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FOREWORD

The Soil-Geomorphology Project in the Las Cruces, New Mexico
area was started in August 1957. The purpose of the project was
to study the relationship between soils and geomorphology in an
arid and semiarid environment. The fundamental premise was that
once the relationship was understood in the Las Cruces area it
could be extrapolated to other areas of similar climate and geology.
Soil scientists making surveys in similar areas could use the
principles developed at Las Cruces as an aid in increasing the
speed, quality, and accuracy of soil surveys. Although the project
had many practical applications, it must be emphasized that the
study was designed as a basic research project. Because the em-
phasis was on the relationship between soil and geomorphology,
the soil maps contained in this monograph have a distinct geo-
morphic bias. They are not the kind of maps that are produced
in a standard soil survey because they have been developed for
different purposes. This monograph is a very detailed report of
the soil investigations, and the soil data are interpreted from
a detailed knowledge of the pedon's geomorphic history.

KLAUS W. FLACH
Assistant Administrator
for Soil Survey
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1. PREFACE AND ACKNOWLEDGMENTS

In August, 1957, the Desert Soil-Geomorphology Project, informally termed
"the Desert Project', was started by Soil Survey Investigations, Soil Conserva-
tion Service, in Dona Ana County, New Mexico. Although the study has been mainly
concerned with arid-land soils with an average annual precipitation of 20 to 25
cm, it also encompasses parts of adjacent, semiarid mountains. The study was
terminated in June 1972.

Results of the work have been disseminated in two general ways--by publi-

cation in technical journals and by numerous field study tours. Size of the
groups taken on tours of the study area ranged from several to more than one
hundred. Manuscripts concerning the study are listed in the bibliography sec-
tion. Three reports concern the project as a whole after its completion.
This report is about the soils and their relation to the landscape. Another
concerns the geology and geomorphology (J. W. Hawley, in preparation). The
third is intended primarily for use in the field (Gile, Hawley and Grossman,
in preparation).

We thank Guy D. Smith, under whose general supervision these investigations
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2. SUMMARY

Location and purpose. This report presents a study of soils and land-
scapes in a 400-square mile area astride the Rio Grande Valley in the Basin
and Range country of southern New Mexico. The area lies mainly in an arid
region with precipitation of about 20 cm annually, and also encompasses
parts of adjacent mountain ranges that are semiarid. The study was under-
taken to learn about the morphology, genesis, and distribution of desert
soils and their relation to the landscape, and to assist in understanding and
mapping soils in similar arid regions elsewhere.

Soil parent materials.. Alluvium is the major parent material; bedrock
and eolian material are less common. The alluviums were derived primarily
from rhyolite; monzonite; sedimentary rocks (mostly calcareous); and ancient
river alluvium of mixed lithology, but usually without carbonate. In general
there is a decrease in median weight diameter from the steep mountain fronts
to the gentler slopes of the coalescent fan-piedmont. There are also prominent
lateral variations related to the position of streams that deposited the allu-
vium; fragments in the main channel zones are coarser than in areas away from
these zones. Holocene alluvium tends to be finer than late-Pleistocene allu-
vium. Monzonitic alluvium has a lower median weight diameter than rhyolitic
alluvium because the monzonite comminutes readily during weathering and trans-
port. Gravelly rhyolitic and monzonitic alluviums have appreciable very coarse
and coarse sand and a minimum in medium sand. The ancient river sediments are
very low in silt and very fine sand. On slopes of about 2 percent or less the
alluvium from calcareous sedimentary rocks has less gravel and sand, and more
silt and clay than the others.

Soils and soil-geomorphic relations. A soil map was made of the project
area at a scale of 1:15,840. This was later supplemented by large-scale
(1:7920) maps of selected areas. Soils of four orders are present
(table 1). Aridisols are dominant in the arid zone except for the Rio Grande
Valley, which is dominated by Entisols. Mollisols occur in places in the semi-
arid zone. Geomorphic surfaces were found to be useful in the studies of soils,
because they provide a chronological framework for the soils, and also serve
as a common thread that makes the soil patterns easier to understand and hence
to map. A stepped sequence of geomorphic surfaces occurs in places along the
valley border and the mountain fronts. Soils of the stepped sequences increase
in development (of silicate clay and/or carbonate horizons) with increasing
age and elevation of the steps. Soil-geomorphic relations are less evident
on the coalescent fan-piedmont because of an intricate pattern of soil burial;
and young soils may be above or at the same elevation as adjacent, much older
soils. Soil morphology was found to be useful in unravelling the soil and
landscape history of these complex areas. If the morphological range of soils
on a given surface has been determined, soils may be used to identify geomor-
phic surfaces. Buried soils were found to be an integral part of the soil
and geomorphic history. Many buried soils emerge at the land surface and their
stratigraphic position can indicate the character and degree of pedogenesis
at different times of landscape development.




Causes of soil differences and boundaries. Common causes for differences
in the soils are differences in climate, soil age, parent materials, landscape
dissection, soil moisture and faunal activity. In some places, soil boundaries
are well marked by topographic features, e.g., terraces, scarps, and fans.
Other boundaries have no expression at the land surface. Several changes in
soil morphology occur as the mountains are approached. At stable sites and in
low-carbonate parent materials, a surficial noncalcareous zone and a reddish
brown Bt horizon thicken mountainward. The Bt horizon is underlain by a carbonate
horizon, the top of which deepens mountainward. Toward the mountains organic
carbon increases and color darkens in upper horizons. Thick, dark A horizons
have formed in many soils of the mountains.

Soil age was found to be a major factor affecting the soils because of its
great range-—-from fresh parent materials to mid~Pleistocene. Differences in
soil age were caused by deposition of new parent materials in some places but
not in others, and by erosion that penetrated to fresh parent materials. Par-
ticularly prominent changes in soil morphology and classification occur across
the boundary between soils of Holocene and Pleistocene age.

Other boundaries are caused by changes in parent materials. High-carbonate
parent materials prevent development of the argillic horizon and cause taxonomic
differences at the level of suborder or order. Change in content of coarse
fragments can cause category changes ranging from soil family to great group.

In dissected terrains a change from Argids to Orthids has been caused by slow,
long-continued soil truncation associated with the dissection. Soil fauna have
obliterated argillic horizons by mixing A and B horizons in some places but

not in others, causing a boundary between Argids and Orthids.

Differences in moisture movement in the past have caused soil differences
resulting in change from Haplargids to Paleargids. During Pleistocene pluvials,
soil moisture moved deeply into reddish brown pipes (preventing carbonate accumu-
lation) but not in adjacent petrocalcic horizoms. Typic Haplargids occur in the
pipes whereas Petrocalcic Paleargids occur adjacent to the pipes.

Table 1. Soil orders, suborders, and great groups in the study area.

Order Suborder Great Group
Aridisols Orthids Camborthids
Calciorthids
Paleorthids
Argids Haplargids
Paleargids
Entisols Psamments Torripsamments
Orthents Torriorthents
Fluvents Torrifluvents
Mollisols Ustolls Haplustolls
Argiustolls
Calciustolls
Paleustolls
Vertisols Torrerts Torrerts
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C-14 dating of buried charcoal. The discovery and subsequent dating of
buried charcoal were major factors in the soil chronology. The dates range
from 1100 to 7300 yr B. P. The charcoal was found both along the valley
border in the arid part of the study area and along the mountain front where
the climate is semiarid, thus establishing chronological control for Holocene
soils and landscapes in both climates. The charcoal dates also enabled dis-
tinction between soils of Holocene age and soils of Pleistocene age. A gen-
eralized soil chronology is given in table 2. Horizons of carbonate and sil-
icate clay accumulation in Holocene soils are thinner than in soils of Pleis-
tocene age. This difference is attributed to the greater effective moisture
of Pleistocene pluvials. The chronology also established approximate times
and conditions required for the development of the diagnostic cambic, ar-
gillic, calcic, and petrocalcic horizons in the study area (table 2).

Atmospheric additions. Prominent horizons of calcium carbonate occur in
soils formed in parent materials with little or no calcium and in locations
where ground water could not have been a calcium source. Dust was considered
a possible source because dust storms are common in the dry spring season.

Dry dust was collected in a wide variety of physiographic positions and parent
materials for 10 years. The dust traps were marble-filled trays at heights

of 90 cm and 30 cm. The average yearly catch at 90 cm was 23 g/mz. Clay
content ranged from 20 to 40 percent and was negatively correlated with size
of the catch. Organic carbon ranged from 3 to 7 percent, greatly exceeding
that in surface horizons of nearby soils. CaCOj3 equivalent ranged from 0.2

to 1.1 g/m“/yr. The sum of carbonate and water soluble calcium expressed

as CaCOj3 equivalent ranged from 0.35 to 1.3 g/m2/yr. This compares to an
estimated CaCO; equivalent of 1.5g/m2/yr for calcium in the precipitation.
Precipitation is therefore apparently more important than dry dust as a

source of calcium for authigenic carbonate. The volume of carbonate was cal-
culated and related to soil age for a number of soils formed in noncalcareous
parent materials. The computed rate of carbonate accumulation and the current
rate of carbonate accumulation based on atmospheric additions of calcium are
in reasonable agreement.

Soil temperature and moisture. High temperatures in a surficial zone
restrict root and faunal activity in the uppermost few cm. This commonly
leads to low organic carbon and somewhat higher bulk densities in this sur-
ficial zone.

Much of the precipitation falls in torrential rainstorms, and runoff
rates are high on slopes. Soil texture, soil structure, landscape position,
vegetative cover, and microrelief are also variable and can have a marked
effect on soil moisture. Soil texture is important because surficial hori-
zons of sandy texture have most rapid infiltration rates during rainfalls of
high intensity. This results in a greater number of moist days in deeper
horizons. Soils with fine-textured B horizons, if wetted by precipitation
only, have a markedly lower number of moist days. Soil structure and micro-
relief can substantially modify the effect of texture; surficial horizons
with platy structure tend to "seal" when wetted and markedly reduce infiltra-
tion. At other sites the depth of moisture infiltration is considerably
increased by cracks, holes and small depressions in the soil surface. Land-
scape position is significant since it determines whether the soil is subject



Table 2. The chronology for soils and diagnostic horizons

in an arid region of southern New Mexicol/.

. 2/
Low-carbonate parent materials—

High-carbonate parent materials

kY,

Soil age Great Group and Diagnostic Horizon

Great Group and Diagnostic Horizon

Low-grave High-gravel

L

Low-gravel

High-gravel

materials— materials materials materials
| Torripsamments Torriorthents Torrifluvents Torrifluvents
Torrifluvents Torriorthents Torriorthents
! Torriorthents Camborthids;
Cambic horizon
Late H Camborthids;
o] Cambic horizon Haplargids;
L Argillic horizon
o]
Mid C Haplargids;
E Argillic horizon
N Torrifluvents Torrifluvents
E Torriorthents Torriorthents
Calciorthids; Calciorthids;
Calcic horizon Calcic horizon
Early (?)
7500 A

Years B. P.

Haplargids; Haplargids;

Latest Calcic horizon Calcic horizon
Late P Haplargids Paleargids;

L Petrocalcic

E horizon

1

S

T

o]
Mid C Paleargids;

E Petrocalcic

N horizon

E

Paleorthids;

Petrocalcic
horizon

Paleorthids;
Petrocalcic
horizon

/ Soills are on stable sites that show little or no evidence of soil truncation.

more than about 15 percent CaC0Oj equivalent.

3/ "Low" designates materials with less than 20 percent rock fragments by volume;

with more than about 50 percent rock fragments by volume.
4/ Diagnostic horizons underlined.

2/ "Low" designates materials with less than about 2 percent CaC0, equivalent; "high"

designates materials with

"high" designates materials



to runoff or run-in. Run-in can increase the number of moist days up to
2-fold. The moisture relations are less complex where runoff is low and
run-in is not a factor. In such situations the most favorable moisture
conditions occur in soils and landscapes with the following characteristics:
(1) level or nearly level areas that show little or no evidence of erosion,
(2) a thin surficial horizomn, about 5-10 cm thick, with sand or loamy sand
texture to maximize infiltration, and (3) a slightly finer-textured horizon
(e.g., sandy loam) a few decimeters thick just beneath the surficial horizon
to capture most of the moisture that has penetrated and to prevent its
movement to greater depths with consequent loss to the plant. Indurated
horizons can also be helpful in slowing or preventing downward penetration
of moisture.

Surficial features and processes. The monzonite comminutes readily and
surfaces tend to have few coarse fragments except along the mountain front.
Rhyolite does not comminute easily and surfaces tend to have more coarse
fragments. Except for the mountain front, piedmont slopes dominated by
limestone commonly have few coarse fragments. Soil surfaces of basin floors
commonly have few or no coarse fragments. In some areas coarse fragments
have concentrated as a result of landscape dissection and soil truncation.
On stable surfaces '"'desert varnish,'" or stain, occurs on coarse fragments
other than limestone. The varnish is commonly black on that part of the
pebble above the land surface. A reddish brown, red, or yellowish red color
marks the part of a pebble that has been below the surface of soils with
argillic horizons. The A horizons of soils in the arid part of the study
area are commonly light-colored, thin, and vesicular.

Alternating barren and grassy strips are common in places on the
lower piedmont slopes and basin floor. The strips are well expressed only
in finer textures such as loam, sandy clay loam, or clay loam. They range
from several to many m wide and are approximately on the contour. The
boundary between the strips is often abrupt and marked by erosion of the thin
A horizon that is present in the grassy strips. The harder, less pervious B
horizon is usually at or very near the surface in the barren strips. There
is considerable runoff from the barren onto the grassy strips and much greater
penetration of moisture in the latter. Loss of moisture from the barren
strips tends to keep them barren and gain of moisture in the grassy strips
tends to keep them grassy. The strips may have been started by overgrazing.

Coppice dunes are by far the most extensive eolian deposit. They are
sandy and have formed where upper horizons of adjacent soils were coarse-
textured and had little or no gravel. The dunes consist of stratified
materials that show no evidence of modification except for the occasional
displacement of strata by soil fauna or roots. Land survey notes and pre-
sent conditions indicate that most or all of the dunes are less than 100
years old and that a drastic change in vegetation (from grass to shrub)
took place within the last 100 years. The coppice dunes may be divided
into two main kinds according to their color. One kind has 5YR hue and
the other, 10YR hue. Each kind occurs only where the underlying and adjacent
soils have the same hue as the dune. Size of sand in the dune is very simi-
lar to that of upper horizons of soils beneath the dunes. These factors
indicate that the dune materials were derived from upper horizons of adjacent
soils.



Organic carbon accumulation. Variations in organic carbon of upper hori-
zons are related primarily to vegetation, orographic influence, landscape posi-
tion in terms of runoff and run-in, and texture. Except for some soils of the
basin floors and drainageways, organic carbon in upper horizons generally
increases towards the mountains in soils of all ages. Landscape position and
runoff are important factors affecting organic carbon in the gentle slopes of
desert areas between the mountain ranges. Soils in drainageways and basin
floors tend to have more grass and more organic carbon than do adjacent soils
on slight topographic highs. An elevation difference of only a few cm can be
important inm concentrating water. This can cause differences in vegetation
and content of organic carbon. Very gravelly horizons contain relatively
high organic carbon when expressed as a percentage of the fine-earth compared
to adjacent horizons with little or no gravel because of the diluent effect of
coarse fragments. However, the amounts of organic carbon on a volume basis
are about the same. Petrocalcic horizons at shallow depths tend to concen-
trate roots and increase organic carbon. Clay content is also important since
a soil with more clay usually has more organic carbon.

Carbonate accumulation. Horizons of carbonate accumulation are very
common and in many soils are by far the most prominent horizon. Carbonate
horizons considered to be of pedogenic origin in the arid part of the study
area have the following characteristics. They parallel the soil surface;
their upper boundaries commonly occur within about 10 to 50 cm of the soil
surface; they have distinctive morphologies that show lateral continuity and
that differ markedly from morphologies of overlying and underlying horizoms;
they occur between horizons containing relatively little carbonate; they occur
in sediments of various compositions and textures, and their development is
related to time. Carbonate horizons develop in two morphogenetic sequences,
one in high-gravel materials and the other in low-gravel materials. The
sequences have been ordered in stages I to IV and are summarized as follows.
In the low-gravel sequenceof carbonate accumulation, stage I horizons have
scattered grain coatings or carbonate filaments; stage II horizons consist
of carbonate nodules separated by low-carbonate material; stage III horizomns
are carbonate-impregnated virtually throughout, and are plugged with carbon-
ate in the last part of the stage; and in stage IV an indurated laminar hori-
zon consisting primarily of carbonate has formed atop the plugged horizon.
In the gravelly sequence, stage I horizons have thin, partial, or complete
carbonate coatings on pebbles; stage II horizons have thicker carbonate
coatings and some fillings in interstices between the coatings. Stage III
and IV horizons are similar to their analogues in low-gravel sequence except
for the pebbles,

A new master horizom, the K horizon, was introduced to meet a need for
suitable horizon designations. Carbonate in K horizons is essentially
continuous throughout, and the morphology is largely determined by the car-
bonate. Stage III and IV carbonate horizoms, above, are K horizons. Radio-
carbon dating of authigenic carbonate was undertaken to assist in establishing
the soil chronology and to relate carbonate morphology to carbonate ages. The
C-14 ages added supporting evidence to the genetic interpretation noted
earlier, concerning the development of the plugged and laminar horizons.



Carbonate C-14 ages are useful to corroborate relative ages of Holocene

soils and soils of late-~Pleistocene age. In older soils the carbonate

C-14 age is much less than the soil age. The assemblage of dates indicates
exchange with environmental C-14 subsequent to accumulation of the carbonate,

Silicate clay accumulation. Reddish brown or red horizons of silicate
clay accumulation are prominent in many of the soils. Illuviation plays an
important role in the genesis of these horizons. They are Bt horizons; most
qualify as argillic horizons. The Bt horizons have a characteristic fabric
in which distinct coatings of oriented clay occur on sand grains and on
pebbles if they are present. This fabric has since been found to be charac-
teristic of many Bt horizons in both arid and semi-arid regions. The coatings
are particularly well expressed in sandy loam argillic horizons, in which
nearly all of the clay in the horizon occurs as oriented coatings. Clay skins,
an important marker of clay illuviation in many soils, do not occur on ped
surfaces in soils at the present land surface except in pipes of overthickened
argillic horizons in soils of Pleistocene age. Prominent argillic horizoms
occur only in soils that formed primarily during the Pleistocene, and hence
are largely relict.

Many of the older soils lack argillic horizons. They have been truncated
in many areas. In some soils, argillic horizons have been engulfed and
masked by prominent carbonate accumulations. In other soils, argillic horizons
have been mixed by soil biota. Argillic horizons do not occur in soils con-
taining abundant fragments of highly calcareous rocks, even in soils of late-

Pleistocene age.

Mineralogy. Quartz, feldspar, and microcrystalline grains consisting
primarily of feldspar are the dominent minerals in the sand and silt, commonly
with quartz comprising less than half of the total. Weathering is slight.
Kaolinite and mica are present in the clays of all soil materials examined.
Abundant, well-ordered montmorillonite occurs in and below K2 horizons of
soils developed in alluvium from igneous rocks. All other horizons and
materials contain only small or moderate amounts of poorly ordered montmoril-

lonite.
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3. PRESERVATION OF STUDY SITES

The Desert Project area is typical of many arid regiomns in terms of terrain,
parent materials, range in age of soils, and general climatic history. Because
of these similarities, results of the research may be extrapolated to other arid
regions. Thus it is useful to preserve as much as possible of the project area
as a study and training ground. A publication in preparation (Gile, Hawley, and
Grossman) contains a four-day study tour of many of the detailed study sites.

At each site there are soil and geomorphic maps, laboratory data, and a discus-
sion of the soils, landscapes, and the soil and geomorphic history.

Some of the detailed study sites have already been obliterated by con-
struction. Others are on private land. A substantial number, however, are in
the public domain. It would be desirable if these sites and a portion of the
adjacent soils and landscapes could be preserved so that each could be viewed in
its natural setting. In a cooperative agreement with the Bureau of Land Management,
two and one-half (2 1/2) acres at each study site have been set aside for this
purpose. Other study sites are within the Jornada Experimental Range and will
be preserved as a part of the Experimental Range.

