heated sample almost surely has more coarse clay as indi

cated by the strong kaolinite (7.1 A) peak as contrasted to 

the Ca-glycerol solvated peak. Moreover, the indication of 

quartz in relatively large amounts in some diffractograms, 

e.g. , IN All and 2N B21t and its absence in other diffracto

grams, e.g., all those from site 3, would indicate preferen

tial separation during the slide preparation.. (Fine clay 

does not contain quartz.) (3) The presence of excess 

glycerol is suggested in some patterns, e.g., IS Al (Fig. 22). 

When glycerol is present, orientation of the phyllosilicate 

particles is adversely affected, resulting in weaker peaks 

generally. One further precaution is that the K-saturated 

and heated samples from sites IS, IN, 2S, and 3S, were ini

tially started at 1000 ops in order to prevent the recording 

needle from extending beyond the chart limits. After approx

imately 1°29 they were switched to 500 cps to accommodate 
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the peak reflections in a uniform manner. Therefore none 

of the "peaks" at approximately 3°29 on these diffractograms 

are actually peak reflections of a particular mineral, but 

rather an indication of where the switch occurred. 

Diagnostic reflections of the most frequently encoun

tered clay minerals are listed in Table 8. Diffractograms 

of clays from the different sites (Figs. 22-24), indicate 

relatively large amounts of illite and kaolinite. Illite 
o 

was identified by the characteristic 9.9 and 3.3 A reflec

tions which persist throughout all three treatments. A 
o 

second order 4.9 - 5.0 A peak was detected on some diffracto-
o 

grams. The 7.1 and 3.5 A peaks are indicative of kaolinite 

in the Ca-glycerol and K-250 treatments. Their absence in 

the K-550 treatment is further confiirmation of kaolinite 

in the samples since the crystalline structure of kaolinite 

is destroyed upon heating to 550 C. Smectite occurs either 

as descrete particles or as a component interstratified with 
o 

illite. Discrete smectite was identified by an 18 A peak 

with a Ca-glycerol treatment, e.g., the IN B2 sample. 

Smectite-illite interstratification is suggested in most of 
o 

the samples by the diffuse reflection in the 14-18 A region 

and its distinct reduction upon K-saturation and heating to 

250 C. Chlorite, occurring only in small quantities, was 

identified by the weak 14 A peak. Both chlorite and 

kaolinite are believed to have been inherited from the 
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parent rock, since chlorite is very rare, and kaolinite 

forms only a minor component in West Texas and southeastern 

New Mexico soils heretofore analyzed. 

X-RAY 

M i n e r a l s 

I l l i t e 

K a o l i n i t e 

S m e c t i t e 

Quar tz 

TABLE 8 

DIFFRACTION SPACINGS OF 

Degrees (20) 

8 . 8 - 9 .0 
1 7 . 6 - 1 7 . 8 
2 6 . 7 - 2 6 . 8 

1 2 . 4 - 1 2 . 5 
2 4 . 8 - 2 5 . 0 

4 . 9 - 5.0 
9 . 7 - 9 .9 

20.9 
26 .6 

SELECTED MINERALS 

d Spacing 
(Angstroms) 

1 0 . 0 - 9 .9 
5 . 0 - 4 .9 
3 . 3 

7 . 1 
3.55 

1 8 . 0 - 1 7 . 7 
9 . 1 - 8.9 

4.26 
3.33 

h k l 

002 
004 
006 

001 
002 

001 
002 

100 

Chlorite 6.3 14 001 

X-ray diffraction analyses show that the clay mineral

ogy in all pedons is mixed. Neither elevation nor aspect 

functional trends can be established on the basis of present 

data. Moreover, changes in mineralogy with profile depth 

are not obvious although an increase in smectite in some 

pedons is indicated, e.g., pedon IN (Fig. 22) and 3N (Fig. 

