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ABSTRACT

The terrain and eavironmental features of the Yuma Test Station
Area are the subject of this study. This area ir western Arizona
and southeastern California from Yums to Death Valley is the hottest
and driest part of the United States.

Twenty-six per cent of the Yuma Test Station Area consists of
mountains, most of which are rugged and difficult to traverse. Hills
comprise 17 per cent of the Test Station Area. The terrain is rolling

to rough, although local elevation differcnces are usually not great.

Plains make up fifty-seven per cent of the Test Station Area and
provide the rost suitable locations for most of the varlous activities
that are being conducted at the Test Station. Forty-four per cent
of the t.otal area is alluvial aprons; Much of the surface consists
of cesert pavement, a firm mosaic of pebbles that make a smooth
surface. Desert varnish is a darit coabting that has formed on exposed
rock surfaces; both psbbles ana bedrock. Except on the flocdplains
and aloag the washes, vegetation 1s very sparse in the area.

In the opinion of most of the persommel of the test teams that
were interviewed, environmental conditions at the Yuma Test Station

offer conditions that are suitable for conducting wmost of the desert

testing programs,
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PREFACHE

This report covers a study of the terrain at the Yuma Test Station
in Arisona. It is a part of the evaluaticn of the Yuma Test Station as
a desert testing site for the Department of the Army.
AUTHORITY

The work on this program was accomplished under the terms of Contract
No. DA~22-079-eng-134 between the ingineering Experiment Station of Purdue
University and the Waterways Experiment Station, dated 15 June 1953, as
Project 8-97-10-004 "Military Evaluation of Geographic Areas", which was
assigned to Waterways Experiment Station by the Office of the Chief of
Engineers.
PURPOS

The purpose of the Purdue study is to study, eovaluate, and map the
terrain of the Yuma Test Station area with particular emphasis placed on
the environmental factors which are known to affect military operations.
The data thus developed and contained in this report are to be used in
evaluating the suitability and adequacy of the Yumn Test Statlon Area for
testing materiel,; equipment, and personnel for operations in deserti arcas
in other parts of the world. |
SCOPE

This report presents data on the environmental and terraln festures
in the vicinity of Yuma, Arigona. Most of the field work was done within
the limits of the military reservation of the Yuma Test Station. Some
work was done in the surrounding regions, including parts of the Kofa Game
Range, the Imperial Wildlife Refuge, and a test course across the Sand

Hills in Imperial County, California.
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For the purposes of this study the Yuma Test Station Area, which is
essentially that included in this report, is defined as that area covered
by the series of thirty-two photo maps which were furnished for use on
the project (see Figure 1).

Data for the study and report are the reéult of three field surveys,
study of the aerial photographs, review of literature and existing maps,
and conferences with authoritative sources.

The report is limited to development of a classification system of
terrain and surface conditions, a discussiou of desert ecology at Yuma
Test Station, detailed discussion of terrain units found at Yuma Test
Station, a discussion of military significance of the terrain and asscciated
environment, and recommsndations and conclusions.

FIKLD TRIPS

Field data for this report were obtained during three field trips.
The first field trip was conducted during December, 1953, and January,
1954. Professor R. E. Frost, the university representative in charge of
the survey, and Professor J. G. Johnstone arrived at the Yuma Test Station
on 8 December 1953. Arrangements for support of the field work were made
with officers of the Test Station, Colonel W. W. Abbey, Commanding. Upon
the recommendation of the wWaterways ikxperiment Station, the period from
9-12 December was spent on a trip to los Angeles for conferring with
Dr. Thomss Clements, Professor of Geology at the University of Southern
California, Dr. Clements had been working on a contract for the Quarter-
master Corps which involved the classificatlon of desert terrain. He has
been conducting private studies in Death Valley aad other socuthwestern
deserts for 25 years and is considered to be an authority on deserts.

Dr. Clements not only mede available his desert reports but also gave
considerable first~hand information about many of his observations.
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On 20 December, Dr. A, A. Lindsey, Purdue Biology Department, joined
the field party for the period 20 to 31 December for the purpose of
obtaining data about casert vegetation under winter conditions. During
this period he was able to inespect vegetation in representativs areas
both on the ground and from the air. Professor Johnstone completed his
portion of the field survey and 1s£% Yuma on 22 December. Mr. J. R.
Shepard joined the group on 28 December and remained until completion of
the field work. From 27-30 December, Mr. R. D. Miles joined a fleld trip
conducted by Dr. Clements (University of Southern California) for a study
of Death Valley. He then joined the field party for the remainder of
the work at Yuma.

Representatives from the Waterways Experiment Station (Dr. J. R.
Schultz, Geologist, and Mr. Robert Turner, Engineer) and Purdue University
(Professor K. B. Woods) met for two days with the field party and the
Chief of the Bngineer Test Team at the Yuma Test Station (Mr. Edward Uhl,
Jr., Civil Engineer) to discuss a desert classification and to make
plans for the summer survey.

In addition to the study in and adjacent to the Test Station, two
trips were made twenty miles to the west of Yuma to the large sand dune
area in Imperial County, California. Here is found one of the largest
areas of sand dunes in the country. A two-day trip was made to the Salton
Sea area to study some of the features of that area.

The second field trip consisted of a short trip to Yuma Test Station
by Dr. A. A. Lindsey from 21-27 April, 1954. The purpose of this trip
was to study spring vegetation conditions at Yuma Test Station.

g T e T - - ~—wa 7
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The third trip was conducted during the period 28 May to 30 June
1954, Meld party members were Professor Robert E, Frost, Professor
James G. Jom;stme, and Mr. James R. Shepand, Mr. Charlus Kouib, gewlo-
gist of the Waterways Experiment Station, joined the field party far
the period of 2-4 June for conferences and terrain inspection purposes.

The purpose of the last field trip was to obtain additional
data during the summer period. Many of the original sites and study
areas were revisited during the summer trip, and additional sites
were also visited. In addition to field study, wany flights were made
over the area for purposes of reconnaissance and obtajning low altitude
oblique photographs of the various terrain features.

OFFICE AND FIELD STUDY PROCEDURES
Prior to departing on the first field trip, a preliminary study of

the Yuma Test Station area was made by reviewing the literature and

studying the available aerial photography, which had a scale of 1:40,000.

The airphotos were assembled into mosalcs and major boundaries between
the surface materials were drawn. The mosaics were then photographed,
and 14 x 20 inch prints were made for use in facilitating the field
work. The airphotos were then filed in envelopes to be taken into the
field.

Field survey of the Yuma Desert area consisted of detail study of

topography, soils, rocks, and vegetation at locations considered to be

representative of desert terrain in the Yuma ares. Samples were obtained

for moisture content, mechanical snalysis, and Atterberg limits from

many locations. At some locations field density tests were run. Notations

were mads coacerning topography, soil or rock type, vegetation, dust,
"pavement® condition, desert varnish, and any other items that were

considered to be important.



Upon arrival at the Tuma Test Station, the field party made
arrangements with the pcr-oﬁnal of the Station for the use of their
facilities in making the field survey. The Yum Test Station
Headquartera furnished transportation facilities -- the use of jeeps,
a weapons carrier, hsliocopiver, and 1-19 observation plane. Merhers
bf tho Engineer Climatic Test Team from Fort Belvoir under the
direction of Mr. Edward Uhl, Jr., actively assistsd in many of the
field.activities.

After an area had been selected for study, a small mossic was
assembled along the proposed routs. The airphotos were studied
stereoscopically to locute areas that should be tested. The mousaics
were taken into the field for further use. Field trips were made
in a jeep or weapons carrler. These vehiclea with four-wheeled drive
and low gear ratio can traverse some very rough country where there
are nov roads,

At the principal test sites, considerable data were obtained:
moisture samples were sasaled in cans to be returned to the Soils
Laboratory at Purdue University, samples of the surface materials
were taken for grain eize analysis, the vegetation was described and
sometimes sampled, the topography and surface features were described,
and ground photographs were taken.

Attempts were made to visit reprecentative sites in all the major .
terrain types in the Yuma area. Additicnal desert, fsatures were studied

in Death Valley and the Salton Sea Basin.
The same general procedure was followsd on subssquent fisld
trips. At sites which were being observed for the second tiue, any

changes in environmental features wera noted. Aerial obligue photos

e e e ————— T TR
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wers taken frox laison type aircraft belonging to the T@st. Station.
Final maps ware prepared after the retufn from the last field
trip. Original boundaries developed in the airphoto analysis were
modified to conform to the known conditions as they were observed
in the field.
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CHAPTER I
YUKA TEST STATION AREA

Tale chaptor dlucussas the geacrsli regional anvironmental factors
whioch exist at the Tuma Test Station and the test programs which were
active during 1954,

NATURAL smnn

The landscape of ths Yuma Test Station Area 'owes its existence to
couplex development processes in an arid region. The deser® and its
problems cannot be understood or evaluated properly without an insight
to the natural setting and the factors responsible for its condition.
Location

Yuma is located in the southwestern part of Yuma County, which in
turn is in the southwestern corner of Arisona. It is situated on the
banks of the Coloradc River, opposite Imperial County, California, and
a few miles north of the Mexican border.

Yums 1s located on the main east-west line of the Southern Paciiic
Railroad. The area is served by U. S. Highway 80 and State Route 95.
The Bonansa Airlines provide air transport service to Yuma on its route
from Phoenix to San Diego and Los Angeles. Yuma Air Force Base is on
U. S. 80 thres miles southeast of Yuma.

Headquarters of the Yuma Test Station is about 20 miles northeast
of Yuma and about two miles from Imperial Dam. A map of the area
surrounding Yums is presented in Pigu.c 1. 1t slows the locations
of the towns, major transportation routes, topographic features, and
the limits of the Yuma Test Station Area. It also Includes the Sand HﬂlQ
to ths west in Imperial County.

- TTTTW———— T W eyre—— AR ~—— — - -




M
L5 e

£

v
R

Rai
5




SAN

NONaAWK
vALLEY

CRISTORAL

VALLEY

EAGLETAIL MTS.
W, o
T

PALOMAS
PLAIN

Sl A

AL A T

M AT 4 AT



e =

-

Area Govered by thie feport
This report covers the Yume Test Station and the surrounding area

as limited by the 32-shest cet of photo maps, AMS series V095G and
V0988. Tho mape on Plates 1,# 11, 3337 wwi=84 (see the Appendix) cover
the same area that the photo maps do. This area covered by the photo
maps is referred to herein as the Yuma Test Station Area. A small size
copy of one sheet of the photo mape is shown in Figure 2. An index

of the entire seriss has been prepared for Figure 3.

Besides the Taest Station, which is a military reservation, the
Test Station Area includee parts of the Kora Game Range and ths Imperial
Wildlife Refuge. These are under the supervision of the Department of
the Interior. Figure 4 shows the boundaries of these government
reservations in the Test Station Area.

The Yuma Test Station Area as shown on Plate I covers about 1,240,000
acres, cr 1938 square miles, Over a third of this is outside the
boundarics of the Test Station.

The Kofa Game Rangs is a refuge that has been established for the

preservation of wild life: the Kofa sheep, deer, and other animals,

It is under the supervision of the Department of the Interior. By
sgrosment between the Departuments of Dsfenss and Interior, nons of the
actlvities of the Test Station are to be conducted within the limits
of the Kofa Game Range. However, permission can be obtained to make
studies of I. sclentific nature that do not disturb’ the wild life.

This report includes information on the southern part of the Kofa
Gams Range that is incladed on the photo maps, since the surface features
are similar to those of the Test Station. The total area of the range
is zpproximtely 627,000 acres, hut less than cne-third of it is within
the ares that was studled.
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Fig. 2. One of the 32 photo-maps that comprise the Yuma Test
* Station Area. The lines of the One Thousand Heter Unjiversal
Transverse Mercator Grid System are shown.
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The. Imperial National Wildlife Refuge occupies a long narrow
strip along the Colorado River. The Department of the Interior super-
vises the refuge, which covers an area of about 60,000 acres; approxi-
mately 40,000 acres of this is located within the area that has heen
mapped for thie study.

In addition to the Yuma Test Station Area, the report also discusses
the Sand Hills in Imperial County, California, abouttwenty miles west
ol Yauna, These dunes extend from the Mexican border norihwestward for
about fifty miles toward the Salton Sea. Personnel from the Test Station
rsgularly use a test course that runs west from Ogilby across the dunes.
This provides a course for testing vehicles on loose sand that is common
in desert areas throughout the world. The Sand Hills are not included
when the term Yuma Test Station Area is used, however.

iogra

The Yuma Test Station Area lies within that section of the Basin
and Range province known as the Sonoran Desert. The Sand Hills near
Ogilby in California, which are used as an outlying test course, do not
fall into this physiographic section. They are a part of the Salton
Trough (sometimes called the Colorado Dssert section) of the Basin and
Range province.

Unlike the Gieat Basin section to the north and the Salton Trough
to the west, the Sonoran Desert section presents an "open basir®
condition, i. e., there are few, if any, enclosed basins o. holsons
containing playas. The alluvial pi2ins which surround the many .anges
are interconfxected, and under other climatic conditions surface dia’ .age
would reach the sea. In general, these range-studded alluvial plains

rise from the Gulf of California more or less uniformly until soms

.
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portions attain an elsvation of 3000 feet. However, more than hilf

the plains lie below 2000 feet. These plains are more or less
continuous and from ons~-half to twenty-five miles wide.

It is recognized that abouh one-fifth of the province consists
of ranges. 'The ranges vary in size from low=lying hills to mountainous
proportions, some over 4000 feet above sea level. They vary from an
eighth of a mile to about sixteen miles in width and from eight to
thirty-six miles in length.

North of the Gila River the ranges are generally irregular in shape
and consist of blocky buttes, spires, and steep-sided mesas with local
relief of a few tens to several hundreds of feet. The plains here are
cut. by broad desert washes varying from 3 to 20 feet deep.

South of the Gila River the rangesa are more narrow and steep-sided
with sharp crests. The plains are noticeably less dissected except in
the parts situated near the base of the ranges,

As the province name implies, the topography conslsts primarily of
alluvial plains and ranges of hills and mountains., The ranges do not
have a uniform trend. Although a southoast-nortﬁgggt‘trend predominates,
there are many exceptions, some of great magnitude.

The valleys of two major stream systems cross the Yuma area: the
Colorado River and the Gila River. Both have sources beyond the borders
of the Sonoran Desert section. The presence of through streams is a
major distinction of this area from the Great Basin saction to the north.

Of these two streams only the Colorade, which crosses the area
from the north to south, has a large continuous annual'flow of water.
The headwaters of the Colorado River lie in the Rocky Mountains and




Nl 3

~16-

embrace & large watershed. Here melt-water from snow and general
precipitation contribute to an abundant water supply. The quantity

of mter 15 sufficient to allow the stream to reach the sea despite the
fact that it crosses hundreds of miles of some of the most arid terrain
on the North American continent.

The Colorado River has been termed the "Nile of America." The
resemblance begins with the similar nature of their.headwaters with
their abundant supply. In addition, the greatest flow comes at the
time of year when the water is useful for irrigation. Finally, the
Colorado and the Nile both carry large quantities of silt which
contributes to the formation of a large delta at the mouth of each
river.

The Gila River valley crosses the area from east to west, Jjoining
the Colorado just above Yuma. Its headwaters are also outside the
borders of the Sonoran Desert, but there the similarity ceasss. One
branch rises in the Mexican Highlands section while another major
tributary, the Salt River, taps the southern margin of the Colorade
Plateau province. Both of these areéa are semi-arid and therefore
produce only a limited supply of water. Although the Gila formerly
reached the Colorado more or less regularly, the construction of
several dame along its course for irrigation purposes has reduced the
discharge to an occasional trickle, There are times following heavy
local rains when the Gila's discharge is high, ‘but this is excepticnal.
Based on these considerations, the lower Gila River is no longer

perennial in character.
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The alluvial plains are crossed by hundreds of branching and
braided ephéiueral- wasﬁe_s. These waches dpliver to the Colorado and
.Gila those surface waters which have escaped evaporation, alluvial
}absorpt.ion a and vég‘etative transpiration during and after periods when
it does rain. The washes may head in mbunt.ain gullies or rills on
the plains.  Locally the drainsge pattern developed by the waches is
parallel in tlsharact.er, i. 6., they trend in the came general direction

‘as the regional slope until they are intercepted by a transverse wash

usually lying at thes base of one of tho ranges lying athwart the regional
slops.

The Salton Trough is a depressed basin, mch of which is below sea
level, It lies between the Coast Ranges on the west and the Chocolate
Mountains in California to the east (see Figure 1) and represents an
extension of the Gulf of California. The lowest point of the basin
surface lies more than 250 feet below sea level. The basin rises to
an elevation of about 40 feet above sea level on the south. To the
rorth the alluvial plain reaches 400 to 1C00 feet elevation at the
mountain margin.

The topography of the Salton Trough is generally a plain surface
depressed at the center like a great saucer or bowl. There ure a few
irregularities on this sloping surface. The most important are the
nearly buried Suporatiiion Mountains, the Sand Cunes of Ogilby trending
north-south along the eastern portion, the gullies associated with the

streams eutering the besin, and the benches which have been cut out at
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the position of foimer shorelines.
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One of the outstanding features ia the delta of the Colorado River
vhich is the jmmediate cause of the formation of the Salton Trough. The
delta is situated athwart an elongated depression, eutting I the Gulf
of California from the Salton Trough to the north.

The dune areaalong the eastern portion of "the Irough" is one of
the finest examples of massive sand dune formiiions to be :.ind on the
North American continent. This area called the "Sand Hills" is being
used for tests by the Yuma Test Station because no large expanse of
dune sand exists within the Yuma Test Station east of the Coloraco liver.
Geology

Expeosures of bedrock are limited to the ranges proper and to the
pediments at their margins. Examples of each qf the major rock classes
(igneous, sedimentary and metamworphic) ars exposed in the area.

Stratigraphy. The stratigraphy of the area has never been studied
in great detail. The outlines of stratigraphy presented here are based
on maps accompanying the Arizona Buresu of Mines Bulletin No. 134,
"Geology and Kineral Deposits of Southern Yuma County, Arizona.* (23)

A portion of the map from this report has been reproduced as Figure 5.
Included in the area are rocks of pre-Cambrian tc Mesosoic, Tertisry,
and Quaternary-Tertiary ages. The vast majority of the area is mantled
by Recent alluvium which has considerably impeded stratigraphic studies.

Lithology. Of the pre-Cambrian to Mesosoic deposits, metamorphosed
igneous and sedimentary rocke are the most widely recomi-ud. Considerable
masses of granite have a dominant placs in tho arsa. 7he former are
usually mapped as schists and gnsisses, and the sohists are generally
older than the gnelisses.
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Somo local sedimentury rocks have been assigned to the ll_uoloio;
they consist of shalss, limestones, sandstones, and conglomerates.
These are localized in the southwestern part of the Middle Mountains
and the Castle Dome Mountains and to the central west portion of the
Kofa Mountains.

Two groups of tertiary rocks are recognised. There are the
volcanics which consist mainly of andesite, rhyolite, dacits, tuff
agglomerate and minor intrusive masses. These materials make up the
bulk of the ranges lying north of the Gila River. To a lesser degree
Tertiary beds of arkosic sandstone, shale and conglomoraﬁ are found
almost exclusively south of the Ciln River.

There are local beds of basalt and tuff in the ranges which are
assigned to Quaternary or Tertiary. The vast majority of the area con-
stituting the plains are gravels, sands and silts of Quaternary or
Tertiary origin. In the Cibola region marine beds exist that are either
Miocene or Pliocene in age.

Structure. The attitude of the exposed rock is highly variable, and
moat structural forms may be found. The major exception is that of
folding which seems to be nearly absent. 8light folding exists as may
be expected near fauit planes. ,

The absence of large-scale folding indicates that the metamorphic
rocks have been formsd by regional coapression of ‘their precursors.

The lamination of the metamorphics indicates that this compression acted
in a northwest or southeast direction.

Most of the preaent day renges appsar to be horsts or fault blocks
with associsied grabens foraing the base for the plain areas. Prectically
all formations of rocks froa pre-Cambrian to Quaternary have bsen laulted
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at cne tine or another. The major famlting appears to have occurred
after the early Tertiary lave flows, tnd there is evidencs of renewed
uplifting as late as Quaternary which has raised and expossd pediments
and mountain valieys. The oldar variods of faulting have produced
marked monoclinal tilting while the mors recent aotivity has tilted the
Quaternary basalt flows less than ten degrees.

Most of the faults have very steep dips, and there is a conspicuous
absence of faults of reverse character. ‘The amount of movement varies
from a few feet to several hundred Jeet.

