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PREFACE.

By O. E. Mzinzer. :

The arid region of the United States, as outlined on Plate I,
covers about 500,000 square miles, or one-sixth of the entire coun-
try. The vast region includes some lax‘ge irrigation districts and
well-watered mounta,ms, but most of it is so arid that it can not
safely.be traversed by anyone who does not have adequate informa-
tion regarding the location of watering places. The desert is not
vanishing, although here and there relatively small tracts of it
have been reclaimed by irrigation, and the aggregate number of
watering places has been slowly increasing. It has, however, be-
come much more accessible than formerly—first through the build-
ing of railroads and recently through the use of automobiles.

In 1917 the sum of $10,000 was appropriated by Congress for a
survey of desert watering places, which had been authorized in an
act approved August 21, 1916, as follows:

Be is enacted by the Senate and House of Representatives of the United
States of America in Congress assembled, That the Secretary of Interior be,
and he is hereby, authorized and empowered, in' his discretion, in so far
as the authorization made herein will permit, to discover, develop, protect;
and render more accessible for the benefit of the general public springs,
streams, and water holes on arid public lands of the United .States;
and in connection therewith to erect and maintain suitable and durable monu-
- ments and signboards at proper places and intervals along and near the
eccustomed lines of travel and over the general area of said desert lands, con-
taining information and -directions as to the location and nature of said
springs, streams, and water holes, to the end that the same may be more
readily traced and found by persons in search or need thereof; also to pro-
vide convenient and ready means, apparatus, and appliances by which water
may be brought to the earth’s surface at said water holes for the use of
such persons; also to prepare and distribute suitable maps, reports, and
general information relating to said springs, streams, and water holes and their
specific location with reference to lines of travel.

The work thus authorized was assighed to the United States
Geological Survey. To the small appropriation made for this pur-
pose was added a part of the Geological Survey’s regular allotment
for ground-water investigations in the United States, and the scope
of the survey was enlarged so as to include a reconnaissance of the
ground-water conditions in the area covered.

‘ x1



XII PREFACE.

The area selected for survey lies in southeastern California and
southwestern Arizona (see Pl. I) and occupies about 60,000 square
_ miles, or somewhat more than one-tenth of the entire arid region.
It is larger than the State of Illinois and nearly as large as New
England This is, on the whole, the driest and hottest area in the
United States, and until the watering-place survey was made it was
also one of the least explored and most poorly mapped. In a large
part of the area the average annual rainfall is less than 5 inches.
This slight rainfall and the high temperature together produce a
high degree of aridity. The high temperature adds greatly to the
danger of perishing by thirst.

The area was divided into four parts, each of which was covered
by a geologist who was assisted by a nontechnical helper and was
provided with a Ford automobile, a light camping outfit, a. plane
table, and other equipment. The four parts of the area are for con-
venience called the Salton Sea region, the Mohave Desert region,
the lower Gila region, and the Papago country. (See PL L) -

Maps were prepared of the entire area showing the relief and the
location of watering places, roads, and other features. (See Pls.
IT-IV and Fig. 1.) The watering places, with a few exceptions,
were examined, about 160 samples of water were colleated and
shipped. to the water-resources laboratory of the United ‘States Geo-
logical Survey for analysis, and signs directing to water were
erected at 305 localities. In order to give information as to the
specific location of watering places with reference to lines of travel,
logs were made of nearly all the roads, including those that lead into
the remotest parts of the desert. Guide books containing the de-
tailed maps, the road logs, and condensed information regarding
watering places were published as Water-Supply Papers 490-A,
490-B, 490-C, and 490-D. Exploratory geologic maps of. the area
were made, and much, information was obtained concerning its geog-
raphy, geology, and ground-water conditions. Four comprehensive
water-supply papers have been prepared, of which the present volume
is the second to be published. The first covers the Salton Sea region
and was issued as Water-Supply Paper 497; the other two, covering
the Mohave Desert region and the Papago country, will be published
as soon as funds for printing them are available,

Among the most valuable of the products of this desert survey are
the large maps, which show the mountains and other land forms by
relief shading in brown, in a manner that can be understood by
anyone, This relief shading will help travelers greatly in keeping
their bearings and will at the same time enable physiographers to
gain an adequate understanding of the surface features of the region,
The relief shading was done by John H. Renshawe, on the.basis of
copy furnished by the geologists who did the field work. Mr. Ren-
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shawe brought to this task not only the skill and esthetic apprecia-
tion of an artist but also an intelligent understanding of desert forms
vesulting from long experience as a topographer in the West. The
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F1gure 1.—Map of the lower Gila region showing prinecipal roads and watering pilaces and areas covered by detailed maps

reproduction of the relief shading on the printed maps, which in-
volved serious technical difficulties, was the work of S. J. Kubel and
his able assistants in the division of engraving of the Geological
Survey.



XV ' " PREFACE.

The region described by Mr, Ross in this paper has been called
the lower Gila region for want of a better name. In the vicinity
of Phoenix and for a considerable distance down the Gila large
tracts of land have been brought under irrigation, and in some
other parts of the region smaller tracts have been developed. A
large part of the region is, however, sparsely settled, very unpro-
ductive, and almost unknown except to a few men who have small
. Imining or live-stock interests in it. This part of the region is about
as nearly a no man’s land as can be found in the United States, as
will be appreciated by anyone who reads the detailed descriptions of
the routes of travel. The region has, however, a variety of ground-
water conditions and many problems of water supply. Large quan-
tities of ground water occur along the Gila and the Colorado, and
supplies adequate for domestic and stock use have been found by
sinking wells at many points throughout the region. Some of the
special features of this paper are a description of Gila River and its
physiographic history, by Mr. Ross, a history of irrigation along
Gila River, by C. R. Olberg, and a discussion of methods of storing
and utilizing small supplies of surface water, by Kirk Bryan.
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THE LOWER GILA REGION, ARIZONA. -

By Cuyoe P. Ross.

INTRODUCTION.
LOCATION AND EXTENT OF THE REGION.

The region covered by this report lies mainly in central Yuma and
western Maricopa counties, Ariz., but includes small parts of Yavapai
and Pinal counties. -The pOI‘thn in Maricopa ‘County is an irregular-
shaped area with Phoenix at its east end, bounded ‘on the north and
northeast by the road from Phoenix through Wickenburg to Wendén:
and on the south by the Salt and Gila river valleys.” In' Yuma
County the region is bounded on the north by the road between
Wenden and Parker through Cunningham Pass, on the south by the
valley of Gila River, and on the west by Colorado River, which is
the western boundary of the county and the State

SCOPE OF THE REPORT.

. Plan —This report is designed, first, to give specific mformatlon
in regard to watering places and routes of travel within the region
covered, and, 'second, to give general information in regard to the
geography, geology, and hydrology of the region. It may be con-
sidered to be composed of three parts.” The first part gives general
information regarding the region as a whole. The second gives
logs of all the principal routes and descriptions of the geography,
geology, and water resources of the localitiés traversed -by these
roads. The third part gives detailed descriptions of all the known
watering places in the region, with all the data available’ regardmg'
the water at each place. The report also eontains ‘reliet maps of the
whole region showing the existing water supplies and a reconnais-
sance geologic map.

General chapters—The general information presented was in part
compiled from existing publications, but much of it is new. The
historical sketch is entirely a compilation from existing publications.
The chapters on climate, flora, and fauna are largely brief notes
founded on field observations 'supplemented by published records.
The geologic discussions are based very largely on data obtained
during this investigation. Much still remains to be done before the
geologic history of this interesting and somewhat complex region is
known in its entirety. However, enough is known to give a general

1



2 LOWER GILA REGION, ARIZONA.

knowledge of the conditions and to furnish a satisfactory basis for
detailed work in particular areas. The geology is presented in more
complete form in another report.! The hydrologic data are all pub-
lished here for the first time. They are rather fragmentary and in-
complete but should nevertheless prove valuable in the further de-
velopment of the water resources of the region. As much informa-
tion as possible was gathered in regard to the wells throughout the
region. Analyses of representative waters were made in the water-
resources laboratory of the United States Geological Survey and are
given in the descnptlons of watering places. Discussions of the
ground-water .conditions in a number of localities are given in the
route descriptions. ..

Route descriptions and logs.—The road logs are designed to ena.b]se
a person unfamiliar with the region covered to follow the roads in
this region. The accompanying route descriptions supplement the
logs and give information of various kinds in regard to the routes
and the country through which they pass. They are intended to aid
the traveler in understanding the logs and in deciding which routs
to follow when alternative routes are available. They give all the
local information obtained along the roads.

For the sake of uniformity distances between towns are given
from railroad station to railroad station, or if there is no railroad
station the distance to the post office is given. The logs mention all
places at which water or other supphes on or near the route can be
obtained and all road forks and crossings in existence when the field
work was done that are likely to be eonfusmg to the traveler. Road
details change with surprlsmg frequency in parts of this region, and.
changes have occurred since these logs were made. More ronds that
show evidence of being recently traveled will be found in the wintesx
than in the summer, because the annual assessment work on many
of the mining prospects is commonly done during the ¢ool and
comfoftable winter season.

All the principal roads and as many of the minor ones as possible
were traversed by automobile. The logs are based on speedometer
readings, and most of them were checked by traveling the same road
more than once. This method of measurement is subject to a number
of unavoidable and indeterminate errors. An absolute check between
the readings of speedometers on two different cars traveling the
same road, or even those of one speedometer on the same car travel-
ing the same road at two different times, can not be expected.
However, it is believed that the logs here given are sufficiently
accurate for practical purposes. For roads not actually traveled
the best available information is given. .

1 Ross, C. P., Geology of the lower Gila region, Ariz.: U, S. Geol. Survey Prof. Paper
129, pp. 183-197, 1922,
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Chapter on watering places.—~The information in the chapter on
watering places is believed to be essentially complete for the country
immediately contiguous to the reads traveled during the investiga-
tion. For other parts of the region it is not quite complate but was
gathered from the most reliable sources available and is sufficiently
comprehensive and accurate to be of value to anyone not intima.tely
acquainted with the region.

Maps—The relief maps (Pls. II-IV) are regarded as one of the
most valuable results of this mvestlga.tmn. They are the only
reliable maps covering the whole of this region. The United States
Geological Survey- has published detailed contour maps of the
country around Parker, Yuma, and Phoenix. The northern part
of the region covered by this report is shown on Bancroft’s map of
northern Yuma County,? which, however, is the result of rapid
reconnaissance work and is accurate only in a general way. The
principal general maps of the region hitherto published are those
of the early explorers, those made by the county engineers of Yuma
and Maricopa counties, and the State map compiled by the General
Land Office®* The maps here given are compiled from a large
amount of plane-table surveying by the writer, a plane-table survey
of the country between Phoenix and Wickenburg by C. G.
Puffer, field assistant, all data previously published, an unpubt
lished map of the Santa Fe, Prescott & Phoenix Railroad, and
miscellaneous data obtained by inquiry and correspondence. - Fhey
are believed to be reliable in general, although for the most part
not accurate in detail. For the territory close to the main roads
the detail is sufficiently accurate to serve as a material aid in follow-
ing the roads. The parts of the maps representing those portions
of the region that were not visited during the investigation are
much less reliable than the rest. This is particularly true of -the
area around the Chocolate and Trigo mountains.

All the main roads and many of the subordinate roads have been
indicated on the maps, mainly from data obtained in the field. All
forks of any importance along these roads are shown, but many of
the branch roads and trails are not. Even for the areas where the
roads and trails are not shown or are only approximatély indicated
the relief shading should be of great service in assisting the traveler
to find his way through the country. The brief descriptions of water-
ing places remote from main roads should also help in this connec-
tion.

The relief shading on the maps is ‘the work of J. H. Renshawe, of
the topographic branch of the United States Geological Survey. The

-2 Bancroft, Howland, Ore deposits of northern Yuma County, Arizs.: U. 8. Geol. Survey
Bull. 451, pl. 1, 1911,
- % The necenuy issued maps of Arigons prepared by the Untted States Geological Survey
and the Geperal Land Qffice incorporate the data obtained in this inveltigation

49417—23—2




4 LOWER GILA REGION, ARIZONA.

light is assumed to come from the northwest, so that the southeast
slopes are in shadow. Different depths of shading have been used
to indicate the altitude of different parts of the region. The high
portions are shown in the lightest shades. All portions shown in
the same shade are at equal altitudes, except that areas which are in
shadow are darker than areas equally high which are illuminated by
light from the northwest. The data on which the shading was based
were taken from many sources and vary greatly in reliability. Only
in those relatively small portions of the area for which standard con-
tour maps have been published by the United States Geological Sur-
vey can the shading be considered accurate in detail. :
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-GENERAL FEATURES OF THE REf}ION.
CLIMATE.

The healthfulness of the climate of Arizona is well known. The
clear, dry ‘air is invigorating and refreshing. The heat of mid-
summer is considerable but almost never oppressive. If the visitor
chooses his food and clothing with discretion, he need never suffer
from the heat at any season. A temperature of 110° or even 115° F.
on the Arizona desert is far more endurable than one of 90° in an
eastern seacoast city. At all seasons except midsummer the
climate is delightful. In the winter in southwestern Arizona the
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temperature frequently drops at night to the freezing point, but
rarely indeed does it go far below that point. The daily varia-
tions in temperature are marked, especially during the winter. In
January and February the temperature may drop below freezing
during the night and rise above 70° at noon.
~ The rainfall in this portion of the State is small, ranging from
about 3 inches a year at Yuma to 7 or 8 inches at Phoenix. Scarcely
a day passes in which the sun does not shine for at least a portion
of the time, and even partly cloudy days are rare. This is indeed
a land of almost perpetual sunshine.. There are two relatively
rainy seasons—one in winter and one in midsummer. The prin-
cipal elements of the climate are shown in the table on page 6
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Ficurn 2.—Graph showing distribution of rainfall at Phoenix, Parker, and Yuma,
19101918,

for nine stations well distributed over the region. The table on
page 7 gives rainfall data by months for stations at the three
corners of the region for nine years, and Figure 2 summarizes the
same information graphically for easy comparison. There are at
times marked variations from the normal amount of rainfall. In
1905 the precipitation at Yuma was 11.41 inches, nearly 70 per cent
of which fell in the first three months of the year. In 1899 the
precipitation at the same place was only 0.60 inch. In 1904 the
precipitation at Buckeye was 21.80 inches, and in 1891 at the same
place it was 0.63 inch. Snow is almost unknown, and hail is rare.
The scanty rainfall is a tremendous handicap to the devolpment
of the region, but it adds to its attractiveness from the viewpoint
of the tourist and the health seeker. As a result of the aridity
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the scenery has a desolate but majestic beauty which -is almost
unique, and the sunsets have a gorgeous splendor unknown in thi
humid portions of the continent.

Awe-inspiring tales of sandstorms on the Arizona desert ave
told and occasionally printed. Such storms occur, but though they
may cause temporary discomfort, they are never the serious menace
that they are sometimes asserted to be. None are so severe as to
hamper travel seriously for more than a few minutes or, at most,
hours.

The following description of a sand storm on La Posa Plain may
serve to show what such storms are like. The storm came from the
southeast and was preceded by showers of rain in the mountains
bordering the plain. Before, during, and after the coming of the
sand sharp claps of thunder in the southeast were heard. The first
bodies of flying sand to be seen were long, thin pillars, reaching far
up into the sky and resembling waterspouts on the ocean in shape
and general appearance but moving with much greater velocity.
These were followed by hurrying, fluttering, billowing clouds of sand,
which were large but thin, so that the quantity of sand they trans-
ported was not great. Behind these thin clouds was the main mass,
advancing in a series of dense waves of fine sand. When the sand
Waves struck the mountains to the right they were shattered, and the

“spray ” of sand whirled up as high as the summits of the foothllls
much like hurricane-driven water striking a similar obstacle. In 10
or 15 minutes from the coming of the first sand most of it had passed.
The wind remained high for a time, and small clouds of sand were
scattered about. During the height of the storm it was impossible
to travel, because the dense clouds of sand prevented the use of the
eyes. Sand penetrated even into underclothing and filled the hair
and every wrinkle in the skin not well protected by clothing, causing
mild discomfort, but there was almost no cuttmg or burning of the
skin. Sandstorms as severe as this are rare in the lower Gila region.

Climatic data of the lower Gila region.
[Compiled from records of the United States Weather Bureau.}

Average Temperature (°F.). -

Al Mean | DRI
agot“}ge Lengthof/ annual | ° g:

pery

gealovel | f00rd. | preclpi | 9ii5 61} Maxi- | Minde
(feet). (years). m inch or | mum mum Mean,
¢ morepre- recorded. | recarded.

980 26 7.36 28 7 1n €3.2
353 22 4.93 19 124 9 69.8
1,108 23 7.46 36 n7 16 - 69.3
200 (] 6.53 P23 119 68.6
1,875 1 10. 11 31 118 16 66. 4
2,072 9 9.29 31 134 14 . 65.6
141 a38 3.3 ¥ 18 22 .7

a Length of record of precipitation at Phoenix 40 years, at Yuma 50 years.
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Monthly and ennual rainfall at Phoenic, Yuma, and Parker, 1910-1018.
[Compiled fram the records of the U, 8, Weather Bureau. T, trace.]
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HISTORY.

The part of Arizona described in this report was but little known
to white men until some time after it had come into the possession
of the United States. Except for a few journeys along Gila and
Colorado rivers the Spaniards scarcely penetrated it. They estab-
lished no missions or settlements within its borders, so far as known,
although they may perhaps have opened the ancient mine workings
reported to have been found at the Castle Dome mine and elsewhere,

‘Alvar Ntifiez Cabeza de Vaca brought the first reports of the
country now included in Arizona and New Mexico to the Spaniards
in Sonora in 1536. His accounts, founded on the statements of the
natives, incited the Spaniards to explore this country, which up to
that time had never been visited by white men. Marcos de Niza,
when he passed through the Santa Cruz Valley in 1539 on his way to
Zuni, was the first Spaniard to enter Arizona. The next year he led
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Coronado over the same route. Hernando Alarcén explored the Gulf
of California and the lower Colorado River at this time. In 1582
Espejo, the explorer of New Mexico, visited the Hopi pueblos and
found silver ore 45 miles west of Oraibi. Juan de Ofiate in 1604-5
went from New Mexico to Williams River and followed it and Colo-
rado River to the Gulf of California. He passed Gila River and
named it Rfo del Nombre de Jestis. The present name was first
recorded in 1697. Ofiate’s expedition returned to New Mexico over
the same route by which it came.

Father Eusebio Kino, in 1691, began the labors of Jesuit mission-
aries in southern Arizona. In January, 1697, Kino placed cattle,
sheep, goats, and mares with the Indians of San Xavier del Bac,
south of Tucson, and supplied live stock to the Indians on San
Pedro River. The Jesuit missions of San Xavier del Bac and San
Miguel de Guevavi, both south of the present city of Tucson, seem
to have first had resident fathers about 1732, though the foundations
for a large church at San Xavier were laid by Kino in April, 1700.
They were probably maintained continuously for the rest of the
Jesuit period. Arizona south of Gila River had been explored re-
peatedly by this time. There is no evidence of mining for precious
metals during this period except to a small extent near Tubac, al-
though the Jesuits did some prospecting. Of Kino’s fourteen
journeys in Arizona, four were attempts to find a land route to Cal-
ifornia. He reached the vicinity of the present settlement of Dome
in the spring of 1699, and on another trip in the fall of 1700 he
reached the Colorado below Yuma. In November, 1701, he crossed
the Colorado below Yuma, and in 1702 with Father Manuel Gonzales
he reached the mouth of Colorado River.

In 1744 Father Jacobo Sedelmair followed the north bank of the
Gila from the vicinity of Casa Grande probably to Agua Ca-
" liente, being the first to explore the Big Bend of the Gila. From
Agua Caliente or some point near by he went across country to
Colorado River, reaching that stream at a spring, perhaps near
the modern Ehrenberg. He followed Colorado River to Williams
River and then returned. This is the only recorded Spanish ex-
pedition of importance which penetrated into the interior of the
region described in this paper. Sedelmair made two more expedi-
tions in 1748 and 1750. 1In the first of these he noted the pictographs
in what are now known as the Painted Rock Mountains and named
the rancheria at the hot springs below and on the other side of
Gila River Santa Maria del Agua Caliente. Thence he followed the
north bank of the Gila and reached the Colorado at a point about 2
leagues above the junction of the two rivers. Subsequently he fol-
lowed Colorado River to the last Yuma rancherfa below the Gila
and then returned by the same route.
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The Jesuit missionaries were expelled by order of the King
of Spain in 1767 and replaced by Franciscans in the. following
year. The presidio of Tucson was established in 1776. The mis-
sionaries had numerous conflicts with Apache and other Indian tribes
between 1767 and 1790. From 1790 to 1820 there was peace with the
Apaches and comparative prosperity. Some mining was carried on
during this time, and there was stock raising and farming near the
presidios.

‘Father Francisco Garcés made four expeditions from his mission
at San Xavier del Bac into the northern country during this period.
In 1768 Garcés set out from San Xavier and descended Gila
and Colorado rivers to the Gulf of California, thus repeating the
work of Kino and Sedelmair. In 1774, with a military expedition,
he made the overland journey to California by way of Yuma, open-
ing the earliest transcontinental route. The next year, with a second
expedition on its way to California, Garcés left the others at Yuma,
visited the tribes along the Colorado, and finally leaving the Colorado
near Needles went overland to California, exploring Mohave River
for the first time. . Returning from California by the same route,
he struck east from Needles to the vicinity of the modern Kingman.
Going up the plateau, he visited the Havasupai Indians in the
Grand Canyon and later the Hopis at Oraibi. Being rebuffed
by the Hopis, he returned to San Xavier by the previous route
along Colorado and Gila rivers. This intrepid explorer was killed
in a revolt of the Yuma Indians on July 17, 1781, at a mission
and presidio which had been started at Yuma the year before.

Mexico won its independence from Spain in 1822. From that
time until the Arizona country came into the possession of the
United States little was accomplished there. All the presidios
except Tubac and Tucson were temporarily abandoned, and Apache
troubles were renewed. In 1827-28 an order of expulsion against
Spaniards caused many of the friars to leave, and after this the
establishments in Arizona were almost entirely abandoned.

The only explorations of Arizona in Mexican times, with the ex-
ception of short trips of troops in pursuit of Apache raiders, were
those of foreign trappers, chiefly Americans from New Mexico. Kit
Carson is supposed to have trapped on Gila River, perhaps as early
as 1826. Among other early Americah pioneers in this region were
the Patties, Pauline Weaver, who discovered the gold placers near
La Paz, Ewing Young, and David Jackson. The Apaches are said
to have been friendly to the Americans until about 1886, when
Americans treacherously killed one of their chiefs with many of his
people.

In 1848, as a result of the Mexican War, New Mexico, including
Arizona north of Gila River, was ceded to the United States
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During the war Arizona was occupied and traversed by a military
expedition under Gen. Philip Kearny. Col. Philip Cooke, Lieut.
W. H. Emory, and other officers of the expedition obtamed and
published much important geographlc Eknowledge.

The discovery of gold in California caused a great migration
from other parts of the United States and from Mexico. Many
parties passed through the valleys of Santa Cruz and Gila rivers

~on their way to the land of promise. The number of emigrants
crossing the Colorado near the mouth -of the Gila before 1851
has been estimated at-60,000, which is probably somewhat too high.

By the Gadsden Purchase of 1854 the part of Arizona south of
Gila River was bought by the United States for $10,000,000. The
international boundary was surveyed in 1855, and the United States
took possession in 1856 by sending troops to Tucson.

Several more or less successful attempts to navigate Colorado
River with small steamers were made about this time. Ferries wers
put in operation at Yuma, The first stage line in Arizona, known as
the Butterfield stage, was started in 1856 and ran between San Diego,
Calif., and Marshall, Tex., following the Gila Valley in southwestern
Arizona. This line ceased operation at the outbreak of the Civil
War.

The settlement at the present site of Yuma was estabhshed in 1854.
It was first called Colorado City, then Arizona City, and finally
Yuma. Gila City, at the place now called Dome, was established
in. 1858 because of the discovery of gold placers but had a short life.
In 1862 placers were found on the Colorado, and La Paz, Ehren-
berg, and Mineral City grew up .as a result of the ensuing excite-
ment.

At the begmmng of the Civil War the troops were withdrawn
from Arizona. As a result the Apaches resumed their raids on a
large scale, and nearly all the whites were killed, driven frem the
country, or forced to concentrate in Tucson. It has been estimated
that the white population of Arizona was reduced to 500 or 600
people at this time. Mining and other industrial enterprises practi-
cally ceased to exist for the time being.

‘When Arizona was ceded to the United States it was made part
of the Territory of New Mexico, and the Gadsden Purchase was also
included in that Territory. «This did not suit the inhabitants of
Arizona, who claimed that they were not and could not be ade-
quately governed from so distant a place as Santa Fe, the capital
of New Mexico. In 1856 a convention at Tucson sent a delegate to
Congress and petitioned for independent Territorial government, but
the petition was refused. In 1860 a convention at Tucson drew up a
provisional constitution to remain in force “until Congress shall
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organize a Territorial government and no longer.” The new Ter-
ritory was to include all of New Mexico south of latitude 33° 40" N.
Officials were appointed and New Mexican legislation was ignored,
but nothing further was done. In 1861 Tucson was: occupied by
Texan troops, declared for the Confederacy, and sent a -delegate
{who was not admitted) to the Confederate Congress. That body
in January, 1862, passed an act organizing the Territory and includ-
ing New Mexico in it. This act did not take effect, however, as in
May of that year the Texans were driven out by Federal troops from
California. Arizona Territory was finally organized by act of Con-
gress of February 24, 1863. It was defined as that part of New
Mexico west of the meridian of 109°. The. Territorial capital was
at Prescott from 1863 to 1867, at Tucson from 1867 to 1877, and at
Prescott again from 1877 to 1889 and was finally moved to Phoenix.

The lower Gila region was never the scene of such extensive and
bloody Indian warfare as some other parts of Arizona, because of
the character of its aboriginal inhabitants and of the scarcity of
white settlers in the early days. The region was so inhospitable that
it supported only a meager Indian population. The Pimas, the
Maricopas, and some Papagos dwelt on the banks of Gila River near
the junction with Salt River. The Gila furnished water for the ex-
tensive irrigation systems for which the Pimas and Maricopas are so
well known. These tribes were from the first friendly to the whites
and foes of the savage Apaches. Near the junction of Gila and Colo-
rado rivers were the Yumas, originally a powerful and warlike tribe.
Their reception of the first Spanish explorers was cordial. Although
they later revolted and killed the priests and Spanish soldiers living
among them, they were in general not very troublesome to the whites.
They suffered much in wars with other tribes, and their strength
was broken in 1857 by a decisive defeat at the hands of the Pimas.
North of them on the Colorado were the Mojaves and related tribes,
who maintained a precarious livelihood by farming on the bottom
lands of Colorado River, depending for their water on overflow
during floods. The Yavapais or Apache-Mojaves lived in part in
the region betweén Colorado and Gila rivers. They were in early
days inclined to be friendly toward the whites, but after being sub-
jected to outrage from the whites in 1866 to 1868 went on the warpath
until about 1872. The vicious and warlike Apaches, who have left
so bloody a record in other parts of the State, did not trouble the few
white settlers in the lower Gila region because the whites had noth-
ing worth stealing and the distance and difficulties of travel from
the Apaches’ mountain fastnesses were too great.

The only attractions for white men in this region in the early days
were the possibilities of trapping and hunting in the valleys of Gila
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and Colorado rivers and the reported mineral wealth. The trap-
ping and hunting carried on by hardy adventurers added to the
knowledge of the region and helped to attract Americans to it but
did not result in permanent settlements. The gold excitements on
Gila and Colorado rivers and the resultant mushroom cities have
already been mentioned and will be referred to again in the route
descriptions. In 1863 the lead and silver deposits of Castle Dome
and the gold ores of Vulture were discovered. These deposits
yielded rich returns for a number of years. The copper deposits
at Planet were early found and worked. These and later mines are
referred to in the chapter on mining and in the route descriptions.
Agriculture and stock raising are both comparatively late develop-
ments in the lower Gila region. The Mormon settlement made in
1876 near the present city of Phoenix was one of the first agricul-
tural enterprises of any importance attempted by white men in this
region. Since 1885, when the last serious Apache outbreak occurred,
there has been a steady increase in population and prosperity.

Yuma County is one of the four original counties into which, in
1864, Arizona Territory was divided. The others were Pima, Mo-
have, and Yavapai. Maricopa County was created in 1871 out of
parts of Pima and Yavapai counties.

In accordance with an act of Congress of June 16, 1906, the in-
habitants of Arizona and New Mexico voted November 6, 1906, on
the question of uniting the two Territories into a State to be called .
Arizona. New Mexico was favorable to this measure, but it was
defeated by the Arizona vote. By presidential proclamation of
February 14, 1912, Arizona became a State. New Mexico had
received statehood January 6, 1912.

The following books are the principal authorities on the history
of the region and are the sources of most of the information in this
chapter:

Bancroft, H. H., History of Arizona and New Mexico.

Bolton, H. E., Kino’s Historical memoir of the Pimerfa Alta, 2 vols., Cleve-
land, 1919. i .

Coues, Elliot, On the trail of a Spanish pioneer, New York, 1900.

Reports of the Territorial governor of Arizona.

Hodge, F. W., Handbook of American Indians: Bur. Am. Ethnology Bull. 30,
2 parts, 1910,

INDUSTRIAL DEVELOPMENT.

Mining.—This portion of Arizona has been extensively prospected.
Mineral deposits are now known to occur in every mountain range
and in many of the groups of hills within the region. The only hills
in which mineral deposits have not and in all probability will not be
found are those composed exclusively of Quaternary basalt. -

[
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The types of ore deposited and the minerals found are many and
diverse. Mining has been carried on in this region for gold, silver,
copper, lead, zine, mercury, iron, and manganese. There has been
some prospecting for tungsten, but no mining. Fluorite occurs in
the Castle Dome district and possibly elsewhere but has not been
extensively developed. Gypsum occurs in some places in the region,
but no deposits of commercial importance are known.

Mining is in progress in several of the mountain ranges in this
region, but no large mines are being operated at present. In the
past the Vulture mine, in the Vulture Range; the mines about Kofa,
in the S. H. Mountains; the Harquahala or Bonanza mine, in the

- Little Harquahala Mountains; and some less well-known properties
have shipped considerable gold ore. Silver and lead were mined for
some years in the Castle Dome district, in the mountains of the same
name. Gold placers were worked for some years along Colorado
River near La Paz and Ehrenberg, in and near the Dome Rock and
Plomosa mountains, and at Gila City, on Gila River at the site of
the present town of Dome. Placer mining is still in progress in the
Plomosa and Dome Rock mountains, but elsewhere it has almost
entirely ceased. The scarcity of water appears to be the principal
obstacle to the successful development of the placers. In the old vein
mines the richer and more accessible portions of the ore bodies have
been worked out, and lack of transportation facilities and of capital
has prevented further development. Work,at the Harquahala- mine
was resumed in 1918 with the hope of finding copper ore. It is pos-
sible that many of the mines now abandoned could again be made
profitable producers by development in depth. '

At the present time there is considerable activity in the small copper
mines in the vicinity of Cunningham Pass, in the Harcuvar Moun-
tains. Mining for copper and other metals is being carried on in the
Buckskin and Plomosa mountains and to a small extent elsewhere.
More or less desultory prospecting is in progress in all the moun-
tain ranges. In 1918 plans were being considered for reopening some
of the mines in the vicinity of Kofa.