Permanent bronze markers were installed at sites that appear to have reason-
able chances for preservation. Markers were installed for the following sampled
pedons (these pedons have been keyed to year of sampling, as below, as a shorthand
method for reference to them):

1959 1960 1961 1965 1966 1967 1968 1969 1970

59-1 60-10 61-1 65-1 66-2 67~-1 68-2 69-8 70-1

59-2 60-17 61-2 65-2 66-5 67-3 68-3 70-5
59-4 60-21 61-3 65-3 66-6 67-5 68-4 70-6
59-6 61-4 65-5 66-7 67-6 68-5 70-7
59-7 61-5 65-6 66-9 68-6 70-8
59-10 61-7 65-7 66-16 68-7

59-16 68-9
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The table of contents locates major subjects. The general index in the
last part of the book locates a large number of items. Location of information

about particular segments of the work is given in table 3.

Table 3. Location of indexes.

Index
no. Title of index Page
i. . . . . .Data, descriptions, and photographs, by soil

classification. .« « v ¢« & & ¢ ¢ o ¢ o s e e s s w . s 12
2. . . . . .Micromorphology, mineralogy and total analyses,

by parent materials and pedon number. . . . . . . . . 1923
3. . . . . .Location and page number of detailed soil maps. . . . . 714
4. . . . . .Location of sampled pedons on soil maps and in the

data and description section, by year of samplingl/ . 715
5. . . . . .Location of mapping units in text and in soil

maps, by mapping unit . . . . . ¢ ¢ ¢ o e o 0 o . 716
6. . . . . .Location of sampled pedons in data and description

section, by series. . . ¢« ¢ ¢+ ¢ v ¢ e o 6 o e s . . 759
T S = 1= o A . 978

1/ See page 716a for the location (on soil maps) of pedons described but not

analyzed. These pedons are designated numerically (e.g., P-2) and location

of their descriptions in the text is given in Index 1. Soil descriptions

at the soil moisture sites (section 51) are in section 209.
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/
INDEX 1. DATA; SOIL DESCRIPTIONS; AND PHOTOGRAPHS, BY CLASSIFICATIONL

Page

Pedon no. Laboratory data

2/ Complete
Classification — Summary table data Description Photograph

ARIDISOLS
Typic Haplargids
1o§Ez—ske1etal
Pinaleno ..ececoccoss eeeb0-9. .00, 65, 132, 136, 193, 195, 213....8l4...... 815...0040 .
........... veesb6-16......65, 117, 132, 133, 137, 168....914......915.0ccecceeeeed79ceeurnnnnn
............... 67-4.......65, 85, 117, 132, 213, 434.....922......923............427, 428.....
F I Y52 TN .65, 117, 132, 137, 168.....cc... 924...... 925, i iiectnnnas 18l.cecvunens

sandy
Onite, sandy subsoil
variant..cceeeeceeeeaed9=5,000¢00168, 213..iciiiiicecnsencennses?B8uiee e 70 iiiiiiiiotaienoenanana
veescsecvsesseesB8-3.00000.65, 213, 217, 455...ccicnccnnns 932...... 933, .ciennnanns 456

coarse-loamy
ONiteecvcersrnnsosssceeed2=3iccnans 132, 168, 211, 213, 540........ 868......869.cc00ccnnnnn 1730 ceeeneses

..... secveeaseensessd0=5,......132, 209, 211, 217, 460ac.c.02.952.0000.953 00ccenna. 860, 461.....
eecosscesssnscsceeelO-6.00.....132, 168, 211, 217, 460a....... 954..00..955. 0 chtcanann 46lececinnsas
Onite.ceevesosccncnnes S £ teetctcsesectcsarensncsns 1 - 465
Onite, buried soil
variant....eceeveee eeeP=2, . . ecsccassesersacans cessesssscesssrcesresacsseesd7beeeiteceaceracassnnnnns ..
Onite, caleic variant...66-1.......132, 137, 336, 574....... P 7 Y . -1 335, 337
Onite, deep petrocalcic
phase........ veeeweos-61-8.......65, 117, 132, 168, 213, 217,...860......861l....ccc.c. ...381, 407.....
388
ceseeesl2=l,.....,127, 211, 217, 388..... cevseeeed62. 00 9630 c0iiennncserscnnenenan
sesseeel220000ess117, 211, 217, 3BBicsrvenoceer1964.00eee965, et incccctnscnsocnnnsan
Onite gravelly variant..61-5.......85, 132, 168, 213, 217, 574....852...... 853. . .iiiencnnn 494, ... eeen
Onite, thin solum
variant...coceevneseeeb8=5,00eecv2l3, 455, cvenrnrrncnncrcncese3600ceac937cieeiiecceaedSbincanicens
Sonoit8eceeesoscavecesss60~-8.......132, 193, 195, 209, 213, 486...812......813.ccc00nncnces eesesnacena
......... eeseensel2=3 00000 117, 211, 217, 388.i.eiirceraeee966.c000967 iiiritinncccancoconanann
Sonoita.................P-3................................................370............371 372.....
SND=l.veeeacrosonoasoass $59-12......132, 357, .icciiiiinninns sesees?82. ..., R - 5 O, ciecreasens
fine-loamy
BerinOeeeecoocsss ceaceeans 60~7.00eces 132, 168, 193, 211, 213, 548...808......809...000cccnee 175, 461, 531
ceccescesccesveess®0-13.00...65, 132, 211, 213, 540...000.00822.00...823 00 0ttcicncccaccnansoanen
eesseccssscssccsess®8=9,......121, 132, 168, 211, 213, 217,..944......945............122, 123.....
455
cesescsssssnsessss 7000 000.132, 136, 168, 209, 211, 217,..956.000..957cccccicceccsccancnroanans
460a
Bucklebar..... veosesseesdI=T.eesasa132, 168, 211, 213, 540, 541...772. 0000773 cceicirancccccscscencnan
..... ceenceneeab0-22.000..132, 137, 168, 21l.ccecrveocassB8a40.000 881 iiiiiiiiiiiioceniannnn

cecressoevesassbB=b.. ..., 65, 132, 168, 211, 217, 455....934...... 935 . ciacennnnns 458. ...
eesssvennsnseaBB8-8.000.0.132, Ll4. iiiiiiiicniiinnnas ees942,.... 2943, iieiiinne 419...... coen

Bucklebar, overburden
Variant...ceeeceeereee39=8.00....65, 132, 137, 168, 213, 540....778c0eees7750cescctcsososasnocsanssne

Bucklebar, gravelly

Varidnt...scoceesoscccsssssscncssesssssesssasse J secesvesssonasans .o
DOna AN@eesceosssensseesbO=6.......132, 137, 168, 211, 548........806......807............549 ..... oo
teseseccsecseeassbl=b.......132, 137, 168, 213, 217, 574...850......851ccccccnenn es569.cccennne .
N L - 132, 21l.ieceenencccnnes ceeees 878.c.00B879, i 564.cccecnns
evevecsecseneesb8b6.0.00..132, 168, 217, 690.cccctrrcncnns 938,.....939. .. 0000 iannn 692, .c00eeens

Dona Ana, deep petro-
calcic phase..eeeeeesa65~7.00eesa65, 132, 168, 211, 222..00000..882.0.00..883000uncccnniinianeionennas
HAap..iceeoooesanes O S 13 I . 1
Tres Hermanos...... R . L
o S 1 T . e L T S b i S e

fine

Bucklebar, clayey subsoil variant............ cessscsestcscannas cecttesenna tressarecasasasnns secaccessrnen
SND-3..cc0c0veces weseeesbT-6.000e. 1200 seessenens Crereenenans 926...... 927 i 124, .00

1/ All soils are thermic and have mixed mineralogy unless otherwise stated.
Z/ See table 3a for an alphabetical listing of soil series, variants and phases.
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INDEX 1. DATA; SOIL DESCRIPTIONS; AND PHOTOGRAPHS, BY CLASSIFICATION, cont.

Page
Pedon no. Laboratory data
Complete
Classification Summary table data Description Photograph
Ustollic Haplargids
loamy-gkeletal
Coxwell shallow
variant......... ceseeeb6-9.......117, 137, 193, 211, 486........900..... IS 11 ) (PRI /1: 5 RN
cesesccsaases ¢+66-10......117, 137, 209, 211, 486.0.0000:902.000..903 . . 0uuinerreroncccnacnnnns
cecsncvasseecealO=loceeeo 117, 193, 217, 486.cccccccnnnns 948, .... W949...... ......&88 489.....
Caralampi...ccoeveneenee59=14.0000065, 213, 643.cuerueneen.. [ £ - Ty | . [
ceeses cecensaas 60-23..... [ & I seesacesscaranas ....842......843 ........ seesesae cesesnvas
Nolam...ooeunoreasanceas 59-15...... 65, 117, 213, 436 seeestsssaens 788...... 789....0.. seeteranscscsannas
..... D . T 1. 2
sandy
Rilloso, Ustollic
variant....cceceeccaee 60-11...... 137, 332.ccvcaccsaccsssncssanss8lBicanes 819...c0cincens 332..c0vennnn
fine-loamy
Berino, Ustollic
variant...ecoeeeenoesed9=6.0.....132, 136, 168, 193, 213, 540,..770......771.c0ceuce....187, 542.....
541
Headquarters...ccoeeeeee 60-18..... .132, 136, 213, 585...... seeesee L R . X L P
Headquarters....cooveeeeePmTicoeccsscacsccnscas creserens cecesenen ceresncsane 576.cc00u.s PR
SND=4..vivnrennan .......66-15......117 132 486..000c00000nn R I 2
fine
Headquarters, clayey
subsoil variant...... .69-8.......65, 121, 132, 136, 211, 217,...946......947....... [P Y. .
455
Stellar...cececesneass eesbl-3....... 121, 132, 136, 168, 211, 213,..848......849..... [N X £ TIPS
217, 690 .
Stellare.eecesesccesoseePoBiieccccssscnscssonsncsncecsosaccsososscancasssaaed?Ouciass cecscsesannnne cree
Stellar, wedgy subsoil
variant.ecescecceee IR o Y teesssesssccssscnsctrransanan 969 cccecarssnssccnsassanses
Stellar, overflow phase.60-21......65, 132 136, 168, 211, 213,...838...0..839%9.c.cccecccnn 678, cciiennnn
217
Petrocalcic Paleargids
loamy-skeletal, shallow
Cruces, loamy-skeletal
variant...cccecececss.59-16......65, 137, 161, 168, 193, 195,...790......791.c.0ccccececad55cctcccen..
207, 213
loamy, shallow
CruUCeS8.ceccesasscscsaccs 61-7.......65, 85, 117, 136, 161, 168,....856......857............159, 407, 408
193, 213, 222, 414, 417
ceeeecssasscnane ee66-12...... 85, 117, 168....... csessesasane 906......907...... eesacsen coessssnane
CrUCeB.ecscocccncessccancPell,icocccecsesnccccsesaccsnsancsanaccans PR /1 N cecssseonans
coarse-loamy
Hueco.cvevoocasana PO - ¥ 2 cecsvsessacnsse ce000e976 cececrcanssscccoscvcconnse
fine-loamy
Cacique...... cescens Cecsecsanssotsassenasasssesnnas vaveseoscssestsessensn tessssecsscasseencsen veosesans
fine
SND=5.ccccccccccncnace eee0esesescucssaessacseneesosasststsetseveroassosane eseecessasacstasacsss sesevssa
Petrocalcic Ustollic Paleargids
loamy-skeletal, shallow
CasitO.ecece: vessesccens 60-1..00...117, 168, 189....cccceneccnnass 79...... 795 ieiecencoscccasaccasaces
Cagito.ceeccceececeacnnn Poll..cceeececcncoosesonosssnosooscnasnnsossncsnnna 609...ccccecrscnccncnsascons
Terino.cceeoeeccens eeeeel0=-8..... .65, 117, 137, le1l, 193, 211,...958...... 959 .. ccceeccncn 182.cceccccns
217
Terino..ceesaceccens eeeeae ) 2 T G9) . cecncancacsnn eesetececans

loamy-skeletal

Terino, moderately deep
varifant.......cccven ceesss ceccsorasas esecsccsssnscsnseracsnne seesscsene tesesecsrssesssrencens cseveasene
clayey-skeletal
Terino, thick solum
variant...cceeecanee ..60-5.......117, 193, 195, 213, 217, 443...802...... 803...... cesene 632, 633.....
Typic Calciorthids

sandy-skeletal

Caliza...ceceoeseacanee Pel3 Palb.. . ccenvences cetesssecsssasseessanseansen 294, 348.......295, 349....
loamy-skeletal

Nickel....ecoene.. P 59-13......65, 168, 193, 195, 207, 325....784...... 785..ccccceee tesssassssenncas

Nickel..cccecesonconccooP=lS 0ecccececcaancas cececrnavesssacens eeeercscanes k .{o S 318, 321.....

Weiser (carbonatic).....P=16.c.covccaccecn teecsscccccesasnoans cesesssssances 300..cccc00c0ene vesevessssen
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Pedon no. Laboratory data

Complete

Classification data

Description Photograph

Summary table

coarse-~loamy
Algerita..cceceeess eeersab1-2

Algerita.ccceccccass

Algerita, partially

indurated variant 61-1. 132, 168, 217, 690..........

Jal (carbonatic)....s..cs65-6.......132, 137, 222.. 000000 0ues

Whitlockeeeesoooess
fine-loamy
" Algerita, deep gypsum

phase, eesoP=19....,

65, 132, 136, 189, 217, 690....846,,
vreeP=17,P-18ccccccccss .

. B4,
te0e..880,.
132, 168, 189, 193, 217, 336...796

Ustollic Caleciorthids o
loamy-gkeletal
Polar...... cevesasssnns ceeveserrones cesene cetsessaes ressan ceveanene

fine-loamy

variant....... [P 66~7.vevusn 65, 136, 211, 6668cc.ccv0vsoess.B896...
fine-silty
Reagan...ccecveeseeesss.60-14......65, 132, 136, 193, 211, 523....824,,

sessessesrsneessasb0-17......132, 136, 211, 217, 666a.......830..
tesessesnssssasess65-1.......132, 137, 211, 510..... seesees870..
tecsesessasanans ..66-6 65, 211, 666a [P .894. .
sesessacvsoreesessB8=7.0uesne 132, 136, 211
Reagan..... e oP=20......
Typic Camborthids
sandy-skeletal
Vado, sandy-skeletal
variant...ececesseccs s P=2lecctincnnsasase cessssases ceceens Nesesesesssan
loamy-skeletal

Vado.ceeeessesessosnnss
coarse-loamy

Agustin....ccceeeasons

Pajaritocsecessscecees

.60-4......

++61-9

veeer168, 292, 00iieennn
65, 137, 168, 449

fine-loamy

Adelino...seesessessses e Pm22, c0rscro0ccssansesssonssosssssssssarerscnnas
fine-silty
Mimbres, overwash
PhaBe.isesosvocsassees86-14, 00002920 vesnncncansoscasesrsanssesdlO.,
Typic Paleorthids
loamy-skeletal, shallow

ves.940....
ceees972000000en

65, 193, 195..c0uceceennens .e..800.,.

eeesB47.0 0 000e....190, 693.....
+e++558, 683.......559, 684, 696
IR - L 1 I - 1 1 Y
R 1 NS 1- Y P

.».897... eeee580.ciennnn..

RN - V1. J RS- 3 £ N
eeeeB3liiiiiiieesaa669, 670.....
S .7 b S
ceeeB95. it iiieneer 667 00innn,

. 941.....

R 1L

vees309 i e31l2.cihinnnns

- L1

P | L S 1 L T T RN

P 2 S ceue

Delnorte.cessocessseees s Pr23 Po2b,cceaescrorscsccorsonssscccaccncas eresesesedl?, 600....... 318, 321.....

Tencee (carbonatic) seeeeP=25c0cerrtcercaanesoseccnnrncncncnas seesevesscesese390iiiernrseesad00, 401,....

Tencee (carbonatic).....62-1l....... 137, 161l.c.cveercces vecesenceseB66.i0.0eB670i0iiiinnne erierneans vese
sandy, shallow

TODUCOecersoovoscssscosovsnseaccnacs Cesecresssetessassseronssssstoccsoroacncsestanoncenens ceeesessssstnraee
loamy, shallow

SimonAcsesssvosocasas vee59-11...... 137, 193........ & - o T £ -

vesesesevsencsssesb80-10......65, 136, 207, 3168¢ececrcvs.ss.816.,
Upton (carbonatic)......66-5.......137, 161, 189, 585....... cesees 892..
Ustollic Paleorthids
loamy-skeletal, shallow

MOnteroBa.eeeseccececese8l=100000..137, 3168cccccrerccrrcvenceess 864,
vecoccconenseseB6=2000000.65, 137, 316@.icccccereccnasss. .886..
sessesessnsseasab7=2,.... cesessessenvassaane

Monterosa, carbonatic
ceresases coceecP=26sc..

loamy, shallow .
CONZET o ccvoocessosnoasssB80=200c0eseB5uiinercrenecciiececacieneess.836..

sssesvonssecccor e

ENTISOLS

SND =64 evsescocoascosssssosnosssscvsosscscsontossosnssccasossssecsnssononns

Typic Torrifluvents

sandy-skeletal

Vinton, sandy-skeletal
variant..cccocesssnrrrescacscscoccs esesessceacsasssaneses sese

D - 3 I

eeeeB93iiiienieneea3bliiiiiiia.s

.es.865

BB 3600 s
...919..... i 16be s )

B - R ceee

eassB837..0.0n
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loamy-gkeletal
Anthony, loamy-skeletal

variant...cceceeeeeseab5=200000ee65, 510.ccecncaccccososccasoseeeB72iseeesB730cccnncseesad09 caceccnns
sandy
Vintoneicerececesoeseeead9=bdiceceae65, 193, 195, 212..0cececrasseelB86icceee?b87iuceisaccssasssscnssannaa

eesesevescaans R i T R B X e B Y

coarse-loamy
Anthony..ceocecececcoaass 65-3..c000e65, 510..ccieecccnncccnans e000e878i0ceee875,0cccecanaeedVlecccennace

B TR R TR TR LTI 2 ¢ S - 7 [ TSP - ¥ iy S ceesecscseaseas
Gila.eoesoeaaracesenaoesecesasonsessastsacscocssosccccssosossascasesasssonsscncescsssasseonasssssanassas

Pintura, thin Varlant...cceecscecssceccsceacacasssososcocsoscsccocsacssasasescossascssscsccscsaoscscsasnansossse
fine-gilty
Glendale.sceessesseacaaa®d0=-15.00.. 65, 121, 193, 211, 217, 523....826......827........ eeeedlliiieannnnne
Typic Torriorthents

sandy-skeletal
AriZ0sescesocccosasaseeeB0=30ceeaaeb5, 136.cciersoccccsnccoosososslI8eeesae?99, cicnnnacicsnsccscscsnses

B 2 T i 2 1T - 2
Ar120.ccsestsascascccsasP=27 eorcaes Y - 4259 icienecns
Dalian, sandy-skeletal

variant (carbonatic)..... ceccsrcacne seesscaccensnne sesecens esessecsancscsasssastsassessnanna cessccass
KOKAN.sceooscooasscsnscns Pe28.ccoecsncescsccsososcasscsscssccasscosscscscsasaddVeecccncocccacassccnscncans

loamy-gkeletal
CanutiO.eesecses eocassessb86=3..i0000el32, 137 .cecescoscscccnancaeseB8BiieeeeB89icitincrccscsancocsosscns

Dalian (carbonatic)..... 66-4...0... 132, 137, 283.ccceccccccacans 0e890..0.0.891..cc00ccecee2?9ccrccncnn
sandy
Yturbide...cooooeeseeeeaeP=29, i tteceescteccnccnsssaccccsscssnccse P I TSP L
SND~7.cocesnseonssansesedI=3ucceaesb5, 136, 212, 484.0cceccrcnceee?bbiceece?65cceccncass cessesessssasac
coarge-loamy
Canutio, loamy subsoil
Variant..eeceeccceceeeP=30,P=3liccccccccccsnseccccccncanccocnans eesescccceshll, 968..... 008720 0000an0ne

fine-loamy

SND-8.00QOQ ..... 000 0e0s 00 9 2 6 00008 0 0080 6800 20 0060850808 0000 CeON SO0 EtOI BP0 RS BOROIBOESLIBIOIRERLEOIBSOIENDBNOIILIOSESDBDYS
Typic Torripsamments
Bluepoint.ceseccescocscess39-10......65, 132, 168, 193, 212, 266....778ccccce?79cecccccccase263ivcanenncs
cesessesasssaasesdd=17,.....132, 193, 212, 266...... ceasens 792.c.00e793 0 00cccvecane 269.ccccccnns
Bluepoint...ceees T - 2P | ¢ H P ) e
PINtUra.eeccecseseosesensaeeb6=11.0....65, 126, 132, 193.ccsecnveoesee904......905..c...... seeel29. ccecnnocs
eeccsscassssssossna 66-13.0004e85, 193.ccicrsaccccovcannnnessed08,00000909 cciicetstccncsccconnccns
vesessnsscccaseceesB8-liceaeaal26, 132.0c0cncccvnsccsccnseaead2Biec.ec929.00c....s eeel27icrscccens
Pinturacesceeccess T 2 1 T vesovscccsscsnese3B0iiiiiacasasa382, 392, 393