Hydrology

In 1923 the U. S. Geological Survey published Water-Supply Paper 498:
"The Lower Gila Region, Ariazona." (18) This gives a geographic, geologic,
and hydrologic description of the areaaround the Yuma Test Station.

Ground Water. The best source of ground water is in the valley fill
materials, particularly along the Colorado and Gila River Valleys. Somse
ground water has been found in all the valleys that were prospected
prior to 1923 (18). As practically all the valleys in the Yuma Area are
open, the ground water drains slowly out of them into the Colorado or
Gile valley, instead of being stored as they would in enclosed basins,

Surface Water. 7The Colorado Rlver is the only permanent stream in
southwestern Arizona. It furnishes an adeguate source of water for exten-
sive irrigation and water supply. The water for iche great irrigation
system of the Imperial Valley of California is tsken from the Colerado
at the Imperial Dam and carried seventy miles through the All-American
Canal into the Salton Basin. For many years the region in the vicinity
of Yuma has been jrrigated. In 1952 the Wellton-Mohawk Canal was opened,

This canal carries water for some distance up the Gila Valley to fields



which are now being leveled for irrigation. A hundred miles north of
Yuma at Parker Dam the Colorado River Aqueduct carries much of the
minicipel water supply to Los Angeles.

There has evidently been a considerable change in the character
of the Gila River during the last several hundred ysars., Larly
axplorers write of the Gils that contained considersble water. Father
Kino in 1700 reported that all the inhabitants near the present town of
Wellton were fishermsn, fishing being their main occupation all the
year., In 1846 Emory wrote of the Gila & hundred yards wide with mmch
vegetation and game along its banks, and he contrasted the ssa-green
waters of the Gila where it flowed into chrome-colored hue of the Colorade.
In 1849 a flatboat made the trip down the lowar Gils to Yuma. In 1889
near Powers Butte, which is about 100 miles sast of Yuma, the river had
a8 well-defined channel with clear water five or six feet deep, contain-
ing many fish.(25)

In his report which was published in 1923 (25), Ross wrote that fish,
although not plentiful, still existed in the Gila River and that "the
river can be forded by horses in many places in this vicinity (Wellton)
without difficulty except during times of unusually high water." He
pointed out that the flatboat of 1849 could not be floated with passengers
down the river at any season in 1923 because during floods the current
is tco swift and there is insufricisnt water duripg the rest of the year.

This resume of the recent history of the Gila River has bean included
to show how mch the Gila has changed during the short time thai Arizona
has been settled. Mcst of the course of the lcwer Gila is now dry through-

out the year. Green vegetation and occasional pools of water are found
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near the McPhaul bridge, which is close to the valley of the Colorado.
Undoubtedly, the chief cause of the absence of water in the lower Gila
today has been the construetion of soveralldams and vast irrigation
systems to the east, The poscibility of floods still exists, however;
in 1949 the lower parts of Yums were flooded by waters from the Gila,
which resulted in considerable damage to the business district.

It is comon to find water in depressions in the rock along the
rivers in the Southwest. Water can often be found by digging into the
sands of the dry river bed.

The only other scurce of surface water is that associated with the
natural rock tanks that are found in the mountains. The largeat tanks
are those that are due to irregularities in the rocky beds of streams,
particularly the plunge pools at the foot of falls. Soms.of these are
ten to twenty feet in diameter and three to ten feet deep. These
usually contain watei* except during extremely dry seasons. The locations
of these tanks were sl:.own on signs posted along the routes or traills
many years ago as they were sources of water for drinking and for
automobile radiators.

In June 1954 the Purdue field party visited Horse Tanks in the
Castle Dome Mountains and found the largest one empty. A small cleft
in the rock did contain a small amount of water. McPherson Tank was
completely dry at the time it was visited.

Climate

The Yuma Test Station is situated in one of North America's most
pronounced desert areas. Here the climate is characterised by intense
heat in summer and warm winters with occasional sharp chills. Long
periods of aridity are separated by violeqb storms which often yleld
cloudburst rainfalls.




A rather thorough analysis of the climatic data for the Yums Test
Station has been presented in the "Handbook of Yuma Environment! (28).
Only a brief summary of climatic conditions will be included here.

The long~term averages are those from the weather Bureau Station in
Yuma, which is less than twenty miles away. Temperatures at the Test
Station average about a degree lower than those at Yuma.

Precipitation. The average annual rainfall at Yuma is 3,38 inches.
Of all the official Weather Bureau stations having data listed in
"Climate and Man" (27), only Greenland Ranch in Death Valley and severai
towns in the vicinity of the Salton Sea have a lower annual rainfall.
The aveiage distribution of precipitation in inches at Yuma for a

period of 71 years is as follows (z8):

January 0.39
February 0.41
March 0.32
April 0.09
May 0.03
June 0.01
July 0.19
Augusi 0,57
Septenmber 0.40
October 0.27
November 0.23
Dacember 0.47
Annual 3.38

Although these are average values, it should be borne in miad that there
are many extremes. Areas may go {or many months more without rainfall
and then be deluged by a great cloudburst.

During 1953 the rainfall was extremely low at Yums; there was only
0,31 inches of precipitation recorded during the entire year by the
Yumz Weather Bureau, which is a record minimum for the location. Records
show that 0.53 inches fell at the Test Station during the year.
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Rainfall is the least during April, May, and June. Summer preci-
pitation alwost always occurs as local thunderstorms. During the winter,
general rains over a large area are more likely to take place.

Humidity. The relative humidity is generally low at Yuma. A 25-year
record shows thit the average relative humidity at 5:30 A.M. is from
50 to 60 percent, except in August and September when it averages 65.
At this time the humidity should be near the daily maximum, whereas the
humidity at 5:30 P.M. should be only a little above the minimum. At
5:30 P.M. the average is about 15 percent during April, May, and June,
between 25 percent and 30 percent from July to November, reaches 35
percent. in December, and decreases during the winter until it drops
to 20 percent in March. The averags annual evaporation at the Yuma
Citrus Station is 120 inches, which is more than thirty times the
yearly rainfall.

Temperature. The area of southeastern California and western
Arizona, from Death Valley to Yuma, is the hottest part of the United
States. Death Valley has the highest temperatures in the nation and
is the only location where the temperatures consistently exceed those
at Yuma and several other towns in this area.

Southwestern Texas is probably the next hottest section of the
country, but a check of the records shows that temperatures at Presidio
and Del Rio are signifigantly lower than those in the Yuma-Death Valley
area.

A summary of monthly temperature data at Yuma is given in the
following table (28).

R 15 A s 1t o
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TuMPERATURMS IN DBEGREES (F.) 71 YEAR PBRIOD
Tuma Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Abe Max & 92 100 107 120 118 120 119 123 108 97 & 123
Mean Max 67 72 78 87 93 102 106 103 100 8 77 66
MaAN 56 59 64, 70 77 8 91 90 8 73 62 56
Mean Min 42 46 49 53 60 67 78 78 78 S8 4B 43
Abs Min 22 25 31 38 39 50 61 58 50 38 30 22 22

During the siumer, soil temperatures at Yuma often exceed 140 degrees
in the afternoons. At night they usually drop to about 80 degrees.

Sunshine and Cloudiness. Records show that Yuma receives 90 percent

of the possible sunshine for the area. Data from )80 zities throughout
the United Stutes shows that Yuma leads the nation in this respect. Other
leading cities and the percentages of possible sunshine that they receive
are: Phoenix 84%, Fresno 80%, El Paso 794, los Angeles 724, Salt Lake
City 694, San Diego 68%, Tampa 67%, Denver 674, and Miami 66%. Yuma has
an average of 294 cl=ar days a yzar; 55 days are partly cloudy, and 16 days
are cloudy.

Winds. The wind speed ut Yuma averages about 5 or 6 MPH throughout
the year. During the fall and winter the winds are from the north, in
the spring the westerly winds are dominant, and during the summer the
winds are predominantly from the south. |

Relation to Deserts of the Southwestern United States.

Most of the western portion of the United States has arid or semi-
arid climatic conditions. In particular, the regions between the Rocky
Mountains and the Coastal Hanges are noted for low annual precipitation.

Tho most extreme conditions extend from Central Washington southward



r—in,

.

through Oregon, California, Nevada, Utah und Arizona into Sonora and

eastward into New Mexico and Texas. The map, Figure 6, shows the extent

of arid and semi-arid regions of the United States (<1). Boundaries
on this map are based on the precipitation-evaporation indices, which
are computed on the sffectiveness of precipitation as evaluated in
termz of tha temperature at the tLime it occurred.

Arid conditiona in the West are the result of several natural
processes. As alir masses move eastward from the Pacific Ccean, they
lose most of their meisture on the western slopes of the mountain ranges
along the Pacific coast. Inland vanges remove still more moisture from
the air, creating a rain shndow.

This rain shadow is found on the eastern slopes of all the mountains
in the western United States. In central Washington and central Oregon
the annual precipitation averages about ten inches. In western Nevada,
eastern California, and western Arizona it is five inches or less.

The major daserts of Arizona and southern California are shown
on the map in Figure 7, which was tuken from "Deserts" by Gayle Pickwell
(17).

Sonoran Desert.. Tne Sonoran Desart is thé name used t» refer tuv the

great desert area nf northwestern Mexico and portions of Arizona and
Califrrnia. It includes the Yuma Tesi Stavion. The term is usually
used to include tho Coloradc Desert, the Yuma Desert, southwestern
Arizona, northwestern Mexico and other locally namaa areas. A search
of whe literature reveals that none of these smaller deserts includes
the Yums Test Stution Area.

Yuma Desert.  On many maps the Yum2 Desect is shown in the extreme

southwestorn corner of Arizona, It appears, ncwever, that the Yume
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Desert oocuplies the area south of the city of Yums and U.S. Highway 80,
betwesn the Gila Mountains and the Colorado delta. No references have
been sean which would indicate thal it includes any part of the Test
Station,

Coloredo Desert. According to W. P. Blake, who explcred and named
the region in 1853, the term "Colorado Desart" was originally applied to
"The typical desert area of the lacustrine clays and the alluvial deposits
of the Colorado where extrems desert conditions prevail, such as arid, |
treelses plaine, old lake-beds, and sand hills ~— such conditlons as are
found in the Sahara of Africa and in the delta regions reacined by the
deposition of the silt of the Colorado, whether in the form of deltas or
at the bottom of ancient lakes. 1 should also include the bordering
detrital slopes from the contigucus mountains. So restricted, the area
is practically coterminus with the ancient beachlines and terraces of
ths lakes which occupied the valley" (12, p. ).

These limits include the areas below the beach lines along the Salton
Basin and the alluvial deposits northward along the Coloradc River to the
Imperial Dam. This excludes the Sand Hills ard all the Yuma Test Station
excapt the western edge which is along the river.

Later wiitors have often extended the Colorado Desert to cover the
rest of the southeast corner of California, including the Sand Hills
and the Chocolat.e Mountains, It has not been used to include any of
Arizona, Lowever, axcept a narrow strip along the river below ilmperial

Dam that is considered as a part of the Colcrado delta.
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Moljave Desert. The Mojave Desert is a northern extension of the
Sonoran Dessrt. It includes that part of the desert in southeastern
Califoruia which is north of the Colorado Desert and also the south-
western corner of Nevada. Except for a small arsa along the Colorado
River, there is no axternal 'duinago from the Mojave. It includes many
playas and mountain ranges. It is bounded on the west and south by the
Sierra Nevada, San Gabriel, and San Bernardino Mountains, and a rather
indefinite boundary with the Colorado Desert. Just inside quada the
distinctive characteristics of the Mohave begin to disappear, and the
Nevada Desert of distinctive basins and ranges emerges.

Death Valley. Death Valley is a part of the Mojave Desert, but it
bears special discussion since it presents the desert uuder its most
extreme c.onditions in the United States. Much of Death Vallsy is below
sea level, the lowest point at Badwater being 280 feet baelow sea level.
During the summer it is the hottest place in the United State., and for
several years it held the record of 134 degrees for the highest officially
recorded temperature in the world. The present world record is .136
degrees at Azizia in Libya.

Temperatures at Death Vallzy frequently exceed 120 during the summer,
but they seldom reach 125. Averages for 36 yéars snow that during July
the temperature reaches 115 or higher on 17 days; they reach 120 or higher
on 6 days; and it gets to 121. or above on 1 day. It exceeds 125 degrees
once in seven years.

The mean July temperature is 102 degrees. In July 1953 the averuge
of the daily maximm temperatures was 117., degrees. The mean temperature

in Jamuary is 52 'degroea.




(H The average annual precipitation in Death Valley is 1.49 inches,
which is probably the lowest in the United States. By desert standards,
however, Death Valley is well supplied with ground water. There are a
number of springs that furnish water thut is suitable for driaking.
Moisture can usually be found by digging orly 2 few feet.
LAND USK |
kxcept for testing purposes, little use has been made of most of the
land in the Yuma Test Station. This is also true of the surrounding area
outeide the limits of the Test Station. The Xofa Game Range and Imperial
~ Wildlife Refuge have been set aside as a refuge for wild 1ife, and
activities in the Range are limited by the Department of the Interior.
There are small areas of irrigatec fields at the southern edge of

the mapped area along the Colorado and Gila Rivers. The irrigation

fdbl_‘

gystem 1ls very extensive to the south of the limits of the Yuma Test

Stat* + Area. The irrigation program is being extended along the Gila

{ River since the opening of the Wsllton-Mohawk Canal in 1352.

, Mountains consist mainly of bare rock, and vegetstion on them is

extremely sparse, Most cf them are so rugged that they are of no econcmic

1 value except for the minerals that may be found in them. There are a

1 number of m*- * in the mountains, although a few of them are in the nills

1 adjacent i: the mountains. Many of these nmines that were actively

operated fifty years ago have been abandoned and ars no longer in operation.
Some gra * - 18 permitted in the arca, bul ver§ few cattle are seen

except along e river vhere there is coneidcrable vegetation.




ROAD AND TRAIL NiTWORK

State Road 95, from Yuma to Quartsite, crosses the area fiom south
to north and provides the main route between the Test Station and Yuma.

It is the only paved road that crosses the arca. Access to Yuma is also
possible by croesing the Colorado Rivor at ‘t.ho Imperial Dam, then recross-
ing at Yuma. This route is several miles shorter than going by S. R. 95,
although almost half the route is not paved.

U. S. Highway 80 lies just south of the southern edge of vhe mapped
area e¢xcept where it crosses the southeast corner of the map through
Stoval,

There are a number of unimproved roads and trails traversing the Yuma
Test Station Area. Most of these are the roads that connect the old mines
with the towns, railroad ztops, and Colorado River stops of earlier days.

A few years ago the main road between Yuma and Quartzite connected
Dome and several of the mines on the west aide of the Castle Doms Mountains.
The route traversed a pass in the Castle Dome Mountaine then closely
followed the present route from Stone Cabin to the north. At préunt. travel
on this road is restricted to small vehicles with four-wheeled drive.

* Several roads from stops along the Southern Pacific Rallrcad extend
northward and meet on the Kofa Plain and provide access to mines in the
Kofa Mountains and a route to Stone Cabin. Most of these can cnly be
traversed with four-wheeled drive vechicles.

There is a paved road from $. R. 95 to Castie Dome landing. An
unimproved extension of this road extends northwestward through the Trigo
Mountains and goes to Cibola. This, too, is a road usable only by vehicles
with four-wheeled drive. The best route to Cibola i1s the road that heads
west, from 5. R. 95, about five miles north of Stnne Cabin. This road is

well maintained and can be used by urdinary passenger curs.
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Meny of thess old rosds through mountain passes and dry washes are
passable only in trucks or vehicles with f.:i-vheeled drive because of
locse sand, loose grevel, washouts, “ougt. terrain, boulders, and deep
ruts. Ordinary passenger cars -:unot be used on many desert roads.

Iargs areans of deser’ pavemant are easily traversible even though
there is not a regular road across them. The desert pavement presents
& smoth, firm surface th-* .ilows the passage of almost any vehicle
(see Figures 17 amd é?‘r). Slight difficulty muy be encourtered jn cronsing
shallow washes. Wher ne washes are doep, crors covntiy cravel iu
resiricted. From the a.r, th2 tracks of a single vehiclc can ofti.. be
seen exiending for miles icross the desert raver
YUMA TEST STATION AND Ti5. PROGRAMS

The Yuma Test Station is & ~flitary base under th¢ command of the
Sixth Army. The missic .f the Station is to provide facilities and
support for the teams cf the various Technical Services in testing the
performance of military cquip en!, and personnel under desert conditions.

An opi eblig staff of “oth military and civilian persor.el is main.-
tained thiovyhout “he ye:: . Facilities are available for the use of
test terms and resewrch groups who are autihorized to work at the Station.
Tha~ faciiities includs quarters, mess facilities, transportation, office
S\&.., 3G many types of squipment.

Tae Yuma Tsst S :tion was originally established during the World
War .i; th~ m:in: 7a at that time was situated on the flood plain just
belox the .imper.al Dam. It was relocated shoritly after the war to its
present lccation. Uperations were suspended for a period of about two
years, but the Station was reactivated in 1951l. At the present time
additional facilities are being constructed for the accommodation of

more personnel.
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The Technical Services of the Army send test teams to the Yuna Test
Station for conducting tests on equipment and personnel relative to their
pérticular type of activity. Several teams are stationed at the Station
{‘hroughout the year, but some of the teams operate at, Yuma for only several
months during the swmmer. Most of the work at the Test 3tation is being
conducted to determine the performance of equipment under desert conditions,
but there is some routine testing that is not concerned with the envircn-
mental conditions.

An aerial view of the Headquarters Area is shown in Figure 8. The
administrative offices, housing facilities, and service facilities are
located here. Figﬁra 9 shows Laguna Airfield and the Research and
Development Area, which is shown on Plate I as the R and D Area about
three miles scutheast of the Headquarters Area. Most of the test teams
nave office space and othar facilities available in the Research and
Development Area, although much of their activities are conducted on
courses and ranges in other parts of the Test Station. The Laguna Airfield
has two paved runways which are approximately 6900 and 4700 fest in length.
Dwring 1954, an L-19 observation plane and an H-23 helicopter were avail-
able for use by personnel working at the Station.

Some of the activities of the various test teams at the Yuma .est
Station are described briefly on the following pages. This information
was obtained from interviews with membeis of tle test teams., There was
no team {rom the Transportation Corps at Yuma wher. the Purdue field
partioce were there.

The Signal Corps has had a test team at the Yuaa Test Station for
the past tirae summars. The Signmal Corps also operatoé a meteorological

station at Y.T.S. throughout the year,
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The Signal Corps team tests radio and land line carrier equipment,
meteorological instruments and shelters, and mobile enclosures. The
personnel are interested in.climatic and environmental conditions and
how these conditions affect their equipment. They are not interested
in the s0il or rock type except as it may affect the grounding of their
circuits.

grratic results have been obtained from some of the eqnipment tested
at Yuma. The terrain has more effect on the use of radio equipment than
was anticipated. FM is generally uesd for milituiry radio, but it does
not work well aut Yuma because of the topography and the dryness of the
ground.

The testing is done primarily to observe the performance of equip-
ment under desert environmental conditions. Practically no routine tests
are run on equipmint at Yums by the Signal Corps. The effect of dust on
the operation of equipment has been found to bs important. A dusty area
east of Ogilby in California is used to study this problem. Although
some "isolated tests" have been coﬁducted at other sites in deserts in
the linited States, most of the desert testing is done at Yuma. Some
testing has been done on photographic material -- effects of temperaturs,
effects of storage of film, etc.

A micro-meteorology study is planned to start in 1955 to last from
14 to 6 years. One hundred temp:rature masts at various heights are
to be placed in a square-mikarea. Qontinuous‘readings will be made at
various heighta and under other spacified conditions. The data will be

evaluated by personnel of the Massachussetts lastitute of Technology.



7ig. 9. The Ressarch and Develorment Ares with Laguna dirfield in the
Background.
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Chemical Corps
A Chamical Corps test team has been at the Test Station since

August, 1952, and has personnel at the Stition all year. A four-year
program was originally set up, and it has been extended for another
four years, so the program is currently planned until 1960.

Practically all the work is concerned primarily with the effects of
desert conditions on chemical warfars activities. There are no limitations
on the operation of thea test team bascause of environment. In fact, desert
areas are well suited to the routine testing activities of chemical war-
fare agents, although most of this is done at proving grounds in the east
at the present time.

All chemical agents and decontaminating agents that the Chemical
Corés has developed have been tested at the Yuma Test Station. The
Chemical test team has several primary activities at the Test Station:

(a) To test the various chemical agents, decontaminating agents,

mixtiren, and fuels. |

(b) To determine the use, detection, and consistency of various

agents.,

(¢) To determine the effect of the storage of chemical warfare

agents in the Yuma area.

(d) To test equipment that is used in chemical warfare activities.