Agriculture—Within the lower Gila region there are only two
irrigation projects of major importance—the Salt River valley
project and the Yuma project—but the best land under each project
lies outside of this region. Small irrigation districts are served by
the Buckeye, Arlington, Air Line, Avondale, Enterprise, and Gila
River Land Co.’s canals along Gila River west of Salt River valley.
Forage crops are the principal ones raised in these districts, but
wheat, corn, and long-staple cotton are grown to some extent, espe-
cially near Buckeye. The ranch of the Southwest Cotton Co., north
of Avondale, was still in the development stage at the time of visit
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in 1917. Numerous irrigation projects have been attempted in the
past along Gila River west of those named above, but all were un-
successful, or successful for a short time only. At present small
areas are being irrigated near each of the towns on the river, but
no important projects are in progress, although one, the Gillespie
project, is reported to be nearly prepared to start irrigation. A his-
torical account of irrigation along the Gila is given on pages 95-108.

There is a little irrigation near the towns on the Santa Fe, Prescott
& Phoenix Railroad and in Hassayampa and La Posa plains and
Butler and Harrisburg valleys, but no large areas have been brought
under irrigation, nor does it seem likely that any will be in the
future. A considerable part of the Colorado River Indian Reserva-
tion near Parker is under irrigation, principally by the Indians. -
There is reported to be a thriving bee industry and some irrigation
in Cibola Valley.

The following notes will give a general idea of the possibilities
for future agricultural development, so far as these can be judged
from the information now available. Sufficient data have been ob-

" tained to show that the ground water lies so deep in a large portion
of the region as to preclude its development for irrigation from
pumped wells. The Harquahala Plain, most or all of the Ranegras
Plains, and the Middle Well country, except that near Gila River,
certainly are in this class. Irrigation farming in Butler and Mec-
Mullen valleys and Hassayampa Plain, where water is 100 feet or
more below the surface, would probably prove too expensive under
present conditions. The valleys of Gila and Colorado- rivers, the
Harrisburg Valley, and the districts in the immediate vicinity of
Bouse and Parker have fairly shallow ground water. Attempts at
irrigation on the lower Gila have so far met with poor success. Pgs-
sibly development more intelligently directed would be successful in
some parts of this valley. When better transportation facilities are
available several fertile tracts on Colorado River will probably be
irrigated.

Castle Dome Plain and a considerable portion of Palomas Plain
do not. seem well adapted for agriculture even if water were avail-
able, as the soil does not appear to be suitable. The same can be said
of large portions of Cactus Plain, althongh it is quite possible that
some parts of this plain might prove productive if irrigated.

Of the country examined during the present investigation only
La Posa Plain remains to be considered.. The greater portion of this
plain is rather far from railroad facilities. There is, however, a good
road 24 miles long betweeen Quartzsite, near its center, and Bouse,
on the Atchison, Topeka & Santa Fe Railway. Very little develop-
ment of the ground water has been undertaken in La Pesa Plain.
Placer-mining men are said to have sunk some rather deep wells,
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but the records of these wells are not available. The wells in Quartz-
site show that water is present at depths of about 40 feet. The soil
in parts of the plain appears to be of good quality. It is probable
that in the future both stock raising and farming will increase here.

The country in the vicinity of Alamo. Springs, where Clanton &
Smith report that they have a well only 85.5 feet deep, was mnot
visited. In any event, this locality is rather too far from any rail-
road for profitable farmmg at present.

. The geologic discussions in this report will make- it clear to the
reader that the structure is not fayorable for the development of
artesian flows from the rock formations. So far as is known the
structure of the valley deposits does not fulfill the conditions neces-
sary for obtaining artesian flows, except perhaps in river bottoms,
such as those of the Colorado, where flows may be obtained.

Stock raising.—Cattle raising is at present being carried on suc-
cessfully in Arlington, Clanton, and Butler vaIley;jﬁnd Hassayampa,
Ranegras, Harquahala, and La Posa plains and to a minor extent
elsewhere. Cattle and sheep range on the north side of the Bighorn
Mountains and in the vicinity of Wickenburg. | The scarcity of
water and of forage grasses and the difficulties of transportation make
very intensive use of the region for stock raising somewhat doubtful.
However, medium-sized ranches will continue to be successful in the
region, and as transportation facilities and the demand for cattle
increase the stock business will doubtless improve.

FLORA.

The desert of southwestern Arizona has an abundant and diversi-
- fied flora of a type found nowhere else in the United States. The
swrprising number of large woody plants in this arid region has
given rise to the term “ arboreal desert.” No part of southWestern
Arizona is so dry that it is without plants. All are strange to
dwellers in more humid regions, and the weird and fantastic forms
assumed by many of them are one of the most fascinating features
of the region.

The types of plants found in any partlcular area are closely con-
trolled by the altitude, topography, soil, and depth to ground water.
In the river valleys, where ground water is shallow, are found arrow
weed, willow, salt grass, and dense thickets and miniature forests
of creeping and arboreal mesquite. In places where the ground
water lies sufficiently near the surface to be reached by the roots,
mesquite grows to heights of 20 and even 40 feet. . Along Colorado
River there are groves of cottonwood. Old settlers say that 40
years ago cottonwoods were abundant along the Gila also, but they
are practically all gone now from the banks of that stream in this
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region. At Osborne Well, in the Buckskin Mountains, far from any
permanent streams, are several good-sized cottonwood trees, but
it is probable that these have been planted by men and are not
native to the locality.

In the interior valleys creosote, ironwood, palo verde, various
bunch grasses, and some cacti occur. The cacti are more plentiful in
the higher valleys and the mountains, but, some barrel cactus, prickly
pear, and cholla grow in nearly all the valleys. Plate V shows typi-
cal desert vegetation near Buckeye. -Mesquite grows in a number of
valleys where the ground water is certainly too deep to be reached by
the roots (see p. 40), but in such localities it is always stunted and
poor and usually occurs in the path of flood waters. Ocatilla grows
in most of the valleys but appears to be most abundant in the higher
parts of the valleys and on the lower slopes of the mountains.

In the mountains there is much less vegetation than in the valleys,
because many of the slopes are bare rock or covered with rock talus.
The various eacti are abundant here. The stately sahuaro is the most
striking representative of this family. These plants are abundant in
many places on the lower slopes of the mountains. In some of the
small valleys within the mountains cholla is the predominating form
of vegetation. Creosote, ironwood, various cacti, besides those men-
tioned above, some palo verde, and subordinate amounts of bunch
grasses also occur in \the mountains. ‘

FAUNA.

Most of the wild animals in this region are small and not very
abundant. A tourist might very readily travel through the country
in an automobile several times without seeing any of its native four-
legged inhabitants. A number of interesting animals make their
homes Tlere, however. Whitetail deer live in some of the mountain
ranges but are rather rare. Rocky Mountain sheep can still be found
in some of the more inaccessible and rocky parts of the mountains.
Mountain lion and wildcats are occasionally met. Coyotes advertise
their presence almost every night by discordant vocal concerts which
must be heard to be appreciated. Foxes are fairly plentiful. They
are shy but curious animals and frequently come into camp at night.
In some of the valleys jack rabbits are abundant. Cottontail rabbits
are common in most of the mountains and in the river bottoms.
Kangaroo. rats and other small rodents are numerous in several
localities.

Quail are very common throughout the winter and fall in the
valley of Gila River and are found in less abundance elsewhere in
the region. Turtle and mourning doves are to be seen in the irri-
gated districts, sometimes in considerable numbers. Cranes, jack-
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snipe, and similar birds frequent the river bottoms. There are several
types of small birds, some of them attractive songsters, but they are -
more common in the irrigated districts than elsewhere. Crows are,
at times, all too common in irrigated districts. Turkey buzzards are
omnipresent but are seldom noticed except when there is carrion in
the vicinity.

Reptiles constitute a characteristic part of the desert fauna. Ac-
tive little lizards are found everywhere. The torpid Gila monster is
occasionally found. Many awe-inspiring tales are told regarding
this lizard, the only one whose bite is at all poisonous, but they rest
on only a meager foundation of fact. Snakes of several kinds are
present; they are rather abundant in some localities. The only
dangerous one is the rattler, and even he asks only to be let alone.
Land turtles live in the mountains, but they are seldom seen.

Scorpions, vinegarroons, tarantulas, and centipedes are fairly
abundant but not enough to be particularly troublesome. Flies and
mosquitoes are nuisances in the vicinity of bodies of surface water
but are absent over most of the region.

TOPOGRAPHY,

The lower Gila region contains numerous rugged mountain ranges,
most of which are relatively short but have a pronounced elongation
in one direction. Between successive mountain ranges there are
broad, smooth intermontane valleys, deeply filled with detrital ma-
terial. All the valleys in the region, with probably one exception,
have openings in their inclosing walls through which the drainage
finds outlet. The probable exception is the valley between the Big-’
horn and Vulture mountains, the floor of which is reported to be
covered with a shallow sheet of water for several months after heavy
rains.

The region lies in the drainage basin of Colorado River. Gila
River is the prmclpal trlbutary of the Colorado and drains nearly
all of the region except an area in the northern part that is tributary
to Williams River and a rather narrow belt along the west side
that drains directly into the Colorado. The Gila is the only tribu-
tary of Colorado River in the region except Williams River that
contains water in considerable portions of the bed at all seasons.
Even the Gila, however, is a through-flowing stream only after
heavy rains. The principal tributaries of Gila River in this region
are Agua Fria and Hassayampa rivers. They contain flowing water
after rains and have water in certain sections of their beds during
raost of the year. This is particularly true of the Agua Fria.
The other streamways in this region are washes that contain flowing
water only in times of flood. A few of these contain water in small
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natural tanks during most of the year. Many of the washes lose
their identity in the sand of the valleys, and the water which in
times of flood fills these washes with roaring torrents rarely remains
above the surface until it flows into the Colorado or the Gila, except
where the water has its source very close to one of these main
streams. The largest of the dry washes is Centennial Wash, de-
seribed on pages 3941,

There are thirty mountain ranges and about fifteen groups of hills
in the region. The average length of the ranges is a little over 20
iles, and the average width about 6 or 7 miles. The height of the
wmountains varies considerably. The average height of the principal
peaks above the bordering valleys is more than 2,000 feet. The
highest peak is Harquahala Mountain, which is reported to reach an
altitude of 5,669 feet above sea level and which rises abruptly 3,300
feet above M¢Mullen Valley, at its. northern base, and even higher
above the Harquahala Plain to the south. The valleys range in
altitude from about 125 feet above sea level at Yuma to more than
2,000 feet in McMullen and Butler valleys.

The topography of the mountains is of three general types, which
are directly related to their geology. Ranges composed essentially
of metamorphic rocks, including gneisses, are in general rather
elaborately carved, have serrate profiles, and are fairly symmetrical
with respect to their divides. The line of summits along the divide
of such a range is a definite and pronounced feature. The slopes
of these mountains are usually steep and the outlines are jagged.

In marked contrast to the ranges of metamorphic rocks are those
composed principally of volcanic rocks other than basalt. In these
erosion has worked on a number of beds of lava and tuff cut by in-
trusive pipes, dikes, and sills. The result is a bewildering maze of
buttes, mesas, peaks, and pinnacles. Sheer cliffs and castellated
summits are the rule. As the ranges are fault blocks they have defi-
nite trends, but in each there is an almost total lack of anything
approachmg symmetry. Their surface features are further compli-
cated by minor normal faulting, which has locally tipped lava blocks
to considerable angles.

The buttes capped with basalt of probable Tertiary age (see pp.
22-23) present a third type of mountain form. They are flat or
somewhat rounded on top and not greatly dissected, but their sides
are sheer cliffs in the upper parts, usually with talus slopes below.
They are prominent features of the landscape, rising 500 feet or more
above the surrounding country. Yellow Medicine Butte rises 1,300
feet above its northern base, and there are others of comparable
height.

Many of the hills are small replicas of the mountains, but those
built up of Quaternary basalts (p. 27) are of a different type. They
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are rounded or conical hills, none of which are very high. Isolated
cones and hills with two conical peaks are common. Associated
with these are mesas, 100 feet or so high, formed by flows of basalt.
The mesa on which .Stanwix, Sentinel, and Tartron are situated
has an area of more than 200 square miles. This is by far the largest
of the lava mesas, but some of the others ave algo prominent topo-
graphic features.

The valleys between the ranges have slopes that average roughly
20 to 30 feet to the mile. In some places—for example, the Rane-
gras Plains south of Vickeburg—the surface i covered with a
deposit of fine silt laid down by sheet floods from the mountains.
Such plains have much less slope and are typically not cut by washes,
whereas the more usual type of valley has numerous washes extending
out from the mountains and persisting with definite channels through
all or most of the length of the valley. The washes have a tendency
to interlace with one another, forming a braided pattern. This is
especially well developed in Castle Dome Valley, southwest of the
Castle Dome Mountains. The line of demarcation between valley
and mountain is in many places sharp, and the change in grade is
abrupt. In places, however, there is an intermediate rock-floored
surface, similar to the mountain pediment described by Bryan.®
These surfaces are, however, by no means as pronounced features
as the mountain pediments in the Papago country, south of the Gila.

GROLOGY.¢

The commercial developmant of such a region as that here de-
scribed is intimately related to the geology. The hope of finding
mineral deposits usually furnishes one of the initial incentives for
pioneering in such regions. When promising deposifs are found,
towns spring into existence, and the settlement of the country com-
mences. In the early days in southwestern Arizona fur trapping
vied with prospecting as an occupation for the adventurous frontiers-
men. When the country became a little better known and more set-
tled, cattle raising and farming were introduced. Both of these in-
dustries, particularly farming, depend on a supply of water for their
success. The avatlable surface water here scon proved insufficient,
and recourse was early had to utilization of the ground water by
means of wells. The distribution, quantity, and guality of the ground
water in any region are directly dependent on the geology and physi-
ography of the region.

*Bryan, Kirk, Brosion and sedtmentation in the Papago country, Ada.: U. S. Geol.
Servey Bull. 730, pp 82-88, 1822,

¢ For a more complete description of ihe geology of this region see U. §. Geal. Survey
Prof. Paper 129, pp. 183-197, 1922 ; see also the route descriptions on pp. 152-194.
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ROCK FORMATIONS.

At first glance most of the mountains in this section of the country
present a very similar appearance. Examination soon shows, how-
ever, that they are composed of a number of very diverse types of
rocks. (See Pl. VI.) There are great masses of ancient metamor-
phic rocks, of granite and granitic gneiss, of lava and tuff belonging
to at least two distinct ages, and of subordinate amounts of sedi-
mentary rock associated with the older lava and tuff. Sand, clay, and
gravel fill the valleys between the ranges. More detailed work will
undoubtedly result in still further subdivision of the rocks. The
metamorphic rocks are certainly of two and probably.of more than
two ages. The granitic rocks belong to at least two periods of intru-
sion.

BASAL COMPLEX.

Highly metamorphosed sediments with associated granitoid gneiss
and other rocks of igneous origin make up the whole or a large part
of many of the mountain ranges in this region. These rocks will be
referred to collectively as the basal complex. They may be divided
into four general groups—(1) igneous rocks, (2) highly meta-
morphosed schistose rocks, probably in the main of sedimentary
origin, (3) thoroughly metamorphosed but much less schistose
sedimentary rocks separated from No. 2 by an unconformity, (4)
metamorphosed but not schistose limestone and quartzite, which are
the youngest sedimentary rocks in the basal complex. The igneous
rocks may be further subdivided into batholithic masses with asso-
ciated dikes and a group of somewhat younger dikes which cut the
less metamorphosed portions of the basal complex.

This ancient complex is present in every mountain range and al-
most every range of hills in the region. Even in those mountainous
areas where it is not shown on the geologic map (Pl VI) outcrops
can be found in stream beds that have cut through the younger
formations which elsewhere cover it. In some of the hills, however,
especially those which are composed of basaltic lavas, such as the
Bouse Hills and Palo Verde Hills, metamorphic rocks do not occur.

There can be little doubt that the granitoid gneiss and associated
metamorphosed sedimentary rocks, with the possible exception of the "
youngest of the sedimentary rocks, are of pre-Cambrian age. The
fact that no fossils that can be used to determine the age of the beds
have yet been found in any of the rocks examined during the pres-
ent investigation makes all the determinations of the age of the
formations somewhat uncertain. However, it can not be questioned -
that these metamorphic rocks are very old. .Some of them may
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be as young as Paleozoic, but the absence of fossils is a strong argu-
ment against this supposition. The fact that all these rocks,
with the exception of the youngest group, are very much more
metamorphosed than the known Paleozoic formations to the north
and east is another strong reason for believing that they are pre-
Cambrian, rather than Paleozoic. There is no reason for believing
that there has been more metamorphism in this area since the Paleo-
zoic era than has occurred in the Ray and Globe mining districts.
The limestone and quartzite of the youngest group are not much if
any more metamorphosed than similar rocks of Paleozoic age at Ray
and Globe and may well be of similar age.

TERTIARY LAVAS.

Lavas occur throughout the lower Gila region and extend far
beyond its limits. The series consists of a number of superimposed
flows of varying thickness, with widely different superficial charac-
teristics, associated with some tuff and agglomerate and a very sub-
ordinate amount of sedimentary rock. It reaches its maximum de-
velopment in the S. H. Mountains, where the total thickness is cer-
tainly more than 2,000 feet. A number of the individual flows are
several hundred feet thick.

Volcanic rocks similar in occurrence and general characteristics to
rocks of this series have been reported from a number of localities
in the Southwest.

These rocks have all been referred to the Tertiary, and most of
them are supposed to be Miocene. This supposition is based princi-
pally on their field relations to rocks of known age, the paleonto-
logic evidence within the series themselves being scanty or altogether
lacking.

Overlying the Tertiary beds and associated with the unconsoli-
dated or partly consolidated Quaternary sand and gravel are basalt
flows of early Quaternary age. Thesge are described under Qua-
ternary formations (p. 27). The faulted and uplifted basalts
that cap many of the mountains, however, are considered to be
Tertiary.

The amount of sedimentary material associated with the Tertiary
lavas is small compared to the total thickness of these lavas. The
sedimentary rocks are of geologic importance, however, for they fur-
nish clues as to the conditions existing at the time these great flows
were poured out. They comprise sandstone, in part arkosic, shale,
and calcareous beds. .

The Tertiary lavas are almost as widely distributed in this region
as the metamorphic complex just described. They were found in
every mountain range examined during this investigatien except the
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Harquahala and Little Harquahala mountains. Some of the ranges,
such as the S. H., Eagletail, and Castle Dome mountains, are com-
posed exclusively of rocks of this series resting on a metamorphic
basement, which is visible in only a few small areas.

The lavas are for the most part light-colored acidic rocks, but some
are basalts. They display a wide range and variety of coloration,
which is particularly striking in the Eagletail Mountains, In that
range a thickness of over 1,000 feet of nearly horizontal lava flows
with interbedded tuff is exposed. The flows and tuffs are cut by
pipes, dikes, and sills of felsitic igneous rock. Nearly every flow is
different in color from those above and below it, and each stands
out from the others with clean-cut boundaries. Among the colors
are brilliant yellow, soft green, vivid red, somber brown and dun,
and creamy white, with streaks of purple, heliotrope, and other
shades. The petrographer who is interested in Tertiary igneous
rocks would find much to study here and in the other ranges in this
region where similar rocks occur.

The basalts appear in most places to be the youngest of the flows,
for they cap the others and form the summits of the mountains.
Everywhere in the region the Tertiary basalts are subordinate in
amount to the acidic lavas. Thicknesses of 300 feet of basalt are
rare, but 1,000 feet or more of acidic lava occurs at numerous places.
The Tertiary basalts are best developed in the Gila Bend Moun-
tains north of Point of Rocks.

Interbedded with the acidic flows are beds of siliceous agglom-
erate and of rhyolitic tuff. The tuff is white or cream-colored and
forms conspicuous beds, which are in places scores of feet thick.
It is widely distributed throughout the region. The flows and tufls
are cut by pipes, dikes, and sills of felsitic igneous rock. .

Bancroft ® considered all the basalt in this part of Arizona to be
Quaternary. Basalts occur on the summits of a number of moun-
tains in the region. The erosion that has occurred since these ba-
salts were poured out is measured in thousands of feet, so that if
they are Pleistocene, some of the most imposing mountain ranges
in the region have been produced in large part at least during later
Pleistocene’or Recent time. At Point of Rocks, on Gila River in
western Maricopa County, basslt flows capping unconsolidated
gravel of the valley abut against the eroded edges of lava moun-
tains. Hence the basalt flows that cap these mountains must be
older than the lava in the valley. As the valley lava caps uncon-
solidated gravel it is clearly Quaternary, and it is so much dissected
by erosion and so much weathered as to show that it is early

§ Bancroft, Howland, Reconnaissance of the ore deposits in nottherh Yuma County,
Ariz. : U. 8. Geol. Survey Bull. 451, pp. 32-33, 1911.
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Pleistocene. From these facts it is evident that the older basalts
that cap the mountains belong to the Tertiary series. It is, however,
very difficult or impossible to determine to which age many of the
flows belong.

TERTIARY SBEDIMENTARY FORMATIONS.

Limestone and calcareous conglomerate occur in at least three
widely separated localities in this region. Further work would
probably disclose many other outcrops. The known localities are
Osborne Wash, in the vicinity of Oshorne Well, near Parker; Saddle
Mountain; and the Clanton Hills and the valley north of them.
Sandstone was found in Antelope Hill, in many places in the Gila
Bend Mountains, near Osborne Well, and in the Clanton Hills.
Shale is associated with some of the sandstone in the Gila Bend
Mountains.

Antelope Hill, at the south end of the concrete bridge across Gila
River east of Wellton, is composed of grayish arkose, a sandstone
formed from granitic débris. The rock is, as a whole, somewhat
coarser grained near the base of the hill than farther up the slope.
The average diameter of the grains ranges from 1 to 6 millimeters.
The beds have a very gentle southerly dip. The hill is about 580
feet high, so that fully 500 feet of sandstone.is exposed. Related
but coarser sandstone and conglomerate occur farther to the south.®

Red sandstone crops out in several places in the Gila Bend Moun-
tains, notably at and near Woolsey Tank. Near the Dixie mine, in
the Gila Bend Mountains, red and purplish shale is associated with
the sandstone. N

The relations of these sedimentary rocks to the Tertiary lavas show
clearly that they are of similar age. Like the lavas, they have been
disturbed by post-Tertiary faulting so that the beds now dip in vari--
ous directions. The Clanton Hills, about 25 miles north of Palomas,
consist almost exclusively of flat-lying gray cherty fine-grained lime-
stone with numerous concretions, some of which resemble fossils in
superficial appearance. Some of the beds contain small and indis-
tinct fossils of probable Tertiary age. At the west end of the hills
is exposed a bed of reddish sandstone composed of quartz grains
in a calcareous cement, about 30 feet thick. In the limestone there
are some faults along which the rock has been considerably brecci-
ated. Subsequent to the faulting hot solutions circulated through
the fault breccias, as is shown by iron stains and by marked silicifi-
cation of the limestone fragments. No definite evidence of valuable
mineralization was found. ‘

Near Osborne Well are considerable exposures of sedimentary
rocks. Time did not permit a detailed examination of these ex-

¢ Bryan, Kirk, Erosion and sedimentation in the Papago country, Aris.: U. 8. Geol
Survey Bull. 730, p. 26, 19822,
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posures, but the scattered observations made may be of interest.
To the west and south of the well are hills with cliffs cut by the
large wash that passes between them. In these cliffs are exposyres
of well-bedded conglomerate with a calcareous matrix, capped by a
basalt flow. The pebbles in the calcareous rock are in no place
very abundant, and the lower portion contains none. Farther north
up this wash are outcrops of red sandstone with concretions, a minor
amount of quartz sandstone, and a few small beds of conglomerate.
A short distance still farther north red vesicular basaltic or andesitic
lava is interbedded with the red sandstone.

Exposures of sedimentary rock are found for about 8 miles west
of Osborne Well along the road to Parker. There are numerous
outcrops of thin-bedded limestone that is similar in appearance to
the matrix of the conglomerate at the well but is entirely free from
any but very small pebbles. Several of these outcrops are capped
with vesicular olivine basalt. They contain rather numerous small
and indistinct fossils similar to those found in the Clanton Hills and
a few small angular fragments of quartz and feldspar. Blanchard ”
considers these calcareous beds to be tuffaceous.

Interbedded with the lavas of Saddle Mountain, in Maricopa
County, are considerable thicknesses of fragmental rocks ranging
from agglomerate and breccia of distinctly igneous character to rocks
that have angular fragments of lava about an inch in diameter in a
white calcareous matrix.

QUATERNARY SEDIMENTARY FORMATIONS.

The unconsolidated and poorly consolidated gravel, sand, and silt
that fill the valleys and floor the flood plains of the rivers in this
region are of Quaternary age. Basalts that are clearly also Quater-
nary are interbedded with or rest upon these sediments.

The valleys throughout this area, like nearly all the desert val-
leys of the Southwest, are deeply filled with detrital material, most of
it unconsolidated or poorly consolidated, derived from the mountains.
The thickness of this material in the valleys has not been determined.
It is certainly to be measured in hundreds if not in thousands of
feet, as is indicated by well records in a number of the valleys.

The character of the valley fill varies greatly, as is to be ex-
pected in sediments laid down by generally short and usually dis-
connected streams under arid conditions. In the flood plains of
Gila and Colorado rivers and in certain clay flats or playas in in-
terior valleys there are very fine silts or clays, but the major portion
of the fill in the valleys is sand and gravel, commonly very coarse.
Much of it is poorly assorted, consisting of coarse sediments in a

7 Blanchard, R. C., The geology of the western Buckskin Mountains, Yuma County,
Ariz. : Columbia Univ. Contrib. Geol. Dept., vol. 26, No. 1, pp. 24-26, 1913.



GEOLOGY, 25

clayey matrix. The surface layers in most of the valleys contain
silty soil more or less mixed with gravel. This soil where it has
been properly irrigated has proved to be highly productive. In
Castle Dome Plain, Palomas Plain, and to a less general extent in
"a number of the other valleys in the area, the surface silt has been
removed by the wind, leaving a residual floor of gravel Sand
dunes are common in Cactus Plain and also occur in Eagletaﬂ
Valley.

In almost all the fill that is indurated to any extent the cement
is a calcareous material called “caliche,” *cement,” or “hardpan.”
Lee® has described the mode of occurrence of caliche and discussed
the theories as to its origin. He concludes that the caliche in the
Salt River valley, which is essentially similar to that in the lower
Gila region, has been formed in part by the deposition of carbonates
and other salts held in solutien in the ground water, and in part by
the evaporation of water percolating downward from the surface.
On the old road across the Gila Bend Mountains, west of Woolsey
Tank, are gravel beds with a calcareous cement which has set so
firmly as to form a hard though friable rock. These are exception-
ally indurated, but beds of caliche so hard that it is very difficult
to penetrate with pick and shovel are common in a number of places
in the region. Such beds are known elsewhere in the Gila Bend
Mountains, Nottbusch Valley, Castle Dome Plain, and other locali-
ties. Woells sunk in La Posa Plain and McMullen Valley usually
penetrate beds of caliche below unconsolidated gravel and sand.
On the flanks of the Plomosa Mountains, on the east side of La Posa
Plain, are thick deposits of gravel cemented with caliche, some of
which is auriferous.® On the flanks of the Dome Rock Mountains,
west of this plain, are similar deposits. :

Beds of green and yellow banded clay are exposed in the terraces
of the Colorado in the Colorado River Indian Reservation near
Parker. Fossil fresh-water shells have been found in some of these
beds. E. L. Jones,”® who niade an examination of the reservation
for the United States Geological Survey in 1914, states that these
are lake beds.

Along washes within the mountains. and on the borders of the
ranges are beds of gravel and sand similar to those of the valley
fill. These beds are cut by the present washes. Although they are
clearly similar to the material in the modern streamways and
were deposited under conditions very similar to those existing
to-day, the position of many of these beds indicates that they were

8 Lee, W. T., Underground waters of Salt River valley, Ariz.: U, 8. Geol. Survey Water-
Supply Paper 136, pp. 107-111, 1905,

® Bancroft, Howland, A reconnaissance of the ore deposits in northern Yuma County.
Ariz.: U. 8. Geol. Survey Bull. 451, p. 88, 1911.

1 Personal communication.
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laid down in streams whose courses had little or no relation to those
of the present streams. All this gravel and sand is somewhat con-
solidated. In the wash that parallels the new roed where it emerges
from the Gila Bend Mountains on the west side the uncensolidated
or slightly comsolidated gravel of the valley fill can be seen lapping
up on the gently inclined and smooth surface of gravel having a
calcareous cement. The cemented gravel is continmows with gravel
of the same type in the mountains just described. Similar ex-
posures were noted near the road between Wenden and Butler Well
on the north side of Cunningham Pass, in the Hareuvar Mountains.
Outecrops of gravel of similar appearance, which are being eroded
by the present streams, were noted in Osborne Wash, north of
-Osborne Well, in the Buckskin Mountains.

The partly consolidated detrital beds in the mountains are
places cut by normal faults and tilted to angles of 20° and even
more. The best exposures found are in the Gila Bend Mountains.
Tilted blocks of gravel were noted near both of the roads that cross
this range, but they are especially well exposed alomg the portion
of the old road that lies in the mountains. QOutcrops of such ma-
terial were also found along the large wash followed by the old road
on the west side of the mountains. Slight folding in gravel beds
was observed in some outcrops near Woolsey Tank along this road.
Tilted beds of gravel and sand are exposed at the north end of the
Gila Mountains, near Dome. Some of the more consolidated
alluvium in the Dome Rock and Buckskin mountains is probsbly
tilted. Beds of gravel and sand that have been disturbed by earth
movements doubtless exist elsewhere in the region but were nat
noted during this investigation.