24). Larger amounts of smectite are probably present than 

indicated by the diffractograms when the relatively high 

CEC's listed in Table 4 are considered. 
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Analysis of clay extracted from the parent limestone 

needs to be performed to confirm the inheritance of chlorite 

and most of the kaolinite. Results reported herein should 

be considered of a preliminary nature and more detailed 

work is needed to determine more precisely the mineralog

ical effects on soil physical and chemical properties. 

Additional work is also needed to determine the importance 

of the eolian contribution to the parent sediments. 



CHAPTER V 

SOIL CLASSIFICATION 

Soils at each study site were classified to the family 

level (Table 9). The application of the gravelly modifier 

was determined from laboratory studies and extrapolation of 

field estimates on horizons not analyzed in the laboratory. 

All suborders are described as "lithic" since they alll 

overlie limestone bedrock. Depth to the lithic subgroups 

as defined by Soil Taxonomy (Soil Survey Staff, 19 75) is 

within 50 cm of the soil surface. However, in pedons IN, 

IS, 2N, and 2S, depth to the lithic contact exceeded the 

specified depth. This can be explained by the methods of 

description and sampling employed. In order to study the 

depth of clay movement within each profile, pits were dug 

so that the material in crevices of the bedrock could be 

described and sampled. 

Profile IS was classified as a Lithic Calciorthid. It 

had a calcic horizon with its upper boundary 20 cm from the 

soil surface, and was calcareous throughout. It occured on 

a mountain upland site with a slope of 30 percent. Site IS 

had a thermic temperature regime with a MAST of 18.3C. 

Profile IN was classified as a Lithic Calciustoll. It 

has a mollic epipedon with a calcic horizon within 25 cm of 

the soil surface. The difference in classification between 

73 
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pedons on opposite slopes was probably due to lower temper

atures of the north aspect. However, at the family level, 

both were classified as loamy-skeletal and as having 

carbonatic mineralogies. Site IN had a mesic temperature 

regime with a MAST of 13.3C; however, the general area of 

site 1 was definitely thermic. 

TABLE 9 

CLASSIFICATION OF SOILS 

Pecion Subgroup Series 

IS 

IN 

Lithic Calciorthid 

Lithic Calciustoll 

loamy-skeletal, carbonatic, 
thermic Lozier 

loamy-skeletal, carbonatic, 
thermic Ector 

2S Lithic Calciustoll loamy-skeletal, carbonatic, 
mesic Deama* 

2N 

3S 

3N 

Lithic Argiustoll 

Lithic Argiustoll 

Lithic Argiustoll 

clayey-skeletal, mixed, 
mesic 

clayey-skeletal, mixed, 
mesic 

clayey-skeletal, mixed, 
mesic 

Flume** 

Flume** 

Flume** 

*Taxajunct to the series. It is more silty than is the Deama 

series as defined. 

**Tenative series. 



75 

Profile 2S was classified as a Lithic Calciustoll. The 

profile was calcareous throughout with a calcic horizon 

within 20 cm of the surface. It occurred in the mountain 

uplands and had a slope of 28%. This profile was also 

classed as loamy-skeletal with a carbonatic mineralogy. 

Profile 2N classified as Lithic Argiustoll, was leached 

to approximately 50 cm and exhibited evidence of clay trans

location, reflecting a more effective moisture regime. 

Profiles 2S and 2N occurred in areas with predominately 

mesic temperatures, however 2S was thermic with a MAST of 

17.IC. 

Classification of profiles at site 3 are fine-skeletal, 

mixed, mesic, Lithic Argiustolls. Precipitation was suf

ficiently high because of the increased elevation to offset 

the influence of aspect, i.e., both soils are leached of 

CaCO-> in the solum, permitting an argillic horizon to develop 

Both pedons occurred in mountain upland positions with pedon 

3S having a slope of 26% and pedon 3N having a slope of 25%. 