(e) To determine if CW teams can operate in the terrain around Yuma.

The Chemical Corps also conducts soms tests at Dugway, Utah. The
teat area there is a marshy fl.t with a sult crusﬁ. Precipitation is only
about five inches per year, but Dugway does not get the long, hot summers
that Yuma does. There is also some biological warfare testing done at

Dugway, which has not been done yet at Yuma.




Quartermaster Corpe
The Quartermaster Corps tect team is interssted in the desert

eavironmental conditions as they affect the soldiers, thelr uniforms,
and their equipment., For example, they are working on loud~carrying
and foot problems, such as: energy expenditure tests, determination
of pack shifting, human trafficability, swelling of feet and its effect
on footgear, absorption of heat through the faeet, and the absorption
of sclar radiation heat,

The color of the uniform hus been a subject of study. Tests have
bacn made to determine if uniforms of different colors have significant
effects on bodily functivas of the soldier. A current test is belng
run on the fungicidal treatment of leather. A rstroleum laboratory,
operated by the Quartermaster team, acts prinarily as a support group
for the Ordnance testing.,

Corps of Eugineers

The Engineer climatic test team is a unit that operates at Yuma
throughout the ysar. Its work is concerned primarily with the eiffect
of desert environment on engineoring activities and equipment.

The team is interested in various surface types as sites for locating
test tracks. Ons recent project was to determine some of the effects of
denss clouds of dust that were blown over moving vehicles by moi:ile
"dust machine". Another test was to determine the performance :f engireer-
ing equipment under overloaded conditiohs. The team also acts 5 a
service unit for other ingineer test groups that visit the Stat.on
perindically. For example, the team runs all the soil tesis that are
made, and the personnal ccatributed invaluable assistance in ot iaining

field data for this report.



Qrdpance Corps

The Ordnance test team started operstions at the Yuma ‘‘est Station
in the summer of 1951. It was originally aét up to test equipment and
personnel under the extreme desert conditions during the summer, but
operation is now continued throughout the year. Many of tLhe projects
at Yuma have no direct relation to the desert environment, for example:
acceptance tests of arms and ammunition produced on the West Coast,
and quality control of automotive equipment manufactured or stored on

the West Coast, The tests on arms arnd amwunition are made at the
Artillery Range (Figure 114).

Several of the environmental featurus that a’lect the use of ordnance

equipment. are listed below:

(a) Dust and sand "gum and abrade" the equipment, which shortens

the operational life,

(b) Washes and loose sand surfaces affect mobility.

{¢) Slopes ana other surface conditions are important.

During each of the last two summers a group from the Yuma Test
Station has been sent to Deith Valley for several wesks for some special
tests during the period of the higﬁost temperatures, A course was laid
out over terrain that chunges from lew to high elevation in a short
distance, with accompanying changes in teamperctiure with elevation.
Vehicles are given a gruelling run for 2000 miZas,

The Ordnanca team has set up a number of test courses for observing

.tho performance of vehicles under various conditions: the Mageins Mesa

west track (Fig. 12); a flat cross-country course at the north edge of
the Laguna Mountains (Fig. 11); a new hill test course for track-laying



vehicles that was being laidi out in the summer of 1954; a vapor luck
course; a mud course about 13 miles south of the Headquarters Area that

can be flooded frem the canal; a hill course northwest of the Research

and Developmant Area (Pig. 10); a tank dust course which crosses one

cornsr of the hill course, and a dynamometer course (Fig. 13). In addi-
tion, 2 route acress the Sand Hills and the artificis. sand slopes (Fig. 15)
are used for tenting vehicles on loose sand.



FPig. 11.

The Hill Cocurse that is located northwest of the R. & D. Area
at LOC. 3()337 - 71403.

The Cross-Country Course at ths north edge of the lagunas at
Loc. 363, 4 ~ The3.
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Fig. 14. View looking cast at the Artillery Range. The bwildings are
at LOC. 36309 kil 75-0. ’

Fig. 15. The artificial sand slopes (Loc. 363.3 ~ 74.5) were prepared
by bull-dozing the sand from the plain into a hill.
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CHAPTRR 11
CLASSIFICATION OF YUMA TERRAIN

The Yums Test Station Area has been covered rather thoroughly in
the fleld, and aerial photographs of the area have been studied care-
fully. The area has bsen classified primarily on the typs of the land -
form as a basis for discussing the natural features in this report. |
SCOPE AND PERSPECTIVE

This report and the claaairic#tion of surface features is essentially
limited to the Yuma Test Station Area, which is that area covered by the
set of 32 photo maps which was issued by the Army Map Service in 1953,
and the Sand Hills in Imperial County, California,

In this chapter the major environmental conditions and terrain
features are described. Featuree such as land forms, surface conditions,
and vegetation are discussed as separate subjects. In the following
chapters thess various features are related to the land form units which
are used as a basis for mapping the area, The land form units are intro-¢
duced here, but in subsequent chapters they are described in detail and
correlated with the other environmental features.

BASIS FOR CLASSIFICATION AND MAPPING

The land form is used as the basis for classifying the area. The
three major land fdrne in the Yuma study area are mcuntains, hills, and
plains, These are sub-divided into more specific fc:ms that are
described in considerable detall.

The one thousund meter universal transverse mercator grid system,
Hhic: is superimposed on the photo-maps, has been used for control in
preparing the maps for Plates I gg Zones 11 and 12 meet near the




osater of the plates and overlap at a slight angle to each other. The
scale of the plates {I-TEIIB;000) vas sslected 80 the plates would be
large snough to show considerable detail, but the gﬁ:smld be small
mough to be easily used, |

The ocoordinates, using this grid system, are cft'.on.uaed in the text
to locate illustrations and sites. The first number is iho vertical
roforgnco, and the aocoﬁd is tlhe horizontal reference.

RELIEF-LAND FORM UNITS

The major physiographic units have been subdivided into a aunmber
of types and assigned the more common land form names. It should be
kept in mind that there are many land forms associited with deserts
which will not be discuased. Only those which-are known to exist
within the limits of the Yuma Test Station Area (plus the Sand Hills)
are considered in this report. It is the purpose of this section to
define and cutline the broad character of the major units. The land
form types comprising the niJor units are briefly discussed here and
will be taken up in greater detail in the succeeding chaﬁtars.

The land forms of the Yuma Test Station Area have been mapped on
Plate -ﬁs The reiative d\ogroo of dissection is also shown.

An arbitrary distinction had to be made in & number of cases on
whether to classify an sres as mountains or hills. Generally, if the
land mass was less than about 500 feet above the adjacent plain, it wss
classified as hills. Elevations were not avallable in all parts of the
area, 80 in some cases it was estimated from the aerial photographs.

The type of material making up the land mass was also considered in
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uk!.ng; the decision on the "border~line" land forms. The mountains
consist primarily of bedrock, while most of the hills are the dissected
reamants of former plains that consist of unconsolidated materials.

Similar difficulties were also encountered in separating some of
the hills from plains that have besn well dissected. If there was a
substantial portion of the original plain surface remaining, the ares
was classified as & plain., If dissection had progressed to the stage
where there wzs little or iions of the original plain surface remaining,
the arva was classified as hills.

Mountains

The term liiguntain as used in this roport refers to land macses of
small summit are;\thi_c_!g Iise éSﬂs‘picuous]y above their surroundings.

In this area it refers to those masses of bedrock exposures which rise
to oonsiderabls heights above the plains surrounding them and which,
due to the arid r~limate, are practically devoid of a s0il cover.

To properly type the mountain land forms, one could get involved
in many physiographic details, some of which are of little or no concern
to the purpese of this report. Only four major types of mountain situations
are considered here, based on their phyeical appasarances.

a. Rugged mountains

Y. Rounded mountains

c. Flat-topped mountains

d. Single-peaked mountains
Moest of the mountains at Yuma are the rugged type with steep slopes and
deep canyons. There are some rcunded mountains » but flat-topped mountains

are almost unknown in the srea. There are a number of isolated peaks, or

P S s T T
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inselbergs. Some of these are mapped as single-peaked mountains, and
the smaller ones are shown as hills.

The mountains of the area consist primarily of igneous and metamor-
phic rocks of various types. To a minor degree they contain sedimentary
rocks, On the basis of surface exposure igneous rocks are the most
widespread. The Tertiary volcanics, consisting of flows and ashfalls,
appear to mantle the greatest part of the mountain situations.

The mountains of this area are associated closely with block faulting
and for the most part represent horsts. Evidence of their faulted origin
can be found locally, but, the encroachment of alluvial mt;rhl on the
flanks of most ranges has buried most of the evidence which may exist.
Pigure 16 graphically illustrates the changes that have occrred in the
topography after faulting to bring about the present conditlon.

Following the development of the fault scarp as shown in (a) of
Figurs 16, the weathered products of the block mountains are carried to
the scarp base forming small fans. As the mountain gorges cut deeper,
more material was carried to the adjacent plain which already is
encroaching on the flank of the fault scarp, leaving truncated spurs
exposed. These triangular faces eventually becume buried and alluvium
begins to be deposited within the gorges as ths aliuvial plain continued
to rise (c,d). Eventually the alluvial deposits in opposing gullies
Join to form a narrow plain through the range as 1n (o). cont.inuaus
activity buries the block completely in its own debris or leaves only
the highest part exposed as an inselberg or isolated peak (f).
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In the Yuma Test Station Aresa stages (d) and (e) are tae most common
with stuge (e) becoming mors pronounced south of the Gila River valley.
Almnst. all the isolated peaks are closely associated with adjacent ranges

* as shown in (e) of Figure 16.

Hills

The term "hill" is a very elusive one, but for the purpose of this
report it is necessary for describing some of the surface features in the
Yuma area. As used in this report, the term "hills" refers to elevations
of land of limited extent, generally rounded rather than peaked or pre-
cipitous in shape. The hills which are recognized have been subdivided
into three groups:

a. Dunes
b. Inselbergs, buttes, and other isolated peaks
¢. Hills (Unclassified)

The dunes are sand hills that have been formed as the result of wind
action. The sand cunes of Ogilby are the principal dunes located in the
vicinity of Yuma. A route across those dunes is used as a test course
by the Yuma Test Station. There e2re no dunes within the limits cof the
Test Station Area, although an "artiiicial dune” has been prepared by
bull-dozing material from the sand plain int¢ a hill av loc. 363.3 - 74.5.

Isolated peaks, such as insalbergs and buttes, are mapped as hills
wher their heights are relatively low. Higher isolated peaks &re mapped
as mountains.

Except for the inselbergs and buitss, all the hills in the Test
Station Arez have bsen grouped into the category <f "unclassified hills®.
These nhills are usually the extremely dlussasted remnants of »lluvial fans
and aprons which have besun ¢rvded to the wxtent that little or none of
the original suvrfade remains,
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Plaioe

The term "plain” in this report refers to the conparatively flat to
gently undulating surfaces of the area. In using the term plain as such,
no connotation is implied other than that indicated above. In the consi-
deration of plains, subdivisions have been based partly on origin and
partly on the dissection reqf:uros which are assoclated with them in this
area, Plains have been classified into the following units:

a. Alluvial fans

‘b. ‘Alluvial aprons

c. Terraces

d. Foodplains

e. Playas

f. Washes
Although such features as alluvial fans may not be true plains in the
strictest aense, they fii more nearly under the general heading of plain
than under any of the other major units used. Similarly, the washes
have bseca included under the heading "plains." They represent varying
degrees of dissection, and they vary in width from a few feet to several
hundred feet. They are most commonly found crossing the larger plains.
Included 2lso under this major unit are such land forms as terraces,
flood piains, and alluvial aprons. Although playas are conspicuously
absent, the presence of a small one south of Stoval warrants inclusion
in tha discussion.

The gre.st majority of the plains of this area have had their origin
in the .doatruction and burial of the block mountains. Again referring
to Figure 16, the grabens which formed the troughs between the upthrown
blocks became the resting place for the debris carried down from the
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mountain heights. The abrupt reduction in gradient of streams leaving
the mountains caused the debris-laden waters to deposit their load at
the mountain basé in the form of fans at the mouths of mountain gullies
and canyons, As these fans continued to grow outwardly, t.'hey coalesced
to form an apron of material about the mountain flinks. It is likely
that the encroachment of such aprons from adjacent mountains produced

- enclosed basins or bolsons and their accompanying playas. As they conti-

mied to build up and sncroach, th:se alluvial basins gradually filled
until the material from one spilled over into the next, forming an inter-
connected plain from the individuas basins. Today, surface drainage is
pract.ically continuous across them and would reach the Colorado and

(1la valleys were the water not lost in the process of crossing the plain
either by evaporation or absorption into the soil.

Degree of Dissection

Relief features are founci in various forms that may be smooth or
extremely rough. The degrre of dissection of a given land form may
vary considerably. Alluvial aprons may have the smooth surface of
desert pavement thut is broken only by occasional shallow washes, or
the apron may be dissected by gullies which are d;ep enough to impede
vehicular traffic.

The relutive degree of dissection is shown on the lund form map,
Plate i:'-ri- Dissection is rated on the following scale:

a, Severe

b. Moderatse
c. Slight
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Severe dissection has left practically nons of the original surface
remaining. Moderate irdicates that there has been much dissection, the
washes are at least several feet deep, but there are some flat surfaces
remaining. Slighl discortion means that the washes are shallow and litile
material has peen removed, although the washes may be numerous. Some
intricate patterns have bsen developed by some of thesa shallow washes.
The slightly dissected surfaées are the best for cross-country movement..
SOILS = SURFACE CONDITIONS
The type of soil or rock that makes up the surface material and the
condition in which it is found are important features. Plate g%& is a
map showing the soil and rock types and their methods of development,
together with the degree of firmneas of the surface materials,
Method of Development
The present coniition of the soils and rocks of the Yuma area are the
result of three geclogic prncesses., The various surface materiuals were
formed as a reslt of one of these methods of development:
a., Hesidual
k. Alluvial
c. Aeolian
Sove materials of very iimited extent, which could not be mapped, are
the result of weithcring and tho action of gravity. Other methode of
surface dovelopﬁent are not found in this area.
Soil ~ Rock Types
An attempt has been made to map the solls and rocks of the Yuma Test
Stution Area. IJdentification has hsen based on field inspections and
study of the aerial photographs. Scmples were taken at many oites through-
out the aréa. Usually the bordars between the goil-rock types could be
draw as a result of the study of the airphotos.

T
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The fnllowliig types of surface materials have been used as units
for mapping the areca
a, Bedrock

b. Stony and Bouldery surfaces

c. GOravel
d. O8and
e, Silt

f. Combinations
Bedrock makzs up most of the mountaine. The surface of desert pavement.
is mads up of gravel-cize pebbles. When the gravel symbol on Plate égi
is widely spacaed, it Indicates the probabilily of desert pavement, in
contrast with the gravel syzbol which has bsen closely spaced in the
washes, %#&»4&u4hwu}ﬁH+4uunnw:L_placos~eon%eins——lé- chemical precipi-
tate, usually a salt dspusit, is found on the surface at several places
which are too saall to be rapped. Combinations of the materials listed
are oaown by cuubining the soil symbols. '

Surface Conditions

The use that can be made of an area dapends to a large extent on
the degree of firmness §f the surface material., This is especially true
in evaluating the trafficability of the soil.
Degree of Firmness. Firmness of the surface material has been
evaluated in six categories:
a. Firm. Consolidated material, such as bedrock, has been called firm.
b. Compact. Compact surface consists of unconsolidated materials that
sre well compacted and rate high on the firmness scale.
¢, Intermediate., Unconsolidated material that i1s not wsll compacted;

it may be slightly soft.
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d. Soft. Material which has little supporting sbility; it may be
wet,

e. Crusted. The surface has & hard, thin crust whicii may be under-
lain by soft or looss material.

f. Loose. Material with no cohesion or little stability, such aa
sand, dry silu, dust,

Other Surface Considerations, Dustiness is a problem caused by the

movenent of very fine soil particles in the air, Strong winas pick up
particlés which are mostly of & silt-size and carry them to great helghts
and distances. The dry soil of deserts is more easily moved by the wind
than soils in humid climates. The crosz c¢ountry movement of vehicles
loosens the soil particles and raises clouds of dust along the route.
Figure 51 shows the dust that can be raised by a vehicle in crossing
desert pavement areas.

Dust is a serious problem for several rsasons. Dust in the air
dacreases vieibility. The dust cloud behind a moving vehicle is visible
for much greater distances than the vehicie itself. Dust has been found
to be harmful to the moving perts of vehicles as some of the mineral
particles ares ertremely hard and abrasive.

Desert varnish 1s a dark brownish coating ¢f iron and manganese
oxides that has been formed o rock surfaces. It may be found on bedrock,
boulders, or pebbles. Rocks with the dark eurtace may be iight colored
beneath the paper-thin coating of desert varnish.

Among the theories regarding the development of iron ani manganese
oxides on the rock surfaces are the following: desortAvarnish ie formed
by the weathering of rocks (6); lichens are an important factor in the
formation of deser: varnish (10); ircn and uanganess oxides are derived
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from pollen that adhores to the rock surfaces (22); the varnish may be

a precipitate from water ruaning over the surface. Hunt (6) reporte
that staining similar to desert varnish is also found in humid regions
and is found on nearly all types of rocks, although it is less common on
quartz and limestone. He suggests that susn stains throughout tl"xe world
may have various origine: the stain may have heen transported a consi-
derabl.el distance to its present su~face; it may be derived from the
veathering of the minerals in the rock beneath it; some stain was depo-
sited by physical chemical processes while other staining appears i.o0
have been ‘deposit.ed biochemically. These methods require active moisture.
Hunt theorizes that thes desert varnish was develoned when the area had a
more humid climate,

VEGETAVION

T e Yuma Test Station lies within the Soncran Desert, one of the four
North . nerican Deserts recognized in the biological sense: the Chihuahuan,
the Creat Basin, the Mojave, and the Sonoran (19). This desert is not
only a biological unit but is distinguised also by many features of
climate, physiography, soils and hydrography.

The outstanding feature of the vegetation of desertz in gemeral, in
contrast with non-desert regions, is the lack of dominance by a particu-~
lar life form. This is ulngtrated at the Yuma Test Station Area by
the mixing or shared dominance of & number of distinct 1life forms, espe-
cially trees, evergreen shrubs, decidumous shrub'e, and stem susculents.
Another life form, the annual, is of small size and conspicucus by reason
of numbers only for brief perioda wheri moisture conditions permiv geind-
mtion of seeds and rapid development to maturity.
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The Scnoran Desert differs from the othor three North American
deserts moet conspicuously in the greater importance of small trees,
raelative to that of the shrub life forms and in the variety and deve~
lopment. of plant communities. Despite this fact, the cbserver standing
af; any particuler site within the Yuma Test Area is impressed by the
extreme simplicity of the plant community there, in regard to the rmmbér
of plant speciss coxposing it. Not only are there few dominant species,
buy these genevally caa be distinguished readily by the non-botanist
because of striking differences in appearances. Such extreme variation
within the small group of species in a stand makes this reglon peculiarly
favorable for successiul use of large-scale color airphotos in vegetatio-
nal analysis. The primary subdivision of the local vegetation is bastwsen
the strictly desert types and those dependent upon the high water table
near the Colorado and Gila Rivers.

Ecological science has established that the mature plant commnity
when undisturbsd by man is an excellent indicator of the environmental
conditions. The vegetation provides a single expression into which are
integrated all the significant physical, chemical, and biological factor:
brought to bear upon it. The fully developed plant commnity is in
dynandc equilibrium with the prevailing combination of factors operating
iargely by way of the climate and the soil. Thus, the vegetation is a
living recoxd, the res{xltant of the oﬂ‘cctivg environment throughout the
year. It expresses the environmental complex better than would the data
dsrived from cny combination of various recording instrumenis. ‘This is
true because it is not lknown how to integrats the various physical men-
suremsnts into a2 single meaningful expression thet gives each factor its
proper weight and represents the roaulba;tt of all environmental influences.
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In the extreme desert environment the molsture factor is significant
above all others, yet it ie intricately related with heat energy, slope,
soil porosity, texturc, etc. If separated areas possess similar environ-
mental conditions, this aay often be most readily recognized by the simi-
larity of thelr plant communities. DBut when two un&isturbed parts of an
area support different vegrhation, this indicates diverse physical conai-
tions, usually in moisture reiations. Two commnities may differ in that
different speclies constitute them. However, in deserts especlally, two
stands may have exactly the sume species, yet indicate habitat differences
by the varying density and c~verage valusgs of these species.

A study of Marks (13) or the relationship. between plar;ts and plant
commnitios in the Lower Colorado desert and the soils on which they grow,
appliss rather directly to the Yums Test Station area. By use of Marks'
paper and the dominant plant cover on & specific sita, interpretations
of soil conditions are feasible.