MOLLISOLS
Aridic Argiustolls

loamy-gkeletal
Earp.ccccecccecscascanse P=3.iieeceennns sessssssessecccssacseraracasans eeeach3beccienes cescsvsssansascns

Nolam, mollic variant......cccccecccecssosce cecesecacsaststcsssetasesesoeotnccasecsassssasssonans ceseses
coarse—loamy
SND=9ccacotcassascscccccnsn eescsesssecassasesaccrane sesecseases ceessens secessccncesaacaascans tacsscssens

Pachic Argiustolls
clayey-skeletal
Limpia.seccseccessosscccaccaas eesescas eecescesssssssassscccsvanses tessscas secesssssas teceesecasssosenne
Petrocalcic Calciustolls
loamy-skeletal, shallow
BOTACHOocsoossscsoceses P35, ceeccceceascacscassscacosssscssssasssansescnse®3lececeeese.sa638, 639.....
Boracho, carbonatic
variant..cececoces .-o-P.36.oo..oo-_o-oooo-c-.ooooo..oo'- ------ o--o.-ooo-oa622.o.....o-ou.623nlnooaoun-

loamy, shallow

KimbIroUBNceuseooossosaccsssacsososssosnasssscssssssosooscosssscssosesssosesosonsssosssscssosososccassssnosss
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Pachic Haplustolls
loamy-skeletal
Santo TomAB.cseossanaeaab0=12.00ceeb5, 443, .0t eececrococaceneesB820iceeeeB82licececccseacd3d8cinncnnee
Santo Tomas, calcareous

B o - 1 o

Santo Tomas, overburden

VAYiANt.ccooeesssccossssoscscscsassosscsnssotascososssctanatososssososcnoscesosesssssnssssosssssnsssosnsss

coarse-loamy
Aladdin, calcareous

variant..cceccecsecoeee®0=19.00004136, 528.ccccacccccccccrcenesse83be0ceeaeB835.ccecncaeeead2 enccinncee
Torriorthentic Haplustolls
loamy-skeletal
Santo Tomas, Torriorthentic

VAT1aANt .. ececceeccssacscscrssssaossscssvnsossacosscsoaosstsnssctsosssssssesossonsssonossorossasonscscssnssassae

sandy
Hawkeye..ccesoooesoaseaasd9-2,000esa65, 136, 193, 195, 212, 484....762.0000:7630cccceccnccesccsascancncs

coarse-loamy

Aladdin...c.ccecesenseees59-Licaseeea65, 136, 212, 484.c.0verecncaoe?B8000eass?b8lecenceascensb78iiuccnaass

Petrocalcic Paleustolls

loamy-gkeletal

Terino, mollic, moderately

deep variant..cceoeeeeP=3BeuceccccesccsescncssocsoncocsoscoscssasvsnsseeeB2ceccasessscassccnssssnnas

loamy-skeletal, shallow

Terino, mollic varlant..cececoccscccsessscesossnssscasssansssssscsssssasscsssissancssssssssosscsonsssosnssss

VERTISOLS
Typic Torrerts

very-fine
Dalby taxadjunct........60-16......136, 211, 217, 651lccccccccccceeB2Bececee829.i0cenncass.l1ll, 648, 649

SUPPLEMENT

ARIDISOLS
Typic Calciorthids

sandy

RIL1OB0..ccococssccocssssasocsssssescsassasessosssssoissssssacsesssonssssoscsosssssssocsoscsocsssssosnsssss

MOLLISOLS
Aridic Calciustolls
loamy-skeletal

Hathaway .. oeeoeoooesasssrscssscsscsssscasssscsssasssnoscsssssssssssassassssnssscssssssesssssssocnssccancs
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Table 3a. Classification of soil geries, variants, and phasesil

Series, variant, or phase

Adelino
Agustin
Aladdin
Aladdin, calcareous variant
Algerita
Algerita, deep gypsum phase

Algerita, partially indurated
variant

Anthony

Anthony, loamy-skeletal variant
Arizo

Berino

Berino, Ustollic variant
Bluepoint

Boracho

Boracho, carbonatic variant

Bucklebar

Bucklebar, clayey subsoil variant

Bucklebar, gravelly variant
Bucklebar, overburden variant
Cacique

Caliza

Canutilo

Canutio, loamy subsoil variant
Caralampi

Casito

Congerxr

Coxwell, shallow variant
Cruces

Cruces, loamy-skeletal variant
Dalby, taxadjunct

Dalian

Dalfan, sandy-skeletal variant

Clasgification

Typic Camborthids, fine-loamy, mixed

Typic Camborthids, coarse-loamy, mixed
Torriorthentic Haplustolls, coarse-loamy, mixed
Pachic Haplustolls, coarse-loamy, mixed (calcareous)
Typic Calciorthids, coarse~loamy, mixed

Typic Calciorthids, fine-loamy, mixed

Typic Calciorthids, coarse-loamy, mixed

Typic Torrifluvents, coarse-loamy, mixed (calcareous)
Typic Torrifluvents, loamy-skeletal, mixed (calecareous)
Typic Torriorthents, sandy-skeletal, mixed

Typic Haplargids, fine~loamy, mixed

Ustollic Baplargids, fine-loamy, mixed

Typic Torripsamments, mixed

Petrocalcic Calciustolls, loamy-skeletal, mixed, shallow
Petrocalcic Calciustolls, loamy-skeletal, carbonatic, shallow
Typic Haplargids, fine-loamy, mixed

Typic Haplargids, fine, mixed

Typic Haplargids, fine~loamy, mixed

Typic Haplargids, fine-loamy, mixed

Petrocalcic Paleargids, fine-loamy, mixed

Typic Calciorthids, sandy-skeletal, mixed

Typic Torriorthents, loamy-skeletal, mixed (calcareous)
Typic Torriorthents, coarse-loamy, mixed (calcareous)

Ustollic Haplargids, loamy-skeletal, mixed

Petrocalcic Ustollic Paleargids, loamy-skeletal, mixed, shallow

Ustollic Paleorthids, loamy, mixed, shallow

Ustollic Haplargids, loamy-skeletal, mixed

Petrocalcic Paleargids, loamy, mixed, shallow
Petrocalcic Paleargids, loamy-skeletal, mixed, shallow
Typic Torrerts, very-fine, mixed

Typic Torriorthents, loamy-skeletal, carbonatic

Typic Torriorthents, sandy-skeletal, carbonatic

1/ Classification is according to Soil Taxonomy (Soil Survey Staff, in press). all soils are thermic.
All series are eatablished excant Tamwen and Rilleso.
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Table 3a. Classification of soil series, variants, and phases, cont.

Serles, variant, or phase Classification
Delnorte Typic Paleorthids, loamy-skeletal, mixed, shallow

Dona Ana Typic Haplargids, fine-loamy, mixed

Dona Ana, deep petrocalcic phase Typic Haplargids, fine~loamy, mixed

Earp Aridic Argiustolls, loamy-skeletal, mixed

Gila Typic Torrifluvents, coarse-loamy, mixed
Glendale Typic Torrifluvents, fine-silty, mixed (calcareous)
Hap Typic Haplargids, fine-loamy, mixed

Hathaway Aridic Calciustolls, loamy-skeletal, mixed
Hawkeye Torriorthentic Haplustolls, sandy, mixed
Headquarters Ustollic Haplargids, fine-loawy, mixed
Headquarters, clayey subsoil variant Ustollic Haplargids, fine, mixed

Hueco Petrocalcic Paleargids, coarse-loamy, mixed

Jal Typic Calciorthids, coarse-loamy, carbonatic
Kimbrough Petrocalcic Calciustolls, loamy, mixed, shallow
Kokan Typic Torriorthents, sandy-skeletal, mixed
Limpia Pachic Argiustolls, clayey-skeletal, mixed
Mimbres, overwash phase Typic Camborthids, fine-silty, mixed

Monterosa Ustollic Paleorthids, loamy-skeletal, mixed, shallow
Monterosa, carbonatic variant Ustollic Paleorthids, loamy-skeletal, carbonatic, shallow
Nickel Typic Calciorthids, loamy-skeletal, mixed

Nolam Ustollic Haplargids, loamy-skeletal, mixed
Nolam, mollic variant Aridic Argiustolls, loamy-skeletal, mixed

Onite Typic Haplargids, coarse-loamy, mixed

Onite, buried soil variant Typic Haplargids, coarse-loamy, mixed

Onite, calcic variant Typic Haplargids, coarse-loamy, mixed

Onite, deep petrocalcic vhase Typic Haplargids, coarse-loamy, mixed

Onite, gravelly variant Typic Haplargids, coarse-loamy, mixed

Onite, sandy subsoil variant Typic Haplargids, sandy, mixed

Onite, thin solum variant Typic Haplargids, coarse-loamy, mixed

Pajarito Typic Camborthids, coarse-loamy, mixed
Pinaleno Typic Haplargids, loamy-skeletal, mixed
Pintura Typic Torripsamments, mixed

Pintura, thin variant Typic Torrifluvents, coarse-loamy, mixed

Polar Ustollic Calciorthids, loamy-skeletal, mixed
Reagan Ustollic Calciorthids, fine-silty, mixed

Reagan, light subsoil variant Ustollic Calciorthids, fine-loamy, mixed
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Table 3a. Classification of soil series, variants, and phases, cont.

Series, variant, or phase Classification

Rilloso Typic Calciorthids, sandy, mixed

Rilloso, Ustollic variant Ustollic Haplargids, sandy, mixed

Santo Tomas Pachic Haplustolls, loamy-skeletal, mixed

Santo Tomas, calcareous variant Pachic Haplustolls, loamy-skeletal, mixed

Santo Tomas, overburden variant Pachic Haplustolls, loamy-skeletal, mixed

Santo Tomas, Torriorthentic variant Torriorthentic Haplustolls, loamy-skeletal, mixed
Simona Typic Paleorthids, loamy, mixed, shallow

SND-1 Typic Haplargids, coarse-loamy, mixed

SND-2 Typic Haplargids, fine-loamy, mixed

SND-3 Typic Haplargids, fine, mixed

SND-4 Ustollic Haplargids, fine-loamy, mixed

SND-5 Petrocalcic Paleargids, fine, mixed

SND~-6 Entisols

SND-7 Typic Torriorthents, sandy, mixed

SND-8 Typic Torriorthents, fine-loamy, mixed

SND-9 Aridic Argiustolls, coarse~loamy, mixed

Sonoita Typic Haplargids, coarse-loamy, mixed

Stellar Ustollic Haplargids, fine, mixed

Stellar, overflow phase Ustollic Haplargids, fine, mixed

Stellar, wedgy subsoil variant Ustollic Haplargids, fine, mixed

Tencee Typic Paleorthids, loamy-skeletal, carbonatic, shallow
Terino Petrocalcic Ustollic Paleargids, loamy-skeletal, mixed, shallow
Terino, moderately deep variant Petrocalcic Ustollic Paleargids, loamy-skeletal, mixed
Terino, mollic variant Petroc#leic Paleustolls, loamy-skeletal, mixed, shallow
Terino, mollic, moderately deep variant Petrocalcic Paleustolls, loamy-skeletal, mixed

Terino, thick solum variant Petrocalcic Ustollic Paleargids, clayey-skeletal, mixed
Tonuco Typic Paleorthids, sandy, mixed, shallow

Tres Hermanos Typilc Haplargids, fine-loamy, mixed

Upton Typic Paleorthids, loamy, carbonatic, shallow

Vado Typic Camborthids, loamy-skeletal, mixed

Vado, sandy-skeletal variant Typic Camborthids, sandy-skeletal, mixed

Vinton Typic Torrifluvents, sandy, mixed

Vinton, sandy-skeletal variant Typic Torrifluvents, sandy-skeletal, mixed

Weiser Typic Calciorthids, loamy-skeletal, carbonatic
Whitlock Typic Calciorthids, coarse-loamy, mixed

Yturbide Typic Torriorthents, sandy, mixed
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5. HISTORY

The earliest men believed to have been in the Desert Project area
( see p. ii) date from about 10,000 years ago. Numerous charcoal accumula-
tions, the oldest of which is 7,300 years old, have been found along the
Rio Grande Valley and the mountain fronts in the Desert Project. At least
some of these charcoal accumulations appear to be hearthsites.

A number of early Spanish explorers followed the Rio Grande northward
from Mexico. Two of the earliest expeditions were led by Agustin Rodriguez
in 1581, and by Antonio de Espejo in 1583. 1In 1598 Don Juan de Onate led
the first party of colonists and blazed a trail across a vast stretch of
desert known as the Jornada del Muerto. At Fort Selden the route left the
Rio Grande Valley and ascended to the broad plain of the Jornada del Muerto.
Travel was easier on this smooth plain than along the Rio Grande north of
Fort Selden. 1In the latter area, mountains are very close to the river,
slopes are steep, and ambushes by the Indians were common. The new Jornada
route was named the "El Camino Real" or the "King's Highway.'" A photograph
of the trail is in Gardner (1931).

However, the Jornada del Muerto offered its own perils. Keyes (1905)
made the following comments concerning it:

Of all the basin plains of southwestern United States the
Jornada del Muerto, in south-central New Mexico, is, in many
ways, one of the most remarkable....For three hundred and
fifty years after the Spanish invasion the Jornada lay in
the beaten path of travel from Mexico northward. For 100
miles the famous E1l Paso and Santa Fe trail crossed its
desert sands. In view of the horrors inspired by the trip
across it from the time of Coronado to the advent of the
railroad the Spaniards who ventured within its borders might
well be pardoned for calling it the "Journey of Death." The
long white line of bleached bones of man and horse, which
not so very long ago marked the trail, amply attested the
fitness of the title.

Keyes then quotes Wallace (1888) as describing the Jornada "in very
somber though highly fanciful terms':

Near the southern boundary of New Mexico the Spanish explor-

ers were opposed by a barrier of all on earth most to be dreaded
-- a shadeless, waterless plateau, nearly 100 miles long, from

5 to 30 miles wide, resembling the steppes of northern Asia....

The portion I speak of appears to have served its time, worn
out, been dispeopled, and forgotten. The grass is low and
mossy, with a perishing look -- the shrubs, soapweed, and bony
cactus writhing like some grisly skeleton; the very stomes are
like the scoria of a furnace. You vainly look for the flight
of a bird, such as cheered the eyes of Thalaba in the desert;
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no bee nor fly hums in the empty air; and, save the lizard
(the genius of desolation) and horn frog, there is no breath
of living thing....

The spot I am trying to describe is the battle ground of the
elements. In winter it is made fearful by raging storms of
wind and snow. There men and animals have been frozen to

death, their bodies left the lawful prey of the mountain wolf.
From the primeval years the Apache has harried the hungry waste,
hunting for scalps; and, besides the savagest of savages, it is
now the favorite skulking place of outlaws, an asylum for fugi-
tives escaping justice in old Mexico and Texas.

In our times many a party cut off and many a traveler murder-
ed makes good the name it bears, given by the first white men
who dared its perils, Jornada del Muerto -- "Journey of Death'.

Fountain (1885), the Commissioner of Immigration for Dona Ana County,
writing about the same area, stated: ''Between these ranges are great plains,
from twenty to sixty miles wide, treeless and almost waterless, but covered
with a growth of rich, nutritious grass, that affords pasturage for stock at
all seasons of the year.”

6. TOWNS AND FORTS

The principal towns in the study area are Las Cruces, Mesilla, Dona Ana,
and Organ. Fountain had the following comments about these towns in 1885:

Las Cruces. The most important town in Dona Ana County is

Las Cruces, the business center and seat of government, a town
of 3000 inhabitants pleasantly situated in the richest portion
of the Mesilla valley on the Atchison, Topeka and Santa Fe
railroad 43 miles north of E1 Paso, Texas. The valley of the
Rio Grande for several miles north of here and south to the
Texas line is considered the finest growing section of New
Mexico; the gardens of Las Cruces and the neighboring town of
Mesilla are justly famed for their splendid fruit which in
size and flavor is unrivalled by any grown in the Eastern
States.

Mesilla. A town of about 1500 inhabitants in the heart of the
Mesilla valley, two miles from the Las Cruces railroad depot

is the second town in the valley in point of population. A
line of hacks make trips twice a day between this town and

Las Cruces. The town of Mesilla is famous for its magnificent
orchards and vineyards. It is laid out in regular streets which
are shaded by large cottonwood and other trees, a catholic
church and convent of the Sisters of Mercy comprise the public
buildings. Some of the finest residences in the Mesilla Valley
are situated in the town of Mesilla. Wine and fruit growing
are the principal industries, the orchards and vineyards of
this town have a national reputation.
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Organ. A mining town with a population of about 400 is situated
on the western slope of the Organ Mountains about 16 miles east
of Las Cruces. This town is in the center of a rich and well
developed mining district and promises to increase in wealth and
importance. There are smelting works here with a capacity of 40
tons per day; this capacity will shortly be doubled. There is
communication with Las Cruces by stage coach twice each day.

Dona Ana, This town is situate(d) in the Mesilla valley on the
Dona Ana colony grant; population about 750, mostly native. Wine
and fruit-growing are the most important industries. The close
proximity of this town to the Organ mountain mines give it a pro-
spective importance, it being the nearest railroad point; having
all other facilities, it is more than probable that the works

for the reduction of the ores of the Memphis and other mines in
its vicinity will be erected here, in which event it will assume
an importance second to no other town in the valley. The best
quality of bottom land, under cultivation, with water privilege,
adapted to the cultivation of the grape, fruits, and onions,

can be purchased in the vicinity of Dona Ana in tracts of from 50
to 100 acres at $10 per acre, with good title.

Las Cruces, the largest center of population in the study area, had its
beginning in 1848 according to Bloom (1903):

In 1848, the present site of Las Cruces was surveyed off by an
Army officer, Chapman by name. Hon. Nestor Armijo, of Las
Cruces, told me of having passed down the wvalley into Mexico
in that year, and saw the men at work. In 1849 he returned to
his home in the northern end of the Territory, and states that
there were houses and people living in them.

The name, Las Cruces, comes from the Spanish, '"The Crosses'';
it was given to the settlement because of a fearful tragedy

which had occurred years before, and to Hon. S. G. Bean 1 am
indebted for the following description.

"In 1840, a party of forty Mexicans were on a journey from

New Mexico to the state of Chihuahua with a train of pack-mules
on a trading expedition, as it was the custom every year to make
these trips for the purpose of exchanging commodities.

"At the point where the town of Las Cruces now stands there was

a fearful mesquite jungle;" (More probably toward the north end
of town, near the present site of the Alameda Sanitarium, and
Fletcher's o0ld ranch) "where the Indians, who held high carnival
in the wilderness of this wvalley, waited the coming of the unsus-
pecting party. They made the onslaught from ambush, and it was a
'Custer Massacre', as not one of the forty Mexicans were left to
tell the bloody tale,
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"At the time there were no telegraph lines to wire the appall-
ing news to kindred and friends, but they received notice by some
means, and kind friends came and paid their last respects to the
dead. Every spot of ground was marked where each bloody corpse
was found by two boards nailed as the symbols of the holy cross.
These crosses were standing here when I first came to the Terri-
tory in 1846."

In 1852 Las Cruces was made the county seat of Dona Ana County. In 1881
a railroad was located in Las Cruces, leading to increased growth. In 1940
its population was 8385, but the White Sands Missile Range was started soon
after this. Many of the personnel at the Range live in Las Cruces, and in
1970 its population was 37,857.

The well-known Butterfield trail passed through the study area. Bloom
(1903) describes its beginning:

1857 saw the establishing of the great Overland Mail line from
Southwest Missouri to San Francisco, Cal. It was a great enter-
prise, established in co-operation with the Government and pro-
moted and managed by an eastern man by the name of Butterfield;
this level-headed man did his work well, and in honor of his good
work the stage system was called the "Butterfield Route."”...