It is evident that Quatemary sediments belonging to at least three
periods of deposition occur in this region. These are (1) the some-
what consolidated beds exposed in and near the mountains, which
have been disturbed by faulting; (2) the unconsolidated or only lo-
cally consolidated flat-lying valley fill; and (3) the recemtly de-
posited material in the washes and playas of the desert valleys and
the flood plains of the larger streams. This conclusion is in accord
with the results of Lee’s work in adjoining areas and in parts of the
region here considered.’* He has given formational names to the two
older divisions of the Quaternary formations in the vicinity of Colo-
rado River. The oldest group of gravels and sands he calls Temple
Bar conglomerate. The unconsolidated material resting upon the
Temple Bar conglomerate and exposed in terraced bluffs along Colo-
rado River and elsewhere he calls Chemehuevis gravel. He gives no

u Lee, W. T., Geologic reconnaissance of a part of western Arizona: U, 8. Geol. Survey
Bull. 352, pp. 17-18, 1908 ; Underground waters of the Salt River valley, Ariz.: U. 8.
Geol, Survey Water-Supply Paper 136, pp. 111-114, 1905,
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specific name to the recent material that floors the river flood plains.
The Temple Bar conglomerate is lithologically similar to the oldest
of the three groups of Quaternary formations herein described, but
the thicknesses reported by Lee along the upper Colorado are far
greater than any found in this region. The two may perhaps be of
similar age and history. The Gila conglomerate, described by Gil-
bert,*2 is similar to the Temple Bar, being a thick formation of coarse
alluvium in the upper Gila Valley. The correlation of these forma-
tions awaits the complete unraveling of the physiographic history of
southwestern Arizona in Quaternary time.

QUATERNARY BASALT.

Associated with the gravel and sand of the valley fill in places
in this region are flows of olivine basalt. Such rock caps the fill,
is interbedded with it, and also cuts it in the form of dikes and
intrusive masses, generally small and irregular. The basalt masses
that rise above the present surface of the fill have produced land
forms of two general types—flat mesas formed by flows that have
spread out over the surface of the fill, as at Point of Rocks and Gil-
lespie dam, both along Gila Riyer, and groups of low, in places
more or less conical hills, of which the Bouse Hills, near Bouse,
and the Palo Verde Hills, northwest of Arlington, may be mentioned
as examples. The mesas consist of flows 100 feet thick or less, with
a few thicker ones. Few of the hills are over 200 or 300 feet high,
and many are less than this. The conical shape of many of these
hills suggests that they are volcanic cones, but all are -dissected by
erosion, and in none of them was a definite crater found. All
the basalt masses, in both mesas and hills, are dissected
by erosion and have a weathered appearance. The basalt in this
area is not nearly as fresh in appearance as much of that in Cali-
fornia described by Darton.’* The relation of the basalt to the val-
ley fill proves it to be Quaternary, but it is probably not younger
than early Pleistocene.

STRUCTURE.

Normal faults are the most conspicuous structural features of the
rocks of this region. Thrust faults have not been found, and folding
appears to have been of minor intensity since early pre-Cambrian
time. There appear to have been three general periods of faulting—
one before and one after the outpouring of the Tertiary lava and
a third after the deposition of the older Quaternary alluvium. The

2 Gilbert, G. K,, U. 8. Geol, Surveys W. 100th Mer. BJept vol. 8, pt. 5, pp. 540-541,
1875.

B Darton, N. H., and others, Guidebook of the western United States, Part C, The Santa
Fe Route: U, 8, Geol Survey Bull. 618, pp. 154-185, 1915,
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faults of these three periods of movement can not be sharply differ-
entiated—indeed, it is probable that some movement along fault
planes has been in progress almost continuously from the beginning
of pre-Tertiary faulting to the present day. A few of the mountain
ranges in the region show no evidence of being faulted, either because
they had & different origin or because erosion has entirely removed
the evidence.

GEOLOGIC HISTORY.
EARLY PRE-CAMBRIAN TIME,

The remnants of the oldest pre-Cambrian rocks in this region are so
few, so scattered, and so intensely metamorphosed that almost
nothing can be learned from them as to the events of that ancient
time. These rocks comprise the micaceous and chloritic schist, quartz-
itic schist, and metamorphosed limestone found included in gneiss
in the Buckskin and Gila Bend mountains. Some of them have the
appearance of highly altered sediments, but that such is their nature
is by no means certain. The large amount of chlorite in some of the
schists suggests an igneous origin, but nothing more definite is known
regarding them. The record shows only that in early pre-Cambrian
time certain rocks, principally of sédimentary origin but perhaps also
in part of igneous origin, were formed here. These rocks were buried,
metamorphosed, and finally intruded by batholithic masses of gran-
ite and kindred rocks. The period of intrusion was followed by a
very long period of erosion. Nearly all the ancient schists were re-
moved and the granitic rock was exposed. Meanwhile the granites
had been rendered gneissoid, and the blocks of other rocks included
in them had suffered intense dynamic metamorphism.

LATE PRE-CAMBRIAN TIME.

The next event recorded was sinking of the land and influx of the
sea. A thick series of sandstone and limestone with some mudstone
was laid down in this sea.

Various dikes, principally of diabase and pegmatite, are asso-
ciated with the metamorphic formations. Some of them are to be-
correlated with the ancient batholithic intrusions and are older than
the pre-Cambrian sedimentary rocks. The field work was not suffi-
ciently detailed to make it possible to differentiate these rocks.
In the northern part of the region Bancroft found evidence indicat-
ing that volcanism occurred during the period of marine sedimenta-
tion.

PALEOZOQIC AND MESOZOIC TIME,

No sediments of known Paleozoic or Mesozoic age occur in the
region. Limestone and quartzite that may be Paleozoic are found in
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the Harquahala Mountains and elsewhere. (See pp. 20-21.) These
beds represent either sedimentation near the end of pre-Cambrian
time or a continuation of marine sedimentation in the Paleozoie,
but the evidence at hand is not sufficient to determine which. If
any other Paleozoic or Mesozoic sediments were ever deposited in
this region they have since been almost or entirely removed by ero-
sion. It is possible that small amounts of such rocks occur in those
parts of the region that were not visited during the investigation.
Enough is known, however, to warrant the statement that no large
areas of such rocks are present anywhere in the lower Gila region.

The region was again uplifted at some time after the period of
marine conditions recorded by the pre-Cambrian sediments. Ero-
sion was resumed and was long continued. If the marine sediments
covered the whole of the area at the end of pre-Cambrian time, they
were completely removed over large areas and the gneiss was once
more laid bare. There is abundant evidence, however, that the
surface over which the Tertiary lavas flowed was by no means a
plain. The country was rolling and hilly. Some of the small
mountain ranges of to-day existed then, although they were proba-
bly not as high or as rugged as they are now.

Granitic stocks or small batholiths accompanied or immediately
followed by dikes of various types were intruded into the rocks
of this region at some period after the pre-Cambrian and before the
Tertiary. The writers who have previously described such rocks
consider them to be Mesozoic. This correlation seems to be proba-
ble and entirely in accord with the facts so far as they are known.
Rocks of this type have been reported from the Dome Rock
Mountaing,** S. H. Mountains,** and Harcuvar Mountaing*¢ and
were also noted during the present investigation in the Buckskin
Mountains. A number of similar intrustions are known in adjoin-
ing regions.

The pre-Cambrian rocks were considerably metamorphosed during
the period between their deposition and that of the Tertiary lavas.
The metamorphism probably took place in pre-Cambrian time, for
Paleozoic rocks in adjoining regions show no evidence of having
been affected by it. There has been no close folding since the de-
position of the later pre-Cambrian rocks. Thick masses of such
rocks now exposed show no folding and little tilting. Faulting took
place during some period prior to the eruption of the Tertiary lavas,
and it is believed probable that the major areas of uplift which

% Jones, B. L., Gold deposits near Quartzsite, Ariz.: U. 8. Geol. Survey Bull. 620, p.
48, 1916.

15 Jones, B. L., A reconnaissance in the Kofa Mountains, Ariz.: U. 8. Geol. Survey
Bull. 620, p. 155, 1916. )

3 Bancroft, Howland, Reconnaissance of the ore deposits in northern Yuma County,
Ariz.: U. 8. Geol. Survey Bull, 451, pp. 29-30, 1911,
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form the present mountains may have been then blocked out, at least
in part.
TERTIARY TIME.

The Tertiary was a period of pronounced volcanism. Great sheets
of lava were piled up in flow upon flow. Agglomerate and tuff
are associated with the lavas, but in very subordinate amount. Quiet
outflows rather than eruptions of explosive violence were the rule.
Bancroft 1* states that volcanic plugs are present in several places
in the area in northern Yuma County which he examined and are
apparently more numerous near the lower portion of Williams River
than elsewhere. These plugs may represent remnants of Tertiary
volcanoes. Plugs of latitic rock occur near Saddle Mountain, west
of Quartzsite in the Dome Rock Mountains, and elsewhere in the -
region covered by this report, but such remnants of Tertiary vol-
canoes are rare. Quite possibly most of the eruptions were of the
fissure type, and there were no volcanoes, except a few small ones.
Probably lava flowed over much of this region during the Tertiary
period, covering most of the hills then existing. Apparently, how-
ever, some ranges were never capped completely by the lava. The
Harquahala, Little Harquahala, and Harcuvar mountains belong to
this class. Portions of the Buckskin Mountains and of some of the
other ranges may also have escaped being covered. Felsitic Tertiary
intrusives and possibly some lavas occur in the Dome Rock Moun-
tains, but this range is built almost exclusively of rocks of the basal
complex. If the range was ever lava-capped, all the lava has since
been removed by erosion. Comparatively little is known in regard
to the geology of the Laguna, Trigo, and Chocolate mountains, but
possibly portions of these ranges escaped the general flooding of the
region by the sheets of lava. Probably there was more than one
period of extrusion. Much more detailed work is required to de-
termine this point.

The amount of sedimentary rock of Tertiary age in this region
is small indeed compared to the many hundreds of feet of lavas. Un-
questionably volcanism, not sedimentation, was the dominant feature
of the Tertiary period. Much of the sedimentary rock is very
probably of terrestrial origin and was deposited under conditions
not very different from those of the present. This fact is better
shown in the exposures of Tertiary formations south of Gila River,
where stream-laid conglomerates occur.'®

The calcareous sediments found in several places within this
region and in adjoining parts of California tell a very different story.

7 Baneroft, Howland, op. cit.,, pp. 80-31,
% Bryan, Kirk, Erosion and sedimentation in the Papago country, Arigz.: U. 8. Geol.
Survey Bull. 730, p. 26, 1922,
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(See pp. 23-24.) These were unquestionably laid down in large
bodies of quiet water and are lacustrine or estuarine. A glance at
the map will show that the exposures of these deposits are scattered
over an area of approximately 2,000 square miles. Only one of them,
that near Osborne Well, is in an area covered by an accurate topo-
graphic map, hence the exact altitude of the others is not known.
The best estimates available, however, show that all the exposures,
ineluding those in California, are at altitudes of approximately 700
feet above sea level. Unfortunately, the paleontologic evidence avail-
able is not conclusive as regards the character of the waters in which
these beds were deposited. It is possible that they wers formed in
lakes lying between the mountain ranges. Much more probably,
however, they were deposited in an estuary, or estuaries, extending
north from the Gulf of California. In late Miocene or Pliocene
t'me the gulf extended much farther north than at present, flooding
southern California in the region of the Salton Basin.'®* Possibly
the calcareous beds in the lower Gila reglon mark the northern limit
of this incursion of marine waters.

Much normal faulting oceurred in the Tertiary period, some of it
on a large scale. Probably there was more than one period of fault-
ing, and possibly a number of such periods. The faulting resulted
in the formation of structural valleys between the upthrown blocks.
Folding either did not occur or was of very minor intensity.

QUATERNARY TIME.

The record of Quaternary events in this region is more detailed
and complete than that of the events of older geologic periods.

However, there is much that is still uncertain or entirely unknown

regarding the Quaternary history. One of the greatest difficulties
encountered in interpreting the record is that of -differentiating
between the older and younger valley fill, which show a very close
lithologic similarity.

Some uncertainty exists as to the division between Tertiary and
Quaternary time in this region. Lee?® believes that the uplift that
initiated the cutting of the Grand Canyon of the Colorado marks
the beginning of the Quaternary period. This uplift was very
probably essentially contemporaneous with that which resulted in
the deep cutting of the desert valleys. However, Lee elsewhere®
makes the sugestion that the lower portion of the fill in the Sakt

®wKew, W. 8. W., Tertlary echinoids of the Carrizo Creek region in the Colorade
Desert: California Univ, Dept. Geology Bull., vol. 8, No. 5, pp. 39-60, 1914,

» Lea, W. T., Geologie reeconnaissance of & pert of western Arizena: U. 8. Geol. SBurvey
Bull. 352, pp. 62-63, 1908, .

nTee, W. T., Underground waters of Salt River valley, Ariz.: U, 8. Geol. Survey
Water-Supply Paper 136, p. 114, 1905.

-
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River valley, which he considers may be lacustrine in origin and
notably older than the detrital material above it, is of Tertiary age.
This suggestion is strengthened by the discovery by Bryan and Gid-
ley 2 of Pliocene vertebrate fossils in alluvial deposits in San Pedro
Valley. Deep-well records show that there is a considerable-thick-
ness of clay or other fine material beneath the coarser detritus in the
Salt River valley. Records of wells in Buckeye and Arlington val-
leys and at Gila Bend show that similar conditions exist there also.
Considerable clay was encountered in several of the Southern
Pacific Railroad wells on Gila River west of Gila Bend. Fossil or
other evidence may eventually be found which will prove that these
deposits and the partly consolidated alluvium that crops out im
places are of Tertiary age. The recently found evidence in San
Pedro Valley makes this seem probable. Because of the advantage
of having a definite and easily recognized datum, the deep cutting
of the valleys, originally in large part of structural origin, is as-
sumed in this report to be the opening event of Quaternary time in
this region. Any sediments, whatever their origin, lying in these
valleys, would then be of Quaternary age. As the valley cutting fol-
lowed a structural disturbance of some magnitude, it is, in the
absence of fossil evidence, a logical event to assign for the beginning
of a geologic period.

After the valley cutting conditions were so altered that the streams
began to aggrade and the recently excavated valleys were filled to
great depths with detrital material. Basalt flows, the continuation
of the basaltic effusions at the end of the Tertiary, occurred at this.
time. As has already been stated, volcanism did not continue to as.
recent time in this region as it did in some other portions of the-
Southwest, notably southern California, but it continued intermit-
tently to a time considerably later than that in which the first valley-
fill was deposited.

When the valleys had been very largely filled with detritus re-
newed uplift occurred. In places the recently deposited sediments.
were faulted and somewhat folded. Degradation recommenced, and
much of the material with which the valleys had just been filled was.
swept out of them again. ]

Before all of the first valley fill had been removed, aggradation
was resumed and the younger fill was deposited. Some volcanism
appears to have occurred during this epoch, but it was much less.
pronounced than that of the time just preceding it. ‘Near Bouse, .
Yuma County, volcanic ash occurs in the fill not far from the
present surface. This is probably comparatively recent. Several of -
the lava flows may be of corresponding age.

22 Gidley, J. W., Preliminary report on fossil vertebrates of the San Pedro Valley, .
Ariz.: U. 8. Geol. Survey Prof. Paper 181, pp. 120-121, 1922,
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In comparatively recent time erosion of the younger fill has com-
menced, as is shown by terraces cut in it. The present flood plains
of the streams lie between the lowest of these terraces. Along both
Colorado and Gila rivers other terraces can be discerned above
these, but they are discontinuous and apparently of small significance.

At the present time both rivers are aggrading in their lower
courses. The channels are gradually being filled by the deposition
of fine silts. Both rivers carry large quantities of silt during floods
and are remarkably muddy at all times.

GROUND WATER.

GROUND WATER IN ROCK.

Within the lower Gila region ground water occurs almost exclu-
sively in the valley fill. Some shallow wells in or near mountains
obtain water from Tertiary lavas and sediments, but the yield of all
such wells is too small to be used for irrigation on any but a very
small scale. The water is, however, generally of good quality, so
that such wells may constitute important sources of supply where
large quantities of water are not required. The Webb Well, in the
Gila Bend Mountains, is a good example of such a well. (See p. 226.)

It is unlikely that artesian flows of any magnitude can be developed
from any of the consolidated formations in this region. In only a
‘few places are these formations sufficiently porous to be good
aquifers, and as they are apparently not continuous or uniform over
large areas, the sources from which they can obtain water are neces-
sarily small. The prevalence of normal faulting and the lack of
folding militates strongly against the occurrence of structure favor-
able to any considerable artesian flow.

GROUND WATER IN VALLEY FILL.

Large amounts of water can, on the other hand, be obtained from
wells in valley fill in several localities. A number of wells used for
irrigation in Buckeye Valley have yields of 200 gallons a minute,

. more or less. Some land along Gila River west of Buckeye Valley
is now being irrigated from wells. These wells are shallow and do
not have very large yields, but doubtless better and more reliable
supplies could be obtained by sinking deeper. Some of the wells in
the northern part of the region, particularly at Parker, yield enough
to be considered possible sources of water for irrigation. (See
pp. 115-117.) 1In every valley that has been prospected for ground
water some has been found. No wells have been sunk, so far as
known, in Castle Dome Plain or in Cactus Plain except at Parker.
Some of the smaller valleys have also not been prospected. There is

-
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every reason to suppose that water would be found in the fill in
these areas also. In most of the valleys at a distance from Colo-
rado and Gila rivers the water table is so far below the surface and
the yield is so small that it is doubtful if irrigation on a large scale
will ever be practicable. Enough water for watering stock and for
small amounts of irrigation can be developed in nearly or quite all
the valleys and plains. In Harris‘burg Valley and at Bouse and
Quartzsite the ground water lies at comparatively shallow depths.
If, as is entirely possible, considerable amounts of water of sufficiently
good quality can be developed in these three localities, irrigation may
prove successful there.

The analyses of water from wells in several localities in the region
are not very encouraging. In few wells can the water be said to be
really good. The average amount of total solids in the 26 analyses
made in the laboratory of the Geological Survey is over 1,000 parts
per million. However, only a few of the analyses indicate that the
water can not be successfully used if other conditions are favorable
and care and skill are used in irrigating with it. Water of suffi-
ciently good quality to be used for irrigation can certainly be found
in McMullen Valley, near Parker, in Buckeye Valley, and probably
in a large number of other localities in the region.

The water in the valley fill is the accumulation of the rain that
falls on its surface and the run-off from the neighboring mountains.
As practically all the valleys are open, the ground water drains’
slowly out of them in the direction of one or the other of the two
through-flowing rivers, instead of being held and stored up as it
would be in inclosed basins. This fact and the large excess of evapo-
ration'over rainfall in the region explain why large quantities of
water are not found in the interior valleys. The fill in the valleys -
of Gila and Colorado rivers receives supplies of water not only from
the area immediately bordering the streams in this region, but also
from the much better watered upper portions of these valleys. Hence
much larger quantities of ground water are to be expected from the
fill in these valleys.

The fill in the interior valleys does not appear to be a promising
source of artesian water. It consists of beds that are poorly sorted
and too discontinuous to afford favorable artesian structure. More-
over, the mountain ranges are too small and have too little rainfall
and too much evaporation to supply any large quantities of water to
the valley fill. Only a small part of the rain that falls on the
mountains probably finds its way into the valley fill. It is possible
that artesian conditions may exist in favorable localities in the val-
leys of Gila and Colorado rivers, although no indications of such
conditions are known in the lower Gila region.
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TYPES OF SURFACE WATER SUPPLIES,

By Kiex Bpyan®

The problem of finding water for man and beast increases in
difficulty with the aridity of a region. Im southwestern Arizona
and southeastern California aridity reaches its climax in the con-
tincntal area of the United States. Consequently water supplies
that in more humid regions would be wholly or almost wholly
neglacted are here of great importance. In the following pages
is presented a study of the characteristics of watering places due
to rainfall and its direct run-off, in contradistinction to wells, which
are dependent on the circulation of water in the ground. The
examples cited are drawn in part from the lower Gila region and
in part from the Papago country, which lies south of Gila River.
A report on the Pagago country now in preparation will contain
a somewhat fuller discussior of many of the watering places here
mentioned. The two regions have in common the same marked
aridity and a similar geologic structure and history. Their water-
ing places are therefore similar in kind and of equal importance
to the scant population and the traveling public. Travel proceeds
from watering place to watering place, settlements are established
at or near water, and consequently even the maps reflect the im-
portance of water supply. 'Woolsey Tank, Deep Well, and Winter’s
Wells are significant American plece names; and Agua Caliente
{hot water) and Agua ¥ria {cold water) record the travel and
settlement of the Spaniards. South of Gila River Cubo, Toaukvo,
and Moivavi are watering places and Indian villages whose equival-
ent mames in English would be Big Pond, Ridge Pond, and Many
Wells.

STREAMS AS WATERING PLACES.

Streams vary in importance as sources of water supply aecording
to their size and habits. In ssuthwestern Arizona there are no large,
permanent streams except Colorado River, along its western border.
Al the other streams are mbarm:ttent, interrupted, or ephemeral.

INTERMIYTENT AND INTERBRUPTED STREAMS.

-

Intermittent streams flow for a part of the year, usually for a
month or more. This period of flow is fairly definite in its time and

% This section, oniginally written as part ¢f a peper by Kirk Bryan, entitied * The
Papago country: a geographic, geologic, and hydrologic reconnaissanee” (in prepara-
tion), has been sdaptedt for use in this report by Clyde P. Ross. Data on streams in
the jower Gila region have been added, examples of tanks and other features from that
mg:ond'lnve been givem, and most of the examples from the Papego country have been
-omitte:

N
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usually comes in the spring, after winter rains or the melting of
snow, or follows the summer rains. No very large streams of this
character can originate in such a region as southwestern Arizona.
They commonly have their headwaters either in humid regions or in
large areas of mountainous country, which are not found within this
portion of the arid belt. Such a stream is Gila River, which rises in
the rugged and wooded Mogollon Mountains of western New Mexico.
The muddy floods of this river have been a constant temptation to the
agricultural speculator from the days of the primitive Pimas
throughout the period of settlement by the whites. At times these
floods attain considerable proportions. A run-off of probably 185,000
second-feet in one flood has been recorded on the Gila at Yuma.2*
The average annual run-off at the same place is 2,750,000 acre-feet.

Many intermittent streams are also interrupted—that is, they have
a permanent flow over short stretches of their courses throughout the
year. Itis this characteristic of Gila River which has made its valley
the best practicable route from the Rocky Mountains to California
across the southern desert regions. - Throughout its length are
stretches which have perennial water, and along these stretches there
has been more or less permanent settlement and irrigation by the In-
dians and later by the whites.

Similarly, Santa Cruz River, which rises in the relatlvely high
mountainous area east of Nogales, is a more or less continuous water-
ing place from the international boundary northward to Tucson.
Throughout this portion of the valley irrigation was practiced by the
aboriginal Sobaipuri, and perhaps also by Papagos. North of Tucson
there is no permanent watering place on the Santa Cruz much above
its junction with the Gila, but throughout this territory a certain
amount of flood-water irrigation has always been carried on. .In
other words, this interrupted stream through the upper part of its
course has a small permanent flow, but in the lower part it is wholly
intermittent.-

The only intermittent streams in the lower Glla region are Gila
River, already mentioned, and Agua Fria and Hassayampa rivers,
which have their sources within the region. They are also inter-
rupted and near their sources are perennial. Water can be found
in pools and reaches in the channel of Gila River near its junction
with Colorado River, at Antelope Bridge, near Aztec, at Gillespie
dam, and at numerous other places. Even where little or no water
remains above ground in the channel it can frequently be obtained
by digging a short distance into the sand. The river water should
not be used for human consumption.except in an emergency. If the

2 Cory, H. T., The Imperial Valley and the Salton Sink, p. 1200, San Francisco, John J.
Newbegin, 1915.
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water is drawn from a hole dug 2 feet or so into the sand instead of
being dipped directly from the river or pool, it can be used with
little danger, especially if it is boiled.

Hassayampa and Agua Fria rivers are much smaller than the Gila.
The Hassayampa has little or no perennial water in its channel.
The excess water from the Buckeye project drains into it near Palo
Verde, so that the lower portion of its channel contains water a
large part of the year. Agua Fria River is a somewhat larger
stream and may have water at the surface in some localities during
most or all of the year. A table showing the available data on the
discharge of Hassayampa and Agua Fria rivers in the upper por-
tions of their courses is appended. Data on the discharge of the
Gila at the stations in the lower Gila region are given on page 107.

Monthly discharge of Agua Fria and Hassayampa rivers.
Agua Fria River near Glendale.®

. Discharge in second-feet.
Run-off in
Month. acre-feet.
Maximum. | Minimum.| “ean.
2 43.0 2,640
3 7.3 434
8 164 10,080
............ 2,470 152,000
20 870 48,300
70 148 9,130
22 41.3 2,460
1l 161 9,900
8 9.9 589
8 88.5 5,440
37 104 6,410
4 40.8 2,430
2 345 250,000
Hassayampa River at Walnut Grove.b
November 21-30, 1912. . c.vcvvereerrecnnneannnnanecnnan L2 1.0 1 21
mber........ 3.8 9 113 89
January, 19 L0 0.5 0.94 58
Feb: 22 1.0 2. 16 120
March.. 29 10 14,2 873
April.. 29 2.0 16.0 952
MAY e ittt eiaeiiae ittt rearansereaan e, 2.0 .0 .68 42
JUM. et iiiiciiiaeieaseacieacaanaas .0 .0 .00 0
JUY et aeaiae e 13 .0 .53 33
AUZUI e eevtieienaaecictiaaaeaaarseensesnnanns R6 .0 3.33 205
21 2 NS S PP 235 .1 10.4 619
October.. 2.9 .1 .29 1o
Novembe; 8.5 2 1.3 76
December. . . ; 5 . g . §2 13'15
TJAnuAry, 1914, .ot iiiei e e accee e e 3 . .
FODIUATY oo ieieiaiiaiaiaecntecacannectoonnsenncacannan 46 .0 10.8 600
I 8 .3 1.55 95
.3 .2 .25 15
58 .0 2.0 123
12 .0 1.2 71
108 .0 13.8 849
56 .0 0.5 584
.5 .0 .19 11
108 .0 3.57 2,580

a U, 8. Geol. Survey Water-Supply Paper 409, p. 225, 1918,
5 U. 8. Geol. Surve; ‘Wal -Suggly Paper 359: p. 251: 1916; Water-Supply Paper 389, p. 188, 1917.
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Montkly discharge of Agua Fria and Hassayampa rivers—Continued.

Hassayampa River near Wagener.°

Discharge in second-feet.
Run-offin
Month. acre-feet.
Maximum. | Minimum.| Mean.

October, 1914, . oo iiiiiiiiiiiierienaeeiraniennnans 160 0.0 14,2 873

Novermbher....ooeivieeecanneannn. . 194 1.0 22.0 1,310

December. .....couiieicunnne. . 10 L5 2.2 135

January, 1915 .................. . 250 1.5 14.9 916

February .. - 210 25 1056 5,850

March.....coeeannn... . 175 556 106 6, 520

April.ceciceinnnnnnns . 110 10 2.7 1,710
ay... " 160 25 130 7,990 -

June.. 100 1.0 2.3 | 1,580

July... 660 1.5 81.2 4,990

August...... . 660 .5 70.9 4, 360

September. ............. cene 25 1.0 2.8 168

The FOAT. c.ceenentmaaaneeaeiarecnsnsnsnnnnnnnnnan 660 . 0.0 50.2 36,400

¢ U. 8. Geol. Survey Water-Supply Paper 409, p. 227, 1918,
EPHEMERAL STREAMS.

. «

Ephemeral streams flow only during or after rains and as an
immedinte result of the rain. The largest of them rise on the steep
and rocky sides of the mountains or on the broad slopes of higher
alluvial plains. They furnish water for drinking by man and
stock for only short periods, but these periods are important, for
they may permit journeys into districts that are at other times
without water, and they enable stock to spread out immediately
after a rain into territory where they are ordinarily unable to graze.
It is a curious feature of the desert that a comparatively large
amount of irrigation is carried on there by means of flood water.
For agriculture of this type the conditions of aggradation that
prevail in most of the valleys are peculiarly favorable. In many
parts of the arid West the channels of the ephemeral streams are
intrenched from 5 to 40 feet below the adjacent flood plains, making
irrigation by flood waters extremely difficult. However, where
aggradation is taking place, as in most of southwestern Arizona,
the flood waters spread from one side to another of a narrow valley
between hills or over vast alluvial slopes at the foot of the
mountains. Such sheet floods may be utilized for irrigation with
much more than usual success. The Papago from prehistoric time
to the present has been dependent for his living upon crops raised
by this method of farming. In the Papago country ephemeral
streams are therefore by no means an unimportant part of the water
supply. White men do not commonly utilize this source of water
for agriculture, however, and consequently in the country north of
Gila River, where Indians are rare, ephemeral streams are valuable
principally as watering places for cattle and for men distant from
more reliable supplies.
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CENTENNIAL WASH,

The large dry streamway that in its upper course is called the
Cullen Wash and in its lower course Centennial Wash forms the
longest continuous drainage channel in the lower Gila region, except
the two through-flowing rivers, the Colorado and the Gila. (See
Pls. II-IV.) The name “ Centennial ” is said to have been given be-
cause this wash was supposed to be 100 miles long. If Cullen Wash
is included this is not a great exaggeration. The combined length is
certainly nearly 90 miles and may be more. It will serve as a good
example of an ephemeral stream.

Cullen Wash drains southwestward through McMullen Valley, in
which Wenden is situated, and receives water from the Harquahala
and Harcuvar mountains. The exact length of this wash was not de-
termined, becaus¢ the northeastern part of McMullen Valley was not
visited durmg the present investigation, but as it has a strongly
marked channel at Wenden, it evidently rises far above that town.
Where it leaves McMullen Valley and enters the west end of Harris-
burg Valley it makes a rlght-angled bend and leads toward the south-
east. Just above this turn it is 200 or 300 feet wide and is bordered

.by banks of soft silt about 4 feet high.

From the pomt where the wash enters Harnsburg Valley to the
point where it dxscharges into Gila River, a distance of nearly 60
miles, it is known as Centennial Wash. It drains Harrisburg Val-
ley, the Harquahala Plain, Eaglet#il Valley, and a large part of
Arlington Valley. It receives water from the Harquahala, Little
Harquahala, Eagletail, Bighorn, and Gila Bend mountains and
from Lone Mountain, Saddle Mountain, and the Palo Verde Hills.