CHAPTER VI 

SUMMARY 

The primary objective of this study was to deteimiine 

the effects of aspect and elevation on soil morphological, 

physical (including soil temperature), and chemical prop

erties in Guadalupe Mountains National Park. A secondary 

objective was to obtain sufficient soil temperature data 

to place the soils into the proper temperature family 

according to Soil Taxonomy (Soil Survey Staff, 19 75). 

Three study sites at different elevations were chosen 

for detailed study. Paired north and south aspects were 

selected at each study site, making a total of six pedons 

which were described and sampled. Soil temperatures were 

recorded for 13 months to determine the mean annual soil 

temperature for each of the six pedons. 

Soil temperatures of north-facing slopes were lower 

than for contrasting south aspects primarily because of 

less direct solar radiation and because of more vegetative 

cover. Observations in site areas with considerable relief 

showed marked variations in vegetative composition with 

slope aspect differences and elevation. Slope aspect 

affected the temperature regime of soils, which in turn, 

affected the soil moisture regime. 
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Particle size distribution within each pedon reflected 

variation due to differences in aspect and elevation. Mean 

particle size decreased with increasing elevation. Pedons 

on north aspects at sites 2 and 3 had somewhat more clay 

than corresponding south aspects, but aspects at site 1 did 

not differ in particle size distribution. South aspects at 

sites 2 and 3 had the highest coarse fragment percentages 

throughout the profile. 

Percentage water saturation values varied with aspect 

and elevation. North aspects required more water for satura

tion than south aspects and the higher elevation sites 

required more water than the pedons at site 1. At site 1, 

CaCO^ values were highest, indicating less leaching. As 

the amount of silt increased, apparently reflecting greater 

CaCO^^ available water increased. 

Organic carbon varied with aspect and elevation. Soils 

on north aspects had more organic carbon in the surface hor

izons than those on south aspects. Organic carbon also 

increased with increasing elevation. 

Organic carbon and clay both influence CEC. Higher 

CEC's on north aspects were a function of higher clay and 

organic carbon percentages. CEC's were appreciably higher 

in pedons from the upper elevation sites (2 and 3) than 

those from site 1. 
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Soil reaction varied with both aspect and elevation. 

Soil pH was highest at site 1 and lowest at site 3. Soil 

pH's on south aspects were slightly higher than correspond

ing north aspects. Base saturation also reflected aspect 

and elevational differences. Lower base saturation percent

ages suggest more effective precipitation and subsequent 

leaching in the upper elevation sites and on north aspects. 

EC values,low in all pedons, correlate directly 

with soluble cations. Soils with low EC's showed consis

tently lower amounts of soluble cations. 

There was little variation in clay mineralogy as a 

result of aspect and elevational differences. All profiles 

had mixed clay mineralogy and unusually high amounts of 

inherited kaolinite. Pedons from sites 2 and 3 contained 

small amounts of inherited chlorite as well. The high 

amounts of kaolinite indicated in some diffractograms, when 

compared to diffractograms from other horizons of the same 

profile, are most likely due to preferential pipetting and 

consequent concentration of the coarse clay fraction. 

Soil temperatures varied with aspect and elevation. 

Soil temperatures of south aspects, ranged from 18.3C at 

site 1 to 13.2C at site 3. Soil temperature regimes as 

constructed from MAST values, were thermic for site 1 and 

the south aspect of site 2. The north aspect at site 2 and 

both aspects of site 3 was mesic. 



CHAPTER VII 

CONCLUSIONS 

On the basis of the data obtained it may be concluded 

that: 

1. Soils differ appreciably as a function of both 

elevation and aspect in Guadalupe Mountains National Park. 

As elevation increases, more leaching of CaCO-. is evident, 

the soils are more clayey and exhibit evidence of clay 

translocation, have more organic carbon, and percentage 

base saturation decreases. Soils on north aspects, compared 

to those on south aspects, exhibit similar trends. 

