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THESIS

Tnre DeEuta CounTRY OF THE COLORADO Fage

The Colorado Delta occupies a portion of the Gulf Trough, a great ¢es 00 i

structural depression. The whole area is characterized by a complex
tectonic history. It is marked by a number of semi-parallel fault lines 0 ccees 1
which have a general trend south by east, which direction marks the
strike of several desert ranges.

The true delta cone is limited in extent; coﬂtiguous to it are exten-

s 000 o 12

sions of the alluvial surface possessing profiles characteristic of deposition
under lacustrine and estuarine conditions. Two of these marginal areas, Voo e 25
Salton Sink and Pattie Basin, lie partially below sea level, representing )
former extensions of the gulf cut off by alluvial barriers, induced by ig . eeo 57
uplift.
Delta building is rapid and independent of local climatic conditions, ) L eesceee 78
8o that climatic forces find little direct expression in the delta landscape. :
Mechanical weathering, erosion, and denudation have sculptured the
desert ranges into forms varying with lithologic composition and joint tes s e 103
pattern. The granitic ranges are intricately and regularly carved; the )
extrusive, volcanic ranges possess a pattern less intricate and regular, Leesese 113
Marginal to the mountains are found extensive accumulations of
weathered material. The larger depositional forms are established as feeesee 138
relict by the fact that they are not aggrading, but rather are unfailingly
dissected. In part they possess a terrace form; the terraces are of the
same age, and in fact an extension of the ‘‘ancient beach line’’ which ‘s ecvee 157
borders Salton Sink. ) :
The historical period of the delta may be divided into three stages R w7
of human activity. In the primitive stage a comparatively dense Indian
population was supported through the practice of agriculture and gather- ceceee 200

ing of wild foods.

The exploratory stage found the Spaniards unsuccessful in their
attempts to establish a permanent footing in the area. With the rush
to California in 1849 the importance of the corridor through the delta
was established.

In the stage of exploitation stock raising has been succeeded by agri-
culture. South of the boundary this has taken the form of large-scale
cotton ranches, with one organization owning practically all of the arable
land. There have arisen special settlement forms out of the Mexican
colonias, Chinese farmers, and the customs barrier, and utilization is con- v
stantly concerned with problems of alkali deposits, floods, and silt disposal.
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PREFACE

This study is based upon field-work carried out in the
Colorado Delta region during the years 1927 and 1928, to-
gather with an examination of the literature bearing on the
area. A preliminary ecquaintance with the problem was
gained during the months of May and June, 1927, when the
writer was engaged in research in another field, in the
Imperial Valley. The months of November and December, 1927,
and a period fromlMaich through June, 1928,-were spent in
the field. |

The paper deals with the genesis of the natural and
cultural landscapes of the Colorado Delta and contiguous
areas, The major emphasis_haé been placed on that portion
of the delta lying south of the international boundary, in
Mexico. The area nofth of.the boundary was eliminated
because of the prior claim of another ihvestigatér. It is
considered only 5y way of éontrast; or as claerifying and
supplementing thé landscape south of the boundary.

Of the ten chapters, seven deal with the natural land-
scape. This is perfectly legitimate in view of the fact
that the natural landscape is basic, that it is relatively
more complex and less ephemeral than the cultural landscape.

The difficulties in doing field-work in the area are
many. Roads are poor or non-existent, so that many hours

and even days were spent in extricating the automoblile from
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send and bog. Even so, the use of & car provided a saving
of time, for the scarcity of water holes and the distance
between them, over much of the areas, eliminated the profit-
éble use of riding animsls. ZFor the same reasons, wealking
was out of the gquestion, excepting for shorter distances
near & base camp. Other difficulties for travel were intro-
duced by the overflow and by the accompanying swarms of
mosquitoes.

Beéause of these difriculties it was impossible to
visit some sections of the delta, notably the region between
the 0ld channel of the Colorado and the-Ha;ﬁy, and certain
areas along the western side of fhe Sierra Cucopase.

So many acknowledgments of assiétance and hospitality
are due that to mention nemes would be a slight to others
equally worthy. To those who understand it is sufficient
to say that here in the delta are maintained the traditions
of the old frontier, which unquestioningly give to the

stranger whatever he may need.
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THE DELTA COUNTRY OF THE COLORADO

By
Fred. B. Xniffen

CHAPTER 1 -~ INTRODUCTION

The delta of the Colorado River of the West lies
within the area included between the parallels of 31°
and 33° 31' N., and between the meridians 114° 30' and
116° W. {fig. 1). It includes that portion.of this area
in which alluvium derived from the waters of the Colorado
forms the dominant surface soil constltuent.

Climatically this area is a desert, various portions
of it differentiy named with local usage. It is a part
of the great desert area continued in the east as the
Sonora Desert and to the north as the Colorado Desert.
The well-watered portion of the delta has never been s
desert in the popular mind, and quite possibly this dis-
tinction 18 a legitimate one. -

Physiographically it falls into the Basin Range Pro-
vince, a region of isolated diastrophic blocks and inéer-
vening valleys, which extends northward to the Columbis
Plateaus, ahd southward far into Mexico. This province is
bounded sharply on the west by the Peninsular Range and on

the east by the Colorado River and the rhysiographic pro-
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2.

vince for which Powell has suggested the neme "Sierre
Madre™,1

The delta is included within the Lower Sonorsn division
of the Lower Austral life-zone. Even more strongly then
with the classification as & desert does the delts disagree
with this characterization. Both as to flora and feune it
stends in striking contrast to the truly desert area sbout
it. It is the steaming jungle which bresks ebruptly into
the sparsely vegeteted aridity which surrounds it.2
Description of the ares == -

The delta of the Coloredo, as here intérpreted, extends
from Salton Sea on the north to Punta San Felire on the
south; from the Peninsular Renge or its outliers on the
west to Santa Clara Mesa on the east. The maximum length
of the area is spproximately 150 miles, its greetest width
gbout 40 miles.

To the west lies the grest crystalline mass of the
Peninsular Range. South of the international boundary the
eastern front of this range presents a remarkably regular
scarp wall. In the ares north of the border it forms a

series of salients and reentrents which result in great

1see Powell's section on the physiographic regions of
the United States, p. 95, in The Physiopraphy of the United
States, New York. (1895) —

2Merriam, C. Hart. Life Zones and Crop Zones of the
United States, U. S. Dept. of Agric., Biological Survey,
Bull. 10: p. 41. (1698)




s8tep~like irregularities. The Sante Rossa lountains form
one of the salients; accompanying it are the corre3ponding
reentrants: ©Palm Canyon and Borrego Valley.

To the east the mese rises sherply above the delta and
extends many miles in & great flat-lying plain before
encountering the desert renges. The plain, evidently of
marine or;gin, is composed of recent sands and gravels.

The latter frequently exhibit excellent developments of

pedregales or desert pavements. Nowhere are there clear

evidences of stream dissection or even of stream chemmels;
only elong the edge of the mesa where it stands at & height
of from thirty to fifty feet above_the delta &lluvium is
there a suggestion of erosion. Striking relief feetures of
this generslly smooth plain are the two areas of dunes; the
one the Algodones Sand Hills, the other the sand hills
lying about twenty-five miles east of the mesa edge in
Sonora.

Within the area bounded by the Peninsuler Range end
the Santa Clera Mesa, and to some extent interrupting the
continuity of the &lluvial surfzce, sre a numbér of desert
renges end isolated peaks. Occupying & central posit;on
with respect to the long axis of the deltsa, and closely
paralleling the scarp front of the Peninsular Mountains,

lies a continuous series of mountein structures to the

whole of which the name Sierra de los Cucopes is commonly
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applied. This system is separated from the Sierra Juarez,
&3 the Peninsular Range is here called, by the width of the
alluvium-filled basin of Laguna Salada., In major part the
Cucopa system is composed of grenmite, but there are aress
of extrusives and metsmorphics. The two rock types stend
in marked contrast in the forms which they revesl in
weathering. Several of the constituent perts of this system
in their steepness of slops to the east end more gentle
slope to the west suggest a structural origin similar to
that of the Sierra Jusrez where the same slope pattern is
repeated on a larger scale.

The great bare alluvigl plain which extends south
beyond the tip of the Cucopas to Punta San Felipe is bounded
on the west by an irregular series of volcanoes and inter-
bedded tuff end lave mounteins to which the name Sierra de
las Pintas is applied. These mountains are extremely
irregular in form as well as in extent, are frequently msade
up of strikingly colored rocks, end are practically desti=-
tute of vegetation. '

Between Las Pintes and Sierra Juarez lies snother desert
renge, somewhat more distinctly a single system than the
former, which is called Sierre de las Tinajes. Crystalline
rocks are present in this area but they are subordinate in
significence to a great mass of levas and tuffs. A portion

of the northernmost part of this range is a basalt capped
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mesa, the basalt extending with interruptions to the wall
of Sierra Juarez.

Another semi-isolated mountein range is Superstition
HMountain, which lies on the western side of Imperial Velley.
This has & core composed of erystalline rocks which sre
flanked by Tertiary eandstones interbedded with basalt and
tuff. This dry, barren mountein has an extreme outlier in
an exposure of sandstone found & few miles west of the tgwn
of Imperiel. This forms opne of the few rock exposures with-
in the delta proper.

Most eptly termed by Sykes the 5three corner stones of
the delta™ are the conspicuous, isoléted masses of Cerro
Prieto, Pilot Knob, and Punta San Felipe.* Pilot Knob stends
at the contact of mesa end delta and merks the emergence of
the Colorado from its restricted channel on to the broad
elluvial plain that is its delta. The mountein is compoéed
of granite intruded by later volcanicse.

The extinct volcamo, Cerro Prieto or Black Butte,stands
conspicuously alone, several miles removed from the esstern
flanks of the Cucopas. It elso marks the contect of the
mesa sands which lie betﬁeen it and the mountains to phe
west with the river aliuvium.

The rounded granitic dome of Punte San Felipe stends
on the westem shore of the Gulf of Celifornia and marks the

1Sykes. Godfrey. The Delta and Estuary of the Colorsdo

River, Geogr. Review, vol. 16: p. 2856. (1926)
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southern limit of surfece exposures of river alluvium.
South of it the beaches are sandy; north of it the a&lluvisal
Plain widens rapidly as the head of the gulf nerrows into
the river mouth,

The general configurafion and slopes of the delta show
an adaptetion to. the unique conditions under which the
structure was formed. Instead of a free open ses the river
has debouched into & closely confined gulf. Accompanying
this latter feature has been the resulting significent
Strong tidal action. It is generally true that in areas of
strong tidal ection great deltas do not form so that, as
might be expected, the Colorado Delta exhibits some abnormsl
chsracteristics. |

What may be termed the delts crest follows roughly a
line from Pilot Knob to Cerro Prieto. - Its western terminus
is marked by the dry bed of Volcano Lake. South of the crest
the slope is quite uniform to the gulf with a gradient of
less than two.feet to the mile. North of the crest the slope
to Salton Sea is much greater (fig. 2). |

Subordinate and secondary to the sbove are the slopes
of the alluvium~-surfaced Pattie Basin in which lies Laguna
Selada. This bssin is & true bolson in that it has no
drainage outlet. To the north it is separsted from the
Selton area by a rocky ridge which connects the northern tip
of the Cucopas-Centinela- with the Sierrs Juarez. The

chennel of ingress for the silt-bearing waters hes been
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7.

through the opening which lies between the southern point
of the Cucopa system-Sierra Mayor- and the desert ranges
to the southe <The lowest point in this gap has en ele-
vation of ebout ten feet above the sea. The lowest point
in the basin, in the extreme northeastein corner, lies
several feet below sea level. Uhe lower margin lies along
the eastern side of the basin; to the west there is a long
slope up to the sends and gravels derived from the Sierra
Juarez, |

In very few instances is there any difficulty in de-
limiting sharply the contact of river allu%Eum with soils
of other origin; In meny places it is the easy distinction
between fine silt end coarse sand or gra#el. Throughout
most of the area the lines of contect are reiief forms.
The term "mesa"™ as used in this area meens flat-topped sand
and gravel surfaces which lie marginal to the alluviel plain
and preseﬂt’to it a steep-welled ascent of from thirty to
fifty feet. Wherever the line of contact lies some distsnce
from the mounteins the mesa is clearly distinguishable. Where
the river alluvium lies close to the mountains the contect is
equally clear but of & somewhat different nature. The east-
ern face of the Cucopas is in large part bordered by &n apron
of colluviel material. There are in places notable fans,
subordinate to the apron as'a whole. This apron presents

& by no means continuous front, as it has been somewhat
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dissected since its formation. In some areas it resembles
nothing so much as a series of parsllel mine dumps: narrow,
elongated, flat-topped, steep-sided, abruptly terminated.
The sand and gravel between the "mine dumps™ is of like
origin; the river alluvium appears &t the base of the "dumpﬁ.
It is & strikingiy noteble feature that the outer edge of
the apron preserves & constant level throughout its extent
along the mounteins. There are no intersecting slopes as
are so frequently found in-areas heving fan developments.

| Naturaelly the drainage pattern of the area is dominsted
by the Colorado. There are represented in-;he area &all the
features of a stream having great seasonal fluctuation in
volume of water carried: nstural 1e§ees. emmual overflows,
and alternete scoﬁring end deposition in chemnels. There
are the featuresg of delta areas: delta lakes, anaestomosing
and distributery channels. ¥here river current is combined
with the tidal sction of the sea there are the mud flats,
ephemeral islands, and overflow chammels which lead away
from the main river channel.

Within recent times the area of the river's activity
has been largely restricted to the region lying between the
delta crest and the gulf. Occasional overflows have carried
water into Salton Sink and Pattie Basin but these are mere
incidents and the stream patterns developed in these areas
are insignificant. The present deep chamnels of the New

end Alamo were culturally induced.

8.
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9.

No streams originate within the area. 1In fact, the
mesa pleins and large areas of the’alluvial pleins betray
no signs of stream channels. Leeding out of the canyons
of Sierra Juarez there are dry stream courses which, under
the most favorable circumstences, carry water to the edge
of the alluvium; but the necesssary conditions occur in-
frequently.{ To a lesser extent this also holds for the
desert ranges. Within the Cucopas there is s well-developed
drainege pattern: waterfalls, pools, deep ebrasion forms --
21l normally dry.

~ The natural vegetation of the ares shows striking con-
trasts both s to type end as to luxurisnce. ' The sbundent
water of the Colorado has served to effect a marke& dissi-
militude in flora as between delta and sﬁrrounding desert.
In areas of regular overflow or neer permanent channels the
line of distinction between delta and desert florsa approxi-
mates the boundary between river silt and mesa sends &nd
gravels. In other areas, the factors of alkali deposits
and irreguler water supply rob this line of its significence,

That portion of the delte lying soﬁth of the crest is
covered by & heavy growth of deciduous trees: cottonwood,
black willow, mesquite, and sycasmore. In the same genersal
associsation appear the tules, :ushes, and arrow-weed. The
0ld permenent stream channels are marked by the cottonwoods
which line their banks. The lower lying overflow land is

covered with willow, the higher with srrow-weed. These letter
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10.

grow in great profusion and frequently form nearly impene-'
trable thickets. Mesquite is widely distributed and forms
solid woodlands on the higher ground. About the sites of
springs along the base of Seanta Cléra Mese, in swempy
sections of the lower delta, are found tules and rushes.
These frequently occur in areas where other vegetation is

lacking, so that their bright green color is refreshing in

an otherwise dreb landscape.

On the islands df the fiver mouth, on the alluvial

pleins of the loﬁer river, sgbout the breckish springs which

border the mountains are patches of salt grgss, frequently

forming closed stends. About the margins of undrained
depressions, the alksli lends, the halophytic'séltbushes

e e e

stend as the vegetational outliers.

The bed of Laguna Salada end the great slluvial plain

3
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stretching south from Sierra Mayor are without any cover of
vegetation. B f:
Most characteristic of the mesa is the creosote bush.

Accompanying it is the ocotillo with garembuyo (Opuntia sp.)

and cholla appearing on the iittle sand hills. In the sandy
washes appear pelo verds, desert willow, and the smoke tree.
The evergreen, parasitic mistletoe eppears in drooping clusters L

on the palo verde, palo fierro, end mesquite.

ey e

On the detrital slopes is found the palo fierro, with

visnaga appearing from seemingly bare rock surfaces. On the
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higher portions of the-Sierra Cucopas, end ageinst thq base
of the Juarez, the maguey is found -- though its restriction
to these areas may be partly cultursl. Deep in the canyons
which lead from the Jusarez, in at least one high valley of
the Cucopas there grow a few fan palms, indigenous to the
area and marking the sites of permanent water.

These are the material elements of which the milien
is composed, but the picture is bare end lifeless without
an appreciation of those other elements impossible to grasp
and dissect at one's leisure. To meke the scene vivid it
is necessary to feel the scorching heat of midsummer, to
follow the ever retreating miiage, tb see the skj sﬁoky
with the great dust whirls of the alluvisl plain, to hesar
.the cry of the waterfowl as the tide enters the river mouth,
to see the sunset over the Juarez with the desert ranges &s
sharply distinct as a cameo.

The'cultural scene is restricted to the ares lying
north of Cerro Prieto and east of the Cucopas. Here the
irrigation canals and the cotton fields of Bsja Celifornia
are a part of, yet distinect from, the agricultursl develop-
ment to the north of the border in_Imperial Velley. South
of this region the natural landscape remains effectivély un-
touched. Several unfenced cattle ranches occupy the ares;
the cattle harvest the native vegetation. The flood, which
brings to the asgricultural district the sefious problem of
levee building, is of concern to the cattiemen only as it

provides feed for their stoock.

11.
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CHAPTER 2 -~ THE TECTONIC FRAME

The Peninsule of Lower California and the Gulf of Cali~-

f

¥

forniae are importent features of the zone of the mobile
crust involved in the "World Ridge"™ which extends from Cape
Hoxrn to Cape Finisterré. The gulf has genetic affinity to
the Persien Gulf and the Red Ses. Even more striking in its
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parallelism to the aree under discﬁssion is the position of
the Italien Peninsule, separated by the Adristic from the
land mass to the east. The origin of such features is

generelly explained in terms of the depression of en elongated

section of the earth's crust lying between‘parallel fault
lines.l For these forms the term greben is to be preferred
to the term rift which is also sometimes used.

The signifipance of tectonic forces in such aresas is
frequently made impressive by the contemporary activity~of
faulting. Added proof is given by the impossibility of

accounting for these depressions by other processes which

Pl et et e e R - v e Sy s et
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create relief. Stream erosion, glaciation, and tidel scour
cannot be responsible. The choice is only between & feulted

surface eand & geosynclinal one. Lawson, in speeking of the

T ey
- »
. .

earea under discussion, ssid in 1908:

"The Colorado Desert and its continuetion in
the Gulf of Celifornie are certainly diastrophic

1 e.g8e., Eduard Suess, Das Antlitz der Erde,

A. Philippson, Das Mittelmeergebiet.
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depressions, and may with much plausi-
bility be regerded as & great Rift valley
of even greater magnitude than the now
femous prototype first recognized by

Suess. This great depression lies belween
the Peninsula of Lower Celifornia and the
Mexican Platesu. All three of these
features find their counterpart in southern
Mexico. The Sierrs Madre del Sur is the
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enalogue of the peninsuler ridge; it lies %
on the line of its prolongetion, &and is '
similerly constituted geologically. Inside .
of this renge, and between it and the edge e
of the Mexicen Plateau, is & pronounced I 4
velley system which is the enalogue of the iy
Gulf of Caelifornisa." - - I %
AL ¥
Freudenberg ig in agreement with Lawson's views. He ‘ %
considers the whole structure to be a tectonic feature '-§
of the first order, and comperes it with the Sacramento- ?33

Sen Joagquin Valley of California.? - 2

5y

Whatever the gross structure of the feature may be

cannot as yet be decided; in detail the whole are& in ;“

,
-
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recent geologic periods has been characteriged by greet

changes in level. The most notable of recent episodes in
its strudtural hisfory seens to ha#e been & very genersl
and considerable uplift. The evidence is 0 plein and

\
convincing so as to have attracted the attention of nezarly L%

all, if not of ally trained observers who have seen the erea.

1Report, Barthquake Investigetion Comm., A. C. Lawson,
Chairmen: p. 52. (1908)

2Freudenberg, W. Geologie von Mexiko, Berlin, 1921: . "
Pp. 8=9, -
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14.

Lewson postulates & post-Pliocene uplift of the Cali-~
fornia coastel area from Sean Francisco to San Diego of from
800 to 1,500 feet. He suggests the strong probebility of a
similar uplift in the sarea td the south, which he d4id not
examine.l

E11is® di stinguished & consideresbly greater recency in
the upliff of the coastal area to the south of San Diego.
Wittich3 probsbly erred in considering the cheracteristic
"wool-sack" grenite boulders of the Peninsular Renge as evi-
dence of recent uplift above the sea., However, he found
nume rous deposits of recent shells on the d;vide between
the gulf end the Pacific, and he noted fossil dunes containing
shells &and sfanding 1,500 feet above the sea.

Cited lsast but'prdbaply the first to record his obser-
vations of recent uplift was the Jesuit, Clavijero.4 In his
history of Baja California are noted several proofs of the
emergence of the land from the sea. Argilleceous soils con-
teining shells were found'at elevations of seversl hundred
feet. The Jesuits at Loreto had, in a forty year period,

noted a marked retreal seaward of the shore line. Along the

lLawson, A. C. The Post Pliocene Diastrophism of the
Cosst of Southern Californis, Univ. Calif. Publ. Bull. . Dept.
Geol., vol. 1, no. 4: p. 1567,

> _
Ellis, A. J. U. 5. Geol., Surv., W. S. FPaper 446:
Pp. 26-27. (1919)

5Wittloh Ernst. Ueber Meersschwankungenen an der
Kueste von Kalifornlen, Deut. Geol. Gesell., Zeltschr.,
Monatsbo 7010 64. ppo 505-5120

Clevijero, Frencisco Javier. Historis de la Antigus o
Californie, translated from the Italian, iexico, 1852, DPs 3-4.
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west coast Clavijero found littoral sends on the mesas at

ey e

considereble elevations above the sea. His inference was

[ Raladte

thet the leand mass of the peninsula had emerged from the
sea and that ultimately many islends would be joined to the
mainland through further elevation.

That the Salton Basin is & continuation of the structur-
al trough of the Gulf of California is so evident as hardly
to need mentioning. Suffice it to say that the deepest well
drilled into the delta went down to a depth of 400 feet
below sea level end revealed only river sands and gravels,
while at Coachella a drill hole showed no bedrock 1,000 feet

below the ses.
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Though the Gulf-Salton trough does not continue as such

g

to the north there is & northward continustion of & number
of feult lines which may in part be responsible for its
structure,l The San Andrees Rift has been traced without a
breek from the Coacﬁella Velley to the San Francisco
Peninsulé. The Sean Jacinto fault has been tentatively ex-
tended by Beal to the mud volcenoes mesr Cerro Prieto, south
of the internationsl boundary.2 Both &ccording to local

tredition and in some measure to official report, every major

\ . .

lThe position of the mejor fault lines of California is
shown on the meps accompenying the report of the Calif. Earth-
quake Invest. Comm,, issusd as & publication of the Carnegie
Inst. of Washington. (1908)

2

0 4

R R

Beal, Carl H. The Earthquake in the Imperial Valley,
California, June 28, 1915. Bull. Seis. Soc. Amer., vol. 5, -
no. 3: pp. 130-149. '
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earth movement occurring in California has had its counter-
part in loceal quekes and in increased activity of the mud
volcanoes,

Viewing broadly the general structure of Southern Cali-
fornia and the northern section of Baja California, there
appear to be two directions elong which the major structures
trend. One trends somewhat west of north, the other north-
west and southeast. The first marks the strike of the Sierrs
Nevads of California, terminated by the Tehechapis on the
south, end the Juarez-San Pedro Mertir system in Baja Cali-
fornia. Between these two ranges is an area in which the
north-south lines are intersected by those striking north-
west-southeast. Together with & third set of east-west lines
these are accounteble for the striking and charascteristic
development of the series of structures previously described
as spurs and reentrants, end applied to such festures as the
Senta Roses and Borrego Valley.

As suggested sbove, the Juarez-Sen Pedro M&rtir Range
is in its structure -~ and it mey be added, in its lithologic
character -~ very similar to the Sierra Neveda end somewhst
contrasted to the mountain systems lying between.l This

renge rises to much greater heights than do the rsnges

lThis descriptive similarity between the Peninsular
Range in Baje Californis and the Sierra Nevads of Californisa
is brought out in Emmons' end Merrill's Geolopical Sketch of
%OWer)California, Geol. Soc. Amer., Bull,, vol. 5: p. 491 Tf.
1894 -
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1mmediate1y to the north, it poscesses a continuous end
regular east-facing scarp, end its summit is a plateau.

Within the deltsa the prevalence of tectonic activity
is emphasized by the frequency and number of earth tremors.
There occur shocks of major intensity, but more frequent
are minor ones felt 1n closely restricted areas. Of the
former cless Beal mentions those of 1852, 1892, 19151, end
that of 1927 should also be included. Of the latter class
there are so many as to receive scant attention from the
locel inhsabitants. A noteworthy feature of these minor
shocks is that they may be felt at one point while & few
miles away they are not detected.

If the tremors represent displacements in the bedrock,
lying fer below the surface, it is to be expected that the
alluvial cover should hardly reveal a distinguisheble
rupture. Such is generally the case but on occasion there
are surfsce breaks. One such, occurring perhaps forty years
ago, was of sufficient magnitude to ceuse the diversion of
the Colorado at a point near its junction with the Hardy.
Another was tracesble from Cerro Prieto slong a line lesding
southeast through Santa Clara Slough, snd its course was
merked by mud eruptions. | |

Though no accurate record has been maintained, there is

en impression prevalent among the engineers of the srea that

192. eit.: p. 138.
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the frequency of-the minor tremors is greatest at the
time of the sennuel overflows, that is, in the summer
months. At this time of yesr the added weight of the flood
waters with their burden of silt is undoubtedly great, but
it is hard to believe that this could be accountable for
deep-sea{ed movements. 'Poséibly‘it is effective in causing
superficial readjustments in the alluvium.

As representative of volceanic activity in the aresa
there-are e number of surface forms ranging in size from
the extinet volcano of Cerro Prieto to active mud volcenoes,
fumearoles, add hot springs. One group of mud volcenoes is
found seven miles west of Nilsnd, and in the seme neighbor-
hood are several obsidian buttes. The other group of active
forms is found near Cerro Prieto (pl. la). Relict forms
are to be found north of Cérro Prieto, elong Santa Clars
Slough, and neasr Pozo Cenizo at the northern tip of Sierra
Tinajag (pl. 1b). Isolated hot springs, in part sulphuretted,
are found along the edge of Sante Clara lesa, south of Mesa
Andrade. |

The distribution of the;e foms is by no means hap-
hazard, end teken in conjunction with other types of forms
they would seem to lie along certsin well defined lines of
weakness. The assooiation of increased activity of the mud
volcanoes with msjor earth@uakes is one now well established.

This was noted by lMajor Heintzelman at the time of the esrth=-

. ———
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queke of 1852 when clouds of steam rising from the volcenoes

7 ey -
.

of Cerro Prieto were clearly observable at Fort Yums, forty 1

1 | | ?
miles awaye. VWhen perticularly active they give off & P
roaring and booming noise which is sald to resemble the sound

of heavy guns.

The major relief features of the area owe their position

|
t
!
f
!
b
!
as such to the agencies of diastrophism and volcenism. These é‘ﬁ
endogenous forces have created the framework about which the i
secondary, exogenous forces produce the complex of forms g
[3
which constitutes the natursl lendscepe. As the two setis of %
forces work simultaneously there are few forms which &are
entirely the work of endogenous forces, unm&ﬁified.by the
forces of weathering. Only some of the minor volcenic forms
prove the exception. However, the fact that relief exists
proves that the relief-creating forces have at some time
acted at a rsate faster than that of the relief-destroying
ones. The slope relations within the sttacked form &nd
between it and the depositionsl form reveal the history of
the relative dominence of one or the other set of forces.

The whole interrelationship mekes a descriptive classifi- f

cation of "tectonic" or "volcanic" forms quite difficult, so

it is here chosen to make & clessification of "relief" forms, if T
particularly forms of positive relief having their origin in ;

di astrophism or volcanism. This classificetion is descriptive,

1l
Reported to Professor Bleke and cited by him in the
Pacific Railway Report, vol. 6: p. 115. (1856) R
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is based largely on the magnitude of the forms, and so dis-

regards the sequence of events which gave them their relief.

Diestrophic and Volcanic Relief PForms

1st Order:

2nd Order:

3rd Order:

4th Order:

5th Order:;

In this class, stending alone is the gresat
depression which is the trough of the Gulf and
Salton Basin. This &lso includes the depression
of Pattie Basin (Lagune Saleada).

Sierra Juarez-San Pedro Martir, perticulerly
the east-facing scarp. Grenitic face varying
in slope from thirty to ninety degrees from
the horizontal. BSufficiently steep to prevent
the eccumulation of residuasl or detrital
material, therefore largely vegetationless.

Sierra Cucopas. Dominantly a granitic mass,
yet containing metamorphics end volcanics.
Eastern fece somewhat steeper than the western.
Slopes varying from perhasps twenty to ninety
degrees. In places sufficiently gentle to per-
mit the accumulation of detritus.

Sierra Las Pintas., Very irregular in form.
Volcanic in origin, made up of tuffs and lavas,
in part bedded. Slopes from zero to ninety
degrees.,

Sierra Las Tinajas. More regulaer in form than

S. Pintas. Crystalline rocks present but strongly
dominated by bedded lavas and tuffs. The northern
rortion & basalt capped mesa. Slopes of &ll
degrees,

Volcenoes such as Cerro Prieto and the isolated
forms bordering the Serre de las Pintas.
Essentially flows,yet containing some cinder sand
ash. Slopes not exceeding forty-five degrees,
and meny sufficiently low to permit of eccumu-
lations of detritsl material.

-The minor volcanic forms such as the mud volceanoes,

both active and extinct. The mud contains
siliceous elements, the relict forms are re-
sistent to the forces of weathering, and tend to
retain the steep slopes of the sctive forms.




In addition to the above classified forms, there are
others which, as relief features, mey be tectonic in origin.
Noteble among these are certain areas of high ground in the
lower delte which have long been free from inundation by
the annual floods. Then there are forms which owe their
being indirectly to tectonic asctivity. Mesa Andrade is quite
certeinly a former portion of Mesa Santa Clara, which has
been cut off by erosion slong & feult line. The course of
New River follows & fault line in part. The river terraces
and the ancient beach line represent indirect tectonic formss

With this consideration of the tectonic and associated -
volcanic forms, by fixing them on a m&gp and noting their
relative positions, it is possible to detect whet appeer to
be certain well established lines of weskness. If topogrephy
is & criterion, one of these lines passes aiong the eastern
front of the Sie}ra Juarez. Another is certainly distinct
in places along the eastermn front of Sierra kayor (pl. 1g).
Thet this extends continuously &long the vhole front of the
Mayor-Cucopa system is by no mesns so certein. A third,
better established line is found in the southward extension
of the San Jacinto fault. As previously cited, Beal
tentatively extended this to the mud volcanoes near Cerro
Prieto. It is proposed to extend this in the ssme genefal
direction péssing it to the east of HMesa Andrade, along the

course of Santa Clara Slough, along the bsse of Santa Clara

lesa. South from here its course is rether wncertein. It
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may continue to the southward along the coast or it may
pass inland and account for the sudden &ppesrance of the
Tertiary sendstone mass which rises above the Guaternary ' "i
gravel plain of ilesa Santa Clars.

A careful working out of the complex geologic history
of this area is beyond the scope and intent of this report;
it is not necessary to the treatmenf of the geomorphology.
A brief ré&sumé of the principal geologic events, perticulsrly

with fegard %o their megnitude and sequence, will provide

- .;.,.I.,.:-'-Jl et

ad

the necessary orientation before proceeding to & considerstion

of the exogenous forces. -

SRR S

The following is & simple geologic classification of
the rocks an'd unconsolidated materials which form the

principal surface exposures in the area. An understanding

of their geologic time relations end an examination of the
topogrephic positions which they occupy with respect to each S
other serves as a key to the working out of the earlier ;Q"‘

tectonic history'of the region:

1. Pre-Tertiary grznites. The Peninsuler Ran ge
: and the grenitic desert ranges are composed

principally of igneous rocks belonging to this
group.