As the old Concord coach, with its mail and passengers swung into
the Mesilla Valley, the road came from Texas up through the bottoms,
on the east side of the Rio Grande to Fort Fillmore; here mail was
exchanged, and the road led on up the river for about three miles -
or about midway between Fort Fillmore and Mesilla Park - then after
fording, met and followed the wagon road into La Mesilla. At this
place was located the Home Station and Headquarters of the Route..-.-

After a stoppage to exchange mail, etc., the route continued its
way up the valley to the town of Picacho, and from there made an
angle westward to "Rough and Ready'" station, which lay twenty
miles from the Rio Grande. From this point the road ran on an
almost straight line to San Francisco.

San Agustin Pass was and is one of the major east—west routes from the
Tularosa Basin to Las Cruces and adjacent towns in the Rio Grande Valley. It
is one of the few passes through the Organ-San Andres mountain chain. A
number of old roads fan out from the pass to various points in the valley and
are still visible. Depending upon the destination, the various roads headed
towards Dona Ana; parts of Las Cruces; and north into the Jornada del Muerto.
Many of the roads are partly gullied, providing excellent exposures of the
soils in many places. The town of Organ is located just west of the pass
and was responsible for some of the travel.

New Mexico State University is located in the southern part of the
study area. The University was founded in 1888 as Las Cruces College. In
1889 it was established as a land grant college by an act of the Legislative
Assembly of New Mexico in accordance with provisions of the Morrill Act, and
named the New Mexico College of Agriculture and Mechanic Arts. In 1960 the
name was changed to New Mexico State University.
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Two forts were established to protect the early settlers. Fort Selden
is located in the northern part of the study area (see p. 35 ). The fort
was named for Col. Henry R. Selden of the First New Mexico Infantry. The
fort was garrisoned from 1865 to 1877 and from 1880 to 1891 (Miltom, 1971).
Four years after the fort was established an attempt was made to close it.
In 1870 Rep. W. T. Rynmerson, in asking that the fort be retained, listed
the following incidents in 1869 (Milton, 1971):

January 30
February 10

Indians stole 40 yoke of oxen at San Augustine.
Indians stole a herd of cattle from Captain Hines
at Selden.

February 15 - Mail carrier horse killed at Cooper Peak.

March 3 — 0x killed on Selden reservation.

Attempted capture of wood train at Seldem.
March 4 - Shot cow belonging to Ft. O'Connor.

Cut ferry cable at Selden.
April 27 - Killed 3 men at San Augustine.

December 10 10 head of mules and 7 horses stolen at Dona Ana.

Fort Fillmore, in the southern part of the study area, was named in
honor of President Millard Fillmore. Fort Fillmore was garrisoned from
1851 to 1861,

7. THE RIO GRANDE

Before the Elephant Butte Dam was built in 1914, the Rio Grande flooded
many times. In the summer of 1884, five railroad engines were lost due to
floods in which the tracks were washed out by the Rio Grande. Bloom (1903)
states:

The Rio Bravo del Norte was the old Spanish for the poor excuse

of a river we now call the Rio Grande. Who, learning first of
this river from the maps does not imagine it a great noble stream,
and very important? It has been important, however, for it was
never dry in the three summer months early in the history of our
valley, and over its shifting, restless banks has hung national
arbitration more than once. Hon. Horace Stephenson remembers
knowing of the river being completely dry in 1837; all the people
gathered to see the sight, and the children to play in its dry
sands. Never-the-less the other times the water came in terrible
floods; banks could scarcely check the volume of water, and every-
thing had to be ferried across almost the year around. At several
places down the valley there were ferry stations, and many of the
people owned private boats....

The following are the facts agreed upon by my pioneer informants:
the great Mesilla ditch head tapping the river had weakened its
bank on the west side, and each spring when the freshets of water
came from the melting ice at the north, the natives had to turn
out in great numbers to stand guard over the ditch head, and
strengthen the bank as best they could.
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When the Rebellion came to occupy the people with other dangers,
the river was uncared for as in former years, and some time one
May night, the great spring rise broke the limits and flooded the
country. This went on for two or three years, each year water
came over and after lying, became unhealthful, so causing that
dreadful epidemic of chills and fever and malaria for which the
valley was noted for years, even yet, unfortunately, though the
cause and effect have been eradicated these many years.

In the spring rise of 1865, the volume of water was so enormous
that it took everything before it and made a mad dash down the
valley along the hills on the west - a short cut, which left

the town of La Mesilla high and dry upon the opposite bank about
a mile away. The valley is described as one vast sheet of water
from edge of Las Cruces to the hills on the west, with the site
of La Mesilla a strip of island. It is said that for years the
river actually ran into this bend, keeping the water high and
almost deadly to inhabitants....

In 1884-85 the river again caused a great deal of trouble in
the country below. Big floods descended and the waters covered
miles upon miles of hitherto high and dry land....

The present channel of the Rio Grande is controlled by levees.

8. LIVESTOCK AND VEGETATION

Buffington and Herbel (1965) present a detailed history of livestock
use on the Jornada. The number of cattle greatly increased on the Jornada
plain in the 1880s. A herd estimated at 20,000 cattle, under the Bar Cross
brand, grazed an area of about 1800 square miles. The Bar Cross outfit had
control over most of what is now the Jornada Experimental Range. In 1912
the Jornada Range Reserve was established and the area was fenced. From May
1915 to May 1916 the average number of stock on the Jornada Range was 4632
head on about 192,000 acres. This number was gradually reduced to only 1006
animal units for the period 1941-1947.

By using land office notes and records of the Experimental Range, Buff-
ington and Herbel prepared maps showing the increase in shrubs from 1858 to
1963 (fig. 1). They state: "In 1858 the Jornada Experimental Range was a
great expanse of grass with only isolated spots of mesquite.... Since 1858
the grass cover has decreased tremendously...vast areas having sandy soil
are now dominated by mesquite sand dunes.'" This increase in shrubs and
decrease in grassland were caused by large numbers of cattle. Livestock can
disseminate mesquite seed since it passes through their digestive tracts
without damage. Seed dispersal, accompanied by heavy grazing and periodic
droughts, appeared to be the major factor affecting the rapid increase in
shrubs (Buffington and Herbel, 1965).

Similar relations were found in the southern part of the study area by
York and Dick-Peddie (1969) who stated, 'The appearance of the grazing
industry is the only factor which coincides with the time of this specta-
cular change (from grass to shrub)."
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1858 1915

1928

1963

Figure 1. Encroachment of brush (mesquite, tarbush and/or creosotebush) on the
Jornada Experimental Range in 1858, 1915, 1928 and 1963 (after Buffington and
Herbel, 1965).
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9. CLIMATE

10. PRESENT CLIMATE

Iwo general kinds of climate occur in the study area. The climate is
arid (Thornthwaite, 1948) in desert areas along the Rio Grande Valley and
in the closed basin north of Highway 70. The climate of the San Andres and
Organ Mountains (the highest mountains) is considered to be semiarid. For
purposes of this report the boundary to the semiarid zone of these mountains
is considered to be about 5000 ft (1524 m). There is an increase in vegeta-
tive density at about this point; and the characteristic vegetation of higher
elevations (such as blue grama) also first appear at about this elevation.
At stable sites, A horizons are notably thicker and darker above 5000 ft.
Distinct increases in depths of wetting occur above this elevation. This
is indicated by depth of leaching in stable Holocene soils (section 66).
Precipitation at 5000 ft is thought to be about 25 to 30 cm annually,
based on estimates from data at Ropes Springs, Boyd's Ranch and the Jornada
Experimental Range. These differences in climate make it possible to study
the effects of climatic change on soils of the same age.

Precipitation patterns in the study area are controlled mainly by its
inland location and by the north-south orientation of the mountain ranges.
In summer, moist air from the Gulf of Mexico dominates the region. Surface
heating and lifting of the moist Gulf air as it moves upslope causes thunder-
showers that are usually short but commonly intense. Nearly all the precipita-
tion is rain. Prolonged rains are not common. In winter, general eastward
circulation of moist air from the Pacific Ocean is dominant. It snows an
average of two years out of three, but the snow seldom covers the ground for
two consecutive days.

Precipitation in the valley at University Park is slightly more than
8 in (20 cm) annually (table 4). These values are similar to those of
Fort Fillmore, just south of University Park, and Fort Selden to the north.
In the closed basin area north of Highway 70, precipitation is nearly 9 in
(23 cm, Jornada Experimental Range, table 4). More than half of the moisture
falls during July, August, and September. The yearly precipitation at Univer-
sity Park ranges from 3.4 in (9 cm) in 1970 to 19.6 in (50 cm) in 1941.
The 6.5 in (16 cm) rain that fell in a 24-hour period on August 29-30, 1935,
was one of the heaviest 24~hour rainfalls recorded in New Mexico.

Precipitation over the 10-year period from 1948 to 1957 for Boyd's Ranch
and for University Park are summarized in table 5. Precipitation in the moun-
tains is nearly double that in the valley. Maximum precipitation occurs in
the summer in both the mountains and the valley. Both stations show a slight
secondary maximum in the winter.

Average annual temperature at University Park is 60° and the daily temper-
ature range generally exceeds 30°. Summer temperatures in the desert are warm
(table 6). Daytime readings reach 90° or higher during an average 101 days a
year. Winters are mild. The average daily minimum ig January (the coolest
month) is 257; the average daily winter maximum is 57 . The lowest recorded
temperature to date is -10°, on January 11, 1962. The desert areas normally
experience about 75 to 80 percent of the sunshine possible each day.
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Table 4. Precipitation (in inches) at several stations
along the valley borderl/

Station

and vears Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann
Ft. .07 .49 .17 .11 .16 .45 1.80 1.60 1.48 .54 .71 .10 7.68
Fillmore (19)
(1852-1860)

Ft. .30 .22 .18 .13 .18 .59 1.99 1.91 1.32 .54 .25 .54 8.17
Selden n

(1866-1876)

University .36 .42 .37 .20 .30 .59 1.49 1.72 1.22 .70 .45 .50 8.32
Park (21)
(1892-1970)

Jornada 460 .37 .33 .20 .38 .49 1.75 1.68 1.45 .91 .40 .57 8.94
Exp. Range (23)
(1914-1966)

1/ Data from Weather Station, University Park. Values are in inches except
for cm in parentheses, annual column.
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Comparison of precipitation (in inches) at University Park (elevation 388l feet, in the Rio Grande Valley)l/

Table 5
and Boyd's Ranch (elevation 6200 feet, in the Organ Mts.)2/
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
University Park
1948 .18 1.43 .16 .07 .04 .86 .07 .46 .39 .37 0 .13 5.16
1949 1.85 .46 .07 .06 .79 .15 1.14 .73 .37 .88 T .51 9.01
1950 .11 .48 T T .06 .25 2.41 .51 .14 .38 0 0 5.34
1951 .31 .38 .16 W42 .02 o} 1.47 .96 0 .74 .08 .51 5.05
1952 T .72 .71 .Sq .16 1.07 1.11 .22 .37 o} .19 .12 6.23
1953 0 .68 .41 .03 T .28 1.31 .33 T .57 T 20 3.81
1954 .07 -30 .10 0 .82 .26 .72 .34 .96 1.25 0 T 5.82
1955 .66 0 .39 0 .15 .08 3.17 .59 .01 2.10 .11 T 7.2%
1956 .18 1.04 0 .02 T .52 .86 .35 .09 .28 T 1 4.78
1957 .32 1.48 .53 .02 .34 T .81 .66 .50 1.82 .85 T 9.33
Average .37 .70 .25 .12 .24 .35 1.31 .02 .58 .84 .12 .29 6.18
(16)
Boyd's Ranch
1948 2.50 -85 o] .32 1.01 1.85 .90 .18 .88 .30 0 0 10.79
1949 1.50 1.49 0 .32 1.00 .30 3.76 .94 .68 1.62 0 .20 13.81
1950 .35 1.50 0 0 .11 0 8.43 .85 .29 .49 0 0 13.02
1951 .75 .55 <43 1.04 0 0 .77 .65 .30 1.05 .74 .43 7.71
1952 .34 1.12 .90 .67 1.73 .67 2.07 .88 .38 0 .59 -60 12.95
1953 0 1.31 .16 .65 .04 .58 3.63 .61 .30 .90 ¢} .56 8.74
1954 .29 o} .08 0 .60 .32 2.95 .64 -89 1.90 0 0 10.67
1955 1.45 0 .28 0 .06 .22 4.67 .67 0 5.76 .20 0 15.31
1956 .58 .12 0 0 .03 .73 2.43 .67 .38 .08 0 -60 7.62
1957 L44 1.28 .80 .35 .31 0 3.29 .02 .19 4.66 .95 0 14.29
Average .82 .82 .37 .34 .49 .57 3.29 .71 .83 1.68 .25 .34 11.49
(29)
1/ Weather Bureau. Climatological Summary. Las Cruces, N. M. U. S. Dept. of Commerce, Albuquerque, N. M.

Values are in inches except for cm in parenthesis, average column.

2/ R. E. Boyd.

Personal communication.
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Table 6 . Daily temperature data (degrees F.) a?? evaporation at University
Park, New Mexico.=
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Air temperature (1898-1960)

Average

41.5 45.7 51.6 59.1 67.1 76.5 79.4 77.6 71.0 61.2 48.9 41.6 60.1

Average daily minimum

25.5 29.1 34.4 41.6 49.2 59.0 65.1 63.6 56.2 44.2 31.2 26.1 43.8

Lowest

-8 2 12 20 27 36 42 44 30 22 5 1 -8

Average daily maximum

57.4 62.2 68.7 76.6 85.0 93.9 93.6 91.6 86.8 77.5 65.5 57.1 76.3

Highest

78 86 90 94 103 107 109 103 102 93 83 78 109
Average evaporation (1930-1960) Total

3.0 4.4 7.8 10.3 12.6 13.8 12.5 10.7 8.7 6.2 4.0 2.7 96.7 (246)

1/ Weather Bureau. 1965.

Climatic summary cof the United States.

Washington, D. C.
thesis, annual columm.

Decennial census of the United States climate.
U. S. Department of Commerce,
‘Evaporation values in inches except for cm in paren-

% % *
Table 7. Wind records at University Park, New Mexico, l9l4-l967l/
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Speed, average mph
5.3 6.2 7.3 7.6 6.9 6.4 6.0 5.1 5.1 4.7 4.7 4.9 5.9
Prevailing direction
N NW W W W SE SE SE SE SE N N SE

1/ Personal communication, F.

E. Houghton.
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At University Park the average humidity is somewhat less than 50 percent
for the year. The humidity ranges from about 60 percent in the early morning
to less than 30 percent during warmer hours of spring and early summer. Eva-
poration from a free-water surface, as recorded in an evaporation pan, aver-
ages about 97 in (246 cm) a year (table 6), which is more than ten times
the average precipitation. Evaporation is greatest during late spring and
summer. Maximum evaporation occurs during the time of maximum precipitation
(tables 4, 6). This would tend to dry out the soil rapidly between rains.
Effectiveness of the precipitation would therefore tend to be less in the
arid zone than in areas that have similar amounts of precipitation, but are
cooler, or that receive most of their precipitation in the winter.

Wind speed is important because surficial materials are susceptible to
blowing in dry climates. Dust storms are most common during the spring months.
Winds are highest during March and April, when they average 7.3 and 7.6 mph
respectively as compared to a yearly average of 5.9 (table 7).

Hourly wind speeds during the dusty season show far greater contrast
than the monthly averages. Windiest periods occur in the afternoons. In
March, for example, winds at El Paso Airport Station at 2:00 PM were 25 mph
or more for 15 percent of the time, as compared to only one percent for
August and September at the same time of day (table 8). High winds and the
dry spring season combine for maximum blowing of dust. Wind direction is
variable during the year, but in the spring is dominantly from the west
(table 7).

11. PAST CLIMATES WITH GREATER EFFECTIVE MOISTURE

Many of the soils in the area are very old and range up to mid-Pleistocene
in age. If past climates were different from the present one, they could have
affected the soils. There is evidence of climatic change since mid-Pleistocene.
The stepped sequence of geomorphic surfaces along the Rio Grande Valley may
reflect climatic changes. Kottlowski (1958a) states "The sediments suggest that
the Rio Grande's chief role near El Paso . . . has been that of downcutting,
fluvial beds being deposited by the local tributaries. Conversely, during the
semiarid cycle of the last several thousand years, aggradation has dominated
the flood plain; this supports the theory that the waning periods of glaciation
(when glacial debris choked the lessening amount of meltwater) and the inter-
glacial stages (relatively dry) were characterized by aggradation in Mesilla
and E1 Paso Valleys, and the glacial stages resulted in lowering of valley
floors, leaving the interglacial flood plains as terrace remnants.'

Fossil snail faunas indicate significant lowering of certain life zomnes
at times of glaciation in the past (Metcalf, 1967).

Sierra Blanca is about 90 miles northeast of the study area. Smith and
Ray (1941) and Richmond (1963) report late-Pleistocene glaciation in the area
of Sierra Blanca peak. No glacier now exists in that area.

The Tularosa Basin is about 25 miles east of the Rio Grande at Las Cruces
and lies just east of the Organ and San Andres Mountains (frontispiece).
Kottlowski (1958b) states: '"The 280 square miles of dunes and other parts of
the Tularosa Basin below 4,000 feet are underlain by bedded gypsum 5-25 feet
thick-—-deposits of Lake Otero named by Herrick (1904). This Pleistocene lake
was a series of salinas, probably of maximum extent during last glacial-
pluvial and then contemporaneous with Lake Estancia and other basinal lakes."
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Table 8. Percentage frequency wind speed 13-24 mph, and 25 mpY/and over, monthly, El Paso, Texas.
Period of record: 1951-1960~
Hour MPH Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
of Day
01 13-24 24 30 32 35 37 33 30 25 21 23 21 21
25-over 5 9 7 7 2 3 1 2 1 1 4 4
02 13-24 25 30 30 33 33 33 23 26 18 22 23 24
25-over 5 8 9 7 2 4 2 1 1 * 4 4
03 13-24 29 29 29 33 26 28 21 25 18 21 25 24
25~over 3 6 8 4 1 3 2 1 * 0] 2 3
04 13-24 25 28 29 30 22 23 19 22 21 18 29 28
25-over 4 5 6 3 1 2 2 * 0 * 2 2
05 13-24 26 30 29 27 24 23 20 23 16 19 24 28
25-over 4 4 5 3 1 1 * * 0 0 3 2
06 13-24 27 29 29 28 23 21 19 18 15 17 24 30
25-over 2 4 4 3 2 1 0 0 * 0 3 3
07 13-24 30 29 27 31 26 22 19 20 16 21 27 26
25-over 2 3 3 3 * 1 0 * 0 1 2 4
08 13-24 23 29 32 31 32 25 19 20 19 22 28 23
25-over 3 4 4 5 1 1 * 0 1 1 2 4
09 13-24 26 29 36 37 40 31 21 19 21 27 28 23
25-over 2 5 7 8 2 1 * * 2 2 2 4
10 13-24 29 31 36 41 44 31 19 22 26 30 30 25
25-over 4 6 11 8 4 2 * 0 1 2 3 3
11 13-24 32 33 37 43 45 33 25 23 25 34 32 28
25-over 5 7 12 9 5 1 * 0 1 2 5 4
12 13-24 31 33 41 44 50 36 26 20 29 36 32 28
25-over 7 9 13 12 3 * 0 0 * 3 4 5
13 13-24 38 36 46 49 53 38 29 24 31 39 32 28
25-over 6 12 12 12 5 3 1 * 1 3 4 5
14 13-24 37 39 45 50 51 38 29 29 33 43 33 33
25-over 6 13 15 14 9 3 2 1 1 4 3 7
15 13-24 36 42 46 52 51 43 31 34 34 39 34 32
25-over 7 12 16 la 8 3 3 2 1 4 4 6
16 13-24 32 42 46 49 49 45 39 39 36 43 33 25
25-over 6 11 17 17 9 4 4 3 1 4 4 5
17 13-24 27 34 43 47 50 46 48 39 37 35 26 24
25-over 6 11 16 20 13 5 5 2 3 3 4 6
18 13-24 24 33 38 47 43 48 50 38 34 30 23 25
25~over 7 10 12 14 11 6 4 1 1 3 6 5
19 13-24 25 30 33 43 43 41 40 34 34 30 27 27
25-over 7 11 16 15 11 7 3 2 1 4 4 5
20 13-24 26 27 38 42 51 47 38 39 34 32 26 27
25-over 5 11 13 15 8 5 6 2 1 2 6 4
21 13-24 27 27 37 41 52 48 42 36 32 25 23 27
25-over 5 10 11 10 7 6 5 1 2 2 4 3
22 13-24 26 27 34 39 44 47 41 36 27 21 24 25
25~over 5 9 10 11 8 7 2 1 1 2 3 4
23 13-24 26 27 31 37 40 42 34 29 23 21 24 26
25-over 5 10 10 9 6 5 2 4 1 1 4 3
M 13-24 26 29 29 38 36 37 30 25 20 19 23 24
25-over 3 10 10 8 5 4 2 2 2 2 4 4
Avg 13-24 28 31 36 40 40 36 30 28 26 28 27 26
25-over 5 8 10 10 5 3 2 1 1 2 4 4
1/ Weather Bureau. 1964. The Climate of Texas and adjacent Gulf waters. U. S. Dept. of Commerce,

Washington, D. C.