The characteristics of this stream vary markedly in different parts
of its course. In Harrisburg Valley it has a well-defined grawvel-
bottomed chanrel, bordercd by mesquite and palo verde trees. A
peculiarity of the drainage in this valley is that the tributaries from
the north leads southwestward, whereas Centennial Wash leads
southeastward, suggestmg that the valley originally drained toward
the northwest. This is not well shown on the map (Pl III}, be-
cause not enough topographic detail is given, but if a detailed con-
tour map were prepared this fact would be brought out. Ground
water is encountered in Harrisburg Valley at depths of 18 to 30
feet, as compared with 100 feet and more in McMullen Valley and
290 to 400 feet on the Harquahala Plain. This condition is prob-
ably due to the fact that the valley fill is much shallower in Harris-
burg Valley than in either McMullen Valley or Harquahala Plain.
At Tolladay’s Well, at the east end of Harrisburg Valley, the depth
to bedrock is 76 feet, and the wells on Mr. Reid’s ranch, about a
mile west of Tolladay’s Well, are only 38 to 42 feet deep and are re-
ported to reach bedrock. The southeast end of Harrisburg Valley,
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through which the stream emerges, is narrow and gorgelike, as com-
pared with the wide northwestern entrance, and these facts all tend
to indicate the possibility that there have been marked drainage
changes here in recent geologic time. It seems likely that Cen-
tennial Wash, eating back by headward erosion across Harquahala
Plain, cut through a divide just east of the present site of Tolladay’s
Well. The stream would then have been able to tap the drainage
of Harrisburg Valley and cause it to flow east; but before this cap-
ture the water from Harrisburg Valley probably flowed northwest
into Cullen Wash, which then continued west, perhaps escaping from
McMullen Valley through Granite Wash Pass, instead of making an
abrupt turn into Harrisburg Valley as at present. The preparation
of an accurate contour map of this section of the country would do
much to prove whether or not this hypothesis is correct.

Centennial Wash keeps its well-defined chavuel only a short dis-
tance beyond Harrisburg Valley and then begins to split up into
several channels, fingering out downstream. A few miles southeast
of the point where the wash leaves Harrisburg Valley no channel
exists, but lines of mesquite bushes extend across the adobe plain.
These lines of green join and part again, forming a pattern very
similar to that produced by the channels of a braided stream, but
they follow no visible channels. The slope of the plain is not great..
It was not measured but can hardly be as much as 25 feet to the mile.
The tributary washes that enter the Harquahala Plain spread out
likewise a short distance from the mountains. Their channels dis-
appear, and their courses are marked only by growths of galleta and
other grasses and by scattered palo verde and mesquite bushes.

Where Centennial Wash enters Eagletail Valley it forms an-
other well-marked channel perhaps 200 feet wide with banks 2 to
4 feet high lined with palo verde and other bushes. In this valley
it receives several large tributary washes that head in the mountains
on either side.

The channel disappears almost immediately on leaving Eagletail
Valley, and thence to Gila River the line of flow is marked only
by a luxuriant growth of mesquite trees. So dense, however, is this
thicket near the river that the cow punchers can not penetrate it
with their horses. If cattle get into it, they are in a sanctuary,
safe from pursuit until they wander out again. There are a number
of discontinuous runways, most of them only a few inches wide,
cut in the adobe soil in the mesquite thicket, but nothing like a
continuous and definite channel. These little runways apparently
change with every rain. Along Centennial Wash in Arlington
Valley are some discontinuous terraces and gravel eminences whose
origin is obscure. It is suggested that they may be related to the
lake that must have temporarily filled this valley when the lava
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flow dammed Gila River at the present site of the Gillespie dam.
(See pp. 70-71.) Several large washes enter Arlington Valley from
the Gila Bend Mountains and persist as gravel-bottomed channels
almost or quite to Centennial Wash. The wash that emerges from
the mountains where the old road to Agua Caliente enters them
forms in the lower part a gravelly channel between distinct terraces -
a quarter of a mile apart. The channel is only 50 feet wide and
is bordered with palo verde trees.

It is to be noted that wherever Centennial Wash or its tributaries
have channels with well-defined banks the characteristic bush is
palo verde, usually with more or less ironwood and other bushes,
and wherever they spread out over adobe flats the characteristic
vegetation is mesquite, commonly accompanied by bunch grasses.
This rule appears to hold in general for all the washes in this part of
Arizona. '

Centennial Wash does not have anything like a uniform grade
throughout its length. The grade in Harrisburg and Eagletail val-
leys appears to be distinctly greater than it is elsewhere, and the
channels in these valleys contain much coarser material than else-
where. That in Harrisburg Valley is gravel, which increases in
coarseness downstream: At the east end of the valley boulders 2
feet in diameter were noted in the gravel, but most of it is composed
of pebbles much smaller than this. In Eagletail Valley the channel
is flogred with coarse sand and gravel. Cullen Wash (the upper
end of Centennial Wash) contains coarse sand. Its grade would
zppear to be greater than those of the portions of Centennial Wash
in Harquahala Plain and Arlington Valley but less than those of
the portions in Harrisburg and Eagletail valleys. The part of Cen-
tennial Wash lying in Harquahala Plain apparently has a lower
grade than any other part.

LAKES AND PONDS.

In humid regions lakes and ponds are common. (Glaciated regions
are characteristically dotted with lakes. In arid regions, on the con-
trary, lakes are relatively rare, not because there are in such regions
no sufficient causes to produce lake basins, but because the basins
formed are rapidly filled up.and obliterated by sediment brought in
by muddy streams, or they may be but seldom filled with water by
feeble streams, or they may be rapidly dried up by excessive evapora-
tign. The chief causes of lake basins in an arid region are earth
movements, the blocking of valleys by sediment brought in by tribu-
tary streams, by wind-blown sand, or by flows of lava, and the
scouring out of hollows by wind erosion.

The lakes and ponds that occur in such a region are therefore im-
portant. The only natural water bodies in the lower Gila region large
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enough to be called ponds are the sloughs and shallow ponds along
Colorado River. In the silt-floored valley between the Bighorn snd
Vulture mountsins water is reported to stand to a depth of 1 or 2 feet
over a considerable area for some months after a heavy rain, thus
constituting a temporary lake. Shalow sheets of water are at times,
‘after exceptional rains, formed in other localities, such as the Rane-
gras Plains near Desert Well, but these are of very brief duration.

CHARCOS.

In the Papago country the term * charco ” is applied to a ratural
water hole in an adobe flat or a wash, but in other parts of the
Southwest the same type of water hole is called a “mud hole” or
“mud tank” or is net distinguished from other types of tanks or
“tanques.” “ Charco” is a Spanish word signifying a pool of stand-
ing or stagnant water and has the advantage of being a distinetive
name. The word “tank ” may then be reserved for a natural reser-
voir in rock. .

Charcos are found as single pools or a series of pools alung the
streams that deposit fine-grained material, usually sandy clay or
adobe. They vary in size from shallow pans 18 inches deep and 3
feet wide by 6 feet long to depressions 5 to 6 feet deep, 15 to 30
feet wide, and more than 1,000 feet long. They constitute an impor-
tant source of water supply in the P‘apago country but are rare or
absent in the lower Gila region.

ROCK TANKS.
DEFINITION.

A rock tank is a watering place consisting of a ¢avity or depression
in rock which fills periodically with rain or flood water. The Mexi-
cans commonly and many Americans use the Spanish word “ tinaja,”
meaning a bowl or jar, in speaking of a rock tank. These cavities
may occur either away from stream chanmnels or in stream channels.
(See Pl VII, B.)

ROCK TANKS AWAY FROM STREAM CHANNELS.

In mountains or hills small rock pockets are found which are due
to the unequal weathering of rock surfaces. They range in size from
depressions s few inches across and half an inch deep to pans 5 to 20
feet across and 6 to 8 inches deep. Such pockets hold water for
longer or shorter periods after a rain. They are of little value as
watering places, yet the experienced hunter and traveler knows, well
how to take advantage of their existence for the few hours or days
that they hold water. On the upper portions of Saddle Mountain,
{for example, are a number of such pockets. They are very shallow,
but some are reported to be 10 feet or more in diameter.
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ROCK TANKS IN STREAM CHANNELS.

The largest rock tanks are those due to irregularities in the rocky
beds of streams, which contain pools of water after floods. These
irregularities are produced by eddies and vagaries of the current,
which tend to erode the stream bed unequally. They are probably
no more common in ephemeral streams than in the permanent streams
of humid countries. The beds of ephemeral streams are, however,
exposed throughout their length during the greater part of the year,
and on this account undrained depressions in them are easily found.

The common depressions are of five types—joint-block irregulari-
ties, scour depressions, riffle hollows, normal potholes, and plunge
pools. Most rocks are divided into blocks by sets of intersecting
fractures or joints. The impact of the current and of the sediment
which it carries tends to break out blocks of rock in the stream
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Ficure 8.—Diagram showing five types of depressions in stream beds.

channel. This process of plucking results in irregularities of the
channel, as shown in Figure 3, A.

‘Where the joints are widely spaced the blocks are large and the
depressions are correspondingly large. Closely spaced joints, how-
éver, produce a rough but comparatively even-floored channel. It
is obvious that very wide spacing of joints will produce joint frag-
ments too large to be easily removed, and for any stream there
is an optimum spacing of the joints that will produce the maximum
roughness of channel floor. In these depressions water remains
after a flood, but few of them are of great importance as watering
places. Commonly the process of joint-block plucking is combined
with the processes detailed in the following paragraphs. The frac-
tures must be water tight or nearly so in the bottom and downstream
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wall of the tank, else the water will drain rapidly. In some tanks
it is evident that joints on the upper side of the cavity are open and
that through them small amounts of water seep into the tank for
short periods after floods.

Where the channel of a stream is curved the swiftest thread of the
current is near the outside of the bend. The maximum erosive force
of the current is exerted over a crescentic area in the bend, as is
shown in Figure 3, B. Such an area is likely to be scoured below
the grade of the stream, producing a hollow of the type here called
scour depressions. In combination with joint-block plucking and
the formation of potholes this scouring process is likely to form
good-sized tanks in hard rock.

Riffle hollows occur where the bed of a stream is composed of
alternate layers of hard and soft rock, as illustrated in Figure 3, C.
Erosion of the softer rock is carried below the grade established by
the harder rocks, which project in the stream bed and constitute
obstacles to the stream flow. Such depressions are commonly from
3 to 12 inches deep and vary in size according to the spacing of the
harder portions of the rock in the stream bed. Riffle hollows make
very shallow pools unless they are deepened by pothole action or
unless they grade into plunge pools.

A pothole is formed by a rotary grinding or drilling of an original
hollow in a stream bed by sand, pebbles, or boulders carried by the
current. The top of a pothole is nearly circular, and the diameter
increases below, as shown in Figure 3, D. The diameter may range
from 8 inches to 10 feet or more, and the depth from 6 inches to 8 feet
or more.”® Potholes are developed in all streams that are actively
eroding their channels in consolidated rock, but they are more likely
to be found in gorges and below waterfalls. They are thus associ-
ated with and grade into plunge pools. ‘

A plunge pool is formed by the impact of water and the sand and
gravel which it carries, at the foot of a waterfall (Fig. 3, E). A
fall differs from the protuberances in a stream bed described above
in that it is usually great enough to cause a flexure in the flood
surface of the stream. Consequently a very high velocity, accom-
panied by eddies and back currents, is present at the foot of the
fall. The erosive effect at the foot of the fall increases with the
discharge of the stream in flood and the quantity of the sediment
carried, though it depends to some extent on the character of the
sediment. The ordinary stream in southwestern Arizona is com-
petent to erode pools about 10 to 20 feet in diameter and 3 to 10
feet deep.

® Elston, E. D., Potholes, their'variety, origin, and significance: Sei. Monthly, vol.
5, pp. 564-567, 1917 ; vol. 6, pp. 37-51, 1918.
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The shape of the pool depends on the character of the rock and
the amount of modification due to joint-block plucking and pothole
formation. Plunge pools constitute the largest type of channel irregu-
larity and consequently hold the largest pools of water. Most rock
tanks are of this class. Horse Tanks (p. 210 and Pl XXIII, 4),
Ladder Tanks (p. 211), and McPherson Tanks (p. 218),in the Castle
Dome Mountains, are typical examples.

PHYSIOGRAPHIC RELATIONS OF ROCK TANKS.

From the foregoing discussion it is obvious that the largest rock
tanks are plunge pools at the foot of falls, and that even channel
depressions of the other types are likely to be larger in the parts of
a stream near falls and rapids. The factors governing the occur-
rence of falls are thus of importance. Falls occur in southwestern
Arizona at localities of at least three types—where there are marked
differences in the ability of adjacent parts of the rock to resist ero- -
sion, where dissection of a mountain pediment on a new grade pro-
duces headwater falls, and where renewed uplift of fault-block
mountains produces falls on a stream that crosses the fault line.

FALLS DUE TO DIFFERING EROSIVE RESISTANCE OF ROCK.

Falls due wholly to an unusually resistant rock were found in
only one locality and on a minor scale; but the site of falls due to
other causes may be determined by a resistant bed, as at Horse Tanks

(p. 210).
FALLS DUE TO CHANGES IN STREAM GRADE.

Many of the mountains of southwestern Arizona are surrounded
by plains known as pediments,?® which slope to the intermontane
valleys. These plains are underlain by hard rocks similar to those
of the mountains. The streams that once wandered more or less at
will across them are now intrenched in steep-walled gullies or little
canyons, which are deeper toward the mountains. The canyons in-
crease in length by headward erosion. At the head of each little
canyon is a fall or rapid that marks the separation between the old
grade and the new. These relations are brought out in Figure 4.
As each stream that heads in the mountains suffers such a change
in grade there are many falls. Though not every fall produces a
plunge pool large enough to make an effective watering place, the
prevalence of falls due to the dissection of mountain pediments
1s the principal reason for the large number of rock tanks in the

® Bryan, Kirk, Hrosion and sedimentation in the Papago country, Ariz.: U. 8. Geol.
Survey Bull. 730, pp. 52-58, 1922,
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desert region. The local conditions at each fall determine the size
and effectiveness of the plunge pool and associated potholes as water-
ing places.
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Figurs 4.—~Diagram showing the production of falls and tanks by the erosion of a
mountain pediment on a new grade.
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FALLS DUE TO RENEWED UPLIFT.

Most of the mountains of southwestern Arizona are narrow up-
lifted strips of the earth’s crust bounded by faults on one or both
sides. After uplift streams cut canyons and established smooth

- grades from the crest of the mountains to the adjacent valleys. In
certain ranges renewed uplift took place on one side of the mountains.
only, probably along the same fault plane on which the original up-
Lift occurred. This uplift resulted in flattening the old stream grade
in the higher part of the mountains and produced a cliff or fault
scarp across the stream channels on that side of the range. Streams.
immediately began to cut headward through this fault scarp, and
it has generally been removed. However, in certain ranges, the Sierra.
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Ficuae §.-—Diagram showing production of falls and tanks by renewed uplift of eroded’
fault-block mountains,

Estrella and the Tinajas Altas Mountains in particular, the new
grade has not yet reached the crest of the range and is separated .
from the old by falls, as illustrated in Figure 5.
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S8AND TANKS.

Sand tanks are a variety of rock tanks formed in stream channels
in the several ways above outlined and differing from other rock
tanks only in being filled with sand. They are produced when the
tail end of a flood carries sufficient sand to fill the cavities; when the
later part of the flood is relatively clear the rock tanks are filled
with water only. The sand thus deposited in the rock basins is satu-
rated with water. The upper portion quickly dries, but because the
pore spaces between.the grains are relatively large and capillary
action is unable to bring the water to the surface, further evapora-
tion can not take place. Though for the same size of cavity the vol-
ume of water in a sand tank is less than a fourth that of a rock
tank, the water commonly remains in it for a longer period after a
flood. The use of the water by animals is restricted by the necessity
of digging holes down to the water level and throwing the sand out
of the tank. Coyotes are able to do this with great ease, but hoxses, -
burros, and cattle have great difficulty in digging in the sand. Many
rock tanks, on the other hand, are so accessible to wild animals and
stock that within a few days after they are full all the water has
been used. '

DIRECT UTILIZATION OF RAIN WATER.

RAIN WATER SHED FROM ROOFS.

The saving of rain water by various devices has long been practiced
in localities where other supplies are inadequate or where the water
available is distasteful. Many prospectors’ tents are equipped with
gutters that direct rain water shed from the tent roof into cans and
other receptacles.

In and around Ajo during the long period ef development of this
camp miners and prospectors have contended against the disadvan-
tage of inadequate water supply. Not only was the amount of water
small, but many of the wells furnished Wwater -containing salts-of
copper. During the period of construction of the plant of the New
Cornelia Copper Co. in 1914 and 1915 the population was about
5,000 and drinking water was sold by the bucket in stands and
peddled on the streets by hucksters. To make up the deficiency in
well water, nearly every house was equipped with gutters and tanks
to save rain water. A common form of apparatus is shown in Plate
VIIIL, B. Cistern water of this kind was used for drinking and
cooking only and thus made to last for a considerable length of time.

Wherever the need is great enough roofs for the sole purpose of
collecting rain water mlght be erected. Such structures have been
used successfully on roads in the deserts of Australia.?”

7 Gregory, H. E., Australia, The lonely continent: Nat. Geog. Mag., vol 30, p. 554,
1916, and personal communication.
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WATER CATCHES.

“Water catch” is a term in use in Bermuda, India, and other
British colonies for a.natural or artificial surface constructed solely
for the collection of rain water.?® Such a system of obtaining water
has many -advantages.

The construction of a water catch involves selection and prepara-
tion of the site and construction of a eistern or container. The
site selected should have the maximum of bare rock surface and
the minimum of soil and vegetation. It is obvious that such places
are mostly slopes. Excessively large drainage areas should be
avoided, because of the expense involved in cleaning and fencing
them. Granite and gneiss are most likely to furnish suitable
surfaces. Lava is likely to have many cracks, and some lava beds
are so porous that the run-off from them in small showers is likely
to be. almost nothing. Places can be found, however, where the
lavas are very thick, uniform, and free from ecracks. Certain
massive conglomerates erode with great bare rock surfaces, but
they absorb considerable rain, so that on such rock larger drainage
areas should be provided.

‘Where the rock surface does not drain naturally to a single outlet,
masonry or concrete walls should be built to direct the water. The
cracks in lavas may of course be cemented, or wholly artificial
surfaces of concrete may be constructed on hillsides of soft material,
but it is thought that in general the expense involved in such work
is too great. On ordinary rock surfaces all the bushes should be
cut, the soil swept up, and the loose rock piled. Free movement
of rain water can then take place, and a minimum of dirt and trash
will be carried to the cistern. A strong fence, preferably of woven
wire, should be provided to pgevent contamination by animals.

The cistern or water container may be built above or below the
ground. The simplest arrangement is a shaft, but the difficulty of
providing a suitable screen to prevent the entrance of trash with
the water and to exclude animals is great. A cistern built partly
or wholly above ground has the advantage that water is readily
taken from the bottom and suitable screens may be provided. Figure
6 shows such a cistern providing a storage capacity of 12,000 gallons.
It has a base 18 feet square inside and an inside height of 10 feet.
Tt requires 30.8 cubic yards of concrete, which, with a mixture of 1
cement to 2 sand and 3 gravel, and plastered inside, will require 56
barrels of Portland cement. If reinforced with iron rods spaced 8
inches apart it will require 690 feet of 4-inch rods.

The area of prepared surface required to fill a given cistern is
difficult to estimate. It is obvious that the smoother and less

% Gregory, H. B., The Navajo country: U. S. Geol. Survey Water-Supply Paper 380,
p. 120, 1916.
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absorptive the surface and the. greater the slope the more efficiently
will the water catch work. At the Fortuna mine (PL IX, A) the
catchment surfaces are very imperfect, yet the smallest, having a
surface of only 25,000 square feet, furnishes water sufficient for the
prospect hole, which has a capacity of about 15,000 gallons.

SANITARY CONSIDERATIONS.

"Rain water conveyed over a bare rock surface to a clean tank or
cistern remains clean and palatable if it is protected from contamina-
tion. At some places the water saved by the water catches contains
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FieuRp 6.—Reinforced-concrete cistern for water catch. Designed by A. J. Bliis.

trash and vegetation of various kinds, which rots or putrefies. This
putrefaction.is due to bacteria that thrive in darkness, for in all the
examples noted the stored water is protected from direct sunlight.
After the organic matter is broken down and liquefied a further
oxidizing action takes place, and the water becomes clear and only
slightly discolored. If the water were stored in open pans or reser-
voirs and not protected from sunlight, other bacteria and many
algous plants would grow in the water, die, and in turn decompose.
Thus a continuous process would keep the water unfit for drink-
ing. It is therefore essential that light should be excluded from the
cistern. Any leaves or twigs that pass the protective screen will be
decomposed in a single period, at the conclusion of which the water
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will be fit for drinking. The cleaner the water catch the shorter
this period will be. With thorough precautions against admitting
any organic matter to the cistern, no putrefaction will ensue.

All bodies of water in the desert attract animals, and many water-
ing places are defiled by their dead bodies or excreta. The smooth,
shelving sides of rock tanks are veritable death traps for mountain
sheep. As the water gets low the sheep take greater and greater
risks in drinking and sometimes fall in and drown. Rats, mice, and
rabbits are similarly trapped. For smaller animals an inclined
path may be built which will enable them to drink at any water
level. Efficient screening is, however, best, because by using a suffi-
ciently fine mesh bees may also be excluded. Bees are common in
the desert, hiving in the caverns and crannies of the rock. They
drown in large numbers, and their dead bodies give water an un-
pleasant taste and odor. In the design of cistern recommended the
same-sereen that excludes trash serves to exclude animals also.

The chance of the introduction of disease germs into a cistern is
much reduced in a desert region because of the sparse population.
Even crude devices are not likely to be contaminated by disease
germs. Travelers may protect themselves if water from such a
supply looks particularly foul by boiling it before use. Boiling will
probably make the danger from disease germs negligible but will
not increase the palatability of really foul waters.

RESERVOIRS.
PURPOSES.

In southwestern Arizona many small reservoirs for the storage of
flood water are built by individuals and small companies, largely
without expert advice. The number. of such enterprises could be
increased with great benefit to the region. The if)llowing para-
graphs review the conditions under which dams must be built and
point out the best practice. Large irrigation and power projects
are not likely to be considered for most of this region because of
the absence of great rivers. Moreover, such enterprises present
many special problems in engineering and finance, the correct solu-
tion of which can be arrived at only by large organizations with a
competent technical staff. )

The problems involved in constructing the smaller reservoirs vary
somewhat according to the purposes for which they are built. Four
general purposes are common—supplies for mines, stotk-watering
places, domestic supplies, and irrigation.

Mines require comparatively large quantities of water for milling
operations and the use of the people employed. Shallow wells in
the near-by hills usually suffice for prospecting, but when larger
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operations begin a larger water supply must be obtained. The .
mines of the region are at the edge of or within the mountains.
Wells of good yield can be obtained only near the centers of the
larger valleys, at a distance from the mines. Water obtained from
such wells must be pumped against a high head through a long pipe
line. The old mines at Welden, in the Quijotoa Mountains, Pima
County, and the Fortuna mine, in the Gila Mountaing, Yuma County,
were so supplied. The recently developed water supply for the New
Cornelia Copper Co. at Ajo, Pima County, is an example of this
solution of the problem. However, reservoirs to store the flood
waters of mountain canyons may often be equally advantageous.
The Allison mine, in the Baboquivari Mountams, and the Montana
mine, in the Tumacacori Mountains, both in Pima County, have
masonry dams and reservoirs.

Reservoirs for stock-watering places are usually small and are built
in the edge of the mountains or more commonly in the plains. Their
location is fixed by the position of grazing lands and the absence of
other supplies. Locations for reservoirs in the foothills may be so
chosen that the dam will have a rock foundation, or at least a rock
spillway. In construction such reservoirs resemble those in the
mountains. Reservoirs in the plains have their special problems dis-
cussed at length below. As stock-watering places reservoirs have many
advantages, for if properly located and built they require attention at
only infrequent intervals and are likely to have the most water dur-
ing the season when the grass isbest. They are relatively inexpensive,
and so many sites are available that the stock can be widely spread
over the range, with the great advantage of preventing overgrazing
of parts of the region while other parts are undergrazed. The reser-
voirs are full just after rains, and the stock can use the forage around
them, while the vegetation in areas around permanent water is grow-
ing under the most advantageous conditions.

The use of reservoirs for domestic water supplies is not common
among the white population, except at certain mines where the drain-
are area is usually free from contamination and reasonable sanitary
precautions are taken.

The storage of flood water for irrigation seems without investiga-
tion a most natural line of development in a dry country in which
the work of flood water stands out so prominently to even the casual
traveler. On every hand are large channels in which drift wood,
overturned trees, and great boulders testify to the passage of large
quantltles of water. Yet the difficulties of profitable storage of water
in amounts sufficient for irrigation are very great. The available
reservoir sites are few, and some of them are useless because of diffi-
culties in construction, others because the total water discharged

49417-23—5
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. from the drainage area is insufficient to fill a reservoir. All flood-
water projects suffer also from the disadvantage that the desert flood
waters carry so much sand and silt that the reservoir will soon fill
with sediment and thus be useless. An irrigation enterprise based
solely on the storage of flood waters from the ephemeral streams
of the desert is an extrahazardous venture, which should be un-
dertaken only with a thorough knowledge of local conditions and
with expert advice.

RESERVOIRS IN THE MOUNTAINS AND FOOTHILLS.

A mountain reservoir is usually built at a constriction of a moun-
tain valley above which there is a sufficient basin to form the reser-
voir. Rock foundations are available or can usually be obtained by
trenching the loose sand and gravel in the bottom of the valley.
"The drainage area must be large enough te supply the -water required.
Unfortunately data on the flow of streams are available for only a
few places. Very large spillways are necessary. The drainage areg
should be well cloaked with grass or so rocky that the flood waters
carry but little sediment, else the reservoir will soon fill up. The
kind of dam to be built, whether earth, rock fill, masonry, or con-
crete, is an ordinary engineering problem and depends on local
costs and available labor,?

In the foothills there are many small reservoir sites, which differ
from those in the mountains in that rock foundations are commonly
not available. Earth dams are also easier to build at such sites be-
cause of the availability of soft material. Such sites resemble those
described below, but many are easier of construction because rock
spillways can be made. .

Certain possibilities of location in foothill regions are shown in
two reservoirs in Pima County. Artesa Pond (PL IX, B) is created
by an L-shaped embankment projecting outward and upstream from
the rocky spur from which the photograph is taken. Flood waters
gathered in the northern part of Baboquivari Valley flow westward
around the north end of the Artesa Mountains. At this part of
their course they spread over an adobe flat without definite channel.
The open end of the L-shaped embankment intercepts part of the
flood, and the excess flows around the embankment. Plate X, 4, is
a view of an unnamed represo in the hills east of Dobbs Butte.
The drainage of a large area to the west (left in the view) spreads
over an adobe flat from which it escapes through two gaps in the
hills to Altar Valley. In the southern gap has been placed the

» Fortier, Samuel, and Bixby, F. L., Barth-fill dams and hydraulic-fill dams: U. S.
Dept. Agr. Office’ Exper. Sta., Bull, 249, pt. 1, 1912; Timber dams and rock-fill dams:
U. S. Dept. Agr. Office Exper. Sta. Bull. 249, pt. 2, 1912.
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dam, with its ends resting on the rocks of the hills. No spillway is
provided, for the excess water flows out through the northern gap.

RESERVOIRS IN THE PLAINS AND VALLEYS.

In the alluvial plains and valleys no foundations exist for masonry
or concrete dams, and thus only earth dams can be built. The
reservoirs are commonly small and shallow, though in exceptional
locations large ponds can be made. Most of these reservoirs are used
. for watering stock. The American cattleman calls such a reservoir

“tank ”; the Mexican uses the word “ represo ” (literally dam) and
also * charco.”

Reservoirs may be constructed either directly on a stream
channel or at one side. The problems involved in these two types
of structure will be discussed separately. It is obvious that if a
dam is built across a channel the reservoir must be sufficiently large
to hold all the water carried by the stream or else a spillway must
be provided. A successful spillway requires care in building and
must be kept in repair. Its capacity -also must not be exceeded by
the largest flood or the earth dam will be overtopped and breached.
The very large number of failures with this type of reservoir in all
parts of the arid West testify to the difficulty in meeting these
requirements.

Southwestern Arizona is an exceptional region because of the
relatively large number of streams.that have so small a flow that
all or nearly all the water may be held in a single reservoir. The
lake at Buenos Aires, in Altar Valley, is the largest and best ex-
ample. Even here a spillway is provided and is required in ex-
ceptional years. Many smaller represos built on small streams
rising within the alluvial plains are equally successful in holding
all the water of a single flood.

A reservoir at one side of a stream channel depends for its
water supply on a diversion dam and ditch or simply on flood
water that overflows the channel. The streams of the alluvial
slopes of southwestern Arizona are peculiarly favorable for
reservoirs of this type. After issuing from the little canyons that
cross the rock-cut plains surrounding most of the mountain ranges
the streams spread out in numerous diverging channels. In many
places the ephemeral streams carry only fine material, mostly mud
with a minimum of sand and gravel. Such localities are particularly
favorable because of the relatively low velocity of the floods and
the possibility of water-tight reservoirs. Channels hardly exist;
the floods spread as broad sheets of mud-laden water. Usually the
main thread of the current runs between natural levees in a shallow
channel somewhat above the level of the surrounding plain. The



+

b4 LOWER GILA REGION, ARIZONA.

"natural levees form a broad, low ridge similar to the channel ridges
of the Sacramento Valley,* though not so marked.

The form of such a channel ridge is shown in Figure 7, which is
a diagrammatic map of a typical alluvial slope, though based on the
conditions at Big Fields, in the Papago country. The contours are
modeled on those shown on an excellent map of this part of the
Papago Reservation made by Percy Jones, jr., for the United States
Indian Service. In addition to the ridge along the main flood chan-
nel, there are other low ridges which mark the former location of
the flood channel. In the low ground between such an old ridge and:
the active channel ridge is the reservoir, surrounded by a U-shaped
embankment. This reservoir receives water through a ditch.from
the flood channel, but during large floods no ditch is necessary, for
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FIcurE 7.—Diagrammatic map showing location of represo at one side of main flood-
water channel.

the natural overflow from the channel will be caught by the open
embankments of the reservoir. .

The main streams of the larger valleys have beds of two types—
broad indefinite flats marked by shallow discontinuous minor chan-
nels and beds that lie in definite channels with bordering flood plains
of various widths on either side, and these flood plains in turn bor-
dered by bluffs.

The beds of the first type particularly are suitable for small reser-
voirs: the floods spread widely and have a low velocity, and a low
embankment will turn the necessary flood water to a reservoir. The
slopes, however, are so gentle that usually only the excavation made
to form the embankment will contain water of sufficient depth to be

% Bryan, Kirk, Geology and ground-water resources of Sacramento Valley, Calif.:
U. S. Geol. Survey Water-Supply Paper 495, pp. 28-80, 1928,
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valuable. The represo at Pisinemo, Pima County (Pl X, B), is of
the U shape common in these localities. In many places it is pos-
sible to enlarge a charco and thus gain an increased capacity with
small effort. Sand dunes occur on some of these broad flats. They
divert the flood waters by tortuous routes within the flat and in
places create basins favorable for reservoirs. The Papago ponds or
represos at Tonukvo and Comovo, in Pima County, are built on
such sites.