2. Tertiary sediments. Both consolidsted end un- o
consolidated sands, clays end gravels. Both )
mérine end terrestrial. Generslly highly
di sturbed and in places slightly metamorphosed.
They underlie the Quaternary end Recent deposits
which form the surface of Salton Sink. They sre
found in surface exposures along the base of
the Peninsular Mounteains, in plsaces elong the
Cucopas, near Cerro Prieto, and east of the hesd
of the gulf. Near Selton Ses they form a part

of the "mesas" and exhibit beveling by wave 4
action. ‘




3. Late Tortiery extrusives. Basalts, tuffs, -
cinder. Bedded flows and volcanoes. Cerro
Prieto and Sierra de las Pintas.

; 4, Quaternsry sands and gravels. The principal
constituent materisl of the mesas. Largely
undisturbed end exhibiting merine planation.

5, Recent glluvium. Largely the material derived
from the Coloredo &nd forming the surfece of
the delts.

By middle Tertiary the gulf trough seems to have been
fairly well established as & structural feature. The sea
stood several hundred feet higher than it does at present
and extended far beyond the present head of the gulf. The
Peninsular Mountains and probably the Cucop;s were islands.
From the mountains there was derived the materisl for hesvy
merine deposits. Conditions were favorable to the existence

of ebundant marine 1ife forms.

With late Tertiary there was a decided uplift. Quite
possibly this was accompanied by a depression of the gulf
trough. At least there weas enough differentiel movement
80 that the earlier Tertiary sediments along the bese of
the Peninsular Mounteins were highly distorted; some of them
were feulted out. During this same period there was very
considersble igneous activity, and it probably continued

over into early Quaternary. This esctivity resulted in the

formetion of the Sierra Pintas and such isolated forms as

Cerro Prieto.

¢
»

By middle Quaternary the sea had sdvanced ggein and
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§tood at en elevatior of perhaps & hundred feet above present ;
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se&a level, It réached to the base of the mountains and it

lay over the mesas; to some extent it beveled off the folded

- end faulted Tertiary deposits.,

During the Recent period there hes been & general end

fairly evenly distributed uplift -- as demonstrated by the

0ld beach line cut into Quaternary eand Recent sediments,

~end by the fact that the Quaternary sediments are little

disturbed. The most significant depositionsl activity has
been the continuation of valley filling initiasted in the
Tertiary, principally through the agency of the Colorado
River end its alluvial burden (fig. 3). -

These are the raw materisals with which the exogenoﬁs
forces have had to deal. The diastrophié and volcenic
forces have created a fremework; the river has contributed
its alluvium., Out of all this the uniqué ensemble of exo-
genous forces characteristic of this particuler area has

created a set of surface forms.
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CHAPTER 3 -- RIVER AND SEA
The River

The Colorado River 6f the West is the name generally
epplied to the stream formed by the confluence of the Green
and Grend rivers in southeastern Utah. In & geogrephilc
sense the Green and Colorsdo are one continuous river.

The water-shed of the Colorado:system includes parts
of five western states and comprisés e total drasinsge ares
of some 265,000 square miles. Iost pertinent to & study of
the delta region is the fect that climatic conditions within
the area.of the water-shed vary betwveen wide limits. The
course of the river below the Grend Cenyon passes through a
region of increasing aridity with winter temperstures above
freeéing."The area of greatest precipitation lies egbout the
headwaters of the Grand in western Colorado. Even here the
precipitation does not exceed thirty inches but the ef-
fective runoff is great, as this is &an area of cold winters,
0f heavy winter snows, end even in summer the initiel loss
due to evaporation‘is not great. Here, as on the headwaters
of the Green, there occur smell gleciers, snowbanks which
do not melt until late summer, 1little lakes, snd springs.

It is these climatic conditions, modified by the
nature of thé relief, soil cover, and vegetation cover

that determine the regimen of the Colorado near its mouth.




0f those tributaries above and including the San Juan it
mey be said that they are dependable and predicteble in
the time and volume of water which they will contribute.
In the spring comes the flood &s the result of the meiting
snow; throughout the year these streams furnish the bulk
of the water, _

The lower tributeries asre unrelisble; during much of
the'year they contribute nothing; &t unexpected times they _
contribute sudden "flash" floods of large volume whose
effectiveness as trensporting end erosive agents is very
considersble., Of these latter streams may be mentioned
the Gila, Bill Williems, Virgin, &nd Little Coloredo. Im
the snomelous relation which exists between its lower course
and the climatic region in which it lies, the Colorado
presents a phenomenon similar to that of the Nile. The
latter stream also rises in & humid area and has its mouth
in en area in which the stream's loss in volume is greater
than its increment. That such a felationship should produce
unique results in the landscépe has alréady been suggested -
end will be further developed in a later chapter;

An examination of the twenty-fouﬁ year average discharge
of the Colorado as recorded at the Yums gauging ststion
reveals a number of points. From September 30th to March
30th the discherge remains fairly constant with an average
volume around 13,000 second feet. The average maximum occurs

during the last week in June and reaches approximately 81,000
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?maximum end minimum discherge there is for the former

:186,000 second feet for June 26, 1921, and 1,200 second

27,

1

second feet.l 0f course, this represents "average™ con-

- ditions. It does not show the occasionegl "flssh" floods

such as that of February, 1920, when the Gila brought tke

Yuma discherge up to 164,000 second feet for a day. Nor ' 3

[

does it show the fact that very frequently the ennual

summer flood occurs not in one peek but perheps in two,

e S S S Y T
s .

three, or four, which may come as they did in 1926, at

EE JOUE

monthly intervals, the first on the 12th of April, the

fourth on the 19th of July. Still it remeins true that <)

the river floods its benks in the summer months and is low

during the winter months. As figures2 for the absolute .

feet for September 11, 1924 (fig. 4). There is at Yuma & -

into comparative terms this mesns one~-fourth of the run-coff

0f the Nile at Cairo, end in general this relationship of

3
meen annual run~off of 17,000,000 acre-feet, Translated

one-fourth to one~third is mainteined between the Coloreado

~end Nile as to run-off, length, and irrigaeble srea, fﬂ;“

1These and other figures were kindly furnished by the
Yuma office of the U. S. Reclamestion Service.

2The figures are to be found in U. S. Geol. Surv., W.
S. Paper 395: p. 23, :

3This whole matter is tresated so well in other sources

85 to receive only the briefest reference here. See Cory,

H. T., Imperiasl Velley end Selton Sink, San Francisco (1915),
also, Water Supply rapers 395 end 556.
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The lower valley of the Colorado above its delte is
irregular in form, this irregularity being dependént upon
the proximity of the mountain‘ranges which bound it on
both sides. As a result, the width of the valley veries
from the width of the river to a distance of perheps thirty
miles, producing in effect & series of subsidiary velleys
commected by the course of the stream. As sugecested, the
minor tributaries are few and insignificant.

But what is most significant about this velley for the
puiposes of this paper is the fact that the Colorsdo in its
lower course is not a bedrock stream end that its flood
rlain is bounded on both sides by a continuous terrace.
Soundings indicate that in all the canyons of the lower
river bedrock is at least 100 feet below the river bed.1
The terrace is marked by a conspicuous bluff which rises up
from 60 to 100 feet above the flood plain end continues far
to the north along the valley.2

From these conditions the natursl inference is that the
valley has been subjected to a deep fill and that subsequent
to this even the cutting and transporting power of the stream
has been markedly increased so as to cause the format;on of |
terraces. Further reference to these events end their

jimplications for the delta area will eppear later in the chepter.

1I.ee, W. T. Geolopic Reconnaissance of & Part of Western 1
‘Arizona, U. S. Geol, Surv., Bull. 362: p. 66. {1908) &
| Brown, J. S. [The Selton Sea Repion, California, Water S
|
|

Supply Paper 497: p. 34. (1923) S |
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The Silt Burden =-

Though the river as such is a feature eand form of the
landscape its tremendous geographicel importance lies in
its present and past activity as sn agent or tool in creating
surface forms out of its own soil burden. This alluvial
matter, though it varies in size from a very fine sand to
colloidal clay, is commonly called silt and will be here so
designated. As & carrier of silt the Colorsdo is probebly
without & peer among the greater streams of the world. An
examination of the river water at Yuma over & period of
gseveral months in i892-95 revegled an average ratio of 1

to 277 for dry meterisl to weter. Corresponding ratios for

the Nile would be 1 to 1900; for the Mississippi, 1 to 1500;

1 2

' for the Danube, 1 to 3060.~ In 1904, Forbes® of the Arizona £

Experiment Station made & careful study of the river silt.

Ee found that an acre-foot of Coloredo River weter contsasined
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on en éverage 9.62 tons of silt, and that for the year the

e

river's burden amounted to over 120,000,000 tons =-- this for
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{ a year when the total discharge was considersbly under normal.

The average amnual load passing Yuma is probsably around

i b
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160,000,000 tons, which translated into terms of volume of =

- dry soil would be approximately 80,000 acre-feet.5
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1
| Collingwood, C. B., Univ. Ariz. Agr. Exper. Sta.,
 Bull. 6: p. 7. (1892)

:
Forbes, R. H., ibid, Bull. 44: p. 200. (1902) :

3
La Rue, Ee C., Ue Se. Geol, Surv.. e Se Paper 595:
P. 220.
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It is-to be expected thet the silt burden of the stream
should vary at different times of the year, and this is trus.
However, an incregsing volume of water does not mesn pro-
portional increase in silt content. In part this is to be
explained by the fact that a falling stream by bank cutting

end caving is a more efficient remover of silt then & rising

stream, in part by the fact that the lower, "erratic" tribu-

teries of the Colorsdo contribute & proportionelly gresater

o Pt o Ae T Ao A mevee

semount of silt then the upper, "reliable" ones. In this
connection it may be added that each tributary contributes

8ilt so unique and charecteristic that those- familiar with

Y . Y
TR LR

the area claesim the ability to recognize the source of the ﬁ
deposited delta alluvium by its color and consistency. - The ‘
lower tributaries of the Colorado, nemely, the Gila, Bill 3;
Williems Fork, Little Coloredo and San Juan cearry more silt
during their flowing seeson than does the upper Colorado.l

They are largely the effective causes in the "flesh™ floods

of spring end autumn so that the silt burden of these periods E- -

S
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.

is proportionally greater than that of the much larger summer
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l .
Sellew, ¥F. L. In Cory's Imperial Valley and Salton
Sink, previously cited, p. 1480.

2An excellent digest of the savailable data concerning
the Coloredo basin with particular reference to the relation
of rainfall, run-off and evaporation with a section devoted
to areal distribution of denudation, is contained in & paper
by Reichel end Leitr of Berlin, Ver Wasserhsushelt des
Coloredogebiets, appearing as No. 2, 2nd Series of the Geo- ‘
graphische Abhandlungen, edited by Dr. Albrecht FPenck. 4
Stuttgart (1928). :
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It is these lower tributaries that contribute most of the
true silt end colloidal material. LKrom the Virgin to the
headwaters the Colorado, even in high water, conteins a
fine, siliceous material commonly cealled quicksand.l
Whatever the origin of the materigl, the essentisl
point is that the Colorado below Yuma is & stream containing
en enormous sSilt burden, that the silt is not only the
passive material from which the delta is formed but that by
its presence it introduces important modifications in the

mechaenics of strecam flow,.

Mechenics of Streem Flow -

In this study, which aims at a cleassification of surfsace
forms as an end, & generasl trestise on the mechanics of
stream flow would be superfluous. However, it is pertinent
to mentlon 8 few peculisrities of a silt-burdened stream
such as the Colorado. It_is saeid by an engineer working in
the area that the silt tebles generally accepted as applying
to silt-bearing streams fail of accuracy for the Colorsado
Delta aréa. Whether or not this be true the presence of silt
in the stream produces some very interesting phencmena.

In its lower course the Colorsdo is aelternately a'
degrading and an asggrading stream. This is strikingly
brought out by the sections taken of the channel at Yuma

1Grunsky, C. E., in Cory's peaper: p. 1535,

. i
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during periods of high end low water. (See fig. 4) Obviously
the stream becomes degrading after its volume has reached a
criticel point nor is this totelly dependent on the increased
cerrying cepacity of the larger eamount of water. There may
appear the paradox of an increasing discharge and e falling
gauge height. An examination of the Yume gaﬁging records
for & period of yeers showed that the cross-section in &
given yeer increases from minimum to meximum, 39% due to
rige in the water level, 61% due to scour. Thelcritical point
above which the river scours and below which it deposits seems
to be around 47,000 to 50,000 second feet -- though this
figure is by no means a fixed one. A part of this scouring
goes on at a time when the river water is appérently carrying
in suspension its greetest possible burden of silt. The
continued scouring beyond this point has been explasined &s
the bodily pushing down stream of the silt resting on the
stream bottom by the hydrostatic pressure exerted by the
superiméosed mess of water end suspended silt.

Within the bed of the stream where the course is straight
the lowest point of the cross-section seems to seek first
one side and then the other. This feature is reproduced
in the irrigetion ditches under ideal conditions of =&
Straight channel and a constent head of water. Here the
current scours on one side and deposits on the other, then
conditions are reversed. In other words, these sre incipient

neanders which migrate slowly dovnward with the gradient.
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During high water, on the bends of the stream there is
to be observed a phenomenon in which with monotonous and
periodic regulerity the main force of the current swings by

toward the outside bank, suddenly advences in a wave which

may reach two feet in height, then swings back toward the y‘-iv*
1§

center of the chamnnel to repeat the performance. This is
probably fo be accounted for by the building of bars from
the inside of the bend. These bars incresse in size until

they act as a dam piling up a head on their upstreem side.

The head reaches & critical point, then advances, suddenly :
scouring out the bar. A natural ber, a .wier, & sharp bend,
the increased volume of a tributasry introduce a messurable

decrease in the velocity of the streem far sbove the ob-
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struction. This then is followed by an increased velocity
below the obstruction.

of interestvénd certainly of importance to levee
builders are the "bores"™ which may develop without warning

at the base of the levees. The water suddenly sterts a

whirl, eats its way through the embenkment, without any o 3

apparent'seepage by which it may start. These are extremely
difficult to stop and account for most of the levee bresaks.
These also occur along the base of levees which heve become
dry esnd cracked.

Before the artificial diversion of the Colorado from
its 0ld chennel in 1905 the annual flooding of the delta

area came from comparetively gentle, overbsnk flow. There
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were occasional minor crevasses but these were the exception
rather than the rule. This type of overflow is still main-

teined on the lower delta. By this process, natursl levees el
are built end added to from year to yesr so that the slope ]
of the land is gently away from the stream. The coarser, :
sandy material is deposited immediately end marks the

presence of 0ld or contemporary chennels. The deposited . é?f"
alluvium increases in fineness with distance awey from the gz

stream course. Where there are natural depressions, such as

ox-bow lakes, which act as settling basins, there is deposited {

the finest material, forming an adobe. Those familier with

T AT Nl 5 LMl
= O\ s . H
FAEIR A Lt : M TP RO R g = A
R A S N T PARTT R g sl ey o AT N

TR

.the region think to detect the source of the deposited
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material with "red silt, Little Coldrado; black silt, Grand"™,
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A part of the flood waters is lost by evsaporstion,

3
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certainly very little by seepage. The remainder spreads in

g

& sheet for some distance from the main streem &nd then is
gathered in by small channels which converge into larger ones.
Eventually the waters are returned by & tributary to the meain

river,

\

The Secondary Deltas -- if
The two preceding paragraphs give e schematic sketch

of the dévelopment of the delta, particularly as it was

before the diversion of the éolorado from its old channel.

Since then the river, by pfocesses not thoroughly understood,
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has constructed & new set of unusual forms. These are the
secondary deltas with their anastomosing channels. In
their formation the whole stream has been deflected from
the old course end turned across the country where other
chennels are not available. On all this overflow land brush
grows in the greatest profusion. This immediately serves
as a check and the larger portion of the silt burden is
dropped. The water, without a channel eand with thick brush
obstructing the way, is forced to find itsAﬁay through,
here and there at the weakest points. On the other side

of the brush it finds its way to one of the.;ld gathering
chennels and becomes again a united stream.

In Januery of 1922 the main stream,which was then
flowing to the west through the Bee River chanhel, was
diverted toward & brench of the Pescadero, one of the
gathering channels of the Haidy. The brush was cleered and
& chennel dug for a distance of several miles. The slopes
eway from the channel were &t the rate of sixteen feet in
five miles. After the first summer flood this had incressed
to five feet to the mile, The dug channel had been scoured
by the flood waters to = depth of twenty feet. The greater
part of the silt had been deposited within five miles of
the end of the constructed cut; beyond that there wés a fall
of six feet in 200 feet distance, then en open channel, end
beyond that smell braided channels with rapids and log jams;
In 211 this course there was only adobe, no sand or sandy

loan.




By the fall of 1926 the river had canalized itself for
e distance of six miles beyond the end of the constructed
chennel and was continuing the process at the rate of two
miles each year. This it was doing by constructing a delta
cone and extending it. For each year silt was deposited to
a depth of thirteen feet immediately at the end of the
channelized portion of the stream. From this the cone
sloped off laterally to no deposit at a distance of 4,000
feet. The stream constructed its chénnel over the surface
of the 0ld delta and after it was established turned sbout
end scoured, to some extent, its own self~constructed bed.

These brief references to some of the more striking

processes whereby the river constructs its forms will

become more coherent in the description end classification
of the forms of the delta which owe their origin to the

river and its deposition of its silt burden.

The Forms -- _

By way of orientation for the sections which follow it
mey be well to insert here a brief description of the
pattern“which the stream channels have developed within
the delta. Reference is made to the mep where the detsils
ere expressed graphically. |

-1 .
The faots for these two parspraphs were taken from

56,

two unpublished manuscripts by R. M. Priest, U. S. Reclamation

Service engineer &t Yume, and kindly made availsble by him.
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With the exception of the period 1905-1907, the main
chammel of the Coloredo ley slong the eastern mergin of
the delte until the year 1909. Apparently equslly stable
as a feature of the delta was the channel of the Eardy
which occupies & position along the western margin of the
delta, nd st thet time extended northward to Volcsno Leake.

South of the crest the generel slope of the delta was
eway from the Colorado and toward the Harﬁy; The main stream
was confined to the old channel by naturel levees. During
the overflow period water passed over the banks and as it
moved slowly westward was gathered into smal)Y chennels such
as the Bee, Pescedero, Paredones, and Alamo. The first
three of these were tributary either to Volcano Leke or the
Hardy, and most of the water which they carried eventusally
found its way to the gulf through the Hardy. The Alamo lay
north of the crest end carried its water to Salton Sink. A
portion of the water entering Volcano Lake found its wey
through New River to Salton Sink.

From 1905 to 1907 the main stream of the Colorado
flowed through fhe New end Alamo to Salton Sea. 1In 1907 it
wes returned to its old channel, and flowed to the gulf until
1909, From 1909 until 1922 the main channel wes through the
Bee River to'Volcano Leke, from where most of the water
reached the gulf through the Hardy. By means of a dam, the
main chammel was diverted from the Bee to a tributary of the

Pescadero in 1922, Since that year the Pescedero has remained
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the main stream, the water passing into the lower Hardy end
so to the gulf.
Properly to be considered first are the normal river

chennels with their associated featurss, eliminating for the

 present those very speciel types which are perticularly

| ephemeral, The chennels immediately f&ll into two general :

; classes: those which are cut through the clays or sadobes
end true silts with their resulting nerrow stream courses

- end steep, not easily eroded banks; and those which are cut
through the coarser, more easily eroded soils where the

- benks ere less steep and the streams show gré;ter egse in
meanderingvand cutting new qhannels.l This differentietion,
which obviodsly has its beasis in difference of soil type,
~bécomes largely one of prokimity in location to the old bed

f of the Coloredo. Such streams as the Hardy, Pescedero, New,

Alemo, end the mouth of the Colorado fall into the first

group of those having steep banks. The upper part of the
|

0ld chennel of the Colorasdo, and most of the Bee and Pare~

dones, fall into the aree of coarser, sandy soils.

VWhat might be termed "channel"™ forms are the islands,

;sloughs,‘bayous, end lakes-whose ofigin has been due to'

1
This has been previously noted by Godfrey Sykes, an
¢xcellent observer, long familier with the area. Geogre.
Rev., vol. 16: p. 250, (1926)
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| meendering (pl. IIz). These forms are present in greeter

or less number over 8ll the area, but here again there is

| a difference, according to the soil through which the cheannel
takes its course, In the areas of sandy soils they ere more

' gbundant but also more ephemeral. In the erees of sadobe
soils they are fewer in number but tend to be comparetively
permanent. Certein lagoons end islands of the lower delta
:have been used by the Indiens since time immemoriel and sare
 5till in existence,

Bounding the upper part of the delta and extending up
both Colorado and Gila are the terraces previously alluded
 to. Though there appears no material coarser than a very
‘fine send in the delta deposits, these terraces sre composed
1of coarse sand and gravel. They rise abruptly from the
 flood Plain of the river end extend as grével and sand pleins
ito the mountains. They very from thirty to Pifty feet in .
 height above the flood plain, and their absolute elevation
 verlies with the gredient of the streams which they bound.1
A section through the terraces réveals alternate layers of
 sand and gravel with the usual features of cross bedding and
lenticular inclusions (pl. IIb).
| Of great importence in their implicetions for surfece

| forms are the underground channels and generel sub-surfece

, 1See: Ross, C. P. The Lower Gila Region, Arizone,
| Water Supply Paper 498: p. 75. (1923)




water conditions. The major.source of the underground water
is of course the Coloredo; only about the desert mergins or
in extremely deep-seated horizons are other sources signifi-
cant. Within the delta the conditions which determine the
presence or gbsence of ground water are those of soil
texture. The finer colloidal material forms a very ef-
~ fective barrier to the percolation of water. After rsins or
overflows the water stends in pools until removed by evepo-
.ration. in the western part of the delte, composed &s it is
of silt end colloidel material, the water table is low,
eicept along the benks of permenent chennels. In such areas
es Yuma Valley, where the underlying soil is a gquickssnd,
 the water table is high, having epproximately the same ele-
~vation as the river. Where the delta borders on the
mountains, as &long the base of the 0u00pas,‘mountain-derived
~ sands underlie the river alluvium and these are water bearing.
The gbove observations concern themselves with such
zsurficial conditions as are significent in detemining the
%presence or gbsence, and sbundance of, plant growth. Of the
deep-seated waters there are & variety of conditions. Within

|
the Salton Basin there are developed two areas of deep wells,
fin part artesien. In Coachella Valley the mountain-derived

seands and gravels form the water bearing strata, the over-

lying 811t end clay belts the impervious stratum, which
| together produce artesian conditions. Pigtree John Spring

&nd Fish Springs are natural indicetors of this condition.

40.
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In this area the ground water has its origin in the
moun tainous region which bounds it.

In the eastern portion of Imperiel Velley, about Holt-
ville, there is snother artesisn area whose waters ere de-
rived from the Colorado. This area seems to be strictly
limited in extent, Here the wells héve been drilled to &
distance averaging severel hundred feet to & stratum of send
or gravel. A few miles to the west, holes drilled much
deeper are dry or yield very little water.2

South of the boundary enother area of pumped wells
along the delta crest suggests an underground condition as
yet not thoroughly understood. Well logs reveal & gravel
ridge, lying ebout 200 feet below the surface, which ex-
tends in a direction along the delta orest, ﬁest by south
from Pilot Knob. .In shape this appeers to conform closely
to the delte surfece, thimming out on both sides of the
crest line. The gravel is feirly well rounded igneous
maferial, said to be derived from the Gila. There seens
little possibility that the origin of the water could be
any othexr than the Coloredo, though its fluctuation of
level follows the fluctuétions of the Colorado only in minor
degree. It seems possible that this water, as well as thét
of the Holtvilie wells, might very well be derived from the

1
Brown, J. S. Water Supply Paper 497: pp. 73-76.

2
Ibid., pp. 78-83.
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continual loss of. the Colorado between Grand Cenyon end

yuma, sSuffered even during the low water stege of the river.

overflow Forms =--

Another set of forms is introduced by the overflows
in which the river leaves its established channel and
pesses out over the surface of the delta.

First in point of orig_in‘ are the natural levees,

' Generally these are distinguishable only by instrumentel
observation as their slope away from the river is ordi-
nerily gentle, say at the rate of five feet tci the mile.

- At certain stages of the overflow period the levees steand

- out by virtue of their covering of vegetetion.

The overflow plains are & part of the levee slope.

r 0n these the flood waters lie in a sheet, not yet gethered
: into the channels which restore them to the main strean.

F These forms are charscterized by = gentle slope awey from
the stream channel, are dissected by only minor. gethering
channels,_ end vary in material from the fine sand of the
nain channel to vthe silt of their outer margins. With these
- there ai‘e also associated small lagoons which represent
portions of old channels, ox-bow lakes. fThe lagoons may

be without inlet or outlet channels, and may in time become
- ¢xterminated through silting up. Volcano Leke, Laguna
Yaquata, and Salton Sea repreéent sﬁecial cases which will

be considered later.
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Vissecting the outer margin of the overflow plsin are ;;' :?i

the gathering chennels -- narrow, steep-walled channels ?: A‘ég
as compafe& with that of the main stream. f}f,iff
The description of the above forms hes hed in mind
conditions &s they were before the Colorado was diverted if..%;;
from 1ts o0ld channel. The present condition of secondsary §i7‘;3?
delta building, with its accompenying phenomenon of ég;!f %
anastomosing chanﬁels probebly represents the normel con- éif;nwA
ditions by which that portion of the delta lying south of ;;,};gﬁ
the crest has been built. fThese forms, then, have had o
their counterparts in the past history of the delta. Under é-"fzgj
conditions whereby the main channel builds itself uﬁ to & éig é%g
height above that of the surrounding country, it is in- e ;:%2
evitable that eventuelly it should swing out to a more ?;i, ?%
fevoreble gradient, estsblish & new channel by gredually iﬁitvié'
extending & secondery delta, then repeat the whole per- if;: ;g
formence, i;/E;jéé
With the withdrawal of the fiood waters there are :_7‘¥f
formed in the deposited silt & number of minor feetures. ﬁ? §i.i
Probebly the most striking of these are the mud crescks, 2$f?>§;
These reach their greatest development where there has been !;f }E{
& thick deposit of the finest alluvium. Here the surface Ef' jji
breeks into large, irreguler sections which are separsated i;hiif
by cracks that maey reach a width of severel inches amd :m iil
extend downward to & depth of seversl feet (pl. IIg). If N }ii
the deposit is thinner or composed in part of coarser ;, .fi



meterial the sections ere smaller, eare more superficial,
the edges curl up and they readily disappear through
crumbling (pl. IIIs). -

Associated with the larger mud creacks are smell cone-
shaped depressions of perhaps twelve inches in diameter by
twelve to fourteen inches in depth which apparently repre-
sent a point where the covering waters have found en oppor-
tunity to escape to & more permesble stratum below (pl. IIIb).
These forms were seen only on a high water portion of the
channel itself, -

In addition thexre should be mentioned the ripple eand
current marks whiéh appreer in the coafser meteriel within

a drying chennel.,

Influence on Vegetation ==~

Indirectly, the river as the agent of soil differen-
tiation, by its presence as water, as & bearer of seeds
efiects within the delta area a characteristic vegetation
pattern. Cottonwood, willow, arrow-wéed, mesquite, grass
 end the verious reeds are the mein constituents of the
vegetation formation whose areal variation in meke-up is an
expression of conditions imposed by the river.

Thé cottonwood or aiamo is largely restricted to a
narrow margin elong both banks of the old chennel of the
Colorado. Here it has & continual supply of water without

suffering long periods of too sbundant water, &s is true of
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the flood pleins on either side. This position also suggests
an area of the coarser alluvium.

The optimum conditions for mesquite demand water with-
in reach of the roots without a considerable period whens
water covers the surface. A8 a result, the best stands are
found on the finer soils occupying sareas only occasionsally
flooded, or about the lagoons, or slong such st;eams as the
‘Hardy.

Arrow-weed occupies sareas subject to overflow, but
cannot stand long continued submergence. From its distri-
bution it eppears certain that its seed is wgater born. It
forms pure stands of great density in the overflow aress
(pl. IIIc). |

Willow demends and can stend & great deal of water.
Its seed is watér,borne and it occurs 1n‘great thickets in
such pleces a&s the necks of stream bends, where the soil is
coarse in texture and is last exposed by the retreating
flood waters. On the sloping benks of channels, willow
sometimes is found in rows running parsellel to the coursse
of the stream.' The larger trees are found in the upper row
end the other rows grade ddwn to the size of the lower row.
Each row evidently signifies a seeding at a certain stage
in the river's height (pl. Ijg).

The rushes and tules occupy sites which provide
permanent surface-water. These conditions are found in the
8tiller portions of the chennels, gbout legoons, &nd in

Certain swampy areas of the lower river.




Very great changes in the distribution of vegetation
have been introduced by the gbandoning of its old cheamnel
by the Colorado. According to one man, familisr with the
erea for fifty years, the country as he first knew it wes
one of exteusive grassy pleins. Cottonwood snd willow were
restricted to the main channel while arrow-weed arnd tule
were found only in the area of the extreme upper delta.
llesquite was rather widely distributed over the delte,
glong the streams; énd.about the lesgoons. .This description
corresponds quite well with recorded accounts of the last
century in so far as they sare comparable.1 It is certain
that there were large areas, such as that lying between the
New River and Ceﬁtinella, which were largely vegétationless.
The Holmes Map of 1902 contains some notations sas to vege=~
tation which bear this out. This is slso largely true of
the Silsbee® lap of 1904, though this latter shows heavy
willow timber east of Volcano Lake elong the courge of the
Peredones. This may be significant, since by 1904 the Pare-
dones had become in part em actual diversion of the Colorado

to the westward. 014 photogrephs show "savannes" with heavy
: - : ‘

e —————— |

1Emery, Major W. H. Report on the United States &and
lUexicen Boundary Survey, 34th Cong., lst Sess., House Ex.
Doce ‘135 (1857). Mischler's report, vol. 1, p. 105; vol. 2,
~P. 80 (Parry's report). _

2The originals of these two meps are in the possession
of the Colorado River Land Co., for whom they were made.
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grass stands, stands of quelite, canaigre, and carisso1

which are mentioned as good cattle feed, &ll conditions
extremely hard to find dwplieste at present.

. If this represents a true picture, certainly condit{ons
~ have been greatly altered since thd diversion of the rivef

to the wesﬁ. There has been a great extension of errow-
- weed and willow, the grassy areas have lergely dissppeared.
All this represents a chenge in natursel conditions and does
:not take into consideration changes effected by men which
haeve been great and will be lasting.

About the chennels of the Bee end Paredones there are
great thickets of arrow-weed,and willow is extremely wide-
1spread. The lower delta remains leest altered. Nesr the
:mouth there are areas of salt grass, growing under conditions
vhich favor its survivél. i exotic note is introduced by
the coming of Bermuda grass, which has gaéined & firm hold
on the lower delta within the iast few years. Willow is
present, as is also arrow-weed, but they feil to dominate
&8 they do farther upstream. The mesquite he:e holds its
ovn. This whole matter of the slteration of vegetation
éséems to be, in this area, & question of the greater or less
%availability of water, and changes in soil conditions. The
%river has chenged its course, with marked results for the

vegetation.

e et —————

lquelite = Amarenthus pelmeri,
cenaigre m Rumex hymenosepalus.

carisso = Phragmites phragmites. (Cane or tule) | ;§5
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The Sea

The Gulf of Celifornia extends from Cebo Falso, the
gouthern tip of Baja California, & distance of 650 miles*”
in & north-northwestexrn direction. It is nerrow, verying
 in width from 50 to 120 miles. In its southern portion

it maintains a feirly constant width but near its head
| it narrows sherply. From & width of 70 miles at Sen Felipe,
| it narrows‘to the fiver mouth, only 50 miles nofth. An
 exemination of the pilot chert shows a sharply bounded
trough in fhe sea floor near the centér.of the gulf, east

: of San Felipe.l

This disappeers farther north and near :
. the head of the gulf the floor is comparatively level at i

& depth of about nine fathoms.

Curious features are the occasional patches of red-
. colored water which appear in the upper gulf, which heve
abeen escribed to the presence of rifer glluvium in the ses
i water. -Tﬂé frue explanation lies in the presence of great

 numbers of flegellate infusoria, which float on the water

jand give it a milky-red color.? Being without significent’

T

 currents the tempersture of the water follows closely thet
. of the lsnd ebout it, which mesns that it is feirly warm o

throughout the year.

i,

&

Both as to species &and numbers the gulf is rich in

the life forms that it conteins. Edible and non-edible
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- winds ere from the northwest, during the summer months L

fish, mollusks, seals, turtles, occur in extreordinary
ebundance. The area has been of importance as the source
of pearls and coral. ' T

During the winter and spring months the prevailing

 from the southeast., This finds & simple explanation in &57»5;

~ the fact that the gulf, being & water body, preserves a
f fairly constant temperature throughout the year. The land b

i surface about the head of the gulf varies considersably in

~during the winter and a high pressure ares in the summer.