* Less than .5Z.
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Northward 150 miles is the Estancia Valley, once occupied by former Lake
Estancia (Meinzer, 1911) with a maximum area of 450 square miles. The

San Augustin plains are located about 125 miles northwest of the study area;
during late-Pleistocene this basin was occupied by Lake San Augustin, with

a maximum area of 255 square miles (Foreman et al., 1959). Westward about

100 to 125 miles Schwennesen (1918) described features of former lakes in the
Animas, San Luis, and Playas Valleys. About 75 miles south of the study

area, Sayre and Livingston (1945) cite ancient shorelines of lakes in northern
Mexico, indicating that the lakes were formerly much larger than at present.

Relatively small, intermittent lakes or playas are all that now exist in
the basins discussed above. The hydrologic regimens necessary to maintain
permanent lakes in central and southern New Mexico have been considered
(Meinzer, 1922; Leopold, 1951; Antevs, 1954; Snyder and Langbein, 1962).

Their consensus is that the Pleistocene pluvial climates differed from the
present climate in having heavier precipitation and lower temperatures.
Galloway (1970) believes that there was no glacial pluvial and that the climate
during the full-glacial period (23,000 to 19,000 B.P.) was cold and dry. He
believes that the Pleistocene lakes formed because of greatly reduced evapora-
tion, which he estimates to be about half of today's. Even if precipitation
were not greater during the full-glacial climate than today, more moisture
would have been available for leaching because of the reduced evaporation.

There is also evidence for a climatic change within the study area itself.
A small playa (Isaacks' Lake playa) occurs in the closed basin between the
Dona Ana and San Andres Mountains. While there are no distinct beach ridges
suggesting a formerly higher stand of water in the playa, northward there are
gypsiferous beds that may reflect a former lake. Pedologic evidence shows
deeper horizons of silicate clay and carbonate accumulations in soils that
started their development in late-Pleistocene than are developing now, indicating
times of more effective moisture in the Pleistocene (section 78).

The evidence indicates that the present climate provides less effective
moisture than the Pleistocene pluvial climates. Holocene soils developed
primarily during a climate similar to the present, whereas soils of Pleistocene
age developed in part during Pleistocene pluvials, which were times of more
effective moisture.

12. FAUNA

Fauna of representative parts of the study area are given in tables 9
and 10. Kangaroo rats are the most common rodent. Ground squirrels, cotton-
tail rabbits, jackrabbits, gophers and various types of rats and mice are also
common. The most abundant predatory mammals are coyotes, bobcats and skunks.
Badgers and foxes are present in fewer numbers. Owls, hawks, eagles, jays,
quail, and roadrunners are among the most common birds. Deer are present in
the Dona Ana, San Andres and Organ Mountains, Antelope occur in the basin
floor north of Highway 70. The western spadefoot is the most common amphibian.
Horned toads, bull snakes, and diamondback and prairie rattlesnakes are also
common. Lizards are the most abundant vertebrate. Ants and termites are
common in a number of soils. Termites are particularly important in some soils
because they have mixed upper horizons, obliterating the argillic horizon
(section 85).
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Table 9. Fauna on the NMSU Ranchd/

Scientific name Common name

Mammalian predators

Canis latrans . . . . . . Coyotes
Lynx rufus. . . . . . . . Bobcats
Mephitis mephitis . . . . Skunks, striped
Taxidea taxus . . . . . . Badgers

Urocyon cinereocargenteus. Foxes, gray

Vulpes macrotis . . . . . Foxes, desert

Predatory birds
Aquila chrysaetos . . . . Eagles, golden
Buteo jamaicensis . . . . Hawks, red-tailed
Buteo swainsoni . . . . . Hawks, Swainson's
Circus cyaneus. . . . . . Hawks, marsh
Rabbits

Lepus califormicus. . . . Jackrabbits, black-tailed

Sylvilagus auduboni . . . Cottontails, desert

Rattlesnakes
Crotalus atrox. . . . . . Rattlesnakes, diamondback
Crotalus viridis. . . . . Rattlesnakes, prairie

Scientific name
Rodents

Citellus spilosoma. . . .

Dipodomys merriami. . . .

Dipodomys ordi. . . . . .

Dipodomys spectabilis

Neotoma albigula. . . .

Neotoma micropus. . . . .

Onychomys leucogaster .

Perognathus flavus. . . .

Perognathus penicillatus.

Peromyscus maniculatus. .

Reithrodontomys megalotis

Sigmodon hispidus . . . .

Common name

Squirrels, spotted
ground

Rats, Merriam's kan-
garoo

Rats, Ord's kangaroo

Rats, bannertail
kangaroo

Rats, white-throated
wood

Rats, southern plains
wood

. Mice, grasshopper

Mice, silky pocket
Mice, desert pocket
Mice, white-footed
Mice, harvest

Rats, cotton

1/ After Wood (1969).
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Table 10 . Amphibians and reptiles of the Jornada Experimental Rangel/
Scientific name Common name Scientific name Common name
Lizards Snakes

Cnemidophorus perplexus,
Baird and Girard.

Lizard

Cnemidophorus tessellatus
tessellatus, Say.

Lizard, desert whiptail

Crotaphytus collaris

baileyi . . Lizard, Bailey's collared

Crotaphytus wislizenii,

Baird and Girard. . . . . . Lizard, leopard

Eumeces obscletus, Baird

and Girard. Skink, Sonoran

Holbrookia maculata ap-

proximans, Baird. Lizard

Sceloporus consobrinus con-

sobrinus, Baird and Girard. Lizard

Uta ornata ornata, Baird

and Girard. . . Lizard

Uta stansburiana stejneg-

eri, Schmide. . . . . . . . Lizard
Salamanders

Ambystoma tigrinum, Green . Salamander, tiger

Toads

Bufo cognatus, Say. .

Bufo debilis, Girard.

Bufo punctatus, Baird and
Girard. ..

Phrynosoma cornutum, Harlan .

Phrynosoma modestum, Girard

Scaphiopus couchii, Baird

Scaphiopus hammondii, Baird

Coluber flagellum, subsp. .Snake, whip
Coluber taeniatus, subsp.,
Hallowell . . . . . . .Racer, western

striped

Crotalus atrox atrox, Baird
and Girard. .

.Rattlesnake, desert
diamond

Crotalus confluentus con-
fluentus, Say . . . . .

.Rattlesnake, prairie
Baird and

.Rattlesnake, black-
tailed

Crotalus molossus,
Girard. . . . .

Heterodon nasicus, Baird and
Girard. . . . . . . . . . . .Snake, hog-nose,

western

Pituophis sayi affinis,
Hallowell . . . . . . . . .Snake, western bull
Tantilla nigriceps,
Kennicott . . . . . .

.Tantilla, Sonoran

Thamnophis sirtalis parie-
talis, Say. . . . . . . .

.Garter snake,
prairie

. Toad, Creat Plains

Toad, dwarf

. Toad, spotted
. Horned toad, Texas

. Horned toad, round-
tailed

Spadefoot, Sonoran

Spadefoot, western

1/

After Little and Keller (1937)
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Wood (1969) lists the fauna in table 9 in his study on the New Mexico
state University Ranch, in and north of the Dona Ana Mountains. The most
common amphibians and reptiles on the Jornada Experimental Range according
to Little and Keller (1937) are given in table 10. Some of these are also
discussed by van Denburg (1924).

13. FLORA

Names of plants observed in the study area are given in tables 11 and 12.
Shrubs are dominant in the arid part of the study area and are mostly creosotebush,
mesquite, tarbush, Mormon tea, ocotillo, snakeweed whitethorn, ratany, mariola,
four-wing saltbush, prickly pear, Yucca elata and Yucca baccata. Desert
willow, brickellbush, Apache plume, burro brush, sumac and mesquite are common
in arroyos. Most of the shrubs listed above also occur at higher elevations
(5000-6000 ft) along with catclaw, century plant, mountain lilac, indigo
bush, sotol, turpentine bush, cholla, barrel cactus, juniper, squawbush, and
a few pinon at highest elevations. In the arid zone, grasses occur only
in scattered areas where moisture conditions are favorable (section 51) and
are mainly three-awn, tobosa, burro grass, fluffgrass, black grama, bush muhly
and dropseed. These grasses also occur at elevations above about 5000 ft
where sideoats grama and blue grama are found. Vegetation of various soils
is given in the mapping unit descriptions (sections 128 et seq.).

14, MAJOR PHYSIOGRAPHIC FEATURES

The study area is located in Mexican Highlands section of the Basin and
Range province of southern New Mexico (Thornbury, 1965). The area (figs. la,2)
is about 400 square mi in size. It includes parts of north-south trending
mountain ranges; broad, intervening basins; and the valley of the Rio Grande
(except for the flood plain). This kind of physiography is extensive in the
Southwestern United States.

The Organ and San Andres Mountains occur along the eastern border of
the area (fig. 2). The Organ Mountains are the highest range, with many peaks
over 8000 ft (2440 m); highest is Organ Needle with an elevation of 9012 ft
(2749 m). The Dona Ana and Robledo Mountains are smaller ranges in the central
and western part of the area respectively; highest peaks are between 5500 ft
and 6000 ft (1677 and 1830 m). Elevation of the Rio Grande flood plain in the
southern part of the area is about 3900 ft (1188 m).

The basins have two major landscape components: basin floor and piedmont
slope. The piedmont slope, which extends from the mountains to the basin
floor and valley border, is composed of individual alluvial fans along the
mountain fronts and a coalescent fan-piedmont downslope.
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Scientific and common names of grasses and forbs.
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Perennial Grasses

Scientific Name Common Name

Aristida divaricata.......... Three—-awn
Aristida pamsa............... Three-awn
Bouteloua curtipendula ...... Sideoats grama
Bouteloua eriopoda........... Black grama
Bouteloua gracilis........... Blue grama
Bouteloua hirsuta.......... ..Hairy grama
Enneapogon Desvauxii......... Spike pappusgrass
Eragrostis sp. «.cceeveccacse Lovegrass

Hilaria mutica.......... ++...TObosa grass
Leptochloa dubia............. Sprangletop

Scientific Name

Common Name

Muhlenbergia emersleyi.....

Muhlenbergia porteri.......

Panicum obtusum............

Scleropogon brevifolius....

Setaria macrostachya.......

Sporobolus airoides........

Sporobolus cryptandrus.....

Sporobolus flexuosus.......

.Bullgrass
.Bush muhly
.Vine mesquite
.Burro grass
.Bristlegrass
.Alkali sacaton
.Sand dropseed

.Mesa dropseed

Stipa eminens...............Needle grass

Trichachne californica.....

Annual Grasses

Scientific Name Common_ Name

Aristida adscensionis........Three-awn

Bouteloua barbata............ Six weeks grama
Forbs
Scientific Name Common Name
Alljonia incarnata........... Trailing-four-o'clock
Astragalus allochrous........ Milkvetch
Athysanus pusillus..... «e....Mustard
Bahia sp. ....... ceesesesanen Wild Chrysanthemum

Baileya pleniradiata ........Desert-marigold

Dithyrea Wislizeni...........Spectacle-pod

Eriogonum Abertianum......... Desert buckwheat

Verbena sp.

Scientific Name

Tridens muticus.....eccuu..

Tridens pulchellus.........

Scientific Name

Pectis angustifolia.......

Perezia nan@.....ececccea.n

Verbesina encelioides......

.Cottontop

Common Name

.Slim tridens

.Fluffgrass

Common Name

..Fetid marigold

.Desert holly

Phacelia sp. ......s........Scorpion weed

Salsola kali...... veese.ses.Russian thistle
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Table 12.

Scientific and common names of shrubs and trees.

Scientific Name Common Name

Acacia constricta............ Whitethorn
Acacia Greggi.....-ccuevuunns Catclaw

Agave palmeri................ Century plant
Artemesia filifolia.......... Sand sage
Atriplex canescenS........... Four-wing saltbush
Bacharis pteronocides......... Yerba de pasmo
Brickellia laciniata......... Brickellbush
Ceanothus Greggii............ Mountain lilac
Celtis reticulata............ Desert hackberry
Croton corymbulosuS...eauee.. Croton

Chilopsis linearis........... Desert willow

Coldenia canescens

Condalia lyciocides........... Buckthorn
Condalia spathulata.......... Mexican crucillo
Dalea formosa.......ecveven.. Indigo bush
Dalea scoparia............... Broomdalea
Dasylirion Wheeleri.......... Sotol
Echinocactus Wislizenii...... Barrel cactus
Ephredra Torreyana........... Mormon tea
Ephedra trifurca............ Mexican tea

Eurotia lanata

Fallugia paradoXa......ssee.. Apache plume

Flourensia cernua............ Tarbush

Fouquieria splendens.........Ocotillo

Scientific Name

Gutierrezia sarothrae....

Haplopappus laricifolius.

Helianthus ciliaris......

Holacantha Emoryi........

Hymenoclea monogyra......

Juniperus monosperma.....

Koeberlinia spinosa......

Krameria parvifolia......

Larrea tridentata........

Lippia Wrightii

Lycium Berlandieri.......

Nolina microcarpa........

Opuntia spp.

Parthenium incanum.......

Pinus edulis........ccu..

Prosopis juliflora.......

QUETCUS SPeeverenrenennnsn

Rhus microphylla.........

Rhus trilobatg...........

Senecio filifolius.......

Yucca baccata............

Yucca elata.....ccceveunn

Conmon Name
.. .Snakeweed
...Turpentine bush
. ..Blueveed
...Crucifixion thorn
...Burro brush
.. .Juniper
...Crucifixion thorn
...Ratany

...Creosotebush

...Desert thorn
...Beargrass
...Cholla, prickly pear

...Mariola
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15. BURIED CHARCOAL

Radiocarbon dating of buried charcoal establishes a maximum date for
overlying sediments and soils. Such charcoal is thus a useful stratigraphic
tool for dating deposits and studying the relation of soil development to
time. Buried charcoal has been dated at a number of localities in the pro-
ject (fig. 2). Information about the charcoal dates is given in table 13.

The charcoal dates enable a distinction between soils of Holocene age and
soils of Pleistocene age. Different national groups mostly favor 10,500 to
10,000 yr B. P. as the boundary (Fairbridge, 1968). In the study area a boun-
dary of about 7500 yr B. P. seems to fit best.

Table 13. Radiocarbon ages of buried charcoal in Fillmore
and Organ alluviums

Alluvium, site, and Depth Age Lab No.
section where discussed

cm

yr B.p.1/
Fillmore alluvium
Fillmore Arroyo (129) 112-132 2620 + 200 W-819
Shalam Colony (131) 96-104 2850 + 120 I-294
234-242 4910 + 225 I-295
Altimira 102-112 3960 + 150 I-2736
Chandler Tank 201 7340 + 285 I-4282
Arroyo
Organ alluvium
Gardner Spring (162)
Il 130-140 1130 + 90 I-292
IT 51-81 2120 i_llO I-290
80-99 2220 + 95 I-2225
1 127-152 4570 i:lZO I-1795
229-249 4640 + 180 I-291
231-257 4700 + 225 I-1794
152 4960 + 130 I-1740
260 6400 + 110 I-4281
Isaacks (157) 43-53 4035 + 115 I-2902
99-107 4200 + 105 I-4282

1/ B.P. = Before Present. Present = 1950 for purposes of Cl4 studies.
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16. GEOMORPHIC SURFACES

Table 14 shows the fourteen geomorphic surfaces and one general landscape
unit distinguished in the study area (Ruhe, 1964, 1967; Hawley, 1965; Hawley
and Kottlowski, 1969). The surfaces occur on all parts of the landscape--
alluvial fans, coalescent fan-piedmonts, basin floors, terraces, ridges, and
arroyo channels. The terminology of Hawley and Kottlowski (1969) has been
followed in designating materials associated with the surface by the geo-
morphic surface name (e. g., Fillmore alluvium).

The geomorphic surfaces were found to be useful in studies of soils
because they serve as a chronological framework, and provide a common thread
that makes the soil patterns easier to understand. Most geomorphic surfaces
in the study area are extensive; and their surficial sediments, in which the
soils have formed, can range widely in mineralogy, texture, and climatic occur-
rence. Many kinds of soils can therefore occur on a single geomorphic surface;
for example, 10 soil mapping units occur on the Organ surface. However, a common
feature to the various soils of a given surface is the degree of soil develop-
ment, taking into account effects of changes in parent materials and climate
(sections 34, 46). Thus soil morphology can supply important evidence for the
identification of geomorphic surfaces (section 155).

The distinction between geomorphic surfaces is commonly most apparent
between the surfaces of Holocene and Pleistocene age. This is because of the
predictable position and exclusively surficial location of the Holocene de-
posits, and prominent morphological differences between Holocene soils and soils
of Pleistocene age. This distinction is less apparent between some of the
older surfaces. This is particularly the case where geomorphic surfaces (and
their soils) of widely variable ages are at about the same elevation.

A distinction is made between a constructional surface and a structural
bench. The term, constructional, is 'said of a landform that owes its general
character to the processes of upbuilding, such as accumulation by deposition"
(Glossary of Geology, 1972). Constructional geomorphic surfaces form the major
portion of the stable older land surface remnants along the Rio Grande Valley.
Such surfaces were formed as a result of continued accumulation of alluvium,
followed by a halt in deposition and the start of soil formation. Stabilization
of the Picacho surface, for example, must have occurred and soil formation must
have started at about the same general period of time during late-Pleistocene.
Structural benches form by erosion instead of deposition. They have ridge
crests with accordant elevations, and form on erosion-resistant gravel units

(see section 143).

Relative ages of soils may be determined from the chronological arrange-
ment of the geomorphic surfaces. TFor example, in the stepped sequence of stable
surfaces along the Rio Grande Valley, both the surfaces and their associated
soils usually become progressively older with increasing elevation of the steps.
Absolute ages of soils are usually difficult to determine. Approximate ages
may be established if materials in favorable stratigraphic positions can be
dated. Radiocarbon ages of buried charcoal are very useful, since age of the
buried charcoal establishes a maximum age for horizons above it. Fairly pre-
cise maximum ages have been determined for many Holocene soils. However, char-
coal has not been found associated with soils and parent materials of Pleistocene
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Table 14. Estimated age, landform, and materials associated with geomorphic surfaces and their soils.

