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PREFACE

By O. E. Meinzer

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. This vast region includes some large irrigation districts and
well-watered mountains, 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 it enacted by the Senate and House of Representatives of the United
Ritates of America in Congress gssembled, That the Secretary of Interior be,
and he is hereby, autherized 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 publid springs,
streams, and water holes on arid public lands of the United States; and.in
connection therewith to erect and maintain suitable and durable monuments
and signboards at proper places and intervals along and near the accustomed
lines of travel and over the general area of said desert lands, containing
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 provide 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 suitdble 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 assigned 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.
XV



XVI 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 I1.)

Maps were prepared of the entire area showing the relief and the
location of watering places, roads, and other features. The watering
places, with a few exceptions, were examined, about 160 samples of
water were collected and shipped to the water-resources laboratory
of the United States Geological Survey for analysis, and signs direct-
ing to water were erected at 305 localities. In order to give informa-
tion 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 detailed maps, the road logs, and condensed informa-
tion 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 concern-
mg its geography, geology, and ground-water conditions. Four com-
prehensive water-supply papers have been prepared, of which the
present volume is the third to be published. The first two cover the
Salton Sea region and the lower Gila region and were issued as
Water—Supply Papers 497 and 498; the paper on the Mohave Desert
region will be published later.

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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PREFACE XVl

shawe brought to this task not only the skill and esthetic apprecia-
tion of an artist but also an intelligent understanding of desert forms
resulting from long experience as a topographer in the West. The
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. .

The so-called Papago country, lying south of Gila River, between
Tucson and Yuma, has had until recently only a few white inhabi-
tants and has seemed so waterless and formidable a region that it
has been rarely visited by white men. It has been a sort of strange
wonderland, isolated and different from the rest of the country—a
desert that has perhaps taken a larger toll of human life than any
other arid section of the United States, yet green and tree-covered
and for unknown generations providing a home and livelihood for a
simple-hearted, peace-loving tribe of Indians. At one time the entire
region was sparsely inhabited by the Papago Indians, but at present
they live only in the eastern and central parts, whereas the western
part, shown in Plate V, includes an area (in the United States)
nearly as large as Connecticut, whose only human inhabitant is a
solitary white man, the caretaker of an abandoned mine. This west-
ern part has a rainfall amounting to less than 5 inches a year and
contains so few permanent reliable watering places that they can
almost be counted on the fingers of one hand. Near its southern
margin runs the dreaded Camino del Diablo, along which, it is esti-
mated, not less than 400 wayfarers have perished at one time or
another.

“In recent years the Papago country has become much more acces-
sible because of the use of automobiles, the establishment of a large
mining camp at Ajo, in the heart of the region, the building of a
railroad to that point, and operations of the United States Office of
Indian Affairs in mapping the region, drilling wells, and making
other improvements. ¢

The present volume is based largely on information obtained in
the field and is by far the most detailed and accurate description of
the region that has been published. Mr. Bryan’s purpose has been
to pregsent the facts in regard to the region and their interpretation
in the most concise and direct manner possible, without attempt at
literary effect, but these facts and interpretations are so intensely
interesting that the book has the fascination of a good work of
fiction. ,

The question of water supplies has of course always been the vital
problem of the Papago country, both for the Indians who have made
their meager living from the products of the region and for the
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white men who have come into the region to develop mines, to build
railroads, or to help the Indians. The developments by the Office of
Indian Affairs, the railroad company, and the mining companies
have yielded much valuable information in regard to ground-water
conditions, which has been thoroughly utilized by Mr. Bryan in his
study of the water resources of the region. The present volume is
valuable both for its accurate description of existing water supplies
and for its detailed discussion of the prospects of developing new
supplies. The discussion of practicable methods of storing small
supplies of surface water is a contribution of unique value, and still
more important is the surprising conclusion, which is developed on
the basis of sound data, that in most of the region good water sup-
plies for ordinary purposes, not including irrigation, can be obtained
by digging or drilling wells to moderate depths.