- lasting two or three days. during the months of December,

| Jenuary end February. Winds of extreme severity are few

temperature from winter to summer. This means that with e

respect to the land the gulf becomes a low pressure area

In the upper gulf there are frequent northwest geles,

though waterspouts are ssid to be of fairly frequent
occurrence about the mouth of the Colorado. There is s
| decidedvland-and-sea breeze, gbout the upper gulf, during
jthe period of warming days in spring. Quite probably this
3phénomerién extends in lesser measure through other portions :
iOf the year. Hardyl. sailing into the river mouth area in ;ﬁ'*§f3
%August, mentions storms of cheotic wildness, raised by the
%cross-seas, due fo suddenly shifting winds,
1 The uppér gulf is sufficiently narrow so that uwander
%favorable wind conditions the surface of the water may become
ias celm as thet of lerge lakes; there is no constent surf., ;“‘
| .
|

| ‘Hardy, Lieut. X. ¥. H. Trevels in the Interior of
lexico: p. 319. (1829)
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puring the storm periods the waves strike the shore with
sufficient height and force as to be efficient tools for
the cutting and carrying of the materigls of which the

strand is composed.

Tides ==

The whole gulf is so proportioned as to be favorzble
to the development of tides, end with the narrowing of the
mouth of the Colorado there is reeached & climex of con-
gitions which produce tides of unusual height a"nc_l rapidity
of cha.nge.‘. At San Felirpe, spring tides rise about twenty
feet; at Phillip's Point, in the mouth of the Colorado,
there is & spring renge of 31.5 feet, or an averege range
of 21.6 feet.l The tides here sometimes run at & speed ss

high as six knots, and there is no slack water between ebb

| and flow,

The most striking feature of the incoming tide at the

river's mouth is the bore, or, as the Mexicans cs&ll it,

- "el burro®. Without the warning of slack water, the ebbing

tide is met by & wave extending from benk to benk and

sweeping upstream. At spring tides this wave is about four

feet high normelly, snd may rise to ten feet in shallow
water., The distance upstream to which the bore, and the

tides in genéral, are effective is dependent upon the stage

———

lThese figures are from p. 180 of the lMexico &and Central
dmerice Pilot (West- Coast), previously cited.
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4f the water. When the river is very low there is & bore
of one and one-half feet at Mayor, 100 miles by river from
Phillip's Point in the mouth. When Volcano Lake contained
vater the tide was felt there, and at present the tidal »
effect extends up the Hardy to a point near the dry bed of
the lake. In the 0ld channel of the Colorado the tides
could ordinarily be felt up to Heintzelman's Point.

Again, the freshness or salinity of the water of the
lower delta is dependent upon the river's stage. During
flood periods the river water is potable even at half
tide as far down as Coyote Slough, opposite Montague
Island. During periods of low water in the river the
Hardy is scarcely potable up to Mayor. At ore period of
continual low water in the lower river smail sharks and
other salt water fish ascended nearly to Mayor and the
water was unusablé even by cattle.

Significant as thé tides are as forces which have
created characteristic forms in the confined channels
lying within the sphere of their influence, they are of
éven greater importance as the force which meets the flood
Waters of the river and produces the overflows of the lower
delta. The overflows of the upper delts come a5 & result
0f normal over-bank flow. In the lower delta the swollen
vﬁwer water meets the resistance of the incoming tides
"ith & resultant building up of & head which finds relief
1n overflow. It is this flooding that, under favorable

tonditions, sends its waters to Laguna Salada.

-




The FOrms e=

There is a series of surface and sub-surface forms
attributable to the sea. This includes those which owe
their origin to the action of wave and current, to the
deposition of the alluvium contributed by the river, to
the combined action of river and tide.

Of beaches there are three t;}pes: mud beaches, sand
beaches, rock beaches. The latter two are absent within
the delte area proper, being found only marginallye.

Neai‘ the mouth of the river the shore of the gulf is
& high, nearly vertical bank of mud. South of this it
becomes gently sloping, is irregular in form, and exposes
bars and spits at low water. In major part this mud shore
is without topogrephic relief and is unbroken by vege-
tation. Beginning perhaps nine miles north of Point San
Felipe there is & sand dune barrier barallel to the coast.
At high water there is & sandy beach; at low water a mud
beach. Inland from the dune there is a section of alluvium
umixed with sand, which lies at an elevation possibly a
little less than sea level, contains driftwood, end shows
Bigns of recent inundation. The dune strip extends north
along the coast nearly to Ometepec Bay, twenty~seven miles
north of Punta San Felipe. At a point twelve miles north
of San FPelipe the sea breaks through the dunes and there

1s a water-filled channel running parallel to the dune,

-
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extending to and entering Ometepec Bay.l For the sand of
which the dune is composed there 1s only one possible
origin: 1t has- come from the west. How it should take
form as an active dune, lying in part between channel and
sea, is not 80 clear. It could be a2 matter of uplift and
subsequent depression or it might be that the sea had
built an off shore bar upon which the sand lodged.

Ometepec or Ometepes Bay, if all the variously timed
reports are to be accepted,_has had a vearied history. Thé
Narragansett Survey of 1873-75 reported this bay to be a
circular body of water ebout three miles in dzémeter,
connected with the gulf by a channel 300 feet wide and one-
fourth mile in length. In 1926, Sykesz reported the closing
of the entrance channel, while a fisherman of the area is
responsible for thHe statement that at present there sare
three channels and thet there is a bay again.

This whole line of the mud beach is hard to examine.
It is difficult to approach by sea because of the shallow-
ness and great tidal fluctuation. By land it is equally

difficult because the lowness of the terrain and great

1The dune and dry channel were observed in the field.

The information concerning the channel extending south from

Ometepec is from a Germen fisherman, long familiar with the

8rea, whose accuracy of statement as based on cross-checking
of other information is not to be guestioned.

2
Sykes. Op. cit.: p. 242.
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tidal range mean that each high tide covers a large area
and on retreating leaves behind it a liquid mud very
gifficult to traverse.
The only rocky coast in the area is a little stretch. .
gbove the point of San Felipe. Here at high tide there are
rock bluffs ageinst which the waves beat; at low tide there

T iimTe oo st

is a2 beach of large angular blocks of rubble, cobble beaches
end sand beaches, The whole of the point is bounded by a gﬁ“«
‘terrace lying about thirty feet above sea level. In part
this is composed of the sands and gravels at the mouths of S
the arroyos which separate the several masses which make up
the point; in part of well cemented cobbles which lie on a

beneh cut into the solid roeck. In places this conglomerate
has been undermined and lies in great sections on the

beach.

This area aboﬁt San Felipe also has sandy beaches, and
from this point south sandy beaches dominate the coast,
Several minor arroyos enter San Felipe Bay and all these
have their mouths closed by sandy barriers. Immediately
north of San Felipe there is a sand beach with Colorado
alluvium exposed beyond it at low water. This sand beach
is backed by a bluff of arkosic materiel rerhaps thirty AT
feet in height. This becomes less marked and passes inland .

Yo the north where the expanse of river slluvium becomes

wider,
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River and Sea ==~

With the contact of sea and river there is produced
snother set of forms. About the river mouth the shores
stand as high banks of the very finest alluvium. About ”
the edges these banks are dissected and gullied, the result
of the occasional overflows which cover them. The plains
which run back from the channel are vegetationless but
have & considerable amount of driftwood cover.

Gore and Mohtague Islands are low and flat, end are
composed of regular clay strate about one inch in thickness.
Their shores rise as steep banks a distance of sixteen to
thirty feet, at low water. The edges are dissected, the
result of the run-off of occasional floodings. There are
& few knobs on Montague which are never covered with water.
0n the surface of the islands there is & driftwood and
salt-grass cover,

At a point somewhere a short distance south of the
mouth of the Hardy and the o0ld Colorado channel there
rasses an east-west line which marks the dividing pbint
between the spheres of river and ses. North of this line
the alluvial plain slopes away from the river to the west,
8ti11 a part of the general delta profile. South of this
lne the plain slopes gently toward the sea and river, the
lormal form built by the sea.

Within the zone of influence of both river and ses

there are developed forms taking their characteristies from
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both. The inside bank of the river bend becomes something
of a tide flat at high water (pl. IVa). If this is a -
sufficiently extensive area there may be developed a beach
on the cut side of the bend. This is brought out the more
strikingly by the action of wafes on the clay in produciﬁg
1little rounded clay balls or pellets,

¥iell within the area where the delta profile maintains
itself there are & number of overflow channels which pass
away from the river toward Laguna Salada to the west. These
channels contain water when a flood stage of the river co-
incides with & high tide so as to produce an over bank
flow. These channels near the river are broad and shallow,
with beds composed of hard cracked clay, strikingly in con-
trast to the loose, crusted alkeli material sbout them
(pl. IVg).

South of the area of overflow channels there are some
other channels, which lead back to the stream. These owe
their origin in part to the return tidal overflow; in
larger part to the return flow of a part of the water which
éscapes the river by means of the distributaries higher in
its course.

In addition, there are the true tidal thoroughfares
vhich dissect lower lying areas subject to the influence of
the tide. Where the area has a close grass cover the
channels tend to be narrow and deep; wWith no vegetation

cover, broad and shallow.




CHAPTER 4 -~ THE-SALTON SEA AND LAGUNA SALADA

The problem of the origin of Salton Sink, of the
vhistory of the cutting off of a section of the Gulf of
ECalii:‘ornia., of its genesis as a desert lying below sea
Elevel, is & major one in itself. But this whole question
is 80 closely tied up with history of the delta that a

review of the facts bearing on the problem will reveal

much concerning the geomorphology of the area with which

this baper is primarily concerned,
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By a scrutiny of the observable facts bearing on the

i:
problem it seems possible to suggest a modification of the %1
long accepted theory. Therefore, before theorizing it 22
Seems wise to submit the evidence as it has been noted in ) ;
Ethe field, ;f~
; i A

The terraces and other indications of & former higher

:Water level are certainly striking features of the area ;{
-and of prime importance as evidence. About the Salton §
Sink these features have been long observed and frequently ‘ ?;
idescribed. Here they have been traced as an almost con- " §
tinuous line, and mapped as extending from & point on the ; ;%
;flank of Cerro Prieto north along the western side of the %
?sink, Swinging to the east side near Indio end Passing 1%:

%uth to a point near the international boundary, east of

SU
T

s

calexico. "This ancient beach line, as it is called, varies

In elevation from twenty-six feet near Centinela to fifty- B



eight feet east of Brawley.l Where the line passes through
lalluvial deposits or along the sandy floor of the desert

it finds expression as a well preserved beach. Where it
sbuts rock masses 1t is indicated by their slight notchipg,
‘and more strikingly by deposits of calcium carbonste, or.
tufe. This appears only on the more resistant rocks, which
are in this case granitic, lying below the 0ld beach line.
Mnesa.ascribes the formation of these deposits to algae.

| But what is more important concerning.the terraces is
the fact that they do not end, as generally indicated on
iﬂm maps, but extend on to the south, bounding the whole
upper gulf. 1Instead of ending at Cerro Prieto, the terrasce
:extands along the flank of the Cﬁcopas and Sierra Mayor and
\swings to the westward into the Pattie Basin, encircles
'this end passes away to the south toward San Felipe. Omn
 the east the terrace appears as the Yumsa Mesa, the Santa
Clara lMesa in Sonora, and so on to the south, along the

tastern margin of the gulf. On the whole the sncient beach

iiline to the south of the area, where it is generally
Enmognized, is not so well preserved. However, it does

%he at elevations within the range of the line to the north,
émw.it seems difficult to dissociate the two by what appears
' be an imeginary dividing line (pl. Ve, b, o).

—————————
| lSee U. S. Geol. Surv, Reconnaissance Map of the

Salton Sink, Calif. (1906)

Jones J. Claude. In The Salton Sea, by D. T.

%gcgngal. Publ. of the Carnegie Institution of Washington.
4
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fo complete the evidence &s regards the terraces it

s necessary to refer again to the river terraces which
@und the Coloredo and Gila. As previously mentioned, these
erraces bound the streams for a great distance above Yumf;
hey lie at approximately the same height above the river-
jo0d plains as does the ancient beach line above sea

evele Moreover, they are continuous with the tefraces
nich form the old beach line, so that it is impossible to
jmy where one ends and the other begins.l

Browna suggests the three possible explanations of the

origin of the river terraces as being: (1) diversion of
the Colorado into the dry Saltdn Basin; (2) uplift about
the head of the gulf; (3) climatic change. The first he
sliminates because of the time factor, the time required
to fill the sink and so reduce the gradient of the siream
below the cutting point being not suffiecient to account
for all the material removed at the time of the terrace
formation. He rejects the idea of uplift by saying that
the water body within the old beach line was fresh, and
oan, therefore, not represent an uplifted portion of the
gulf. He is inclined to favor the idea of climatic change
as pénmitting an excess of evaporation over inflow into
the fresh-water lake, and so allowing a sufficient period

of time for the removal of the river alluviume.

1

201ted by John S. Brown, op. cit.: p. 36.
Ibid: pp. 36-40.
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The difference in slope of the delta, as between
Salton Sink to the north and the.gulf to the_south,;hgs
alreadyvbéegvmentioned_(fig. 2). The steep northern slope,
Eendenhall? seys, is to be accounted for in part by:thp‘:'
fact that it represents deposition in thglstil;kwgters:oiiu
fhe lake ﬁhich existed there; that the flat and relatively
pniform slope toward the gulf represents a strqam_grade

determinedgunde: usual qqng;tgqnsg;hﬁ
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Apparently somewhat.1ndependent:prtheitrgegéelta
slopes is an elongated depfess;on which borders the delta
on the west and is occupied in part by New RiVer, the gldjfﬁ-
bed of Volcano Lake, and the Hardy. R |

Volceno Leke, extinct since the diversion of the Colo-~
redo to the Pescadero, was long a fluctuating body of water
¥hose volume was dependent upon its annual increment from
the overflow of the Colorado. Accounts as 10 .its former.
depth of basin are conflicting. It was spoken of &s being
"bottomless™, In the latter part of the past century ...
SuPPly_bqaté salled over it and conyeygq;p;qvis;bnq to the
COw camps on.the iesgadero, At the time the Silsbeefmapyxksi
¥as made it was en ephemeral feature depending on the annusl

overfiow forfits water. S;lsbeez himself.ﬁin.;_deposiﬁion )

%oncerning Volceno Lake, seid that it contained water only

——

1920 Citoz ppo 20-21.

5 .
| From the -records of the Colorado River Land Co.,
@OS Angeles,
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61,

during high floods; and that at low water there was a channel
connecting the Paredones and Hardy which passed through the
ted of the lake. To the west was Laguna Prieta, about five
geres in extent, which always contained water derived frdm

hot springs. He describes the bed. of Volcano Lake &s being

‘.
N PR e

bounded on the north by & bank but as being.low and willow

§ald

A

girt on the south. R T 5 T %28 - g #ijzv?ﬂ

When the water level of the lake;reeched*a,suffieient

i-

z
k9
§
.
5

height, part of its waters overflowed.through & high’channel
passing to the west. So nicely was: this channel balanced

upon the delta crest that part of the dlvertéa waters; passed

_to the south through Salt Slough -~ 8 tributary to: the PSRN
Hardy -~ a part to the north in the channel,offthemﬁev.;;g
Whetever the former depth of Volcano“Lake.maj have been, by
1907, after it had been receiving a direct flow from the
Colorado yia the Paredones, its bed was repofted as being
aomeAten to fifteen feet above sea level, this after»een-
eiderable silting must: have taken place.1 During the period
_of 1916 to 1920 when the lake 'was receiving the discharge
of thquee fem- then the main Oolorado channel --vits maximum

R IN :
P ’ Y - V-

gauge was 42 9 feet.a @egﬁiﬁé%f;vr-gil Qs tie c oy
- 'This means that this depression is a feature which' can-

not be accounted for by the:normal processesfof delta:

—

1l
n Grunsky, C. E. (Report to the Secretary of the
(lgggior) The Problem of .the Lower Colorado River: p. 9.

From the engineering records of the C. R. Land
Co., Mexicali, B. C.
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building, that here is a part of an 0ld channel lying far
below the level of the ancient beach line. Grunskyl
suggests that this may be a remnant of the 0ld overflow o
channel from the ancient Saelton Sea to the gulf. The Earzdy
hes kept the southern portion of this o0ld channel open 7
becaguse it lies in the lowest part of the delta, & naturel

gathering channel for the flood waters of the main stream.

the corresponding depression to the north of the delts crest

is now occupied by New River, but previous to 1840.it con- _
teined only an irregular series of shallow lakes. The dry
bed of Volcano Lake is the connecting link in the depression. o
Volcano Lake is perched directly on the crest of the delta.

A stream would not normally flow from end to end along the
delta crest, but rather to one side or the other. By a
diversion of the allufrium-bearing waters, first to one

side of the crest, then to the other, a section of the
depression-was closed at both ends by an alluvial barrier,
forming the bed of Volcano Lake.

Another important piece of evidence is offered in the
forms created by 1:unning water. With the exception of
Portions of the south delta slope, all of the slopes un-
failingly reveal that previously created forms are in the

Process of dissection. This applies not only to the delta

Slopes, in particular those north of the delts crest, but
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a.lso to the fans-and terraces, a2ll forms constructed by

| running water (pl. Ve). Eliminating climstio change, there

| remains only one possible explanation: the lowering of the

§ base-level of erosion. This might come about by the dise

"' appearance of a water body, say through evaporation; it

night represent a general uplift of the land with respect

® t0 sea~level.

leke,

j%ve discovered it in 1849,

Previous to 1905 there was no great dissection of the

north delta slope only because it was not subject to the

fsction of flowing water in sufficient quantities and con-
 centration. The heavy overflows of 1828, 1840, 1849, 1852,
%'1859, 1862, 1867 and 1891 were sufficient to cause the
presence of considerable water bodies in Salton Basin.1
These overflows most certainly did not represent the whole
:flow of the Colorado and were carried by the then relatively

shallow beds of the New and Alamo rivers.

New River seems to have come into existence s s

recognized channel between 1840 and 1849; the Alamo aprears

110 be somewhat older. The little lakes which ley in the New

River depression were not rart of the river channel, yet

2, 3
Yeceived their water from the stream., '’ In 1899 Cameron

through which New River flowed, occupied & basin

\___

lThese dates from liacDougal's Salton Sea: P. 173.

A 2Job Dye passed thrbugh the area in 1832 and claimed
bat New River did not then exist; he furthermore claims to

i From J. J. Hill's The History
KL Warner's Ranch and Environs: p. 97. (1927)

3
L. Also from Hanks, H. G. Second Report of the State
igel‘&IOist of Ca.lifon’lia. ap}_’aenalx: P. 238,  (IBB2

. €s Na ew

5]

ew River was formed in 1840,
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. which measured a half-mile in length and was twenty feet
jeep. The lake was rapidly silting up with the material
prought in by the New.® During the last decades of the
19th century there was & minor break in the Colorado nea%
Algodones, occurring ammually at the time of the summer
flood. A portion of the diverted water went down to the

. 5a1ton Basin in the channel of the Alamo. A greater portion
ipassed through the Paredones to Volcano Lake and was there
;ﬂyided, a larger part passing south through the Herdy, a
ilesser to the north through the New.

At the time of Ansa'’s trip across the area in 17742
 there was at least 6ne deep arroyo along the delta crest
 (the Paredones?) containing water in places at the time

0of year he traversed the area (winter). On his return
trip he crossed lower down the delta slope and mentions

nothing that ‘could be New River,

With the accidental diversion of the whole volume -of
the Colorado into the Salton Sink in 1905, the situation
¥as radically changed. In a period of nine months the New

and Alemo cut their channels to an average depth of fifty

———

;Barrows, D. P. Netional Geogr. Mag., vol. 11l:
P 343. (1900)

, From a manuscript containing the diaries and
Teports of the two Ansa expeditions, translated and edited
V Professor Herbert Bolton of the University of California
Md kindly made available by him.
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feet, With & width of 1,000 feet, and extended them for a
sistance of forty-three miles -- this by a process of head-
yard erosionl (pl, VIa).

Another bit of evidence, possibly connected with th%e
 patter of slope dissecotion, is the fact that there are, in
ithe lower delta, areas which are free of inundation by tide
‘or river overflow. One of these areas is found about the
“‘site of La Bomba, another between the 0ld course of the
i‘bolorado and the Pescadero, another to the east of the Hardy,
south of Volcano Lake. As the agencies which created the
zforms have undoubtedly been tide and overflow, the. fact
that fhey aere now asbove inundation means either that they
are higher or that the agencies which created them have

 decreased in effectiveness.

Historical evidence favors the conclusion that for a
period 0of 400 years the Colorado maintained its} course from
éYuma to the gulf. As Grunsky? suggests: from Diaz and
Alarcon in 1540 to Ives in 1857 there is no intimation that

ﬁthe river had any other course than that which it meintained

fody of water, detached from the gulf. If this diversion

 S——

100ry, H. Te Op. cit.: p. 1324,
2
Grunsky, C. E. Op. cit.: p. 6.
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took place, it was noted neither by Consag in 1746 nor by
¢arces in 1771, who found the Colorado very much &s it was
previous to 1905. If the Colorado were diverted, say in

1755, 1t would certainly have been flowing into the Salt'pn
sink at the time of Garces' visit and would have continued
wmtil such time as the sink contained a volume of water

high enough to overflow into the gulf.l The source of the

pep is known and its general character is such thet it may
"be regarded perhaps rather as an inexact copy of other maps

than as utilizing the data of some exact, forgotien observer.

|
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From Indian artifects and legends there is another line

of evidence. The Collins Valley Indians have legends of ‘ ;i*;
‘great white "birds" which sailed up the waters of what is o ?
now Salton Sink and discharged white men. They tell of the : *
disappearance of water from the sink and of its sudden return. ﬁ

g 8oy

These legends may be good as supporting evidence, but in

themselves they are worth very little. . fg;
The artifacts are more satisfactory. About the old ¥

’beach line there have been found circles of stones which have

, In this connection, it is interesting to note an

51tem appearing in the diary of Fray Juan Diaz, kept during

zthe trip of Anza in 1774, From the Indians he learned of a
ver, twenty leguas (about sixty miles) above the mouth of
the Gila, which left the Colorado during the flood period

E&nd flowed to the west. After a short distence it entered

&&nother large stream of very red water; lower in the course
these were joined by a small stream of salt water.
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peen interpreted as being fish traps. These would at least
{ndicate the presence of man within the area during the
‘period when the basin was filled. Even more positive evi-

,
E

v ience of human occupation is found in the carvings Which

appear In the tufa of Travertine }?oin‘t:“.2 These carvings,

' vhich are undoubtedly of Indian origin, are not only carved

in the tufa but they have been covered over by deposits of
?the same materisl. The first inference to be made from this
i‘evidence is that the rock upon which the tufs deposits appesar
?has experienced at least several distinct periods of exposure
to the carbonate-bearing waters of the lake. ~ Whether or not
ithis meens several distinet fillings of an inclosed lake is
if'»amoot question. If this body of water were subject to great
tidal fluctuations could not these carvings be made at low
?water?

The presence of the tufa is in itself evidence of fresh
or 8t least brackish water conditions. This is borme out by
‘the great numbers of fresh or brackish water mollusk shells
Which are found along the 0ld beaches and on the floor of

the desert. They sre identical in form with living mollusks

\-—
From a conversation with Mr. Percy Palmer, of Brawley.

2
. MacDougal, D. T. A Decade of the Salton Sea,
“eographical Review, vol. 3: pp. 459-460. (1917)
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1
F

pow found in the occesional permanent streams gnd springs
gbout the desert margin} many of which are somewhat brackish.z

In summarizing and synthesizing the evidence regarding
the recent history of Salton Sink there appear certain well
’ﬂmnded premises from which to proceed to & theory:

1. Considerations of the problem must not be restricted
to Salton Sink. The extension of the beach line to the

&uth makes it the problem of a larger area. Yet the water
occupying the Salton Basin was fresh while the water of the
:gﬂf to the south was certainly not.

R+ The river terraces are continuous with those of the
beach line and represent depth of cutting equivalent to the
height of the 0ld terraces above present sea-level.

'8+ There is only one definite ancient beach line.

There are numbers of teriaces but these are definitely of a
secondary and subsequent nature, and represent merely a
receding water surface. |

4. The deelccation of the Salton Sink aree is an
event geologically very recent. This assertion is borne out
by the ffeshnessvof the o0ld beach line, and by the Indien
%8rvings in the tufa. The ancient lake represents & brief
inﬁﬁent, for nowhere along the 0ld beach line did the waves

M

1 )
Mendenhall, W. C. Op. cite: pp. 18-19.

. 2These mollusks are described and identified by Stearns,
(im. C., in the Amer. Naturalist, vol. 13: pp. 141-154.
11879) Some of the specimens were taken from & depth of 50
£§Rb§low the surface. Stearns describes them as being
haSlllzed end semi-fossilized and suggests that they might

V¢ lived in minor lagoons and ponds as well as in a large lake.

oy

el g




iout deeply into the s0lid rock. The undissected nature of
i"che north delta slope offers proof of the recency with
'which water stood in the basin.

5. There is abundant evidence that there has been,in
the area about the head of the gulf, recent and consideréﬁle
‘uplift. As proof of this there is the unfailing dissection
of fans and terraces, the existence of areas above inundation
within the delta, the difference of over thirty feet in ele-
vation as between different sections of the ancient beach
'line within Salton Sink,

6. Finally, the delte is inadeguate as & dam behind
vhich there éould be impounded a leke with a level of even
'forty feet above the sea. It is not high enough &nd in
eddition there was some sort of channel which cut it to
depth near sea-level along the line of the Herdy, Volcano

Lake, New River Depression.

Hypotheses ==~

As an explanation of the sequence of events leading to
' the formation of the Colorado Desert Blake's hypothe81s
has been accepted slmost without guestion. Thls hypothesis
‘he first postulated in 1853, At that time he was not aware
‘that the 0l1ld beach line stood above sea-~level. Ke suggested
‘the building of & delte barrier by the deposition of the

811t of the Colorado, which, perhaps with the assistance of
Slight uplift, became effective in. closing or nearly closing

0ff the area within Salton Sink. The latter was maintained




- gs a fresh-water body by the northward diversion of the

~ Colorado. Possibly there remained & connecting channel

1
between lake and gulf, to the west of the delta. At a

later date, after more careful work had determined the ele-

vation of the terraces about the Salton Sink, Blake postu-

lated the existence of a lake which stood sbove sea-level
snd discharged its waters into the gulf.2 He still admitted
the possible assistance of uplift in making of the delta an
effective barrier. |

Subsequent workers in the area have accepted this

5,
- view, largely without modification. Barrows suggested

- crustal elevation of the earth beneath the central region

covered by the delta; Free4 ventures the hypothesis that

the Salton Sink has very recently become & part of the gulf

 trough, lying below sea-level.

A consideration of all the evidence here noted leaves

the impression that & modification of Blake's hypothesis is

- In keeping with the facts:

Por a brief time during the period of maximum depression
of the trough, the gulf stood at the level represented by the
0ld beach line; it occupied the Pattie Basin, it stood along

1
Report of Exploration and Surveys from the Mississippi
?iggr)to the Pacific Ocean, vol. 6, part 2: pp. 235-240.
6

In MacDougal's Salton Sea, op. cit.: pp. 3-5,

3Barrows, D. P. National Geogr. kag., vol. 1l:
P. 340. (1900)

4Free. E. E., in KacDougal's Salton Sea: pp. 25-29.
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j the Santa Clara Mesa. The Colorado entered the gulf at a
point near Yuma and extended its delta across the gulf

 toward Cerro Prieto. As the delta advanced westward and

 the north the steeper gradient now lay toward the gulf, and o

rado maintained its course to the gulf, grading and building

beéame higher (assisted perhaps by general uplift) the
deflection of the Colorado to the northward caused the w;fer
enclosed by the extreme head of the gulf to become fresh, or
et least brackish. Along the western margin of the delta.
the tide maintained an opening along the line marked by the
Hardy, Volcano Lake, and New River Depression. The'embay~
nent to the north was subject to tidal fluctvations and
through the opening the excess Waters paésed to the gulf,
Then came & general uplift of the afeé and with it the

delta became an effective barrier, cutting off the Salton

basin from the gulf., As the river had been flowiné toward

the river was deflected to the south. With the uplift its

cutting power was increased and it formed the terraces which

now border it. Without increment the waters of the sink
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gradually disappeared through evaporation, léaving successive

ninor terraces. ' ' LT

. ’=P?MM@:‘~, i

During the subsequent period, up until 1905, the Colo-

U the southern delta slope to a gradient nmormal to stresm T Ezj

o
leposition. During all this later period the Salton Basin '%§
has received only smell amounts of water, which have resulted x

o nothing more than ephemeral lakes.
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Laguna Salads

As previously noted, Pattie Basin is the name applied
to the area lying between the Cucopa-kiayor and Juarez
[

ranges. It includes an area of perhaps fifty miles long

by twenty wide. It is definitely & part of the delta and

D!W'*?‘P‘ﬁﬁ%%ﬁvw«’@mwwmg,. -
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continues the general delta slopes, having an elevation

of some ten feet above sea-level at its entrance south of

z‘%ﬁ‘:%‘x .‘ \; 5

Mayor and sloping down to the northward to a minimum ele-

vetion of some five feet below sea-levels 4
In the varied history of the water body which has ; > ?%

occupied it, in its aspects as a delta feature, there is a N é%

strong similarity between this basin and the larger Salton i E%

Besin to the north. Both are basins lying below sea-level, E ‘3%

both are subject to occasional flooding, andvboth ere cut %%

off from permanent ocoupation by the Sea by means of
elluvial barriers.

The occasional floodings come as & result of the con-
Junction of high water in the river and high tides in the

gulf. This interaction of forces means sa backing up of the

* .
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river waters and & breaking over the banks at a point near
\

the mouth of the Hardy. From this point, several broed, R

R SR

shallow channelé run to the westward, passing south of the
Point of Mayor (pl. IVe). Here the channels become less
lefinite and the water spreads out in & shallow lake. To
the northward end close in to the flank of Mayor, there is

& series of gathering channels, deeply cut into the silt.




These are finally Jjoined into one cgannel which debouches '
onto the plain about twenty miles northwest of Mayor.

North of this is the area occupied by the lake, Laguna
S8alada or Maquata, during its intermediate and lower stages.
If there be sufficient water, the lake extends much farther
south.

In addition to the historical records, which show the
basin to have been occupied by lakes in 1884, 1893, 1§06,
1914, 1923, and 1928} there is evidence in the form of
strand lines. The highest of these is probably & continu-
ation of the ancient beach line, the others éfe less well
marked, frequently being indicated by a line of vegetation.

As the lske derives its water from the overflow of the
river, it is, of course, fresh at its higher stages. With
the loss of volume the water becomes more saline, end
finally the lake is reduced to the brine and salt deposits
which occupy the northeastern part of the baSin. According
10 one visitor, who camped at the northern end of the lake
in 1923, the water was potable there. Whet is more striking
is his account of the tidal effect, which he says emounted
to & movement of six inches, occurring twice a day. This,
of course, does not infer a direct connection with the sea,
but means rather an aslternate increase and decrease in the

head of water forcing its way into the basin,

—————

‘ 1a part of this information as to dates from D. T.
liacDougal, ‘the Desert Basins of the Colorasdo Delta, Amer.
Geogr. Soc., Bull., vol. 39: p. 719. (1907)
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Positive proof. of the freshness, or at least brackish
quelities, of the weter of the former laekes, is found in

the presence of the great numbers of mollusks which are
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found about the floor of the basin. Orcuttl stated thaty
these are of the same species as those found in the Salton
S5ink area,

Older gccounts of the Pattie Basin reveal very much .
the same conditions as at present. Garces? in the account - ii ,”ﬁu
'of his first trip into the area, mentions a "Rio Amarilio",
which is unquestiornably to be identified as & channel
‘eading from the river toward the Pattie Basin. While a _ ) g%
member of the first Ansa expedition, he correctly stated ;ﬁ' -?%
the origin of the ephemeral lakes of the basin. Ansa's i: ;%

first expedition crossed the upper end of the basin st a

time when the lake had nearly -- if not entirely -- disappeared.
About the 0l1d shores they found windfows of fish, stranded

by the retreating water, or unable to withstand the increasing
salinity, A similar experience was encountered by the Msac-

Dougal5 rarty of 1907, and by Orcutt4 in 1890.

1
Orcutt, C. R. West Amer. Scientist, vol. 7, no,
59: p. 159, (1891)

2From the previously cited manuscript of Professor e
Bolton, :

ull, Am. Geogr. Soc., vol. 39: P. 720. (1907)

4 _
. Orcutt, C. R. The Colorado Desert, 10th Rep. State
Uineralogist of Calif.: p. 914, (1890)
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As to the origin of this area as an enclosed basin cut
off from the sea, there seems to be no necessity in going
beyond the explanation offered for the origin of the Salton
Basin:

.