In the valleys close to and tributary to Gila River and in the val-
leys that are surrounded by mountains higher than the average the
stream beds are of the second type and lie in flood plains bordered
by bluffs. The concentration of flood waters usually maintains a
well-defined stream channel, with banks from 5 to 10 feet high.
A diversion dam is necessary to obtain water for a reservoir either in
the flood plain or at the mouth of a tributary valley that breaks
through the bluffs. With proper construction reservoirs in these
localities are very successful, but they require a great deal more
upkeep and attention than reservoirs along streams of the type pre-
viously described.

An ingenious method of obtaining a water supply for small res-
ervoirs has proved successful in the Sitgreaves National Forest, in
northern Arizona.** The run-off from road ruts is diverted by a low
mound across the road and conveyed through a short ditch to the
reservoir. The reservoirs are small and are usually built on a gentle
slope below a steeper slope, as shown in Figure 8. The run-off from
a large area of hillside can thus be obtained. Road ruts are much
more successful conveyors of such run-off than plowed ditches, be-
cause traffic on the road keeps them packed hard and free of vege-
tation.

CONSTRUCTION OF RESERVOIRS.

Useful as the reservoirs or represos of the Papagos are, both to
the Indians and to the wayfarer, their usefulness is impaired by
faulty construction. In general a Papago represo consists of an
earth dam constructed with scrapers, more or less irregular in height
and width and having a horseshoe shape. The material of the em-
bankment is taken from the upstream side, thus increasing the ca-
pacity of the reservoir. In many represos the only water stored is
held in the borrow pits, because the ends of the embankment do not
continue far enough up the slope to hold any considerable quantity
of water. (See Fig.9.) The embankment also is made with a very
steep slope on both sides and usually has no wave protection.

3t Personal communication from Hugh M. Bryan, formerly grazing examiner, U. s,
Forest Service,
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A properly designed earth dam should have a flat slope on the
water face of not over 1in 8. On the rear face the slope may be as
steep as 1 in 1}. A firm bond to the underlying ground should be
obtained by removing all
vegetation and loose soil
for at least 6 inches, dig-
ging a trench at least 2
feet deep and 6 feet wide,
and filling it with new ma-
terial similar to the rest
of the dam. On many
adobe flats, however, sim-
ple plowing will be suffi-
cient. The crest of the
dam should not be less
than 5 feet above the bot-
tom of the spillway, ex-
cept in a small reservoir,
where a height of 3 feet is
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Figurs 8.—Idealized map showing use of run-off from An earth dam should be
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protected by a fence from

loose stock, which destroy the smooth slopes and often wear trails

deep enough to lower the dam considerably. In a large reservoir

waves rapidly erode the dam, especially if the water body lies on the
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T1GURE 9.—Profile through typical Papago represo.

windward side of the dam. Protection against waves can be made
by riprapping with rock or brush or by building a wave fence.

32 Hermann, F. C., Small reservoirs in Wyoming, Montana, and South Dakota: U. 8.
Dept. Agr. Office Exper. Sta, Bull. 179, 1907.
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A wave fence * is constructed of 1-inch boards 8 feet long pointed
at the end and driven into the embankment at high-water level.
The boards are given a slope about 1 in 5 away from the water and
driven in as close together as possible, about 3 feet in the ground.
The fence should be made rigid by two strings of 1 by 10 inch board,
one nailed near the top and the other near the bottom of the fence.
Braces fastened to deadmen should also be installed. Wave fences
are very effective and with ordinary repairs will last seven or
eight years.

Brush protection of the face of the dam, if properly constructed,
is as good as a wave fence, and the large quantities of mesquite,
palo verde, and creosote brush available in most localities in south-
western Arizona make this the natural and cheapest thing to use.
The brush should be made up in bundles about 1 foot in diameter
and of any convenient standard length. At least two layers of
bundles should be laid at right angles to each other on the face of
the dam, and the whole should be firmly wired to strong stakes
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F1cURD 10.—Cross section of earth dam.

driven into the dam. This form of brush protection will probably
be more effective than the brush fences that have been used on a
number of dams.

DIVERSION DAMS AND PROTECTION OF SPILLWAY CHANNELS.

Diversion dams in rocky channels can easily be constructed of
plank or cribbing or, where the expense is justified, of masonry. In
channels where no firm foundation exists diversion dams are usually
constructed of brush and rock held in place by strong stakes. Such
dams are likely to be washed out by any flood. If the washout oc-
curs during the only flood of the year that is sufficient to fill the

reservoir the consequences are serious.

" _W. E. Kibbey, formerly of the La Osa Land & Loan Co., has used
with success for a number of years the structure illustrated in
Figure 11. The channel is cleared of loose sand, and the banks are
cut in sufficiently to give a good bond. The largest logs obtainable
are then laid end to end across the channel at the toe of the dam.

8 Hermann, F. C., op. cit., p. 30.
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Mesquite trees and large branches, each so trimmed that one branch
makes a hook at the end, are laid over the logs with the branches
upstream, and the hooks are forced down over the logs as shown
in the diagram. The dam is raised by laying successive rows of
logs, breaking the joints and holding each row in place with brush.
Each row lies upstream from the last, so that the face of the dam
has a slope that tends to break the force of the flowing water. The
crest should slope from the banks to the center, so as to divert the
water away from the ends of the dam. The upstream end of the
dam is covered with earth, and each flood augments this material
up to the level of the top of the dam. It is obvious that as water
flows over the dam the transverse logs can not be loosened and
carried away, because they are held by the brush, and if the toe of
the dam i3 undermined the somewhat flexible structure will settle,
without, however, shifting in position. If the dam settles so far
as to be ineffective it may be built higher by adding one or more
additional layers.

P —
Direction of flow

~
~ <Original surface
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F1Gurs 11.—Diagram showing the use of logs and brush for diversion dams and
spillways.

A reservoir that is built without a wasteway in the expectation that
it will hold all the flood discharge of a stream may have such a struc-
ture built at one end of the dam. It can be completely covered with
dirt and in the damp soil will rot very slowly. By leaving this part
of the crest low or by opening with a shovel, a safe emergency spill-
way will be available for any exceptional flood that may threaten
the dam.

Erosion in wasteways due to abnormally steep grades often
menaces reservoirs. Where the site does not provide a rock spillway
the waste water may cut a channel which, beginning in a sharp cliff,
works up the spillway channel with great rapidity. A structure
somewhat similar to the one just described has been used as a water
drop to prevent such erosion.®* Figure 12 is a cross section of this
structure, which was built of brush and old railroad iron. The -
larger posts were old boiler flues, and the smaller stakes old bolts and
fish plates. The brush was made up in bundles about a foot thick, with
wire binding, and the bundles were wired to one another and to the
stakes. Where mesquite is plentiful, mesquite posts would probably

# Hermann, F. C., op. cit, p. 33, pl. 7, fig. 1.
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be cheaper and as serviceable. By concentrating the fall at one
point the grades of the other parts of the channel are reduced sufti-
eiently to prevent erosion.

DEBRIS-FILLED RESERVOIRS AND ARTIFICIAL SPRINGS.
ADVANTAGES.

Throughout southwestern Arizona evaporation from water bodies
is excessive and the annual loss in open reservoirs is more than 5
feet. This loss is serious in small reservoirs and, together with the use
of water by stray stock and wild animals, makes many rock tanks un-
certain water supplies. Sand tanks of the same size do not suffer
these losses and with proper protection are more sanitary. If
reservoirs full of clean sand and gravel could be constructed, they
would also have these advantages, though their water capacity
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Ficure 12.—Diagram showing comstruction of a water drop to prevent erosion in a
channel.

would be less than a fourth of that of ordinary reservoirs. General
plans for such reservoirs are proposed in the following paragraphs,
in the hope that they may be a guide in constructing watering places
in localities where other water supplies are difficult to obtain.

METHODS @F CONSTRUCTION.

The filling of such a reservoir must be composed of clean rock
particles, preferably of nearly, the same size, in order that the maxi-
mum porosity may be attained. To reduce expense the dam should
be so constructed as to permit the accumulation of the filling under
natural processes as far as possible.

In southwestern Arizona proper material for filling such reser-
voirs can be obtained only from streams in the mountains or in the
belts of rocky plains around the mountains. In these localities the
sands and gravels of the stream beds are clean and coarse and have
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about 25 per cent of pore space. An ordinary dam thrown across
such a stream checks the current so much that not only sand and
gravel but mud also is deposited. To obtain débris freed of mud for
the reservoir, the dam must be ‘built up gradually, the current be-
ing allowed to rework the accumulation of each flood, or else a
dam must be constructed that will check the current only enough to
hold the coarse material and will let the finer material go through.
A dam that may be built up gradually was constructed in Cali-
fornia of boulders held in wire baskets. Chicken-yard netting of 2-
inch mesh and No. 14 gage galvanized-iron wire was used to inclose
bundles of boulders, which were 2 feet wide, 1 foot thick, and 8 feet
long. The bundles were laid side by side along the dam. In the
seccond layer the bundles were staggered and lapped 4 feet inside
the lower edge of the first layer. The outer downstream slope was
thus 1 on 6; the inner slope was 1 on 2. The dam was 150 feet long
and 35 feet high and resisted not only the weight of the débris
behind it but a continuous overflow of flood water for a period of
five weeks.®> Such a dam built up by adding one to three layers
after each flood would be very effective and easy to construct. Its
life is, of course, dependent on the time necessary to rust the wire
retting and on the wear on the netting by boulders tumbled over the
face of the dam. Individual baskets can be replaced, however, and
when it becomes necessary a whole new face can be constructed.
There are also in many mountain ranges places where the moun-
tain streams after running on comparatively flat grades narrow and
then run on steep grades. These narrows are natural dam sites, and
many of them are bordered by high cliffs. It seems probable that
without much drilling, but by taking advantage of open cracks and
joints, the cliffs could be blasted down into the narrows. The mass of
material thrown down would be of all sizes, but many of the blocks
would be too large for the stream to move even in its greatest floods.
As many blocks as possible should be obtained. By shifting the ma-
terial and relaying it, especially on the downstream face of the dam,
the larger fragments could be made to protect the smaller. Floods
on striking this dam would flow through but with diminished velocity.
The sand and gravel which they carried would be largely deposited in
and behind the dam, while the mud wguld be carried through. Fig-
ure 18 is a diagram showing a cross section of a dam of this type,
somewhat more regular in form than is strictly necessary, though an
effort should be made to have the downstream face as flat as possible.
A dam of this type merely reproduces the conditions found in many
canyons, where great boulders too large for the stream to carry
block the channel and cause sand and gravel to accumulate behind

35 Palmer, L. A., A novel débris dam: Min, and Sci. Press, July 10, 1915, pp. 43—46:
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them. The larger the blocks blasted down the more successful the
project is likely to be. Such a rock-fill dam can be blasted down in
a short time and with only a few men. On this account the project
could be undertaken at distant and inaccessible spots, where the cost
of transportation of water and supplies is great.

The reservoir once filled with débris is stable unless the rocks of
the dam are loosened during floods, and at each flood the débris will
be saturated with water. "The watér will seep out at the toe of the
dam as a spring for a shorter or longer time, depending on the
volume of the reservoir and the porosity of the material that fills
it. The size of the reservoir is regulated by local conditions but
should be as large as possible. The porosity of the material will be
somewhat less than 25 per cent, and the size of the pore spaces will
depend on the size and arrangement of-the rock particles. These
conditions can be controlled in part during the process of filling.

.
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FIGURE 13.—Diagram showing rock-fill dam for an artificial reservoir.

However, it is impossible to predict what size of pore space will be
large enough to absorb water rapidly and yet allow the same water
to flow out with sufficient slowness to produce a perennial spring.

There is no question that the structure described above will pro-
<uce a spring. The risk in constructing it lies in the possibility that
the spring may have so large a flow as to exhaust the reservoir within
a month or two after each flood. ‘

GILA RIVER.

Much has been written about Gila River, yet much remains not
only unsaid but unknown. In spite of the considerable amounts
of money, skill, and energy that have been expended on the study
of various problems connected with this stream, many of the most
fundamental questions with regard to it remain unanswered. Dur-
ing the present investigation the lower portion of Gila River was
examined and additional information in regard to some of these
questions has been obtained.” In this account the data so collected,
together with some of the general data previously published, have
been assembled. The information available is too scattered and in-
complete to permit the final solution of many of the problems.
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Enough is known, however, to afford a partial history of the varied
events in the life of the stream. It is hoped that the facts stated
and theories advanced herein may be of some value in future investi-
gations of the river.

GENERAL FEATURES.

Gila River, in its course of more than 500 miles from its source in -
New Mexico to its junction with Colorado River at Yuma, Ariz.,
passes through country of several widely different types. The Gila
itself is formed by the junction of the streams in Whitewater and
Whitetail canyons at an altitude of about 7,500 feet above sea level,
but Willow Creek, one of the headwater sources of its Middle Fork,
rises in the rugged Mogollon-Mountains, some distance farther west,
at an altitude of 9,993 feet. The Mogollon Mountains form a
pine-clad range culminating in Whitewater Baldy at an altitude of
10,892 feet. The creeks that here coalesce to form the Middle Fork
of Gila River have steep gradients and narrow valleys, and many
of them are intermittent. From its source the Gila flows with many
turns in a general westerly direction through a mountain region in
New Mexico, in which the average annual rainfall ranges from over
20 inches in the higher portions of the Mogollon Mountains to less
than 15 inches at Gila, N. Mex.** The river enters Arizona about 113
miles from its source and passes for 190 miles through a rough
mountain country in a series of alternating narrow detritus-filled
valleys and steep-gsidéd rock canyons. In this region the annual rain-
fall is about 12 inches. The character of the river changes markedly
westward from The Buttes, east of Florence, where it emerges from
the mountain region. From this point throughout its westward
course to the Colorado, except at a few places, it winds over deep
deposits of alluvium in broad valleys between short and discontinu-
ous mountain ranges. Descriptions of its course in these valleys
are given below. The annual rainfall ranges from about 10 inches
at Florence to less than 3 inches at Yuma. The river receives few
tributaries of importance below the place where it leaves the moun-
tains. Its volume steadily decreases, and in the lower 150 to 200
miles of its course there are long stretches of its bed which are dry
throughout much of the year.

Until accurate topographic maps of the region drained by Gila
River and its tributaries have been prepared, close estimates of its
drainage area are impossible. Davis®® estimates the total drainage
area to be 72,000 square miles. Of the water that falls as rain on
a large portion of this area, part is evaporated, part seeps down

38 Rainfall data from records of U. S. Weather Bureau.
37 Davis, A, P., Irrigation near Phoenix, Ariz.: U, 8. Geol. Survey Water-Supply
Paper 2, p. 16, 1897,
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through the soil and becomes ground water, and only a fraction
reaches the river. Part of the ground water evemtually finds its
way to the valey of Gila River and joins the underflow of that
stream. A great deal of it is, however, used up by deep-rooted plants
or by other means,

The altitude of the river where it enters the Colorado is 125 feet
above sea level®® Willow Creek rises at an altitude of 9,998 feet,
and at The Buttes the altitude of the Gila is 1,592 feet. Conse-
quently the fall in the course of 303 miles through the mountains
is about 8,400 feet, and in the 266 miles through comparatively open
country west of The Buttes the fall is 1,467 feet.

TRIBUTARIES,

Among the principal tributaries of Gila River are San Francisco,
San Carlos, San Pedro, Santa Crug, Salt, Hassayampa, and Agua
Fria rivers. It receives also numerous creeks, especially near the
source in New Mexico, and countless arreyos in which water flows
only in response to exceptionally heavy rainfall.

San Francisco River heads in New Mexico not far from the source
of the Middle Fork of the Gila and flows in a general southwesterly
direction through mountain canyons to its junction with Gila River
about 12 miles below Clifton, Ariz. San Francisco River is over
100 miles long and forms the principal source of water supply for
the town of Clifton, for the mines and ore-dressing plants near by, and
for some irrigation.®® It has a drainage area of 2,895 square miles,*
of which about one-fifth is covered with timber. The water north of
Clifton is reported to be of excellent quality, but near that town
it becomes more saline on account of the numerous tributary salt
springs. The country near the source of the San Francisco ** is
extremely rough and broken, with narrow valleys and canyons.
Erosion is proceeding at so rapid a rate, according to.Olmstead, as
to menace the life of the timber within its drainage basin.

San Carlos River is an intermittent stream emptying into the Gila
at San Carles. It rises in several branches in the western part of
Ash Flat Plateau and is about 30 miles long. The stream bed is
dry a part of each year.

San Pedro River rises in Mexico and flows in a direction a little
west of north for about 170 miles to its junction with Gila River

# The altitudes given in this account are taken from United States Geological Survey
tepographic maps and the profiles of the Southern Pacific Railroad. The distances are
taken from General Land Office maps of New Mexico and Arizona and from United
States Geological Survey topographic maps, including the maps herewith, Pls. II-IV.

® Lindgren, Waldemar, U. 8. Geol. Survey Geol. Atlas, Clifton folio (No. 129), p
13, 1905, '

© OQlmstead, F. H., A report on flood control of the Gila River in Graham County,
Ariz.: 65th Cong., 3d sess., S. Doc, 436, p. 64, 1919

4 Olmstead, F. H., op. cit., pp. 64, 65.

’
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near Winkelman. It is perennial 4’ but, like all other streams in
this general region, fluctuates greatly. The maximum recorded
yearly run-off is 149,837 acre-feet at Fairbank, Ariz, in 1914,% and
the minimum recorded at the same place is 25,500 acre-feet in 1913.4* -

Santa Cruz River is an intermittent stream that rises in southern
Arizona east of the Patagonia Mountains, flows south into Mexico
and then northwest, reentering Arizona near Nogales, and empties
into Gila River near Gila Crossing. It has a total length of more
than 200 miles. But little water flows from the Santa Cruz into
the Gila except during floods. At Tucson the total discharge of
Santa Cruz River was 57,200 acre-feet in 1914 and 24,700 acre-feet
in 1915.4# Nearly all of this water is evaporated or sinks into the
ground before reaching Gila River.

Salt River is the largest tributary of the Gila. It rises in the
mountainous .region of southern Apache County, Ariz., and flows
for over 200 miles in a southwesterly direction to its junction with
Gila River below Phoenix. Its course lies in a mountainous region,
which in most places has an annual rainfall of considerably more
than 10 inches. Roosevelt Reservoir, which has the largest dam for
the storage of water for irrigation so far made, is on this stream.
The run-off of Salt River near Roosevelt was 629,500 acre-feet in
1914, and 1,440,100 acre-feet in 1915.4¢

Below the mouth of Salt River no perennial streams enter the Gila.
Agua Fria and Hassayampa rivers are the only ones in which water-
flows at the surface except in immediate response to heavy rains.
These streams are described on pages 36-38.

GILA RIVER IN EARLY DAYS.

The accounts of the early explorers and even of old settlers stilt
living in the region show that Gila River has changed materially
since it was first seen by white men. At one time it contained more:
water and had a more luxuriant vegetation along its banks than
now.

The available accounts of the early Spanish explorers do not con-
tain definite estimates of the amount 6f water in Gila River, but
it is evident that they regarded the stream as a reliable watering:
place for their expeditions, some of which were large and included
herds of live stock. The writings of Father Kino,”” one of the:

27, 8. Geol Survey Twelfth Ann. Report, pt. 2, p. 305, 1891.

47, 8. Geol Survey Water-Supply Paper 389, p. 169, 1917; Water—Supply Paper 409,.
p. 199, 1918,

“ U, 8. Geol. Survey Water-Supply Paper 359, p. 230, 1916.

657, 8. Geol. Survey Water-Supply Paper 389, p. 172, 1917 ; Water-Supply Paper 409,.
p. 208, 1918 Water-Supply Paper 439, p. 170, 1919.

7], 8. Geol. Survey Water-Supply Paper 389, p. 176, 1917 ; Water-Supply Paper 409,
p 212, 1918 ; Water-Supply Paper 439, p. 173, 1919, .

4 Bolton, H. B., Kino’s Historical memoir of Pimerfa Alta, vol. 1, 1919,



GILA RIVER. 65

earliest and most enterprising of the Jesuit missionaries, contain
numerous references to the river, some of which are here quoted.
In regard to Gila River near the present town of Wellton he writes,
“ This Rio Grande we named Rio de los Santos Apdstoles. To this
it may be added that all its inhabitants are fishermen and have
many nets and other tackle, with which they fish all the year,
sustaining themselves with abundant fish and with their maize,
beans, and calabashes.” On November 6, 1700, Kino was near Well-
ton going toward Dome and says: “ On the way they gave us great
quantities of fish, both raw and cooked; for, although they had
their little fields of maize, beans, calabashes, and watermelons,
_the beans and maize were not yet ripe.” A year later he states:
“ On the 17th [of November] we set out from San Pedro westward
for San Dionisio, a great rancherfa at the confluence of the Rio
Grande de Hyla and, the very large Rio Colorado; and, having
crossed the Rfo Grande on horseback by the only ford which it had in
that vicinity, with a following of more than 200 Yumas and
Pimas from San Pedro, at nightfall we arrived in safety at San
Dionisio, where also they received us with great affection.” San
Pedro is near the site of Wellton, and the ford mentioned is near the
present town of Dome.

Fish still exist in Gila River and are occasionally caught, but they
form no considerable part of the food of those who live on the banks
of the stream. The few that are obtained are generally caught in
small pools in the otherwise dry river channel during dry seasons.
Fishing in the Gila is now considered to be rather a useful amuse-
ment for boys than an occupation for men. The river can be forded
by horses in many places in this vicinity without difficulty except
during times of unusually high water, which would not be expected
in November.

Emory “ makes several references to Gila River. On November
9, 1846, when he was at or near The Buttes, east of the present
site of Florence, he wrote, “ The Gila at this point, released from its
mountain barrier, flows off quietly at the rate of 3 miles an hour
into a wide plain.” At the Pima village near the junction of Gila
and Salt rivers he wrote, “ The bed of the Gila, opposite the village,
is said to be dry, the whole water being drawn off by the zequias
of the Pimas for irrigation; but the ditches are larger than is neces-
sary for this purpose, and the water which is not used returns to
the bed of the river with little apparent diminution in its volume.”
On November 14 he wrote that the course of the Gila is marked
by green cottonwoods. On November 17, when he was perhaps
somewhere between Agua Caliente and Palomas, he wrote, “ The

4 Emory, W. H., Notes of a military reconnaissance from Fort Leavenworth in Mis-
gouri to San Dijego in California: 30th Cong., 18t sess., 8. Doc. 167, 1848,
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bottoms of the river are wide, rich, and thickly overgrown with
willow and a tall aromatic weed, and alive with flights of white
brant, geese, and ducks, with many signs of deer and beaver.” The
bottoms on this portion of the river at present are desolate wastes
of sand and silt with clumps and thickets of arrow weed, which
looks dry and almost dead during large portions of the year. The
game mentioned by Emory has long since departed. On November
18 he wrote, “ We found the river spread over a greater surface,
about 100 yards wide, and flowing gently along a sandy bottom, the
banks fringed with cane, willow, and myrtle.” In describing the
junction of Gila and Colorado rivers, Emory speaks of the “sea-
green waters” of the Gila as contrasted with the “ chrome-colored
hue of the Colorado.” By no stretch of the imagination could the
present-day mud-laden water of the Gila be considered “ sea-green.”

The Pimas, the Maricopas, and some Papagos lived in the valley
of Gila River and supported themselves by raising irrigated crops.
There are said to have been about 6,000 Indians on the Gila in 1742.¢°
A like number could not now grow sufficient food for their own use
by the primitive methods of agriculture then employed. Of course,
a large part of the decrease in water in Gila River below Salt River
is the result of taking out water for irrigation farther upstream on
the Gila and its tributaries, but this can not account for all of the
change which appears to have taken place.

On November 1, 1849.%° a flatboat reached Colorado River at the
present site of Yuma. It had made the voyage down Gila River
from the Pima villages, carrying three men and the family of one
of them. This boat was 16 feet long by 5 feet 6 inches wide. It was
used for some time as a ferry across Colorado River. A boat of this
size, carrying so many people with their baggage, could not float
down this portion of the Gila now at any season. During floods the
current is too swift and during the rest of the year there is insuffi-
cient water. This boat was equipped with wheels for use on land.
1f it attempted the trip to-day, it would have to forsake the river
and resort to its wheels very promptly. In October, when this trip
is reported to have been made, long stretches of the river bed are
usually dry, as the summer rains are over, and those of the winter
have not yet started.

More recent information is furnished by Mr. John Montgomery, a
ranchman residing in Arlington, who has had many yedrs’ experi-
ence in southwestern Arizona. He states® that in the summer of
1889, when a boy of 12, he was in camp near Powers Butte, on Gila

® Hodge, F. W., Handbook of American Indians: Bur. Am. Ethnology Bull. 30, pt. 1,
p. 806, 1910,

% Bancroft, H. H., History of Arizona. and New Mexico, p. 489, 1889.

$1 Personal comrmunication.
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River. At that time the river had a well-defined channel with hard,
sloping banks lined with cottonwoods and bushes. The water was
clear, was 5 or 6 feet deep, and contained many fish. -The grazing
Jands near the river were in much better condition then than now.
Several varieties of grass then abundant have since died out. Mr.
Montgomery attributes the change in the character of the river
largely to the practice of eattlemen of burning the heavy brush that
once covered its banks in order to drive out wild cattle which had
sought shelter there. This destroyed the natural protection and left
the soft silty soil exposed to rapid erogion. The disastrous floods of
1890 and 1891 did much to break down the river’s confining banks,
partly filled the channel with sediment, and in general mterfered
with the equlhbmum that had been established.

Mr. Millett, who, in conjunction with Mr. Montgomery and others, '
has had the direction of the Enterprise canal and dam, states % that,
in his opinion, based on observations at the dam, aggradation in the.
Gila is increasing at this place. He states also that when the water
flowing in the canal is comparatively clear the grade is 2 or 3 feet
to the mile, but that when the: water carries a heavy load of sand,
the grade established is 4 or 5 feet to the mila. These statements
are based on his own level measurements and indicate that the grades
in the canal are the same as those in the river channel under like
. conditions. :

GILA RIVER VALLEY BELOW SALT BRIVER.

BUCKEYE VALLEY.

Buckeye Valley, which lies just west of the land irrigated under
the Salt River project, is in general appearance a typical detritus-
filled valley of the desert region. Irrigation by means of the Buck-
eye and other canals and by wells has demonstrated that it has large
agricultural pessibilities, but it still contains many hundred acres of
unreclaimed- land, Much of the unreclaimed land is on the north
side, where the land slopes upward toward the White Tank Moun-
tains. Near these mountains the surface is in part mantled with

- gravel, which would make cultivation difficult, but much of the soil
is such as to give promise of rich returns to the farmer, if it could be
supplied with water. Irrigation from the river is obviously impos-
sible for much of this land, as it lies at too high an altitude. The
wells already put down, however, show that large stores of ground
water exist in the valley, and much of what is now desert waste will
doubtless eventually be converted into productive farm land by

-

62 Personal communication.
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means of water obtained from wells. The failure of some projects
north of Buckeye and Palo Verde shows that success in such a ven-
ture will not come easily nor to any but able and experienced men.
Well records show that the alluvium in the vicinity of Buckeye,
north of the river, is more than 250 feet deep. Probably the maximum
depth is much more than this, perhaps several times as much. The
river itself, however, does not flow over deep alluvium. Qutcrops
of granitie bedrock project through the alluvium at numerous places
close to the river in the district irrigated by the Gila Water & Land
Co. At Liberty such outcrops are said to occur on both sides of the
river. It is probable that the course of the river has shifted to the
south in recent geologic time and thus become superimposed on a
bedrock shelf extending out from the Sierra Estrella and the Buck-

“eye Hills. (See the diagrammatic section in Pl. XTI, 1.)

The river in Buckeye Valley wanders over a sandy flood plain
between cut banks 5 to 15 feet high. The flood plain varies in
width but is a mile or more wide in most places. The water meanders
in shifting channels and does not.cover more:than a small- part.
of its flood plain except during unusually great floods. During
the drier seasons there is no flow in the river near Buckeye, the
water being restricted to pools in the otherwise dry channels. As
is indicatgg in the section (Pl XI, 1), unconsolidated sand and
silt deposif®d by the river in recent geologic time have a considerable |
lateral extent beyond the banks that confine the stream except
during large floods. Part of this material is deposited during
the erratic and powerful floods for which Gila River is noted, but
much of it antedates the present cycle of erosion, having been laid °
down before the existing banks of the river were cut.

Between the river and the Buckeye Hills, on the south, is an
irregular and poorly defined gravel terrace. This marks the bound-
ary between the fine-grained recent deposits and the coarser older
alluvium, described on page 26. No such terrace exists on the north
side of the stream, where the boundary between the two formations
is not marked by any prominent topographic break. The. Buckeye.
canal is approximately on or near this boundary. South of the canal
are soft silt and sand. North of it gravel and caliche appear in -
the soil and increase gradually in amount at greater distances from
Gila River. No outcrops of the older portion of the Quaternary
alluvium are known either in or near Buckeye Valley. It is prob-
able that deposits of this age are buried under the alluvium of inter-
mediate age in the deeper portions of the valley. The material
penetrated by some of the wells of the Southwest Cotton Co. north
of Avondale may be old. (See pp. 85-88.)
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ARLINGTON VALLEY.

A small valley-bounded by the Buckeye Hills, Palo Verde Hills,
and Gila. Bend Mountains is known as Arlington Valley. The
ground lying below the pronounced terrace on the right side of
the river is in part irrigated from the Arlington canal and yields
good crops of forage plants, but no attempt has yet been made to
farm above the terrace near Arlington. Although much of the
land is gravel covered, some of it, perhaps most of it, may some day
be put' under cultivation when changing conditions justify the
expenditures necessary to supply it with water. Such wells as
have been drilled in this general locality to supply water for cattle
have not yielded very large quantities of water.

Gila River makes a turn of nearly 90° in Arlington Valley. The
character of ‘its channel in the valley itself is similar to that in
Buckeye Valley. At both ends the channel is restricted by rock
walls. At the northeast end of the valley Powers Butte is on the
left bank of the river, and Arlington Mesa is but a short distance
north of the right bank. (See Pl. X1, 2.) At the south end the
southwestern extremity of the Buckeye Hills is on the left bank,
"~ and a hill sometimes referred to as Woolsey Butte is on the right
bank. (See Pl. XI, 3.) At both these localities the present channel
of the river is but a short distance above bedrock. At the north-
east end the Tertiary lava and sandstone of Powers Butte form the
left bank and extend under the river for at least a portion of its
width. ‘At the other end of the valley the headgate of the Enterprise
canal is founded on rock, and this undoubtedly extends across the
stream at no great depth below the surface. It is reported ®® that
during periods of maximum scour bedrock appears in midstream.
This rock is almost certainly similar to that of the hills on both
sides, which are composed of lava, sandstone, and conglomerate of
Tertiary age. In the central portion of the valley no outcrops of
rock are known near the channel of Gila River. Probably the river
here flows over a considerable thickness of alluvium, but as only
shallow wells have been sunk near the river little information is
available from that source. The A. K. well, in sec. 32, T. 1 8,
R. 5. W, is 150 feet deep and bottomed in red clay Thls well
isonly a mlle west of the river. (See p. 84.)