Physiographic location and
Geomorphilc surface soil age, vears B.P. or epochl Landform and material

The valley border

Arroyo channels . . . . . . JHistorical . . . . . « « . « « « . . . . -Arroyo; alluvium

(Coppice dunes)2/ . . . . . .Historical . .« « « « + « « « + + « « « . .Dune; eolian sediments

Fillmore. . « . « « « . . . .100to 4000. . . . . ... ...+ . .« « . .Fan, ridge remnant, terrace; alluvium;
colluvium

Leasburg. . . . . » . . . . .Carliest Yolocene-latest Pleistocenc. . . -Fan, ridge remnant, terrace; alluvium

Fort Selden « . . + « « « » .(Fillmore or Leasburg,undifferentiated). .Fan, ridge remnant, terrace; alluvium;
colluvium

Picach® « « « « o « « o+ +» . .Late-Pleistocene. . . . « . « « + « » + . .Fan, ridge remnant, terrace; alluvium;
colluvium

Tortugas. . « - « « « - « » .Late- to mid-Pleistocene. . . . . . . . . .Fan, ridge remmant, terrace; alluvium;

3/ colluvium
Jormada I¥ . . .. . . . . .Late mid~Pleistocene. . . . « « « . . . . .Fan-piedmont, ridge; alluvium remnant

La Mesa3/ . . . .. .. . . .Early mid-Pleistocene . . . . . « . . . . .Basin floor; alluvium

The piedmont slope

Arroyo channels . . . . . . .listorical «+ =+« « « « « « « « + « « « . . JArroyo; alluvium

(Coppice dunes)Z/ e e e o o« +4iStorical . « . « ¢ s s 4 « s+« s s « « oDune; eolian sediments

Whitebottom4/ . . . . . . . .1istorieal . .« = « « + + o« o « » « « + » +Small fan, drainageway; alluvium

Organ . - « + + « « «+ + « » 100 t0o 7500 . . . ., .. ... ... .. .Fan, fan-piedmont, terrace, draingeway,

valley f£ill, ridge; alluvium; colluvium

TIT. « v = « « « o« « = - 2100 (2) to 12100 . . . « + ¢ « + « « + . . .Gully fill at Gardner Spring
IT v v &« v o v« 4w o« 1100 02100, . . . . . . « « « « « « o .Valley £ill and terrace at Gardner Spring
Te o o o o o o o o o o o 22200 to 7500 . . . . .+ v ¢« + + « o« .+ . JValley fill at Gardner Spring, extensive

elsewhere in landforms noted for Organ
Isaacks' Ranch. . . . . . . .farliest Holocene-latest Pleistccene - . -Fan, drainageway, ridge; alluvium

Jornada II. . . . . . . . . .Late-Pleistocene. . . « « « + « « « « » . .Fan, fan-piedmont, terrace, ridge; alluvium;
colluvium
Jornada I ......... .Late mid-Pleistocene. . . . « . . . . . . .Fan, fan-piedmont, ridge remnant, terrace
Jornada . . . .« . -« . . « . .(Jornada I or Jornada II, undifferenti-
ated) . . + + . « ¢ o « s e s s « s o« . oAs for Jornada I and II
Dona An&. . . « « + « « « . .Mid-Pleistocene . . . - . « + « . . « « . .Fan, ridge remnant; alluvium

Basin floor north of Highway #70

lake Tank . . « « « « . . . .Present to mid-Pleistocene. . . . . . . . .Playa; alluvium, lacustrine

Petts Tank « - - - . . . . .Late-Pleistocene. . . +» + « « « « « + « . .Basin floor; alluvium (lacustripne in part?)
Jormada I .. ... .. .. .Late mid-Pleistocene. + « « « » « . « . . .Basin floor; alluvium

LaMesa . . . . . . .+ . . . .Mid-Pleistocene . . . . . . « « « .+ + .+ . .basin floor; alluvium

Jornada I-la Mesa . . . . . .(jornada I or La Mesa, undifferentiated) -Basin floor; alluvium

Mountain slopes and summits (undifferentiated)

1/ The age of geomorphic surface and its soils is considered to be the same. On a constructional surface, for ex-
ample, all would date from the approximate time that sedimentation stopped and soil development started.

2/ Coppice dunes have not been formally designated a geomorphic surface, but are considered separately here because
of their extent and significance to soils of the area.

3/ The Jornada I and La Mesa surfaces are not formally considered a part of the valley border. They are included
here because they form part of a stepped sequence with the valley border surfaces.

4/ The Whitebottom surface is recognized in the silty, highly calcareous sediments northeast of Isaacks' Lake Playa.

Associated sediments are generally only a few cm thick.
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age in the study area. Inorganic carbon has been dated from carbonate horizons
of some soils of late-Pleistocene as well as Holocene age (section 89) but does
not provide an absolute time measure. Vertebrate paleontology (Ruhe, 1962;
Strain, 1966; Hawley et al., 1969) has placed a general mid-Pleistocene time for
the maximum age of the soils of La Mesa. Potassium—argon dating of Quaternary
basalts on the soils of La Mesa surface show that the basalts are no older than
about 0.3 million yr (Hoffer, 1971). Paleomagnetic studies and dating of volcanic
ash are in progress and may provide information concerning more precise ages for
soils that began their development in the Pleistocene. See Hawley (Hawley,

John W. In preparation. Quaternary geology and geomorphology of the Las Cruces
area, Southern New Mexico), for more details on the chronology.

17. LANDSCAPE DISSECTION

Landscape dissection is a common feature adjacent to river valleys.
Dissection also occurs on old, high fans along mountain fronts not tributary
to valleys, but the process is most prominent adjacent to many valleys because
of their depth. Dissection significantly affects soils since soil erosion
associated with the dissection removes upper horizons in highly variable
degree (table 15; sections 135, 145 are examples).

Regional dissection has been caused by long-continued downcutting of
the Rio Grande. Arroyos extend headward from the flood plain and are separated
by ridges along the valley border. The arroyos are particularly large towards
the Organ Mountains because of the extensive watershed. Areas next to the
valley have been affected most; the effects of dissection become progressively
less upslope. Dissection and associated soil erosion can cause soil category
changes ranging from series to order. Figure 4 shows changes at the order and
suborder level (see sections 138 and 140 for further discussion).

Five classes of dissection have been defined (figs. 3 to 5; table 15).
The classes are related to relatively small parts of the landscape, such as
ridges, drainageways and saddles, to focus the effect on soil horizons. Soil
change ranges from none in undissected (class 1) areas to the truncation of all
major horizons in severely dissected (class 5) areas. All classes of dissection
are generally not present in any one area. For example, dissection similar to
that shown in figure 3 occurs on the east side of the valley, north and south
of Tortugas Mountain. Class 1 does not occur in that area but classes 2 to 5 do.
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Table 15. C(lasses of landscape dissection in the study area.

Character of landscape and soils

Class 1. These areas may be level (as in a basin floor) or sloping (as on a
fan-piedmont) but they are marked by the absence of incised drains and by
the preservation of essentially all soil horizons. All diagnostic horizons
are present and soil classification has not been changed by dissection and
associated soil truncation.

Class 2. These areas are dissected by drains a few cm to 1 m or more

deep, but areas between the drains are level transversely. Diagnostic soil
horizons have been truncated only in the drains. Classification of soils
between the drains has not been changed by truncation associated with the
dissection. Intervals between drains commonly range from about 50 to 200 m.

Class 3. Essentially no part between the drains is level transversely; ridge
crests are rounded. 1In the arid part of the study area, argillic horizons
(if present in adjacent undissected sites) have commonly been truncated or
carbonate-engulfed although a few "islands" of soils with argillic horizons
may remain. Other diagnostic horizons (calcic or petrocalcic horizons) are
still present. These areas are usually characterized by slight ridges, but
the ridges are not deeply dissected or steep except along their margins.

Class 4. Ridges are prominent. Major genetic horizons - the calcic or petro-
calcic horizons - are still preserved on ridge crests. Slope of ridge sides
commonly ranges from 10 to 40 percent. On soils and landscapes older than
late-Pleistocene, calcic or petrocalcic horizons also may be present on ridge
sides that slope less than about 20 percent. Saddles (formed by joining of
drainageways in ridge sides) in ridge crests are not present or are very
sparse, and a consistent longitudinal slope usually occurs along the ridge
crests.

Class 5. Saddles are common in ridge crests; the original ridge crests have
been largely or wholly obliterated. Slope of ridge sides usually ranges from
20 to 50 percent. Calcic or petrocalcic horizons occur only in scattered,
best-preserved places along the ridge crests. There is no consistent longi-
tudinal slope along ridge crests because of the numerous saddles. Substan=
tial downwearing of former ridge crests has occurred in most advanced stages
and soils of both ridge crests and ridge sides are Entisols.



41

Generalized diagram showing classes of landscape dissection along

Figure 3

and near the valley border.
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18. TAXONOMY FOR THE PROJECT AREA

There are six categories in Soil Taxonomy (Soil Survey Staff, 1975).
They are order, suborder, great group, subgroup, family, and series. The
first four of these and theilr diagnostic features for the project area are

given in table 16. The various diagnostic features are discussed in the
following sectiomns.

19. SOIL MOISTURE REGIME

The soils have aridic (torric) moisture regimes. These moisture regimes
are the same but are used in different categories (order and great group), and
apply to a soll depth termed the soil moisture control section. This control
section lies approximately between depths of 10 and 30 cm if the particle-
size class is fine-loamy, coarse-silty, fine-silty, or clayey; between 20 and
60 cm if the particle-size class is coarse-loamy; and between 30 and 90 cm if
the particle-size class is sandy.

In most years, the moisture control section in the aridic (torric) moisture
regime is (Soil Survey Staff, 1975).

1. Dry in all parts more than half the time (cumulative) that the
temperature at a depth of 50 em is above 5°C; and

2. Never moist in some or all parts for as long as 90 consecutive
days when the soil temperature at a depth of 50 cm is above 8°C.

Some Aridisols are even drier. For example, Petrocalcic Paleargids ''are
dry in all parts of the moisture control section more than three-fourths of the
time (cumulative) that the soil temperature at 50 cm depth is 5°C or more."

20. DIAGNOSTIC HORIZONS

Only summary statements concerning diagnostic horizons are presented here.
Full definitions may be found in Soil Taxonomy (Soil Survey Staff, 1975).
Six diagnostic horizons are important in the classification of soils in this
area. Two of these —- the mollic epipedon and the ochric epipedon -- are sur-
face horizons. The other four (the cambic, argillic, calcic, and petrocalcic
horizons) are subsurface horizoms.

The mollic epipedon occurs only in the semiarid part of the area and has
at least 0.6 percent organic carbon; values (moist) and chromas are 3 or less.
Thickness requirements vary depending on other horizons present, but in the soils
to be observed the mollic epipedon must be at least 25 cm thick. Ochric epi-
pedons are too light in color, too thinm, and/or have too little organic carbon
for mollic epipedons.




Table 16. Soil orders, suborders, great groups, subgroups, and

diagnostic features in the study areal/
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Suborder + Great Group + Subgroup + 6/
Order Diagnostic feature Diagnostic feature Diagnostic Feature>
Aridisols Orthide Camborthids Typic Camborthids
Cambic horiszon
Calciorthidad/ Typic Calciorthids
Calcic horiszon }
Ustollic Calciorthids
Organic C + s/c ratio
Paleorthida?/ Typic Paleorthids
Patrocalcic horizom
Ustollic Paleorthids
Organic C + s/c ratio
Argids Haplargids3/ Typic Haplargids
Argillic horizon
Ustollic Haplargids
Organic C + s/c ratio
Paleargids Typic Paleargids

Petrocalcic horiszon

Patrocalcic Ustollic
Paleargids

Organic C +-s/c ratio

Eatisols Peamments Torripssamments Typic Torripsamments
rticle—: &/ in Torric moisture
all subhorizons and have <35% Legime
by volume) of rgck fragments in
all subhorizops<
Orthents Torriorthents Typic Torriorthents
loamy or finer particle-size cll-sy or >35%, Torric moisture
by volune’ of rock fragments in some sub- regime
horizonad
Fluvents Torrifluvents Typic Torrifluvents
organic carbon decresses Torric moisture
irregularly with depth and/ Tegine
or is more than 0.22 at 125
ca depth
Mollisols Ustolls Haplustolls Pachic Haplustolls
mollic Ustic moisture Mollic ep. >50 cm thick
epipedon Tegime
Torriorthentic Haplustolls
Lack cambic horizon
Argiustolls Aridic Argiustolls
Argilli¢ liozrizon
Calciustolls Petrocalcic Cslciustolls
Petrocalcic horison
Paleustolls Petrocalcic Paleustolls
Patrocalcic bhori. 11lic horizon
Vertisols Torrerts Torrerts Typic Torrerts

After the upper 18 cm have been mixed, have 30Z or more clay in all horizons to a depth of 50

€= or more; at some period in most years have cracks that are open to_the surface, and are
at least 1 cm wide at s depth of SO cm; at some depth between 25 cm and 1 m_there are slicken-
sides close enough to intersect.

1/ Diagnostic feature (s) underlined.

2/ A cambic horizon may be present in these soils but is not diagnostic.

3/ A calcic horizon may be present. It is commonly used as a series separator in Haplargids.
4l DBetween 25 and 100 cm depth.

5/ After the upper 18 cm have been aixed.

6/ Diagnostic for other than Typic subgroups.
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The cambic horizon is an altered horizon with texture of loamy very fine
sand or finer, and has its base at least 25 cm below the surface. Most or all
of the rock structure (e.g., sedimentary strata) has been obliterated. If car-
bonates are in the parent materials, dustfall and/or precipitation, the cambic
horizon must also have evidence of redistribution of carbonates (as indicated
by an underlying ca horizon) with the carbonate maxima below 25 ecm. If no
carbonates have been supplied from these sources, the cambic horizon is identi-
fied by the presence of soil structure and the absence of rock structure. In
Camborthids of this area, the most common type of cambic horizon is reddish
brown and has evidence of illuvial clay, but not enough clay increase for an
argillic horizon.

The argillic horizon contains illuvial silicate clay. If the eluvial
horizon has not been truncated, the increase in clay to the argillic horizon
is as follows:

Clay content of eluvial Minimum clay increase required
horizon for an argillic horizon
pect pct or ratio
< 15 3
15-40 - ratio of 1.2 or more
> 40 8

Various kinds of evidences for clay illuviation are required in different
situations. In this arid region, the pertinent evidence is at least 1% of ori-
ented clay as viewed in thin section. Most argillic horizons in the area easily
meet this requirement.

There is a wide range of expression of the argillic horizon (silicate clay
section). The reddish brown or red Bt material ranges from O to 100 percent by
volume in horizons. If the horizon contains about 10 percent or more of this
Bt material, the horizon is considered an argillic horizon in this study.

The calcic horizon is a horizon of secondary carbonate enrichment. It is
at least 15 cm thick and has a calcium carbonate equivalent content of 15% or
more unless the particle size class 1s sandy, sandy-skeletal, coarse-loamy, or
loamy-skeletal with less than 18% clay. In these cases the 157 requirement for
CaCO3 equivalent is waived and the calcic horizon must have at least 5% (by vol-
ume) more soft powdery secondary CaCO3 than an underlying horizon; it must also
be at least 15 cm thick -and have an upper boundary within 1 m of the surface
of the soil.

The petrocalcic horizon is cemented by carbonates. Dry fragments do not
slake in water. It is indurated and cannot be penetrated by spade or auger when
dry. It is massive or platy, very hard or extremely hard when dry, and very
firm or extremely firm when moist. Hydraulic conductivity is moderately slow
to very slow. Accessory silica may be present but not enough for a duripan.
Laminar horizons are commonly at the surface but are not required.
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21. ORGANIC CARBON AND SAND/CLAY RATIOS

Aridisolr are dominant in the desert areas between the mountains and
Mollisols occur in places along the mountain fronts. Intergrades between
these two orders would therefore be expected. Such intergrades do occur and
are designated Ustollic. Their identification is based on the amount of
organic carbon relative to sand/clay ratios. The example below illustrates
(Soil Survey Staff, 1975):

Typic Haplargids are the Haplargids that (a - d omitted)

e. have a weighted average percentage of organic carbon in the
upper 40 cm that i8 0.6 percent if the weighted average ratio
of sand to clay in the soil above that depth is 1.0 or less, or
is less than one-seventh percent if the ratio is 13 or more, or
have intermediate percentage of organic carbon if the ratio of
sand to clay is between 1 and 13; or have a weighted average
percentage of organic carbon in the soil to a depth of 18 cm
that is not as much as one-fifth more than the values just
stated if there is a lithic or paralithic contact at a depth
<40 cm but >18 cm;

(f, g omitted.)

h. are dry in all parts of the moisture control section more
than three-fourths of the time (cumulative) that the soil tem-
perature is 5° C or higher at a depth of 50 cm.

Ustollic Haplargids are like the Typic except for e with or without h.
They have a mean annual soil temperature of 8° C or higher and an aridic mois-
ture regime that borders on an ustic regime. They are not recognized if a
petrocalcic horizon is shallower than 18 cm.

22. FAMILY DIFFERENTIAE

Properties diagnostic for the soil family in the project area are particle
size, mineralogy, depth and soil temperature. Classes of particle size are
given in table 17.

Two mineralogy classes are found in soils of the project area, mixed and
carbonatic. In the carbonatic class, materials in the control section have
more than 40 percent by weight of carbonates (expressed as CaCO3) plus gypsum,
and the carbonates are greater than 65 percent of the sum of carbonates and gypsum.
The determinant size fraction is either the less than 2 mm material, or the less
than 20 mm material, whichever has the higher percentage of carbonates plus gypsum,
Soils with mixed mineralogy have less than 40 percent of any one mineral other
than quartz or feldspars.

Soils that have a petrocalcic horizon at a depth less than 50 cm are in
shallow families,

Measurements of soil temperature (section 47) have shown that all soils
are within the thergic temperature class; mean annual soil temperatures are
between 15° C to 22" C (59 F to 72° F).
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Table 17. The particle-size classes and their definitions. 1/

Class

Definition

Fragmental . . « « . + + « & o &

. Sandy-skeletal . . . . . . . .

Loamy=-skeletal . . . . « « ¢« o« &

Clayey-skeletal . . . . . . . .

cSandy . 4 ¢ ¢ e 4 e e e b e 60

a, Coarse=loamy . « « « s o »

b. Fine-loamy . . . ¢ ¢ ¢ « « &

c. Coarse-gilty . . . « . .

d. Fine-silty . . « . « « . .

Clayey e s 6 s e e s s 4 e o s

a. Filne . . ¢ ¢ ¢ ¢ o o o o o o

b. Very-fine . . . . . . . . . .

. Stones, cobbles, gravel, and very coarse sand particles;

too little fine earth to fill interstices >1 mm in diameter.

. Rock fragments 2 mm or coarser make up 35 percent or more

by volume; enough fine earth to fill interstices >1 mm; the
fraction < 2 mm is sandy as defined for particle-size class 5.

. Rock fragments make up 35 percent or more by volume; enough

fine earth to fill interstices >1 mm; the fraction < 2 mm is
loamy as defined for particle-size class 6.

Rock fragments make up 35 percent or more by volume; enough
fine earth to fill interstices >1 wm; the fraction finer
than 2 mm is clayey as defined for particle-size class 7.

The texture of the fine earth is sand or loamy sand but not
loamy very fine sand or very fine sand; rock fragments make
up < 35 percent by volume.

The texture of the fine earth is loamy very E}ne sand, very
fine sand, or finer, but the amount of clay =’ is < 35 percent;
rock fragments are < 35 percent by volume.

By weight, 15 percent or more of the particles are fine sand
(diameter 0.25 to 0.1 mm) or coarser, including fragments up
to 7.5 cm in diameter; < 18 percent clay in the fine-earth
fraction.

. By weight, 15 percent or more of the particles are fine sand

(diameter 0.25 to 0.1 mm) or coarser, including fragments up
to 7.5 cm in dismeter; 18 through 34 percent clay in the fine-
earth fraction (< 30 percent in Vertisols).

By weight, < 15 percent of the particles are fine sand (diameter
0.25 to 0.1 mm) or coarser, including fragments up to 7.5 cm
in diameter; < 18 percent clay in the fine-earth fraction.

By weight, < 15 percent of the particles are fine sand (diameter
0.25 to 0.1 mm) or coarser, including fragments up to 7.5 cm

in diameter; 18 through 34 percent clay in the fine-earth
fraction (< 30 percent in Vertisols).

The fine earth contains 35 percent or more clay by weight,
and rock fragments are < 35 percent by volume.

A clayey particle-size class for soils having 35 through 59
percent clay in the fine-earth fraction (30 through 59 percent
for Vertisols).

A clayey particle-size class for soils having 60 percent or
more clay in the fine-earth fraction.

Soil Survey Staff (1972).

Carbonates of clay size are not congidered to be clay but are treated as silt in all particle~size
classes. If the ratio of 15-bar water to clay is 0.6 or more in half or more of the control sec-
tion, for this purpose the percentage of clay is comsidered to 2.5 times the percentage of 15-bar

water.
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23. THE FAMILY CONTROL SECTION

Names of particle-size and mineralogy classes are not applied to indur-
ated horizons or layers, but to specified horizons or to materials between
given depth limits defined in terms of either the distance below the surface
of the mineral soil or the upper boundary of a specified horizon. The verti-
cal section so defined is called the control section. Definitions of the

control seytion for determination of the particle-size classes are arranged

as a key ..]_'

A. The control section extends from the surface to a lithic or para-
lithic contact, or to a petrocalcic horizon if any of these are within
a depth of 36 cm.

B. In other soils that do not have an argillic horizom or a natric
horizon:

1. The control section extends from the base of the Ap horizom
or from a depth of 25 cm, whichever is greater, to a lithic or

paralithic contact, or petrocalcic horizon if any of these are

within a depth of 1 m.

2. Otherwise the control section extends from a depth of 25 cm
to a depth of 1 m.

C. 1In great groups of Aridisols and Mollisols that have an argillic
horizon that has (a) a lower boundary deeper than 25 cm (see E) and
(b) an upper boundary shallower than 1 m:

1. 1If there is no petrocalcic horizon between the top of the
argillic horizon and a depth of 1 m, the control section is the
whole argillic horizon if it is less than 50 cm thick or the upper
50 cm of the argillic horizon if it is greater tham 50 cm thick.