Until a very recent time, geologically, Pattie Basin
was part of the gulf. The area was included in the region
of general uplift about the head of the gulf. With increased

elevation the delta slopes were extended southward, closing

the space between Mayor and the coastal range to the south.

i

A it

their existence upon overflow water from the river.

The arm of the gulf became an enclosed basin, and wes .
desicoated through evaporation. Its subsequent history has ) f
been largely concerned with ephemeral lakes, depending for 1




CHAPTER & -- THE KODIPYING FACTORS

The preceding chapters have considered the nature and
origin of the grosser forms of the landscape in the srea®of
the Colorado Delta. It now remains to consider the modify-
ing effects of another group of forces, largely climatic,
which, though of less magnitude in momentary comparison, are
rersistent and thus effective in the landscape. Ordinarily
the work of the river would appear in this latter group of
forces, but in the érea'under consideration t?e Colorado is
an exotic elément which derives its rover from snother region.
In addition fo'its exterior origin, its importance as a
sculpturing agent is such as to class it with the other

forces of the first order of magnitude,

Climatic.Elements -

It is essential to know something about the gqualitative
and quentitative nature of the climatic elements for an under-
St&nding.of the workings of the climatic forces. For the
lOWer delta region there are meteorologic stations only at
Calexico and’Yuma.l These stations serve very well for an
wderstanding of the lowland area of the delta crest but
they fail to indicate the modified conditions about the head

of the gulf or in the highlands of the desert ranges.
\“

A meteorologic station has beeu recently esteblished
8t Mexicali, in Mexico, but as yet the observations do not
Cver & sufficient period to be of any value.
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For Yuma, a record of the years from 1876 to 1926
reveals for January, the coldest month, a mean temperature
of 54.4 F., with a mean minimum and maximum of 42.2 F. and
66.7 F., respectively. ZFor the warmest summer month, Ju&y,
the corresponding figures are : mean, 91.0 F.; meen mini-
mum, 76.6 Fo; mean maximum, 105.4 F.l'zA sixteen year record
for Calexico differs appreciably from this only in that there
eppears for July & mean maximum Some 12 degrees higher. The
absolute maximuma and minima are: for Calexico? 117 F. and
2l F.; for Yuma, 120 F, and 22 F,

These figures mean a hot summer and a mild winter. It
is not a frost-free region, however, for the forty-seven
Jear record at Yuma reveals only eight years in which the
ninimum did not drop to 32 degrees. The average rossible
frost period comes between December 19 and January 21,

For agriculture this is significant; as an aid to mechanical

weathering it is insignificant.

lIn a modified Koeppen climatic classification, Russell
has designated the Colorado Desert by the symbol "BWhh". This
Means that in addition to falling into the class of driest, or
desert regions, the mean January temperature is above 32 F.,
&nd that there are three months or more with mean maximum
lemperatures averaging 100 F., or over. Climates of Cali-

fornia, Univ. Calif, Publ. Geog., vol. 2, no. 4 PD. 77-78.
2Annual Meteorological Summary, Yuma, Arizona. (1926)

3Summary of the Climatological Data for the United
States, Sec. 13. Weather Bureau. (1921)

*0p. cit.: p. 3.
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For the latter consideration it is of importance that
the contrast in temperature as between day and night is great.
This is & phenomenon generally true of desert aress and
particularly is true in the Colorado Desert in spring an;:
falle On one occasion, in the lower delta, a field ther-
moneter registered a minimum of 22 P. during the night. By

10:30 8 me it registered 88 F. in the sun, this in early

December!

By common repute it 1s always 10 degrees cooler than

Yuma at points about the head of the gulf; San Felipe is said

TS ‘,fv,«-xm:*\f"-wo P ke
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to be ever muy fresca. It is certain that the modifying

P

influence of the gulf is felt far up toward the delta crest.
The low elévation of Centinela (2,262 feet) is sufficient
for an occasional snow cover. In spite of these seeming
exceptions, the actual temperatures as given for Yuma and
Calexico serve very well for the whole delta region. The
apparent temperature contrasts are frequently sensible
rather than actual, and this is a matter of comparstive
relative humidities.,

As an saverage condition, the Célorado Delta is én aree
of low relative humidity. In substantiation of this there

bay be submitted the much quoted figures giving the results

of an experiment conducted in Caelexico by the California

Development Comp&ny.1 The measurements covered a three-year ‘ §§

—————

15011 Survey of the El Centro Region, Californis,
U. S. D. A., Bureau of Soils: p. 1l. (1922) .




period and showed the average annual loss through evapo-
ration from a free water surface to be 80.66 inches,nor
6,72 feet.
For Yuma the figures of relative humidity are given,
for three hours of the day: 6 a. m., noon, and 6 p. m.lr o

The mean annual figures for these hours are: 60, 27, and

27, respectively. In general there is s close correletion

between the hottest period of the year and lowest relative
humidity. But what is most striking is that the highest

meen 6 a. m, figures are for August and September, two of

?
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the hot months. The figures for this hour may be supposed

to reflect conditions as they are during the night, and so 5_'
there is probably no exaggeration in the stories of dripping -

eaves during the nights of these months. Certain it is that

the camper frequently finds himself in need of waterproof

covering. Of course, such conditions reise the sensible

g
MR

temperature and make late summer the most dreaded part of -

: R i
R,

the year,
The presence of the river is of material effect in

reising the relative humidity of the lowland area, immédiately ﬁi:

‘%' Y L

gdjecent to its channel. It has no effect upon the mesa,

poete

though the latter may be washed by the streem.” In such S

————

1
Op. cit.: p. 5.
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2Figures bearing this out are to be found in Mac- ;
Dougal's article in the Bulletin of the Amer. Geogr. Soc., .
vol. 38: p. 4. (1906) e
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ceses the proximity of hydrophyte and xerophyte is the ususal
thinge. .

Such conditions of increased relative humidity find
their origin in moisture-bearing winds from the gulf, .
Throughout the whole area of the lower delta it is in general
true that southwest winds dominate during late summer, north
winds during fall and winter, west winds in the spring and
early summer. For certain localities this generalization is
subject to modification because of topography or because of
such phenomena as the land-and-ses breeze,

In this region the wind is certainly significant as a
nolder of surface form. Its importance in this respect is
ot to be measured in such terms as "total windy days" but P
rather in terms of number anad duration of winds of high
velocity.

1
Brown made a detailed study of the wind records for

Yuma covering a four-year period, having in mind the dominent

direction of the high winds. As a resultent he obtained a
northwest wind, and from field observation this appears to

&pply to the whole lower delta. The dunes show, certainly,

sl g
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the dominance of a wind actihg from this direction.

R

Precipitation ==

, 2 ' ‘
For Calexico the average annual Precipitation is 3.10

inches; for Yuma? 3442 inches. PFor both places the rainy

———

‘Brown, J. S. W. S. Paper 497 reviously cited '
Pp. 14-16, 28.° P » P v ’ o
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season falls in the winter months, with a strong secondary

- maximum in late summer. The first is cyclonic in nature,

the latter likely to be of the thunderstorm type. The

region, then, lies in the transition area between the typical
scyclonic winter rainfall of California, and the summer
convectional rainfall of Arizona.

As regards its importance as an agency in ﬁéulding the
landscape, the case of precipitetion is analogous to that
of the wind; The heavy, cloudburst type of rain storm is
proportionally of far greater importance than the gentle
rain. The summer rains are more likely to fall in the
former class than are the winter rains. In August of 1909
there fell in Yuma, in 24 hours, 4.01 inches of rain} Such
rains, of course, are rare, but they are definitely to be
considered in an analysis of the landscape,

Truly a desert characteristic is the great veriation
in amount of precipitation from year t0 year. As an extreme
example there may be cifed the Yuma figures for 1904 and
1905. In the former year there fell but 1;45 inches, while
In 1905 the total reached the unprecedented figure of 11.41
inches: It may be mentioned in this connestion that there
is a wide varisance iﬁ the same years for Yuma and Calexico,
though their average is practically the same and they 1lie
nly some sixty miles apart.

e e

l1pbid.: p. 4.
“Ibid.: p. 3.
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Forms of condensation other than rein are unimportant.
gpow does occur occasionally, and dew is quite freguent in
1ate summer. Fog occurs about the head of the gulf and

infrequently is carried as far north ss Yuma.

preparation of the katerial =--

Within the area of the delta proper, the surface con;
figuration, the leand forms, are primarily an expression of
the' work of the river. The homogeneous, fine alluvial
material has been but little affected by the climétic forces
of the area Within which it lies. Only the wind and the
vegetation serve to some extent as modifying factors.

On the other hand, the desert ranges which lie about
the margins' of the delta are, in their origin and subsequent
forms, expressions of conditions indigenous to the area.

In the degraaation. of these rock masses into their charac-
teristic profiles and forms there is recognizable the

dominence of forces particularly significant in a dry climate:
meehanicai 'wveathering, the movement of dry, weathered materisal
down -slopev, v.cioudburst rainfall, and wingd.

Great aridity, abrupt'temperature contrasts as between
night and day make for a dominance of mechanical weather\ing.
This condition particuiarly favors weathering through ex-
foliation and gremular disintegration. Chemical activity
s certainly not entirely wanting, as is evidenced by the
Presence of caliche-cemented deposits, colored concentric

bands 1n boulders, and solution along joint planes.
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Granites -~

In broad outline the sculpture of the granitic masses
gshows an intricate, regular carving. The slopes are steep,
the divides symmetrical. In the desert ranges the skylime
is likely to be somewhat serrate. The pattern of dissection
resembles nothing so much es a series of intersecting and
overlapping inverted "V's" (pl. VIb). In detailed examination
there is revealed the very great importance of jointing, The
latter not only exerts a2 major influence in details of weather-
ing, but also plays a large part in determining the direction
end steepness of slope of the denuded rock surface.

It is a rule that in general the most intricately jointed
granites produce the smallest boulders. The first disinte-
gration takes place along the joint Planes, and this continues
80 that finally the areas between the joinis become protuber~
ences. These may eventually be severed from the perent mass
and become boulders. ‘These latter show & rounding, but as
they are exposed to the sun they show a crumbly exterior as
Opposed to the smooth beach or stream cobbies. With the pro-
duction of bne cobble there is necessarily the production of
much finer material as waste. This latiter is much more
readily removed by wind end water, leaving an accumulation
of the larger fragments.

Accompanying the joint-controlled weathing-out of
boulders there sometimes appear examples of what may be

termed "socket" weathering, forms which resemble the sockets




of ball-and-socket joints (pl. VIc)e These are not large,
reaching a maximum size of perhaps eighteen inches in
dismeter. They may appear as concave depressions in boulders
or a8 depressions in protuberances of the bedrock. Formsh
somewhat similar to these are explained by Bryan as being
the work of insoletion and solution. Solution gets & start
et & point on the surface poorly protected by the iron
gstained crust, common to desert boulders} Examples of this
type of weathering forms were noted only in sites of maxi-
mum exposure to the sun, though this may be only & co-
incidence, -

Another striking weathering form developed in granite
1s that of the "boulder piles™. They appear as fantastically
shaped accumulations of bouldérs weathered and rounded out
in situ, that reach the size of small hills. These forms
are perhaps best exemplified in the area near Lountain Springs
on the road from San Diego to Imperial Valley..AIt may be
Indicative of the significance of chemical weathering that
they appear only on the desert margin at elevations not less
than 2,000 feet. Bryanz suggests that insolation is effective
to distences of at least twenty-five feet from the surface,
80 that the boulder piles may represent the combined sction
of chemical and mechanical weathéring,

Occasionally, in the desert ranges, the granites and

88sociated pegmatites, when in contact with finely jointed

————

“lBryan, Kirk. Erosion and Sedimentation in Papago
founty, Arizona. U. S. Geol. Sur., Bull. 730: p. 49. (1923)

zlbido . ppo 39‘400
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volcanics or -schists, act as ridge Builders, the other
naterial falling eway in detrital slopes. In no césé are
these major forms. h

An exemination of a typical, desert granitic range;
such es Sierra Mayor, reveals in the characteristic inverted
"Y" dissection pattern what appears to be a well developed
dreinage system. There are channels filled with well
rounded boulders, tanks, cascedes and waterfalls -~ all
genefally dry. If the area were to become suddenly humid
the disposal of rainwater would be adequatelg}h&ndled.
This might be used as en argument for recent and considerable

climetic change, but in view of the fact that the volcanic

ranges of the area offer no such evidence this conclusion

is hardly tenable. What suggests itself is that this

e

pattern represents the normal one developed in such & homo-
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geneous mass by the movement down slope of the dry, weathered
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material, that this has served as & means of concentrating

ety

the occasional desert rains, with the superficial development
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of normal stream dissection channels. ' L
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The Volcanics == I

In broed outline tre volcanic lavas and tuffs show a

Ctoe AR S

much jess symmetrical and homogeneous pattern. In form they
renge from the basalt capped mesas to an extremely irregular
mess of plugs, cones, cores, and dikes (pl. ViIa). As

Opposed to the granitic messes the volcanics tend to preserve

the individuality of the seversl constituent elements. In

2
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detail the material varies from highly resistant, massive
laves to the easily disintegrated tuffs., |

| The more massive thick flows develop widely spaced
joints end maintain steep slope angles. The ordinary bedgded
lava flows, in weathering maintain intermediate slopes, talus
%mantled, whéreas the tuffs have gentler slopes. In places
the tuffs have almost entirely disappeared, leaving the old
“volcanic cores rising in cliffy slopes. |
. The volcanic areas as a whole show nothing of the
development of the dry stream pattern cheracteristic of the
granite. About some of the more considerable-volcenic masses
the talus pediments show an extensive dissection by steep-
;walled, dry water courses. The materials are generally
?angular, showing little rounding effect along the channels.
;Perhaps the ché.nnels are due to the evident lowering of
:base-level,_ possibly, as Bryanl suggests for similar con=-

ditions, to the effect of occasional cloudbursts.

‘The Sediments =-

The major exposure of sediments is found in the Tertiary
éﬂeposits located about the eastern side of the head of the
:'gulf. They are composed of intermittent, thin, sﬁarply‘
;dipping, sandstone strata, which appear as low ridges in a
;m&SS of gritty clay. The latter is highly weathered with a
ichby structure, but for want of a disturbing force

jfrequently retains fairly steep slopes. On contact with a
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1iiies‘l:urbinlg force it crumbles, and in so doing exposes
umerous gypsum inclusions.

From its froht along the gulf and for & distance of Wt
doout five miles to the eastward, this Tertiary formatiod
bhows an excellent development of badland topography (pl.
'II_‘_q)o It probably represents an exposure of the same agé and
f'op0graphic development as that described by kiemienl:ua.ll:,L
}ying on the western side of Imperial Valley.

| Conglomerates appear -as prominent exposures but rarely
n this area. Where they do appear, subject to the normal
‘rocess of weatherihg, their resultant forms simulate

those of the granitic rocks.

ork of the Wind --

That the frequent strong winds of the desert are im-
ortant agents in the transportation of the weathered
aterial cannot be questioned. The numerous sand and dust
torms are proof of this. They are sufficiently charac-
‘ eristic of the area about the head of the gulf so that
ardy speaks of it as the "Smoky Coas.t".2

As & positive factor in the building of forms, the

ind is represented by areas of dunes of varying types,
by other sand accumulations. The source of the wind- 4 - =

fTensported material is very largely found in the weathered
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debris about the base of the mountains. The Colorado
elluvium, through its vegetation cover, or because of its
slkali encrusted surface, is ordinarily resistant to re-
noval by the wind. Its surface may be broken by the
- burrowing of animals, by the action of growing plents, by

such cultural forces as wheeled vehicles, perhaps in a

measure by weathering. Accumulations of such meterials are

developed by the wind, but these are gsecondary in importance - b

P B

'to the forms composed of sand,

o

There may be witnessed, across the crusted surface of

‘ . L
R L

S M P Do e RO

Pattie Basin,.‘ the movement of wind driven sand, very much

. .
v gyl

~after the fashion of d:bifting snow passing over ice. The
sand accumulations are found abutting the mountains or in
sheltered spots where the wind eddies, Upon the hard sur-

face exposed to the sweep of the wind, accumulations are

avbo

Lound only where some protuberance Provides shelter. This

.
»

D -
S S

function may be fulfilled by a piece of wood, wheel ruts,

Only occasionally on this alkali ground by a clump of vege-

E tation,

E The whirlwinds so common to the hot summer days are
E Vory effective carriers of material, Quite frequently '
1Jheée winds are of sufficient violence to transport not
ly dust but sand and even Small pebbles. Such winds, |
"thOth in the aggregate they'mbve conslderable amounts of

{materia,l, are 80 irregular in their nature as to contribute

ttle to the building of discernible forms of either negative

°r positive relief.,




In the area examined there was encountered no-positive
 example of the abrasion of rock by wind driven materisl.

~ 0n the other hand, there were found nume rous exemples of
wind abrasion in mounds of sand and silt. e
| Fixed, rather than active, dunes exhibit abrasion, for

active dunes move before the wind through the migration of

- each individual particle. Perhaps with the death of the

vegetation cover the wind initiates a cutting of the fixed

dune. Through the larger mounds the blast cuts s vertical

section which lies in a plane parallel to the direction of
| the prevailing wind,

For the area to the north, Mendenhalll cites examples
of the abrasive acfion 6f wind-blown sand in etching gneiss

boulders, the eroding of fish plates and bolts of the rail-

Way track, and the'cutting of telegraph poles. The enormous

importance of the wind as s transporting agent is admitted
‘but it is here held that the abrasive power of the wind is’
restricted to a height of a few feet above the surfece and

80 is of relative unimportance as s builder of relief fomms.
‘The Formg ~=

In the foregoing discussion of weathering processes

ithere has been some reference to relief forms, largely those

&ttributable to one set of forces. In the disposal of the

—_—
| lop. cit.: p. 26.

——
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weathered material, and in its integration into land forms,
there operate a number of forces: gravity, wind, running
water, vegetation, and, to some extent, zoogene forces. .
Though these are the principal forces their effect is modi-
fied by such extraneous factors as uplift and depression,

gnd the influence of the Colorado. The resulting fomms,

then, are frequently complex in origin.

Fans, Aprons, Pediments -

In the building of these forms three forcés are domi-
nant: denudation, running wster, wind. The first two vary
in importance with the nature of the mountain mass from
- Which the materials are derived. The detrital materiazl about
the bese of the lower lying volcanic mountains is composed,
in general, of coarse, angular fragments possessing little
stratifiéation, their position largely due to the slow move-

- ment down slope of dry, weatheréd material. The higher lying
‘ gr&nitic masses, such es Sierre Mayor, are flanked by deposits
of well rounded, stratified grevels. About the higher vol-
tanic masses there is evidence of some water transport of

the weathering débris-in the characteristic "mine dump",
deposits, previously referred to.

Alluvial deposits of sﬁfficient convexity to be called
tones are lacking. Alluvial fans are well developed along
i the eastern flank of the Juarez, less so along the Cucopas.

- As Previously suggested, the alluvial deposits along the

Cucopas are covered better by the term Mapron™ than by "fan".

92.
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rrue fan slopes are recognizable as emerging from the re-
entrants of this range but they coalesce, without appreciable
break, into the uniform slope maintained by the flanking
gpron. On the western side of the Cucopas there are devq}oped
s number of prominent fans which retain their characterisfic :
profiles out over the river elluvium of Pattie Basin. Along ;S‘;

the base of the Peninsular Range the fan development is much

greater with great boulders, gravel, and sand. But even here

there is preserved e general uniformity of slope that appears
to be due to something more than merely coelescing fans,
| The alluvial deposits flanking the Peninsuler MNountains
are deep-~seated and extensive; those flanking the desert ranges
are more superficial. This is a natural condition of affairs
in view of the greater height and more westerly position of
the former range. . The deep-seated, alluvial sends and gravels

of the Salton Sink were cited when speaking of the artesian

~Wells of that area. The general configuration of the floor

of Pattie Basin suggests the same condition there, with its

- Deximum depression along the eastern side and its silt-

- hantled slope rising to the west (fig. 5); Well logs are

lacking for the ares along the base of the Cucopas, but depths

.
< o N e .
"i“%‘a‘a ¥ :
R A BRI X

;

- of twenty-eight feet below the surface reveal the gravels

dipping so sharply as to preclude the possibility of their

great extent.

e

F

L

The most striking feature of these fan and apron forms

i

Is the fact that they unfeilingly show dissection as the most

B S T R
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recent -incident in their evolution. About the flanks of the
Ccucopas the alluvial deposits are vegetation-mantled with a
cover of palo fierro, palo verde, creosote bush, mesqguite,
ocotillo, eand visnaga. This plent covering speaks for a
stability of these surfaces, in fact reduces them to the
category of relict forms. The courses of the ephemeral
streams issuing from the mountains are steep-walled srroyos
cut into the alluvial sands and gravels (pl. Ve)e The
easiest way of accounting for these forms is to posulate a

recent uplift, end this is in keeping with other evidenace,

Proof of the recency of the uplift is rendered by the absence

of eny discernible secondary fan building,

The most extensive feature of the mountain derived
material is the great alluviel plain which extends from the
base of the mountaeins east to the edge of the river silt,
and from San Felipe north to the point of Las Pintes. The
Plain is composed of granite derivatives: sands, gravels,
and arkdsic conglomerates. Through its gently sloping sur-
face the voléanic masses rise as islands. There is no
question that it is Water-transported material derived from
the distant mountains to the west. 1In its make-up it
resembles closely the mesa which bounds the delta to the
tast. The origin of both plain and mese must involve
8imilar events. Quite‘possibiy the alluvium forms only a
Superficial deposit, for there is exposed by arroyo cutting

& very different material, a few feet below the surface. It

94.
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is of about the texture of silt, contains irregular pebble
inclusions, end maintains vertical walls on erosion. This
all strongly suggests residual material. -
North of Punte San Felipe the road crdsses & series
of arroyos, for a distance of perhaps ten miles. They are

steep walled, with flat, sandy bottoms. Toward the sea they

increase rapidly in depth to & maximum of perha'ps 30 feet,

| with & width of 200 yards. They are not long, having a

‘ meximum length of perhaps five miles, Toward the mountains

 they become shallower and éplit into little, sandy washes,

Here, again, lowering of base-level through elevation of

the land expleins the origin of such forms.

Desert Pavements ==

The term desert pavement or pedregal is applied to a
bare, level surface composed of gravel or small cobbles,
embedded in e finer matrix. Such surfaces may be divided
into two general types: those composed of alluvial gravels,
and those composed of detrital material. In the latter case,
if the material is transported at all1, it is by the slow
Dovement down slope of dry material, on the face of the
retreating mountain slope.

The first» type may be found as an elevated form. Lore
frequently, as on the mesas, it is an area of negative
relief, Its surface is composed of gravels of uniform size
lerkened by "desert vamish" (pl. VIIc). Below the surface

Is found a hard, clay-like materisl. The origin of such a
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form is to be found in the work of the wind, which removes
~the finer material and causes a gradusl lowering of the
general surface with a resulting concentration of gravels.
The terrace surfaces and the fan slopes, as along the easfern
base of the Cucopas, exhibit a similar development,

| The second type is found particularly well developed
sbout the little volcanic hills north of San Felipe. A
detailed examination of one of these forms revealed it as
émaintaining e slope inclination of ten degrees away from the
gmountain. There is & perceptible though not angular break
gbetWeen pavement and mountain slope -- the latter averaging
g;about twénty-five degrees (pl. VIIIa). The pavement-sur-
%face is composed of angular cobbles showing some desert
Evamish (pl. VIIIb). It is only one block deep, and is im=

‘
:
,
i

?Below the fine material is a stiff sand, sufficiently deep

and free of rocks as to be in some measure undermined by

ianimal burrowings. The factors significant in the formation

of this land form appear to be: (1) the retreat of the
mountain slope through denudation; (2) the movement of the
Veathered material down slope; (3) the removal of the finer

mterial by the wind,

The Dunes ==

0f the forms of wind accumuleted material there mey be

;diStinguished two general types: active dunes, and fixed

ébedded in & thin stratum of fine material of like origin. o

i
3
&
i



dunes. The former have 1little, if any, vegetation cover,
and are continually changing form and position thrbugh a
wind impelled movement of the sand grains of which they are
composed. Should they become stationary for any reason "
they then fall into the second class of fixed dunes. This
latter class also includes the accretion duﬁes which may be
composed not only of sand but also of silt and clay. These
forms grow about a nucleus initially fixed, the material
being held in place by the roots of vegetationu_

There are two major sets of active dunes, though both
sre marginal to the lower delta region. The first is the
Algodones Sand Hills, lying in the eastern part of Imperiel
County; the second, the belt of dunes lying parallel to and
east of the edge of the Santa Clara Mesa, in Sonora. These
latter are not easily accessible and ere little known, though
they may be easily seen from the edge .of the mese, twenty-
five miles awa&. Prom this distance it appears that they are
at least in part of barchan form and that the dominent wind
is southerl&.

- The Algodones Sand Hills have a northwest-southeast
¢rientation, forming what is in reelity & continuous range
some forty miles long with a maximum width of about five
miles, The hills lie upon the smooth plain of the mesa which
bounds the delta at the north and east, spilling over a bit
8% 1ts southern end onto the alluvium of the delte. The

irregular forms of the dunes suggest that they are not under

L-‘
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- ing from different directions (pl. IXa).

the domination of any particular wind. The range is

surrounded by extensive areas of desert bpavements and it

seems possible that in part the dunes owe their origin to
|

the concentration of the material removed by the wind in

- the formation of the pavements. On the basis of comparison

of present form and position with that represented on old
maps, Brown1 comes to the conclusion that the Sand Hills
In their larger features have chaﬁged very little, at least
in the last seventy yeafs. He suggests a slight movement
to the southeast; this is borne out by the presence of
extensive areas of fixed dunes, south of theﬁmajor range,
on the delta. Here the conditions of sbundent moisture and
plent growth are much less favorable to the existence of
live dunes,

Barchan dunes were observed ou the Sonora mess near
the head of the gulf, where conditions are such as are con-
sidered ideal for their development -- & hard floor, and a
strong wind blowing in a constant direction (pl. VIIIc).

The dunes observed»along.i the coast north of Punte San
Folipe are apparently subject to the effects of winds blow-
\

Evidence of the very comnsiderable height to which wind-

iriven sand may be forced up steep slopes is offered by

S¢veral examples. The northern tip of Las Pintas, which

1Water Supply Paper 497: p. 29,
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rises to & height of at least 500 feet above the alluvial

~ plain, stands directly in the path of the strong winds
which sweep south out of the Pattie Basin. At one point,
where the slope of the range measures about thirty-five =
degrees, the sand has been driven completely over the crest
end 1lies as & white band down both sides. Though this is
the extreme case, meny other examples of less magnitude are
observadble,

In no case was there observed an active dune in which
| the constituent material was finer than sand. On the other
hand, fixed dunes may be composed in rart or in whole of N
naterials of the texture of silt or clay. These latter are
of the type termed "accretion" dunes. The distinction
between active dunes which have become fixed by vegetation
génd accretion dunes composed of sand is rather difficult.
In time both come to approach the same form. The action of
roots in destroying the structure, the accretion of finer
materials, and the decay of vegetation 'tend to make the
origin obscure (pl. IXb). -

Good examples of accretion dunes are the mounds which
collect around springs due to the retentive powers of the
vegetation which the presence of weter induces. One such
Is the Kane Spring mound in Imperial Valley} There &are
traditions in' the lower delta of an "Agua Hechicera™ (witch

“eter) in which the spring emerged from the top of a dune.

\____—__—— -
1Cited by J. S. Brown, op. cit.: p. 31l.
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Another type of accretion dune is that previously
mentioned, where the sand, in sweeping over s bare surface,
ig lodged in & depression or behind some obstruction. Ex=-
amples of this are seen on the bare, alkali surface of .
Pattie Basin, where wheel ruts catch the drifting sand.
Vegetation takes root in the sandy spot, particulasrly sesa-
'purslane, A series of mounds .is built up; they in turn
offer further obstruction to the sand; other species of
vegetation are introduced (such as creosote bush), and the
gccumulation continues (pl. IXe).

An examination of & number of forms thogght to be of
this origin revealed a series bf dunes, irregular in form,
some with a crater-like top covered with mesquite. On the
flanks of some were small active dunes. An examination of
the structure revealed & rough bedding with alternate
leyers of fine sand, magnetite, coarse sand, fine sand,
with inclusions of small, irregular rock fraegments.

Llounds composed of silt or clay material ere found in
ell sizes, from those of a height of ten feet or more to
those of no more than & foot. These forms are generally
quite smooth as to outline, though they vary in fomm from
those having steep sides to those which are low lying and
have gentle slopes. There seems little doubt that these
ere wind accumulations, held together by vegetation. Even
Where these have become denuded of vegetation, examination

reveals numerous remains of roots. Such forms generally
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peour in groups and are highly restricted in dis,ribntion. =

An examination of one of these revealed g surface vely mﬁ&h
herdened with carbonate concentrations, Below appeared the
alluvium, soft, moist, cool, and containing plant remaing,
small black seeds, end small bones. As this particuler
form lay in the entrance from the Colorado to Lagune Salada
it is possible that some factors other than the wind and

vegetation have been significant.

Caliche ==

-1
Caliche 1is a calcareous deposit chaeracteristic of arid

lands which may appear in nearly pure deposits or may act as

a cement in sands or gravels. Caliche is widespread in these

arid areas and is frequently kmown loéally as heardpan or
cement. If is thought to be derived from ascending ground
water, or to be a deposit from rain water, which charsc-
teristically effect & solution and concentration of soluble
salts in desert areas.

In the delta area caliche is found in the pure fomm
exposed along cuts, but it is more significant as a ceﬁenter

of sands. Along the edge of the Santa Clare lesa there

§ S&Prear exposures of caliche-cemented sendstone, fallen 'and
] broken into slabs. The sand appears to have been cemented

& short distance below the surface, to have been exposed by

denudation, then caved and broken by undermining (pl. Xa).

Ik ————

14 discussion of the origin and function of caliche

i 8Ppears in Lee's Underground Waters of Arizona, U. S. Geol.

?ggV.; Water Supply and irrigation Paper 136: pp. 107-111.
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It seems quite possible that many of the conglomerates
present along the stream channels of this region represent
the effect of caliche. lost of the conglomerates are not

.

pasal and their cementation is effected -- if not by caliche

-- by some other process quite common to arid areas.
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CHAPTER 6 =-- SUMNMARY OF GEGUORFPHOLOGY

Diastrophism end the Colorado River are the two agencies
of major importance in the genesis of the della landscapefl
piastrophism is significant in that it has produced the framc_—:-
work about which the alluvial materié.ls are deposited. It
sets certain areal limits within whici: the river may work.

By this' restriction it has effected the gross configuration
of the alluvial surface.

The river is significent primarily as a transporting
force which has carried into the area a great_burden of

silty elluvium. In the Delta Cone area the rivér has ef-

fected the detailed surface relief, almost to the total

sxeclusion of other forces.

In a.'manner, diastro;phiém end the river are forces
wvhich work against each other in the 'net result on the land-
scape. Diastrophism has produced relief; the river has tended
to destroy 711:. In detail the river does produce relief forms.
St111, the four major areas of the delta surface mark de-
pressions in the diastrophic framework.

Volcaﬁiém and recent faulting have produced modifigations

- in the frame. The sea and the climatic forces work with the

 river to produce a general reduction of relief.

In & consideration of the genesis of the delta landscape,

&8 of any other, it is necessary to think of a mutual inter-

aotion of forces, going on constently. Gemnetically "pure"

103,
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forms are rare. The nearest approach to such forms is to

pe found in areas of recent and contemporary volecanic action.

The Diastrophic Prame -~

It has not been proved that the depression occupied ;y
the Gulf‘of Califofnia is a simple graben. It is impossible
t0 point out two continuous fault planes belween which there
is a dropped block of the earth's crust. So far as definite
gvidence goesvthe form méy as well be & ggosynclinal one.

The trough does, however, form a zone in which feulting,

~end to & lesser extent, volcanism, are highly significant in

their morphologic implications. At least three pheses of
diastrophic activity can'be recognized in the delta land-
scapes '

1. The forming of the gulf trough. This may
represent folding or faulting on a large scale. The
trough is a structural form which extends from
Coachella Valley to Cape Sen Lucas, and has been
traced onto the kMexican mainland.

2. Changes in elevation over a broad area.
Characteristic of Post Pliocene period, along the
coast of Southern and Baja Califormia. In the delta
area the ancient beach line marks a uniform degree
of uplift over & large aresa.