On the Ieft side of the river no terraces above the cut bank of the
flood plain exist at either end of Arlington Valley, and none were
observed at any other place. On the right side of the river well-
defined but somewhat discontinuous terraces were found, including a
gravel terrace bordering Arlington Mesa, a low basalt mesa at the
northeast end of the valley, and several discontinuous terraces and

52 Personal communication from Mr. Millett.
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eroded portions of terraces between the lava eminence north of
Arlington and the mesa west of the Gillespie dam. The material
composing these terraces is probably of intermediate age.. Many of
the pebbles are composed of Tertiary lava and are probably. demved
from the nelghbormg mountains.

VICINiTY OF ARLINGTON MESA.

Hassayampa River empties into Gila River a short. distance east
of Arlington Mesa. The terrace that borders this stream: on the
west swings sharply toward the channel a short distance north of the
mesa and trends southeast, gradually dying out along the edge of
the basalt. It appears likely that the lava antedates the formation
of the terrace. In Hassayampa Plain there is. a gently sloping
gravel-covered ridge. Between Arlington Mesa and the basalt butte
northwest of Arlington is a depression floored with' fine silt, in
places coated with a white alkaline or saline deposit. The depres-
sion is bounded on the east by the abrupt wall of Arlington Mesa.
On the north and northeast is the gravel ridge referred to above.
On the northwest is a distinct but irregular terrace, whieh fingers
out at one place in a ridge extending several hundred feet into the
depression. . West of the depression is the basalt butte, with a ter-
race about 10 or 15 feet high at its base, which connects with that on
the northwest, The depression is closed on the southwest and south
by a hummocky ridge of silt and sand extending southeastward from
the butte on the west. - There is an opening in this ridge on the south-
east through which the depression is drained by means of several
small irregular washes.

GILLESPIE DAM SITE.

The Enterprise canal was originally constructed in 1886 as a part
of the Peoria canal system. In 1906 it was taken over by the owners
of the Enterprise ranch, who cleaned it out and regraded it. Each
year they built earth and brush dams across the Gila at the old
Peoria dam site to divert water into their canal. Such dams are of
course easily washed out by even a small flood, but they are easily,
quickly, and economically built or repaired. A concrete dam called
the Gillespie dam has since been constructed here by the Gila
Water Co. 4

This dam site is one of the very few places on the lower Gila
where there are bedrock abutments on both sides of the stream and
bedrock at no great depth all the way across the channel. Here, as
elsewhere along its course, the river has scoured out a deep valley
and then, in a later cycle, filled this valley with alluvium. No direct

e



GILA RIVER. 3 |

evidence is available us to the depth of the fill in this portion of the
valley. Wells a short distance north of the dam site show thut the
fill there is certainly more than 150 feet deep. When the erosion and
subsequent filling took place the river in the vicinity of the dam site
flowed farther west, probably as much as 2 miles, than it does at
present. During the period of voleanic activity, which was wide-
spread in Arizona in early Quaternary time, a mass of basaltic lava
flowed down from the Gila Bend Mountains and across the valley
of the river until it lapped against the west end of the Buckeye Hills,
damming the Gila and producing a temporary lake. ‘There are dis-
continuous terraces in Arlington Valley, some of which are 4 miles
from the present channel of the Gila. These clearly indicate a change
of some sort in the drainage. The shores of this lake can not now be
traced with certainty, but there is some evidence on the edges of the
basalt hills north of Arlington that the lake extended to that place.
The west end of the Buckeye Hills is composed of thin beds of lava,
probably andesite, interbedded with red sedinrentary rocks that range
from sandy shale to conglomerate with angular pebbles s much as
6 inches long. The age of these strata is probably Tertiary. The

‘ geologic section shown in Plate X1, 3, will sid in making the relations
at the dam site clear. Plate XIIT is made from a photograph of the
ground through which this section is drawn.

The river cut a new channel through the most western of the
Buckeye Hills. It is possible that there is a faylt or break in the
strata at this point. Such a structural weakness might materially
aid the river in its work of cutting a way around the lava dam that
had trapped it. Eventually this channel became suﬁiclently deep
to drain the lake.

OLD COURSE OF GILA RIVER.

It is probable that when Gila River was dammed by the lava flow
at-the Peoria dam site a large part of the water escaped westward
through the pass now utilized by the old road through the Gila Bend
Mountams During this period the river did not make the long

. swing to the south around these mountains as it does now and as it
did before the lava blocked it. Such a hypothesis seems to ‘offer
the only probable explanation of the remarka,ble terraces 20 to 50
feet: hl.gh and a quarter of a mile to 1 mile apart along the wash
that issues from the pass containing the old road on the southwest
side of Jthe mountains. The present wash. is entirely inadequate
to have cut such terraces. This wash does not head, as would be
expected, in the mountains, but extends through them and heads in
a partly inclosed valley on the northeast side. The divide between
the water flowing northeast to the Gila near Arlington and that
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flowing southwest to the Gila west of Gila Bend. is in this small
valley, which may be called Webb Valley, after the well of that
name in it.

VICINITY OF ENTERPRISE RANCH.

The country on both sides of Gila River in the v1cm1ty of the En-
terprise ranch was examined with some care. There is a marked
difference in the character of the opposite sides of the valley at this
place. (See diagrammatic cross section, Pl. XI, 4.) The cut
banks that border the present flood plain of the river are higher than
the average. At the point at which it was crossed during this ex-
amination the western bank is 2 or 3 feet high and the eastern bank
10 or 15 feet and even more. These relative heights of the two banks
are reversed at places near by.. On the east side the valley floor
slopes gently and continuously up to the mountains, with: no ter-
race above the cut bank just mentioned. On the west side several
breaks in the slope occur. The first is a fairly continuous and well
defined terrace, 1} miles from the river. About an equal distarice
west of this is another series of breaks, which do not form a con-
tinuous terrace, but the gravel-covered spurs projecting out from the
borders of the mountains are abruptly truncated. The benches
thus formed are about 500 feet on the average from the outer border
of the mountains. At this border there is another and even:less
continuous set.of henches, cut in rock instead of in valley fill. . These
benches are not in perfect alinement with one another, and they
show considerable differences in altitude within short distances,
suggesting that some or all of them are the result of recent minor
faulting, or have been disturbed by such faulting subsequent to their
formation. The irregularities noted do not, however, seem to be
sufficient to preclude the production of the benches by unequal cutting
of projecting spurs or alluvial fans by the river.

The cross section on Plate XI (No. 4) shows in a general way
what is known in regard to the geology of this portion of the valley
of Gila River. The only data available in regard to underground
conditions are those afforded by the logs of the two wells at the
Enterprise ranch. These are given in the table below. The deeper
well was abandoned because the water found was too saline. The
water in the other well is not good but can be used for drinking.
The driller is reported to have been firmly convinced that the aban-
doned well bottomed in solid granite and not merely in a granite
boulder. "This is entirely possible, there being ample room on either
side of the Enterprise ranch for the deep alluvium-filled valley
known to exist elsewhere alongthe course of the Gila. That such a
filled valley exists here is very probable, but the evidence 1s insuffi-
cient to indicate its location.
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" Logs of wells at Enterprise ranch..
Well in NW. 3 NW. % SE. 3 sec. 24, T.3 8, R. 5 W,

Thickness.; Depth
Feet. Feet

16 16
33’.# gi

154 65
16 16
aliche 64 80

Granite in bottom.

GILA BEND.

Near Gila Bend the river passes around the southern extremity
cf the Gila Bend Mountains, making a turn of more than 90°. At
one place in this bend the stream cuts through an outlying hill
which, unlike the main mass of the Gila Bend Mountains in this
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Fieurp 14.—~Cross section of Gila River at Gila Bend, showing test heles.

vmmlty, is composed of bedded rocks consisting in part, at least, of
basalt, probably of Tertiary age. Borings made during an in-
vestigation by the Indian Office in connection with a proposed dam -
at this place show that bedrock is less than 160 feet below the sur-
face at any place in the channel. (See Fig. 14.) The deep wells
drilled by the Southern Pacific Co. at Gila Bend show that the
alluvium at that place is hundreds of feet thick. These relations
are shown in the cross section (Pl XI, 5), and the geologic map
(Pl VI). - (For a further discussion of the railroad wells at Gila
Bend see pp. 79-80, 82-84.) ' |

The river between Gila Bend and the north end of the Painted
Rock Mountains was not examined during this investigation, The
township plats show terraces bordering the river on both sides.
These are in places over 6 miles apart. They are doubtless portions
of the principal set. of terraces which border the river throughout
most of the distance from its mouth at Yuma at least as far east as
Buckeye. Between the terraces are the flood-plain silt and sand,
Portions of this bottom land are cultivated by Papago Indians.
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There have been several attempts at the installation of more exten-
sive irrigation systems by white men, but none have yet been success-
ful. (See pp. 100-101.) The land south of the terrace is silty and
sandy with but little gravel except near the border of the Painted
Rock Mountains. Unsuccessful attempts have also been made to
irrigate this area. On the north side the Gila Bend Mountains are
close to the river,and much of the land is probably covered with gravel.

Gila River passes between the northern tip of the Painted Rock
Mountains and the south end of a spur of the Gila Bend Mountains
in a gorge or canyon which, as seen from a distance, appears to be
rather narrow. This is one of the few places on the lower portion
of the river’s course where bedrock crops out close to the river on
both sides. In 1882 an unsuccessful attempt was made to dam the
Gila in this vicinity. (See p. 100.)

POINT OF ROCKS.

- Gila River for some distance on both sides of the place known
as Point of Rocks is flanked by black walls of basalt, in places over
100 feet high. These walls are only about 500 feet apart at Point of
Rocks. Several unsuccessful attempts have been made to dam the
river at this place. (See p. 100.) The lava on both sides fur-
nishes firm support for the end of a dam, but unfortunately it rests
on unconsolidated gravel so that an adequate foundation for a dam
is lacking. The presence of the alluvial material beneath the basalt
is known from well records at Sentinel and from the general geology
of the region. The railroad wells at Sentinel show that there the
alluvium is at least 780 feet thick, of which, however, the lower
580 feet is clay. The hollows of the lava surface are filled with
“ coarse sand, mixed near the river with small amounts of fine gravel.
These deposits are less than a foot thick over much of the basalt
plain, but in some depressions they are several feet thick. The
gravel on the lava may indicate that at some time in the past the
stream overflowed onto this surface. The lava is of Pleistocene age
and is later than some of the river deposits. Its extrusion probably
resulted in a damming of the Gila. Some of the water of the stream
may have flowed over the surface of the lava, depositing gravel and
sand, before a new chanmnel was cut sufficiently deep to confine it.
Between the steep lava walls are sand and silt such as make up the
flood plain of the Gila throughout the lower portion of its course.
The water flows in channels 30 to 100 feet or mora wide between low
banks. Between Agua Caliente and Palomas no lava exists on the
right bank of the stream. Here floods have made great inroads into

the soft silt and sand, forming precipitous banks, in places over 30
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feet high. The height of these banks, so much greater than that
of the usual cut bank in the flood plain, is due to the fact that here
the river is acting against a portion of the old terrace. “The old road
hetween Agua Caliente and Palomas has been eroded away in several
places and the washes emptying into the river have beén deepened
to such an extent that it is difficult to cross them with automchiles.
As a consequence, while the old road with detours around the eroded
portions is still used by some, a new road for awtorhobiles well to
the north of the affected area has become necessary. A laberal shift
of the bank of about a mile in only a few years is reporwd to have
taken place in the vicinity of Agua Caliente.

PALOMAS TO YUMA. A

The character oi the river throughout. the last 85 )mkis 01‘ 80 Oif .
its course varies only in detail. For most. of this distance thers.is
a well-defined terrace on each side, It is oomposed of gravel. and
sand and has an average height of perhaps 30 or 40 feet: Above
the terraces gravel-floored plains extend to the mountsins. Below
them is the flood plain.of the river, 1 to 5 miles wide. Tha flood
plain is a desclate expanse of silt and sand dotted with thickets of
mesquite and near the present channel clumps of arrow weed. Irri-
gation with river water has been attempted at many places, but with
little success. The water flows in chanmels between banks.3 to 10
feet high, except where the stream has swung against and cut into
one of the old terraces above mentioned. < In such places the, ha;nk ,
may be as much as 50 feet hJ.gh

FOSSILS.

About a quarter of a mile north of ngurta suhng on the Southern
Pacific Railroad Kirk Bryan, of the United States Geological Sur-
vey, found on October 31, 1917, fossil bones lying-on and partly
buried in the gravel and sand of the terrace that bordersGila River.
The locality is that marked Fossil Point on Plate TV. The fossils
were examined by'J. W. Gldley, of the United Sbates Nutmnal
Museum, who reports as follows: - -

The collection consiits for the most part of indetérminable bone fmgments
but two fragments are recognizable. One is a portion of a phalanx of a horse,
Equwus sp., and the other is the basal pertion of the antler of a.deer; probably
belonging to the genus Odocaileus. These do ‘pot determine the age more
closely than that they are Pleistocene, though the presence of _hérse remains .
suggests one of ihe older phases of the Pleistocene. ‘

This terrace is a portion of the principal set of terrac& loorderm;,r
the lower Gila and.composed of alluvium of intermediate age. .
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SUMMARY.

Gila River below Salt River is a winding stream subject to con-
siderable and rapid changes in volume. It flows through a series of
valleys deeply filled with alluvium between short rugged mountain
ranges in a desert region. The flood plain is bounded throughout
most-of this portion of the.river’s course by a single well-defined set
of terraces. In places no terrace now exists on one or both sides of
the stream, either because conditions were not favorable for terrace
formation at these places, or because the terrace has been removed
by erosion subsequent to its formation. The latter is the more prob-
able explanation for most of these places. Other terraces besides the
principal set can be found here and there, as in the vicinity of the
Enterprise ranch, but these are discontinuous and of small extent.
Between “the principal terraces is the flood plain, which is in most
places from ¥ mile to several miles wide. Incised into the flood
plain are channels 1 foot to 10 feet or more deep and a few feet to »
mile wide. The position, size, and nuthber of the channels change
with every flood.. The flood plain is composed of sand and silt. The
sides of the valleys above the principal terraces are covered for the
thost part with coarse sand and gravel mmed to a greater or less
extent with silt.

The water of the river is muddy at all times. During floods it
transports great quantities of mud. Although the force of some
of the floods is sufficient to tear dams from'their foundatxons, da,ma,ge
bridges, and erode considerablé areas of land, the river is in gen-
eral a depositional stream. It receives greater loads of sediment
than it can transport, and the channels are silting up.

INTERPRETATION OF WELL LOGS.

-- The deep wells put down by the Southern Pacific Co. and others
are.of considerable assistance in studying the geologic and physio-
graphic history of Gila River. They furnish the only definite in-
formation obtainable as to.conditions in the lower portions of the
thick sedimentary deposits that ‘fill the old valley of that stream.
There are some discrepancies between, the logs of wells located close
together at some of the stations on the Southern Pacific Railroad,
although the logs of these wells furnished by the railroad company
give evidenee' of having been carefully kept and appear to be in
general reliable. - ‘These discrepancies can in part be accounted for
by ‘the varied nature of the material penetrated. Considerable
lateral variation within a distance of only a few yards is to be ex-
pected in the deposits of such a stream as the Gila. Seme of the
inconsistencies in 'tlie logs can be accounted for only by differences
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in the judgment and methods of the drillers and inaccuracies in the

records. Some of them are not as great as they seem at first glance.

There is little uniformity in the nomenclature employed by drillers.

Two equally reliable and experienced men may call the same stratum

by different names. - It is often impossible in drilling to determine
at precisely what point a significant change in the formation oc-
curs; and this fact also leads to many apparent inconsistencies in well
logs.

"~ In Plate XII the logs of the principal wells near Gila River be-
tween its mouth and Salt River are plotted. The deep well at Mesa,
near Salt River, is also shown.. In making this plate the approxi- -
mate profiles of Gila and Salt rivers were plotted according to the
best available data. The graphic logs of the wells are spaced ac-
cording to their distances apart as measured along the rivers and
in the correct position vertically with reference to sea level. Where
two or more wells have been drilled close together composite logs
are given, and the portions of each log which appeared to be most
detailed.or most probably accurate were used in ma.kmg the compos-
ite. The complete logs of all the deep wells are given on pages
80-84, 88.

In the absence of detailed surveys it must be recogmzed that the
profiles given are only approximate. It is believed, however, that no
errors large enough to affect the accuracy of the general relations
exist. The character of the proﬁle of Gila River and of the small
portion of Salt River shown is that which would be expected. The
gradient. is steepest in the upper:portions and gradually decreases
nearer the mouth. The two places where the profile is convex up-
ward are easily accounted for. At Buckeye the Gila is known to
flow over gramte with but a thin alluvial cover. The greater resist-
ance.to corrasion of this hard rock compared to that of the uncon-

. sohdated alluvium which floors most of the rest of the stream has
resulted in a lower gradient being established at this locality. At
Point of Rocks, near Sentinel, where the other: convexity in the river
profile occurs, the stream has had.to cut through a thickness of more
than 100 feet of basalt, which has retarded its progress. Below the
basalt is alluvium, but the thickness of the deposit at this point is

- not known. As the Gila Bend Mountains extend almost to the river
channel on the north, it seems probable that the alluvium here is not
very thick. . .

A WELLS OF SOUTHERN PACIFIC CO.

The lqgs of ‘the three railroad wells at Yuma are reasonably con-
 sistent. "The wells penetrated sand and clay with very little gravel.
The deepest one encountered granite at & depth of 385 feet, or about
940 feet below sea level. The thatérial above the granite is prob-
ably all river-laid sediment deposited largely by Colorado River’
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but possibly in part by Gila River. This evidence indicates depres-
sion of the land in Pleistocene time, for Gila River could not deposzt
sediment so-far below sea level.

The three shallow wells at Wellton penetrated sediments, in large
part coarse gravels. -This indicates either that the river at the time
these sediments were deposited had a much greater transporting
power than at present, or, more probably, that the lower forma-
tions in the wells are side-wash material and not river sediments.
The latter hypothesis is supported by the location of the wells with
respect to the present topography. The amount of gravel reported
in the deep well at Wellton is less than that reported at correspond-
ing depths in the shallow wells. This may be due to an actual
variation in the formations, or it may be the result of inaccuracy in
keeping the record of the upper part of the deep well. Two rather
‘thick bodies of clay are recorded in the log of this well. The
upper one is red clay, 90 feet thick, reached at a depth of 185
feet, and the lower ome'is blue clay, 145 feet thick, reached at a
depth of 560 feet. These beds are separated by 285 feet of sand.
They evidently indicate much quieter conditions of deposition than
those which prevailed while the gravel and sand above and below
them were being laid down. Below the blue clay the formations
are cemented to a greater or less degree. .As amount of con-
solidation is in general a rough measure of the age of a deposit, these

“lower strata may belong to a somewhat older series than these above
them. At a depth of 938-feet “hard rock” is reported lying
below 45 feet of “broken formntlon ?» Tt is possible that at this
point the well reached bedrock belonging to the series of sedi-
mentary rocks of probable Tertiary age which crops out at Ante-
lope Hill and Baker Peaks. “The consolidated alluvium supposed to
be Pleistocene and the Tertiary sedimentary rocks in this region are
so similar that it is nnposs1ble to distinguish the two with certainty
in well records. It is probable, however, that at Wellton the
Pleistocene alluvium- is less than 1,000 feet thick. As indieated in
the section on geologic hlstory, thls may include beds of upper
Tertiary age.

The wells at Pembroke and Mohawk and the one between these
two stations penetrated clay and gravel with some sand, and the -
latter two wells reached bedrock. The material penetrated appears

" to be ordinary valley fill and to have no special significance.

At Aztec the railroad has two wells. The log of well No. 2 is’
more detailed than that of well No. 1, but the two are in general
similar. There are several points of resemblance between these logs
and that of the deep.well at Wellton. The upper strata are sand
and clay, next there is a ccmmderable thickness of clay eonta.mmg
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some sand ; next partly consolidated sand and gravel; and in the bot-
tom of the wells rock of apparently sedimentary origin. The gravel
that occurs in the upper part of the Wellton well is absent at Astec,
and the clay is much thicker. Otherwise the two sections are simi-
lar. No outcrops of Tertiary rock -are known in the vicinity of
Aaztec, but it is entirely possible that such rocks exist buried under
the alluvium and that the roek found in the bottom of the wells is’
of that age.

The logs of the four railroad wells at Sentinel are not very con-
sistent in detail but they agree in general. They show 20 feet of
soil, followed by basalt with some interbedded clay; then sand, clay,
and a little gravel, followed by more than 550 feet of clay with a
little sand, and finally sand, gravel, and clay, partly consolidated,
some of which is called “rock” in the logs. It might equally well
be alluvium of the older group or Tertiary rock, so far as the evi-
dence available shows.

- At Gila Bend (Gila railroad station) there are seven wells be-
longing to the railroad company. Three of these are more than
1,700 feet deep, being thus by far the deepest wells in this region.
The logs of two of these agree almost exactly and were probably
made by the same man. The log of the third differs only in detail.
These three are at the roundhouse. The other four are shallower
and older and are at the pump house, a short distance west of the
roundhouse. Their logs agree reasonably closely with those of .the
roundhouse wells. The roundhouse wells penetrated 90 feet of sand
and gravel with a little clay, then sandy clay, followed by more than
850 feet of clay with, according to one log, some sand and mud, and
finally motre than 600 feet of thin alternating beds of clay and gravel,
with minor amounts of sand. Several of the beds in the last 650
feet are called “rock” in the logs, and all of them are probably
more or less consolidated. One of the logs mentions “shells and
mud ” between depths of 1,100 and 1,125 feet.. If the *“ shells” are
the fossil remains of organisms they may indicate conditions mark-
edly different from any known to have existed in this region. It is
probable, however, that they are not really shells. One of the other
logs gives “shale and mud” at this depth, and another, that of
well No. 6, gives “ hard clay.”

It is possible that part or all of the formations below the clay are
of Tertiary age, but this can not be proved, and it is equally possible
that they are of early Pleistocene or late Tertiary age. In either
case, it is clear that at least three important groups of events are
recorded by the strata penetrated by these wells. These are (1)
sedimentation under rapidly varying conditions, producing the thin
beds in the lower parts of the wells; (2) deposition in quiet water;
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(3) deposition of the beds above the clay under conditions a‘,pproxi—
mating those of the present day.

Two of the logs show “clay and malapai”. between depths of
1,125 and 1,140 feet. “Malapai” (a corruption of the Spanish
“ malpafs,” badland) is a. local name for the basaltic lava. Pos-
sibly, therefore, volcanic rock exists at this depth. Another and
at least equally probable explanation of the record is that the
“ malapai ” noted consists of boulders of lava or some similar rock
that have been transported by water from some distant outcrop to-
the place where they are now found. :

Logs of wells of Southern Pacific Co. in lower Gila region.

Yuma well No. 1 (finished Jan. 29, 1917).

Thickness.| Depth. Thickness.| Depth.
Feet. Feet. Feet. Feet.

10 10 || Cemented sand.............. 19 121
Water gravel. ......... 4 125
58 68 || Fine sand with some cla; 76 201
2 70 || Water gravel, broken rod! . 20 221
22 92 || Fine sand with clay......... 25 246

10 102

Yuma well No, 2 (finished Apr. 22, 1917).
Sand and gravel............. 16 16 || Clayeysand.........cceue.... o 126
Cemented sand; waberstands Watergravel................ 5 131
55 71 (! Clayey sand..... . 59 190
1 72 || Cemented sand.......... . 13 205
23 95 || Gravel and broken rock..... 21 226
10 105 || Cemented sand.............. 26 252
Yuma test well (finished Jan. 6, 1917).
Dry gravel.....ccevcceneenan. 10 10 || Cemented sand.............. 19 121
Cemented dry sand; water ‘Water gravel.......... . 4 125
stands at 55 feet........... 58 68 || Fine sand with some cla, & . 76 201
Cemented gravel... . 2 70 || Water gravel, broken rock... 19 221
Cemented sand.... . 22 92 || Fine sand with clay......... 164 385
Riverelay......coeeveinnnne. 10 102 || Solid rock (granite).......... 1 396
Qld Wellton well No. 1 (finished March, 1892).

14 14 20 78
27 41 3 81
2 43 17 98
101
6 49 17 118

9 © 58

Wellton well No. 1 (finished Jan. 20, 1918).
’ |
18 18 | Silte . e 3 51
21 39 || Adobe or clay; water stands

2 41 at 51 feet 8 inches. . 14 65
1 42 || Coarse gravel 72 137
6 48 || Quicksand... 3 140
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Logs of wells of Sonthern Pacific Co. tn lower Gile regwn——Continued

Wellton well No. 2 (finished Mar. 2, 1918).

Thickness.| Depth, 'Thickness.| Depth,
Feet. Feet. Feet. Feet.
17 17 [ Gravel.....o..ovvvennvnnnann. 22 80
2 40 Cement boulders 10 09
4 44 || Gravel........... 7 106
2 48 || Cement boulders 7 113
1 47 || Gravel........... : 115
Cement gravel. 4 119
3 50 | Gravel........... lz -120%
1 51 || Cement boulders. 124
2 53 || Loose gravel... . & 129
14 67 || Cement.......ennumunnnnnnn 37 136
Wellton well No. 3 (finished June 16, 1904).
Loam....coveiiiiennanane. 15 15 || Cement gravel............... 55 860
Sand; water rises to 58-foot Sandy shéle..e.cceecninnnn.. 5 865
level Cement gravel............... 7 872
Gravel.. Sandstone..........c.eveennn 8 880
Sand................. ‘Whiteclay...ccoemeemnannn. 5 885
Red clay... Red clay. 53 938
Sand. Broken formation 45 983
Blue plgy. Hard roc] 17 1,000
d Red's 58 1,086
Clay and grav. Red clay... 4 1,110
Cement gravel. White sand 10 1,120
Sandstone P
(finished September, 1918)
3 3 || Heavingsand...eeeeuennnnnn 15 240
Clay. 37 40 || Watergravel....oc.erne 20 260
Clay and gra.vel water Clay and gravel - 148 408
stands at 175 feet.......... 150 190 || Boulders, water bearing..... 25 433
Band and gravel, water bear- Solid rocK.eeeeeeaecanennns .. 5 438
........................ 35 225
Pembroke well.
Sandy 10 | PN 8 8 || Water gravel.......... vecese 18 200
v and gravel; water Clay and gravel............. 218 418
ndshere................ 174 o 182 || Fine, slimy sand with water. 37 455
Mohawk well (finished Aug. 3, 1899).
Cemented clay and gravel. . 160 160 Sand and gravel............. 6 176
edelay........coiiiinaaon 3 163 || Granite.........ococeeaee.s 7% 1834
vaal ...................... 7 170
Sandy sml 5 145
455 600
Runmng and 22 622
Clay, water stands at 79 feet. 28 650
........................ 6 656
.......... and. 10 668
Black rock of sand nature.. . 44 710

7
ater gravi ..
Clay...g.r. ....................
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Logs of wells of Southern Paeific Co. in lower Gila region—Continued.

LOWER GILA REGION, ARIZONA.

Aztee well No, 2 (finished June, 1918).

Thickness.]| Depth. Thickness.| Depth.
Feet. Feet. Feet. Feeto
Coarse sand. 38 38 19 194
Cement sand 2 40 68 262
Caving sand 17 57 2 . 264
Sand and clay; water s 13 1 4
at 79 feet.. 45 102 163 440
ement....... 2 104 . 40 450
Sand and clay 26 130 40 520
Water sand., 2 132 110 630
Red clay. .... 3 135 5 635,
Sand and clay 22 157 5 G40
‘Water sand.. 3 160 & 12 6523
Clay...c...... 11 171 2 654
Cement....... . 3 171} || Sand and gravel.. 21 675
Sandyeclay......cooeennan... 3% 175 | Sandrock........... gomrenaan 35 710
No. 1 (finished November, 1882)
20 250 600
100 400 1,000
129 1,189
350 )
Loam.......c.eiiiriinennnn. N
Leose rock. 62 ‘258
3 Z: T 33 288
Loose lava and clay.. . 38 326
Solid1ava.........ccecegien-n. 587 013
Sand and gravel; water rlses 49 962
tol90feet..................
L) 650
5 655
5 660
.. 55 718
P 45 760
Sand and gravel............. 29 170 173 933
Sand; water struck at 246 69 1,002
feet, rises to 205-foot level.. 180 350 28 , 080
84 CIAY - e neneneenannns 260 610 52 1,082
Sentinel well No. 4 (finished Jan. 1, 1917).
20 20 | Heavyclay.....ooovennnnn... 74 304
22 42 || Sand and cla. .- 36 - 340
2 44 || Boulders and sand........... 10 350
26 70 566 015
15 85 25 940
5 90 40 980
16 106 15 095
34 140 11 1,006
alapai.. 36 176 8 1,014
Clay, water Hs 80 4 220 6 1,020
Sand and gravel............. 1 10 230 10 1,030
Gila well No. 2 (finished August, 1895).
Cemented gravel............. 20 20 || Sandandclay........oocuuen 28 1,18
Indurated clay... 20 40 || Lavaand clay. ceen 57 1,435
Cemented gravel 20 60 |{ Hardrock..... 15 1,250
Coarse gravel and sand....... 40 100 || Clayandrock.....ocovennnens 44 1,204
Clay, surface of water at 140 'l.‘ough redclay....ceoenennn. 32 1,326
t 68 168 L] £ 29 1,355
112 280 Rock and clay.. 13 1,368
195 275 || Hard rock and cl 4 1,372
200 765 [ 3 S 8 1,380
215 980 || Bottom of well..eveenonn.. . 6 1,38
170 1,150 |

|
i
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Logs of wells of Southern Pacific Co. in lower @Qila region—Continued.
Gila well No. 3 (finished Jan. 20, 1906).