In interpreting plant comminities, the recent history of the area
must be taken into account. Natural disturbances, especlally flash floods,
greatly affect ths vegetation in this desert region. Runcff "washes,"
nearly always cry, occur throughout all the general terrain types from
bedrock mountains to floodplains c¢f the major rivers. These range from
high elevation rocky gullies with steep gradient and V-shaped cross section,
through the extremely comaon washes of gentle gradient crossing the broad
alluvial aprons, to the great trupk wash areas a mile or two broad which
separate two different alluvial apron siopea between parallel mountain
ridges. For vegetational descriptions, such great trunk areas of surface

4rainage air'es here termed "base-level washes,"

I,



Since plant cover follows and parallels the dry washes, especlally
the borders of the wash channels, and is excluded from the uneroded desert
pavement, surfaces of alluvial aprons, it is evident that plant dispersal
carnot be random. Random dispersal means scattered over the surface as
dictated by chanc: alone, and neither uniformly regular in any way nor in
clusters (aggregated). Because they are determined to a considerable
degree by the pattern of washes, the stands and the separate plants
1llustrate a type of dispersal best termed "linear aggregation." A tree-
like branching or dendritic pattern is common. A young aggrading alluvial
fan has the "trunk" wash on the uphill edge whence the materials are
contributed. However, most alluvial fans and aprons in the test area are
being eroded down faster than they are being added to from above (desert
pavement arveas are being eroded only); these have the open branch ends
on the upper side and the main stems downstream (Figure 17). Nearer
base level several or many wash channels interjoin into a "braided" or
reticulate (network) pattern. This is most characteristic of the large
base-level washes. In the gentle sloping alluvial aprons, the degrading
dendritic and reticulate types merge consideradly.

Table I presents the common and botanical names of all the important
plants of the area and shows the life form of each.

Pigure 18 is a diagram intended to express the general physiographic-
vegetational relationships for the principel terrain types and dominant

species. It necessarily reflects rough altitudinal correlations also.
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Figure 17. Vegetation along the washes that dissect the alluvial
~ aprons. The dark areas are desert pavements. This site
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Table X. Nomenclature, life form, and thorniness of the perennial plant
species., (Dunes along Houte 80 west of Yuma are not included.)

Thorns or

Common Name Sclentific Name Life Form Spines
Arrowweed Pluchea sericea Tall shrub No
Bebbia Bebbia juncea Medium shrub No
Brittle bush kncelia farinosa Low shrub No
Bulrush, great Seirpus validus Rush , No
Bunch grass Hilaria sp. “Low shrub No

Franseria ambrosioides Shrub On seeds
Bur sage Franseria dumosa Low shrub On seeds
Burrobrush Hymeroclea salsola Shrub No

Cactus Group
Barrel cactus
Beavertail cactus
Bigelow's chella

Sahuaro

Staghorn cactus
dat.'s-claw Acacia
Cat-tail
Cottonwood
Creosote Bush
Desert-lavendsr

Encelia
(or Brittle bush)

False-mesquite

Purastrum

scehinocactus 8p.
Cpuntia oasilaric
Opuntia bigelovii

Carnegiea gigantea
Opuntia versicolor

Acacia greggii
Iypha latifolia

Poputus fremontia

iarrea tridentata

Hyptis emoryi

kncelia farinosa

Caulliandra eriophylla
Funastrum heterophyllum

PRAR L At ac ey o T SRR 4 IR e e

Stem~succulents Yes

Small tree Iag
Rush | No
Tall tree No
Shrub No
Tall shrudb No
Low shrub No
Low shrub No

Climbing herb No




(Table I. Cont.)
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Thorns or
Common Name Scientific Name Life Form Spines
Hop—sagze Grayla spinosa Low shrub No
Ironwood Olneya tesota Tree Small
Jujuba Simmondeia chinensis Tall shrub No
Lycium Lycium sp, Tall shrub Yes
Mesquite Prosopis juliflora Tree or shrub Yos
Ocotillo Fouquieria splendens Tall canes Yes
Falo verde Cercidiwa microphyllum
and C. floridum Tree Usually

_ none
Picklebush Alienrclfea occidentalis Low stem- No

’ succulent
Reed, comuon Phragmites communis Grass No
Saltbush Atriplex lentiformis Tall shrub No
Salt~-cedar Tamarix pentandra Tall shrub No
Saltgrass Distichlis sp. Grass No
Smoke-tree (rare) Dalea spinosa Tree Yes
Tornille Prosopis pubescens Tree Yes
Willow Salix goodingiis Tree No

ST . . o
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The range of a species or group of species is shown by a horisontal line
ovar the terrain types where they are characteristic. Thut this is
highly generaliuced 1s evident; actually several distinct habitats may
occur within a single terrain type and show vegetational differences.
For exampl:, .lthin the a2lluvial apron type occur washes having channels,
channel borders, and farther out is wash terrain subject to occasional
flooding. Bordering this habitat, there is desert pavement with essent-
lally no plant cover except where the gravel mosaic is disturbed by
burrowing animule or ‘ncipient erosion adjacent to gully heads. Thus,
a single general terr.in 4ype may show a diversity of habitats ranging
from those incapable of anpporting plant life to the channel-border
habitat with a practically continuous mass of coalesced plant crowns,
The wash channels ar»y barren pecause of the mechanical action of deep
rushing flocdwaters. abrasion by thelr suspended mineral particles, and
the surface instability due to erosion and deposition. The other barren
habitat, the desert pavement keyond reach of stream water, lacks plants
because soil moisture is deficient and the temperatures reached by the
surface rock fragment.s, with increased heat absorption due to the black-
neas of the "desert varnish,” ure likely sufficient to kill seedlings.
iable II shows the characteristic grouping of plant species, taking
into account the minor habitat differences within the general physio-
graphic or terrain type. An attempt has been made in each block to
arrang. the namss in order, so that the plant moat typical of the purti-
cular habitat heads the llst. |
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€a on alse '
& “getat.ion cgp-'q? the Yuma Test Station Area is, presented on

I
Plate I¥. Primerily,-the nap was-prepared—by-correlsbing-the—vegotation

P
» -

f4eations as the-vesuli—of--fieldd—ebservatioms. It should be noted that
vegetation conditions are very generalized. Several species grow on
more than one type of laad form, although they may bs very sparse, and
cover wide ranges of altitudes.

An occasional barrel cactus or sahuaro may be found on the mountains,
but they are so widely scattered that the mountains must be mapped as
barren. Other areas, such as those with d:sert pavemsnt, approach the
condition that could be called barren. Nost of the vegstation within
the Yuma Test Station Area is found along ths weshes and on the flood
plains.

Method of Vegetation Analysis

Quantitative studies of plant commnities wers made on the ground
and fror alrphotos. In only the former studies wera plant species dis-
tinguished, since the 1:20,000 scale of the zirphotos supplied is not
suitable for speciss identification. Alse, it was felt that from the
principal military standpoint, specics separation is not essential. The
practical significance of desert plant cover would appear to be largely
attributable to those individuals exceeding ten feel in crown diameter.
These plants are large enough to impede such vehicles as juep or weapons
carrier and to make it worthwhile to turn aside vo avoid them. Also the
cover that such plants previde may be of value in concealuent of foot-
soldiers or even of low vehicles. Therefore, plants of ten fest diameter

and larger were studied quantitatively, by means of a 10 power binccular
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microscope, on fourfold enlargements from original 1:20,000 scale air-
photo contact prints. The various specles were lumped into one analy-
ticel group. Thus grouped indiscriminately are trees, tall shrubs,
and to a2 lesser extant the coalesced crowns of crowded medium--sized
shirubs which usually exceed five fest in height. The plants included
are largely palo verde, ironwood, cat'!s-claw, lycium, desert-lavender,
and jujuba.

For determining demsity per acre for the group of large plants, a
S5-acre sampling template, accurately calibrated by ocular micromster to
the scale of the airphoto prints used, was produced on a glass slide.
Count.s were made within 311 sample plots of 5 acres each, an aggregate
sample area of 2.4 square miles in various terrain types. Since 10 per
cent of the area being sampled is usually enough to include within
sample plots, the stautistically tested airphoto vegetation data applies
directly to approximately 24 square miles of terrain typical of rmch

of the remsinder of the Test Station Area., It would not be at all

feasible to make a study of this scope by laying out sample plots on
the ground. The sample plot was an l-~shaped, elongated unit with arms
of equal length; it is the strip comporent of an "elb" (24). Becauze
it gives low variance, this is the most efficient form of sample plot
for desert vegetation. The sample unit was 2178 faet by 100 feet, to
include 5 acres.

In »ight selected portions (sampling stations) of the area, all but
one confined to e single terrain type, an average of 35.5 five acre piots
per statlon were distributed at randow. CGouats were mede through the low

power microsccpe. Since eriss-country vehicuiar travel or foot marches



(c:ceﬁt in the higher altitude terrain types) would take roughly the
shortest route to a destination irrespective of the orisntation of the
shallow washes, all the habitats within one type, such as alluvial
apron or base-level wash, were iacluded in the‘same random sample.
Thus, these varied habitats, with their differing vegetation, are
represented in proper proportion as they would be encountered in
cross~country movement during a military operation. Thie approach
averages in the bare desert pavement, the densely vegetated wash
borders and all other habitats, and ylelds an overall figzure for mean
denaity for each station in the particular.terrain type. In contrast,
ground studies in the field distinguighed species, and restricted
consideration to a particular well-veyetated habitat, to determins
maximum concentrations of plants that would be encountered.

The adequacy of airphoto sampling was Judged as folloﬁs. At each
station the mean number of trees per plot was subjected to the statis-
tical test for standard error. The pef cent standard error wag also
calculatei, 1. e,, the standard error timess 100, divided by the mean.

If the per cent error does not exceed 15, thz sampling is considerad
entirely adequate.

Table 111 presents the results of ths airphoto vegetational analysis
for average density per acra of large plants. The per cent error ranged
from 3.1 to 12.4. Therefore, the sampling adequacy was statistically
aestablished as fully acceptable.

The stations are tabulated in a series from higher to lower elevations.
Since the residual mountain surfoces are practically devoid of plant cover,

this terrain type is omitied.
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Table IV gives per cent coverage with its standard error and the
per cent of the former represented by the latter. The sampling unit
for coverage is not aresd plots, but lines (each 2,725 feet long and
bent in the middle st a right angle) laid down randomly and in large
numbers at a station. The total length of lines at ssven sampling
stations was 28,17 miles. The low per cent srrors indicate very
satisfactory reliability of sampling.




Table IIIX.

Density (number of rlants per acre) values for all plants
with crown diamsters of ten feet or more. These were taken
from sample plots on airphotos. Standard errors of mean
density at the station, aud per cent errors, are show.

“Total Acres
Accompanying Within Sample Per cent
idustration Strips Terrain Type Density _ Error
2h0 Hills 7-1 t 0038 503
Figure 48 190 Alluvial apron, all
newly eroded surface 6.8 £0.37 5.5
300 Alluvial apron,
uniformly ercded
plain 3.9 £ 0.28 7.2
175 Alluvisl apron,
uniformly eroded
plain L £0.55 13.4
230 Base-levael w:sh 5.3 £0.27 5.2
200 Base-levsl wash 12.8 2 0.59 5.4
50 Floodplain-edges,

pure mesquite on
low dunes 6.8 20,37 9.2




Table IV.

s

Per cent ground coverage by all plunts having crown diameters

of ten feet or more, taken from stations on airphotos by

mumerous unit sampling lines, each 2,725 feet long.

Standard

errors of mean per cent coveragae at the station and per cent
arrors are shown. :

Total line
Accompanying length at Per cent per cent,
Jllustration  station _ Terrain Type coverage error
Figure 28 35,000 feet Hills 7.8 £0.58 7.5
Figure 17 76,300 feet Alluvial apron, 3/4
desert pavement
dendritic gullies 6.4 2 0.49 7.7
54,500 fest Alluvial apron, 1/2
desert pavement bhol 2 0,37 A
81,750 feet Alluvial apron, 2/%
desert pavement
Sinely dissected 3.4 £ 0.25 7.5
81,750 feet Transition, alluvial
apron (1/5) to base-
level wash (4/5) 5.5 ¥3.1 507
68,125 feet Base-level wash 9.9 20,62 6.3
68,125 feat Bass-level wash 10.2 £0.81 7.9
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CHAPTER IIX
MOUNTAINOUS TERRAIN OF YUMA TiST STATION ARcA

INTRODUCTION

Mountains form the most conspicubus features of the landscape ia

southwestern Arizona. The mountain ranges are usually separated by

. broad plains which are made up of material that has been washed down

from the mountains. Material is being eroded from the mountains and
building up the intermontane areas which, in effect, msana that the
mbuht.aim are being buried by their own materials.

Most of the mountains near Yuma are very rugged. There are some
rounded mountains, a limited amount of flat-topped :wcunteins, and a
few isolated peaks, Twenty~six per cent of the Yuma Test Station Area
consists of mountains:

Rugged mountains 204
Rounded mountains 5%

Flat~topped and singlepeaked

mountains Lé

Total percentage of mountains 26%
RUGGED MOUNTAINS

Distribution

There are a number of important ranges in the area wnich consicu
almost completely of rugged mounteins; Trigo, Chceclave, Castle Dome,
Muggina, and laguna. They are well distributed throughout the area.

Rugged mountains make up 20 per cent of the area.

>




Topography

The mountain ranges that are named in the preceeding paragraph reach
heights from 2000 to 3000 faet above sea level, rising from 1000 to 2500
feet above the surrounding plaine. The term "serrate" aptly describes
mst of them. Briefly, Wilson (23) describes some of these ranges as
follows: Trigo - "~—wextremely rugged...series of sawtooth ridges;"
Middle ~ “rough, irregular ridges;" Castle Dome - A"Spires and dome-capped
tovers adorn the skyline of this blocky, ragged mass."

Most of the other ranges approach similar degreocs of ruggedness.
The mountains ars made up of irregular ridges, buttes, and spires, with
practically no level surface remaining. Deep canyons and dry gulches
dissect the rugged mountains. Exanples of some of the extreme topography
are shown in Figures 19 to 22,

The rugged portions at the eastern and western parts of the Muggins
mountains are separatsd by rounded topography of relatively low relief

which has been mapped as hills. A large part of the Laguna Mountains
was also classified as hills.
Geology and Composition

The rugged mountains consist predominantly of Tertiary volcanic rocks
which are underlain largely by schists and gneisses, with some granites
and sedimentary récks. These underlying materials cutcrop at numerous
locations near the basee of the mountains.

A series of lava flowe covered much of this, portion of Arizona during
the Tertiary period. Probably most of theeruptions were of tite fissure
type, and the flows covered most of ths hills then existing. Some of
the individual flows were several hundred fest thick, and the total thick-

ness of the lavas exceeds 2000 feet in the Castle Dome and Kofa Mountains.
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Fig. 19.

b et o e = [ ——

Castle Dome Mountains, with Castle Dome Peak projectlng above
the rest of the range. This view 15 to the northeast.
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Fig 20.

Aerial view showing the ruggod peaks and topography in
the Castle Dome uountains.
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Portions of the Laguna, Chocolate, and Trigo Mountalns probably escaped
the general volcanic flooding of the region (18).

One of the most remarkable dike swarms in the United States is
found in the Castle Dome Mountains, particularly in the vicinity of
Castle Dome peak. The outcrops of these dikes, principally of dioritic
and porphyritic composition, may form ridges up to fifty feet high (23).

In Figure 21 is shown the tilted sedimentary strata that underlio
the andesitic lavas in the northeastern part of the Muggins Mountains,

Surface Characteristics

Practically all of the aurfaces consist of bare rock. Slopes are
steep to precipitous. In places, the surface rocks have beex:x broken
down into angular fragments by weathering processes. These n:iay vary
from a few inches to two or three feet in size. Mich of the exposed
rock surface has been darkened by the coat of desert varnish.
Vegetation

The bedrock habitat of desert mountains supports practically no
plant cover, only an occasional barrel cactus or scrawny palo verde
that has menaged to take root in a crevice. However, just above the
slluvial fsns are some fairly broad mountain washes (Figureéiz) contain-
ing considerable plant cover growing on coarse alluvial deposits. The
general aspect of this vegetation is not much different from that of
washes of comparable width in the upper third of the alluvial apron
terrain type. However, the cat's-claw and ihe large shrub desert-
lavender are more lmportant in mountai:: washes, and Lycium is less so.
The abundance of cholla cactus and jJujuba distinquishes this type from
the lower alluvial apron, and both thesse plants are mich more abundant
(relative to other plants) in mountain washes than in alluvial fan

gullies.or upper alluvial apron-washes.




Fig. 23,

/egetaticn along 3 mountain wash at the southwestern edge
of the Castle Dome Mountains. Stand of cholla cactus and
ceotillo paralleling the wash, with the tree community in
the background below the mountains,

\‘]’7 o
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Species counts werse made in a mountain wash at 1500 fest elevation.

The smeller plants, brittle bush and cholla, although sbumdant along
the less frequently and less drastincally floodsd edges, were not counted.
(Since the plants counted usually exceed 10 fest in crowe diameter, tils
1. the same class studied as a whols from airphotcs for cansity and o ver. |
The per cent mumeriocsl abundance, based oo 359 plant crowns is:

Palo verde 3L.04

Desert-lavender 17.7%

Ironwaod 16.6%

Cat's—claw 11.7%

Jujuba 6,08

Lycium 6.8%

Sahuaro 1.75

1 Others 2,5%
Military Significance

Movement through the rugged mountains is limited primsrily to the
ma Jor washes. There are several old roads crossing the Castle Dome
range. These follow washes most of the way and cross low divides to
washes on the other side. Vehicles with trazks or four-wheeled drive
ars required for travel on most of these mountain roads. Ordinary
1 passenger cars usually cannot get through the loose, g=znular material
in the washes, c¢lear the large boulders, or climb some of the steeper
slopes.,

Most of the canyons and washes reach a dsad-end it their upper
extremities, where a vehicle can go no tarther. It is even difficult

. for a man to climb up the sides of many of ths canyons.
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The rugged mountains are a barrier to military activity; in fact,
except for a very few routes, they cannot be croszed by military vehicles.
Since most of the mountain ranges in southwestern Arizona are relatively
short in length, they can normally be by-p.ussad. In defensive operations
the mountains would make strong positions maintaining control over the
surrounding plains,

ROUNDED MOUNTAINS
Distribution

Most of the rounded mountains in the Yima Test Station Area are
found in the Chocolate Mountain Range in Colifornia and the Middle
Mountain Range (Figure 24), with smaller arcas in the Trigos, White Tank,
Palomas Nountains, and very small areas along the eastern edge of the
Castle Dome Mountains. Much of the rounded topography in parts of the
Muggins and Laguna Mountains is relatively low in elevation, so these
areas were mapped as hilis. Rounded mountains make up 5 per ceni of
the Yuma Test Station Area.
topograthy

Elevations of the rounded mountains are rot as high as the peaks
in the cdjacent rugged mountairs. The highest peaks are volcanic plugs
that are very steep and rugged. In fact, several rugged volcanic plugs
are surrounded by rounded mountains.

Slopes of the rounded mountains may be fairly steep, but they do
not rise vertirally. FErosion has not been extremely severe as it has
in the rugged ranges. There are very few level surfaces in the rounded

mount.sins.
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Geology and Composition
Much of the rounded mountains, particularly in the Chocolate,

. wWhite Tank, and Palomas ranges, consist of baéalt, the dark-colored
basic volcanic rock. The deposition of the basalt occurred as a part
of the volcanic activity that toox place during the Tertiary period.
The basalt has not eroded as severely as the acidic volcanic rocks,
which are usually more rugged. The basalt shows rather prominently
on the aerial photographs because of its very dark tone and more
rounded appearance.

Although most of the Middle Mountains are rounded, therc is
little basalt found. The rocks are similar to those in the rugged
Castle Dome Mountains,

Surface Characteristics

The mountain surfaces consist of bare rock with no soil develop-
ment, In places, the surface may consist o loose rock fragments and
boulders. BothL the bedrock and boulder surfaces heve been coated
with desert varnish.

Vegetation

There is practically no vegetation on any of the mountains. The
little vegetation that is found is confined mainly to the washes., The
discussicn of vegetation under the section on rugged mountaius also
applies to the rounded mountains.