2. Soil temperatures vary significantly as a function 

of both aspect and elevation. Values obtained indicate 

that only thermic and mesic temperature regimes occur in 

the Park. Mesic temperatures are predicted to occur on 

north aspects above elevations of 1525 m (5000 feet) , and on 

south aspects above elevations of 16 45 m (5400 feet). Mesic 

temperatures would be expected at elevations between 1525 

and 16 45 m on other aspects. 
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APPENDIX 

SOIL PROFILE DESCRIPTIONS 

IS 

Location: Approximately 21 km (13 miles) east of Dell City, 

Texas on pipeline road at base of Guadalupe escarpment on 

western side of Park, then up Bean Burner Canyon approx

imately 1.6 km (1 mi.). 

Site: Mountain upland 

Slope: 30% 

Aspect: SSW 

Parent Material: Thin talus mantle overlying limestone 

bedrock 

Vegetation: Yucca spp.; Skeletonleaf goldeneye (Viquiera 

stenoloba) ; ocotillo (Fouquiera splendens) ; Ephedra (Ephedra 

trifurca); Opuntia spp.; black grama (Bouteloua eriopoda). 

Horizon cm 

Al 0-11 Dark brown (lOYR 4/3) gravelly loam; weak 

platy and weak subangular blocky; slightly 

hard, firm; many fine roots; few small 

limestone fragments; violently calcareous; 

clear smooth boundary. 

Blca 11-32 Dark yellowish brown (lOYR 4/4) very cobbly 

loam; weak granular; soft, friable; many 
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B2ca 32-56 
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fine roots; limestone cobbles comprise 

50% by volume; violently calcareous; clear 

wavy boundary. 

Yellowish brown (lOYR 5/4) very gravelly 

loam; weak subangular blocky; soft, firm; 

common fine and medium roots; limestone 

fragments comprise 50% by volume; violently 

calcareous; clear wavy boundary. 

B3ca 56-65 Yellowish brown (lOYR 5/4) very gravelly 

loam; rock controlled; soft; friable; few 

fine and medium roots; limestone fragments 

larger than in upper horizons; violently 

calcareous; clear irregular boundary. 

Rca 65+ Fragmented limestone bedrock; violently 

calcareous. 

IN 

Location: Approximately 150 m directly across the canyon 

from site IS on the north aspect. 

Site: Mountain upland 

Slope: 34% 

Aspect: NNE 

Parent Material: Thin talus mantle overlying limestone 

bedrock 

Vegetation: Yucca spp.; Opuntia spp.; Ephedra (Ephedra 

trifurca); broomweed (Xanthocephalum dracunculoides); 
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sandpaper bush (Mortonia scabrella) ; Senecio spp. ; side-

oats grama (Bouteloua cutipendula). 

Horizon cm 

All 0-12 Very dark grayish brown (lOYR 3/2.5) loam; 

weak subangular blocky; soft, friable; 

many fine roots; strongly calcareous; 

clear wavy boundary. 

A12 12-25 Dark brown (lOYR 3/3) gravelly loam; weak 

granular; loose, friable; many fine roots; 

violently calcareous; clear wavy boundary. 

Blca 25-44 Dark yellowish brown (lOYR 4/4) gravelly 

loam; weak granular and weak subangular 

blocky; soft, firm; many fine roots; lime

stone fragments comprise 45 percent by 

volume; violently calcareous; gradual wavy 

boundary. 

B2ca 41-78 Brown (lOYR 5/3) gravelly loam; weak sub-

angular blocky; soft, firm; common fine 

roots; limestone fragments comprise 60 per

cent by volume; violently calcareous; 

gradual smooth boundary. 

B3ca 78-100+ Pale brown (lOYR 6/3) gravelly loam; weak 

subangular blocky; soft, friable; few fine 

and medium roots; many large limestone 

fragments; violently calcareous. 
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2S 

Location: Approximately 1.7 km (1.1 mi.) south of McKittrick 

Canyon parking lot, 185 m (200 yards) west into an east flow

ing canyon. 