Thickness.| Depth. Thickness.| Depth.
Feet. Feet. Feet. Feet.
Gravel and soil............ 15 15 || Heaving sand 6 170 -
Clay. 25 40 lay..... 10 180
52 92 || Sand.. 20 %88
Clay; struck water. . 46 138 || Sandrock. . 5
Watersand.................. 18 156 || Gravel and water 4 209
Sandrock........oocoaie ol 8 164
Gila well No. 4 (finished Feb. 3, 1906)
Gravel and soil .............. 15 15 Sand ......................... 24 162
1 £ N 26 40 sand and elay...... 21 183
Cement gravel 52 92 Sand clay, and gravel....... 133 1963
Clay; struck water at 138 | = | || ClA¥ecciiiiiiiciiacaiienann 134 210
feet. merine it 46 138
Gila well No, 5 (finished Feb. 22, 1906). )
17 17 || Cement sand and clay....... 31 11
39 5 || Clay and quicksand: struck
24 80 water at 138 feet.. ........ 99 210
. Gila well No. 6 (finished Jan. 25, 1917).
Sand and gravel.............. 26 25 and vel. ............. 24 1,385
2 % { gm ...... et 6 3,361
Fine sand........ 20 85 Iay and gmel ..... 32 1,303
Fine gravel 16 80 artz rock. . 5 1,398
Cogrse gravel, cemented in ement gravel. . 18 1,416
SEPEAKS . e iieiiaaaannns 12 99§ Clay........... . 1 , 4%
(o153 AN, 53 145 Cement gravel. . 18 1,445
Fine sand, ‘water bearing. ... 30 176 || ClaY..veeinerrenneennennnnnnn .20 1,488
Sandyclay........co...ee.an 50 225 Boulders inélay............. 9 1,474
Fine sand water bearing.... 10 Bfgg Clay and gravel... . 21 , 488
Sandy cla g .................. 26 4 Boulders and clay FOPSN 15 1,510
Clay and hot mud.. 410 880 Cla d 20 1,530
Cemented clay............... 2 Ro¢: 25 1,555
13 1,568
8 1,601
215 1 1,612
50 9 1,621
19 1,640
5 7 1,647
10 17 1,66
25 9 1,
49 8 1,681
B 1 13 l’%
¢l td
30 $| bnd
5 1, 18 1,732
10 1, 3 1,740
. 9 1, 6 1,746
23 1,307
5 1,312
10, 1,322
9 1,331
2% 1,355
6 1,36
32 1,393
5 1,398
18 1,416
Clay and malapai. 11 1,427
Rock; water struck 18 1,245
feet......cooveieeaeeeaeosll 350 L1175 || Clay.-...... 20 1,465
Fine sand. 1,178 . 9 1,474
e S 83 1,259 || Clay and grav B 2 1,495
Clay with gravel............. 12 1,271 || Boulders and clay........... 15 1,510
........................ 13 1, Clayand gravel.............. 20 1,530
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Logs of wells of Southern Pacific Co. in lower Gila region—Continued.
Gila well No. 7 (finished Jan. 14, 1917)—Continued.

Thickness.| Depth. Thickness.; Depth.
Feet. Feet. Feet. Feet,
25 9 1,673
8 1,681
13 1,694
14 1,708
6 1,714
18 1,732
8 1,740
1,746
18 1,416
11 1,427
18 1,445
Cla; 20 1,465
Boulders in clafr . 9 1,474
Clay and gravel.............. 21 1,495
150 240 || Boulders and clay........... 15 1,510
860 1,100 Clay and gravel.............. 20 1,530
25 1,125 || Roc ) 25 1,555
Clay and malapai 15 1,140 13 1,568
Rock; water struck at 1,175 33 . 1,601
foot. 35 1,175 ‘11 1,612
1 1,176 9 1,621
83 1,250 19 1,640
12 1,271 7 1,647
13 1,284 17 1,664
23 1,307 9 1,673
5 1,312 8 1,681
10 1,322 13 1,604
9 1,331 14 1,708
P8 1,355 6 1,714
[ 1,361 18 1,732
32 1,393 8 1,740
5 1,398 12 1,752

WELLS IN ARLINGTON VALLEY.

Most of the wells near Arlington are too shallow to throw much
light on ground-water conditions. None are nearly as deep as most
of those described above. The A. K. well, in sec. 32, T. 1 S.,, R. 5 W.,
near Arlington, is the only one shown on Plate XII. The schoolhouse
well in the NW. % sec. 83, T. 1 S., R. 5 W., just north of the A. K.
well, is not so deep but penetrates similar material. The logs of
these two wells are given below. Mr. John Montgomery,* of the
Flower Pot Cattle Co., states that the water level in them rose about
12 feet in the 20 years preceding 1918. He also states that all at-
tempts in this locality to sink wells far enough to pass through the
second stratum of red clay have failed and have found no water
below that in the white sand under the first stratum of red clay.

% Personal communication,
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Logs of wells in Arlingion Valley.
[Furnished by John Montgomery.]

A. K. well. ‘Well of district school No. 47.
Thick- Thick-

ness. Depth. Tess. Depth

Feet. Feet. ’ Feet. Feet.
Sand and gravel.............. 60 60 | Sand and gravel.............. 60 60
Redelay..oeeaeenienieennnnnn 30 90 | RedClay..eeeuereeernceacanns 30 97
Sand.......o..iiiiiiiiiaan. 2 92 | Whitesand..............c.ene 1 98
Redclay...c.cccavvenanennnns 58 150

WELLS IN BUCKEYE VALLEY.

None of the wells near Palo Verde, Buckeye, or Liberty furnish
any important information as to ground water. Those near the
river are very shallow. No detailed logs are available of the deeper
wells used for irrigation in the valley a mile or two north of the
river. They pass through gravel and sand, probably in part river
sediments, in part side wash. Side wash and river sediments can
not be distinguished in well logs, and even in surface exposures in
this region they grade into each other to so great an extent and
possess so many characteristics in common that they can be dis-
criminated, if at all, only by detailed field study.

SOUTHWEST COTTON CO.’S WELLS.

The Southwest Cotton Co. has sunk a number of wells near
Avondale on the west side of Agua Fria River. None of them are
very deep, but the logs have been carefully kept, and the information
in them may be of value. The logs are given below. The material
penetrated is principally side wash from the White Tank Mountains,
but sediments deposited by Agua Fria River may be present in some
wells. The large amount of caliche in nearly all the wells is note-
worthy. The formation of caliche is a rather slow process, so
that its presence in large amounts in a deposit is an indication that
the deposit is not very recent in origin. Probably at least the lower
strata in these wells belong to the older alluvium. In the log of well
No. 33 a stratum of shells in caliche. is recorded. If this record is
correct, it indicates that conditions markedly different from those
of the present existed during the deposition of these strata. Possibly
at some time in the past a basin or basins existed in this locality in
which water remained long enough to allow shellfish to live. One
of the engineers of the company states that in an abandoned test
hole of which no record has been kept a stratum of gypsum was
encountered. The gypsum and some of the beds called caliche in the
logs may be precipitates formed during desiccation in these basins.



86

LOWER GILA REGION, ARIZONA,

Logs of wells of Southwest Cotton Co., Avondale, Ariz.
Well No. 3, W, § sec. 12, T.2 N, R. 1 W,

[Altitude 1,051 feet.]
Thick- Thick-
ness. Depth. ness. Depth.
Feet. Feet.
38 || Cemented gravel and sand. 127
40 || Clay and gravel.......... 8 135
57 || Loose ders and gravel 10 145
75 || Soft cemented gravel, san
96 boulders. 12 157
Loose bould 1 168
110 || Hard sand 2 170
122 || Soft cemented gravel and sand... 16 186
Well No. 4, W. % sec. 12, T. 2 N,, R. 1 W.
JAltitnde 1,040 feet.}
Safl and sand.... 8 $ || Oravel and boulders 10 130
Gravel and 30 38 || Hard san 20 150
Clay and bonlders.. 4 42 18 168
Gravel and beulders 18 80 4 172
and boulders. . 10 0 [ 178
Coarse gravel.... . . 32 102 11 189
Clayand gravel...c.ocenennnnnn.. 18 120
Well No. 5. SE, 3 sec. 1, T.2N,R. 1 W,
[Altitude 1,044 feet.]
7.3 14 20 89
3 17 4 93
25. 42 24 17
4 3 120
4 50 10 130
11 61 79 209
4 65 10 219
4 89
Well No. 6, SE. % sec. 11, T.2 N, R. 1 W.
[Altitude 1,044 feet.]
Soll..ocineiniannn vesennan ciecossan 8 '8 Oraval and boulders........ PRI 45 15
8 16 || Cla; . 52 167
8 n 4 171
46 70 31 202
Well No. 7, NE. § see. 14, T. 2 N., R. 1 W.
[Altitude 1,047 feet.]
8 Graveleeo. oo eiiiiiiiiiaiaanan 41 81
15 Galiehe and clay........ 114 195
17 Clay. ceaercinnannens 4 199
24 || Gravel....cceeeeeciieinacnionaanas 5 204
40 Clay, caliche, and cemented sand. 139 843
2wec. , T.2N,R. 1 W.
[Altitude 1,112 feot.]
[ PR, 7 7 Gravel........ae... deeereenaenanan 55 192
Sand with clay and ealithe. .... P 27 34! Band. ce.vieiiaiannnne 12 204
Gravel, sand, and clay............ 26 60 || Soft sandstone 24 228
Fine tsvesnedn D 82 92 || Coarse sand 42 270
Gravel and boulders. . ~.. 12111000 14 106 dswne 5 275
cksand..ccveens. PYPPR 6 112 sandstene.... 33 308
TAVOL. o coteeiannnnnrocancaens 6 118 Samf; clay 45| 38125
Seft caliche........ Greerecaarinaes A 19 137
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Logs of wells of Southwest Cotton Co., Avondale, Ariz.—Continued.
WeH No. 8, NE, % sec, 14, T. 2 N, R. 1 W.
{Altitude 1,045 feet.]
Thick- Thick-
ness. Depth. ness. Depth.
1 3 8| Gravel...oeeeieiiiiriiiniinaanas 4 259

ClaY. e ctecieraaannienacnnnaaan 19 22 1 ClaY.ceveernnnnnn 9 268
Clay and gravel....o.coeeeeennnnns 6 28 || Sand............ 2 270
8and and caliche. - .....cocceon.o. 18 46 || Clay...coovunnnn. 10 280
Gravel......... 54 100 || Hard sand....... 12 292
Clay and caliche. 93 198 || Caliche and hard 2 294
Clay and gravel 12 210 || Not known.. ....... 9 303

................... 45 255
Well No. 9, NE. % sec. 22, T. 2 N,, R. 1 W.

{Altitude 1,045 feet.]
Soil........... berreeanesenenenaann 2 50 102
ClaY..cumueireeerieacaconccasnannn 38 2 104
Gravel...,...cvereermreeceenennns 2 1 115
Glay and gravel.... onooseoeos 10 9 124
F YR o T 17 135
30 || Hard sand and bouldets .......... 25 160
38 { Clay with snmks o! sandstone. . 44 204
40 Coarss gra.vel 12 216
| 4 &

ay and gravel.,..,, .
2 gm%; 4 2568
.100 || Sandstone... 4 262
113 || Clay........ 41 308
18 Soft sandstone 5 308
Well Np. 28a, 8. § sec. 28, T.2 N,, R. 1 W,

[Altitude 1,009 feet.]
3 3 52 103
21 24 134 237
27 51 41 278

Well No. 33a, sec. 33, T. 2 N,, R. 1 W.

[Altitude 1,010 feet.]
T | PP 3 3 13 183
Caliche.........c..ccauuee 9 12 17 200
Sand and gravel............ 12 24 7 207
Caliche with strata of shells. 74 98 17 204
Cemented grave ............ 9 107 50 274
Gravel......ccoeemesnnerasy 17 124 14 288

Caliche.......ccceeeeicimannennnnas 46 170
Well No. 34b, center of sec. 34, T. 2 N, R. 1 W.

{Altitude 1,000 feet.]

L | N, 3 3 || ClaY.ueeeerienesnnaiaiaieiieanns 31 92
Hardpsn......... pee 12 15 Grave.l and beulders 62 164
Sa.nd and gravel...... 10 25 || Clay and caliche.......... 12 166
Boulders. . ......... 1 26 || Gravel and caliche........ 15 181
Gravel and boulders 4 30 || Caliche......ooviveiieienaannnn. 19 200
Coarse gravel..._..... 31 61
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Logs of wells of Southwest Cotton Co., Avondale, Ariz.—Continued.
Well in SE. 1 sec. 21, T. 2 N,, R. 1 W.
[Altitude 1,041 feet.]

Thick- Thick-
ness. Depth. ness. Depth.
- Feet. Feet, Feet. | Feet,

Soiljand caliche................... 11 11 || Cemented sand and gravel........ 9 74
Gravel...... ... 13 24 || Gravel and boulders.............. 74| - 148
Caliche...........o............... 7 31 || Sandstone......ccocevnienencnnnnns 5 153
Cemented sand................... 32 63 || Caliche..c...oooivuiiiiiiiiinannns 7 160
Sand and gravel.................. 2 65

WELLS IN MESA.5S

The deep well on the Murphy-McQueen ranch, Mesa, is of
interest because it extends below sea level and because of the con-
siderable thicknesses of clay it passes through. The log of this .
well is given below. Several of the other wells in this locality en-
counter considerable amounts of clay, but none are nearly as deep
as the Murphy-McQueen well. The clay must have been originally
laid down in quiet water, undisturbed by swift currents. These
conditions must have continued uninterrupted for considerable
- periods to permit the accumulation of such thick beds of clay as
are known to exist. The Murphy-McQueen well penetrated 605 feet
of “clay and talc” in its lower part and was still in the same
material when drilling ceased. The “ talc ” mentioned can only be
some variety of clay, and the presence of any considerable amount
of true talc in such a formation is highly improbable.

Log of well of S. J. Murphy, on Murphy-McQueen ranch, Mesa.

Thickness.| Depth.
Feet Feet.
Surface alluvial soil . 13 13
Water-bearing cemented gravel and boulders.........coccovaeeeeinnn. .. 57 70
Loose, free water gravel, sand, and boulders. . .o 42 112
Clay, soft limestone, and CHALK TOCK. . .+ eno oo ool 408 520
Coarse sand and small gravel; water..........cocovoiiiiiiiiiinininnas .. 6 526
Thin strata of sand and clay; no water. .........coeeviiinienniaaaa..t .- 74 600
Clayand tale: Do water. . . ... i i iiiaieiiiiaiiie i eme e iaeneaa s 605 1,205

PHYSIOGRAPHIC HISTORY OF GILA RIVER.
TERTIARY EVENTS.

In the Tertiary period there was widespread faulting in the lower
Gila region, and probably it continued intermittently for a long.
time. As a result by late Tertiary time the broad features of the
present topography had been blocked out. The mountain ranges

s Lee, W. T. Underground waters of Salt River valley, Ariz.: U. 8. Geol, Survey
Water-Supply Paper 136, pp. 13—44, 1905.
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were separated by structural valleys, in some of which the surface of
the bedrock had sunk far below the summits of the adjoining moun-
tains. The positions and shapes of these vglleys determined in large
measure the drainage pattern in the region. ‘

In this report the disturbances that produced the structural val-
leys are considered to mark the end of the Tertiary period, and all
the material deposited in the present valleys is therefore assigned
to the Pleistocene. The fossil evidence discovered in San Pedro
Valley (p. 82) suggests that the older portions of the alluvium may
be Pliocene. Sedimentary rocks similar in many respects to the
alluvium in the valleys of the present streams are associated with
Tertiary lava in the fault blocks in the mountains. Most of these
sediments were laid down prior to or in the early part of the Ter-
tiary period. Their character indicates that in all probability the
region at that time had a climate and type of topography similar
in many ways to those of to-day. Detailed study may eventually
make it possible to decipher some of the features of the drainage
lines of that time, but the available information is only sufficient to
show that they differed markedly from those of to-day.

QUATERNARY EVENTS.

First period of erosion.—The general effect of the movements
near the end of Tertiary time appears to have been uplift of the
land. This resulted in greatly increased erosion. The valleys
already formed were worn deeper by the streams, and doubtless new
ones were formed. It is not possible from the evidence at hand to
determine to what extent any particular valley is the result of struc-
tural depression or of erosion. Probably both processes played a
part in the formation of most of the larger valleys. In one way or
another deep valleys were evidently formed at this time. Except for
minor changes the positions of these valleys correspond with those
of the present ones.

First period of alluviation—In course of time the streams, for
some reason not now determinable, became overloaded. They de-
posited sediment until their valleys became in large part filled with
it. The older groups of alluvial deposits in the valleys, most of
which are now partly consolidated, were formed at this time.

The thickness of the alluvium thus deposited differed greatly in
different localities. It is impossible now to determine the maximum
thickness of the formation in the larger valleys. The beds exposed
in the lower Gila region have maximum thicknesses of at most a
few score feet. The deep wells in Gila Valley pass through many
hundred feet of alluvium, but it is impossible from the records to de-
termine with any certainty where to draw the lines between deposits
of different ages.
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The Gila conglomerate, which may be equivalent in age to part of
the older alluvium here, in some parts of the mountain region of
Arizona is thousands of. feet thick.®® If such thicknesses of allu-
vium were laid down in the mountains, it is probable that equal or
greater thicknesses were deposited in the lower Gila region.

Much of the alluvium in the Gila Valley is now below sea level,
as is proved by the logs of the deep wells. This is graphically shown
in Plate XII, in which the logs of deep wells are plotted in their
proper relation to sea level. Much of this deeply buried material is
clay, but some of it is sand and gravel, apparently differing little or
not at all from material that is being laid down in the present
stream channels,

- Whatever the origin of the formations, it is clear that the river
could not have eroded its channel to any such depths below sea level
as those at which alluvium has been found in the wells. Therefore
subsidence ranging from several hundred to more than 1,000 feet
has taken place in the lower valleys of Salt and Gila rivers since
alluviation began. The weight of sediment piled up on the tops of
the downthrown blocks of the original structural valleys may per-
haps have caused subsidence at a rate more or less proportional to
the rate of deposition of the sediment. Renewed or continued crustal
movement may have resulted in the subsidence. Whatever the cause,
the fact seems clearly established. The abundant evidences of the
erosion of great quantities of material from the mountain ranges of
the region in early Pleistocene time seems to indicate strongly that
the general direction of crustal movement in the mountains was
upward. In strong contrast to this movement was the subsidence in
the river valleys. In the absence of deep wells it is impossible to
determine whether there has been corresponding subsidence in the
intermontane valleys away from the rivers. The alluvial fill 1n
many of these valleys is deep, but it has not yet been demonstrated
that the fill extends below sea level.

Clay—A striking feature of the logs of the deep welis along Gila
River is the presence of gréat thicknesses of clay. In Plate XII an
attempt has been made to correlate the beds penetrated by the several
wells. From this it appears that there is a mass of clay in the Gila
Valley scores of miles long, with a maximum thickness of at least
860 feet and a possible width of several miles. The width at Gila
Bend might be considerable, but in most places it is probably less than
5 miles. As the railroad crosses the Mohawk Mountains between
Wellton and Aztec there is a gap in the record of formations in the
river valley. It is reasonable to suppose that the clay continues in

% Ransome, F. L., The copper deposits of Ray and Miami, Ariz. : U. 8. Geol. Survey
Prof, Paper 115, p. 74, 1919,
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the valley around the north end of the Mohawk Mountains. In that
case the clay in the deep well at Wellton is a part of the body found
in the wells at Aztec, Sentinel, and Gila Bend. Another and longer
stretch for which no information is available is that between Gila
Bend and Mesa, because of the lack of deep wells in this portion of
the river valley. Clay is found in the A. K. well, near Arlington,
“and in some others, but none of the wells are deep enough to show
whether or not there is a thickness corresponding to that found at
Gila Bend, below this stretch, and at Mesa, above it. At Mesa the
clay is at least 605 feet thick and may be much thicker. If it belongs
to the same body as that in the railroad wells downstream, then this
- mass of clay is at least 182 miles long. It is worthy of note that much
of the clay is at present below sea level.

The formation of any such mass of clay as appears to be present
in the valley of Gila River must have occurred under conditions
very different from those of the present day. Clay silts are deposited
in quiet places in the present stream, but that hundreds of feet of
clay, mixed with only minor amounts of sand, could be laid down
by a turbulent and variable river like the Gila is not eonceivable.
It would appear that the clay must have been deposited in some
quiet body of water such as a lake. The record of the presence of
the elay is not continuous throughout the river valley, and the clay
may not be a continuous and uninterrupted body. It may have been
formed in a series of lakes, perhaps corresponding to the series of
structural valleys that unite to form the leng, sinuous valley of the
Gila. If all the material in the lower parts of the valleys of Gila
and Colorado rivers above solid bedrock were now removed, the
sea water would pour in from the Gulf of Califernia and occupy
large parts of these valleys. If at some time in the past the lower-
ing of the valley floor proceeded faster than the alluvial filling, the
lower end of the valley of the Gila may conceivably have been
flooded by ocean water. Under these circumstances a long, narrow
estuary would have been formed. There is no evidence of marine
life in the formations in the valley so far as known at present, nor
is there any record of characteristic marine sediments among the
known formations in the valley. The formation of an estuary long
enough and winding enough to account for the distribution of the
clay beds by the subsidence of a series of fault blocks would be a
most unusual and extraordinary occurrence. On the other hand, the
formation of lakes in a river valley, either by differential movement
of the valley floor or by some other means, is not uncommon. This
appears to be the most probable explanation of the known facts.

In this connection the presence of supposed lake beds in the San
Carlos Indian Reservation on Gila River should be mentioned.
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Schwennesen® found beds of sandstone, tuff, limestone, and marly
clay with an aggregate estimated thickness of 700 to 800 feet out-
cropping in the valleys of San Carlos and Gila rivers in this reser-
vation. He believes that these beds were formed in a body of stand-
ing water such as a lake. If, as seems probable, these lake beds are
essentially contemporaneous with the clay above described, the known
area of such deposits is extended up the Gila as far as the east-
boundary of the San Carlos Reservation.

Second period of erosion.—After the deposition of the older allu-
vium there was renewed crustal movement. The beds of older allu-
vium were in many places broken by faults and bent by minor fold-
ing. The lake beds in the San Carlos Indian Reservation have suf- -
fered minor folding and faulting ° and are therefore probably older
than the period of movement during which the older alluvium was
disturbed. - Whether they are contemporaneous with the older allu-
vium or with a part of it is not clear from the available evidence.
The deep wells in the lower Gila Valley are so widely spaced and the
correlation between formations in them is so uncertain and to some
extent impossible that it is not feasible at present to determine
whether any of the formations penetrated by these wells are tilted.
As there is no fossil evidence and no safe means of lithologic corre-
lation, divisions between the formations in the river valley can not be
made. ’

During this period of crustal disturbance the general movement,
at least in the mountains, appears to have been upward. Erosion
became active, and a break in sedimentation occurred. Not only were
large quantities of the older rocks worn down and removed from the
mountains, but much of the alluvium previously deposited in the
valleys was swept out of them again. To what extent this change
was due to the earth movements and to what extent to climatic or
other causes can not be determined from the available evidence.
Certainly crustal movement was an important if not the dominant
factor in the change.

Second. period of alluwiation—The period of movement and
erosion above described was followed by a second period of valley
filling during which another series of alluvial deposits was laid
down., This is the material that floors the greater portion of the
present valleys, including that of Gila River. As it is younger
than the alluvium previously described and older than the recent
deposits it may be referred to as the alluvium of intermediate age.
It is unconsolidated or only locally consolidated and gives little

§7 Schwennesen, A, T., Geology and water resources of the Gila and San Carlos valleys
in the San Carlos Indian Reservation, Ariz: U. 8. Geol. Survey Water-Snpply Paper 450,
pp. 8-10, 1921.

5 Idem, p. 9.
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or no evidence of having been disturbed by crustal movement.
Because of the impossibility of distinguishing with certainty in
well logs between it and the older alluvium and of the small number
of deep wells in the region, its thickness present in the valleys
can not be determined. In some places it may be of the order
of hundreds of feet. This formation is the only one deposited
since the end of Tertiary volcanism in this region in which fossils
have been found. (See p. 75.) These fossils seem to show that
the formation is of Pleistocene age. Indefinite as this information
is, it marks a distinct advance in our knowledge of the geology
of the region.

Basalt—TFlows of basalt occur in many places in the lower Gila
Tegion interbedded with Pleistocene alluvium. The eruptions appear
to have been more violent during the deposition of the older alluvium,
but they continued into the period of deposition of the alluvium
of intermediate age. These outpourings of lava disarranged the
drainage in several places in the region by blocking the stream
<hannels. Evidence of old lava dams now cut through by Gila
River is found at Gillespie dam (p. 71) and Point of Rocks (p. 74).

Third period of erosion.—After the deposition of these beds
another pause in sedimentation took place. The 'streams were
rejuvenated and once more began to cut. The evidence of this
change on the lower Gila River is found in the well-defined terrace
that borders the stream on both sides at most places along its course.
The amount of erosion was less than that which occurred during
the earlier periods. It may be measured by the height of the top
of the terrace above the stream plus the thickness of flood-plain
deposits laid down since the cutting of the terrace. The maximum
thickness of the flood-plain deposits is not known, and the altitude
of the terrace has not been measured. From estimates of the two
it is believed that their sum probably does not exceed 200 feet any-
where on the lower Gila. The cause of the rejuvenation is not yet
definitely determined. Tt is highly probable that remewed crustal
disturbance took place at this time. This movement was probably
similar to those which preceded it and resulted in uplift of the
mountains of the region. It appears to have been one of the prin-
cipal causes if not the major cause of stream rejuvenation, although
other processes may also have had a notable influence.

Deposition of the flood plain.—Below the terrace formed dumng
the period of erosion just described is a flood plain composed of silt
and fine sand, with subordinate.amounts of gravel in places, brought
by the tributaries from the near-by mountains. The thickness of
the flood-plain deposits is not known. Most of the wells sunk in
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them are shallow, and few logs have been kept. The presence of
these deposits shows that there was remewed deposition after the
cutting of the principal set of terraces.

Channel in the flood plain—QGila River when first seen by white
men presented a very different aspect from that of to-day. (See
pp. 64-67.) It had a well-defined channel with hard banks,on which
cottonwoods and other green-leaved plants were growing. The cur-
rent was swift and deep enough even in comparatively dry portions
of the year to make fording difficult, except at a few places, and to
float a flat boat of some size. Fish were plentiful enough to be de-
pended on as food throughout the year by a considerable number of
Indians. Strangest of all to one who knows the silt-laden waters of
the present stream, the water of Gila River is reported to have been
clear and sea-green.

It is evident that in the lower portion of its course the Gila at that
time had become confined to a definite channel cut in the flood-plain
deposits last described, and, at least during most of the year, it was
not carrying much if any sediment. The change that brought this
about may have been elimatic, or it may have been a slight renewal
of uplift. Whatever it was, the erosion did not continue for a long
time. There is no evidence that a very deep channel was cut, or that
any great amount of the soft and recently deposited material of the
flood plain was removed.

Present deposition.—At the present time Gila River in the lower
portions of its course is depositing rather than eroding. The definite
channel described by the pioneer visitors to the region has disap-
peared. Instead there are shifting chanmels with crumbling banks
of barren silt forming linked patterns on the flood plain, which
change with every flood.

The reasons for this change may be in part climatic. It is pos:
sible that less rain falls now in an average year than it did when the
Jesuit fathers first visited the region. But this is certainly not the
only reason. Much of the change has occurred during the period
for which rainfall records have been kept. Gila River had a definite
channel with hard, verdure-covered banks in 1889 (p. 67), but the
rainfall records at Yuma show that no noticeable decrease in the
rainfall at that place has occurred since 1869. Long precipitation
records are also available for Phoenix, Buckeye, and other places in
the region, and these likewise do not show any noticeable decrease
in the precipitation. One of the causes, and perhaps the principal
cause, of the change has been the interference of man with the work
of nature. One phase of this interference has already been men-
tioned. (See p. 67.) The changes wrought by man in the moun-
tains in the upper part of the drainage area of Gila River have
probably been more effective in changing the character of the lower
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portion of the river than those in the lower Gila region itself. The
natural run-off in the mountain areas has been interfered with by
dams and other structures. Much of the water that would other-
wise flow into the Colorado has been taken out for irrigation at
different places in the upper and middle reaches of the Gila. The
removal of forest cover in places has left the surface unprotected
from the attack of the forces of erosion. As is forcibly pointed out
by Olmstead,* the amount of erogion in the mountains is now con-
siderable. Such occurrences tend to cause the streams to become
overloaded with sediment in the mountains and consequently to de-
posit part of their load in the lower courses. However, the change
in Gila River began before most of the work referred to by Olm-
stead was done. Therefore, while this work has probably helped to
bring about the present conditions on the (Gila, it is neither the
primary nor the principal cause of the alteration which has taken
place. This cause must be sought in some change in climatic con-
ditions, or in earth movements small in amount but sufficient to
disturb the equilibrium of the stream, or in a combination of these
two. Much more careful and detailed work must be done in this
region before definite conclusions can be reached in regard to the
last recorded change in the character of the lower Gila River. As .
this change has so direct and important a bearing on the present
and future development of agriculture in the region, it is highly
desirable that it be clearly understood and correctly interpreted.

HISTORY OF IRRIGATION ALONG GILA RIVER WEST
OF GILA RIVER RESERVATION.*

By C. R. OuBERG.

Early in the work of the Gila surveys of the United States Indian
Service, it was recognized that the diversions west of the Gila River
Reservation were not of sufficient importance to warrant a detailed
survey or an exhaustive investigation. Accordingly, a reconnas-
sance survey was made of that portion of the valley, beginning at
the west line of the reservation and extending down the river to
the farthest irrigated lands of the Gila Bend district. (See Fig.
15.) All available historical data were collected in connection with
the present diversions, but only general information was sought
respecting the many abandoned canals.

5 Olmstead, ¥. H., Flood control of the Gila River in Graham County, Ariz.: 65th
Cong., 34 sess., S. Doc. 436, 1919.

% This account is taken substantially from Appendix A of “ Report on the water sup-
ply and the estimated cost of the proposed San Carlos irrigation project on the Gila
River, Ariz.,” submitted by C. R. Olberg, superintendent of irrigation, through W. M.
Reed, chief engineer, U. 8. Indian Irrigation Service, Los Angeles, Calif., November 1,

:1915. Minor modifications have been made here and there to incorporate later informa-
on.
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PREVIOUS IRRIGATION.

The former irrigation by the Indians of this region is mentioned
in several of the accounts of early explorations. Emory,” for ex-
ample, states: .

We know that the Maricopas have moved gradually from the Gulf of
California to their present position in juxtaposition with the Pimas. They
were found as late as 1826 at the mouth of the Gila, and Dr. Anderson, who
passed from Sonora to California ‘in 1828, found them, as near as could be
reckoned from his notes, about the place we are now camped [Gila Bend].

More or less abundant evidences of old Indian or prehistoric
irrigation occur at several places along this portion of the river.
The most easily traceable are found just above Gila Bend, in Enter-
prise Valley, and also just below Gila Bend, near the Painted Rock
Mountains.

The earliest irrigation by white settlers in this part of the Gila
Valley took place in connection with the establishment of the early
overland stage stations. The first stage line was established in 1857
and was operated twice monthly between Fort Yuma and Sacaton,
a distance of about 190 miles.%?