2. 1If there is a petrocalcic horizon below an argillic horizom,
the control section extends from the top of the argillic horizon,
excluding any part incorporated in an Ap horizon, to the top of

the petrocalcic horizon, or the upper 50 cm of the argillic horizonm,
whichever of these 1s less.

D, In great groups of Aridisols and Mollisols that have an argillic hori-
zon with its upper boundary at a depth greater than 1 m, the control sec-
tion extends from a depth of 25 cm to a depth of 1 m.

E. 1In other soils in which the lower boundary of the argillic horizon is
shallower than 25 cm, that is, they have a ca horizon in which there is
soft powdery lime, or have a calcic or other named diagnostic horizom that
has its upper boundary within 25 cm of the surface, or have rock structure
dominant within that depth, the control section extends from the top of the
argillic horizon or the base of an Ap horizon, whichever is shallower, to

a lithic or paralithic contact, a petrocalcic horizon, or to a depth of 1 m,
whichever is shallowest.

1/ Only the parts that apply to soils of the project area are listed. See
Soil Taxonomy for a complete list.
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24. BURIED SOILS

Buried soils are common in the project area and observations elsewhere
indicate that they also are extensive in other desert regions. The buried
soils vary considerably in thickness and in the depth at which they occur.
Buried soils considered in classification of soils at the land surface have
been defined as follows (Soil Survey Staff, 1975):

A soil is considered to be a buried soil if there is a surface
mantle of new material that is 50 cm or more thick, or if there
is a surface mantle between 30 and 50 cm thick and the

thickness of the mantle is at least half that of the named diag-
nostic horizons that are preserved in the buried soil. A mantle
that is <30 cm thick is not considered in the taxonomy but, if
important to the use of the soil, is considered in establishing
a phase. The soil that we classify in places where a mantle is
present, therefore, has its upper boundary at the surface or < 50
cm below the surface, depending on the thickness of its horizoms.

A surface mantle of new material as defined here is largely un-
altered. It is usually finely stratified and overlies a horizon
sequence that can be clearly identified as the solum of a buried
soil in at least part of the pedon, as defined in the following
chapter. The recognition of a surface mantle should not be
based solely on studies of associated soils.

If the mantle is 30 to 50 cm thick and lacks diagnostic horizoms, the
mantle only is classified (as an Entisol since it lacks diagnostic horizoms)
if it is half or more the thickness of the diagnostic horizons of the buried
solil. If the mantle is more than 50 cm thick and lacks diagnostic horizoms,
classification is based on the mantle, which again is classified as an Entisol
because diagnostic horizons are absent.

Psamments must have sandy particle size in all subhorizons to a depth of
one m. Soils with 50 to 100 cm of new sandy materials over buried horizons
with finer texture are Torrifluvents because the buried upper horizons cause
irregular decrease in organic carbon.

25. APPLICATION OF THE DIAGNOSTIC HORIZONS

Some of the horizons are diagnostic at more than one categorical level.
The argillic horizon, for example, is diagnostic at the level of both order
(Aridisols vs Entisols) and suborder (Argids vs Orthids). Some horizons are
diagnostic only if other diagnostic horizons are absent. For example, an
Aridisol with both cambic and petrocalcic horizons is a Paleorthid instead of
a Camborthid. This is because the petrocalcic horizon, which is diagnostic
for the Paleorthids, is considered to be the more important of the two horizoms.
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The calcic horizon is diagnostic for the Calciorthids and the petrocalcic
horizon is diagnostic for the Paleorthids in Aridisols that lack argillic hori-
zons. In Aridisols the petrocalcic horizon is diagnostic only if the upper
boundary occurs within a depth of one m. The argillic horizon is diagnostic
for the Haplargids whether or not a calcic horizon is present. Soils with
argillic horizons and petrocalcic horizons are Paleargids.

The calcic and petrocalcic horizons may be related to the stages of carbon-
ate accumulation (section 68). Stage III horizons contain enough carbonate for
calcic horizons, and some stage II horizoms qualify as calcic horizons. Horizons
in late stage I of carbonate accumulation (horizons with common carbonate fila-
ments, for example) usually qualify as calcic horizons if the parent materials
contain abundant calcium carbonate. Minimum expression of the petrocalcic hor-
izon corresponds to late stage III of carbonate accumulation, in which the hor-
izon of accumulation is plugged with accumulated carbonate. Nearly all petro-
calcic horizons are in stage IV of carbonate accumulation. Soils with petro-
calcic horizons are designated as ''pale' great groups or as petrocalcic sub-
groups depending on the great group involved.

Soils are Camborthids if they have a cambic horizon and lack a calcic,
petrocalcic, or argillic horizon, or if they have a calcic horizon but are
noncalcareous in some horizon after the soil has been mixed to a depth of 18
cm. The latter condition does not occur in this area, for by the time a
calcic horizon has formed, if a horizon above it is noncalcareous, then a
distinct argillic horizon is present. Other soils without diagnostic horizons
have altered horizons that are too thin or too coarse-textured to qualify as
cambic horizons., Although some of these horizons are quite distinct (e.g.,
see pedon 59-10, Appendix) the soils are Entisols since they do not have
diagnostic horizons required for the Aridisols. Thus Entisols constitute a
significant portion of the developmental scale in soils of the region. They are
classified as Psamments, Orthents, or Fluvents depending on amount of sand,
gravel, or organic carbon. Entisols occur in steeper, younger, less stable
areas along the valley border, and in high-carbonate parent materials of Holocene

age.

Mollisols have mollic epipedons. In Mollisols of this area, soils are
Haplustolls if they lack argillic horizons and petrocalcic horizons. Argiustolls
have argillic horizomns. Paleustolls of this area have argillic horizons and
petrocalcic horizons. Calciustolls lack argillic horizons and have petrocalcic
horizons.
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26. SERIES DIFFERENTIAE

In this book, statements concerning soils of given series pertain only to
soils of that series as they occur in the study area. Several families in the
study area have more than one series. Differentiae for these series are given
in table 18.

Three soils do not fall within the range of characteristics of estab-
lished series but are placed in the Dalby, Jal, and Yturbide series as
follows. The Dalby series is a member of the fine, montmorillomitic, thermic
family of Typic Torrerts. In the study area, a typical pedon (60-16) of the
playa soils concerned has mixed mineralogy, and clay content of the 25 to
100 cm control section averages about 65 percent (Appendix). The soil is
considered to be a taxadjunct to the Dalby series and is classified as a
Typic Torrert, very fine, mixed, thermic.

The Jal series is a member of the fine-loamy, carbonatic, thermic family
of Typic Calciorthids. A typical pedon (65-~6) of the soils concerned is well
within the coarse-loamy family by laboratory analyses (Appendix). This is
the case for many Calciorthids with strong carbonate accumulation and developed
in materials containing abundant sand, because the carbonate accumulation has
diluted the parent materials; when carbonate clay is treated as silt, silicate
clay for the 25 to 100 cm control section averages less than 18 percent. Lab-
oratory analyses are not available for the Jal pedon at the type location, and
it also may be coarse-loamy. The soil concerned is designated Jal and classi-
fied as a Typic Calciorthid, coarse-loamy, carbonatic, thermic.

The Yturbide series is a member of the mixed, thermic family of Typilc
Torripsamments. Psamments must have less than 35 percent (by volume) of rock
fragments in all subhorizons. Average gravel content of Yturbide soils must
range from 15 to 35 percent, by volume, but the Yturbide series was proposed
before formulation of the criterion involving the amount of gravel for the Orthent-
Psamment distinction. It is thought that Yturbide soils would generally contain



Table 18. Series differentiae for soils in the study area.

Series

Series differentiae

Iypic Torrifiuvents, coarse-loamy

Anthony

Pintura, thin var.

Typic Torripsamments

Bluepoint

Pintura

Typic Torriorthents, sandy-skeletal

Occurs on slopes of 0 to 5 percent.

Occurs on dunes with slopes more than 5 percent.

Has 10 percent or more of silt plus clay in the control section;
at least one subhorizon in the control section is calcareous.

No restriction on silt plus clay; noncalcareous throughout or at
most is calcareous only in a few spots.

Arizo
Kokan
Typic Haplargids, coarse-loamy
Onite
Sonoita

Typic Haplargids, fine-loamy

Bucklebar

Berino

Dona Ana

Hap

Tres Hermanos

Occurs on slopes less than about 10 perceat.

Occurs on slopes ranging from about 10 to 60 percent.

Combined thickness of A and B horizons totals 25 to 75 cm.

Combined thickness of A and B horizons totals more than 75 cm.

Lacks calcic horizon within 1 wmeter depth.

Has calcic horizon within 1 meter; does not have macroscopic carbonate
in all subhorizons of the Bt horizon.

Has calcic horizom within 1 meter; has macroscopic carbonate in all
subhorizons of the Bt horizon.

Has calcic horizon within 1 meter; averages 15 to 35 percent by
volume of coarse fragments im the control section.

Has calcic horizon within 1 meter; has some macroscopic carbonate in
all subhorizons of the Bt horizom; averages 15 to 35 percent coarse
fragments in the control section.

Petrocalcic Ustollic Paleargids, loamy-skeletal

Terino

Casito
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Does not have macroscopic carbonate in all subhorizons of the Bt horizon.

Has some macroscopic carbonate in all subhorizons of the Bt horizom.

Ustollic Haplargids, loamy-skeletal

Caralampi
Nolam

Typic Camborthids, coarse-loamy

Pajarito

Agustin

Typic Calciorthids, coarse-loamy
Algerica

Whitlock

Lacks a calcic horizom within 1 meter.

Has a calcic horizon within 1 meter.

Averagea less than 15 percent by volume of coarse fragments in the
control section.

Averages from 15 to 35 percent by volume of coarse fragments in the
control sectiom.

Control section averages 10 to 20 perc7nt carbonate clay, and is dom-
inantly sandy clay loam or clay loam.l

Control section averages lass than 10 percent carbonate clay, and is
dominantly coarser than sandy clay loam.

1/ Algerita soils have thicker calcic horizons than do Whitlock soils. Most Algerita soils are much older
than Whitlock soils, occurring on La Mesa surface and on Jornada I and II surfaces (the latter in high-

carbonate materials). Whitlock

soils occur mostly on the valley-border Picacho surface.
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too much gravel for the Psamments; since they average 15 to 35 percent gravel,
some subhorizon would likely contain more than 35 percent. Also, these gravelly
and very gravelly sands were excluded from Psamments because they are much less
subject to blowing and drifting than nongravelly sands, and provide a better
support for wheeled vehicles (Soil Survey Staff, 1975). For these reasons,

it is thought that the soils concerned are best classified as Orthents rather
than Psamments, and the soils designated Yturbide are classified.as Typic
Torriorthents, sandy, mixed, thermic.

27. HORIZON DESIGNATIONS AND CONVENTIONS

Parts of this volume were prepared at different times and do not reflect con-
ventions presently in use. Thus lithologic discontinuities (Soil Survey Staff,
1962) are indicated by Roman numerals in some cases and by arabic numbers in
others.

Intermediate colors are estimated. For example, the designation 9YR indi-
cates that the hue is between 7.5YR and 10YR, but is closer to 10YR tham 7.5YR.

Definitions and designations for soil horizons follow the 1962 Supplement
to the Soil Survey Manual except as noted below. Master genetic horizons are
designated A, B, and K. The C horizon designates horizons that are largely or
wholly not genetic soil horizons, except for hard bedrock which is designated R.
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28. A HORIZONS

Al horizon. The A horizons of desert and mountain soils differ markedly
in the study area. The A horizons of mountain soils are dark, contain dis-
tinct amounts of organic carbon, and qualify as Al horizons as defined in
the 1962 Supplement. Those with color values darker than 5.5 when dry and
3.5 when moist are designated Al horizons. Some of these horizons are thick
enough and have sufficient organic carbon to qualify as mollic epipedons.

In contrast, desert soils at low elevations between the mountain ranges
have light-colored A horizons. Some of these are A2 horizons. Others do
not qualify either as Al or A2 horizons and are designated A.

A2 horizon. 1In A2 horizoms "...the feature emphasized is the loss of
clay, iron or aluminum" (Soil Survey Staff, 1962).

A borizon. Horizons that do not qualify as either Al or A2 are desig-
nated A. There are two kinds of these: (1) Light colored horizons, high
in organic carbon, that occur in soils formed in high-carbonate parent
materials. Textures are commonly loam, clay loam or silt loam. (2) A mixed-
appearing horizon that may have been caused by trampling of cattle. Textures
are usually a light sandy loam, loamy sand or sand.

29. B HORIZONS

B horizon. This notation designates two kinds of horizons that do not
qualify as B (Soil Survey Staff, 1962). Both kinds of horizons show marked
alteration of the parent materials, and the designation of C horizon does
not, therefore, seem appropriate. These are: (1) Horizons that have distinct
structural development, but that lack evidence of the formation of silicate
clay or liberation of oxides. Such horizons (commonly termed "structural B"
horizons) are most common in soils developed in highly calcareous parent
materials. (2) Horizons between the thin A horizon and the horizon of maxi-
mum carbonate accumulation that fail to qualify as K1 horizons, defined later.
Fine strata are absent, and the horizons have been mixed by roots and soil
fauna. In older soils, particularly, there has been a high degree of alter-
ation since deposition of the parent materials and the start of soil forma-
tion; and the underlying K horizons indicate abundant carbonate redistribution.

Bt horizon. B horizons that contain illuvial silicate clay are desig-
nated Bt. The Bt notation is not restricted to the argillic horizon but
also designates B horizons that do not have enough clay increase to qualify
as argillic horizons. Some of these Bt horizons qualify as cambic horizons
but in the study area most are either too thick or too coarse-textured for a
cambic horizon.
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The transitional Bl and B3 horizons are defined simply on the relative
strength of morphological development.

Bl - A transitional horizon between the A horizon and the B2
horizon. The Bl horizon has weaker development than the
B2 horizon and is present in most, but not all B horizons.

B2 - The most strongly expressed part of the B horizon. In Bt
horizons, for example, the B2t would be the subhorizon of
maximum clay content

B3 - A transitional horizon between the B2 horizon and a horizon
beneath B3. The B3 horizon has weaker development than the

B2 horizon, and is not present in all B horizonms.

30. K HORIZONS

The K horizon nomenclature was proposed (Gile et al., 1965) to meet a
need for notation and nomenclature for prominent horizons of pedogenic car-
bonate. These horizons are considered C horizons in many places and are desig-
nated Cca. Studies in the Southwest and in other parts of the world have
shown that extensive areas of the earth's surface are occupied by soils
with prominent horizons of pedogenic carbonate. Others have recognized
the pedogenetic significance of these horizoms, and in some areas they are
designated B horizons. While such designation is better than Cca, the unusual
character and extent of these horizons support their designation as a separate
master horizon. Major factors favoring K, instead of B for these horizons
are as follows. (1) Carbonate content ranges widely-—-from about 0.l to nearly
100 percent. (2) The great range of morphological types is virtually unmatched
in soils of this extent. (3) The authigenic nature of pedogenic carbonate is
unique for it can be shown that essentially all of it must have accumulated
since deposition of the alluvial or eolian parent materials. This contrasts
with horizons such as the Bt heorizon, in which some of the clay is usually
present when soil development starts; and the specific identification of the
amount and disposition of authigenic vs allogenic clay is usually impossible.
In contrast, pedogenic carbonate is readily identified because of the promi-
nent morphological difference between authigenic carbonate and the material
in which it accumulates. (4) Prominent horizons of pedogenic carbonate have
transitional subhorizons that are most readily denoted by the K nomenclature.
These transitional horizons are difficult to show with B horizon nomenclature
if overlying B horizons are present, as they usually are. (5) We need to
consider the effectiveness with which we can convey concepts of soil horizons
both to students and to scientists in other fields. Inclusion of all the
morphological variety of K horizons in a Bca would tend to confuse, as does
the Cca horizon. Adding the K horizon to our small assemblage of master hori-
zons should increase our ability to transmit ideas about these and associated
horizons.

The K horizon is defined on the basis of approximate volumes of a diag-
nostic fabric termed K-fabric. In K-fabric, authigenic carbonate occurs as
an essentially continuous medium. The carbonate coats or engulfs, and commonly
separates and cements skeletal pebbles, sand, and silt grains. Materials with
K-fabric display a variety of macroscopic forms, such as laminar, nodular,
cylindroidal, massive, blocky, and platy.
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The K horizon contains 90 percent or more by volume of K-fabric in its
most prominent subhorizon (K2), and 50 percent or more of K-fabric in upper
and lower transitional horizons (K1 and K3).

The K1 horizon is transitional to an A or B horizon from an underlying
K2 or K2m horizon and contains 50 percent or more of K-fabric. The K1 hori-
zon may be transitional because of less hardness, less continuous induration,
or a lesser volume of K-fabric than in the K2 horizon. Some K1 horizons con-
sist of discrete, somewhat loose nodules or plates overlying a continuously
indurated K2m horizon.

The K2 horizon is the most prominent, hardest, and whitest part of the
K horizon and generally contains most of the authigenic carbonate. The K2
contains 90 percent or more of K-fabric. The K2 can be massive, blocky,
platy, nodular, or cylindroidal, and is commonly composed of two or more of
these macroscopic forms. Indurated K2 horizons are designated K2m. A dis-
tinctive subhorizon, the laminar horizon, occurs at the top of most K2m
horizons. The laminar horizon is composed primarily of laminar carbonate
with a small amount of included sand, silt, clay and organic matter., In
some K2m horizons, several laminar horizons occur and in places are separated
by nonlaminar, carbonate-cemented material.

The K3 horizon is transitional from a K2 or K2m horizon to an underlying
Cca horizon, C horizon, paleosol, or bedrock, and contains 50 percent or more
of K-fabric. The K3 horizon contains less carbonate, a smaller volume of
K~fabric, or is not as hard or as light colored as the overlying K2 horizon.
The K3 horizon is not continuously indurated, but can contain indurated nodules
or agglomerations of skeletal grains. In the K3 horizon, carbonate content
and volume of K-fabric commonly decrease with increasing depth. K3 horizons
occur in most soils with K2 horizons.

The K & B and K & C notations designate horizons that contain 50 to 90
percent of K-fabric and that occur in soils lacking horizons with 90 percent
or more of K-fabric.

As a whole, K horizons are usually prominent, light-colored horizonms,
many of which are white throughout. Consistence ranges from soft to extremely
hard. Many K horizons are indurated. Where bedrock is shallow, the K hori-
zon may occur as a thin, light-colored horizon that rests on bedrock.

Macroscopic carbonate accumulations in soil horizons that fail to meet
the requirements for a K horizon are noted by the ca suffix.

31. C HORIZONS

In some areas the C horizon groups both prominent pedogenic horizons and
materials unaltered by pedogenesis into one master horizon. There are vast
volumes of the latter material and from this standpoint alone a separate
designation for it would be useful. As used in this study, the notation C
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designates horizons other than bedrock, and consisting largely or wholly of
material not identifiable as a genetic soil horizon. Small amounts of pedo-
genic material are included in some instances. For example, the designation
"Cca" includes horizons with small amounts of pedogenic carbonate but fabric
of the C horizon is readily identified and has been little altered by pedo-
genic processes.

The C horizon may be meters thick, and may or may not be overlain by
genetic horizons. Thin youthful deposits that do not qualify as other
horizons defined above, and overlying genetic horizons are also designated C.
As a convention, the suffix, b, indicating buried horizons, is not used
unless the surficial deposit of C horizon material is at least 25 em thick.

32. R HORIZONS

The notation R designates consolidated bedrock. This designation does
not include bedrock material that can be dug out with a shovel or pick.
This kind of softer bedrock is designated B or C, depending on the morphology.
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33. LABORATORY METHODS

The pedon descriptions follow the Soil Survey Manual (Soil Survey
Staff, 1951) and its 1962 Supplement (Soil Survey Staff, 1962) except for
the use of the K horizon nomenclature and other practices discussed pre-
viously. Conventions for reporting the data largely follow those given
in the compendium of laboratory methods of the Federal soil survey labor-
atories (Soil Conservation Service, 1972). Column headings in the data sheets
contain index numbers to the description of the methods in this publication.

Unless otherwise indicated the analyses reported are for the less than
2mm and carbonate is retained in the sample. Particle-size distribution
commonly is reported for samples after removal of the carbonate with pH 5
NaOAc buffer (referred to as carbonate-free sample). For 1962 and earlier
samples, organic carbon, nitrogen, cation exchange capacity, and extract-
able iron were made on the carbonate-free sample and the values calculated
on a carbonate-containing basis, assuming the carbonate was a diluent.