3, Faulting of orogenic and lesser magnitude,
It has produced as relief features such forms as the
Cucopas, Sierra Juarez, and Pattie Basin. Tertiary
sediments have been exposed to the effects of erosion
and denudstion., To some extent faulting has exerted
% control over erosion in the development of surface
OTmMS.

Volcanism is significant in the delta landscape

 Drincipally as a .producer of relief forms. It has been

 8ctive in periods so recent geclogically (late Tertiary and




early Quaternary) that the volcanic forms have been but
1ittle reduced by the attack of denudation and erosion.
In the case of the Sierra Pintas, volcanism has affected '
the areal configuration of the delta surface in nearly
meking of Pattie Basin a mountain-encircled topogrephic ! {5}
depression. _ | . o
The Covering == ' ‘

In the process of covering the diastrophic frame» the %:g
function of the Colorado has been to deposit its alluvial .§

burden in the depressions; denudation and erosion have been

ol

ARl

3*: S

of major effectiveness in attacking and leveling the emi-

nencesS. Of the two sets of forces the river makes by far

+
ST IEENVIT L

the most impressive showing in the presentvlandscape.

Choked by & burden or river silt the sea has ceased to be

an active erosive force and has become the agent which, by

vy

S bR B i

~wave and tide, disposes of the slluvium in characteristic

 forms,

The 'building 6f the delta represents only the most

&

recent devélopmenfin a long -continued'filling of the gulf

.

g trough. As & surface form the delta is no older geologically ;
E then late Pleistocene. Alluvium of the same textural charac- | é
ter as that now being deposited, has a depth on the delta ;j

- Ctrest of no— more than 200 feet. At the preseht ;ra‘ce of | £

o
'

PP IITS ST R T T A
L TR R T

- luerement all of this silty alluvium might have been carried

into the area within a period messured in bhundreds, or et

D05t & few thousands, of years. '
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Probably the whole delta surface is underlain by
fertiary eand Quaternary sediments. At least a pert of the

Queternary deposits represent a contribution by the Colorsdo

River of that time. A Quaternary sea stocd over the mesa§
and gave the alluvial sands and gravels their present charge-
? ter as flat-lying, undissected plains.

% A late Qﬁaternary uplift resulted in the withdrawal of
;ﬂw sea from the mesas. The Colorado was rejuveneated; 1t

deepened its bed, and deposited gravel in the gulf trough.

E&wceeding this period ceme a depression in which the Colo-
émdo silted-up its previously deepeﬁed channel. The sesa
Eahanced to a point near Yuma, forming what is now recog-
EM$ed as the ancient beach line,
; With carrying power reduced, the lower river transported
%mﬂy the finest al}uvium. From this fime, somewhere in late
Imﬁistooene, the development of the present delte has taken
fmace. At a time, perhaps 500 to 1,000 years ago, the delta
Ewwrged as a surface form and became the barrier which
%%parated Salton Sink from the sea. In effecting the closure
EMtWeen the two water bodies the noxmel delta building
Processes were assisted by a gradual and extensive uplift.
In the subsequent extension of the river deposits there
have been fonmed three types of surface, each characteristic
f the manner of deposition of the materisl. These three

WWpes of surface are exemplified in the four natural arees

Into which the delta may be divided: the Delta Cone, Pattie

vhmin and Salton Sink, and the Gulf Plein.




The Delta Cone possesses & gently convex surface,

. formed by the pendulum-like swing of the main river channel.

The river channel becomes relatively high ground through
deposition, forcing the stream to seek & more favorable ».
gradient. Since the cutting off of Salton Sea from the

gulf, the activity of the river has been mainly restricted

~to the area lying south of the delta crest. The area north

of the crest has been served by overflows from the main
channel; occasionally the overflows have caused the diversion
of considerable amounts of water. |

Lagune Salada and Salton Sink have the concave Profiles
characteristic of deposition in still water. In their
rrevious condition as estuaries of the gulf these areas
undoubtedly received slluvium derived from the Colorado.
At present they are dependent for any additional deposition
of silt upon the occasional flood waters from the rivef. At
such times as they are flooded, both are the sites of lakes
in which the silt is precipitated.

| In oross-section, the Gulf Plain resembles & very flet

"V". This oonfiguration has been effected by the tide in
the manner charactefistic of estuarine deposition. The tide
advances with consideréble force over the flat, carrying the
811t with it. The ebb is marked by a less concerted retrest

of the water, which remains in shallow pools, or trickles

back slowly; the silt is deposited.

The climatic factors have been of almost no significance

n the development of the delta surface. With the exception

107.

MU INTE W SURT "W N

/L«n)."w‘tﬁ: Ay L

S Ao Y

.
L.

o ot

1o s R

ST SR AR A P

R ke

I N N
7%

2Pt t,

PR AR

b

RH R

.

)

SO R A S
LRSI R B 0 s o il Rl e Y,

£)

Invem st g A

R

. .
LA D ST RS

. N N vy Ly '
BT S B AT A S A B R 5 i

[
RO

s LT




108.

of the dunes and occasional patches of alkali, they find
little direct expression. The alluvium remains essentially
in the same state and position as it was when deposited.
The soil horizons -~ if they may be called such -- are "
horizons of deposition rather than of alterstion,

The climgtic forces find their major activity in an
incessant attack on the mountain masses. In the never
ending contest between relief-creating anad relief-destroying
forces, certain forms reveal the relative dominence ofbone
or the other set of forces. At the southern end of Pattie
Basin there are several little granitic hilléj nearly Sub-
nerged in a plain-of sand and gravel (pl. XIIb). These
forms reveal the near victory of the ciimatic forces; the
steep escarpment of the Sierra Juarez reveals the opposite

caSe.

Mechanical weathering is more significant than chemical

~ weathering because of the nature of the climatic factors:

scanly precipitation, end sudden and considersble tempera-

- ture contrasts. .Denudation is more significent than erosion,
- pertially for the same reasons -- though the occasional

- Otcurrence of cloudburst rainfell makes erosion a factor to

D considered,

The residual surface of the granitic masses possess a

Pattern which is regularly and quite intricately developed, -

8ince the rock is regularly jointed and of homogeneous

~ Composition. The volcanic masses are irregularly Jjointed
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BEERE NS

gand heterogeneous in lithologic composition, As & result
their residual surfaces areé highly irregular in form.
| Along the base of the Cucopas there are considerable
~ colluvial deposits, unfailingly dissected, which give the
impression of being relict., As these deposits exhibit
beveling by the sea at elevations approximating those of the
| sucient beach line, they can be referred in age to the time
. when Salton Sink wes a part of the gulf (perhaps & thousand
years'ago). | It would be venturesome to saiy that elluvial
fans are not i’orming at present, but cverfainly their building
hes not proceeded far enough to make them rés?dily discernible.

Somewhat the same cas‘e holds for the volcanic ranges.

~ Here there are sandy washes which appear to occasionally con~
tain water, There are forms, constructed of colluvial
nateriels, certainly relict. 'One such form, particularly
striking, is found at the base of the Sierra Pintas. It is
flat topped, perhaps 300 feet long, and rises to an elevation
; of twenty feet above the tide flat by which it is surrounded.
The form is composed of sand and gravel, with enough finer
naterial to retain fairly sfeep sides. It is separasted from
the apron of colluvial materials which fronts the mountsin,
W & distance of about a hundred feet. Such a form is &

- larker of uplift, but it also indicates a former activity

0 transportation and deposition of weathered materisls that

18 certainly not apparent at present.
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For the-whole delta area probably the most troublesome
problem 1s concerned with the matter of colluvial deposits.

Briefly summearized, the significent points are as follows:
[ A
l. Along the base both of the Cucopas and
of the Sierra Pintas, the colluvial deposits
possess forms which are characteristically flat-
topped, terminating outwardly in an sbrupt face.
In both cases the forms appear to be relict, ers
mentled by slow~growing trees, and are unfailingly
disgected. The Cucopas deposits are composed of
well rounded and partially stratified materiels;
the Sierra Pintas deposits are composed of irregular
fragments, not eappreciably stratified.

2., The only fans possessing a normsl profile
are found along the western side of the Cucopas.
Even they are heavily mantled with vegetation.

3« The building of secondery, Oor new fans,
is not discernible.

In an explanation of the forms -~ or lack of forms --

uplift is a factor admitted without question. For the rest

there appear to be two possibilities: simply, climatic

change or no climatic change. Climatic change of such a
nature that fans are no longer formed, solves the problem
immediately. With stebility of climatic conditions it is

hecessary to introduce & time factor in which uplift is

Einvol'ved.: the process of building the forms is such a slow

one that sufficient time has not elapsed since the uplift

%0 permit of the formation of subsequent deposits.

Particulaerly about the margins of the Delta Cone the

- tontact of river glluvium and colluvial materials is sharp.

The line of distinction is least clear along the base of the

Sierra Juarez, where the occasional mountain torrents have

carried sand out onto the surface of Laguna Salada.
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The wind has also confributed to a mixing of sand with
the silt. Its activities have been least significant in
that portion of the Delta Cone posséssing & heavy plant cover.

The distribution of dunes bears a relationship bothrto
the source of the sand and to the direction of the strong
vinds. The two major dune areas (Algodones Sand Hills and
Sonora Hills) are both located on the mesas, at least twenty-
five miles from their western margins. The large areas of
desert pavenients on both mesas suggest a source of the sand.
At least for the Algodones area the dominant, strong winds
blow from the west and northwest. In Pattie Besin the dunes
show the.dominance of the noith wind, | The source of thé
naterial is to be found in the colluvial deposits. So strong-
ly does the wind sweep through the basin that the dunes are
not found out on the elluvial surface, but only in places
where irregularities in the mountein front offer protection.
In the sheltered spots the dunes rapidly take on a growth

0f vegetation and becomes fixed,

Problemg ==

There are a number of problems concerned with the geo-
Borphology of the delta area which are well worthy of
attention ana study:

l. A solution of the gulf trough problem.
Whether there is involved a geosynclinal structure
Or a simple graben,

2. The problem of the,colluvial forms. If
these forms owe their present character to climatic
change or if it is simply e matter of a complication
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of time introduced by uplift. In this connection
an investigation of the well developed "drainage"
pettern found in the granitic ranges and not in
the volcanic ranges.

3., The mechanics of a delta-building strean
Particularly with reference to the secondary
deltas with their anastomosing channels. If these
forms originate simply through the presence of an
elmost Impenetrable growth of vegetation, or if
other factors, such as soil or rellef are of
signlficance.

4, Another problem might include investi-
gation of the local earthquekes. Are they at all
connected with the annual overflow? Why are they
s0 localized in effect?

5, The problem of the tide. The mouth of
the Colorado has a tide of unusual range and
rapidity of change. Just what are its effects on
the river? What is its method of disposal of the
river silt?
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. CHAPTER 7 -- THE NATURAL AREAS

On the basis of a systematid combination of morpho-
1ogic featu‘res there are distinguishable in the Colorado .
Delta, five natural areas: the Salton Sink, the Delté._
(one, Pattie Basin, the Gulf Plain, eand the désert mountsain
areas, the Cucopa and Las Pintas ranges. For reasons al-

ready stated, the first of these, the Salton Sink, is elimi=-

neted in the discussion which followse.

The Delta Cone =~ T S
This aree is so nezmed and so distinguished because it-
is only this area of the five which possesses the profile

snd surface configuration generally associated with the

“term "delta™. The other areas are included in the deltsa

region only by virtue of their alluvial surfaces, or be-
cause they ocoupy contiguous positions. The Delta Cone is
the heart of the delta, and in it are presented most vividly

the striking contrast between the well watered channel of

‘the Colorado and the arid surroundings through which it

flows, ' -

. ) . |
The surface of this area forms a broad, flat cone,

"ith gentle slopes everaging less than two feet to the mile.,

‘The northern boundary of the area is placed at the line

Where the degree of slope increases sharply toward Salton

Sea. o the south the edge of the cone meets the Gulf Plain

-
b
-




st & point where the river gives way to the sea as the
j'wminant force in the landscape.,
| The area is really a great plain, broken by no forms
j-possessing considerable relief but with a surface minutely
iluoken by all those characteristically deltaic features: "
éjwandering chennels, lakes, natural levees, and the some-
¥Mmt specialized forms of the secondary deltas with their
| snastomosing channels.

In its historical development the delta has advanced
;ﬁwm a stage when the river debouched into the gulf at a
ipﬂnt near Yuma. The alluvial burden of the river was
irqﬁdly dropped on contact with salt water, and & large part
iofit was removed by the strong tide and widely distributed.
iﬁw alluviqm gradually formed a berrier, and, sided by up-
fhft, it effected a closure, cutting off Salton Sink. The
;ﬂver hed previously been deflected to the north of the
7&Huvial barrier, but with the uplift it was turned towsard
;ﬂm gulf. The nain channel swept back and forth across the
t@ﬂf slope; Occasionally it overflowed its banks sufficiently
FMve the delts crestito form a temporary lake in Salton Sink.

This area,then, in its surface features, represents

Irinarily the work of the river. Even the Hardy, Volcano
iLake. end New River Depression, which are remnant porti ons
Tfthe 0ld tidal thoroughfare connecting the gulf end Salton

B&Sm have been greatly modified by the amctivities of the




In addition to these remnant forms there are a; few
others whose origin cannot be traced to the river: lesa
‘sndrade, the mud volcenoes, and the dunes,

The dunes are found extqnsively only in that part of
the region which was formerly poorly covered with vegetatfon.
This includes most of the area 1y1ng north of Volcano Lake,
snd this is the area most vin:t're'quently flooded by the Colo-
rado. The area was freely open to the northwest Windé,
vhich formed dunes with sand derived from the mesas bounding
phe Delta Cone on the west. 1In the present cultursl land-
scape, & portion of these dunes have beeh leveled, and the
others have become fixed by vegetation., That the dunes were
formerly numeroﬁs and extensive is ably bor@e out by the
sccounts of early tré.vellers, who fo_u.nd'greaf difficulty in
forcing a'passage through the area east of Centinela:.l'

The climatic factors have been of little significance
in the devglopment of the morphology of the Delta Cone. The
river glluvium is already in & state of such fine subdivision
a8 to defy further disintegration through mechanical weather-
ing, In spite of high temperaturés and abundant water, even
‘themical weathering is not highly significant, possibly be-
tause of the scarcity of humic acids in the soil. Ohemi\cal
8ctivity is represented by alkali concentrations, and by

slight inclusions of orgenic material in the upper soil

‘horizon,

L ———— -

3 lFrom accounts of members of the Ansa expedition.
“0lton's manuscript, previously cited.
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The soils of the Delta Cone, and in fact of the whole
glluvial surféce, represent deposition rather than residual
development. Their case is analogous to that of fresh
-glacial or loess soiis. In texture they vary between narrow
limits, ffom an adobe to a very fine sand. In their areal
distribution over the surface.of the delta they are indic-
 ative of the conditions under which they ere deposited., The
sandy soils are found close to the stream channels; the
adobes are found in the beds of lakes and lagoons,

An excellent statement of these s0il conditions is found
in the report of the soil survey of the El Centra area:

"The soils of the El Centro area are all s0 young that
they 40 not differ greatly from the geological formations
which make up the surface deposits of the region. Very little
progress has been made in soil development. On account of
the extreme desert conditions which existed in the region
until a very few years ago there was so slight & covering of
native vegetation that the accumulation of organic material
in the surface soil was very slight. The surface soils and
the subsoils are, in this respect, very much alike. In some
cases the surface soil is slightly darker than the subsoil,
but this is not universal, so that as & whole it csn be said
that very little Progress in the development of & surface

80il with an important constituent of organic matter has been
made o ' ’

As will be brought out in the description of the soils,
the horizons found in them are horizons of deposition rsther
than those of soil development. They are geological horizons,
strictly speaking, rather than soil horizonms, although it
should be borne in mind in this connection that soils and
geological formetions are identical at the period of time
Vhen deposition of material in a given area has stopped oxr
become slow enough to permit the growth of plants. The stage
of development of the soils of the E1l Centro area has passed
tut 1ittle beyond this most primitive stage.

The presence in the soil of & small, often very small,
Percentage of soluble salts seems to czuse the development
of well-defined soil horizons at en early stage in their




development. An amount of salts sufficient for such develop-
pent is unquestionably present in a large part of this area,
put on account of the extremely recent deposition of the soil
paterial it is rather difficult to determmine in many cases
whether the presence of a heavy subsurface horizon is due to
deposition or to soil development. It is clear, however,

that the development has not gone far enough to warrant the
separation of the soils on this basis. They have been
gifferentiated, therefore, on the basis of features that

have been inherited from the geological character of the
pnaterial itself or from conditions of deposition."l ’

The agriculturist of this area makes soll diétinctions
based largely on texture. He recognizes the soil horizons
ag being depositional forms, and frequently can name the
erea from which the alluvium was derived. One advanced the
following classification of soils:

1. Gray alluvium which cracks and remains
coarse., (Probably a silt.)

2. Gray elluvium which breaks up into
rather fine particles. (Silt mixed with small
amount of sand.)

3. A reddish, adobe-like alluvium, &s in
the bed of Volcano Lake. (Colloidal materisl.)

4, A more brokem, reddish alluvium.
(si1t?)

6. A fine sand or quicksand.
6. A mixture of all,
Another &dvanced the folloWing:

) 1. Hard, with something resembling hard-
pan. (Probebly a silt or adobe with a sub-
surface concentration of soluble salts.)

2. A "buokshot" soil. Is the best agri-
cultural soil and retains water well. (Mixture
of silt and sand.)

3. ©Sand. Does not retain water.

1Fie1d Operations of the Bureau of Soils, 1919: p. 18.
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These practical classifications have seized very well
ypon the distinguishing characteristics of these soils. It
is noteble that they make no place for alkali soils, and
that is quite fitting, for on the well washed and well drained
slopes of the Delta Cone there are no considerable 8lkali
concentrations.

An ereal classification of these soils becomes a matter
of tracing out the recent morphologic history; with a know-
ledge of the peregrinations of the river it is possible to
predict the type of soil to be found in any particular aresa.
The alluvial burden of the river is so great and the deposits
g0 thick that it is possible that there should be a complete
change in soils with the flood of one summer, B

A parallel case 1s that of the vegetation, which also
shifts and changes with the course of the stream, and, to
some extent, is aséociated with changes in the upper soil
horizon. Within the mesophytic fommation of the delta there
is & nice adaptation to conditions of so0il and water. As
these conditions are changed by shifts in the course of the
stream, so‘is the balance disturbed. LacDougal hes depicted
this very well for the lower portion of the Delta Cone:

"The soil, climate, moisture, and temperature
of the entire delta are feirly unifomm, and also
differ but little in elevation and exposure =-- a
condition which tends to promote the multiplication
of the number of individuals of a few species of
plants, and these sbecies are also able to maintain
themselves-in pure culture to some extent. An

analysis of the vegetation of the delts confirms
this view. anes (Fhragmites), catteils (Typha),
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willows (Salix), poplars (Po ulus), arrow-weed
(Pluchea sericea), quelite (amaranthus pelmeri),
wild hemp (Sesbunia), each occupy extensive areasg,
to the almost totel exclusion of other seed-plants,
although there are many places in which several of
these will be found contending for the mastery.

In all such ereas of uastable equilibrium scme
change of drainage, or of the action of the river,
will be found as a disturbing cause."l v

Where conditions are long stable, as” they were about the
old channel of the Colorado, and as they are about the head
of the gulf, there is a corresponding adaptation and stabili-

-zation in the plant world. The screwbean (Prosopis pubescens)

end mesquite (Prosopis velutinea) are rather widely distribut-

ed, and are found in areas of stable soil and water conditions.

The cottonwood (Populus macdoupalii) is most dominent in

‘strips which border the old channel of the Colorado (pl. Xb).
Saline soils introduce special conditions which reduce
the number of Possible plant occupants. Characteristic of

'ﬂm saline soils about Volcano Lake are Achronychia cooperi

and Atriplex fasciculata. In the areas subject to occasionsal
tidal overflow are found salt-grass (Distichlis) and Cressa.

(pl, XTIXg).

The mesophytic plant formation of the Delta Come is
striking evidence of the modifications introduced into tpe
vd%ert by the presence of a large stream. Nor is this
0tirely a matter of increased water supply. Edaphic modi-
ﬁcations wfought by the rive;»are of decided importance, so
that the line of contact between the river alluvium and the
————

HﬂacDougal, D. T. The Delta of the Rio Colorado,
Iner. Geogr. Soc., Bull., Yol. 55: pP. 10-11. (1908)
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sands end gravels of the colluvial aprons becomes a sig=-
pificant one. There are, about the mergins of the delta,
glluvial arees that are unwatered or alkaline. In such
caces the vegetation is wanting or effects specialized forms
to meet »the conditi;ms.  But frequently the marginal contrsast
is & startling one, with an abrupt transition from mesophytic
to xerophytic plent formations. On the silty floor there
ney be & dense growth of mesquite and arrow-weed, with a
short rise to the mesa a formation dominated by ocotillo,
creosote bush, and cactecesas, 7

If the Del.ta Cone has a unique and vigorgus vegetation
cover, 80 is it the home of a varied and sabundant animal
life. In the streams are found the beaver, muskret, end &
veriety of fish, Iand enimals range in size from the mule
deer and "lion" through the coyote to raccoons, rabbits,
end lizards. Game birds include both aquatic and upland
forms, while the non-game birds ére represented by the
erow, blackbird, turkey buzzard, and numerous other species.

The Delta Cone is, then, of.all the natural areas of
‘the delta region the only one which possesses the true
leltaic form. It is elso the area which offers the most
striking contrasts to the desert within which it lies. In
é‘its morphologic development it hes been nearly independent
°f the climatic factors. It represents truly the work of

the Colorado River.
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;Pattie Basin --

| It is quite possible that Pattie Basin represents a
3tectonic feature comparable to Borrego Valley, north of

ithe international boundary. It is bounded on east and west
by grenitic ranges; along the base of both there runs s
%fault line., Definite evidence is lé.cking, but from the sur-
gface configuration of the basin it seems pro‘bable that it
écontains a deep fill., Colorado alluvium forms a surface
%veneer which slopes gently from the base of the Cucopas up-
%ward to the base of the Slerra Juarez. Underlying most of
éthe surface is a substra.tum of sand and gravel derived from
the Sierra Juarez. ,

| The alluviﬁ.m is & lacustrine deposit, ﬁ.ndissected by
%Eetream channels, and bounded by a series of strand lines.
iThe highest of these is the most marked and probadbly repre-
jsents a continuation of the ancient beach line (pl. Va).

The otheré are less well merked and represent stages of the
tphemeral 1akes that have occupled the basin from time to
time. In part they are dlstmguishable only by virtue of

the line of vegetation which marks them.

Within the basin there are distinguishable several sur=-

face types. The alluvium is composed of colloidal materisl,

"t around the edges there has been something of & mixture

f’ith wind blown sand. The basin is without drainage so
;’th&t there has been extensive concentration of soluble salts.

the Vegetation cover is in no case abundant, but on the seline
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purfaces 11 iIs entirely lacking. On & basis of soil texture,
salinity, and vegetation cover, the types of surface may be
~ distinguished as follows:

l. The salt beds. These lie in the lowest
part of the depression when it is not occupied by
& lake. Extensive deposits of crystallized salt h
of commerical importance. -7

2. The black-alkali surface., A smooth sur-
face, without covering of vegetastion cover. Loist
and soft, beneath the surface, the moisture being
held by the calcium and megnesium chlorides in the
s0il (pl. Xc).

3. The baked, crusty surface splotched with C
small hummocks which break under foot. Nearly L
barren of vegetation. The hummocks sre charace- L
teristioc developments on a drying surface (pl. XIa).

4, Shallow pans or troughs with & surface of
hard, cracked alluvium. ZIittle or no vegetation
cover, ,

5. PFlat surfece of mixed sand and alluvium,
Small accretion mounds of the same material cepped L
with Sesuvium, , S

6. The sand hills. Fixed by vegetation.
With flat tops which preserve something of a general
level, :

7. Colluvial sands and gravels. The apron
which lies &t the base of the Sierra Juarez,
Composed of sand, grevel, and boulders. Cut by
sandy washes. Abundant vegetation cover dominated
by palo fierro and mesquite.

In the main the alluvium forms a great barren plain,

With extensive sreas perfectly destitute of vegetation,

:
v

larked only by the white salt deposits or by patches of

:
)
:
fe
:

;
20ist alkali soil. About the margin of the alluvium there
E

8r¢ & number of water holes. With these there is introduced
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Pozo-Cenizo lies near the edge of the gravel terrace
north of the tip of Las Tinajas Range, and marks the site
where wells are dug down to a depth of eight to ten feet to
watere The presence of water.here probably represents !
nothing more than a subsurface sand or gravel stringer which
reaches out from the terrace. About this site there are
geveral mesquite trees. Fairly dense patches of arrow-weed
are bordered by salt-grass. Animal life ranges from the
occasional burro and coyote to the desert mouse.

Pozo Coyote, at the southern tip of Sig:ra'mayor, is
snother well of ﬁhe same type as Pozo Cenizo. Its site
glves something of.a park-like appesrance, with mesquites
risihg_out of a mat of salt-grass. In comﬁon with the other
wells of this erea Poio Coyote must‘be dug out and baiigd
before the water is usable (pl. XVIIID).

North élong the base of the Cucopas there is a hot
Spring whose waters register a temperature of from 112 to
128 dégrees_F. This lies along the fault line which bounds
Pattie Basin 6n ﬁhe east. |

| Coming into the area after the recent desiccation éf

ne of the ephemeral lakes, MacDougal recognized & number

of strend lines in terms of a banding of vegetation. For

~ the highest strand he noted & zone of mesquite, below it &

larrower zone occupied by salt-bush and mellows, while the

- lowest bore only clumps of sea-purslane} At the present

S —

t——

%naoDougal D. T« The Desert Basins of the Colo-
fedo Delta, Amer. Geogr. SoC., Bull., VOl. 39: p. 722+ (1907)
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time the surface has been uncovered for a sufficient period
go that the purslane extends far out over the plain, growing
in scattered sandy hillocks.

Pattie Basin, then, is a structural depression whigi has
been filled by sand and gravel derived from the adjecent
mounteins. Over these has been deposited a surface layer of
river elluvium, laid down under lacustrine conditions. The
glluvial surface is‘impregnated with soluble salts in varying
degree. A large part of the ares is without any vegetation

cover; only near the margins where the water table is high

end the soil less glkaline is it at all abundant.

The Gulf Plain =--

This is the term applied to the area about the head of
the gulf, where the littoral deposits are formed of alluvium
derived from the Coloredo. This is the realm of the sea, in

which tide and wave have constructed & characteristic se% of

forms.

This area occupies a portion of the diastrophic depression,
the gulf troﬁgh. It is bounded on the east by the San Jacinto
fault and the Santa Clare Mesa, on the west by the Sierra de
las Pintas., The alluvial f£ill in this depression must be &
considerable one,-for the water shoals rapidly from a depth
0f eighty fathoms east of San Felipe to & depth of eight
] fathoms east of Ometepec Bey. There is no reason for believing

that this represents & rise in the rock floor which underlies
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the alluvium. An interesting, but at present unexplainable,
feature is the granitic island, Consag Rocke It has a piller-
like form and is surrounded by deep water. The natursl in-
ference is that it represents a fault sliver, but what its
structural affiliations are is uncertain,
In profile the Gulf Plain resembles & flat "v", with
the shores sloping gently up from the waters of the gulf
~ vhich occupy the apex. This is the normal surface configu-
ra.tion to be expected of a gea-built shore; it stands in
striking contrast to the gently convex surface of the Delta
Cone. , : T
Where the energy of the tide is concentrated, as near
the mouth of the river, the shore line of the Gulf Plain is
- & nearly vertical bluff. Further south, where the tide is
of less influence as an erosive agency, the shore line is
gently shelving. Instead of & bluff it exhibits such

features as bars, spits, and lagoons.

The surface of the Gulf Plsin is generally barren and

s

Without relief. When wet this surface is composed of a

"Iy sticky mud. When dry it is salt encrusted. A portion
f 1%, about the outer margins, is not subject to inundation
®¥en by the highest spring tides. This condition has proba~
My come about due to uplift,

Along the shore there is a considerable cover of drift-
%‘W°°<1. brought down by the Colorado. In great part the plain
18 without vegetation but there are occasional clumps of

tlkali weed (Cressa) to which the mirage gives wierd properties.
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Near the mouth of the river the plain is broken by the
1ittle channels which are triﬁutary to the gulf. Their
course across the plein is frequently marked by a border of
vegetation, mesquite and Atriplex. The association of';;ge-
tation with these channels is not so much & matter of the
occasional presence of fresh water as it is of reduced
selinity of the soil.

The boundary between Delts Cone end Gulf Flain is one
vhich has shifted southward with the'progressive extension
of the river channel. It is a slow proceés which has been
carried out by innumerable floods and meandering of channels,
with the superimpo§ing of the convex surface of the Delta
Cone over the Gulf Plain. It has meant an’ extension of all
the forms which characterize the Cone surface: natural
levees, lagoons, and dense vegetation.

Since the slopes of the two surfaces are gentle it.is
hifficult_po'distinguish their line of contact by reference

to profile alone. XMuch better as & marker is tkhe contrast

In vegetation introduced by differences in selinity of soil

f end water., Cottonwood end willow form & characteristic

| border along the old channel of the Colorado, but they do

| 10t grow on ground moistened with brackish water. In 1907
j;H&cDougal found that the tide ascended to & point near lMesa
f kndrade and that tre cottonwood~-willow association did not

;‘hscend beyond that point. Yet within the memories of old

/
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Indiens then living the limit of those trees had advanced
g distance of eight or ten miles southward}
In advance of the cottonwood-willow association, an
land newly claimed by the Delta Cone, are found the mesqfiite
- and Atriplex. These forms are somewhat more tolerent of
seline conditions. Tules grow even along the benks of

streams affected by the tide, and sloughs of "wild rice"

(Iniola palmeri) are found. On the saline soils are found

the halophytes: iodine bush (Spirostachys occidentalis);

on the mud flats, sedge (Scirpus fluviatilis); on the land

subject to tidal overflow, salt-grass and alkali weed
(pl. XIIXg).

s e mwm:ﬂ&*»&%v*ﬁﬁ%wk%m&m%%Wﬁ“m‘u&w‘»ﬂ:\eh\n‘
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To compensate for this loss at the north, the Gulf
Plain has experienced steady growth at the south. Sykes? _
- map of 1907 shows the plain- as reaching to a point about ot

ten miles south of Ometepec Bay. At the present time (1928)

1t extends in an ever narrowing wedge to the rocky mass of

Fante San Felipe. Through a combination of tide, wave,and

B

%

1 turrent, there is first effected a shallowing of the water

e W
[y

‘f tlong the shore. In the next stage the alluvium aprears &as i,‘:"
§ «u exposure at low tide (pl. IXa). In the Tinal Stage it ‘ 4
1 \ »
} ®bpears as a wide plein, inundated only by the highest tides. ' S

Carnegie Inst., Publ. 99: p. 34, |

Y i
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the gulf trdugh. Upstream from the Delta Cone there would

be developed the normal valley profile of the river.having
great seasonal fluctuation in volume: natural levees, with
the flood plain sloping gently down to the valley walls. As
it is, with the diversion of much of the river's volume, and
the loss of much of its alluvisl burden, it is quite probable
that there has been reached SOmething of & condition of

stability, and that further shifts will be slight,.

The contact between the glluvium of thé Gulf Plain and

the bordering sands and gravels is a distinct one. Since the

effect of the ephemeral strecms is slight, the only‘mixture
of silty alluvium with sand is through the medium of the

wind, and this is not considerable.,
Equally abrupt is the transitiom in vegetation cover,
from the nearly vegetationless Gulf Plain to the sands and
| gravels, with their highly specialized xzerophytic flora.
fﬁbr the area north of Punta San'Felipe, KacDougal has described

| this contact so well that his account may be quoted at some
| lengths

“The lower coastal slopes ere sandy end gravélly, the

 lepressions and dunes near the shore furnishing suitable

| conditions for Lycium torreyi [squaw thorn] &and Perosels
 Spinosa [smoke Tree] , which latter becomes a trec £5 feet
10 height, Ascelepias subulata was sbundant in clumps, and
| Ditexis serrata grew on level areas. Other species which

} '°re characteristic of the lower levels were Ibervillea 8P,
‘ QEEQQ californicum, ILupinus mexicanus, and the curious

| renkenTa paimeri [yerba reums] . The low alkaline pockets
- ftached by the spring tides furnished conditions suitable

| for Spirotachys occidentelis [iodine bush]. Covillea

t [ereosote bushf , wilh its enormous capacity of adjustment,
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~ 1ts extreme northern 1limit of kmown occurrence
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extended from near the shore across the entire slope and up
the granite mountains through a raenge of over 2,000 feet in
elevation. The various portions of the slope between the sea
gnd the first range of coastal mountains supported ocotillo
(Fouguieria splendens), which attained its maximunm height of
20 feet, palo verde (Parkinsonia microphylla), palo fierzo
(0Olneya tesota), and Gaertneria ilicifolia. eeeeo in 1904 a
new copal tree was found, Terebinthus macdougali, which also
is now known to occur on the eastern shore of the Gulf, and
which secretes a resin so copiously as to make a distinct
deposit on the ground underneath the low-spreading branches. .