Site: Mountain upland 

Slope: 28% 

Aspect: SW 

Parent Material: limestone 

Vegetation: Yucca spp.; Opuntia spp.; Skeleton leaf golden-

eye (Viquiera stenoloba) Whitethorn acacia (Acacia 

neovernicosa); Black grama (Bouteloua eriopoda); sideoats 

grama (Bouteloua curtipendula); (Muhlenbergia spp.); 

lechughilla (Agave lechughilla); Gambel oak (Quercus gambelii) 

Horizon cm 

All 0-8 Very dark grayish brown (lOYR 3/2) clay 

loam; weak granular and weak subangular 

blocky; friable; many fine roots; few 

small limestone fragments; strongly cal

careous; clear smooth boundary. 

A12 8-19 Very dark brown (lOYR 2/2) gravelly clay 

loam; moderate subangular blocky; friable; 

many fine roots; small limestone fragments 

comprise 30 to 50 percent by volume; 

strongly calcareous; clear wavy boundary. 



B2ca 19-31 
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Dark brown (lOYR 4/3) very gravelly silty 

clay loam; weak subangular blocky; friable; 

common fine roots; flaggy to smaller lime

stone fragments comprise 70 percent by 

volume; violently calcareous; gradual wavy 

boundary. 

B31ca 31-46 Dark Brown (7.5YR 4/4) very gravelly silt 

loam; rock controlled; very friable; 

common fine roots; limestone fragments 

comprise 65 percent by volume with secondary 

CaCOo coatings; violently calcareous; 

gradual wavy boundary. 

B32ca 46-62 Strong brown (7.5YR 5/6) very gravelly silt 

loam; rock controlled; very friable; common 

fine roots; limestone fragments with sec

ondary CaCO- coatings comprise 50 to 60 

percent by volume; violently calcareous; 

abrupt wavy boundary. 

2N 

Location: Approximately 150 m across from site 2S on north 

aspect. 

Site: Mountain upland 

Slope: 23% 

Aspect: NE 
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Parent Material: Limestone, mixed residuum and colluvium 

Vegetation: Skunkbush (Rhus aromatica); Gambel oak (Quercus 

gambelii); Acacia (Acacia neovernicosa); Sacahuista (Nolina 

texana); prickly pear (Opuntia spp.); Agave (Agava neo-

mexicana); Sotol (Dasylirion texanum); (Muhlenbergia spp.); 

Mountain mahogany (Cercocarpus montanus); Texas madrone 

(Arbutus texana); Alligator juniper (Juniperus deppeana); 

Pinon pine (Pinus edulis). 

Horizon Depth (cm) 

0 5-0 Primarily oak leaves in various stages of 

decomposition. 

Al 0-9 Very dark brown (lOYR 2/2) clay loam; 

moderate granular; friable; many fine and 

medium roots; noncalcareous; clear wavy 

boundary. 

Bit 9-19 Dark brown (7.5YR 3/3/) clay; moderate sub-

angular blocky; fiinn; common medium roots; 

few small limestone fragments; noncalcareous; 

clear wavy boundary. 

B21t 19-34 Dark brown (7.5YR 3/4) very gravelly clay; 

moderate subangular blocky; firm; common 

medium and coarse roots; 40 to 50 percent 

gravel and flaggy limestone fragments; very 

weakly calcareous; gradual wavy boundary. 
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B22t 34-57 Dark brown (7.5YR 3/4) very gravelly clay; 

rock controlled; firm; common medium and 

coarse roots; limestone fragments of 

various sizes comprise 50 percent by 

volume; weakly calcareous; gradual wavy 

boundary. 

B3&R 5 7-85 Dark brown (7.5YR 3/3) very gravelly clay; 

rock controlled; friable; common medium 

and coarse roots; large limestone frag

ments comprise 60 percent by volume; 

secondary CaCO-. coatings on limestone 

fragments; strongly calcareous; gradual 

wavy boundary. 