THE PAPAGO COUNTRY, ARIZONA

By Kmrg Bryan

INTRODUCTION

Location—The Papago country derives its name from a group of
seminomadic Indians belonging to the Pima stock, who were called
by the early Spanish explorers the Pimos frijoleros, or bean-eating
Pimas. Somewhat later the name Papago (pronounced pa’pago;
both a’s as in ah) became generally current. These Indians ranged
over the desert country west and south of Santa Cruz and Gila
valleys and north of Altar Valley in Sonora as far west as the Gulf
of California. The Spanish named the whole region inhabited by
Indians of the Piman stock the Pimeria and later distinguished the
portion west of Santa Cruz River as the Papagueria.

The Papago country as considered in this report includes the part
of the original Papagueria that lies north of the international bound-
ary in southwestern Arizona. (See fig. 1.) It is bounded by Santa
Cruz, Gila, and Colorado rivers but includes also the routes from
Tucson to Florence, Casa Grande to Florence, and Florence to
Phoenix.

The Papago country is part of the desert region of Arizona and
is included in the Basin and Range province of the United States.
Broad alluvium-floored valleys bordered by relatively small steep-
sided mountains are characteristic of the region. A warm climate,
almost constant sunshine, and very little rain set the area apart as
a land of small population, both animal and human. The vegeta-
tion is, however, remarkable in the great number of trees, bushes,
and large cacti, which give an appearance of verdant fertility to an
almost waterless land. This strange vegetation, the picturesque,
almost fantastic forms of the desolate mountains, the play of color
on mountain and cloud, the shadows of morning and evening, and the
lambent haze of midday combine to fascinate the traveler who has the
hardihood to face the discomforts of desert travel.

Maps—The map of the Papago country is published in three
sheets as Plates II, ITI, and IV (in pocket). The area covered by
these sheets in relation to one another and the whole area is shown
in Figure 1. '

The maps are the result of plane-table work done by me, com-
bined with existing published and unpublished data. The most de-
tailed recent work has been done by the United States Indian
Service. The larger part of the detail of the Papago villages and

1
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roads in their vicinity has been compiled from this source. 'The
topography and roads of the Tumacacori Mountains have been
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" FIGURE l.—Map.of the Papago country, Arizons; showing principal roads and watering places and areas.covered by Plates II III, and IV
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redrawn from maps of the United States Forest Service. Much ma-
terial was derived also from topographic sheets of the United States
Geological Survey, plats of the General Land Office, rallroad ahne—
ments, and maps of the Mexican Boundary Survey.

1
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The topography has been drawn by Mr. John H. Renshawe from
the best available data. In the flatter areas the darkest color repre-
sents the lowest elevation and lighter colors the higher elevations.
The mountains are shown by shading, as if seen under a strong light
coming at a low angle from the northwest. The general form, size,
and location of the mountains and the general relation of the roads,
towns, and watering places to one another and to the topography are
correctly shown, but minute exactness can not be expected in work
of this type. Many locations are marked as approximate, and per-
haps more should be so marked. Much detail is missing, particu-
larly in the parts of the map that were compiled from maps made
several years ago. It is thought, however, that all the features
shown on the map will be found on the ground.

Acknowledgments—I am indebted to many people for kindness

and for information of great value furnished during the course of
the field work. Mr. Clyde P. Ross, who was in charge of the work
on desert watering places north of Gila River, cooperated heartily
in contiguous territory, especially in making and compiling the
map. He has furnished logs for about 60 miles of road, as is further
noticed in the text. My field assistant, C. G. Puffer, made travel in
the desert easy and contributed much local information. He is
responsible for the mapping of the northern border of the Sauceda
Mountains and for placing the signposts. I am particularly in-
debted for favors and information to Col. John C. Greenway and
Messrs. August de Nave, W. B. Kibbey, Joseph Meneger, Thomas
Childs, Manuel L. Corrillo, W. C. Gietz, Charles M. Hmdman, C.R.
Oldberg, W. D. Tremaine, and Samuel Clark.
: In the preparation of the manuscript I have had the advice of
Mr. O. E. Meinzer, under whose supervision the work was done.
Dr. F. V. Coville and his assistants, of the Bureau of Plant In-
dustry, have kindly read and criticized the section on flora. Mr.
F. L. Ransome generously furnished the section on history. I take
this opportunity of acknowledging the services of the editors and
illustrators of the Geological Survey, whose skill and interest have
made a finished book of the original manuscript.