Military Significance

The slopes of the rounded mountains are probably too steep for
vehicles to climb, although & man on foot wouid probably have no great
difficulty. Traversing the rounded mountains would not be quite as

difficult as crossing the rugged mountains.
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FLAT.-TOPPED AND SINGLE-PHAKED MOUNTAINS

Since the flat-topped and single-peaked mountains cover & very
smal). portion of the area, they were combined &5 a mapping unit. Single
peaks that are high enough to be classed as mountains are extremely
scarce. Many of the numorous inselbergs that protrude abovs the
alluvial aprons were classified as hills, since they rise only a few
hundred feet above the surrounding plains. The only single-peaked
mountains are those that rise to considerable heights above the
surrounding mountairns and are isolated from other mountains.
Distribution

Less than 1 per cont of the total area has been mappad as flat-
topped mountains. ihis small proportion is well scattered through
the area: in the Chocolate Mountains ia California (Figure 25) a%
the southeast end of the Castle Domes, and in the White Tank Mountains,
Larger areas o flat-tops are found to the east of the mapped area in
the White Tank and Palomas Mountaina.

Only three peaks in the mapped area were classified as single-
peaked mountains. These were all at thes southeast end of the Castle
Dome range. Just beyond the main body of the range, they rise above
the adjacent hills. These constitute a very small portion of one per
cent of the area.

Topogra s

The most obvious features of flat-topped mountains are the fairly
level surfaces on their summits. The side slopes may be steep, but
usually they are not excessively so. Most of these "flat-tops" have
characteristics similar to those of the rounded basaltic mountains.
There are a few mountains with volcanic caps that have vertical slopes

at the summit.
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Of the tlres mountaine classified as being single peaks, two &re
volcanic plugs that are surrounded by hills, and the third is an
elongated cone. The two plugs are rugged and steep, while the cone
has features resembling the rounded mountains.

Geology and Composition

Basalt is the rock making up most of the flat-topped mountains.
The ®#flet-tops® are usually found adjacent to some rounded mountains,
the difference between them often being the degree of dissection.
Erosion processes in the basal® seem to develop rounded features rather
than steep, rugged slopos and canyons., As erosion progresses, the
nflat-tops" develop rounded mountain features.

Surface Characteristics

The surfaces consist of hare rock with little or no soil development.
A coating of desert varnish is found on most of the exposed rock. Loose
rock fragments cover many of the slcpes.
Vegetation

l1ike the other mountains, these are alsc practically bare of
vegetation. The little vegetation in the mountains is found along the
gullies. This has been described in the Vegetation section under
rugged mountains.
Military Significance

Like the other mountains, the flat-topped ones and inselbergs are
probably too steep for vehicles to climb., Most c;f the flat=tops are of
such small area that they are of little importance. The 1solated peaks

provide good positions for observing activities on the surrounding plains.
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CHAFTER IV
HILLS AS A TERRAIN UNIT OF THE YUMA TEST STATION AR:A

In this report the tera "hills" refers to land forms of rolling
to rough topography with relatively small differences in elevation,
baving very little level surface. They are generaliy rounded rather
than peaked or precipitous in form. Some types may aptly be described
as "low mountains.® It is oftem difficult to distinguish hills from
low mountains. Generally in mapping the Yurma area, o.lovationa rising
leas than five or six hundred fcet above ths adjacent plain were
clacsified as hills. |

Hilles in the Yuma area have been grouped into three types: dunes,
inselbergs, and "unclassified" hills. About 17 per cent of the Yuma
Test Station Area has been mapped as hills. Dune are almost non-
existent within the mapped area; inselbergs comprise less than 1l per
sent of the aro#; the unclascified hills are practically the entire

17 per cent.

Since the other two types of hills (dunes and inselbergs) have
specific names and occupy such a osmall perc:ntage of the area, the
term "hill" may be uscd in referring to the unclassified hills, Any-
time that reference is made to dunes or inselbergs, they are referred
to specifically by name.

HILLS (UNCLASSIFIED)

As used in this report, unclassified hills refers to cxtremely
dissected surfaces of former plains that have been dissected so
excessively that there is little, if any, of the original plain surface

left. The topography is rolling or rough; few level surfaces remain.




A fow of these formations nave been referred to as badlands, resulting
froa severe erosion of shales. Othsr areas ure the remains of excess-
ively dissected portions of alluvial aprons 2ad fans. These rough
surfaces are most likely to be found adjacen. to the mountains wherse
the slopes are steeper, where srosion is most savere.
Distribution

About 17 per cent of the Yuma Test Station Area consists of the
unclassified hills, They are found throughout the area. Many of them
are located adjacent to mountains, Th;y are most common in the western
half of the Test Station Area, close to the Chocolate, Trigo, Laguna,
Middle, and Muggins Mountains. Smaller grovps of hills are found along
the Castle Dome, White Tank, and Palomas Mountains. Extremely dissected
portions of alluvial aprons are found close to the Gila River bed and in
other locations. Figures 26 and 27 illustrate several of the areas that
are classed as hills,
To a

The hills have rolling to rough topographic features. Originally
most of these surfaces were fairly level plains, but severe erosion
has dissected the land into its present form, with little or no level
surfaces remaining. Local topography in such instances can be measured
in tens of feet. Larger hills, adjacent to mountains where dissection
has been more severe can often be measured in terms of hundreds of feet

locally from a relief standpoint. Slopes are geiverally not excessive

except where severe erosion has been active recently.




Geology and Corposition
For the most part, the hills which flank the mountains consist of

stratified alluvial outwash sediments which have been severely dissected.
The hills northwest of McPhaul Bridge in the Laguna Mountain area,
shown in Figure 27, consist meinly of a thick series of poorly stratified,
weakly consolidated gravels that are combined with smaller amounts of
sands and silts. The coarser textured material is usually found near the
outcrops of bedrock, Similar gravels constitute the central portion
of the Muggine Mountain area. These gravels overlie clays and silts
and overlap the schists, gneisses, and lavas that form the rugged parts
of the Muggzins Mountains (23). Erosion has dissected these unconsoli-
dated deposits into their present farm.

Other hilly areas were formed by dissection of alluvial aprons
and fans, Thess are mapped as hills only when the dissection is so

severe that there is little or none of the original plain surface

remains. Many of these are found adjacent to the mountains where the
increased slopes accelerate the erosion.

Some of the hill areas consist of bedrock that is the same as
those in the mountains; in fact, they might be rcadily called low
mountains. Those extending along the Colorado River from the Head-
quarters Area northward to Castle Dome Landing are pictured in Fig. 8.
On the eastern side of these bedrock hills are othar hille that are

made up of dissected alluvial material.

Vegetation
The hills are not a step in the characteriatic ~hysiographic

series from mountains through the alluvial fans and aprone derived
from them, 8o the classification of vegetation on hills represents a




Fig. 26. Hills in the Mugeins Mountain area. Region is wsell-
dissected, but slopes are not too steep.

Fig. 27. Hills in the Laguna Mountain area. In the foreground is
an inselberg where S.R. 95 crosses the Gila River bed on
the McPhaul Bridge. The flood plain consists of sandy silt.

. T



somewhat unnstural interpretation in the study of plants.

The only plant o.ntributing important cover in the hill topography
of V-shaped valleys and ridges is the palo verde tree, Despite the
irregular torrgin, the trees are rather evenly dispersed over the inter-
fluves (Figure 28) and are not excluded from them as they are from
desert pavement flats in the alluvial apron terrain. Both density
and coverage (Tebles III and IV) are higher than they are on the
alluvial apron type at lower slevations; probably this is determined
by the slightly higher precipitation, cooler temperatures, and hence
lower evaporatiocn-transpiration stress in the hill environments. In

. g

addition, the substratum is coarse and rocky, therefore, the small
water supply from rains is not dissipated everywhere as in the finer
textured materials but concentrated into crevices where the plant
roots also occur. Shrubs appear to be inconsequential except on the
borders of the washes or gullies.
Surface Characteristics ,
A substantial portion of the hills, like those in the Laguna and f
Muggins Mountain areas, are composad primarily of gravels which are
mixed with sands and silts. Silts and clays are exposed in some places
vhere badland erosion has occurred. The hills that are composed of
rock may have bedrock exposed at the surface or the surface may be
broken down into angular fragments by weathering procssaes. Desert

varnioh has darkened the surfaces of both the bedrock and the angular

fragments.
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Fig. 28. Hills supporting a rather uniform stand of palc verde
trees at Loc, 363.1 - 23.7.
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Military Significance
In gmeral, the slopes of the hills are not excessive, and many

of them can be traversed by military vehicles with little difficulty.
The hills are not ncarly as easily traversed as the alluvial aprons,
A limited degree of concealment is avallable in hills that is not
usually found on the plains, however.

The use of FM radio equipmert is restricted in hilly areas. This
difficulty in maintaining commwmnications 1s one problem on which the
Signal Corps test team has Leen working.

INSELBERGS

An inselberg is an isolated remnant of an old mountain whose peak
rises above the surrounding plain. In the vicinity of Yuma, most of
these old isolated mountains now rise only a few hundred feet above the
alluvial fans and aprons, sc they have been classified as hills.
Distribution

Less than one per cent of the Yuma Test Station Area consists of
inselbergs. They are many in number, but sach ons covers such & small

area that they make up only a small portion of the surface.

Several inselbergs are located very close to State Road 95. Two
of these by the McPhaul Bridgs are shown in Figure 27. Most of them,
however, protrude above the plain that is east of the Castle Dome
Mountains; see Figure 29. Others on the other side of this same plain
are found close to the White Tank and Palomas Mountains.

Several other inselbergs near the Gila River are farther removed
from mountains, Texas Hill, the most conspicuous of these, is pictured
in Figure 30. Antelope Hill, which is just outside the mapped arsa to
the southwest of Roll, is easily accessible.
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Lopography

The inselbergs nuar Yuma usually consist of & single peak or hill
that is falrly steep, although not vertical, lLevel surfaces are scarce,
although there are very small arcas that may be fairly level on a few
of the inselbergs. Many of them might readily be classified as low,
rounded mountains; only a few of them are rugged.

Seology and Composition

The inselbergs consist of theo same types of rocks that make ﬁp the
mountains of the area: basalt, volcanics, granites, gneiss, schists,
sedinentaries. The inselberg at the south end of McPhauliBridge was
found to be andesite porphyry shot through with aplite dikes. Antelope
Hill is composed of coarse-grained, gray arkosic sandstone, which has
been quarried for use as railrvoad ballast, On a peak near S.R. 95 loose
fragments of red volcanic rocks mentle the slopes of the peak, Basalt
forms several of the inselbergs east of the Castle Dome range. Near
the southwest edge cf the Palomas Mountains, weathered granite can be
easily crushed by hand.

The development of the inselbergs has been ajmilar to that of the
mountains in the area, since the inselbergs ure the remnants of mountains
that no longer reach elevations sufficient to remain in that category.
Erosion has been wearing down the mountains and inselbergs, and the
eroded material has been filling the valley and slowly covering the
mountains. The inselbergs, besides heing isclated, do not rise as high
above the plainﬁ as most of the mountains. Undoubtedly, some have
already been covered by the valley fill materials, and a fairly level

alluvial apron now covers former mountain peaks.




Fiz. 2G6. Insslbergs near the east side of the fastle Dome Range in
the vicinity of Iec. 366.2 - 78.0.

Fig. 30. Texas Hill, an inseiberg at the edge of the Gila Valley,
which is on the left edge of the peak. This view is
looking wast. {loc. 363.8 - 24.8)




Surface Characteristics

The slopes commonly consist of loose rock fragments, or possibly
the bare Vbedrock, which has been darkened by the ever present desert
varnish.

Vegetation

The inselbergs sre practically bare of vegetation, like the moun-
tains in the arez. /n occasional sahuaro or small barrel cactue may
be seen.

Military Significance

The fairly"’gteep slopes and the loose rock fragments make it
almost impossibls for vehicles to ascend the sides of the peaks. As
an obstacls, however, they are no problem, since they are small enough
that it is no problem to go around them.

Inselbergs can usually be climbed easily on foot since they are
not too high. They present good positions for observation, usually
in all directions except where mountains block the view, since the
observer can usually reach the. highest point. Natural concealment,
other than a rocky surface, is lacking, however,

SAND DUNES

There are no duses located within the Yuma Test Station Area.

0 the sand plain near the intersection of the paved road to the
Headquarters Area with State Road 95 (loc. 363'.3 - T.5), an artificial
sand hill has been prepared by bull-dozing the sand from the plain

into a hiil. These prepared sand slopes, shown in Figure 15, are used
for some tests with vehicles. The remainder of this sand plain 1ls
rather level, perhaps undulating in phbo‘u vhere there is a tendency




toward transverse dune formation. A similar sand plain is found on
the terrace at the southeast corner of the mapped area.

The following discussion of dunes refers specifically to the Sand
Hills in Imperial County, California. The area of the Sand Hills was
not included in computing the total ares of the Yuma Test Station Area,

Sand dunes are an important land form that is found in deserts
throughout the vorld. Because they are formed by wind action, the
range of sizes of the individual particles is limited, and, therefore,
sand dunes in different parte of the world probably have more common
characteristics than other surface forms.

Only ten per cent of the Sahara Desert is sandy (26). The Arabian
Desert has more sand, but the Gobi has less sand than the Sahara.
Although dunes cover only a small percentage of world desert areas,
they are important because they are found in almost all deserts, and
the crossing of great sand dune areas is an lmportant military problem.
Relationship of Sand Hills to Yuma Test Station

The Sand Hills extend in a belt averaging about five miles in
width from below the Mexican border northwestward for about fifty
miles into Imperial County, California. Via highway through Yuma, the
dunes are about forty-five miles from the Headquarters of the Yuma Test
Station. Figure 1 shows the location of the Sand Hills with respect
to Yuma. s

The Yuma Test Station has a test course across the dures that is
used as a routine course for testing all types of military v_ehiclea
for their performance on sand. The test course starts Just west of

Ogilby and crosses the Sand Hills about four or five miles north of US 80.
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These dunes are familiar to many as the sstting for aumerous
movies ostensibly aboult the Sahara and other deserts. In 1908 a
plank road was constructed across the Sand Hills. Reanants of this
road occur at scattered locations. In 1928 the concrete pavemunt
of US 80 replaced the old one-lane corduroy road, and in 1933 the
All-American Canal between the Colorado River and the Imperial Valley
was completed through the dunes, Constant maintenance is required
to keep the highway and canal clear of sand.

Topogra

Some of the dunes reach as much as three hundred feet above the
base plain. locally, however, moai of them prosent elevation
diffsrences of thirty to fifty feet from the crests of the dunes to
the depressions between.

This dune surface is sometimes referred to as "peak and fulje"
topograﬂly. Fulje is an Arabic term for the depressions between the
dunes. The surface consists of fairly shallow slopes to the windward
side of the dunes and the sieep slip faces on the les side. Figures
31 and 32 show excelleut examples of the dune forms.

There are a number of enclosed basins of level ;ﬂ.ty plain in the
middle of the Sand Hills, as shown in Figure 33. Most of these seom
to be bordered on the north or northwestermn side by a stesp sand slope.
One of thesa steep slopes was observed to be rising abruptly for
about 150 feet above the north edge of the silt plaia.

Geoloy and Composition

The winds responsible for the formation of the Sand Hille have
coms chiefly from the southwest, west, and northwest (2). The dunes
probably developed from the beach that was fcrmed when Lake Cabuilla

Yoo T . !
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occupled the Salton Basine. The dunes way have moved eastward to thelr
present position at that time or zter. land surveys made in 1856,
howsver, show littic difference in the shape and position of the
present dune field (2).

Scmples taken frow the crests of the dunes show that only 1 or 2
psr corb of the particles are finer Lhan the No. 200 sieve. All the
material passes the No. 10 sieve, and 97% of it pesses the No. 40
siove. Therse is wors 3ilt content in the dspressions between the
dunes. In fael, 4 hard erust had Cormed on some of the shallow
depressions on thea east side of the dune field., There is distinet
evidence that watsr hasz bsen ponded in soms of these.

At cne of thie lavel Wislands" in the middle of the dunes which is
known as Butbercup Valley (Figure 33) the soil consists of a sandy
silt which in placis 1o covered with rocrly developed desert pave-
ment. A rvim of suratified sand and silt outcrops around the valley,
particularly oloag the east cnd., This is found six or eight feet
above tha base level of the valley. The material is slightly indurated.

Natural Divisions of the Sand Hilis

Melton (Ll4) has presented a system of classifying sand dunes.

In the description under an oblique aerial photo of the dures similar
to looking northwestward asross the Send Hills, similar to the view
in Figure 33, he has these comments: “A surface of complex sand
dunes formed by conflicting winds... The surface is best described
us tintersecting transverse dune series,® though it is apparent thut
more than two intersecting sets may be present. It is impossible to
detact the order which usually exisis on surfaces of this nature

without the use of vertical aerial photogrephs. The ground observer
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Pig. 32. Low altitude oblique of sand dunes in Imperial County.
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is usuelly lost in a :aze of topographlic pealzs, basins (fuljes),
and saddles. In certain places whers the sand supply is meager,
barcan dunes have forasd."

The aerial oblicne photo in Figure 34 is nsir enough to a
vertical view that the alignmeat of the dunes can be seen in two'
directions. This view is cn the eastern side of the dunes, which
are not as high as tlose to the westward. These dunes are also
classified as "irtarsecting transverse dune series,” but they do not
appear to be as complex as the higher dunes.

A low sharp ridgs can be seen along the crests of the dunes in
Figwe 32, This is duze to an approximate reversal of the wind direc-
tionn, The steep {:20s of dunes are on the lee side. If the direction
of the wind is reversed, the dunes start adjusting themsalves to the
new conditions, As the wind starts blowing the sand up the steep
slope, a new slip face starts forming on the new leeward side. If
the wind direction continued unchanged for a long enough period of
time, the original dune forms will be altered so the steep face will
be on the right instead of the laft.

Practically all the Sand Hills fall into uelt.dn's classificatira
of the intersecting transverse duna series., A few barcan dunes are¢
found where the supply of sand is limited, usually at the edge of
the dunes or at the edge of one of the silt p'hins within the dunes.
The level plains within the dune fisld is & third surface type that
is found within the Sand Hills.
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hundred feet high., A sheort dlstance from thoe sumamilt, uwsually soubth-

easi, the hge srapbly & handred Test o more to the plain

telow, This huge wave-1like sppsarance o3p b2 seen on the i index sheeb
1 iz shewn in Flgpuwe 27, with the Sand Hilds exberding dir a strip
frem sie upper 12t o the isver pight adpe of “he ohetcgranh., Some

of these aerial wihctogruinhs ware ordersd for shndy, bui ther had net

ocen raceived at the time Lris report was propared,

A characteristic feature of wind-blown sand is the rippoled surface
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that is formed. Thesa ripples can b t#o of the photographs,;
Figures 36 and 37. The coarsasst materizl collects abt the crests of
he troughs (L).

Cz the shallow windward 3lones of the dunes Lhe sand was usually
found to be relsiively firm, as near 35 zuch 2 term zan be used in
redferring to dry s2nds., Sometimas thers are local spots where the
send is more lcose, but ths driver whe has had exparience in sand areas
can useally detect these. The tops of the dunss wers in the same
condition, except for the ssnds adjacent to thz slip face. On the
slip face the eands are lcose aad unstable, snd 1ittle supporting

capacity is available, a3 shown by Figure-g‘f?-.

»

Military Significance
Tests that have been conducted by the Crdnance test team in these
duries have shown that pract.lca.lly all t,ypes of military vehicles can

be used to cross areas of ssmd dmes, The .major exception has been a




Pig. 35. Fhoto~index of the Sand Hills
calirom.

in lzperial Connty,
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Fig. 37. The slip face of a dune i3 loose and unsteble. -
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truck equipped with hydramstic drive. Wheeled vehicles require four-
wheeled drive for use in the dunes, and the pressure in the tires '

needs to be raduced to less than ten p.s.i.
Although the dunes can be crossed, the route mst be carefully q
selected &8s one travels along. Vehicles cannot climb the steep faces |
of the dunes, but they must be taken up ons of the shallow slopes on
the ends or windward side of the dunes, After arriving at t.he‘ crest
of a dune, the vehicle should be brought to a stop before proceeding
down the stecp face, as it could turn over very easily.
A running start is often needed to go up many of the sand slopes.
Sometimes a vehicle casnnot get up at a2 certain place, but it can
usually be backed down and taken up at another location. Often it is
best to follow along the crest of an elongated dune, keeping back
from the slip face as the sand for several feet back from the break
is unstable and may slide under the weight of a vehicle,
Drifting sand is a major problem in sandy deserts. Constant
maintenanca may be required to prevent aeclian sand from acoumlating
on a road, airfield, camp, or any other area where sand deposits
would be undesirable. Sand mst often be stabiliged arocund telephone
poles and other structures to prevent the sand from being blown away,
which would leave the structure unsupported.