The streamways leading down from the mountains were
inhabited by a number of eriogonums and euphorbiaceous herbs.
A few o tias of the cylindrical arboreous type, an Echino-~
cactus &Erambuyo?] » & Oactus, and a small Cereus were also
seen. Pilocereus sargentianus, which is found on the main-
land far southward, here reaches the greatest density yet
observed, forming forests many acres in extent. DPerhaps the
nost noteble feature from a geographical point of view was
shown by the presence of a great tree-cactus having the
gppearance of Cereus pectenaboriginum. Cereus pringlei is
kmown to be aburdant, under the name of "cardon' farther
south, but this plant appears to agree with the former and
nekes a splendid picture in the arid landscape, {inding here

"

(Pls.

The Desert Ranges =-

The Cucopas

This natural area includes the mountain chain extending

from Centinela on the north to Sierra Mayor on the south, and

in addition the flanking deposits of sand and gravel. It
escapes being an island in a sea of silt only by virtue of
the low rocky ridge which connects it on the north with the
Peninsular Range.

Though it forms a topographic unit and may properly be

tonsidered a natural area, thé range is not at»all homogeneous

e S,

lCarnegie Inst. of Wash.,, Publ. 99: pp. 42-43. (1908}
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in make-up nor is it a simple and unit structural festure.
From north to south along the renge there are recognizable
four distinet structures: (1) the semi-isolated Cerro
Centinela; (2) the granitic massif of which Cerro Borrego
is the culminating peak; (3) the metamorphic and volcanig
| Lills, locally known &s the "Cucopas"; (4) the granitic
Sierra liayor. | |

With the exception of the "Cucopas™ the whole range is
essentially granitic, but there appear patches and exposures
~ of other rocks which are suggestive concerning the geologic -
 history of the area. A dark diorite flenks Sierra Mayor
- in places along its eastern side and appears ;n patches on
ismw of its higher peaks (pls. Ic, IIc). The contact
between the two is sharp, the diorite béing somewhsat meta-
- norphosed, Farther north along the base of liayor the diorite
is succeeded by a highly diétorted schist, and at one site
éﬂwre is an exposure of a bedded quartzite, recently faulted.
f%e Presence of these distorted, metamorphosed rocks may be
_hMicative of the laccolithic nature of Sierra Iiayor.
The low-lying hills north of Kaeyor possess a granitic
‘wre, intrusive in a mass of_highly distorted and broken
letamorphics. Near the contact 0f these hills with Sierra
layor there is found & deposit of sulphur, probably derived
from recent solfataric activity.

Flanking Centinela on north and west is & massive sand-
LSWHG, probably Tertiary in age. High on the side of the

Mwtain this same formetion aprears as a true quertzite.




| —
E- | | | 131. %
: .
; N | =
%F it seems probable that this indicetes metamorphism which : 5
!_ pas taken place long subsequent to the formation of the ;
E nountain as a laccolith or batholith,. v : %
t Minor faults are sbundant and distinct, and the evi- o t
[ dence is sufficient to postulate a more extensive one which | }i
f eztends the length of the range. Tt lics along the western S %
sides of Centinela and of the Cerro Borrego massif. Here. R

its course is marked by an escarpment and hot springs. It
pesses through the Cucopa Hills and along the eastern cide

of Sierre Mayor. In the Cucopa Hills the course of the o

.?Qtt ’-,' .r

fault is at least suggested by the sulphur d;i)osits, and i
elong Mayor it is abundantly indicated topographically %:
s

N

Sierra Mayor and Cerro Borrego meet Bryan's definition

:}f:'

of a typical sierra as being a mountain which is "longer
 then it is bdroad and presents to the observer, when viewed ~
from the side, a jegged crest, which decreases in altitude

from & point near the middle toward each end."> (pl. IIc).

:

e

- They further qualify by possessing slopes scored by Narrow

§orges or canyons, between which are projecting ridges.

¥
The residual surfaces of the granitic masses are scored "§

- in the characteristic inverted "V" rattern, with systematically 3
listributed cliffy slopes indicative of faulting. In this x
: e
they stand in striking contrast to the Cucopa Hills, where k
;

IContrlbutlons to the Geography of the United States,
1922, U, S, Geol. Surv., Bull. 730: ps 0. [1923)

¢ et

ai.




the heterogeniety of rock andfstructure has resulted in the
jevelopment of a very irregulaer pattern.

Along the base of thé whole range there are detrital
sends and gravels which displgy gently convex depositionﬁ}
profiles about the mouths of the larger reentrants, and |
then merge into the general level of the piedmont zpron.
Along the eastern front of the range the apron terminates
ebruptly in & scarp face, and'ﬁnfaiiingly shows dissection.
Along the western side of the range there are a number of
well developed alluvial fans whose slopes merge naturally
with the floor of Laguna Salada. But even these are densely
covered with mesquite and give the impression of being
quiescent, or only occasionally active,

The Cucopas are not of sufficient height to induce an
appreciably greater precipitation so that they share the
general aridity of the desert within which they lie. Their
altitude is sufficient, however, to bring somethiﬁg of a
temperature reduction, as is indicated by an occasional snow
cover on the higher peaks. This certainly means a reduced
\Waporation rate, with its possible significance for plent
life,

But few springs are known for the area. There are
;wveral along the western base of the range, one of which is
§Mt, High up on Borrego Peak there is & small velley which
E“3011138.3‘118 & permanent spring, the water from which supports

& grove of native palms (Neowashingtonia). This is the only

mown occurrence of palms in the range.
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A portion of the precipitation is retained by roock

tanks or tinajase The most significant ones are those

3,

formed by irregularities in the beds of the ephemeral st¥eams.

The larger ones are found at the foot of falls where the
dropping water erodes a basin in the solid rock. Others are

formed through the erosion of & section of bedrock less re-~

sistant to abrasion than the rocks which surround it. Still

others are found in coarsely jointed rock where the joint
plane dips upstream. Through the removal of a portion of
the rock between two joint plaenes there is formed a rock
tenk. Very few of these tanks retain water %ﬁroughout the
year. Several days spent about Sierra Mayor in midsunme r
failed to revesl one that contained water. The fact that
wild sheep were seen on the mountain may mean that the tanks
containing water were simply not encountered,

The vegetation cover of the Cucopas is of & character
wost nearly related to that of the arid areas of Arizona
end Sonora. Due to its isolated position and to its geo-
. logically recent island or peninsular form, the area contains
& number of endemic plant species.1 In general it is charsc-
terized by the creosote bush-ocotillo-cactaceae association
common to the‘rocky areas of the whole delta region.

On the rocky aprons at the foot of the slopes are found

the members of this association, together with the palo fierro,

e e

1Carnegie Irst. of Wash., Publ. 90: p. 41,
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and occasionally mesguite-in the sandy washes. Terebinthus,

| caertneria, the prickly pears (Opuntia bigelovi and 0.

| Ero].ifera), Cactus, and Echinocactus, according to kacDougsal,

#ind suitable habitats to within a few feet of the summit,zat
1

3,600 feet,
| Near the summit elevations there appears a bunch grass

- and & maguey, possibly Agave consociata. Just why this maguey

- {g s0 restricted in distribution is not clear. It is highly
 valued by the natives, both as being edible and as furnishing
- the base for g distilled liquor. Possibly its absence on the o

- lower slopes represents & removal by man of the ind1v1duals

Tgrowing there. On the other hangd, it does not appear on the
Peninsular Range until elevations of around 2,500 feet have

: been reached, S0 possibly its habitat is i‘estricted by

_ climatic conditions. The small but distiuct temperature S
\ range existing between the base and summit of the Cucopas
night then be sufficient as & determining factor in its range.
The range is sufficiently mineralized to induce
Eoccasional mining.attempts. Some twenty- :Elve years ago there
‘yWas fairly successful exploitation of the gold placers near
i Mayor. The sulphur deposits of the Cucopa Hills were

{ \

 Yorked for a number of years, and the sulphur was shipped

| it by river boat. At present there is under way at least

e attempt at the exploitation of vein gold.

41.
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The Sierre de las Pintas

This natural area includes the irregular mess of
%volcanic forms boundlng the Gulf Plain on the west, and 15
jreally marginal to the delta region. A few of the volcanic

outliers are surrounded by the silt of the Gulf Flain.
- Others are isolated in the great plain of arkosic sands and
gravels derived from the granitic ranges to the west.

With the exception of the more ephemeral deltz forms
these late Tertiary extrusives are the youngest festures
of the‘landscape. It is possible thgt the area is still

asctive voleanicelly., On the night of June 9, 1928, there

gmm visible from El Doctor, on Santa Clars lesa, a
gmwnomenon hard to explain on eny basis other than that of

évﬂﬁanic eruption., In the sky, slightly to the west of

gouth, there appeared & red glow which became successively
veaker and stronger. Through night glasses there wes
visible a pall of smoke, and on one occasion theré eppeared
Vhat resembled a lava streem breaking over a crater rim.

Arough bearing plaeced the site in line with the volcanic

4rea west of the gulf. The horizon in that direction
- 2ppeared to be somewhat smoky on the following dey. The
E%neral region, the strong improbability of humen agency,
 the appearance of the pPhenomenon itself, 211l favor an
:enﬂanation based on volcanic activity.

Without doubt, the great mass of these extrusives is

‘Meh older, but they are sufficiently young that denudation
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}mm.erosion have not yet destroyed the individual cherascter
' of the component parts. The surface of this whole area is
pnarked by & wierd assembly of diverse forms: cohes, stocks,
jave-cepped mesas, end flat-lying and tilted flows (pls. i
711s, XITa).

About the base of these mountains there are great accumu-
lstions of detritus whose profiles are adjusted to various
 mg1es of repose, suited to the nature of the constituent
eterials. - As a whole this material is poorly rounded,
though it is occasionally cut by steep-walled erosion channels,
.mm to some extent has been carried out onto fﬁe plain to lie
in attenuated rows, beveled by an ancient sea. - |
| Water resources are meager. There are reputed to be a
:fwvsprings'of poor water; even the tinajas are few. The
jmer sheds are small in area and extremely irregular in form.
;EMut some of the washes which lead out from the larger
2muntains there are quite dénvincing appearances of the
ipumimity of water. The growth of palo fierro, relo verde,
@ndmesquite is heavy; bird and mammal life is well repre-

ésumed. Yet an ascent of several of these washes in mid-~

iﬁwmer failed to reveal & single spring or tank, and ettempts

:atdigging were fruitless. - Possibly the animals get their
?Wter from a distance; the flora must depend upon the very
';%°&810n31 rains. .

The aridity and lack of soil of the residual surfaces

18 reflected in the seanty vegetation cover. About the lower,
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: ‘detrital slopes there may be & few shrubs; the higher slbpes
are frequently barren. '

Precious minerals are present in these mountains. A
least one silver-gold mine was operated on 'a. rether externsive
scale for some time, during the early pért of the century.

- An occasional prospector traverses the area; otherwise it

fd
1]

deserted by man.




CHAPTER 8 -~ THE. PRIMITIVE STAGE

Introduction to Chaplers on the Cultural Landscaps == v
The development of the cultural landscape in the Colo-
rado Delta area may be divided into three stages: the _ .
primitive and exploratory stages, and the stage of exploi-
tation. These three stages are more than time intervals.
They involve the employment of different sets of cultural
tools in effecting alterations in the landscape. To some
extent they mark the dominance of different racial stocks. ' t:_;

The primitive stage is the stage of the Indian. He had

at his command a certain set of tools, a scope of activities

. ) ) L eae e e .
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linited by his cultural heritage. He was primarily concerned
with providing food and shelter for himself and family.

The exploratory stage involves the delta both as ob-
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jeetive and as passageway. Those travelling through the

area were interested in roads end trails, feed for their
imumals,_wgte:, perhaps in supplies of food for themselves.
?Mw explorers were occupied with surveys, estimates of
émmural resources, and studies of the Indians. They de-
5%rmined, among other things, the culturally significan£
nternational boundary line.

The stage of exploitation has carried with it thé idea

0% taking commercial products from the land. The scope of

8ctivitiés has ranged from the trapping of beaver to the

3
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planting of cotton. It is during this period that man has
effocted the greatest alterations in the landscape.

If there is any one feature of the natural landscapi
which has retained its importance in the successive cultufal
jendscapes, and has given them & degree of unity, 1t is the
tolorado River. As the source of water in & climatic deserd,
as a potentially destructive force, the river has maintained
its significance throughout the periqd of man's occupation

of the aresa.

The Primitive Stage ==~ _

The réconstructipn of the primitive landscape proceeds
through several lines of evidence: the interpretation of
artifacts, documentary evidence, by inference from surviving
vestiges, by word of mouth from 1iving Indiens. The task is
not to reconstruct the first stage of an evolving culture,

for the newer culture has inherited very little from the old.

; Vhat may be recovered of the ancient scene and ccmpared with

the modern condition of the local Indians does afford a

; neasure of the site value of the Colorado'Delta for primitive

culture.

~ Prehistory --

The evidence is scant for postulating a prehistoric
culture apparently not ancestral to the later primitive
culture. It rests principally on reported adobe ruins, and

reported finds of polychrome pottery. There is some other
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:widence in the- extensive shell mounds, wide scatter;ng of
ywttery fragments, old sites about water holes, roof-smoked
ceves, mortars in granite boulders, and well worn trails, ,.
‘mn these might all well be expressions of historic cultures.
About the existence of adobe ruins there can be little
question. The first report of them encountered is from Ansa
‘in1775.l In a report written to his superior officer from
Sta. Olallaz he speaks of an ancient Indian edifice examined,
‘three leagues (about nine miles) from "here". He explains

éitas rart of an attempt to establish a kMexican empire. The

%Mrection from Sta. 0lalla is not clear and it is possible

émat "here" refers to some other point. At best this is no
%mre then supporting evidence.

| Another reference appears in Hardy's account of 1827.

%Hesays:

"Near our present situation [half a league
above the mouth of the "Gila"8] is one of those
0ld ruins which are supposed to mark out the

| progressive march of the Aztecs from the north

- to Mexico. It is called by the natives "Casas

| Grandas", but the Indians have no tradition
respecting its former occupiers, -- none, at lesst,
that I could learn."4

There was an Axus (Kamia) settlement about the ruins,
\

EWM£h were evidently somewhere east of the river. Hardy
\-_.—

| 1 -

FProm Professor Bolton's mms., previously cited.

2Professor Bolton fixes-the site of Sta. 0Olalla as
1ar the present Pescadero Dam.

3This is Hardy's own statement and, of course, is an

:g?ﬁr. He thought that he was near the mouth of the Gils
®n in fact he was near the junction of the Hardy and Colorado.

Yrravels in the Interior of Mexico: p. 333.
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gpeaks of the ruins without any suggestion of question as
to their existence, but does not state clearly whether or
not he or any of his men saw them. N

In 1928 an old cowboy, long familiar with the area,
said that in 1904 he had seen 0ld adobe ruins vsouth of the
junction of the Hardy and Colorado, that they had wells
‘which were eight feet thick and ten feet high, and that no
ome knew of their origin. His site agrees very well with
%mat of Hardy.

Still, this is not conclusive evidence of the antiquity
of those ruins. Hardy's Kamia may not have ir;formed him
correctly. The idea still persists among the delta people
that there was established for the Cocoﬁa and Papago,.a sub-
nission, Sta. Clara. The historicsl acéounts show that the
¢arly missionaries' were on the lookout for building sites
Ealong the lower river. Only & thorough examination of the
Esite and the finding of artifacts can establish its genuine

Eprehistoric character.

The pottery evidence is even more ephemeral. When

i

|
Equestioned concerning pottery found about the sandstone mesa
E
0f the Sonora side, the finders asserted that it was poly-

throme. No specimens were seen. It is an interesting aside
it with respect to the present Indian pottery of the area
’Kroeber sees 11 as rather closely paralleling the prehistoric

Yere from the Papago end Gila country. He sees among the
P0ssibilities 2 direct stimulus or importation from Sonorad

. lKroeber, A. L. Handbook of the Indians of California,
fure of Am. Eth., Bulls 76:  p. 8U3. [19285)
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There are numerous and extensive shell mounds sbout
the head of the gulf, but in every site observed they were
nade up of forms still to be found living in close bProximity
(pl. XVIa). In at least one instance ‘there was a suggest'ion
of mounds of varying age associated with different levels
of the sea, but even this is not particularly significant,
in this area of rapid changes of elevation.

About Pozo Cenizo and Pozo Coyote (on the margins of
fattie Basin) there are numerous potsherds and bits of
charred wood. This merely demonstrates that these sites
have been for a long time significant ones. The same holds
‘true for Agua Palmita at the base of the Juarez, where the
granite rocks are pitted with mortars, and caves in thé
iconglomerate have smoke-blackened roofs.

; This leaves the evidence for sa 'prehistoric culture
épretty much witl;x the adobe ruins and possibly with the
épottery. It is clearly evident that these need further
Einvestigation before they are of any value as evidence. -
3EQH:lls‘coric Cuitures --. _

= The indian tribeé of the C.olorado Delta were all of

the Yuman .stock. This linguistic group extended its ter\ri—
;t°1‘y to include the kiohave on the north and the Dieguello

™ the west. To the south the Yumen Kiliwa controlled the
treq about San Felipe. The Pabpagop. non-Yuman tribe, claimed

e gulf coast, south from Santa Clarsa slough.
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In addition to linguistic unity the tribes about the
lower Colorado possessed a cultural unity with a typical
culture that partakes of the qualities both of the South-
w;stern and Californian cultures. However, it has‘sufficgent
iistinguishing characteristics so that it is not to be re-

garded as merely transitional between the cultures to east

1
and west. -

T T T e, s

This culture possesses agriculture and pottery, but
- poor basketry. It posseéses a tribal sense and recognizes
hereditary chieftanship. There obtains a well developed
nilitary spirit,'with use of the shield and c}pb, as well
as the bow and arrow, as implements of warfare. There is

& sense of communal ownership of property and lack of regard

for wealth. This culture lacks the 1oom'and has very simple

clothing, Cremstion is prescribed for the dead, and also ? Z .§:
émr the personal belongings of the deceased.  {;:
% Among the material expressions of this culture is the

% semi~-subterranean house, used in winter. A pit was dug and
iﬂmut this logs were up-ended. Thesé were covered with wood
Eandbrush and the whole plastered over with dirt. In Summe r

ﬂmre were simple brush shelters or flat roofs of brush

gmlsed aloft on four poles.
| A crude tule balse was occasionally used for ferrying,

Mm the Indians were excellent swimmers and that was the

%neral method used in crossing streams.

From Kroeber's Handbook, previous 1y cited.
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These people possessed no harpoon for use in fishing
but they did huve a net, woven from wild hemp or willow,
which was mounted at the ends of two long poles. They glso
used a basketry fish trap woven from willow.l

As has been suggested, basketry was simple in techniqué
and small in amount. They made trays, fish traps and a large
storage basket for corn.

Pottery, on the other hand, was well developed. They
% used a dlay tempered with ground rock which burned red. The
pots were decorated with designs in yellow ochre. They
possessed a variety of forms and sizes and sgmetimes were
formed :Erom' thin> spiral coils and smoothed with a paddle
and rocke
Clothing was'very simple. The women occasionelly wore
' a skirt made of shredded willow bark, but more often a simple
| breech clout. The men used only & gee-string. KNo foot
covering was the ordinary thing, but at least in later times
rawhide sandals.were used. |

They used only the simple bow which was ordinarily made
of willow and strung with & cord of wild hemp. The arrows
 YVere of cane and arrow-weed, were feathered, and at leaét in

Part tipped with mesqguite.

The Delta Tribes ~-

Of the numbers and tribal distinctions of the iIndiauns

living in the delta during the historic period there exist
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g number of accounts. These range in time from the account
of Alarcgh for 1540 to those of the latest visitors to the
areas It 1s difficult to reconcile all these accounts with
respect to the areal division among the several tribes. =11l
the tribal names are not to be identified in terms of those
now kxnown, nor, in fact, with those of other visitors to the
area, DBither the recorders gave different names to the seme
groups, or confused the groups, or else there waes a resl
shift of tribes. But for the geographer this is not perticu-
lerly important, for shifting groups did not meen shifting
cultures. Unity of culture characterized all these Yuman
tribes inhabiting the delta. As Kroeber says:

"Alarcdn end Melchior Diaz in 1540, O¥ate in
1605, Kino in 1702, Garc€s in 1776, accordingly
found conditions on the river much as they were
when the Americens came. The tribes bettled,
shifted, end now and then disappeared. The upper-
most and lowest were the same for three hundred
years: Liohave and Cucopa. Among the conflicts,
customs remained stable, If civilization developed,

it wes inwarle; the basis and manner of life were
conservative."

But what to the geographer is significant in the old

dccounts is the general idea that he gets of the wealth of

egricultural products raised by primitive methods,vand of

'
|
2

Uving along the left bank of the river, from the mouth of

éﬂm enormous number of people dwelling in villages along

the river. dﬁate's2 estimate of the number of people

1Kroeber, A. L. Yuman Tribes of the Lower Colorado,
Univ, Calif, Publ. Am. Arch. Ethn., vol. 16, nO. 6: Ds
85,  (1920)

225rate-Salmer6h, Relaciéh, Translation in Bolton,
$enish Exploration in-the Southwest: p. 276+ (1916)
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the Gila down to the gulf, is around 22,000. This is for
1606, Leter reports are not so detailed as Ofate's dbut they
convey the impression that there was no decrease in popu-
letion. ZEven in 1827 some 5,000 Indians gathered about
Hardy'sl ship near the confluence of the Hardy and Colorado.
Though Offate travelled down the east bank of the river,

-that is, the Arizonsa;y Sonora side, possibly his estimsate of

the number of Indians fairly well covers the lower river

.
- - ’ " 2
4
."’
£

srea. From the list of tribes that he enumerates, only two,

%

‘the Yuma and Kamia, are conspicuously missing. There are

reasons for bélieving that the Kamia came late into the area.

4

e

&

Since the river annually overflowed its banks the villages

2
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were not vrermanent ones. It is quite possible thet in the
year of Oflate’s visit the bulk of the Indians was concen-
trated on the east bank of the river. If such was the case,
22,000 may be accepted as an estimate of the total number of
‘hdlens living in the delta area. If the region West of the
:river was equally demsely populated, the _firét estimate must
be at least doubled. | .

: The total arable érea for 1605 may be roughly estimated
E&t 300,000 acres. This figure ‘fepresénts the area asnually |
Einund.ated from the old channel of the Colorado, minus c\ertain
E. lon-tillable sections. These include the swampy lands and
‘;&reas of saline soils. The estimate does not allow for

1etlve vegetation. kost of the area was covered with annueals,

 T6adily removable by a process which the Indians understood --

g
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okt |

Using the population figure, 22,000, there was avail-
gble for each person nearly fourteen acres of arable land,

If 44,000 is used, the result is seven ecres per person.

The evidence seems to favor the first figure as being more
ﬁearly correct,
There is undoubtedly a great discrepancy between the
area available and the area utilized. The Indisns did not :

burn off the vegetation extensively; they practiced no

¥

regular field system. There did not exist the inter-tribal

friendship and agreement nécessary to & full utilization
of the available land. S

Coming down to modern times, within the_;emory and .
tradition of those still living, there remain but three
groups of all the Yumen tribes once océupying the delte

erea: the Yuma, the Dieguello, and the Cocopa. The Yume rfff

are found extending down to the vicinity of Pilot Knob and

A e, b2 1 1o iy (1 0y M A T L PN

| elong the Sonora mesa, the Dieguefio (Kemia) in a large
village near the present site of Dieguinos on the Inter- 57 .
California Railroad, and the Cocopa in the region between |
the Hardy and the Colorado. :

Of these three, the Cocopa are the dwellers most

sbundent in that part of the delts with which this paper is

- .G . S R
? | b i BT Y I AR e ihat b

il e

st concerned. With the Cocopa as typical of the Indian

aey vy lee @
s
BN Y

groups who have occupied this erea it may not be amiss to

ittempt to reconstruct in some detail their way of living i

Previous to the intrusion of Buropean influence.
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The Cocopa‘say that they were created and have alvways
1ived about the Hardy. It was to the west of the river,
glong the base of the Cucopas, that they moved when the
pottom land was inundated during the summer months. On &he
gravel terraces they erected their summer houses, flat roofs
raised on four poles, thatching with willow and arrow-weed,
sometimes tule. These simple structures provided protection
from the burning summer sun. As they were largely without
wails and stood alone on.thé terraces they were exposed to
all the'winds. This exposure was of decided advantage in
that it tended to hold down the sensible temperature and to
reduce the number of mosguitoes.

As the flood waters retreated, the Cocopa moved out
onto the delta and planted their crops. About the banks of
streams énd near the 1agobns they planted beesns, pumpkins,
watermelons, sguashes, and gourds. DParticularly favored
sites for corn and melons were the dried and cracked de-
rressions. The hardened crust was removed and the seeds
planted in the moist soil below.

Iﬁ late summer there was & movement down stream to a
lérge island near the mouth of the Hardy. Here were g?thered
the seeds of the water grass end wild rice. A portion of
this was stored away in earthen jars. At the same time otkers
were gathering the seed of the quelite, which was found on the
open high ground subject to annual overflow. Others were

gathering the beans of the mesguite and screwbean. Along the
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gravelly slopes of the mountains the other leguminous trees
-~ the palo fierro and palo verde -~ yielded their fruitil

The seeds were pounded, or parchéd and pounded and the
meal made into mush or pinole. The quelite seeds were girst
leached. The mesquite pods were dried and stored. In their
preparatién pods and beans were pounded in a large mortar,
using a ﬁesquite club as a pestle. This pounded mass was
placed in a Jar with water and permitted to ferment. The
result was an agreeable food, evidently with some power to
intoxicate.

Annually the Cocopa made trips to the mountains of the
Juarez. The Paipai who dwelled there, another Yuman group,
were generally friends of the Cocopa, and occesionally allies
in warfare waged against the Yuma. The purpose of the trips
was for the gathering of pinon nuts and acorns, &and for ob-

taining wild sheep skins from the Paipsi. -

The trip to the mountains, across the dry and desolate

~ Pattie Besin, was a difficult one, and the routes followed
had to be so chosen as to take full advantage of the aveil-
- eble water. As & result certain trails became established,

- With dire results for the one who wandered from them. Accord-

1water ETaSS eeeesessesess Echinochloa crusgelli

wild rice eesevecscssese UNniole Pg;meri
quelite esescsseseese Alaranthus palmeri
mesguite ecssssssssesee LProsopis velutinea
screwbean esessessssses Yosopls odovatla

palo verde sesscssesssse Cercidium torreyanum
Palo Tierro eseeeceececcecs Olneya tesota

B e T A e

¥ e SRR g b (e il
et S

il ot AT

%
§
P




150.

ing to HacDougall one of these trails led westward through
the palm valley on the flenk of Borrego peak, descended

the western side, coming out near the perennial spring,

igue de les Mujeres, end then struck across the plain to-the
pouth of Palomar Canyon, at the base of the Sierrs Jusrez.

Another trail led across the low renge north of Sierra

lieyor end passed directly across to the Sierra Juarez. Still

enother passed around the southern point of kayor to Pozo
Coyote. PFrom Pozo Coyote the trail split, omne branch going

to Pozo Cenizo (pl. XIIb), asnother to the tanks at the north

- end of the Tinaja Range, another to the south through Tres
 Pozos end Arroyo Grande to the mountains. The water holes
vhich lie on these 0ld trails reveal their former importance

'in the great mass of potsherds, charred wood, and other arti=-

facts which lie scattered about them. The Cocops say thet
they carried no water on these trips but did carry fire.
For people without horses these trips were sufficiently

risky that when a small party was leaving, friends accompanied

1t to Pozo Coyote and remained there until signal smokes in-

 formed them of the party's safe arrivel at the next water.

Another trail which still runs along the base of the

HMuntains far down into the Sierra Pintas, was followed
fnually to the clam beds near the head of the gulf. Accord-

g to reports there was watef there and an abundance of

riftwood,

limer. Geogr. Soc., Bull., vol. 39: p. 729. (1907)
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VYihen it.was time for harvesting the crops, the melons
gand pumpkins were brought tdgether in a big pile on the
| pmund and covered with brush. Here they were left until
ysed. The seeds were not wasted; those in excess of the
; ones needed for the following year's planting were preser;ed
a5 food. The corn and beans were stored in round willow
%baskets, as large as five feet in diameter. The backets
- were covered with a cone-shaped cap and pleced in trees or
on platfofms.
The wintex dwelling‘sites were down 1n the bottoms,
near the fields and stored food. The houses were variously
constructed from posts, driftwood, and brush. Tkey gener&liy
had their base in an excavetion over which there was con-
structed a framework of posts. The framework was covered
with wood or brus@ and finglly with mud. The structure had
- only an entrance -- no window or smoke hole. On cold winter
nights the interior was heated by a prepapatory fire which
was raked out when the Indians wished to retire. Then they ff b
literally piled in thickly on top of a ground cover of skins,
closed the entrance tightly, and were snug for the night.
Particularly in spring were the green'sprouts of the
' tule edible, es were.the bulbs of the same plants. From

A

. aPril on, the agave was gathered and the core baked., II
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ggave was gathered only at the expense of climbing far up

the precipitous Cucopas,.

Fishing, and particularly hunting, seem to have been
jecidedly secondary to agriculture end gathering as a sowrce

of food supply. The area still abounds in game end fish but

' the Cocopa seem to have been»poor hunters and fishers.
Por fishing the Cocopa did not have the harpoon but

they did have a net mounted on the ends of long poles with

which they dipped fish out. They also hed = basketry trap

nade of willow.

They hunted with the bow and arrow and took upland

~deer, birds, water fowl, and rabbits. In hunting the latter

they burned the inflammeble tule and shot the rabbits as they
rushed out. They took young ducks around the edges of ponds,
end are said to have used the corral in hunting deer. 1lieat

¥as never refused because of its age, but was roasted to a

g,

|

:

§

|

| _

Ecﬁsp, eaten and ‘enjoyed.
|

E The delta area was a country of abundant food supplies,
%andeven for a non-agricultursl people would have supported
f '

F

& large population., There is no indication thet it was ever

Visited by femine.

\

|
:
Elbdifications in the Kative Culture -=-

| Strietly'speaking the primitive culture stage ceased to

beWhen it came in cohtact with elements of culture derived

fﬁbm the Buropean. But the change was slow and it may be
x—— . - .

i 1131116 oooooooo.otooooo le Eha latifolia? . ¥
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said that these Indians preserved their 6wn culture‘up-until
1850 in qguite unadulterated form,

Garce’s1 found the horse asmong the Yuma and menfions'
fields of wheat and millet, in 1774. The grain was grown
in the open spaces subject to overflow. Hardy2 says that
he was presented with baskets of raw cotton by the Axuva, in
1827. Emory5 found sugar cane growing in the area in 1850.
Cattle were Drought into the region at the time of the Ansa
expedition but seem not to have survivied to extend the
breed. At some comparatively modérn daﬁe & number of swine
were turned loose in the area. The fiereene§§ of the "wild
tuskers™ became proverbial.

- It is impossible to accurately date the intrcduction of

European plants emong the delta Indians, nor is the manner
of introduction known. ZPossibly it was by a process of
inter-tribal transfer from the east:  from the lizricopa to
the Yuma, and from the Yume to the Cocopa.

The Cocopa never became horse people, even to the extent

that the Yuma did. They seem always to have regarded a horse

- Principelly with an eye to his edibility. When herds of

cattle and horses were being taken to Celifornias in the

f fifties of the last century the Indians frequently claimed

——

1
Diaries and reports of the Ansa expedition,

- Previously cited.

) _
Op. cit.: p. 339.

3
Boundary Survey, previously cited, vol. 1l: p. 49.
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_their-share. They had arranged a system of smoke signals
whereby they might know of the approach of the herds. With

a nice discrimination they knew that the cattle and horsgs

on the long trail from Texas were hardly worth teking. Thkose
~ peasts captured were run to the lower river, fattened and

1 eatene.

The cargoes of the first steamboats .on the Colorado the
ilndians considered as legitimate prey. They stole when they

' could and as these boats carried mostly supplies for the

’

post at Yuma and surrounding country, the Indians gradually

acquired a taste for white man's food. $his point is nicely

o I T R R T o T T Y
»-im}-w‘ﬂ».ymm@imwwﬁ&?w&f%ﬁ’mﬁﬁtmawﬁ fa2St e B LR G AL A

illustrated in a story told by an o0ld Cocopa, still living.
When he was & grown men he and some friends managed to secure
' & sack of bean-coffee from a steamer. Thinking'that these

, Nmnded'pellets were beans they tried to prepare them in the

customary manner and were considerably enlightehed in the

attempt.