HISTORICAL SKETCH
By FrREDERICK LESLIE RANSOME !
INTRODUCTION

- The history of Arizona is divisible into three major periods. The
first is the era of Spanish exploration and mission planting, ex-
tending from 1539 to 1823, a span of 284 years. The second is the

1This sketch of the history of Arizona, written for amnother purpose, has, with Mr.
Ransome’s consent, been condensed and modified by Kirk Bryan for use in this guide.



4; PAPAGO COUNTRY, ARIZONA

interval of Mexican control, from 1823 to 1848 or 1853, according
to locality. This was on the whole a time of social and economic
decay, during which much that had been built up by the military and
ecclesiastical forces of Spain crumbled to ruin. The third is the
epoch of American occupation and development. The story of the
earlier periods is interesting in its social and geographic aspects and
supplies a picturesque background to the modern development of
Arizona, in which the Papago country as yet plays a very minor
part.
SPANISH EXPLORATION

It appears that as early as 1530, only eight years after the conquest
of Mexico, Nuiio de Guzmén, president of the audiencia, or governing
board of New Spain, and the rival and enemy of Cortés, was informed
of the existence of seven cities, rich in gold and silver, that lay in
the unknown country to the north. De Guzmén organized an expe-
dition for the discovery and conquest of these cities, but, through
fear of Cortés, he abandoned his enterprise after founding the fron-
tier town San Miguel de Culiacan, from which most of the later expe-
ditions to the north started.

Six years later four strange wanderers reached Culiacan. These
were the stout-hearted Alvar Ntfiez Cabeza de Vaca and three com-
panions, one of them a Moroccan negro known as Estevan or Stephen.
These men had been members of Narvaez's ill-fated Florida expedi-
tion, which had been wrecked off the coast of Texas in 1528, and
after devious and perilous wanderings they at last reached the Span-
ish outposts in Mexico. They related their amazing adventures and,
among other things, told of reports that had reached them at various
times concerning powerful villages to the north, with many-storied
houses, inhabited by a superior race of Indians. When, in 1538,
Don Francisco Vasquez de Coronado was appointed Governor of
Culiacan, the negro, Estevan, retold the story to the new governor.
Coronado on March 7, 1539, sent out from Culiacan an expedition
under Marcos de Niza, a Franciscan friar, with Estevan as guide,
to find these cities. There has been much difference of opinion con-
cerning the route followed by this expedition: the records are vague,
and the actual itinerary may never be known with certainty. Ban-
croft and others have supposed that it lay dowm the Santa Cruz, past
the sites of Tucson and Florence, and then northeastward over the
mountains. Some eminent modern authorities, however, believe that
Estevan, followed by Marcos, entered what is now Arizona by way
of the San Pedro and descended that stream to the vicinity of the
modern Benson, and thence traveled northeastward through Dragoon
and Railroad passes to the Gila near the point where Solomonsville
now stands. The ruined red adobe structure that figures in the old
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narratives as Chichilticalli and marked the passage from the easily
traversed country to the wilderness (el despoblado) is supposed by
those who support this view to have stood near the site of Solomons-
ville and, as they point out, can scarcely have been the Casa Grande,
near Florence, which is gray, not red. The latest contribution to
this puzzling question is that of Potter,> who believes that the route
was down the Santa Cruz, past the site of Tucson, and over the Tor-
tilla and Pinal ranges to Salt River near the mouth of Pinal Creek.
Potter makes the ingenious but not altogether convincing sugges-
tions that the name Chichilticalli was applied to one of the bold
castellated promontories of red quartzite that projects from the south
end of the Sierra Ancha, near the east end of the present Roosevelt
Reservoir, and that this original designation was later applied to an
aboriginal ruin which has been discovered by Potter in the neigh-
borhood.