»

Vegetation
There is very little or no vegetation on the unstable dune sand,

but a sparse cover is supported on the lower-lying sand between the
series of dunes., The few spscies include a sand-binding gress (Panicium

urvilleanum), the sand paper plant (Pgtslonyx linearis), joint fir
(Ephedra trifurca), Go)denia plicata, and croosote bush.
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CHAPTER V
PLAINS
INTRODUCTION

A plain is & land form that has, or formerly had, a fairly level
surface. Erosion may have dissected much of the plain. In this study,
when dissection has reuached the stage where there is very little or
none of the original plain left, the extremely dissected are#s were
classified as hills.

Plains occupy the filled-in portion of the valleys between the
mountain ranges. They are largely composed of alluvial sediments
that have been washed from the mountains to fill in the lntermontane
valleys.

Plains make up 57 per cent of the total area of the Yuma Test

Station area:

Alluvial fans IX 4
Alluvial aprons LL%
Terraces 3%
Flood Plains 62

Total 57%

The playa which is described is ocutside the Test Station area. The
area of washes has not been tabulated separately, but it is included
mainly with the fans, aprons, and mountains, ‘
Comparison of Alluvial Fans and Aprons

Because the development. of alluvial aprons is a later stage in the
formation and coalescsnce of alluvial fans, a comparison of the two land
forms should be made at this point. It is often diffioult to classify
definitely whether a surface adjacent to the mountains is a fan or an
apron. By definition, however, an apron is made up of oogloscing fans,
and wost of the fans have roached this stage of development.
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Since alluvisl aprons conslst of ¢oalescing fans, the distinction
setwaen Lho two e often difficult to make. There are several distinctive
foatures about an alluvial fan: 1its form reseables a fan, its slope
ia stesper than the sijacent apren, its material hus usually come from
a single mountoin woeh.  The alluvial apron cowzonly extends from one
3ide of the valicy to ths cther, The only areas that were mapped as
fans are thouve uhaore bhe funz could be identified {rom serial photo=-
grapes bused on the Joatures mentioned above,

Mooy ths soulhuset face of the Castie Dorme Mounteins, in partiocular,
an impression is gadnad that & seriss of fans exist. However, study
of alrrhotos rovscly that tha cheracteristic fanw~ahape is sbsent, and
no bredk coa be anen Yhat woald iandleats that both fans and aprons
ars preceat. Thus, i & fan could not bs definitely ldentified and
its Iinmdts cutlioed, the arca wss rmapped a8 an apron. In several cases,
two or throe which lind loincd together werse mappsd as fans instead of
aprons becawss thoy otlll retained ths features of individual fans.
ALLUVIAL PANS

Alluvial fans; in the atrictest seuse of the word ars not truly
pleins; however, for the purpose of this study thelr characteristics
are more in comron with those of plains thon with the other major land
uaits in the Tuma areca.

An alluvial fsn 15 o sloping, fan-ahaped mass of loose rock material
deposited by an ephemeral stream at the place where 1t emerges from
an upland into a broad valley or plain (3). As commonly used in this
report, it refers to tha true fan areas which are situated at the

mouths of mountain washes and extend on to the adjacent alluvial aprons.
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There are, however, several fans at the edge of the Gila valiey where

washes originating in the aprons cross a narrow terrace and deposit

mgtoriql on the lower flood. plain,
Distribution
| Alluvial fans cover four per cent of the Yuma Test Station Area.
They are well-scattereci throughout the area. Several of the best fans
are pictured in Figures 38 and 39. These are located on the north
side of the Muggins Mountains and in the Chocolate Mountains in
California. The most outstanding fan that was observed in the vicinity
is JAust‘ north of the mapped area. This large fan, adjacent to the
Kofa Mountains, can be seen to the north of the road about five miles
east of Stone Cabin.
To a

Alluvial fans slope downward from the mouths of mountain canyons
to the adjacent alluvial aprons. Many of the fans in the Yuma area
are somewhat dissected. In some instzgces, very little of the original
surface remains, Deep gullies, often 10 or 15 feet deep, trend down
the sloping surface toward the alluvial apron where they meige into
the broad washes of the apron. There is a sharp break between the
slope of alluvial fans and the aprons. In several cases the fans
have lost their characteristic fan-shape because they are restricted
by adjacent land forms.
Geology and Composition

The discussion in the introduction of this chapter of the compari-
son and differences between alluvial fans and aprons touches briefly
on their developmemt. The present fane are the most recent deposits
of materials that have bean eroded from the mountains and moved to the

————
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egges of the adjaceﬁt plains. In addition to the loss in gradient

from the steep mountain washes, there is a loss of water; both of

thess conditions have contributed to deposition. This results in

a characteristic braided condition below the discharge point. Psrmanent
channels cannot be established during deposition since they become
immediatoly choked, causing water and sediment to spread out over the
surface of the fan.

In this desert, as in cther arid areas, the fans are largely the
result of a large run-off in a short period of time. This results
in the aggrading character of the fan. However, the aggradation is
sporadic.

The fans that are adjacent to the mountains are made up largely
of coarse materials: boulders, cobbles, and sand particles. The
finer materials: have been carried farther out to the alluvial aprons.

The fans along the flood plain of the Gila are composed of finer
sands and silts. These aire found at the lower end of the alluvial
apron, ;where the materials are not as coarse as they are near the
mountains.

Surface Characteristice

The surfaces of fans adjac;nt to the mountains are made \ip of
loose, coarse materiais, many of them boulders a foot or two in
diameter. This produces a rough surface. Dinsection ie fairly
severe on fans, too, so thers are not too many level surfaces available. -
Some small) areas of desert pavement surface are found. .

On the fans along the Gila flood piatn, the surfsce meterials
are loose sand and silt, witii more denss vegetation.
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Yegetation
Most alluvial fans are old and in process of degradation; they

merge below with the general alluvial apron derived from the elongated
mountain unit. The old fan shown in Figure 4O is being bypassed on
both sides by the present drainage from the adjacent mountains; it is

.being eroded by dendritic gullies to which plant life is confined.

The oldest surfaces of both &lluvial fans and alluvial aprons show
the dark tone of variished "desert pavement."

The most unfavorable habitat where plants can exist is at ihe
very heads of the gullies, since there the substratum is driest.
The sequence of appearance of plant species (Figire 41) as the gully
head erodes upward provides a series of species according to their
tolerance to extreme drought. These fall into three groups. The
most drought tolcrax}t group consistz of bur sage, Bigelow's cholla
(cactus), creosote bush, and brittlebush. Somewhat less so are the
ocotillo, palo verds, staghorn cactus, and heavertail cactus; conse~
quently, these do not occur at the extreme tips of the gully branches.
St111 farther down the gullies are found the sahuaro sactus, ironwood,
and jujuba. From the gully heads downward there is a cumlative
occurrence of different aspecies; i.e., within the gully head seviions
only the first group occur, farther down the first and second groups,
and still lower, the spoeiea of the first, secand, and third groups.
In addition to this definite lengthwise sonsticn of plants along
the gullies, there is a less distinct but nevertheless real lateral
sonation. For example, in the wider but still V-shaped portions
where all three plant groupe are found, thers is a tendeacy for the
most tolerant apecies to wncmtﬁto on ths two outside strips where
the flat dark interfluve surface first changes through lateral gully
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Sround paoto of head of ths gully wihich crosses the road and
erds 2 liztle to the left of center in Filgure 40. The most
drought~tolerant plants invade the advancing gully head:
enolla, creosote bush, and bur sage.



widening into the lighter surface of ths rocky slope. The other
two expected bands are not so well differentiated from each other.
Mlitary Significance

Travel across alluvial fans is rather difficult. The bouldery
surface and the dissection make it difficult to travel across fans,
particularly transverss to the gullies, As long as one can follow
the washes, cross country movement is not difficult.

Dust is not as much of a problem on the fans as it is on the
aprons, Considerable flow of water is likely to occur following a
cloudburst in the mountaims, as the fans are usually located at the
mouths of the largest canyons.

ALLUVIAL APRONS

The broad alluvial aprons are one of the out:.standing features
of the landscape in southwestern Arizona. These may also be called
bajadas (Spanish for "go down") or sloping desert flats.
Distribution

About 44 per cent of the Yums Test Station area consists of
alluvial sprons. This includes the area of the washes that dissect
the aprons, which has been roughly estimated at about six or seven
per cent of the total area.

There are ssvaral aprons covering large areas that deserve mention.
The apron west of the Middle Mountains is dise?ctod by several broad
deep washes that lead to the Colorado flood plain., Castle Dome Plain,
which is southwest of the Castle Dome Mountains, is shown in Fig. 42.

It is crossed by many shallow washes that converge and diverge in a
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braided ustwork that drains in a lmthyutouy direction into the
Gila. The broad plain with the Castle Dome Mountains om the west
and the White Tank and Palomss Mountains on the east extends from
the pass between the Kofa and Castle Dome ranges down to the Gila
valley at Texas Hill and Growler (Figure 43).

Iopography

The surfaces of alluvial aprons slope gently from the land forms
above, usually mcuntains or fans, down to base level of the valley.
Along the edge of Indian Wash the average slope over a ten-uile
distance, based on U.S5.G.S. bench marks, is one per cen. In other
areas of the Southwest, shallow basins with no surface drainage
outlet have been formed, but the proximity of the Coloradc and Gila
Rivers have led to the development of drainageways through the aprons
in the Test Station Area.

Surfaces are fairly level, broken only by the washes whica croass
these plains. In most cases, dissection is not severe, and the washes
are shallow. In some places, however, much of the original surface
has been eroded away, leaving topography that approaches that of hills,
but there are still considerable level surfaces on the tops. The most
sovere erosion has ocourred in the higher portions of the aprons near
the mountains.

Geology and Compositjon

As mentioned in the introdustion of this ‘chapter, the alluvial
aprons have been developed as the fans coslesced with adjacent funs
along the mountain faces and across the velleys. As the rushing wter
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Fig. 42. High sltitule view of Castle Deme Plain, looking NNE along
State Road 9% ir the Jjcwer lefi., The Middie Mountains are
in the left corter, and Cestlie Dome Peuk is in the distance.

Fig. 43. The alluvial apron east of the Castle Dome Mountains. The Kofa
Mountains are at the right in the distance. This view is north-
wost Trom near Loc. 366,0 - 23.0,
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debouched from the restricting walls of the mountain canyons, the
water spread out and depssited the couarser debris as its velocity
decreased. Finer materiasls were carried farther out on the plain.

Ths materials that comprise tlis aprons are pebbles mixed with
silt and sandi. PErosion has removed the silt and sand from the
surface, leaving the layer of pebbles on the surlace that forms the
desert pevement. Beneath this surface of the desert pavement which
ie perbaps an inch thick, tho originsl soil materlals are found. The
level surface of the pavement is shown in PFigure 44, and a detail
view of ihe underlying materials is shown in Figurse 45.

Surface Characteristics

Desert pavement makes up the major porticn »f the surfaces on
alluvial aprons. The surfaces of the mosaic--like petbles, and other
rocks that may be present, are coated with the dark stain of desert
varanish.

The desert pavement surface is firm and smooth, broken only by
the dry washes. The washes are shallow in the lower portions of the
aprons, but they have eroded more in the high portions near ths
mountains.

Tho dark surface of the alluvial apron throughout most of the Yume
area ie dotted with many light-toned circuluar patches. These are small
mounds built by communities of burrowing animsls. The light unvarnished
subsoils are brought to the surface and scattered about by the small
animals. These ars easily seen on the airphotos, as shown 1! Figure L4,
largely because of the sharp contrast in tone. Soms are 40 to 60
feet across, but not more than a foct or two high and may contain
15 or 20 burrows. PMgures 46 and 47 illustrate this conditicn on the

ground.
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Fig. 45. Detail view of the pebbles, sand, and silt beneath the

washes on
are the low

desert pavement surface,
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Fig, 47. Detail view of the entrance to a burrow.
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Vegstation

This discussion includes the vegetation of transgressive washes
across alluvial aprons; in fact, it is only the surfaces eroded by
water'(or less comronly by wind) which have any appreciable amount
of plant cover. Since the alluvial apron is the dominant land form
of the Yuma Test Station Area, it supports the most widespread and
important of the plant comminities. The several habitats traversed
in a cross section through the microtopography taken at right angles
to a typical wash cliannel have been outlined in another section.

The airphoto reproduced in Figure 17 shows an uppsr altitude
portion of an alluvial apron with much of its surface black and
unafiectad by erosion. The trees scattered along the narrow young
gullies in single file, and forming often continuous lines of
coalesced crowns on the borders of large wish channels, are palo verde
wnd ironwnod. This i3 a part of the enlargement from which the 6.8
density figure (Table 111 on page 70) was obtained. Had the washes
alone been ccnsidered, obviously the plant density figwe would have
been very much greater.

A lower altitude alluviul apron is shown irn Figure 48. Nesrly sll
of the dark pavement surface has beesn removed by erosion, so that
mach more of the terrain has been colonized by plant invaders. Although
their dispersal follows the braided-dendritic dresinage pattemmn, this
is much less evident to an observer on the ground. The vegetation
approaches that of a gently sloping featureless plain dominzted by
creosote bush and bur sage which scarcely show on the airphotos. The

occasional shaliow washes support lines of palo verde, ironwocd, and

a few shrubs of larger size than the interfluyial dominants.
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Tables III and IV (on pages 70 and 71) list stations in the
alluvial apron type in series; those having much uneroded surface
are listed first, and the fractions indicate approximste proporticns
of undisturbed vs. water-disturbed surfaces. The data show that the
large plants docreaQo in abundance and coverags as srosion progresses
in alluvial aprons toward a terrain of uniformly leval topography.
Both absolutely and relatively, the importance of small shrubs on
the interfluves increases markedly during this process of land form
evolution.

Detailed measurements of vegetation on the ground were made on
a high elevation alluvial apron supporting crecsole bush in an almost
pure stand. The alirphoto appearance was even wors uniform than that,
shown in Figure 48. A grounc pnotograph of thisarea is reproduced as
Figure 49. The density of creosote bush is 104 2,86 individuals
per acre, so that the error is 2.7 per cent of the moun density. Tan
low per cent error with only 1l sample strips {(each H00 fect x 20 feeu)
indicates great regulavity of spacing of the individuiels. 7The plants
cover 2.5 per cent of “he total ground surfacse, or only 1,089 square
feat per acre,

Approximately halfway down the alluvial apron; cer cent abundance
of the plants in a wesa of medium width showed pale verds 41.1 per cent;
ironwood 36.8; ocotillo 16.0; sahuaro 4.9; and jujuba 1.2 per cent.

The cholla, beavertail, and staghorn cucti oxtend down the eprorvs
from higher elevations to a lower limit at about 1,050 feoet altituda.

Their lowest altitudinal occurrence is in gullies, where moisture
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Fig. 49. Pure creosote bush comrunity, with these shrubs openly
and rather regularly spaced. This is & ground view taken
at the seme site as the airphoto in Fig. 4% at Loc. 368.0 - 77.8.
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conditions remain favorable farther down slope tha. on the inter~
fluves. Although sabuaro occurs gemerally, it ls much more abundant
on aprons above the i1C0-foot contour.

In & lower alluvial apron site of intsrbraided washes represented
in Figure 50, an & ) foot elongated plot, 100 feet wide was laid out
on the . ground to parallel and include just one border of wide and nedium
wash channels and some of the flood-worked lateral areas. The results

obtained were as follows:

Density #_Abundance
Palo verde 10.1 51.6 .
Ironwood doly 22,7
Lyciuan 2.1 11.0
Desert-lavender 1.6 8.6
Jujuba G.8 o
Catis claw 0.2 1.9

0f the two commeonest large shrubs, Lyciuvn appears to oe wore
important than desert-lavender in lower apror. washes, wtile t.‘nel revarse
applies in mountain washes. Of possible interest in this connection
is the thormy, stiff, impenetrable nature of Lycium, in contrast to
the thornless desert-lavender.
Military Significance

Alluvial aprons represent the most stable soil aress Lhroughout
the desert around Yuma. This is because they are relatively f{irm,
the soils are granulair, and the smooth surface is relatively uninter.

rupted except by shallow broad washes. Trafileability is no problen
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Large~scale vertical airphoto of palo verde~ironwood-lycium

comxunity tordering larger wash channels and creosote bush

(smaller} clsewhere. This is on the alluvial apron at

loc. 367.6 - 77.8. The absence of desert pavement and desert
“.varnish is spparent.
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o the apron surface for either whesled or tracked vehicles. However,
soms of the washes which cross the aprons may offer an obstacle to
movement , _part.icularly if they have steep slopes on their banks., This
is more serious for wheeled vehicles than for tracked vehicles. The
washes themselves contain loose sand and gravel which may make crossing
of wheeled vehicles a problem. Washes are definitely to be avoided
dnripg a rainstorm when flash floods may occur. The upper surface of
the aprons are safe during a rainstorm, particularly on the dark
varnished portions which do not exhibit a braided surface pattern.

Lustiness is a problem of consi lerable magaitude on the alluvial
aprons. Vehicles crossing the aprons should avoid tracking because
one or two passes is sufficient to loosen the surface considerably
and expose the silty materials Jjuet beneath the layer of "pavement."
The normally clear air of the desert makes it possible to 3ee dust
from a moving vehicle for ? considerakble distance., Because the dark
varnished particles are turnod over or mashed down into the light
colored soil matrix the tracks of vehicles are retuined for a ;ong
period of time. They are easily seen and followed on the ground, by
aerial observation, or by study of alrphotos of the area. The dust
stirred up by a moving vehicle is shown in Figure 51. Figures 52 and
53 show how well the wheel tracks show up on desert pavement, even
after six months time. /

The dark varnish tone on the desert pavameﬁt precludes the use
of most of the apron for the laying of mine fields. It is impossible
to disturb the surface without leaving a mark. This is noi true in

the lignt-toned burrow mounds oy in the washes, but vehicies are
likely to avold the burrow sounds. Washes can be sined with no

difficsulties.
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Fig. 51,

A dense cioud of dust is stirred up by o vehicle after
ten passes over the desert pavement at Loc. 3565.7 « 76.4.
The appearance of these tracks after six months elapsed
time is showm in Figure 53.
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Fig. 52. The smcoth surface of the desert pavement. The trasks at

the right side of the photo have just basen made. The falnt

ol

tracks were made six months previously.
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en passes across the desert pavement leave tracks like
thiz after eix months.




TERRACES

A terreace is a bench that is situated between a flosd plain or
stream and an upland. The Yum Test Station Headquarters, Research
and Development Area, and the Laguns Airport of tle Test Station are
located on a largs terrace.

Distribytion

Three per cent of the Yuma Test Station area consists of terracss.
They are found along the Gila River and along the southern part of the
Colorado. The upper pdrt of the Colorado has a narrow, restricted
valley where terraces are not usually formed.

The largest terraces are the ones in the vicinity of the Research
and Dovelopment Area (Figures 9 and 54) and ona in the southeast corner
of the napped area on the south side of the Gila kiver. On the north
side of the Gila, in the vicinity of Growler, a series of terraces has
beun fairly well dissected by washes that cross the large alluvial apron
to ths north.

Topography

Terraces are fairly level. As can be noted on the aerial view,
Mgure 42, there are not so many washes crossing the terrace in the
lower left corner as there are on the adjacent. alluvial apron. The
terrace at the southeast corner of the mapped area on Plate ig-has very
little dissection.

Ceology and Composition )

The terraces are believed to bs associatsd with deposition from
the Colorado and Gila hivers when they were much larger and contained
much more water than today. Just east of the Headquarters Area some
of the major washes from the alluvial aprons have reduced the terrace

surface considerably. The eroded surfaces exjose beds of silt and fine
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sand, Somes present a "pninted desert™ appearence asince shades of
red, yellow, tan, brown, and white occur. It is not certain whether
these beds are of marine origin. However, topographically, they are
sitnated above the flood plain of the Colorado and below the alluvial
fans and aprons associated with the mountains of the area.
Surface Characteristics

loose sandy materials mantle much of the terrace formations. This
was observed along S.R. 95 in the vicinity of the Fesearch and Dsvelop-
ment Area and on the terrace at the southreast corner of Flate iri- The
surface of these 2and plains is slightly unculatinz, and conditions
seem to he favorable for the development of dunes., It was considered
that the stage has not yet been 1rasached vheie the surface can be

classified as dune topography.

Vegetation
The vegetation on terraes is not appreciatly different from that

of the lower half of ths alluviel apron next above the terrace. This
is discussed in the section on alluvial aprons. Ocotillo is more
prevalent on terraces. Palo verde and ironwood are found along the
poorly developed washes. Creosote bush and bur sage are also common
on the terraces.