—

2
E
2
¢
3

During the heyday of navigation on the Colorado the

.
o r v A vy AL

Indians formed & part of the boat crews. With these

wsociat&ﬁﬁs they learned many things which they'inculcated

Into the oﬁitﬁre of their tribe. They began to wear clpthes;coffee,:
‘Bugar, and white man's tobacco became necessities; the bow and

8rrow becmné_secbndary to the rifle. With this there ceme a
/%rresponding_neglect of their own culture.

With the closing years of the 19th century came the

great cattle period of the delta. Apparently the Indians hed
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learned by this time that all was not communsl Property for

there are few accounts of difficulties between them and the
cowWboysS,

In the beginning of the Imperial Valley development
- the Indians furnished a significant part of the labor used in
constructing the irrigetion system and in leveling the ground
for egriculture. They continued to be important as laborers

. wtil they were excluded by an immigration ruling.

- Present Status of Cocopa Culture =-

In spite of all these contacts the Cocopa is still an

} Indian; he has not made the easy transition and become a
SMexican, He is easily distinguishable by his long heir which
flw wears piled around his head, wrapped with a rag. Occasionally,
- he works about the ranches or on the rasilroad; mofe often he is
| to be found living off the travelled way, around some little

E lagoon. The Cocopa still move with the overflow and practice
Sume agriculture. They may be seen walking across Pattie

jﬂhsin on the long trek to the mountains, or be found camping
c&tsome desert water hole. The women still gather seeds and
}m@pare them in the 0ld manner. They all remain good pagans,
élmve their "doctors™, and cremate their dead.

But what they héve retained is nothing to what they have
{hst. Their agriculture has decreased in proportion to their
‘fmking over of white man's food, which comes in boxes, bsags,

g 10 tin cans. Sugar end coffee are indispensable. To some
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1with the BEuropeans has taken its toll.

 Some of the old sites, such as the mouth of the Gile and

- desert water holes, maintain their szme significence. But

i Colorado for a primitivé culture it may be said that while
1t did not produce any great historic cultures, it did pro- o
~Mme & distinet culture group, and it provided an abundant.

| living for a dense population.
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oS

extent they hayve absorbed the cattle tradition from the rench
days. Their house types have been modified almost beyond
recognition.

But what is most striking is the decreasse in number:
Even discounting the early estimates of the population, énd
Herdy's thousands in 1827, it is startling that they shoulad
be reduced in number to MacDougal's estimate of three hundred
for 1906} and for the present certainly no more. There

probably remained considerable numbers of Cocopa until the

middle of the last century. Since then increasing contact

The link between the o0ld and new cultures is not strong.

the 01d culture pattern is obliterated by the new. .

As a final estimate of the site value of the lower

;Amer. Geogr. Soc., Bull., vol. 38: p. 14, (1906)
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CHAPTER 9 -- THE EXPLORATORY STAGE

The exploratory stage has involved an interpretation
»-

and description of the natural landscape of the Colorado

' Jelte. Somewhat incidentally there has been an exesmination
>mfthe primitive landscape. The work of this stage has been
' carried on by priest, explorer, surveyor, prospector, trader,
‘trapper, and ordinary tréveller. In part the delts area has

peen the one of principal concern to these individuals; in

part it has been the corridor through which they were forced
;jm1the-road to. California.
Asidévfrom the determination of the nature and'resources
 of the country, this stage has left ceitain material conﬁri-

- butions to the cultural 1andécape, some of which still retain
'iﬂwir significance, Roads and political boundaries were laid
.émm; boat, stage, and railroad lines constructed; certain
1Mtes, such as thaf at the mouth of the Gila, were given

f:mWetus through early settlement by Europeans.

;hmlimiéarj Expeditions --

| Ullosa éppears to heve been the first European to visit
(;Um delta area. Sent out on a trip of eﬁploration by'Oortés
in 1539, he sailed to the head of the gulf, turned south,
ijunded Cape Sen Lucas, end passed northward slong the west

1

| coast, By this trip he demonstrated the peninsular nature

§ 0 what was then called California.

|

, lBolton, H. E. Spanish Exploration in the Southwest,
 1842-1706:  p. 5. (1916) ‘




158,

As a part of the Coronado expedition, dispatched by
| rendoza in 1540, Alarcgh sailed up the gulf and ascended
the Colorado for a distance.l He made excellent and ex=
tensive observations of the native culture. The pilot,
Castillo, made a map of the gulf showing California es a
peninsula.
| Later in the same year (1540) Melchior D{;z reached

the delta at a point below the moﬁth of the Gila. Thus he

. was the first European who made a recorded trip to the area

’

- overland.

Ohate visited the delte in 1604, making the overland

journey from New liexico. He deseended the Colorado to its
- mouth, making pertinent observations concerning the distri-
tution and number of the Indiens. ONate was impressed by

- what he considered to be a large, excellent harbor at the -

- mouth of the Colorado. Among'the Ozara, who Qccupied the

 site about the mouth of the Gile, were seen mantes of cotton,

X
» Alarc5ﬁ, Fernando de, Relaciéh, English translation
In Hakluyt, Voyages, 3. (1600) '

' 2A reproduction of Castillo's map appears as plate 3
In Sykes' article in liacDougal's Salton Sea, op. cit. Sykes
 Is responsible for the statement That the map was first,
Published in 1770, end ebly discusses its influence upon

turrently made European maps, covering the Western Hemisphere.
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gecorns, and large sea shells. The Indians said that the
scorns and shells were brought from the west. This report
should have suggested a direct land connection with the
pacific, but influenced by the accounts of the Indians,

mete believed that an arm of the gulf extended to the north-
ward, beyond the first ranges of mountains. Quite possibly
the Indians were attempting only to describe Pattie EBeasin

and its epheﬁeral lakes,

These three expeditions should have settled once and
for 21l any question as to the peninsular nature of Cali-
fornia; but most certainly they did not. Ortelius® map of
1564 represents California correctly, as does the Iypus

0rbis Terrarum, from the Ortelius Atlas of 1570, Forlani's

1
mep of 1574, and Wytfliet's map of 1597? But Henry Briggs!?
map of 1622 shows.Californie as an island, and represents
for this time the ideas not only of European cartograrphers,

but also those of the Spaniards in Mexico.

lThe Wytfliet map, together with & number of others,
appears in Sykes' article in the Salton Sea. Sykes is
particularly interested in these maps as they reveal con-
d%tions gbout the head of the gulf: hydrography, coast line,
ete,

2All of these, with the exception of the Wytfliet map,
FOgether with a number of others, are reproduced in Henry R.
Wegner's Some Imeginary California Geography, appearing in
the Proceedings o:i the American Antiquarien Society, April,
1926, lir. Wagner treats exhaustively and in an &ble manner
the cartographic and written history of three fables: the
Iythical City of Cuivire, the Streit of Anien, and Californie
88 an Island.
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Twice, then, California was, in the populer mind, an
,sland. The first time, when only the southern tip of the

paunsula was shown, the conceprt was natural; after several
».

yoyeges of exploratlon it was inexcuseble. But it remains
, fact that by the early part of the 17th century Cszlifornia
 wes again dartographically en island., This is probabiy to
beexnlainéd by a tendency on the part of the cartographers
0 extend the gulf north to the Strait of Anisn. ¢Quite

m331b1y Onate's report of & western arm of the gulf was of

some influence. _ ]

This matter of the insular or non-insular nature of

léﬂifoinia became 2 significant one for the Spanisrds. When
éﬁno, s hundred years later (about 1701) re-demonstrated its
gpannsulaf character, his was a recogniéed accompliskment.
f The disco#e:y that through the delta ley the land passage
;toCalifofnia was an event of far reééhing impqrtance for

;ﬂw lower Colorado area.

iﬁm Jesuits - - . R

| The Jesuits approached the delta from two directions:
cfnmxtheir missions in what is now Baja California, and\from
Eﬂwir missions in Pimerfé Alta. In part the journeys were
‘ZmConnaissanoes, the preliminary steps in a well defined
;Nan for combined spiritual and temporal conguest. In this,

fﬂmrch combined with state. The explorers were interested
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E in number and distribution of native populations, water,
i

vegetation, harbors, aend sites for missions, presidios, and

pueblos.

In increasing measure the.journeys had the objective
to £ind a iand passage betweeﬁ‘Pimerfé Alta and California,
The twd principal areas of Jesuif endeavor lay in Pimerf;
Alta and in what is now the Southern District of Baja Cali-
fornia., The two fields Were‘separated by‘the turbulent Gulf
of Califérnia; it was desirable that any land connection be
discbveréd. Phe delta, of course, lay too far to the north
to Serve the Jesuits’ purpose, as their missions were then
situated. |

Coming from the east, from the Pimer{é Alta missions,

 Father Kino made a series of trips into the area during the

~ period 1699 to 1706. On his trip of 1699 he reached the
- Yuma., Finding them in possession of large, blue sea shells ;;i?

- he saw the strong possibility of a land connection with

| California. In the year 1700 Kino actually reached the St

Colorado, noted the rich soil, extensive cultivation, and

. . F3 * B S .. ('A N
s A G R g R s R AP e R P Nt bR e

. dense population. He was evidently impressed with the

-+

e

~ Strategic position of the site at the mouth of the Gila;

5
i
5
£y
2

. to it he gave the neme Rencho Dionisio.

The Gils enters the Colorado a short distance above the

¥
R

| P0int where the latter flows in a channel confined between

 bigh conglomerste walls. This is the lowest point in the G

| COurse of the stream where it is so confined. For a primitive
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people the site offered among other things: proximity to
water, with dwelling sites above flood level; an abundance
of agricultural land in the river valley, both above and
pelow the constriction; something of & stronghold with an
glevated area surrounded by plains.

A portion of Kino's jJjourneys took him across the Sonora
Desert to points near the head of.fhe gulf; he travelled down
- to the mouth of the Colorado. He was well versed in the
surfaceconfiguration'and make-up of the area between the
¢ila and the gulf., He left a map which one may judge to be
s very fair representation of conditions in 1700, in the

- ' 1
lower Colorado ares. On this map California appears once

nore as & part of the mainland.
In his final estimate, Kino decided that the best
_approach to the delta area from the east lay through the _ ._L ]

site at the mouth of the Gila. Thus to him goes the honor

of discovering the eastern gateway which has proved itself
‘to be the only practical one in the passage across delta and '__' i
lesert to the_mountains. That succeeding explorers hed to

‘re-do Kino's work detracts not at 81l from the credit due

- ; |
ihlmo '

1Kino 's Historical Memoirs of leerla Alta, H. E.
ﬁﬂxon Editor, Cleveland, 1919. 4is frontispiece is Kino's
Mp., Bolton mekes & point of & note in the memoirs which

tefini tely dates the map 1705. There had been scme dispute
M this point. :

{
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In Kino's cese it was largely a matter of selecting
the best site for crossing the Colorsdo. He had no accurete
mowledge concerning the terrein which lay between the Colo-
rado.and the Peninsular Range. There was a good ford near
the Jjunction of Colorado and Gila. Below this point the
river was difficult to ford becsuse of the muddy banks; the
delta surface was marked with channels and covered with a

dense growth of vegetation. To the north of this point lay

the gravelly mesa with its ranges of shifting dunes. To one

who knew the area there was really little choice of routs.
Ugarte, & Jesuit from Loreto, sailed to~the mouth of . ?_:f‘

the Colorado in'1721} and returned to the south satisfied o

that California was not an island.,

o Naert oo dotpe i I o T e st SR

In 1746 the Jesult Consag led a canoe party along the
é west coast of the gulf to the mouth of the Colorado. Ee made
% & survey as he went, and later embodled his observations in

2 & map. To the site of the modern San Felipe he gave the neame

ki o el g1 st ki Tty T pn @ ML

g San Felipe de Jesus. Between there and the Colorado he Zound
Z & shore line without bay or watering place.
In 1748 and again in 1750 enother Jesuit, Sedelmair,

 Visited the delta, coming from the east.® His visit marks

| 1Bancroft, H. H. BEistory of the Northern Mexican | :
. States, 1531-1800: ©pp. 445-444. '

' 2Life end Works of the Rev. Ferdinend KonSlak, S. J. .
1703-1759. Translated by lsgr. li. D. Xrmpotic, Boston. (1923)
A reproduction of Consag's map is contained in this volume,

pPO 8"9‘ '

; ancroft, H. Hs History of Arizone end New lexico,
%]ﬁ50-1888: pPpe. 367-366.

E
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F the last Jesult-contact with the delta during the exploratory
L[‘ periods Link made the attempt in 1766, travelling overland

| from the mission of Sen Borja, in Californis. At e point

E which was estimated to be some twenty or thirty leagues short
E of the mouth of the river the attempt to reach it was

E vabandoned.'l

i Jesuit activities were formally concluded with their

r gxpulsion from.'the area in 1767. During the sixty-seven

l years in which they had conducted reconnaisanées, their
contributions to the geographical knowlédge of the lower
Colorado ﬁvere important. They discovered th;Gila route to
the Colorado; théy saw the significance of the site at the
junction of the Gila and Colorado. Knowledge of the
§eninsu1ar r;ature 6f California was re~éstablished. The bay
et San Felipe was discovered and pointed out as significant

in & coast largely devoid of good harbors.

The Franciscans == ' | _ '
With the expulsion of the Jesuits the Francisecans took

over the Tield. But it was not until 1771 that one of them,

Garc’es, descended the Gila and went down the Colorado nearly

\
to the mouth. He was not aware that he had reached the Colo-

rado but thought that it lay still further to the west. Hov-

ever, he did get the idea that here lay the way to California.

| Bancroft, H. H. History of the Northern Lexicsn
E.States, 1531-1800: p. 473,
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The Way to California

Spanish occupation of Alta California involved the
trensfer of troops and supplies from Liexico; for this a
land route from the outposts in Sonora was almost =
necessity., The missions of Baja California were poor, and

- could do little for the assistance of travellers. Im
gddition, the route through Baja California involved the
crossiﬁg of the San Borja Desert. The alternative to this
route, a trip by sea, was equally difficult.

The difficult.part of the overland journey between
sonore and Celifornie lay in the area east oéwthe Peninsular
Renge. . The driest and hottest desert region in North America
extends from the Lo jave south slong bofh shores of the Gulf
of Celifornia; it extends from the Peninsular Kountains to
the highlands of éastern Arizoma. To those travelling by
mﬁmitive means the region offered difficulties in tkhe way

 of scant water supply, poor feed fdr animals, end intense _2;.

 summer heat,

oy

The well-watered delta was an oasis between two diffi=-

- ocult desért jornadas. Here travellers were assured of water,

feed for their beasts, and possibly ﬁrovisions for themselves.
inspired by Garcéé'diary of his 1771 trip, Don Juan de

Ansa, captain of the presidio at Tubae, in Sonora, ettempted

end succeeded in meking the round trip from Sonore to Cali-
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fornia in 1774 and sgain in 1775. He characterized the

route as an easy one, passing through regions inhabited by

1
friendly Indians.

West of the mouth of the Gila, Ansa entered & region
previously unvisited by Europeans. The ares lying north
of the delta crest, and between it and the mesa, formed the
most favorable passagewey. Here the surface was without
the dense vegetation cover of the lower delta, and without
the great dunes of the mesa., Eest of Centinela (Signal Lit.)

ley an area of dunes, and to the northward the hard floor of

Salton Sink marked the most desolate and waterless stretch

of the whole jornada.

There was some choice of route in leaving the sink for
the Peninsular Mountains. The Cucopa Range and the steep
well of Sierra Juarez were apparently sufficiently forbidding
to prevent considerable use of any routes south of Centinela.
There were opportunities to leave Sslton Sink through the
Kountain Springs route to Jacuma Valley, up Carrizo Creek
throughngllegitQ to Valle San Felipe, and directly up San
Felipe Creek to Valle San Felipe. From the‘crest of the
mountains on, the route offered few difficulties as ceompared
With the course over the desert. Routes further north than
these three were hardly to be considered, for they would

involve the preliminary crossing of an even greater stretch

- 0f desert,

e,

1From Bolton's manuscript, previously cited.
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There was no dependable water hole after leaving the
Colorado until the base of the mouutains was reached. There
were a few springs about the margins of the sink; later,wells
vere dug; in late summer and early fall there might be pools
of water‘in overflow channels. But all these sources of
water failed at times, and then the trip from the Colorado
{0 the mountains was waterless.
Anssa,  influenced in his choicé of route by ean Indian . {

guide, made his way to the swampy area which merks the

junction of San Felipe and Carriso creeks. From there the
way was_ﬁot difficult up San Felipe Creek to the mountains.
0o his second trip he corrected the errors of the first, but

the two portals of the desert way were the same.1

- L . . : M
. N c oL .
TR IR ' Ao Tt TRREALY S Gt Ly

The Mission -~
Convipced that the new route from Sonora to California

ves a practical one, the Spanish authorities determined to

e it B e b

establish a way station at the crossing of the Colorado. -

It was proposed to found a new type of combined presidio,

.t ot

nission, and pueblo.

In 1780 the proposal became an accomplished fact. TIwo
sites were utilized: +the one called Puerto de la Purféima
%ncepci6h, on the Cglifornia side of the Colorado, below
the mouth of the Gila; the other, San Pedro y San Pablo de _ :

Biculler, also on the California side of the river, near Pilot

lBolton, op. cit., traces Ansa's route in deteil.

——
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Knobe As these were to be not only missions but also
presidios and pueblos, the four priests brought with them
from Sorora fifty-three families: twenty of settlers,
twelve of laborers, twenty-one of soldiers, "all with wives
and plenty of children".1

For a while things seem to have gone smoothly with the
new setvtlement, and considerable was accomplished. Until
gfew years ago there remained portions of the stone walls
. of small buildings and the church, at the upper site. Traces
. of acequiass were long to be seen near FPilot Khob; perhaps
- they still remain. | -
In 1781, a short year after its founding, the settle-
- nent was wiped out, in consequence of & well plenned coup de

grgce on the part of the Indians.2 For nearly seventy years,

- or until the establishment of & military post by the Americeans,

this éignificant site was to know no permanent settlement.

 The interim ;-

Ansa’s route still knew"some usage, but the Colorado,
instead oé ieing a pleasant oasis between desert marches,
vbecamé a difficult passage through which travellers might

have to fight their way. Small, well armed parties not in-

———

1Coues,'gg. cite: pp. 18-19.

zAnqaocount of this uprising may be found in FPriestley,

B, I. The Colorado River Campaign, 1781-1782, Diary of Fedro
epes,” Acad. Pac. Coast Hist., Publ., 8: Dpe 185-283. (1913)
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frequently made the trip across the delta. There were

numerous plans and suggestions for re-opening the route,

for it undoubtedly held advantages in.distance ang direct-
' ness above all other routes between Sonora and Californis.
~ But nothing was done either by the Spaniards or by their
lexicen successors. The relentless hostility of the delts
%Indians, rerticularly the Yuma, forced the main line of
~travel north to the liojave.

The advance of American trappers reached the Colorado

; about 1824.1 In the succeeding years a number of parties
%came dovm the Gila to the mouth. Some descended to tide-
%water; some made the trip across the desert,
: Probably the most famous of these is the Pattie party
%of 1827. The members of this party descended the Colorado
i-m tidewater, and then struck out overland to the west.
Guided by Indians they crossed the‘Cucopas, north of Sierra
lieyor, and walked across Pattie Basin to the base of the
§ Sierra Juarez. They entered a canyon where thgre were palms,
é live oaks, and water. In a two-and-a-half day trip they
?reachéd the mission of Santas Catarina.2
|

[
| 8111, J. J. Ewing Young in the Fur Trade of the
:
]

for Southwest, 1822-1634:; p. 4. (1923) Reprint from
EOregon Hist., Quart., vol. 24: no. 1.

g

| . zThe Personal llarrative of James 0. Pattie of
 Lentucky, 1824-1830, In Thwaites® farly Western Travels.
A
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Kearney's Route ==

Few of the trappers left accounts of their trevels so
that so far as written record goes their contribution to the
- geographic knowledge of the area was small., But they acquired
s knowledge of the lay of the land, of trails, end watering
places. They became the guides and scouts of succeeding
1‘wavellers, and so, in a measure, their knowledge was not lost.
| In 1847 Kearney's "Army of the West" pessed throughk the
 delte and across the desert to California. As & part of
?I@arney'sjarmy was Cooke's "llormoa Battalion™, the wagon
 train of the expedition. This was the first passage of
wheeled vehicles through the area; as such it merked the wey
 for others to follow.
Cooke’s repoft is not sufficiently detailed to fix his
route exactly, but its general course is clear. He forded
the Colorado at the island dotted shallows near filot Knob.
Prom there he moved westward, skirting the base of the mess,
amd crossed Salton Sink to Carriso Creek. Fassing up Carriso
Creek the trail led through Vallecito, crossed over the divide
:W’Valle de Sen Felipe, finally reaching Warner's ranch in

:%n Jose del Valle.1

Yuma - o
With the great rush to California, beginning in 1848,
the Gila route was traversed Ey thousands; Bancroft estimates

“"—-—-—_'_
lNotes on g kilitary Reconnaissance from Ft. Leaven-

Drth to San Diego, Cooke's Report: pp. 556-559. (1648)

————
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sixty thousand before 1851. With their wagons and stock

they followed the trail which Cooke had broken from the
mouth of the Gila to Warner's ranch.
The Yuma were still hostile. .To a large degree they

had abandoned agriculture in favor of stealing from passing

parties end rumming off their stock. In addition to the

Indien menace the road was long and hard, and many of the

travellers were poorly prepared. A way station at the

Colorado oasis was much to be desired. .

A party of Americen soldlers was temporarily encamped

‘&t the site in 1849, and in the same year a ferry over the

Colorado was put in operation. In 1850 Camp Yume was

%established on the south side of the river. 1In 1851 it was

gmoved to tﬁe 0ld mission site on the north bank, and becane

Fort Yuma. The soldiers pressed the Yuma hard at every

opportunity, forcing them to beg for e treaty in 1852. The

Yume remained a nuisance, however, until a war party which

they sent against the Pima, in 1857, was virtually annihi-

' 1, 2
lated, |

1
Bancroft, H., H. History of Arizona and New kexico,
Pp. 487-488, 544,

2Bartlett, J. R. Personal Narrative, etc.: Dpp.
147, 1v5-181. (1854) Bartlett, U. S. commissioner on the
bOund.ary survey, passed through the area in 1852 and has left
% very interesting account of the troubles which the emigrants
‘xperienced, both with the Indians and with the natural
Uifficulties of the way.




A settlement grew up about Fort Yuma, first as the

eppendage to a military establishment, later as a distri-

%buting roint for the newly developing mining area to the

east. Steamboats were placed in operation on the lower

Colorado; a line was established between San Francisco end
the mouth of the river. From Fort Yums wagon treins distri-
buted the supplies to the mining camps. The real growth of
the town began with the renewed interest in mining efter the
Civil War; in 1870 there was a Yuma of 1,150 people.l But
still it retalned its character as a corridor site, en oasis,
and a supply-distributing point. It remained essentielly

this until 1910, when the building of Laguna Dam opened the

adjacent territory to agriculture.

Mnes of Transportation and Communication -=-

River transportatlon was initiated primarily as & means

172,

Ofellminatlng the long heul from the Colorado to Los Angeles.,

Mansfer depots were establlshed at the mouth of +he river and

B,

Mean-going vessels. Army contractors bullt the first river

ﬂeamer 1n 1852 and put it 1nto service carrylng supplies to

Mrt Yuma. With the development of Yums as s dlstrlbutlng

t San Felipe. At these points the river stcamers were met by

Point, nearly all the bulky supplies were brought in by steamer,

The navigation of the lower Colorzdo was no sinecure.

Bgh water and low water, currents and bars, a8ll made progress

\_____—

1rbid.: pp. 489-490.
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difficult. With high water it was freguently necessary %o
"line" the vessels upstream -~ so swift was the current.

Even with the attendant difficulties, the river route

%
|
|
|

possessed advantages over the one across the desert. With

the completion of the Southern Pacific, however, river
nevigation virtually ceased., Since 1877 the lower river
. has become & stretch about which little is acfually known.
. §ith the diversion of the Colorado it is generally impossible
to go entirely by water from Yums to the gﬁlf -~ even in a
- skiff; even legally the Colorado is no longer a navigable
. stream. B
In 1857 the Butterfield stage line began its service
' between St. Louis and San Francisco. Between Fort Yuma
~ end Warner's ranch the stages followed whatl was essentially

- the 01ld route of Cocke. The ford at Pilot Knob was

sbendoned in favor of the ferry at Yume; a station was

- éstablished near the site of modern Mexicali, marking the
?crossing of New River. The channel of this stream had been
ffonned SUbsequent to Cooke's Journey; through a rortion of

i the year it could be depended upon to yield water.

| With the coming of the railroad the stage line between
iYhma and Los Angeles was abandoned. There was still main-

t tained & line between Yums and San Diego. The two lines had
t & common route to a point a few miles west of the modern

ﬁ towm of Silsbee, in Imperisl Velley. From this point the
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san Diego route lay through Coyote VWells, lountain Springs,

gnd Jacumba -~ practically the line of the modern highway.
In the building of the railroad across the Colorado the

only possible bridge site for meny miles was found to be at

7
yune, &t the old Puerto de la Purisima Concepcidén. Here a

s011d base of well-cemented conglomerate permitted the
construction of a single~span bridge, with both ebutments
resting on rock.

Wést of the river the ioute foliows across the mesa,
skirts the sandhills to the east, and crosses the mountains
through San Gorgonio Pass. The great stretch—of desert
nwolved‘inrthis route is of no consequence in view of its
lirectness and favorable grades. .

With sutomobiles and concrete construction,modern high-
weys largely disregard the 0ld routes. The highway west
from Yuma passes directly through the sandhills. The high-
vwey from Imperial Valley to Los Angeies runs the iength of
Selton Sink, The modern roed to San Diego follows closely
the olad stége route, while trains meke the torturous ascent
.w the Peninsular Range, somewhat farther to the north.

On the Mexacan side of the boundary, the main east- West
;mad follows the old route along the base of the mesa. A

1The first bridge had a middle pier. This type of
%nstruotlon was found to be unsatisfactory because of the
Mopensity of the river for alternately scouring and
lepositing.




_—

| 175,
|
gbranch of the Southern Pgcific runs through lNexicen terri-

|
x

tory from Kexicali to Pilot Knob. This line is used con-
lsiderably by freight trains, for it involves gentler grades

than the line across the mese.

gThe Surveys =--

» Boundary surveys, river surveys, and railway surveys
%subjected parts of the delta region to rigid scrutiny during
iﬂw period from 1850 to 1858, They &ll contributed to &
%hwwledge of the country: the nature and genesis of the

%lmtural forms, the culture of the native peoples, and the

possibilities for commercial exploitation of the erea. By
1mﬁnting out the qualities of the natural landscape they
%

ended to 1limit and suggest the lines along which the

[f
|

cultural landscepe might develop.

|
!
}
|
|
|
|
|
|

Derby's Triver SUIVEYieeeeeesseceasecsesees 1850
Sitgreaves! Tiver SUTVEFeeseccesceossceses 1851
-Rail‘”ay Surveys...............-........... 1854"55
:Boundary BUTVEe Seerseeeesceccsersocesscnsonse 1849-55
[Land SBUIVEeYSeseessceesoscosscscscscssccssoossos 1856
[ves-Beale, TiVeT SUIVEYeeeesoseeesecacess 1857-58

——

|

E Probably most significent in their implications for the
E%velopment of the cultural landscape were the boundery sur-
:V%%. The lines were drawn with scant recognition of the
Z&atures of the locel landscape.

The treaty of Guadalupe Hidalgo in 1848 fixed the boundary

85 extending from the mouth of the Gila to & point on the coast
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of the Pacific, south of San Diego. In the delts region

the line cut across the mesa, leaving Salton Sink cut off

from gravify flow of water from the Colorado, through

American territory. A portion of the natural highwey from

east of the Colorado to southern California lay in Mexican

territory.

The Gadsen Purchase in 1853 effected further changes
in the delta area. The United States gained complete
coﬁtrol of the approaches to the bridge site of the Colo-
rado. Mexico was deprived even of s good ford dcross the
river. To this day there is no bridge conpe;fing Be ja

California and Sonora =-- but only an unsatisfaotory scow-

ferry.

| With the étage of exploration the country was made

~ known. Roads, boundary lines, and railroads were laid out.

;The Tresources were examined, the potentialities appraised.

iThe Indians were subdued. But still the landscape remsined

geffectively unaltered. The way was opened, in a measure the

%course planned, for the'succeeding stage of exploitation.

ey O r A B i Rt it
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CHAPTER 10 -- THE STAGE OF EXPLOITATION

The stage of exploitation is easily the domiﬁant one in
- the cultural landscape of todsy. It had its small beginnings
ﬁin the trappers of & hundred years ago. Cattle grazing
§ claimed the area in the 80's of the last century. Agriculture
%as a major expression of this stage dates back a matter of
jonly sdme'fifteen years. Agriculture hés effected changes
;in the cultﬁral landscape that are unique and quite unrelated

to any others.

}Transient Exploitation ==~
| The real opening of this stage came with the Americen
%beaver trappers, and is associafed with such names as Pattie,
§Mung, Carson, an@-Weaver. This represents a phase of the
ZM5tward movement éf the Américan trappers which reached the
éwlorado Basin somewhere between 1824 and 1827. The delts
%ms somewhal marginal to the mein beaver area, yet s number
§0f parties trapred there. It was not trapped out, as was
ﬁhue of the more accessible waters farther td the north and
;%st, for on the lower Pescadero beaver étill remain in con-

>
X
)
»
;
!
l
|

;Mderable numbers. From 1832 to 1837 marked a period of
I

general decline of beaver trapping in the southwest; never
| .
gagain did it assume proportions as a major activity of the
|
frontiersmen.t

:
E
B 1H111, J. J. Ewing Younp in the Fur Zrade of the Far
Sovthwest, 1622-1834: p. 4. (1923) deprint Irom Oregon

st Guart., vol. 24, no. 1.
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How many trips to the head of the gulf were induced by
i the hope of discovering rich treasures of minerals or
iprecious stones 1s not kriown, but there are ample indications
%that trips were made. Consag's report contsins advice for
;prospective prearl fishers, working the waters of the upper
%gulf,l Hardy's voyage to the head of the gulf was in part
%1nduced by the rumored trip of a priest to the Cdlérado and
ihis return with $200,000 in gold and pearls -~ the gold ob~
| mined from the banks of the r1ver.2
Probably some of the early Arizona and Californis

prospectors wandered down into the area, and there are dated
prospect holes which go back to the 70's. But there were
gﬁscovered no bonanzas to bring lafge numbers of people and
fsgddenly transform the landscape. Frospectors a;é still to S
ibeseen, aﬁd a few mines are worked, but these figure slightly

In the present economic system.

The Cattle Period --

The first cattle in the area were probably those intro-
ghced at the time of the‘missions. Fagé% says that they were
?Mt recovered by the Spaniards;3 it is sure that they did not
%bng survive among the Indians. Numbers of cattle were

8%0len from the herds heading for California -- but stolen

40 be eaten.

20p. cit.: PP 97, 311.

3Priestley, op. cit.: p. 45,
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The utilization of the srea by ranchers seems to have
started sometime in.the seventies. Certain Mexicans secured
title to the Algodones ranch in 1859, In 1874 Andrade
appeared on the scene., He seems, at least in part, to have
been the llexican partner of American capitalists, A4t once
he began to acquire land on a large scale. By purchase of
pre~existing claims, end with a concession (which was really

e purchase) from the Mexican government, he consolidated his

great ranch in 1878. It had the enormous extent of 568,235
 hectares, and included the najor part of the delta, south of
v the international boundary.l o B
| - By 1880 cattle grazing on a large scale was established
on the delta lands. In 1890 Allison andeilsbee drove herds
Sdown from the mountains and established several camps in
gthe river boftoms, Aikins, Babcock, Gaskill, and other
‘American and Mexican ranchers leased land from Aindrade --
though the leases were never fenced.2

When New River was in flood the cattlemén» constructed
Wiers in its channels so that it might flood a larger area
end so produce mbre feed. As soon as the overflow canme,
thousands of head were driven into the region from tke
Dountains for summer and fall feeding. Some herds were left
throughout the year; at certain seasons their lot end thet of
the cowboys watching them was not altogether a happy one.

Feed and even water becane scant in late winter and spring.
\____—_-

lE‘rom Lre C. L. Goﬁez, Secretary of the Colorado River
land Company.