North of Chichilticalli, or Solomonsville, if the opinions of Hodge?
and Counes* are accepted, the expedition entered the wilderness or
rough mountainous country embraced within the present Fort Apache
and White Mountain Indian reservations and the Apache National
Forest. It crossed the Rio de las Balsas (Salt River), gained the
plateau of northeastern Arizona near the present eastern boundary of
the State, and headed directly for the Zufii pueblos—the “ Seven
Cities of Cibola.” The unusual manner in which the services of
Estevan were utilized now brought the expedition to disaster. With a
considerable retinue of friendly Indians he kept in advance of the
friar, who, with the main force, followed more leisurely on his trail.
When Marcos de Niza had come within a few days journey of
Hawikd, the most southwesterly of the Zuiii pueblos, the main body
was met by a terrified fugitive who informed the friar that Estevan
had not been permitted to enter the first city of Cibola and had been
killed. It appears that the Indians, exasperated by the negro’s in-
satiable demands for turquoises and beautiful women and skeptical
as to a man of his complexion being the ambassador of white men
such as he described, had concluded, after three days’ deliberation,
that his unreasonable demands merited death. Friar Marcos then
advanced to a point whence he could view the fatal city and hurried
back with, as he expressed it, “ much more fear than victuals.”

The friar’s story with imaginative embellishment in regard to
the use of gold and silver vessels in the cities aroused the interest
and cupidity of the Spaniards, and on February 23, 1540, began the
famous but futile march of Coronado’s expedition. His force con-

2 Potter, §. O. L., Chichilticalli: Am. Geog. Soc. Bull., vol. 40, pp. 257-276, 1908.

8 Hodge, F. W., Coronado’s march to Quivira, in Brower, J. V., Memoirs of explorations
in the basin of the Mississippi, vol. 2, pp. 29~73, St. Paul, Minn., 1899,

4 Coues, Elliot, On the trail of a Spanish pioneer, vol. 2, pp. 481-485, 517-518, New
York, 1900.



6 PAPAGO COUNTRY, ARIZONA

sisted of about 250 Spanish horsemen, 75 regular foot soldiers, 300
or more Indian allies, and over 1,000 Indian and negro servants.
Coronado followed practically the same route as Marcos de Niza
and on July 4 reached and captured the pueblo of Hawikii, which
he named Granada. The much-advertised Seven Cities of Cibola
he found, greatly to his disappointment, to be seven poor little vil-
lages. In his letter to Mendoza he stated, with the inconsistent
piety of the time:

As far as I can judge, it does not appear to me that there is any hope of
getting gold or silver, but I trust in God that, if there is any, we shall get
our share of it, and it shall not escape us through any lack of diligence in
the search.

From Hawikd Pedro de Tovar was sent to investigate the Hopi

(Moqui) pueblos of Tusayan. He returned in 30 days with reports
of a tremendous canyon west of the Hopi pueblos, and about August
25 Garcia Lépez de Cardenas, Coronado’s army master, started with
12 men to verify these reports. He discovered the Grand Canyon
about September 15, 1540. With Coronado’s march eastward across
the Pecos and out on the Great Plains the present work is not par-
ticularly concerned. He returned to Mexico in the autumn of 1542
without making a permanent settlement.
. In the meantime Hernando de Alarcén, who had been ordered,
such was the knowledge of geography at that time, to keep in touch
with Coronado’s army by sea, entered the mouth of the Colorado
on August 26, 1540, and ascended it for many miles in boats. He
named the stream Rio de Buena Guia (river of the good guide).
Melchior Diaz, who had been dispatched overland from Sonora
by Coronado to find Alarcén and his ships, reached the Colorado,
which he named Rio del Tis6én (firebrand river), early in October,
after Alarcén had given up hope of effecting a junction and had
returned to New Spain. Melchior Diaz was thus the first explorer
to traverse the Papago country, but his route is unknown.

For many years the Spaniards made little attempt to follow up
Coronado’s explorations, and it was not until late in 1582 that
Antonio de Espejo explored New Mexico and visited the Zufii and
Hopi pueblos. With four companions he traveled west from the
Hopi pueblos for 45 leagues and in the neighborhood of two rivers
“of a reasonable bigness” took out “ with his own hands exceeding
rich metals holding great quantities of silver.”® Espejo is sup-
posed to have obtained his silver ore somewhere in the headwater
region of the Verde. His find in 1583 is the first record of pros-
pecting in Arizona.