A bur sage-creosote bush-ocotillo comrunity on a terrace was
studied in detail on the ground at Loc. 364.3 - 74.4. The density of
bur sage is 425 crowns per acre. Creosote oush has a denusity of
72.3 * 5.0, a per cent error of 6.9. Ocotillo numbers 30.5 % 3.4
individuals per acre; the per cent error is 11, Small clumps of dry

grass cccurred in the density of 87 per acre.
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Military Significance
’ . Terraces are ordinarily lsvel enough to be easily traversed.
Within Test Statlon Area, they are of such limited ~xtent. that they
are not importunt as routes for cross-country i.a:el. The loose mand
that mantles several of the large terraces muy cause some minor
difficulties. The terraces make g- \u sites for the location of military
basss. They are not dissecited : 3 much as alluvial aprons, and the
problemn of runoff and sheet floodire ‘s a0t so great.
FLOOD PLAINS

Southern Yum2 Cointy, whi. 1is one of the driest and hctiest
desert in the United states; is rore tortunate thsn other areas of
less severe climatic extremes. T s Colorado River, whic! ¥
greatest. river in the Southwest, 1. ws along thu westerr border.
Besides being the source of water supply fer the Test Station and the
city of Yuma, the Coloradc furni~“-es great amounts of water for
irrigation purposes, not only for the viclnity of Yuma but also for
the great Imperial Valley in Califommi', Much of the flood plain
of the Colorado has ...en {looded sir's the cons’.cuction of the Laguns
and Impe-ial Dams.
Distribution

Flood p. inu are found on.y slong the Colorado River in the south-
western p»~ ~f thu area and alorn ' the Gila Kiver bed that meanders
in and out of tue southern i) . L of ‘he mapped area. Flood plaing
cover about ... pur caat ¢ the Yuma Test Station Area. A view of
tha Colorado flond ,iair, looking s.ath over the Laguna Dam is shown
in Mure 55. In Pigure 56, the broad flood plain of the Gila is
1llustrated. Additional aarial views tha® include the Gila flood plain
ars Figuras 27 and 30.




fiz. 3%, Fleod plain of the Colorade River, locking southward
irpipgated fields

2 toward the L:*u “3 angd

Fig. 56. Flood plain of the Gila River, looking eastward from the
vicinity of Texas Hill.
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Topography

The surface of the flood plains is rather level.® Above the
Imperial Dam the Colorado Valley is rather narrow. Because the river
level has been raised by the dam, practically the entire upper valley
has been flooded. This is aluso true of the broader flood plain between
the Imperial and Laguna Dams, wher§ the features are swamp-like.
Below the Laguna Dam most of the flood plain now consists of irrigated
fieids. The flat plain is now well dissected by numerous irrigation
canals. At some places the banks of the major cansls may rise ten or
fifteen feet above ths adjacent plain.

ueology and Composition

The materials that make up the flood plain are recent alluvial

deposits. The Colorado River formerly carried a very heavy load of
sediment to deposit on its lower delta. Much of this suspended material
now settles at the bottom of the lakes that rave been formed above
the saveral large dams that have been constructed along its course.

The Laguna and Imperial Dams have raisec the level of the river
enough that most of the flccd plain is flooded above the Laguna Dam.
The soil conaists primarily of ailts and fine sand. Where the flood
plain is only slightly above the usual water level, a dry silty crust
covers the moist sandy silt beneath.

Along the road hetween the Test Station Headquarters and the
Imperial Dam, 30il samples were taken on a swall alkali flat on the

flood plain. There were aboul three inches of dry allali crust on

vary moist brown silt. A summary of the test data is shown below:
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Dapth Moisture L. L, P. I, Fines
0-3" 7% 12% NP 97%
3-9" 31% 248 ~ NP 938

There was no vegetation vwhere the salkall coverud the surface.

The dry Gila River bed and adjacent flood plain are shown in
Figure 27. The channel ls marked by the vegetative growth across the
photo. Immediately tc the left of the inselberg in the foreground,
the flood plaln consists of a fine silty sand. Observations at a
nunber of sites in various parts of the flood plains showed that the
s80il is predominantly silts and fine sands. In the dry bed of the

Gila near the east edge of the map, 2 sample was t aken from & depth of

1 to 8 inches, and ths tests showed the following results: molisture
content 4%, L. L. 38, P. I. 27, and 98% 6! the material passing the
#200 sievs.

Practically all of the flood plain below the Laguna Dam has been
irrigated. Actually, as described by Sykes (20), this ia a part of
the Colorado delta, but it has the same features as flood plains.
Additional irrigated areas are found along the Gila River. Silts
and find sands are the predominant soils. Further discussion of the
foatures of irrigated areas is presented at the end of this chapter.
Vegetation

The map of Arizona natural vegstation (16) separates the flood
plain site along the lower Gila River into "irrigated land" and
"mesquite and saltbush bottoms.® Since the Colorado flood plain in
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the latitude of the Test Station has been largely covered by impound-
ment, and the rough land of the Chocolate (Arizona) and Trigo Mountains
adjoins this resevoir, the vegetation of the Colorado flood plain need
be considsred only below lmperial Danm.




The flood plain ailuviwn supporte vogetation of several stages,
correlated with the period of time since deposition of the substrata,
or since the last drastic disturbance of the surface and vegetation.
The relation between the average position of the water table and the
80il surface is the most obvious basis for the arrangement of these
comunities, Starting with the deepest standing water that permits
plante with submerged roots but stems emerging above water, the habitat
of the great bulrush is fournd. This plant occurs in marshes and in
shallow water along river banks. It was seen in backwaters below
Imperial Dam. In slightly more shallow standing water is the cat-tail,
a very common marsh species. The ground in this commnity is nore
likely to be dry for a part of the year due to normal seasonal fluctua-
tion of water-level. The next drisr stage is represented by the
common reed (Figure 57) and arrcwwsed, occenring in shallow water or
on soil saturated at or near the surface.

Another condition occurs on river glluviue that ordinarily has
no standing water except possibly in ths deeper depressions. The
water table, howevar, is close enough to the surface to allow the rise
from it of capiliary moisture. When this evaporates at the surface,
it leaves a deposit or surface efflorescence of white alkalli. Pracstic-
slly no plants grow here axcept picklebush (Figure 58) which is
generally dominant, and some salt-gedar and saltgrass. Much of the
ground is completely bare .of plant cover. Picklebush is a low leafless
shrub with a green succulent stem dividaed into thickened fleshy sections

resembling miniature pickles.
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Fiz. 57. Comnon resed on the Coloredo fiver flcod plain below
- s
Imperizl Dan.

LTMEn

Fig. 58. Picklebush, a characteristic lealless; grecn shrub, on soil
showing white alkali hloori.
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The next drier habitat is dominated by salt-cedar, arrowweed,
and saltbush. The latter (Figure 59) forms extensive and dense
thickets up to 15 feet high and exclusively of this species. The
leaves apparently remain on throughout the year in this region.
Salt-cedar (Figure 60) is, however, the most important plant of this
stage. It was brought into the United States from the Mediterranean
region but has become thoroughly naturalized in recent years and has
crowded out more valuable species, It is but :ne of the pests which
illusbrate the folly on introducing exotic species which, when freed

of their biological controls, rapidly spread at the expense c¢f useful

"native plants.

The plants mentioned thus far are all fully dopendent upon the
ground-water reserveir, and would not long survivz if the oﬁly water
available were that from local precipitation.

The final group of {lood plain plants is rade up of two kinds of
species in relation to ground water, although they grow in mixture.
Some of them, as cottonwood, mesquite, und tornills would be generally

unable to develop here without the sbtundant gravity water and the

capillary fringe derived from the weter table. (An occasional mesquits

occurs in mountain washes, however.) On the other hand, wattered
among them are species typical of the dry upliad desart. Although
these species (palo verle, ironwood, and creosote bush) are well
adapted to do without any contact with the water tsble, ic the flood
plain site they take advantage of this source and giow to corviiderably

larger size than elsewhere,
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4: Turnin: next to the flood plain along Yhe lower Cila, sone of
which is in sgricultursl uso, a widespread type ia practically pure
mesquice occurying the domes of low siabilized dunss in a border sone
parallaling the course of the river, along the outer edges of the
flood plain. The meequite as it typically develops when stabilizing
dunes, is hers low and shrib-like. Some leaves were present in
December 1953, but were yeliowed and falling. Doubtless the roots are
tapping the ground water reservoir; mesquite is practically absent
in the alluvial apron phyalographic type at slightly higher altitudes .
in this area because {as a rule) it caunct do without ground water
in this climate cof extremely low preciritation.
dilitary Significance

Imperial Dar maintajins a water level upstream that keeps almost

( all that portion of the flood plain under water. The narrow valley
is restricted on both sides by mountains and hills. In order to
iraverse these fiooded plains, a vehicie would need to bs able to
operate in several feet of water. Even scéess to this upper plain
is difficult except just north of Castle Dome Landing.

Most of the pluin batween the two dams is also flooded much of
the time, but the watar is not as deep as it is above the Imperial Dam.
Conditions are swamp-like and vegestation is dense.

Below the Laguna Dam alme3t all the plain is irrigated. The plain
is crossed by a network of canals of various sizes, so s of which zre
m ' cbstrclee to cross . »untry movement. Some of the larger canals

are lined and have banks vhich riss ten or tweive feet above the

adjacent plain so gravity fow can be maintained throughout the system.
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Parts of the Gila Valley are irrigated, and thess canals offer
the same obstacles to movement. The rest of the Gila flood plain
should present few problems in moving military vehicles.

The Colorade River is an important source of water supply, and
wells in the adjacent flood plains and terraces should also furnish
water. Although the Gila River is dry, underground waters draining
through the unconsolideted materials probably percolate beneath the
dry river bed.

Irrigated Areas

large areas of land in the vicinity of Yuma are irrigated, making
it an important agricultural center. Most of the irrigation projects
are on the flood plains. Since irrigation is aot a natural condition
of the surface, irrigated areas ure discussed here separately from
the rest of the flcod plains. Only a small portion of the irrigated
land is within the Yura Test Station Ares, as shown on Plate %—- on
the Colorado flood plain in the vicinity of Bard and on the Gila flood
plain near Mcrhaul Bridge and also east of Roll.

The soil materials of these irrigated lands are similar to those
in other portions of the flood plains, consisting primarily of silts
and sands. These solls retain their supporting ability even while
they are flooded. The cone penetrometer was used in a number of fields
to check on the trafficability coaditicns. In a field that was still
molist near Bard, the following average cone indices were obtained:

25 at surface, 145 at 3", and 270 abt 6". This was in a field that
had been irrigated many years, giving it a charnce to become well

compacted. In another fisld near Roll that had been leveled and
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opened for irrigation ihe previous year, the readings were lower:
30 at surface, 50 at 3“, 110 at 6", 140 at 9", 185 at 12", and
300 at 18". Where the fields had dried out, readings of 300 were
obtained less than 3 inches from the svrface. All these readings
indicate relatively good trafficability conditions.

The network of irrigation canals 1s a definite barrier to cross-
country mevement. The main canals are too broad and too deep for most
vehicles to crose, Some of them are built up,like levees, 30 the
canal may be ten or twelve feet above the adjacent. fields,

Winter wvegetablss, particularly lettuce, are the most important
crops. Cantaloupes ars the largest summer product., Cotton, dates,
and citrus fruits arz 2lso cultivated.

FLAYAS

A playa is a level plain that occupies the lower portion of the

shallow hasins, or bolsons. A plays dis usually dry, but after a
storm, & playa lake, only a few inches deep, may cover a large area.
Playss are cowmuon in closed basinsg throughout the Southwest. :
The Colorado and Gila Rivers have extended their drainage systems
through the Test Stalion area and provided surface drainage to the 1
alluvial plains. Hence, true basins do not exist in the Test Station | h
Area. : |
Distribution

!

The only playa or playa-like situation in the vicinity of Yuma P
is the one that is south of Stoval. This playa is located just
out side of the southeastern corner of the mapped area; its northern Q

tip, however, is shown on the border of Plate i%. This playa was

not inclvded when the percentages of the varlous land forms within

the Yuma Test Station Area wers computed.




Zopography

The surface of the playa is level. As shown in Figure 61, only
a few clumps oY vegetation are scattered across the monotonously
flat, plain.

Geology and Composition

Playas occupy the lowest portion of the closed baeins which result
from filling-in procerss of erosion, removal, and deposition in basin-
fanga areas, Materials eroded from the mountains are transported to
the basiuns by running water,

The coarser alluvial materials have been deposited adjecent to
the mouritains, while the finer materials have been carried far out
into the basins. Materials in the pisyas consist primarily cf silts,

with some clay and alkali deposits. As the playas dry folloving wet

periods, cracks develop in the surface. The cracks in the silty sur-

face of the playa south of Stoval are shown in Figure 62.
Sand that is blo*n across the surface by the wind tends to collect
around the scattered clumps of vegetation. Ordinarily a playa is dry,

but after a storm, a playa lake may be formed, covering many square

miles with water only a few inches deep.
Vegetaticn

The vegetation is very sparse on piayas. An example is contained
in Figure 61. The widely scattered shrubs are separated by barren silt
sur faces.

Military Significance

The broad, rather smooth surfaces of playas offer no obstacles
tS crogss-country movement when dry. Dust will present a problem,

however.
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The playa socuth of Stoval, leooking westward with the
Kohawk Moimbains in the background.

Fig. 62, OSurface texture and cracks in the silty material of the
playa.
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The infrequent periods foliowing rainfall when water occupies
the playa may offer some prc}blm. The shallow water should not be
desp enough to impede movement, but the surfacze will be slippery and
soft,

There are many types of playas, of which this is only one, and
problems can be differen‘ or intensified, depending upon the type.
WASHES

Washes are such an integral part of the alluvial aprons and fans
that they are most appropriately discussed in the chapter on plains in
this report. Mention is also made in this saction of the washes and
canyons in the mountairous and hilly areas.

Distribution

Dry washes are found throughout every part of the area. Bscause
they are long, narrow, and winding, their areas are difficult to
compute, Besides, they are an integral part of the plains and mountains
in which they are found. Therefore, when commuting the percentages
of the various land forms in the Test Station Area, the washes have been
included with the surface forms that they traverse.

To give an indication of the extent of washes, a rough estimave
has besn nade that approximataly 12 per cent of the Yuma Test Station
Area consists of dry washes, canyons, ard other drainageways (about
60 per cent of the washes travorse alluvial sprons, about 25 per cent
are mountain washes and canyoas, and sbout 15 per cent are guilies in

the hills). Washes in other land forms are less than 1 per cent of

the area.
3 .




o

«1/;5-

Zopogrephy

The washes across the alluvial aprons are long and relatively
narrow. The beds are commonly flat, but they slope gently down to
the base lovel wash, The gredient is a little steeper near the
mountaina. In the lower part of the valleys where slopes are almost
flat and there has been iittle erosion, the washes sre shallow.
Toward the mountains the gradients are steeper, and the washes may
be five or ten feet deep. Washes converge and diverge in a braided
pattern. Within the washes thenselves, the surfaces are rather level.

Washes and gullies dissecting the alluvial fans ressmble those in

the higher parts of the aprons. large boulders are found along these
upper washes. | |

Near the front where some of the mountain washes are broad,
some of the characteristics of the washes on the fans atill prevail,
as that in Figure 23. Generally, however, mountain washes and canyons
are winding and narrow with steep sldes. Their bottoms may be rough,
and "dry falls" are common.
Geology and Composition

Dissecticn in the desert is more severe thun it is in the humid
climates. When the infreguent cloudburis occur, the runoff is large.
Water velocities are high, and the erosion is severe. Channsls become
5locked, and new onecs arle made,

The erosion is most severs in the mountains wr;ere slopes are
steep, flow is restricted to narrow canyons, and the velocitises are
high encugh to move huge boulders. It is this ercsion in the mountains

that has moved the material that now makes up the fans and aprons.
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The fans are primarily depositional forms that have been built
up by the materials that have been brought down from the mountains.
Considerable erosion has dissected fan surfaces as these are places
where the greatest runoff is likely to be concentrated.

Washes that cross the fans and upper aprons have a consideruble
gradient, and deep gullies with steep sides have developed. Toward
the center of the valleys the slopes are more flat, and the washes
are not as desp. The washes across the aprons tend to be generally
parallel, but they branch out and coalesce with adjacent washes in a
braided pattern.

In the mountain canyons the hare rock channels may contain hugs

blocks of rock or pockets of gravels in scoured out depressions.
The broader channels may be covered with coarse gravels. The material
in the washes which cross the fans and aprons is loose coarse gravels,
their size becoming smallser with increased distance from the mountains.
Surface Charactsristics

In the mountains the canyons may be narrow and winding and exhibit
bare rock surfaces if all the loose material has been removed. The
mors mature _washes are broad and are mantled «ith gravels and boulders.
The washes that cross the fans and aprons also contain very coars‘e
materials. Finer granular materials are found along the washes farther
out on the apron.

Yegetation

The vegetation along the washes has been discussed previously
under the various land forws with which the washes are associated,
since wo many of the washes are an integral part of the surfaces that
thay dissect. Most of the vegetation described on the other land
torms actuslly grows along washes. '
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It is appropriate to mention the base level washes, howe'rer, as
they are broad mongﬁ to warrant further discussion. A broad storu-
water drainage system between mountains is illustrated in Figure 65.
The vegetation is very similar to that of the larger washes in the
lower portions of alluvial aprons (Figure 50) which is to be expected
since ths environmsnt ic similar in general and merges imperceptibly.
Table IV on Page 71 shows that base~level washes support about 10 per
cent coverage by large plants, which is greater than that of any other
terrain type sampled by airpioto enalysis. The large crown diameters
of the dominants, palo verde and ironwood, causes this increase of
coverage without necessarily increasing density.

Ironwood in the low altitude washes and in the flood plain seem
to be more seriously infected with the partial parasite California
mistletoe; an excoptionally large mistleioe on a flood plain is shown
in Figure 66. Palo verda is also attacked, but not as commonly or
severely as is ironwood.

Military Significance

The only practical way of getting through several of the mountain
ranges is to follow a route along some of ths major washes. Two old
roads through the Castle Dome Mountains are shown on Plate I. The
roads cross low divides where broad washes extend into the heart of
the mountains. These roads are in poor condition now, but they are
passable by vehicles with four-wheeled drive.

The narrow winding canyons have little use in providing routes
for vehicles. They usually contain huge boulders which may block

the way, or “dfy falls" may form an impassable barrier.
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Fig. 66.
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CHAPTRR VI
MILITARY SIGUIFICANCE OF
THE YUMA TEST SYATION ENVIRONMENT

Envircomental factors must be considered in planning military
operations in the desert, and there:oro their effects on man snd
material mst be studied. In this chapter several important probleus
are discussed primarily as they are related to the conditions that are
found at the Yuma Test Station, but mzny of these environment stresses
are also found in other desert areas.

CROSS COUNTRY MOVEMENT

Military vehicles can bs driven across the plains without any
great difficulties. Movement is easy across the lowsr portions of the
alluvial aprons, as the washes are very shallow and easily crossed.

On some of the swooth portions of the desert pavement, a jeep can be
driven almost as fast us iv can along a peved road. On the aliuvial
fans and portions of the aprons that are adjacent to the mountains,
dissection has cut gullies with steop sides, and it is necessary to
locate 2 place 4o cross the washas. Travel aloxig parailel washes
(which is usually in a direction toward the mountains) will not
encounter nearly as many gullies as travel at an angle.

The washes are the best routes to follow through the hills and
mountains. In hilly regions it is often possible to climb the slopes
of tte hills in order to cross to the othsr side or to travel on the
ridges. Movemeat in the mountains is very restricted. Slopes are
too stesp and rocky to permit travel. Two roads cross through the
Castle Dome Mountains, following for the mpst part along w.shes. These

B s LT . T NS LR YOI

[ N v

UMy,

‘*,{M EITIAT MR



=152=

roads lLave not bLoen maintained for a considerable period of time
and are in very poor condition. Loose granular materials in the
waches form much of the road bed. Many of the canyons are littered
with huge boulders.

Considering the terrain surface in general, about 3 to 10 per cent
has been shown to te covered by plants large enough to impede progress
of such vehicles as jeeps and weapons carriers, at least. When atten-
tion is centered on particular habitats, however, the problem appears
more serious, since in strips along wash borders larger crowned plants
often coalesce into an uninterrupted ma2ss for a considerable distancs.
Avoiding euch .atted ranks of plants, and even those individuals in
more open stands, would be guite possible by sslecting a circuitous
route through them, but this inevitably would slow down the operation.
It is believed that men traveling on foot would be slowed down more
by the plant factor than by the terrain itsell, whereas the r=versec
would be true for smal . vehicles because of the 2-3 foot high vertical
walls of many washes.

while it might appear incredible that any desert tree could stand
up to a tank, it is bslieved that large ironwood tirees {ons of which
had & trunk 37 inches in diameter) could resist & tank quite effectively,
since this is one of the world's hardest woods. FProoably this would
never become an issue because such huge tress are not common enough
to be closely spaced; a tank could be readily turx;ed to avoid sech
trees except possibly in the heat of batile.

asmn Al o me | - cme e TP S TR NP I
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TRAYFICABILITY

During dry wsather most of the z20il materials are capsble of
supporting any milicary venicle. The topegraphy is the most important
obstacle in the movement of vehicles in the vicinity of Yuma.