Rca 85+ Fragmented limestone bedrock with secondary 

CaCO^ filling fractures; common medium and 

coarse roots. 

3S 

Location: Up Pine Canyon trail to top of escarpment then 

northeast approximately 1.6 km (1 mi.) along trail toward 

the Bowl, then north for 140 meters (150 yards). 

Site: Mountain upland 

Slope: 26% 

Aspect: SW 

Parent Material: Fractured limestone and colluvium 



90 

Vegetation: Gambel oak (Quercus gambelii); Alligator juniper 

(Juniperus deppeana); Pinon pine (Pinus edulis); (Muhlenbergia 

spp.); Indian ricegrass (Oryzopsis hymenoides); Agave (Agave 

neomexicana); Opuntia spp.; Mountain mahogany (Cercocarpus 

montanus). 

Horizon cm 

All 0-9 Very dark brown (lOYR 2/2) clay loam; 

moderate fine granular; very friable; many 

fine and medium roots; limestone fragments 

comprise 10 percent by volume; noncal

careous; clear wavy boundary. 

A12 9-21 Very dark brown (lOYR 2/2) clay loam; 

moderate mixed granular and subangular 

blocky; friable; many fine and medium 

roots; limestone fragments comprise 15 

percent by volume; noncalcareous; clear 

wavy boundary. 

B21t&R 21-38 Very dark grayish brown (lOYR 3/2) very 

gravelly clay loam; moderate subangular 

blocky; firm; many fine to medium roots; 

limestone fragments comprise 35 percent 

by volume; noncalcareous; clear irregular 

boundary. 

B22t&R 3 8-62 Dark brown (7.5YR 3/4) very gravelly clay 

loam; rock controlled; firm; common medium 



91 

roots; limestone fragment?< comprise 55 

percent by volume; noncalcareous; clear 

irregular boundary. 

B3t&R 62-72 Dark brown (7.5YR 3/4) clay; rock con

trolled; friable; common medium roots; 

limestone fragments comprise 50 to 60 

percent by volume; weakly to moderatly 

calcareous; clear irregular boundary. 

Cca&R 72-83+ Very pale brown (lOYR 7/3) clay; massive; 

moderately cemented; few medium roots; 

violently calcareous. 

3N 

Location: Directly across from site 3S on opposite north-

facing slope. 

Site: Mountain upland 

Slope: 25% 

Aspect: NE 

Parent Material: Limestone colluvium and bedrock 

Vegetation: Douglas fir (Pseudotsuga menziesii); Alligator 

juniper (Juniperus deppeana); Ponderosa pine (Pinus ponderosa); 

(Muhlenbergia spp.); Gambel oak (Quercus gambelii). 

Horizon cm "* 

0 2-0 Needles and grass in various stages of 

decomposition; abrupt smooth boundary. 
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^1 0-10 Black (lOYR 2/1) clay loam; moderate 

mixed granular and subangular blocky; 

friable; many fine and medium roots; few 

small limestone fragments; noncalcareous; 

clear wavy boundary. 

Blt&R 10-21 Very dark brown (lOYR 2/2) gravelly clay 

loam; moderate subangular blocky; firm; 

common fine and medium roots; large lime

stone fragments comprise 25 percent of 

volume; noncalcareous; clear irregular 

boundary. 

B21t&R 21-38 Dark brown (7.5YR 3/3) clay; moderate sub-

angular blocky; firm; common, few medium 

and large roots; large limestone fragments 

comprise 15 percent of volume; weakly cal

careous; gradual smooth boundary. 

B22t&R 38-60+ Dark brown (7.5YR 3/4) clay; moderate 

subangular blocky; firm; common medium 

roots; large limestone fragments comprise 

15 percent of volume and extend downward 

through horizon; weakly calcareous. 