5 Hakluyt, Richard, Voyages, vol. 2, p. 471, London (reprinted), 1810.
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About 20 years later, on October 7, 1604, Juan de Ofiate, conqueror
and first governor of New Mexico, with two priests and about 30
men, started from his capital San Juan with the purpose of reaching
the “ South Sea.” He passed through Hawikd and proceeded to the
Hopi pueblos. Thence he crossed the Little Colorado, which from
its red color he named Rio Colorado, and descending from the
plateau at the headwaters of the Verde discovered Santa Marfa or
Williams River, which he followed to its junction with the Colorado.
This stream he called Rio Grande de Buena Esperanza, although he
knew it had previously been named Rio del Tisén. The Gila he
designated Rio del Nombre de Jestis. Ofiate reached the mouth
of the Colorado on January 25, 1605.

The year 1691 was marked by the first entry into Arizona of Father
Eusebio Francisco Kino,® of the Company of Jesus, one of the most
remarkable men who contributed to the development of the South-
west. A native of the Austrian Tyrol, well educated, with a decided
talent for mathematics, he arrived in Mexico on May 3, 1681, in his
- thirty-seventh year. e at first engaged in missionary work in
Lower California, which, notwithstanding the earlier explorations of
Alarcén, Diaz, and Ofiate, was then supposed to be an island. When,
however, in 1685, the conquest of California was suspended, he
sought other fields of labor and early in 1687 was assigned to
Pimeria Alta, a region of which little was then known, as it lay
outside of the Spanish frontier. As its boundaries were subse-
quently developed it extended from Altar River, in Sonora, to the
Gila and from the San Pedro on the east to the Colorado and Gulf
of California on the west. The Piman tribes occupied all the coun-
try, except that along the lower Gila and the Colorado there were
a number of Yuman tribes, including the Yumas, Cocomaricopas,
Cocopas, and Quiquimas. All these tribes, cultivators of the plains
and riparian lowlands, were generally friendly to the Spaniards and
hostile to the nomadic, murderous, and plundering Apaches, who
from their fastnesses in the mountain region north and east of
Pimerfa Alta harried the more peaceful tribes of the lowlands and,
in later years, levied bloody toll upon the missions and ranches of
the Spaniards. Far in the northeast corner of what is now Arizona
were the Hopis, or Moquis, as the Spaniards called them, who asked
only to be let alone, and the more truculent Navajos, a branch of
the Apache group of tribes, who waged frequent war upon the
Spaniards in New Mexico.

Kino began his work by founding in 1687 the mission of Nuestra
Seflora de los Dolores on a beautiful site on San Miguel River, about
60 miles a little east of south of the present town of Nogales. Here

8 Bolton, H. E., Kino’s Historical memoir of the Pimeria Alta, Cleveland, 1919.
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he made his headquarters, and for 25 years with tireless energy he
journeyed over his vast field, exploring its remotest corners, estab-
lishing missions and cattle ranches, and winning the affection and
devotion of the Indians. He made the first map of Pimerfa Alta,
based on his explorations, and established the fact, apparently for-
gotten soon after its original discovery in 1540, that it was possible
to travel overland from Pimeria Alta into California. Kino made
at least 14 extensive journeys into what is now southwestern Arizona.
Only a few of these can here be briefly recounted. His first entrance
was made in company with Father Juan Marfa de Salvatierra early
in 1691, when, at the invitation of the Sobaipuris, the two padres
reached the rancherfa or village of Tumacacori, on Santa Cruz
(Santa Maria) River. In the following year he visited the Sobai-
puris on the San Pedro (Rio Quiburi) and at the large rancheria
of San Xavier del Bac, 12 miles south of Tucson, where over 800
of the tribe were living.