Materials such as loode sand require special precautions and pro-
cedures, The Sand Hills can be crossed if the tire pressure 1s reduced
to 5 to 10 p.s.i., four-wheeled drive is used, and the route is care-
fully selected to avold climbing the unstable sands along the steep
slopes.,

Following & heavy rain the silty soils will become soft and
slippery, which may immobilize some veaicles. Mcisture stabilizes
the dune sand, hcwever, and improvea its trafficability.

Because of the presence of gravels and rock fragments mixed in
with most of the solls, the soil penetrometer cannot be used to evaluate
the soil traffirability conditions. The only places where it could be
used were sites where the soil consisted of sands and silts. These
inzlude the Sand Hills, sand areas on the terraces, irrigatsd areas,
and a few additional flood plain sites.

AIR DROPS

From the standpoint of movement of troops by air, it might appear
to the flyer unfamiliar with deseﬁ vaegetation chat bscause of the
unusually wide spacing of the vegstation, it would be ideal for paiachute
operations. However, because of the combination ,of surface winds and
spiny cacti in the Yuma Test Station Area, such operations would be
highly imprecticable in the vegetational helts above 1000 feet where
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cholla grows. Although all the cacti present in the region have
nasty spines, Bigelow's cliolla has the worst. Its loose stem segments
are readily detached and consequently more and more spines are
encountered in trying to remove the first ones. They are long,
slender and needlepointed, with barbs which make removal difficult
and facilitate their working in more deeply. It would be difficult
fo imagine & worse fate than to be dragged by a parachute ‘urough

even one cholla plant, let alone a stand of them.

At elevations below the lower limits of cholla, staghorn, and
beavertail cacti, other thorny plants range throughout the remainder
of the terrain series through the flocd plain. An individual para- ~
trooper might guide himself to a safe spot, but the success of mass
Jumps is dubious. The cat's-claw, lycium, sahuaro, ironwood, tornillo
and others have spines of varying degrees of sharpness, size and
strength; they would insure that a certain proportion of the troops
would land in conditions for hospitilization unless equippedwith
goggles and garbed in special puncture-proof jumping suits. On a
calm day or with the wind blowing parallel with the washes, many :
Jumpers would possibly be lucky enough to land on the barren desert
pavement interfluves, which are extensive in some places. However, 4
& mass parachute landing cannot be very selective. : 1
SITE SELECTION

Several importint environmental factors must be considered in
evaluating a site in the desert for pussible military use. An airfield, i‘

for example, requires a large level area where the mountains are ;
distant enough that they will not be a hazard to flying. The alluvial

PRI,

aprons or terraces would provide the best sites for this.
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The concentrated runoff during the infrequent desert storms
mist be considered. There ars not as many washes crossing the terracee
as there are crossing the aprons, probably because the terraces are
composed of more porous materials, and therefore a greater proportion
of the water seeps into the soil rather than running off. Construction
in washes is dangerous, as any wash may be suddenly flooded even
though it has been dry for years. Aerial photographs and field
observations show that the existing airflelds in the vicinity of
Yuma are located where there are not many washes. Yuma Air Force
Bass, as well as several inactive military fields, are located a
short distance outside the Yuma Test Station Area. Terraces seem
to be the preferred location for these fields.

ROAD CONSTRUCTION

The construction of roads across plains offers no serious
difficulties. The surfaces are rather level, requiring no great
amounts of cuts or fills. Cranular materials are available close
to the mountains although they may be scarce in the silt flats in
the centers of the aprons,

The most serious problem along the highways is surface water
runoff. Inadequats culverts are frequently washed out after storms.
Along S.R. 95, ss along many other highways in arid regions, the road
dips where washes are crossed, so any water :I.n the gullies flows
over the pavement. Such a road is not conducive to driving at high
speeds, but it greatly reduces the cost of construction and maintenance.

Nountains should almost always be avoided when building rozds
in the basin and range topography. Many of ths mountains are so rugged
that construction costs are extremely high. Many of the ranges cover
an ares small enough that the road can be routed most svonomically

around the mountains.
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WATER SUPPLY

The only perennial source of surfase water in the wicinity of Yuma
is the Colorado River. Such an sbundant supply of water is not avail-
able in most decert areas.

Natural rock tanks are found at several locations in the mountalns.
The larger tanks will hold water for several monthe after a rainfall.
Thase tanks are often the only surface water supply in a large srea. They
may become dry when there is a long period of time betwesn rains.

Sometimes water can be obtained by digging a few feet down in the
granular materials of intermittent strsam beds.

In the bagin and range topography, the best source of ground watesr
is wells that have been bvored in the alluvial aprons. Much of the
rainfail permeates down through the valley fill materials to the rock
floor. Deep Well and Middle Well were imporiant sources of water years
ago when the mines were active, Deep Well is about 1200 feet deep.
COVER AND CONCEALM:NT

The narrow mountain cenyons offer the best sites for concealment.
Unless a reconnsissanceplane was very nearly overhead, the aerial
observer could not; see anything hidden in many of the mountain canyons.

The topography of the hills offers only a samall degree of conceal-
ment against aerial observation. The gullies are good routes which
reveal little information to ground observation postis.

About the only topographic concealment that the plains offer is
agoinst the steep walls of the deeper washes. Much of this is insuf-

ficient for wvehicles but would bs adequate for a man on foot.
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Desert trees bordering the washes (palo verde and ironwood) have
spreading orowns, and somstimes the tres crowns coalesce. Such crowns
have sufficiently dense foliage or branchlets to afford foot soldiers
concealment from the air at all times.of the year. The older trees
have lateral branches drooping sharply, especially in the case of iron-
wood. A rather extreme case was mmistnd by one old ironwood with a
trunk diameter of 36" (at one foot up). It had a complete screen of
largely dead but very dense branchlets around the entire periphery of
its crowm, so that oniy by brezking branches where they are fewest could
one force entry beneath the crown. Once within, there was an opening
about 5 feet wide all around the trunk and the inside of the wall of
vertically hanging branches. The latter were firmly anchored in the
flood-deposited silt of the wash on all sides of the tres. An observer
50 fest from the tree looking for a man wearing a conspicuous black
and white checked shirt (who was standing up within the tree shelter)
could spot him only with difficulty even though he already knew where
he was. The man under the tree, on the other hand, could see out
without any difficulty.

A small vehicle, such as a jeep, could be hidden beneath many of
the larger palo verde and especially ironwood., These trees would less
often afford satisfactory concealment from observers on the ground.

In the case of palo verde, a striking characteristic is the shedding
of numerous dead branches, Often an old tres is surrounded beneath
the edge of the crown by a roughly doughnut--shaped brushpile made up

of its own dead and fallen branches. Some of thece would usually need
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to bs remdved in order to get & jewp or similar sige equipment under
ite orown for concealment. For hiding men on foot, howsver, the dead
trash would be an aeset that enhances the possitility of concsaling
them from ground observers.

Because of the thorny nature and the dsass rigid branches of meny
desert shrubs, they wculc_l not be very feasible hiding places for ircot
soldiers or for any other concsalment purpose, even though the size of
the dome~iike clumps would seem promising. The branches reach clear to
the ground. Lycium is such a shrub. Jujuba has evergreen leaves, which
are large as desert leavas go and very dense. It is difficult or
usually impossible to see through the clump, s¢ that a man could hide
behind 1it, but he could not hide under it or within its stiff branches,
which are without thorns, however. Where several clumps have the crowns
coalesced, a man might obtain concealment from the air by lying on the
ground between such clumps, Most thornless shrubby clumped species are
too sparsely branched for concealment (creosots bush) or far too small
for effective concealment (bur sage), sven of one man.

SURVIVAL

The greatest problem of man in the desert is lack of water. The
natural sources of surface water and ground water in the Yuma area are
mantioned in the section on water supply.

The use of barrel cactus as an emergency source of drinking water
is well imown. The top is cut off, and the pulpy tissue punches down
to form a depression in which the bitter-tasting water collects.
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The fxuits of sahuaro were an important source of food for Indians
of the region. The fruits of other cacti have a pulpy interior having
some food value for humans, which would be edible until dried out. This
is particularly true of the flat-stemmed prickly peer types which are
W as food plunts in Mexico. The very small nesdle-like clustered
spiner should bu very carsfully removed if t{he entire fruits are to
Vo eaten; otherwise they can bs rubbed off sufficiently for handling,
the fiult halvad, und only the interiur eaten.

The pods of nmssquite are rich in food value and also provide some
moisture when eaten.

Any sinall variation in man's body tempsrature, even one or two
degrees, reduces his afficiency (26). The vody can obtain heat by
absorpiion from the air, radiation by direct sunlight, absorption of
reflected sunlight from the ground, contact with the ground, or by
exorcise. The body mst get rid of the excses heat to keep its temper-
ature normal. This is done by the evaporation of sweat from the surface
of the skin.

Sweating, however, dehydrates the body at an alarming rate. Energy
Jcster are great as the body becomes deficient in moisture. The
efliciency loos by dehydration can ve restored quickly by drinking
water. There is no substitute for water to prevent dehydration and
kesp the body st normal efficiensy.

fxcess heat that the body gauins mmst be balaaced by the evapor:tion
¢! a certain amouat »f ewaat,- and the body moisture lost by aweat m st
be replaced by drinking water., The only way to conserve water is t.
ration sweat by protecting the body against neat. This can be done
by keeping the body well covoréd, kesping out of the sun, and doing
any necessary walking at night.
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These comments on the water needs of man in the desert have been
summarised from the publication "Afoot in the Desert® (26). The chart
in Pigure 67, obtained from the same scurce, shows the number of days
that one can survive in the desert with limited water suppl:les; The
data in this chart appeared originally in "Physiology of Man in the
Desert” by E., F. Adolph and associates.
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CHAPTER VII
~ CONCLUSIONS AND RECOMMENDATIONS

RVALUATION OF THE YUMA TAST STATION
In the opinion of most of the persomel of the test teams that

were interviewsd, the environmental conditions at the Yuma Test Station
offer conditions that are suitable for conducting most of the desart

testing programs. Several of the advantages of the site of the Yuma

Test Station are summarized below:

1.

2.
3.
b
5.
6.

7.
8.
9.

Plentiful water supply for adequate facilities t. support
desert research.

High summer temperatures, exceeded only by Death Valley.

Very low humidity.

Very low annual rainfall.

Proximity to large area of sand dunes.

Adequate rail, highway, and air transportation facilities
available,

Very few cloudy days per year.

A wide variety of terrain conditions (slopes, soils, surfaces).

There are ample ailty (dust) areas.

Major disadvantages of having a desert testing station at Yuma are:

1.

2.

There are no playas or enclosed basins that are common in many
other southwestern deserts. Thers are no salt deposits.
Although several deserts have important rivers flowing across

them, the vast majority of desert areas are far rsmoved from a

perennial stream such as the Colorado River.
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3. Generally low altitude, There are no great slevation differences
which would introduce climetic changes in a short distarce such
as ocour in Death Valley.

4. There are no clay surfaces of any significant extent.

USE Or OTHER DESERYS

Test teams from various Branches have conducted some research in
other desart areas, but it has been on a limited scale. The Ordnance
Test Teams have gone from Yuma to Death Valley for several wmeeks during
the past few summers. Equipment can be tested undsr several conditions
there that are not available at Yuma. Climatic contrasts are more
extreme and vehicles can be driven from sea level to 5,000 feet elevations
in a few minutes.

The Chemical Corps has a proving ground at Dugway, Uteh. It is
situatedi on a marshy flat with a salt crust. Studies have been made
in the Nojave Desert for the Quartermaster Corps by the University of
Southern California and the University of California at los Angeles.

The use of test sites in other desert areas is necessary to provide
soms environmental conditions which are not found at Yuma. It is
doubtful if ancthar location could be selected thai would be as well
situated as Yuma is for a permanent installation to provide desert
testing facilities., Except for Death Valley, no other area within the
United { ates has such extrems desert conditions. Death Valley would
offer many advantages, but it dsss not have the adeguate transportation
facilities and water supply available. No area, including Yuma, has a
complete range nf environmental situations available. There are probably
almost, as many varietiss of land forms at the Yuma Test Station as

there are in any other desert locality.




SUGGESTED RESRARCH PROGRAMS
1. Use of aerial photographs for studying desert environmental
features &8 a method of comperison. This could be done also
in connection with background for every type of testing program
undertaken at the station.
2. Tust programs to catalog land forms on a comparative basis.
3. Test programs to catalog vegetation on a comparative tasis,
. Test programs to catalog natural materials on a comparative
basis.
5. Mothods of locating ground water (rasistivity, seismic,
airphotos) for potential field use.
6. Influence of cultivation and irrigation on local micro-climate.
7. Llong range humidity study and comparison with other zreas of
tne Southwest and the world.
8. Trafficability studies and comparison with other desert areas.
9. Inrln;;ce of desert conditions on production testing.
AIRPHOTO MAPPING AND INTERPRETATION PROGRAM
In this study of the environmental conditions of the Yuma Test
Station Area, aerial photographs were used extensively. in the fisld
they served as a pictorial guide to select routes to reach remote sites
and to map soils, rocks, and terrain in general. In the office they
wore used 4o delineate the btnrders between land forms and other terrain
information.
Extensive use has been made of airphotos for making studies cf
solls, rocks, and surface featuras., This field wrork at Yuma has provided

data for correlating airphoto patterns of certain desert areas with some
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»f the environmental conditions. Some of the surfzce conditions at

‘luwa and in other desert areas require further field observations

in order to make satisfactory aerial photographic interpretations.
For example, desert pavements near Yuma can be identified from
rirphotos and evaluated as a result of field experience; but no
nethod has bean developed for using ajirphotos to identify pediments
when the bedrock surface is covered with alluvial materials.

Several agencies have conducted studies relating to the environ-
mental features of deserts., As far as is knowh, none of these have
made any particular use of airphotos. Even the study described in

this report is primarily a project of mapping and describing the
environmental features at the Yuma Test Station; the uso' of airphotos
was primarily an expedient in getting this done. An additional
program based on the use of airphotos for interpreting desert surface
features should be of great value to the military., The airphotos
were used for much ér the mapping program, but the procedures were
not included here as it is Leyond the scope of this report.

Study I |

It is suggested that a study be initiated to accomplish the

following:

1. Develop techniques for using airphotos to identify and

evaluate desert terrain features for military purposes.

2. Devalop correlations between desert airphoto patterns at

Yuma with those in other scutlrrestern deserts of the United
States. ‘
3. Develop corrslations between desert airphoto patterns of
the United States and airphoto pattarns of other world
deserts. |
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Study 11
It 1s suggested that a program of experimental aerial photo-

graply be initiated to accomplish the following:
1. Study the effect of scale on desert terrain information.
2. Study the effect of film type on desert terrain information.
3. Study the effect of season of photography on desert terrain
information.
4. Study the effect of focal length-altitude ratio on desert
terrain information.
Study III
It is suggested thet a program of radar scope photography be
initiated to determine limitations, reliability, and feaeibility of

use for desert terrain analysis.
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APPENDIX

Two maps ere folded in the ervelope on the inside back
cover of this report:
Plate I. Land form map of tbe Yuma Test Stetion Area,
showing the degree of disswction and the general

vegetation.

Piate IJ. Surface materiuls wap ¢of the Yuma Test Station
Area, showing the soil-rcck typez, wethod of

devalopment, end degree of firmess,
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DEFINITIONS

Alluvial apron - a series of coalascing alluvial fans that have combined
to form & fairly level plain that slopes very gently
away from the adjacent fans or mountaines.
Alluvial fan - a sloping, fan-shaped macs of loose rock material
deposited by a stream at the place whers it emerges
from an upland into a broad valley or plain (8). |
Bad lands - an slevated arid region which is seamed and lined with ,
innumerable deep gullies by the occasional torrential
rair, the normal) precipitation being insufficient to
support an adequate protective covering of grass or
other vegetation. (15)
Canyon - a stecp-walled valley or gorge in a plateau or mountain-

et
. s

ous area. (8)
Chemical agent - a solid, liquid, or gas which through its chemical
‘ propertias produces lethal, injurious, or irritant
affects; a screening or colored smoke; or an incendiary
agent., War gases, smokes, and incendiaries are the
three main groups.

Coverage (vegetative) - the area in the horizontal plane of the crowns
of a given species or of 4 group of species of similar
life form. It is convenlently explained as the per
cent of total sround surface of an area shaded when
the fun is assumsd to be at the azenith.
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Crown (n;mtivo) - The top or a plant that is made up of branches

nAA 1uvu, s oppoud to the roots or trunk. In shrubs
‘ hcki.ng a m:ln stem, the entire plant above ground may
be considered its crown.

Decontaminating agent - substance used to absorb, make harmless, or destroy
chemical or biological agents or to assist in removal
of radioactive meterials.

Density (vcgetative) - The average number of plants per acre, usually
computed from random samples restricted to a selected
general type of plant community.

Desert - An almost, barren trast of land in which the precipitation
is so scanty or so spasmodic that it will not adequately
support vegetation. A des;rt in which absolutely nothing
grows, however, is uncommon; it may be extremely poor
grassland or extremaly poor shrub. (15)

Desert pavement - & relatively smooth, mosaic-liice area :Ln' a desert region,
coasisting of pebbles closely packed together after the
repoval of finer material. (5)

Desert varnish - a surface otain or crust of manganese or iron oxide, of
brown or black color and usually with a glistening
luster, which characterizes many exposed rock surfaces
in the desert. It coats not oaly ledges or rock in
vlace but also boulders and pebbles that are scattered
over the surftace of the grcund. (8)

Dissection - the work of erosion in destroying the continuity of a

relatively even surface by the cutting of ravines or
valleys. (8)
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Dominant (vegetative) - The dominaats of a plant community are those

Dune -

Ecolcty -

few species which determine to an important degree
the environmental conditions for the subordinate
species by shading, litter and hums accumulation,
root ~ompetition, chemical antagonism, etc. The
dominants are conspicuous and provide much coverage.
a hill or ridge of sand that has been piled n.p by
the wind.

See plant ecology.

Habitat - (vegetative). The place where an individual plant or a

Inselberg -

Interluve -~

Irrigation -

Life-form -

Per cent error -

commmity occurs, including all the environmental
conditions within this place.

a small mountain or hill that stands above a desert
plain.

used in the vegetational section to designate the

land surface betwssn dry gullies or dry washes and

beyond the reach of flood waters.

the artificial distribution of water on the land in

order to facilitate the cultivation of crops where

otherwise, owing to a deficiency of reinfall, agri-
culture wuld be impossibie. (15)

The general structure of the individual plant body,

taking into account sise, aea:aonal duration of leaves,
texture of stems, method of onrmr:lng, etc. Some
1ife--forms are tree, shrub, herb, and ster succulent.

One standard ervor divided by the mean, times 100.

If per ocent error doss not exceed 15, vegetatiomal
saapling is considerad u;:'opubh.
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Plant ecology (vegetative) - That branch of botany dealing with the

Standard error -

interrelationships of plunts and their environment,
ard with the structure and functions of organised
commnities of plants,

a Spanish word meaning literelly shore or strand; a
level or nearly level area that occupies the lowest
part of A completely closed basin and that is covered
with water at irregular intsrvals, forming a temporary
lake. (8) '

One standard error of a mean figure indicates a 66 per
cent prodability that the true mean of the station
sampled falls within the limits indicated.

dtation (vegetative) - An area within which sample plots are distributed

for collecting quantitative data cn a single general

plant community type occurring in this areca. The sige

of a station ranges up to several square miles.

Stem-succulent plants -~ those that have no leaves, but have green

Terrace -~

Vegetation -

thickened stems which etore water in pulpy tissue.
The cacti are stem-succulents.

& bench that is asituated dbetween a flood plain c¢-
stream and an upland,

The display which the plante of an area make collectively;

the dominant, common, ani conspituous plants are thoaq
considered under vegetation, whereas the flora includss

all species no matter how obscure.
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Wash - A dry channel that is used for run-off whenever
thers ic sufficient rainfall. It may be wide, narrow,
deep, or shallow. Sometimes called arroyc cor dry
wash .,

Yuma Test Stetion - The area within the borders of the Iuma Test Statioe.

Yuma Test Station Area -~ (or Yuma Test Ares, or Test Station Area; -

The area within the limits of the area covered ty .be

32-shaet set of photo-msps, AMS 3Series V945G amd
vVO988.
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