Some horizons contain allogenic coarse fragments cemented by authigenic
carbonate. For such horizons, subsamples weighing several kilograms were
treated to remove carbonate (methods 1B3; Soil Conservation Service, 1972).
The coarse fragments were then separated from the less than 2 mm by sieving.
A second subsample of the field sample was ground for the determination of
carbonate. This carbonate value for the whole-ground sample was computed
to a base free of coarse fragments, using the coarse fragment percentage in
the subsample treated to remove carbonate (methods 1B4; Soil Conservation
Service, 1972). Exposure to the pH 5 NaOAc buffer for up to nine weeks did
not affect any of the standard characterization determinations or the clay
mineralogy as determined by X-ray analysis.

Pretreatment with NaOH as part of the particle size analyses was employed
for all 1960 and subsequent samples, plus samples from upper horizons of
selected pedons sampled in 1959. After the removal of organic matter with
hydrogen pyroxide, the standard 10 gram sample was allowed to stand overnight
in 200 ml of 0.1N NaOH solution. This treatment consistently increased the
clay percentage of surface horizons by 10 to 15 percent relative, and also
increased the values of some subsurface horizons. The increase was restricted
to soils sufficiently old to have diagnostic subsurface horizons. Samples
for fine clay were similarly treated.

The weight proportion of carbonate and noncarbonate sand, silt, and
clay have been calculated for pedons with either over 10 percent coarse
fragments, or over 10 percent authigenic carbonate from O to 100 cm. Values
are only reported if estimates inclusive of the full range in size of coarse
fragments are available and if the carbonate is largely authigenic.

Volume of coarse fragments is reported if information is available for
the full range of coarse fragment size. Commonly these volume percentages
combine weight determinations for the less than 75 mm and volume estimates
for the greater than 75 mm; 2.7 g/cc is the assumed particle density of the
coarse fragments. Bulk densities of the fine-earth fabric for this calcu-
lation commonly are estimated and not measured.
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The amounts (in kilograms) of organic carbon and authigenic carbonate
accumulation are reported for volumes of soil with a land surface area of
one square m (method 6A). The depth for the carbonate calculations
were selected to encompass carbonate associated with pedogenesis of the
soil at the land surface. An initial (before pedogenesis started) carbonate
content of 1 percent for the fine earth is assumed, and the amount accumu-
lated is calculated as the algebraic sum. Data for C horizons of sampled
pedons indicate that for some pedons the initial carbonate content was below
1 percent and in a few instances probably exceed 1 percent. Analyses of two
samples of fresh monzonite arroyo alluvium from different locations yielded,
respectively, a trace (less than 0.4 percent) and 1 percert, suggesting that
1 percent is reasonable. A few soils with upper horizons very low or free
of carbonate and a weak bulge have negative values for carbonate accumulation.
The negative values do not necessarily indicate that the pedon has had a net
loss of carbonate, but rather that the percentage of carbonate assumed pre-
sent initially is too high.



61
34, PARENT MATERTALS

Alluvium is the major parent material; bedrock and eolian materials
are less extensive. Eolian sediments occur primarily as coppice dunes.
Most or all of these dunes are apparently less than about 100 yr old
(section 62). Bedrock is a parent material only in the mountains and in
scattered outliers near the mountains. Most bedrock areas are dominated
by outcrops of extremely hard bedrock in which soils are not apparent.

Bedrock in the mountains is important because it is the ultimate
source of the piedmont-slope deposits below. The approximate distribution
of general types of bedrock is shown on the soil maps. Detailed informa-
tion concerning the character and distribution of the bedrock may be found
in Dunham (1935); Kottlowski (1960); Ruhe (1967); and Hawley (in preparation).

Large areas are available in which soils of various ages formed on a
single parent sediment can be compared. Sediments of several extensive
piedmont-slope areas were derived mainly from a single type of rock such as
rhyolite. Extensive areas of soils have also formed in noncalcareous sandy
sediments of the ancestral Rio Grande.

The weathering relations between the soils and their parent materials
are complicated because the parent materials of many soils contained
sediments eroded from older soils upslope. These earlier cycles of soil
development would have taken place at higher elevations than a given soil
and in some instances under higher precipitation. Transport and possible
pPrior weathering may have reduced easily weathered components such as books
of biotite.

In general there is a decrease in particle size from the mountain
fronts to the gentler slopes of the alluvial-fan piedmont. However, there
are exceptions to this because of lateral variations in particle size at
any given position on the slope. These variations are due to differences
in position with respect to the streams that deposited the alluvium; coarser
fragments occur in the main channel zones than in areas away from these
zones., At a given distance on the piedmont slope from the mountain front,
late-Pleistocene fan sediments commonly have a greater proportion of coarse
fragments. Energy for transport during periods in the Pleistocene apparently
exceeded that during the Holocene.

35. RHYOLITIC BEDROCK AND ALLUVIUM

The Organ Mountains south of Fillmore Canyon are almost entirely com-
posed of rhyolite. Smaller areas of rhyolite also occur in the San Andres,
Dona Ana and Robledo Mountains. Analyses of Soledad rhyolite (the major
type in the Organ Mountains) and the average of 102 rhyolites are given in
table 19. The Ca0 content of Soledad rhyolite is much lower than the average;
the Fe0 content is higher. Dunham made the following comments on mineralogy
of Soledad rhyolite (Dunham, 1935, page 58):
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Table 19. Analyses of rhyolitesl/

I II
Compound Soledad rhyolite Average of 102
Soledad Canyon rhyolites (Daly)

Si02 e e e e e e e e e e 7330 4k e e e e e e e e e e e e 72,77
TiOz . 28 i e e e e e e e e e e e . 0,29
A1203 e e e e e 82 i e e e e e e e e e e . . 13.33
Fey03 « v . . - A2 0L oo .. 1040
FeO e e e e s s e o 94 Ll s s s e e e e e e e .. 1,02
M0 . ¢ ¢ ¢ ¢ o 4 4 e 00 . 0 e e e i e e e e e . . 0,07
Mgl v v v v o v o ¢« o 022 v v v e e s e s e s e s . . 0,38
Cal . v v ¢ o « o o & B Y B 1
Na20 e e e e e s o & @ G J 1
KZO . 26 i e e e e e e e e e e e 4,58
H20~ o o 00 0 s s s e e e e e e e e e

HoOH+ . o & o & o & T/ 10
C82 e e e e e s e 00 0 0 0 e e e e e e

Po05 . .gg e e e s

s . . .

Bal .02 .

.99

[
COO0OO0OO0OOUVMPOOOREHENO

O
O

Norm of Soledad rhyolite

QU o o o o o e e e e e .. oe s 27.36
OF v o o o o o o o o o o & o« o 31.14
@b . . e e e e e e e e e o . . 35.63
0 O 0 2
di Ca0.8i0p . « + & « v o o o . 0.23

Mg0.Si0 . .« .« . . . . . . . 0.07

Fe0.8i05 . « « « - o « . . . 0.18
hy Mg0.8i0p . . . . . . . . . . 0.43

Fe0.Si0p . « « « « + + « . . 1.48
0 O ¢ G

MAG « » « o o s 4 o o o e o o . 2,09
99.50

1/ /After Dunham (1935). The source of the average of 102 rhyolites is given
by Dunham as: Daly, R. A., Igneous rocks and the depths of the earth:
New York, 1933, p.09.
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The structure is porphyritic, the phenocrysts being cream-
colored feldspars up to 3 mm in length....The phenocrysts
consist of an alkali feldspar, antiperthite. The ground
mass...probably consists of quartz, alkali feldspars and
occasional flakes of biotite.

The rhyolite bedrock is extremely hard and dense. Areas of distinct
soils in the bedrock have been observed only in a few places. Slight accum-
ulations of clay and carbonate locally occur along fracture planes in the
bedrock.

Rhyolite is an extensive rock in the southern Organ Mountains and con-
sequently rhyolitic alluvium is also extensive. Rhyolite resists comminu-
tion and alluvium derived from it tends to be gravelly or very gravelly.
Figure 6 shows a typical particle-size cumulative curve. For slopes of about
3 percent and greater, most soils tend to be skeletal. At 2 percent slope
there are marked facies changes in many places from very gravelly to low-
gravel materials. The median weight diameters (table 20) do not decrease
regularly with decrease in elevation. Field observations do indicate that
there is a decrease in median weight diameters. The lateral variability
is, however, too large for regular decrease to be expressed in the pedons
sampled for soil characterization. Figure 7 contains a cumulative curve
for the fine-earth of typical rhyolitic alluvium. The material is high in
very coarse and coarse sand (2 to 0.5 mm) and has relatively little medium

sand (0.5 to 0.25 mm).

36. MONZONITIC BEDROCK AND ALLUVIUM

The northern part of the Organ Mountains consist primarily of two kinds
of monzonite (phase IT and III, Dunham, 1935). Chemical analyses of these
two monzonites are presented in table 21; mineral composition (modes) are in
table 22. Concerning mineralogy of the monzonite, Dunham writes:

Phase II, quartz-monzonite (p. 71):

The quartz-monzonite is a buff or reddish granular rock composed
largely of feldspars averaging about 7 mm in length. The plagi-
oclase can be recognized readily in the hand specimen by its con-
spicuous zoning, which is especially well revealed on weathered
surfaces where the inmer zones tend to decompose more readily
than the outer zomes. Quartz, although an important constituent,
can be seen with the unaided eye only very seldom. Biotite is
occasionally present, and rarely there is little hormblende....In
thin section, the minerals found are perthite, oligoclase, quartz,
biotite and accessory minerals, in order of decreasing abundance.
Hornblende is occasionally found.

Phase IIT, Quartz-bearing monzonite (p. 73):

The rock is coarse-grained and contains alkali feldspar crystals
exceeding 20 mm in length. The average grain, is however, dis-
tinctly finer and seems to be about 10 mm. In the hand specimen,
feldspars, hornblende, biotite, and titanite can be recognized;
quartz, though present, is not at all conspicuous and a lens is
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Table 20. Median weight diameters listed in descenf}ng order
for different parent materials and ages.=

Age and Median
Geomorphic Weight
Alluvium Source Surface Pedon Depth Diameter Elevation Slope
cm mmn ft %
Rhyolite Holocene
Organ 60-4 0-100 20 5000 7
Organ 60-3 0-100 12 4750 4
Fillmore 66-16 5-94 10 4350 2
Organ 67-4 18-94 7 4750 4
Organ 60-12 0-100 4 5700 7
Late Pleistocene
Jornada II 59-15 43-145 30 4720 4
Picacho 59-16 64-127 24 4330 2
Picacho 59-13 48-132 23 4250 2
Isaacks' Ranch 67-5 51-104 9 4600 3
Mid-late Pleistocene
Jornada I 59-14 97-173 37 5600 8
Jornada I 70-8 82-179 10 4500 3
Jornada I 66-2 64-165 7 4370 2
Jornada I 60-10 74-127 4 4450 2
Monzonite
Holocene
Organ 59-3 0-100 1 4900 4
Organ 59-1 0-100 0.9 5500 8
Organ 59-2 0-100 0.8 5125 5
Organ 59-4 0-58 0.5 4735 3
Organ 67-3 0-100 0.3 4600 2
organ?/ 68-3 0-117 1 4310
Organ< 68-4 0-130 0.06 4310
Organ 69-8 6-89 0.003 4310
Pleistocene
Jornada 60-9 84-152 2503/ 5200 15
Jornada II 60-13 86-114 0.6 4675 2
Jornada II 59-8 155-178 0.1 4470 5/
Sedimentary Rocks
Holocene
Organ 60-15 0-100 0.03 4475 2
Organ 60-14 0-100 0.02 4400 1
Organ 66-7 0-51 0.01 4310 1
Organ 66-6 0-64 0.005 4300 1
organ II4/ 65-2 0-100 3 4760
Organ I 4/ 65-2 107-287 0.4 4760
Organ I 4/ 65-4 36-160 0.1 4725
Organ TI4/ 65-3 0-64 0.07 4760
Mid-Pleistocene
River Alluvium?
Pleistocene
66-11 163-188 0.3
61-7 272-353 0.3
59-10 64-111 0.2
60-21 284-305 0.2
61-2 165-185 0.1
61-8 236-267 0.1
65~7 274-307 0.1

Carbonate-free soil material if carbonate authigenic.
To illustrate lateral variation in the lower fan piedmont.

pedons 68-4, 69-8 progressively farther from axis.

Somewhat larger median weight diameter below this zone.
To illustrate lateral variation near mountain front.

Buried surface.
Elevations are similar.

Pedon 68-3 along axis of deposition;
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Table 21. Analyses of monzonite, Organ Mountains

(after Dunham, 1935).
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Phase II
(1278)

Compound Quartz-monzonite

East of Hayner
Mine

Phase III

Quartz-bearing monzonite
500 feet south of
Merrimac Mine

Siog « s+ 4+ e & . e+ . 68.92
Tiop . ¢ e e e s e a4 . 0.47
Al,03 . e o s+ o & s & . 15,50 . . .
Fep04 . e e e e e 1.08
FeO . . 1.65
MnO e e e e e e e 0.03
MgO et e e e e e 0.76 . .
Ca0 e e e e e e e e e e 1.06 . . . . .
Nas0 e e e s e e e e e 4,72 . . . . .
K20 e e e e e e e 5,17 . . . . .
Ho0- e e e e 0.00 . ...
HyO+ o e s e e e e e e 0.36
CO» e e e e e e e e e 0.03 .
P,0g e e e s e e e e e 0.03 . . ..
grOZ o s e s e o o o s 0 gg o
BaO 0.06
Sro nd .. . .
99.82
NORMS
qu . .« . 17.52 .
or e o s s o & e« & . 30,58 . ...
ab e e 4 s e & e e s . . 39.82 .. ...
an e b e s e e s e e e e 5.56 . . . .
di Ca0.Si0p . . . . o o o .. .
Mg0.Si02 . . . . . . . . . ..
Fe0.510, . . o ¢« ¢ v v o v .
hy Mg0.5i05 . . 1.90 .
Fe0.8i0p . . 1.45 . .
il e v e e e e 0.91 . .
mag ¢ e e e e e e . 1.62 . .
ap . . . 0.17 . .

99.63

o« e e e e 61.12
e e e e e 1.30
o« e e e e 15,78
2.69
3.15
0.09
1.90
3.95
4.14
4.48
0.32
0.56
0.22
e e e e e 0.45
o e e e e 0.04
0.05
0.07
0.04
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Table 22. Mineral compositions (modes) of phase II
and phase III monzonite (from Dunham, 1935)

Weight Percentages

] o
w ) o @
Name and Locality = S & g u S oH
Q ka! (] — + N - o
o < X ) o o g
80 o ) [ + H T =
ha © S 5 = 3 nad
8 g g‘ § M o H <=
Phase 1II,
Baylor Pass 36 45 2 17 1
Phase II, East
of Hayner Mine 34 52 14
Phase II,
Texas Canyon 30 46 4 19 1
Phase III,
Quickstrike 39 44 8 7 2
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usually needed to see it. In thin section the plagioclase
proved to have properties identical with the oligoclase in
the two preceding phases....The alkali feldspar, which is
again perthitic, predominates over the oligoclase....Green
pleochroic hormblende and brown biotite are universally
present. Quartz occurs in small but varying amounts.

Soils have formed in the monzonite because of numerous joints, which
are much more closely spaced than joints in the rhyolite and limestones.
Water readily infiltrates along the joints and horizons of clay and carbo-
nate accumulation have formed. Distinect soils have formed in monzonite in
the vicinity of San Agustin Pass and on a broad pediment west of the Pass
(section 160).

An extensive area of piedmont-slope sediments derived from monzonite
occurs west of the northern part of the Organ Mountains. The monzonite
comminutes rather easily in weathering and transport. Consequently, the
soils are low in gravel except for steeper slopes.

Median weight diameter of Holocene alluvium generally decreases slightly
downslope (table 20). Materials of main channel zones at lower elevations,
however, can be substantially coarser than materials at higher elevations
as shown by pedon 68-3 in table 20. Similarly, pedons 68-3, 68-4 and 69-8
also illustrate that materials at the same elevation can differ markedly in
size. Median weight diameter of Pleistocene alluvium shows a substantial
decrease with elevation (table 20).

Fine earth of gravelly monzonitic sediment has a similar size distri-
bution to rhyolitic sediment (fig. 7). Monzonitic alluvium free of gravel
has a high proportion of fine sand (0.1-0.25 mm), differing from its gravelly
monzonitic counterpart and also from rhyolitic alluvium, and similar to
alluvium deposited by the ancestral Rio Grande.

37. SEDIMENTARY ROCKS AND ALLUVIUM

Sedimentary rocks are dominant in the San Andres and Robledo Mountains.
Small areas also occur in the Dona Ana Mountains and in places along the
front of the Organ Mountains. Limestone and other calcareous rocks are the
dominant component with variable amounts of igneous rocks, chert and quartzite.
The Holocene alluvium tends to be free of gravel on slopes of about two per-
cent or less., Pleistocene alluvium usually has some gravel even on slopes of
one percent. Median weight diameters for Holocene alluvium tend to decrease
with distance from the mountain front (table 20).

Holocene alluvium on the middle and lower slopes is high in silt and clay
and has little sand except for a few places in the C horizon (curve 5, fig. 7).
Along the mountain front, lateral variation in the particle-size distribution
of the Holocene alluvium is large (table 20). Commonly the fine earth of
gravelly sediments is lower in coarse and very coarse sand (2 to 0.5 mm) than
gravelly monzonitic or rhyolitic alluviums (fig. 7).
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38. RIVER ALLUVIUM OF MIXED LITHOLOGY

Mid-Pleistocene river alluvium (the fluvial facies of the Camp Rice
Formation) underlies extensive areas of the basin floors. It is exposed to
substantial depths in the upper slopes of the valley border south of the
Robledo and Dona Ana Mountains. In those areas it crops out just below
the outer valley-rim scarp as a gravelly, erosion-resistant unit, commonly
not more than 10 to 15 m thick, above scores of meters of sandy sediments
with little or no gravel. In most other places the sediments at the
surface contain little or no gravel. River alluvium of late-Pleistocene
age is exposed in places along the valley border between the Dona Ana and
Robledo Mountains. The alluvium of late- and mid-Pleistocene age is informally
designated "ancient river alluvium.'" The fine earth of the low-gravel
alluvium tends to be high in fine sand (0.1 to 0.25 mm) and very low in silt
(fig. 9).

39. SIGNIFICANCE OF CARBONATE AND COARSE FRAGMENTS

Carbonate content and the percentage of coarse fragments affects the
accumulation of both silicate clay and authigenic carbonate. This in turn
affects classification of the soils. General relations of these two factors
to soils of various ages and terrains are summarized in table 23. which also
indicates the approximate times for development of various diagnostic horizoms
under stated conditionms.



Table 23. Relation of soil development and classification to carbonate
and coarse fragments in the parent materials (arid zonme) 1/
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Low-carbonate parent materials

High-carbonate parent materials

Great group and diagnostic horizon2/

Soil age Obliteration of Eng Great gzroup and diagnostic horizon
argillic horizon=
Low-gravel High-gravel Tow-gravel High-gravel Low-gravel High-gravel
materials materials materials materials materials materials
Torripsamments Torriorthents
Torrifluvents
Torriorthents Camborthids; Torrifluvents Torrifluvents
Late Cambic Torriorthents Torriorthents
Camborthids; Horizon
Cambic
Horizon Haplargids;
Argillic
Horizon
Haplargids; Calciorthids; Calciorthids;
Mid Argillic Calcic Calcic
Horizon Horizom Horizon
Early(?)
7500
Years B.P.
Haplargids; Haplargids;
Latest Calcic Calcic
Horizon Horizon
Paleargids;
Late Petrocalcic Calciorthids; Paleorthids; Paleorthids;
Horizon Calcic Petrocalcic Petrocalcic
Horizon Horizon Horizon
Late-
mid
Paleargids;
Mid Petrocalcic Paleorthids;
Horizon Petrocalcic
Horizon

1/ Soils are on stable sites that show little or no evidence of landscape dissection unless otherwise indicated (see

footnote 3).

2/ Diagnostic horizons underlined.

3/ Where the argillic horizon has been obliterated by landscape dissection, carbonate engulfment, and/or faunal activity.
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40. ATMOSPHERIC ADDITIONS

Prominent horizons of calcium carbonate occur in soils formed in parent
materials very low in calcium. The atmosphere is a possible source of calcium.
Brown (1956) in Texas; Gile et al. (1966) in New Mexico;<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>