In February, 1694, Domingo Petriz de Crusate was put in com-
mand of the military forces in Pimeria to wage war on the Apaches. .
His nephew, Juan Mateo Mange, was commissioned a lieutenant and
detailed to escort Kino and his associates in their missionary jour-
neys. Mange, a very intelligent and observing man, kept excellent
journals that have been among the most valuable records of the time.
In June, 1694, Mange made an “ entrada” from Tubutama, passing
through Saric and thence on the west side of the Baboquivari Moun-
tains to Gubo and Cups, which are probably the modern villages of
Comobabi and Cobabi; thence he returned to Sonora by a more
westerly route through Moicaqui to Caborca. Mange was thus the
first white man except, perhaps, Melchior Diaz, previously men-
tioned, to penetrate the interior of the Papago country, and during
this trip he first heard of the Casa Grande. In November, 1694,
Kino visited and held mass in the Casa Grande, and he was probably
the first white man to reach this part of the “Rio de Hila,” as he
called it. Curiously enough, Kino supposed that the Casa Grande
and its associated ruins were the remains of the Seven Cities of
Cibola.

There were some Indian disturbances in 1695, and at Tubutama,
about 50 miles northwest of the Dolores mission, in what is now
Sonora, Father Francisco Xavier Saeta was murdered. In Arizona,
however, the depredations appear to have been committed by the
Apaches, who were pursued by a military force to the Chiricahua
Range (Serro de Chiguicagui), where considerable booty was re-
covered. In this year,” as the result of a journey by Kino to the

7 As Bolton points out, in illustration of Kino's tireless energy, he was 51 years old
when he made, on horseback, this journey of 1,500 miles in 53 days, including stops, or
an average of nearly 30 miles a day.
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City of Mexico, five missionaries were assigned to assist him in
Pimeria.

In January, 1697, Kino placed some cattle, sheep, goats, and
mares with the Indians of San Xavier del Bac and also supplied
livestock to the Indians on the San Pedro. Thus began the cattle
industry of Arizona. On November 9 of the same year Kino, with
Mange and servants, was joined at Quiburi (not far from the site
of the present Hereford, on the San Pedro, west of Bisbee) by
Lieut. Cristébal Martin Bernal with a small body of soldiers. The
party then proceeded down the San Pedro to its mouth, near the
place where Winkelman now stands, and followed the Gila,® through
large cottonwood groves, past the site of Kelvin and through the
gorge to Casa Grande, a few miles west of the point where Florence
now stands. Thence they turned south through San Xavier del Bac
and along the Santa Cruz. Most of this route, so far as known,
had not previously been traveled by Europeans.

In September, 1698, Kino, with Capt. Diego Carrasco, who had
taken Mange’s place as head of the Compafia Volante, with express
orders to hunt for a quicksilver mine reported among the Sobaipuris,
left Dolores and proceeded to San Xavier, and thence down the
Santa Cruz to Gila River west of Casa Grande. Thence they
turned south from San Andrés, near the present town of Maricopa,
and explored new territory. They passed through San Angelo del
Botum (Akchin or possibly Cocklebur) and San Bonifacio del Coati
y del Sibuoidag (Quajote, also called Kohakt) to San Francisco del
Adid and Anagam (the modern Anegam). From this center of
Papago life in the Santa Rosa Valley they went south and west
through San Serafin del Actum, the modern Akchin, and three
unnamed villages to Nuestra Sefiora de la Merced del Batqui. This
locality, consisting of fields but having no permanent water, is
probably Mesquite Charcos, called to-day El Mesquite by the Mexi-
cans and Vatjeki by the Papagos. From Batqui they went south-
westward around the point of Mesquite Mountain to the fields of
San Rafael del Actum el Grande. The Papago name Akchin, which
Kino corrupted, is still further changed to the modern La Quituni.
From this place they went to San Marcel del Sonoidag (Sonoita),
and thence, after a trip west to the Pinacate Mountains, returned
to Dolores by way of Caborca. This journey was the first across
the Papagueria, and on the knowledge thus gained Kino made his
next journey over what is now called the Camino del Diablo.