’
Also from Lr. Gomesz,
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In the sticky mud of the overflowed land the weaskened cattle
were frequently bogged, so that the cowboy had of necessity
to be working night and day. He made his camp under s

mesquite near some lagoon. He lived on a diet of beking-

powder bread, roasted carne seca, and coffee. The mosguitoes
permitted him‘to sleep only when he lay enveloped in a cloud
of smoke from his cow dung fire.

It was the beginning of the end of the 0ld cattle period
when the Colorado River Land Company entered the field in
1902. This concern took over Andrade's holdings on the Baja
California side of the river and bought out %ﬁe smaller
rénchers -~ cattle as well as land. The company renchmen
reformed the methods in vogue by Planting sections to alfalfa
end fattening their stock for the market. In 1908 their

Packard ranch contained 10,000 acres of alfalfa.2 This was

& sign whose significance was realized in 1912 when this
- coepany turned from cattle to cotton‘growing as‘the major

futilization of the vast area which it controlled.

The éattle industry stiil remaing -- but on & much
reduced scale. South of the Rodriguez levee something of
the 014 conditions survives. The southern part of the .

Company '3 holdings is divided into two ranches which are

——

1Barrows, D. P. National Geogr. keg., vol. 11:
Pp. 347-351., (1900)

N /
2Figures from Kr. Gomez.
ere and hereafter "Company" refers to the Colorado

jRiver Land Company.
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leased to éattlemen; and in addition there are a nwiber of
private operators (pl. XVIIIg). There is a considerable
~acreage of alfalfa where cattle are fattened, north of the
levee (pl. XVb). ‘the physical conditions are favoreble,

but the principal market lies in the United Stetes, and the
duty is high. As & business proposition cattle raising loses
:its picturesque gualities, and the glamour which_in retrospect :'. ;-ﬁ
attaches itself to the old deys is largely gone.

As a modifier of the landscape the cattle industry was

significant in its day, but with its pessing it left few

;traces. Some falling corrals, some fenced water holes, and ‘ 35‘
the 0ld Company headquarters are about all thet remain in

the lendscape now dominated by agriculture (pl. XIXa).

Agriculture --
Neearly every early fraveller, who has left & record of
his visit, has had something to say about the agriculturasl
- Possibilities of the delté. Each had before.him the prospect ;4;
iof the richly productive fields of the Indiens, end it did not _
take much imagination to see this scene changed to a thickly
settle European community. There were even suggested schemes
for irrigating sections along the river -~ of course, this
jvas actually carried out at the time of the mission.
There were several who, &t aun early date, saw the possi-
bility of wtilizing the chennel of the Alemo for conveying

“eler from the Colorado to the Salton Sink, and there using
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it for irrigation. These men were Americaens who were
interested in irrigating land, but they saw the necessity
of using the natural grade which led through lexico. Dr.
0. k. Wozencraft actually had a bill before'congress in
1869 which provided for the reclemation of the eresa, along
some such lines.

Construction was actually commenced by the Californisa
Development Company in the late 90's; late in the year 1901
water from thé Colorado was delivered to the delta lands
lying north of the bordér. The caﬁal system involved a
very simple utilization of the natural gradient of the delta
surface.v Water was taken from the Colorado neasr Filot Knob,
merely by meking a cut through the natural levee. For a
canal the old channel of the Alamo was utilized ﬁo a point
near the boundary, east of liexicali. From this point the
watér was diverted into three mains, all flowing north: one
along the eastern side of the sink, one along the western
side, and one through the middle.

The development of the Imperial Valley in the United
States was rapid. In January of 1901, aside from the sur-
veyors, it containéd not a single white man. Two years later

\
there were 2,000 settlers; in 1904, 7,000; in 1905, 12,000

to 15,000, By the latter year there were seven towns, with

;120,000 acres under irrigétion.z In 1904 the area was

| e—

| A discussion of these early schemes is to be found
- on pages 15-16 of Professor Blake's article in Cory's book,

 Previously cited.
!
|

L ZCory: op. cit.: pp. 1268-1269.
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connected with theé outside world by & railroad, the Southern
Pacific running a branch south through the vallej. Later
this branch was comnected through kiexican territory with

the line passing through Yuma.

But south of the border, on the Delte Cone, the situ-
ation was somevhat different. Here the Compeny owned
practically the whole area. It had behind it the traditions
of the cattle industry ~-- though from the fime of its formation
it probably had in mind the ultimate shift to agriculture.

If it were to engage in sgriculture it would heve to practice
something different from the system of individusl farms in

vogue to the north of the border. The matier of water for
irrigation was solved, for the American company had of necessity
to run its main canal through lexican territory. Here to

the south there were Jungles to clear and levees to build.

The Changing Landscape =-

In 1910 the Company disposed of some 32,000 acres to
- private companies; the latter began the practice of agri-
culture on a large scale. In 1912 it gave up‘stock raising
&s & major activity and first leased land to individuals for
the planting of cotton.' But still the combined acresge in
~use in the lMexican srea must have been smell, for in one week
of January, 1912, there were used only 37 second feét of

water south of the line (1200 acres) to 895, north of the
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line. The growth,.once it started, wags rapid, until st : f§
present neerly all the land, from the mesa to several miles | f%
south of Cerro Prieto, is being plented to cotton. ; %f
By 1916 the cotton acreage on the Mexican side was equal | %ﬁ

to that in the American Imperial Velley and emounted to 70,000 °'??
acres. Since the great collapse of cotton in 1920 the Imperial ?{
Velley has-gone more and more into other crops until cotton i;
is relegated to the poorer land. South of the boundary, on '%;
the contrary, cotton acreage has grown by leaps and bounds. é%
is & crop cotton is so dominant thét others are of very . ;?J
little concern. The per acre produc?ion is less then in any i if ! ﬁg
cotton producing section of California, but this is méde up f%:
for by the lower wage level and by the fact that most of the ég

T

T

production is absorbed by Mexican mills, thus evoiding the

export duty. o

oG
gy

Preparatory to the southward expansion of the srea

sty

devoted to cotton there has been necessaiy the enlargement
of the levee and irrigation systen, and,fhe clearing oI ttre

heavy vegetation cover. As has been breviously méntioned,

‘the Colorado has for the last twenty years been showing a

4 "‘..."‘." ot Y 4 "“;?l":v“'
i A g e s e T

ﬁ%ndency to swing its course westward. The engineering prob- ' B
| , \

lem has dealt with the prevention of this change of course
iand with the progressive reduction of the area of land sub-

%kct to overflow. Its plan has involved the southern extension

-
& levee along the western bank of the river, and the

Yoory, op. cit.: p. 1259.



puilding of a series of lateral levees toward the west
(pl. XIIIb). In this manner the river is gradually restored
to its old chamnnel and preventéd from inundating the agri-
cultural lands. |

Originally this liexican area derived its supply of
weter for irrigation from the Imperial Valley canals. With
the incréase in acreage this source has been augmented by
others. For the area along the delfa crest (perhaps 20,000
acres) , too high for grevity caﬁals , there is the series
of pumpedvWells, deriving their ﬁatpr from the subsurfeace
gravel. ridge, before referred to. South of the crest a large
part of the land (about 50,000 acres) is irrigated with
water taken directly from the Colorado through the siphons
st Pescadero Dam. In part this latter system ﬁtilizes the
old chennel of Bee River for a main canal.

The difficulty in clearing the lend is, of course,
- lependent upon the nature of the original.plént covering.
For areas covered with willow and arrow-weed the common
method is to drag an anchor chain or railroad rail between
two tractors. For the mesquite lands the job is more diffi-
cult end involves considerable hand labor (pl. XIXc).

ﬁot the least significant phase of the work involved in
dreparing the land for cultivation is the leveling necessary
in the dune areas. There has been much less of this than in

the Imperial Valley but even here it has blotted out several
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gld dune systems. Vhere the dunes are to0o large to hsndle,
as is occasionally the case, they are left and fields are

laid out around them (pl. XVa).

The Rural Fgttern ==

The moét striking feature of the rural landscape is
found in the network of irrigstion canals. These vary in
size from the mains which may be forty to fifty feet wide to
the field laterals which are a foot wide. The main canals
frequently look like hills with théir.high banks composed'
of the silt which has been dredged from them.

For the whole area the leased ranches average about 800

acres in size, though several are well over 2,000 acres. For

each ranch there is a.headquarﬁers camp, the buildings

located in a grove of trees == generally cottonwood or willow.

A pond fed by a canal furnishes the water for domestic use.

The buildings are simple: ,Eﬁite typicelly an exteunsive

remads (é roof composed of a pole-framework covered with brush),

‘wmder which smeller structures are placed. These latter may

be canvaé tents or houses of arrow-weed. For éach ranch there
is é blecksmith shop, corral, perhaps some kind of shelter for
the mules. There is always e flag pole from which signkls

ten be displayed to the men in the field; there may be a
cellar in which the night-workers sleep during the day. This
temy is for the Chinese lessee and his countrymen,. who

Probably constitute at least hali of the crew (pl. XXa).
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For the kexican hands there is a row of arrow-weed huts some
iistance away; there they dwell with their wives and many
children.

Along the roeds, on the ditch banks, sbout isoleted
lagoons may be found tke homes of squatters. These peop1e 
nay practice a little sgriculture, have a few cattle, or
work for the ranchers. Their estaﬁlishments are particulaerly

interesting for the types of buildings which they contain

(ple XVIIa). There are wattle huts, huts with white
plastered walls, huts well built of bundles of arrow-weed.

Almost invariably they are neat and home-like and certainly

‘much more attractlve than the wooden houses, or even adobes,

fnlwhlch the town dweller is likely to live,

An effort is made by the large companies to keep the

;8quatters off their land. Once established they are hard to

evict. As American proprietors in a foreign country it is

10t & good policy to create too much disturbance over a few

acres of land.

Acala cotton, & medium staple variety, is the one

principally grovm in this area. DBecause of its uniformity
jand cleanliness, in this land of little rain, it brings a
:Prmnrmn price. The procedure followed in its growing is the
 same as for other varieties. It is planted in Larch end April

In ground which is as wet as can be traversed with the seeder.

\ i o
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After the plants have come up perhaps five inches the field

is "chopped" to give the proper spacing in the rows. Then

the rows afe‘furrowed with‘fhe Georgia stock (a small one-

horse cultivator), and the plants cullivated with disc harrows..
The field is irrigated again after & period of from two to

four months; perhaps there may be three irrigstions efter

the planting. DPicking comes in September and continues until

Jenuary. Then the ground is plowed for a new crop.

Destructuve Economy =--

With the leasing system, with the abundance of virgin
land, it is no wonder that it is with the spirit of the
niner rather than that of the agriculturist that the soil

is being exploited. There is no well defined system of crop

P2t R SLAY L /AR L R RN P S L t . A
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rotation, but it is one crop of cotton after another until

¥l aa s ot
e

the yield falls below the critical point., Factors other than
depletion of soil fertility contribute to the decreased yield,
it is true, but it must be this unbroken succession of cotton

¢crops which is mainly responsible for the low average
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SR Pt o L LR )
P b (A A R Wity )

production,

The presence of Bermuda grass contributes to the decreased
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7ield. It is reputed to have been introduced originally to
Prevent the erosion of ditch banks, but this is elso denied.
Vhatever its origin it frequently occurs in amounts éufficient
10 cause the temporary abandonment of fields. It can be §§
éradicated only by turning the land over with a plow and

8llowing it to bake under the hot summer sun.
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The presentce of alkall in amounts sufficient to deter
agricultural utilization is still rare. There are areas,
however, of poor natural drainage containing fields once
utilized, now abandoned. There can be no doubt that ulti-
mately the problem of artificial drainage will haée to be
solved.

| Before the area can be put on & permanently productive
basis the problem of silt disposal will have to be taken
caré'of. 'It is a problem both of -the disposal of the silt
itself, and of the exorbitant cost which its removal entails.
On one of the main canals a forty days run of-water was
accompanied by a deposit of silt three feet deep. The banks
of the canal were already built up with dredged silt to a
height of fifteen feet, and were so broad that roadweys ran

‘along their tops '(pl. XXD).

'Agricultural Colonies ==

The establishment of agriculturael colonies is part of
the geneial government policy in Mexico, initiasted in 1910.
It has for its purpose the founding of a class of peasant
lendowners and the doing away with anything suggesting
‘peonage.» In the delta area it has the avowed function of
forming a strong outpost of Mexican culture against the
further extension of the American culturel sphere. Also in
this area it is to serve as a subsidy for the liexican agri-

culturists in their difficult competition with the Chinese.
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In 1927 the area involved a;nounted to 10,000 hectares,
and there were about 135 heads o:E families whose crops were

belng financed in part or in whole by the lMexicen bank. A
1arge rart of the colonists were repatrla‘cea kiexicans from
the United States.l

The colonists are of two types: the one in which the
govefnment owns the land and leases it to the colonists,
the othér in which the coldnists are buying the land on
terms from the government. In the former the colonist is
given the use of as much land as it is Judged he can handle

welle The government finances the crop and purchase of

‘necessary machinery. It encourages and essists co-operative

buylng and ma.rlfetlng. At Colonia Progreso there is a govern-

nent financed flour mill and a central administration building.

¢

;In addition, this colony has its own hydi‘o-electric plant

(pls. XVIIia, XXc).

The second type of colony is in Part the outgrowth of

- an attempt to settle the problem of squatters who have |

}occupied. lands owned by ;prlvate companies, Rather than evict
38

them the government purchased the property and is selllng it ’3
- t0 the cplonlsts on very liberal terms. ‘ i
— %
1 o

A large part of the factual meterial is taken from
the Kemoria Administrativa, 1924-1927, of the Gobierno del
 Mstrito Horte de la baja California: pp. 67-96. (1928)
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The difficulties are great and it is no wonder that the
solonies have not been wholly successful. kany of the
colonists knew nothing about agriculture. There hes been the
problem of fineneing by a government none too rich. The land
has had to be obtained from foreign concerns. The government
administrators have been well aware of the difficulties of
the task; it reflects highly to their credit that they have
cghown & spirit of patient experimentafion when they might

well have thrown up the job in despair.

Population -~

In 1901, when the Americen Imperial Vali;y was without
:pamanent inhabitants, it is probable that thegzzzt least s
‘hndred people living on fhe lexican side.' But with the
?mmreoedented growth of the Impefial Vélley end the slow shift

‘to agriculture south of the border, the balance in number of

§Mhabitants went very much the other way. By 1916, cotton

production was utilizing 15,000l hectares; for this year the
' 2

gwpulation of the municipality of lexicall had reached 6,400, _
?3y1921 it was 14,599 end by 1927, 1_8,099.5 This growth wes . i
?nwtentirely a matter of a population attracted by the oppror-
EWnity for work in a growing agricultural area, but in some

‘Dleasure was due to the direct importation of lexicans and

L
b
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éﬁunese by the large growers.
l

| - . . . . .
: %&emorla Administrativa, previously cited: p. 236.
3

o 2Paytor, P. S. kexican Labor in the United States,
Unive, Calif. Publ. Hcon., vOle 6, NO. 1: De 13. (1926)

Siemoria Administrative: p. 256.
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In the period 1921 to 1924, 13,000 kexicans were brought
trom the west coast states to teke care of the growing cotton
production. As late as 1926, 120 families were imported from
Torreon.l Within recent years the populaetion hes been aug-
pented by those returning after a period in the United States.

the southern district of Baja California, Sinaloa, and Sonora
2

lead as the areascontributing to the liexican population,

, e .
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Curiously enough, Guanajuato is fourth; this is probably an
expression of the importations of the Company, for it was
considered that the people from central Mexico would do best

‘wnder the climatic conditions prevailing in the delta area. S

LN 23 LI Sy
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The Chinese apparently came into the area with the first
cotton, for they appeared in 1912; in 1913 there were said to
?bel,GOO of them. It is estimeted that some 7,000 Chinese o

~vwere brought in by the cotton growers, and in 1927 there

Py
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gstill remained 4,500.3 They came from heazatlan, Ensenadsa,
imnna and the United States. They were desired at first be-

ceuse they were good cheap labor. In 1913 it was advertised

f

|

gﬂmm they would work eleven hours for a dollar, and board
[

|

1Taylor, op. cite: p. 13.

| 2Taylor's figures, op. cit.; table 3, of Lexiceans

(rossing the border at Calexico, are taken as representing
rgfair cross-section of the population on the Mexicen side. 3
llexicans have said that it does so. £

3Taylor: Pe 13, -




themselves; at the;same time laborers on the American side
were receiving two dollars-and-a-half for nine hou;rs.1
But soon the Chinese began to be more than mere laborers,
Originally the lessees from the Company were Americans, but
they were gradually replaced by the Chinese until the latter
became easily the dominant group, both as lessees and labor-
ers, in the field production of cotton. The introduction of
an alien group brought with it few modifications of the land-
scape other than the presence of the people itself. TUnder
the pre#ailing system the Company has closely suvervised the

growing of cotton according to the American-method. It is no

rarity to see & Chinaman driving a four-mule tesm, swearing

2t 1% in Chinese. In the towns the Chinese became the merchants,

almost without competition; they almost egually dominate the
restenrant 5usin¢ss.

With serious misgivings the Mexicens watched the growth
0f Chinese population and economic superiority. In 1916 &n
official ruiing was passed which.démanded that for each
Oriental imﬁorted there should elso be broughf a Mexiean.z
Later a ruling was made which demands fhat the distribution
of labor on the ranches shall be at least one liexican for
each Oriental. ©This ruling seems to be observed quite well,
though it is said that the Chinese sometimes evade it by
forming a "company" of a considerable number of men who are

elso the laborers.
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The animosity of the Kexzicans for the Chinese has on
several occasions taken violent form, end it is a very real
thing. As’yet the llexicans are not prepared to take over
the w>ork of the Chinese and until they are, or uﬁtil anothér‘

group is introduced, the Chinaman will probaebly remsain.

Urban Development --
Out of the agricultural development there has grown one
real town -~ Mexicali., Near the site of the o0ld stage

crossing on New River, lexicali became a town with the develop~-

ment of the American Imperial Valley, first as the seat of the

lexican customs office opposite the American town of Calexico.

%

With the expansion of agriculture on the lMexican side, kexi=-

call grew until in 1918 it was credited with having a popu-

lation of 5,000, With the Americaen prohibition law lexicali

assumed & place as & border resort town where glcoholic drinks
night be obtained and where gambling was '1egalize de Without
over-emphasizing its importance this latter circumstance has
contributed materially to Mexicali's growth. The revenue de-
rived from' fhe ta_xing of liqﬁo'r and from thé gambling con-
cessions .h'as swelled the fund avaeileble for pﬁblic vorks. In
addition, the town has two breweries which employ a number of
local people.

llexicall is the distributing center for the agricultural
frea; it has the offices of fhe operating companies; it is

the gathering point for the harvested crops. Among the
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industriel establishments are gins, cotton compresses, and a S _%

soep factory. Here is located the capital of the northern

. district of Baja California. |

The main streets of lexicali are wide and paved (pl.

IVa). The public buildings are substantial affeirs. There

§ ere residential areas that ere not dissimilar to those of

f the American towns in Imperial Valley. The contrasts are

all there, too: dirt streets, adobe nouses, arrow-weed

remadas, & Chinetown (pls. XVIc, XXIa). -
Along the line of the Inter-Californis railroszd there

is a series of minor settlements reaching fégm.Mexicali:to o .

Algodones. These villages contain at most a hundred or so

people each and are‘in no case regulafly plotted towns (ple.

XIb)s They consist of a row of édobe or brush houses which

form a single lire along the treck. A new series of such

E'wwns will probably spring up along the line of the reilway

which is now being extended to the head of the gulf.

South of the railroad the rural pattern dominates the
landscape end here clusters of population are found about the T‘“
fanch headquarters. The ranches are extensive and far from
tovn; the roads are bad. It is impossible for the agri-

tultural laborer to live in town and go each day to his work,

8 15 s0 often dome to the north of the boundary.

There is no permanent ?ort at the head of the gulf. The
la-Ylding plece of the Guaymas steamer veries with the stage of
the river (pl. XVec). -An official or two remain at liayor but

Otherwise there is no rermenent population connected with the



At Sen Felipe and at the site called Sta. Clara Beach,
on the Sonora shore, there are semi-permanent fish camps.
the fishermen and their families come each fall from Guaymes
for the winter fishing. At the height of'the season, which

extends from October until April, there are several hundred

‘people in each camp, living mostly in tents which extend in

lines along the beach (pl. XXIc).

The Contrast -~ .

North of the boundary the cuitural scene bears &

different aspects The contrast is due in ‘part fo the divergent

cultural background of the pedple inhebiting the area; in pert

fit is fortuitous.

Instead.of a succession of cotton fields, a thousand acres
hlextént; there.is a varied rural pattern. Groves of citrus -
trees and date palﬁs lie next to fields of grain, elfalfa,
or cantaloupese.

The camps of the cotton ranches are really smell villages
from which the laborers go forth to the thousand acres of
fields. j-I\.Iorth’of the boundéry theifarms éverage less than a
hundred'acreé in size. At least in part there is preserved
the farmétead pattern: smell individual holdings, each with
i1ts cluster of buildings. The buildings themselves are
Charaeterisficélly of wood, with a stylebof architecture that

Is distinctly American -~ be they one-story cottages, or two-




198.

story, square houses (pl. XVIIb). There are frequently
flower gardens, even lawns, and no farm is withouts its
grove of trees.

With ramedas and huts of arrow-weed, the ditch-bark
cemps of the cantaloupe and lettuce ranches offer some simi-
1aritieé to the scene on the cotton ranches., But the ditch-
penk camps are more ephemeral features than the semi-permanent
(hinese headquarters camps. North of the border there is
practiced a definite schedule of crop rotation; a field
planted 1o melons one year may contain alfelfe the next.

North of the boundary the lexican is regarded as being
neolored". Hence there are "across-the-treck" sections of
the towns. These "foreign quarters" present a mixture of
imericen architecture and wooden houses, with the dearth of

lavm and trees that is certeinly in part lexican. The

imerican sections find their counterpart in any southern Cali-

fornia towme.

The highweys are paved and tree-lined. The irrigation

enals are less conspicuous, with their borders of trees,

glying in a landscape dotted with buildings and small fields.

Such things as difference in style of architecture, and

 the presence or absence of lawns and trees, are possibly

:
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expressions of divergent cultures (pls. XVIIb, XVIIc). ihe
contrasted rurel pattern is in part fortuitous. It is

cemplicated by a difference in scale of land holdings: the
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Compeny with its nearly a million acres; the hundred acre
noldings north of the border. As a customs barrier the

voundery itself has been & factor in the differentiation.
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CONCLUSION

The Colorado Deltg owes its being to the deposition
of river alluvium in a structural depression. In plan the
delta has adjusted itself to meet the configuration of the
depression. In section it h;s adjuéted itself in accordance
with the laws governing stream flow and}deposition. In
its detailed scuipture the delta reflécts.fhé activities
of aVStreamvsubject to great seasonal fluctuations in
volume, climatic factors have been of relatlve 1nsignificance.
The true delta cone is limited in aree, but beyond it are
extensions of the alluvisl surface, possessing profiles
cheracteristic of the modeof deposition:' estuerine and
lacustrine. _

The climatic forces find expression in the landscape
principally through their incessgnt attack on the mountain
masses. Along the base of the mountesins are to be found
acoumulstions of weathered material; dunes on the surface
of the}delta represent the work of a climatic force.

With its homogeniety of soil, abundaﬁce of water, and
1uxuriant vegetation, the delte stands in striking contrast
to the intensely arid country which surrounds it. Were the
climate more humid the contrast would be less, for in
a2ddition to the modifying effects on the desert, the delta

1tself would be modified, through the activity of streams

OTiginating within the area, possibly through increased
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chemical activity. As it is the contrast is sharp; in
pejor part the delta is an expression of forces which find
their origin in other regions.

The normel and natural eveolution of the delta landscape

has been interrupted by man. The tendency of the river to
gwing toward Salton Sink is suppressed by the building of
levees. The progressive mar.ch southward qf the Delta Cone
and Gulfl]?lain has probaebly been stopped by the diversion
of much of the volume and silt burden of the Colorado.
Quite possibly Laguna Salada and Salton Sea will mno longer
receive flood water; the whole delta area, between the in-
takeA of the irrigation cenal and the head of the gulf, may
become streamless.

it such conditions come to be, the changes effected
in the alluvial surface will be great. The mesophytic
vegetation may be succeeded by xerophytic. Climatic forces
will pla_y a more important part in the landscape; the delta
will be invade_d. by dunes. ~The silty texture of the so0il
will be lost through mixture with the sand of the dunes,
end through mixture with the steadily encroaching colluvial
naterials. ”

As the scene for human activity the delta offers \
Particular advantages in the field of agriculture. By
this pursuif, a primitive culture supported a relatively
lense population. With modern agricultural metkods the

8rea might support a great population -- if there be an

201,
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intensive production of food by those who consume 1it.

If the area is devoted to the production of raw materials

~ for export, it need never be heavily populated.

Thus the areas is not at all restrictive &s to the

manner in which its soil shall be exploited. The manner

- of its modern utilization has been influenced by consider-
ations of labor supply, markets, duties, and mode of land
: tenure. To a great exteﬁt the international boundary has"

- served to introduce sharp contrast in these conditions.

To the south of the boundary the area is dominated

by cotton and the Colorado River ILand Compeny, The method
of utilization in vogue has involved s leasing system;
increasingly the lessees have become Chinese. This is a

| system which has _evolved, certainly for no reason inherent
in the landscape; even cotton's introductio.n into the area

~Wes fortuitous. The area possesses conditions extremely

favorable for agriculture, in the fertility of its soil,

~and in the warm, dry climate. Still, the ares is devoted

% a crop -- cotton ~- which here has & productivity less

than that of nearly any section in Californias where it is

grown,

With such conditions prevailing it is certain that the
Cultural landscape has not yet reached a climax form. The
Ploneer period is still dominant.‘ Great changes will occur
Wtil there is reached a better balancead relastionship

betWeen the land and the people who inhabit it,
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PLATE I

8. Two of the group of active mud volcanoes in the
\ 2

vieinity of Cerro Prieto. In the distance, to the west,

can be seen the outline of the Sierra de los Cucopas.

b. A weathered remnant of & mud volcano, long
extinct. Along the edge of Sta. Clara Mesa not far from
Kesa Andrade. It will be noted how in weathering this
material tends to preserve a steepness of élope. Such
Tforms as this, together with hot springs and sulphur

springs, mark the extension of the San Jacinto fault,

south along the mesa edge.

. The steep east-facing escarpment of a section of
Sierra lMayor. In the foreground appear patches of schist
which probably represent the remnants of a mass intruded

by the liayor granite at the time of its formation as a

laccolith,
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PLATE II

&. A lagoon about five miles south and west of San
Luis, Sonora. It covers several acres and has & maximun
depth of perhaps six feet. It represents an old course
of the meandering Colorsdo, but at present it is connected
with the main river only by high water channels.

4Lbout it are cottonwoods and willows. A corral marks
its usage as a watering pleace for cattle.

E; A section through the river terrace near Pilot
Knob. It is irregularly stratified, heterogeneous in
composition, and shows such features of structure as cross
bedding and lenticular inclusions. Without é<distinguishable

break this terrace merges with the so-called mess which marks

the "ancient beach line" surrounding the Ssalton Sink.

ce A developmeﬁt of mud cracks in & small depression
which permits & settling out of the finest constituents of
the river alluvium. At the time this ricture was taken the

ground was still damp and the surface "rubbery",
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PLATE III

&. Shallow mud cracks which indicate that the soil
in which they are formed contains some of the coarser
alluvial constituents. The sections are readily crushed

into dust and may then be removed by the wind.

b. A funnel-shaped depression in a surface recently
flooded. It probably indicates an escape of the impounded

waters to a more permeable stratum below.

c. A dense growth of arrow-weed in a solid stand, on
land subject to annual inundation. There are many stands

much heavier than this.
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PLATE IV

a. Rows of willows along the west baﬁk of the Hardy,
near its junction with the Pescadero. The trees increase
in size ascending the bank. This site is on the inside of
a bend of the river; gquite possibly the rows of willows
mark a progressive march toward the cut bank by the river

ckannel,

b. TLooking toward La Bolsa from the west bank of the
Colorado, a few miles south of the mouth of the Hardy. This
area 1s well within range of the tide. The low-lying ground
marks & movement of the channel westward. It is alternately
the inside bank bf the river bend, and a tide flat, as the

flood sets up the river.

C+. One of the overflow channel§ by which water is
conducted from the Hérdy into Laguna Salada. Its surface
is hard and craéked, in contrast to the alkali-encrusted.
soill about it. The car is standing on the road which follows
the channel. '

In the distance can be seen the outline of the northern

extension of the Las Pintas Range.
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PLATE V

as An old beach line along the eastern side of
fattie Basin, which probably connects with the terraces
on the eastern side of the Cucopas. The feature is more
evident than the picture would indicate.

In the far background can be seen the dark mass which

marks & mesguite-covered fan, extending out over the sur-

face of the bésin.

b. A section through one of the terraces extending

to the eastward from Sierra Kayor. The materiel is well

stratified, is coarse in its upper layers and at least

fine enough below to permit it to stand in vertical cliffs.
The terrace here reaches an elevation of about forty feet

above the delta surface.

Not all the terraces are of precisely the same compositicr

c. The terrace level which is preserved in the dis-
tance as far as the view carried. This view exhibits
several characteristic qualitieé which the terraces possess:
e flat top preserving a general level, an abrupt outward
termination, and unfailing dissection where exposed to the

occasional cloudburst torrent.
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" PLATE VI

a. A part of the great channel excavated by New

River, 1905-1907.

b. DTypical pattern developed in the granite masses,
Sierra kayor. The pattern exhibits regularity in its
development, due to the homogeneity of the material and

to the influence of jointing.

c. A detail of weathering in grénite as exhibited
on a southeast slope of Sierra Mayor, at low elevation.
The term "socket" weathering has been suggested to apply

to the process by which these forms are created.
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- " PLATE VII

a+. A part of the Sierra Pintas Range, which illus-
' trates the irregular sculpture of the volcanic mountains,
They are made up of a number of constituent elements,

each of which tends to preserve its individual form.

b. Incipient badland topography developed in the
Tertiary sediments lying to the east of the head of the
gulf. This type of topography extends inland only a few
miles and then is succeeded by a high mesa, dsveloped

apparently in the same material.

¢+ A "desert pavement" developed in fine, well
rounded pebbles, derived largely from‘granite, and lying
many mileé from any rocky eminehce. Lany of these'pavé-
ments are formed of mdch coarser material. Santa Clara
Mesa,

A few creosote bushes with little sand accumulations

about them interrupt the rocky surface.



PLATE V1l

B T4

.

N

i b T P e R

s Lt s de ot v add - e s

o]



PLATE VIII

&. Another type of desert pavement,which derives
its rock material from the slow movement down slope of
the dry debris of weathering. In this case it is formed
in the lee of a little basalt hill, an outlier of the

Sierra Las Pintas.

be A close-up of one of the sanme type of pavement.
In this particular instance the rock was underlsin by a

material so fine that it had been burrowed by animals.

&+ A north-facing barchan dune resting on a desert
ravement surface, east of the head of the gulf, on the

Tertiery mesa.
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8. Accretion dunes rising out of the barren alluvium
surface lying at the entrance to Pattie Basin. These forms
afford a foot-hold for vegetation which cannot grow on the

alkaline soil about them.



PLATE IX
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a. Looking south

from the end of the dune belt, which
extends along the western side of the head of the gulf. The
sand of which the dune is composed has come from the west,
but as revealed by its profile it is subject to winds from
different directions.

A part of the sand has‘fallen over the bank which
separates the dune from the water, and forms a sandy beach
et high tide. A part of the low tide mud beach cen be
distinguished in the picture. This forms the southernmost
appearance of Colorado alluvium in surface exposure. ~<In= -
.the"ﬂistancezliesgfunta:San:Felipe;~oneuof:ﬁhezthreq;ﬂgorner

<stones™ of-the—-delta,

b. A fixed dune, showing the effects of the abrasive
action of wind-transported material. This dune is located
at the southern end of the Pattie Basin, where it is exposed
to the sweep of the dominant porthwest wind. Yo the left
can be seen the dead roots of the vegetation which held the
dune together, and which possibly contributed to its formatior
The material is not pure sand, as can be seen by the

faect that it maintains a vertical face,







PLATE X

2. OSanta Clara lesa, near the head of the gulf,

A sandstone, poorly cemented with caliche, which has bea
exposed by denudation. It has acted to some extent as & more
resistant layer, has been undermined, and so has reached its

present position. 5 )

b. The channels of the Colorado, from the east, a short
distence south of the boundary.- In the far background is the
heavy forest of cottonwood trees charécteristic as a borderin;
stri