No irrigation of importance, however, took place until the early
seventies. Browne, in writing of his travels up the Gila in 1864,
gave a very good description of the country but failed to mention
any irrigation. Hinton,*® on the other hand, who wrote on this same
territory in 1876, stated that irrigation was being carried on at
several of the stage stations and that cultivation was started in the
Redondo district, near the junction of Gila and Colorado rivers.
He said:

The owners of the San Ysidro ranch, in this locality, are José M. Redondo
and his brother. * * * Mr, Redondo has been trying to irrigate continu-
ously since 1862, but though he spent considerable money he was not success-
ful until this location was selected. The canals on the place are 27 miles long,
and work was commenced in 1871, and at least $25,000 was spent before a -
cent was realized.

The Redondo irrigation district, which later included'all the above-
mentioned canals, extended 30 miles up the Gila from Yuma. Other
comments of Hinton on his trip are as follows: ’

Excellent crops of wheat and barley are grown at Mohawk station. * * *

A good ranch on the river bottom supplies the station [Antelope Peak]
and shows that with industry and water the seeming desert is amazingly
fertile. * * *

The first stage station out of Yuma is Gila City. Several ranches are passed,
showing that Gila bottom is cultivated.

1 Bmory, W. H., Notes of a military reconnaissance from Fort Leavenworth, in Mie-
souri, to San Diego, in California: 80th Cong., 1st sess,, Ex. Doc. 41, p. 89, 1848,

@ Browne, J. R., Adventures in the Apache country, p. 292, Harper & Bros.,, 1869,

@ Hinton, R. J., Handbook to Arizona, pp. 278-279, 1878. .
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A pamphlet published in 1892 from data collected in 1889 and
prepared by the Citizens Executive Committee of Yuma County con-
tains the following table:

Canals in Yuma County.

Capacity | Esti-

Name. (Ig'ﬁggl (miner’s | mated re;gxllem-
* | inches). cost. (acres)
35 | 11,000 | $150,000 | 40,000
5 600 2,000 1,500
13 5,000 | 15,000 19’8%
22 £,000 | 45,000 12,
10 9,000 | 325,000 7,000
7 3,000 | 9,000 2,000
10 5,000 | 25,000 4,000
8% 3,500 | 35,000 2,000
7 2,000 | 10,000 2, 500
3 3,000 | 15,000 {-.o.uone.-
1203 [eeeemennncoeennnns 81,000

The same report contains the following statement in reference to
the canals mentioned in it:

In the event of the completion of the above-described canals in accordance
with the original plans of the projectors, the total length would reach 241
miles, reclaiming over 267,000 acres of bottom, valley, and mesa land at an
estimated cost of $1,318,000.

" A summary * showing the extent and cost of the new canals
farther up the Gila in Maricopa County follows:

Canals in Maricopa County, 1901.

Year Average | Capacit, Esti-
Name. first (]I:‘ﬁg‘? width | (secon mated
used. * | (feet). feet). cost.
B LT o T 1886 28 16 ,
iU oo L N 1886 12 14 100 16,600
East Riverside (Gila 36 1893 20 17 675 125, 000
Lower Gila Bend (Riverside) 1885 20 15 250 , 000
7 RO .| 188 14 13 250 8,
Palomas. . | o1se7 22 15 60 10, 000
Atlington .............................................. 1901 15 |....... I P 12,000

For the last two years no water has been diverted into the Aztec canal. A
conflict between the users in times of scarcity and a lack of system in the
division of the water has resulted in expensive litigation. The canal was
abandoned, with the result that the alfalfa fields and orchards have perished.
The ranches still keep up their assessment work on each canal in order to
maintain its franchise, The Lower Gila Bend canal has not been in operatién
for several years but is being repaired, and irrigation will be resumed.

Of the canals in the Yuma County group, none are at present in
use. [The Antelope canal, rehabilitated to a certain extent by the

% Report of the governor of Arizona to the Secretary of the Interfor, 1501, p. 42,
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Antelope Valley Canal Co. before 1915 (see pp. 105-1068), was aban—
doned when seen in 1917.—~C. P. R.]

In the Maricopa County group three canals—the Enterprise, the
Arlington, and the Buckeye—are at present in operation. [The
Gila Water & Land Co.’s eanal was put into operation in 1917, and
the Gillespie dam was constructed in 1921.—C. P. R.] The other
irrigation projects were constructed with little regard to the water
supply, and consequently, after brief attempts at cultivation, they
were gradually abandoned. A few have from time to time been put
in shape and used, only to be soon again abandoned. Others, like
the Mohawk-or the Palomeas, have had comparatively longer periods
of usefulness or prosperity. The Mohawk and Palomas districts,
situated on opposite sides of the river, enjoyed for four or five years
prior to 1890 a rapid agricultural development, and it is reperted
that from 1,000 to 3,000 acres in these distriets was under cultivation.
Davis® in 1897 estimated from the best data then available. that
1,000 acres was under cultivation along the Gila in Yuma County,
which would include the Mobawk and Antelope districts. Irriga-
tion in this region. is referred to in several of the reports.of the
Territorial governors. In the report for 1901% the following state-
ments are made: .

The largest canal taken from the Gila River is the Mohawk, which heads
above the town of the same name. It is 23 miles long, cost probably $150,000,
and eovers between 25,000 and 30,000 acres. For several years previous. to 1890
the canal was negleeted, and many of the farmers left the valley. In that year
it was again put into condition, and the water supply having been plentiful a
small acreage was brought under eultivation.

There are large tracts of good land along the banks of the Gila River, aggre-
gating 30,000 acres or mgre, lying in the Mohawk Valley, but the water supply
can not be depended upon, and the rainfall is slight. The history of irrigation
in the Gila Valley is full of expensive litigation, due to the continual contests
in the courts over prior water rights. A number of canals on the Gila near
the headwaters are being enlarged, and new ones are taken out from time to

time. As a consequenece, the periods of scarcity or of no water in the canals
below are more and more prolonged each year.

Intermittent irrigation continued, however, until the disastrous

- flood of 1905, when the canal headings were so badly washed out that
these old districts were abandoned. - In 1914 a little overflow irriga-
tion was going on in the Palomas Valley, and about 500 acres in the
Mohawk Valley was being rather unsuccessfully irrigated by means
of pumps. The canals below the Palomas and Mohawk canals, such as
the Redondo and the Araby, evidently went out of commission some
time prior to the flood of 1905—that is, before the canals higher up

6 Davis, A, P., Irrigation near Phoenix, Ariz.: U. 8. Geol Survey Water-Supply Paper 2,
p. 94, 1897,
¢ Report of the governor of Arizona to the.Secretary of the Imterior, 1901, p. 50.

49417—23——S8
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on the Gila or in the Mohawk Valley were abandoned. At Sentinel,
above the Antelope Valley, are the diversion site and headworks of
the South Gila (Sentinel) canal, now owned by the Southwestern
Fruit & Irrigation Co. This canal was constructed in the late
eighties and is 22 miles long. Davis ®" gives a brief description of it
and a section of a proposed dam across Gila River. Several unsuc-
cessful attempts have been made to construct a permanent diversion
dam at the canal heading. No land was ever cultivated under this
project, and it was only during times of flood that water flowed in
the canal. Construction work has been carried on to provide the
canal with suitable headworks, and the company intended to con-
struct a high dam at this point for storage. [This irrigation project
1s now abandoned.—C. P. R.]

Above the Sentinel or South Gila project and about 20 miles
northwest of Gila Bend is the old Dendora canal. This canal was
excavated in 1882 for a distance of about 7 miles, and a 4-foot
rock-fill dam was constructed across the Gila. During the first
flood after its construction the dam went out, and no land under_
the canal was ever cultivated. It was proposed to irrigate about
5,000 acres in the Oatman Flat district by this project. The con-
struction of a storage dam also was contemplated. Efforts to re-
habilitate this canal have been made, but without success.

In the vicinity of Gila Bend and just above it there are several
large abandoned canals and irrigation projects.

The Citrus canal, which heads within the Gila River Indian
Reservation, was built in the early eighties. Like many others, it
had but a short life. In a report of Superintendent of Irrigation
J. W. Martin, of this Service, dated August. 4, 1909, the following
reference is made to this canal: “It has been out of use for some
years, and the headgates are filled with mud.”

The next large abandoned canal above the Citrus is the Lower
Gila Bend, constructed in 1885.%¢ In 1901 this canal had been out
of use for several years, but subsequently a new heading was con-
structed and the canal was successfully operated until 1908, when
its heading was again destroyed by a flood. Since 1908 this canal
has been continuously out of service. '

The largest of these ill-advised and now abandoned projects is
variously known as the East Riverside, Gila Bend, or Peoria canal.
The main canal for this project heads at what is known as Woolseys
Butte, the present site of the Enterprise canal heading. This
project was started in 1891, and it is reported that $1,000,000 was

¢ Davis, A, P., Irrigation near Phoenix, Ariz.: U. 8. Geol. Survey Water-Supply Paper 2,
pp. 7677, 1897,
% Report of the governor of Arizona to the Secretary of the Intertor, 1901, p. 42.
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spent in its construction. A brief description of this project is given
by Davis.®®

After a large portion of the dam was washed out for a second
time in 1895, and still more of it in 1905, no: water is known to have
flowed through this canal except in times of extremely high flow,
and no successful irrigation has been carried on under this canal
since the flood of 1905: During the few years that this ditch was
in commission, it is reported, about 1,000 acres was put under
cultivation. On a large portion of this land but one crop (grain)
was ever grown, but other smaller patches of land were cultivated
for several years. Most of the land formerly irrigated under this
ditch has since been washed away.

This company, as well as several others havmg projects below the
Gila River Reservation, have made filings and have expressed their
intention to construct large dams and store the waters of the Gila,
but nothing has been done toward the fulfillment of these proposals.

Other canals of lesser proportions than those discussed above
have been constructed on the lower Glla, but all of them, like the
larger canals, have been out of commission for at least 10 years.
The detailed history of these abandoned canals is not readily avail-
able. Little has been written regarding these old ditches, and local
information is very meager. However, it is generally known that
they were for the most part ill advised and that they were never
put to beneficial use. Certain work, such as the occasional cleaning
out of a portion of the canal or headworks, has been done on a few
of these canals, but this work has been desultory and has been pro-
ductive of no beneficial results. On the lower Gila there was and to
a certain extent there still is a custom among persons owning or
interested in a canal to do a certain amount of assessment work on
the canal each year and thus hold the “ franchise.” Owing to the
very scanty supply of water available during the dry season (see
pp. 106-108), it is quite obvious that irrigation in this section by
means of river flood water alone is hardly feasible. The shortage
of water undoubtedly accounts for the abandonment and present
general disuse of these numerous and expensive canals.

PRESENT IRRIGATION.

Buckeye canal—At the west line of the Gila River Reservation
the Gila is joined by its principal tributary, the Salt. About 3 miles
farther west, down the river, the Gila receives the discharge of a
smaller tributary, the Agua Fria. This stream, especially near its
mouth, is dry the greater part of the year. Just below the mouth
of the Agua Fria is the rock and brush diversion dam of the Buckeye

® Davis, A, P., op. cit., p. 47,
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cenal, on the narth bank of the Gila in sec. 34, T. 1 N., R. 1. W., Gila
and Salt River base and meridian. '

This canal is 24 miles long and is intended to irrigate about 20,000
acres of land north of the river. The appropriation of water for
this ditch is based on a filing made in 1885. Construction was
started the same year, and the first irrigation was done about 1888.
Each year thereafter the amount of land irrigated was increased,
and at the time of this survey 14,540 acres was under cultivation.
[More than 19,000 acres is reported to have been under irrigation in
1917—C. P. R.]  This eanal is owned by & mutual company, com-
posed of the farmers under the canal. Not all the water users,
however, are stockholders, as some of these farmers buy outright
the water they need for their lands. In May, 1914, the stockholders
of this company authorized a bond issue of $30,000 to be used for

draining, washing, and reclaiming 3,500 acres of alkali lands.
Of the total land under cultivation, about 90 per cent is in alfalfa,

and the remainder in grain, sorghum, and pasture. Cattle grazing
and feeding is an important industry in this section. At a point
half a mile below its heading theve is & bridge across the Buckeye
canal. The canal at this point is 15 feet wide on the bottom and
25 feet wide on top and has a water depth of 3} feet. On May 29,
1914, this canal was flowing, by actusl measurement, 109 second-feet.
This measurement was taken during the low-water season and rep-
resents, at least for that year, the minimum flow. The maximum
capacity of the canal is 200 second-feet.

Corbett canal.—About 3 miles below the Buckeye canal, but above
the Arlington, is a small pumping plant known as the Corbett. This
plant pumps directly from the river and at the time of this survey
was irrigating about 120 acres, to which the water was conducted
through a small ditch. The plant consists of a gas engine and a
14-inch centrifugal pump, which was put in operation about 1910.

Arlington conal—The next eanal diversion down the river from
the Buckeye is the Arlington, which is on the same side (north) of
Gila River as the Buckeye but about 13 miles farther down. The
Buckeye and Arlington districts are in the same general valley,
which is practically a westward extension of the larger Salt River
valley. Hassayampa River, which joins the Gila about 74 miles
below the Arlington diversion, is generally considered to be the
dividing line between these two districts, although the Buckeye water
is siphoned across the Hassayampa and irrigates a small area on its
west bank. ‘

The Arlington canal is owned by the Arlington Canal Co., a coop-
erative organization composed of farmers who own the land under
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the canal. The canal was built in 1889-90 and the notice of water
appropriation was filed in July, 1907. This canal, at the time of
the survey, was irrigating about 4,800 acres and was intended to
irrigate several hundred acres more. In 1913-14 a permanent low-
water concrete diversion dam was constructed and considerable work
was done on this project. The irrigated land is practically all
planted to alfalfa, and cattle feeding is an important industry.

The main canal is about 15 miles long and at a point above the
uppermost, of its laterals had, at the time of this survey, a bottom
width of 10 feet, a top width of 17 feet, and a water depth of 8
feet. A flow of 53 second-feet was measured with a current meter
on June 1, 1914. This quantity, according to several farmers in the
district, represented practically the minimum flow during the year.
The canal has a maximum capacity of about 75 second-feet. The
siphon built to carry this canal under Hassayampa River is 300 feet
long and has a rectangular section of 4 by 6 feet in the clear.

Joshlin ditch—The ditch owned by Mr. Joshlin is on the opposite
or south side of the river from the Buckeye district and heads half
a mile below the point of diversion of the Arlington canal. It was
constructed in 1911, and at the time of this survey the land cultivated
under it amounted to about 225 acres, This ditch is of small sec-
tion: the bottom width is 2 or 8 feet, the top width 5 feet, and the
depth of water 1 foot. By meter measurement made on June 1,
1914, a flow of only 1.4 second-fest was recorded. Owing to the
nearness of this diversion to the intake of the Arlington canal, very
little water is available during the dry season. {The Gila Land &
Water Co. (sée p. 154) started an frrigation project here in 1917.—
C.P.R.]

James Bent canal.—The water for the James Bent canal [now
abandoned.—C. P. R.] is diverted from the east bank of the Gila
at a point 18 miles below the Arlington heading. It served to irri-
gate about 300 acres near Gila Bend, and the first appropriation
was made in 1910. At the time of the survey this ditch was found
in a very bad state of repair, and the land covered by it appeared
to be reverting rapidly to a state of disuse or abardonment.

The cross section of the ditch in its present condition has a bottom
width of 4 feet, a top width of 6 feet, and a possible water depth of
2 feet. On June 1, 1914, the canal was flowing 4} second-feet, ac-
cording to meter measurements. Originally the capacity of the
ditch was probably 10 or 15 second-feet, although its grade and the
consequent velocity are very small. The water supply for this canal
appears to be inadequate, particularly as the proprietors of the
Enterprise canal, who divert water 2 miles below, claim prior right.

Enterprise canal—A low mountain ridge entering the valley on
the north side of the river terminates the Arlington and Buckeye
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region. This ridge ends abruptly, terminating at the river’s edge
in a steep bluff that has been called Woolseys Butte. [Not to be
confused with Woolsey Peak, which is about 8 miles southwest.—
C. P. R.] The close proximity of the Estrella Mountains [ Buckeye
Hills on maps in this report], on the east side of the river, to Wool-
seys Butte forms a relatively narrow channel through which flows
the river. This short narrow canyon makes a very favorable diver-
sion site, and in 1915 it was used for that purpose by the Enterprise
Canal Co. At an earlier time it was used as the dam site for the
Upper Gila Bend project, referred to under the heading “ Previous
1rr1gat10n ” (pp. 100-101). The diversion for the Enterprise canal
is in sec. 28, T. 2 S., R. 5 W. The greater portion of this canal was
constructed during 1885 The original heading was 13 miles below
the present site, and the diversion works used in 1915 were con-
structed in 1901-2. The canal has a bottom width of 4 feet, a top
width of 10} feet, and a water depth of 23 feet.

The Enterprise canal was owned by a corporation known as the
Enterprise Canal Co. The stockholders were the owners of the land
irrigated, and most of them were engaged in cattle raising. At the
time of this survey about 700 acres was being irrigated by this canal,
and 2,000 acres additional was susceptible of irrigation. During the
years of heavy flow in the river other land was cultivated. Nearly
all the irrigated land was planted to alfalfa, but some sorghum and
grain were also grown.

To the favorable location of the dam apparently is due the excellent
supply of return water which was provided. Meter measurement of
the flow in this canal, made on May 30, 1914, showed that 25 second-
feet was being diverted. This quantity was somewhat in excess of
the minimum flow, according to Mr. Montgomery, president of the
Enterprise Canal Co., who stated that during the dry season prob-
ably not more than 15 second-feet could be depended upon.

Gillespie dam."*—The most recent irrigation development of im-
portance in this region is the construction of the Gillespie dam across
Gila River, a view of which is shown in Plate XIII. This dam was
campleted early in 1921. It is on the site of the Enterprise dam and
of the old Peoria dam of the Upper Gila Bend project, in sec. 28,
T.2 S, R. 5 W. The present structure is a concrete diversion dam
1,800 feet long, of the multiple-arch type. It is proposed to divert
water from Gila River into a canal about 40 miles long recently com-
pleted, which is to furnish water for irrigating land below the dam.
Most of this land is in the vicinity of Gila Bend. It is stated by

% The description of the Gillespie dam is written by C. P. Ross from data derived
from the State Land Commission of Arizona in a letter dated Deec, 20, 1921, from a
pamphlet issued by the Gila Water Co., owner, and from letters from E. C. La Rue,
hydraulic engineer, U. S. Geol. Survey, Apr. 26 and May 15, 1923.

~
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the Gila Water Co., which owns the project, that 100,000 acres of
desert land can be brought under cultivation by this means. Early
in 1923 a tract of 10,000 acres was bemg cleared and prepared for
cultivation. .

Papago canal—The next canal takmg water from the Gila below
the Enterprise diversion is the Papago canal, on the Gila Bend Indian
Reservation, 19 miles below. The Papago canal was constructed in
1891 by L. S. Anderson. For several years prior to. that date the
land now under it was irrigated from the Lower Gila Bend (River-
side) canal, which was constructed in 1885 and was abandoned
sometime prior to 1900.

A five-sixths interest in the Papago canal was held by Mr. Ander-
son. The Gila Bend Indians hold the remaining one-sixth in-
terest, and they have irrigated about 82 acres by means of the water
thus obtained.

The Papago canal is 8 feet wide on the bottom and 15 feet wide
on top; it has a water depth of about 2 feet and a maximum capacity
of about 30 second-feet. No meter measurements were made at the
time of this survey, because only a small quantity of water was then -
flowing into the canal.

Several investigations and surveys have been made by the Indian
Office with a view of providing additional water for this reservation,
but no money has yet been appropriated for the work. The Gila
Land & Cattle Co., which owns and cultivates land to the west of
the Gila River Reservation, has acquired Mr. Anderson’s interest
in the canal and at the time of this survey was irrigating 730 acres.

Antelope Valley canal—Between the Anderson heading at.Gila
Bend and the mouth of the Gila at Yuma the Antelope Valley canal
[not in use in 1918] is the only diversion of importance, but there
is at least one of the older or abandoned canals which takes water
from the river during extreme high water and is supplemented by
pumps during the remainder of the irrigating season. The Antelope
Valley canal heads in the SW. % sec. 21, T. 8 S., R. 17 W. This was
also the point of diversion of the old Antelope canal which was
mentioned in the report of the Citizens’ Executive Committee of
Yuma County for 1889, previously cited, and it therefore appears
that the present project is a rehabilitation of the old canal. The An-
telope Valley Canal Co. bases its water rights upon a filing made
May 1, 1908, on 5,000 inches of water. Filings for a right of way and
reservoir site were made and approved at the Phoenix land office
April 15, 1909. The Antelope Valley Canal Co. has applied to the
United Stabes Land Office asking that stock in this company be
accepted as final proof in desert entries under the canal. '

A report favorable to the project was submitted in 1914 by R. G.
Mead, field engineer of the Land Office, and a further supplemental
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report, also favorable, was submitted in April, 1915. From a copy
of these two reports kindly furnished by Mr Mead the following
information has been obtained:

The project is intended to irrigate 10,000 acres during five months
of the year. Delivery of water began in 1909. The area ready to
receive water on November 1, 1914, was 977 acres, and since that date
125 acres additional has been put under cultivation.

The company is a mutual organization composed of landowners _
under the canal. Until 1913, when a good heading was put in, the
Antelope canal was supplied with water by means of a pump, the
water being drawn directly from the river. -This pumping plant is
no longer in use. A number of the farmers under this canal are
installing auxiliary pumping plants to supplement the flood-water

supply.
AMOUNT OF WATER AVAILABLE FOR IRRIGATION.

With the exception of the gage recently established near Florence
in connection with this investigation, the first gaging station on the
- @ila above the diversion west of the Gila River Reservation is at
Kelvin, 90 mileés upstream from the west line of the reservation.
Between Kelvin and the Buckeye district many diversions take water
from the Gila, and at least two tributaries contribute to its flow.
The records of this station are thersfore of no great value, especially
during periods of low water, in determining the available supply
below the reservation.

On the river just opposite Sentinel a gaging station has been in
operation for several years. This station is approximately in the
center of the district under consideration, being just above the
Palomas and Mohawk valleys and just below the Gila Bend territory.

Discharge of Gila River at Sentinel, in acre-feet.®

1913 1914
b 39,600
b 146, 000
b 2%800
b ;810
b 30
b 0
120 12,700
2,850 | 42,700
0 29,900
0| 45500
4710 | 54,400
17,000 | ©39,200
24,470 | 435,640
& Digcharge Ju tembar 1913, ted by Jacob, district 8.
Geol. Burvey, Phg:ﬁ?xe, Ariz. : not _publl . Ddscharge ‘October 1913 to g'ust, 1914

from U. 8. Geol Survey Water-Supply Paper 389, p. 162, 19i7. Discharge October—
December, 1914, from 8. Geol. Survey ater-Supp! y Paper 409, p. 161, 1918.

*No record available,

© December 1-20 only.
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For three years a gaging station was maintained on the Gila at
Gila City, 14 miles above Yuma, and inasmuch as this station is at
what might be ¢alled the end of the district under consideration,
some idea of the river flow in this district may be had from these
observations. They are given below:

Discharge of Gila River at Gila Ctty (Dome), in acre-feet.

1904 @ 1905 » 1906 ¢

0 139, 200 136, 000+

0 , 300 168, 000

0| 1,020.000 576, 000

0| 768,200 ) 000

0 , 700 122,000

0 43,140 4, 580

5,792 4,841 0

139, 600 0 25,100

41,700 2,967 4,280

32,800 11,010 0

8,486 | 211, 0

1} 375,100 332, 000

226,400 | 3,665,200 | 1,790,000
¢ 17, 8. Geol. ater-Supply Paper 133, 208, 1905.
v . 8. Geol. survey ga Subbly Paser 175 b. 166, 1906,
¢ U. fi. Geol. SBurvey Water-Supply Paper 11, p 125, 1908.

At Yuma the Reclamation Service has made observations of the
flow of the Gila since 1908.

Discharge of Gila River al Yuma, in acre-feel.”

1903 1907 1908 1909 1910 1911 1912
0| 63,500 0| 71,800 | 213,000 | 60,000 0
0| 59,400 | 301,500 | 175,100 9,200 | 48,000 0
9| 289,000 ( 162,600 | 147,400 500 | 84,000 | 121,000
30,228 | 71,500 0| 96,0001 1,500 0] 70,000
799 0 01 14,20 0 0 800
0 0 0 0 0 0 0
0 0 0 21,600 0 34,790 12, 500
9, 200 0] 04,700 | 54,500 0 39, 700
7,319 400 | 44,200 81,000 0 o - 0
13,650 | 93,200 0 0 0| 30,200 1,400
0! 58000 0 0 0| 17, 300 1]
0| 13,800 | 404,000 0 0 0
61,196 | 648,600 |1,097,000 | 661,200 | 224,200 | 266,200 | 245,200
‘Disch for 1908 from U. Geol. Survey Water-Supply Paper 100, p. 27, 1904,
? r 1907-1912 fumished by U. 8. Reclamation &;wice

It will be seen from these tables that the annual run-off at these
stations ranges from 24,470 acre-feet in 1913 to 38,665,200 acre-feet
in 1905. It is also apparent that the river is frequently dry during
the time of maximum irrigation drought, and that the dry season
is often of considerable duration, It is therefore very questionable
whether flood-water 1rr1gat,10n can be successfully practiced on the
lower Gila.

The few measurements available include the two highest flood
years of recent times, namely, 1905 and 1914. If only these measure-
ments were considered a high average annual run-off would. be
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found, and any conclusions based on these data might therefore be
misleading.

Comparisons of the run-off of Gila River at Yuma and Sentinel
with the run-off measured farther upstream at Kelvin and San
Carlos and also on Salt River indicate that during a period covering
seven years prior to 1905 this portion of the valley experienced a
very serious drought.

The success of irrigation immediately below the Gila River Indian
Reservation and as far down the river as Gila Bend has been'due
to the return or seepage flow at several points in the river bottom.
This return flow is used almost entirely by the most successful of
these canals, especially during dry years and the dry season. No-
measurements of the flow in these different districts covering a
considerable period of time have been made, so that the amount of
this return flow is not definitely known. Measurements made about
June 1, 1914, on the canals above Gila Bend (see p. 103), record a
combined flow of 193 second-feet. From conversation with farmers
living in this district it was ascertained that these measurements
were made at a time of low water supply, so that they represent the
minimum flow during the year.

In considering the return flow on the lower Gila, it is important
to examine the effects of the extensive irrigation that has taken place
in the Salt River valley under the Roosevelt project. Mr. H. L.
Hancock, water commissioner of the Buckeye district, states that
the return flow at the head of the Buckeye canal has increased at .
least 100 per cent since the Rooseyelt project has been in operation.
An increased return flow has also been observed at the headings of
other canals as far west as Gila Bend. Inasmuch as practically the
entire return flow is diverted from the river at each of the successive
canal intakes, it can not be expected that the return flow available
to the lower canals would be in proportion to that available to
those above. Very little if any return surface flow is available from
the river below Gila Bend.

IRRIGATION WITH GROUND WATER IN COLORADO
RIVER INDIAN RESERVATION.

By A. L. HaRrIs,,

[Nore—In 1915 and 1916 an investigation and test of ground water for
irrigation on the Colorado River Indian Reservation was made for the Arizona
State land commissioner by A. L. Harris, consulting engineer. The report made
by Mr. Harris was kindly furnished by Mr. W. A. Moeur, State land commis-
sioner, and the following statements are abstracted from it.—C. P. R.]

GENERAL FEATURES OF THE AREA,

The arable lands in the Colorado River Indian Reservation belong
principally to the so-called flood-plain or bottom lands, composed of
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the alluvial deposits laid down in the past by Colorado River. These
lands amount to about 86,500 acres'in the gross, measured south of
the north line of T. 7 N., but the area capable of development is con-
siderably less on account of sloughs, alkali spots, sand hills, and
sections subject to overflow. There is also an area of 3,000 or 4,000
acres in and about the Parker town site, now in the desert condition,
which is arable but for which it will be more expensive to obtain
irrigation water.

The bottom lands in general slope gently and evenly toward the
river, though they appear nearly flat to the eye. Much of the area

is covered with an uneven growth of brush and some moderate-
- sized trees. Mesquite, cat claw, and small brush prevail on the
higher ground; willow, water rushes, arrow weed, and cottonwood
grow in the vicinity of water.

Little or no use has ever been made of these lands except to sup-
port some range cattle and for cutting a small amount of firewood
by the Indians, who live almost entirely at a considerable distance to
the north. The lands are similar in character to those of the Palo
Verde Valley, across the river in California, where extensive agricul-
tural development has been accomplished both by dlvertmg water
from the river and by pumping from wells.

The bottom lands lie somewhat over 300 feet above sea level. The
arable mesa lands near Parker are about 75 feet above river level,
but the bottom lands are nowhere very much above river level, and
during floods considerable areas are overflowed by backwater from
the sloughs that communicate with the river. Each overflow deposits
a bed of fine red silt but does not generally injure the brush and
trees or erode the ground.

FIELD WORK.

The work was carried on with a view not only to collecting data
by tests of a scientific nature but also to making demonstrations
under practical conditions and on a commercial scale. Locations for
test wells were selected at points several miles apart and on areas
differing in situation, in order to get representative information
(Fig. 16). The wells were made 12 and 16 inches in diameter, which
has been considered proper for many wells in this part of the country
supplying water for irrigation, and from 75 to 138 feet in depth.
Each well had a permanent sheet-metal casing fit for use in an
actual development of the land around it. Conditions of pumping
development in the similar areas across the river in California were
observed, and a considergble number of small borings or drive-
point tests were made to determine the depth to ground-water level
and quality of water. As shown by these drive-point tests the depth
to the water table is generally not less than' 8 feet or more than 20
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feet. Tests of the quality of water for irrigation were made in
nine separate localities, at two-thirds of which the water was found
to be fit for irrigation and at one-third not fit unless used in com-
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Fravia la—mtch map of Colorado Indian Reservation showing location -of -test weils.
(From map by Indian Service.)
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bination with water of better quality. Where bad water was found,
good water usually occurs at other points within a reasonable dis-
tance.

WATER-BEARING PEPOSITS AND SOURCE OF WATER.

The logs of the wells show fine silts near the surface, then sands
of coarseness increasing with depth, and finally gravels and cobble-
stones at a depth of about 100 feet. A few clay strata occur below.
the level of ground water, but generally the materials were found
«clean and unmixed with fine silt or sediments. A natural separation
-or grading of the materials by the river’s action appears te have
taken place. The coarser and heavier parts occur at the lower
-depths, because the more finely divided matter has been carried in
suspension by eddies and currents after the agitation has become too
weak to lift or move the material of larger sizes. This natural
process has resulted in a good condition of porosity for a given size
-of grains in the strata through which<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>