8 Kine at this time refers to the Gila as * the Rio Grande, or Rio de Hila™"; a little
later it appears occasionally as “ Rio Grande de Hila.” His “ Rio Colorado” is con-
sistently applied to the Colorado in the modern semse, athough, as has been seen, this
name was first given by Oifiate to what is now the Little Colorado.
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On February 7, 1699, Kino, Mange, and Father Adamo Gilg, with
servants and pack animals, started for the lower Gila. According
to Mange’s itinerary, they went from Dolores to Tubatama and
thence through Saric to El Guvo Verde, a tank of rain water 10
leagues west, and thence to the clear spring of Santa Kulalia, 5
leagues west. This locality seems to be the modern Pozo Verde,
near the south end of the Baboquivari Mountains. Thence passing
a small tank at 4 leagues, they came to a flowing stream near a
high square peflasco (Baboquivari Peak), 9 leagues from Pozo
Verde. This seems to be Fresnal. Thence they struck across to
Sonoita, making the journey in two days, and as they did not go
through Actum Grande (La Quituni) it seems likely that they went
by way of the modern Vamori and Cobota and then followed
Sonoita River to Sonoita and, traveling by way of Tinajas Altas
and along the east side of the Gila Range, reached the Gila from
15 to 20 miles above its mouth. Here the Indians presented Kino
with some beautiful blue sea shells.® Later, Kino remembered that
he had seen similar shells during his missionary work in Cali-
fornia and reasoned, soundly enough, that these shells had come
overland from California through the channels of Indian trade.
The conviction thus formed that California was not an island, but
could be reached by a land route, was the inspiration of much of
his later exploration.

In October, 1699, Kino, with the Father Visitor Antonio Leal,
Gonzolbo, Mange, and two soldiers, ascended to San Xavier del Bac
and after visiting the neighboring rancherias on November 5, they
struck westward to El Tups (Tupo), the modern Comobabi, and
thence to El Cupo or El Humo (Cobabi), to San Serafin del Actum,
the modern Akchin, in the Santa Rosa Valley. This was the first
journey over the modern route from the Santa Cruz Valley into the
Papago country. From Akchin they went to San Francisco del Adid,
also in Santa Rosa Valley, and thence “ turning somewhat to the
south” to Nuestra Sefiora de la Merced del Batqui.® Kino and
Mange left the main party here and went to San Rafael del Actum
(La Quituni) and thence north 9 leagues to Baguiburisac, which
was probably at or near the modern Cubo, and thence they went to
El Coat y Sibagoyda (Quajote) and returned to Sonoita, by travel-
ing ail night. On November 11 they went probably by way of San
Rafael del Actum to Busanic, near Saric, overtaking the main party,
and thence all proceeded to Dolores.

It may reasonably be surmised that these were the abalone (Haliotis) of the
California coast.

10 Mange gives 12 leagues. His distance is in error, or Batqui is not the modern
Mesquite Charcos.
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On April 21, 1700, Kino left Dolores and proceeded to San Xavier
del Bac, where on the 28th he began the foundations of a large
church on the site of the existing mission. At the same time he gave
orders to roof a little temporary mission church, for dedication to
Nuestra Sefiora de Loreto, that may have been begun here in 1699.
On September 24 he started again from Dolores and, following
nearly the same route as in February, 1699, he reached Batqui on the
29th. Going north from Batqui 20 leagues and passing four lesser
rancherias, he arrived at San Gerénimo, where there were 280 In-
dians. After a journey of 6 leagues he reached a watering place, and
12 leagues beyond, another watering place among inaccessible rocks.
From this locality it was 10 leagues to the Gila. The route pursued
is not clear, but San Gerdénimo is either Sauceda or Kaka, probably
the latter, as the people of Sauceda are usually harvesting their crops
at Kaka in September. From Kaka to a charco in the Vekol Valley
and thence by way of Sand Tanks to Gila Bend or from Kaka by
way of Sauceda or Moivavi to a tank along the north front of the
Sauceda Mountains and thence to the river would complete the
journey.

On reaching Gila River he followed that stream toward its mouth,
in his search for a land route to California. He did not quite reach
the Colorado, but from a hill, apparently a few miles west of the
present Dome, he was able to see the confluence of the two rivers and
to satisfy himself that the Gulf of California did not extend thus
far north. He set out on his return, reserving for a later trip actual
exploration of the Colorado, but was persuaded by the importunities
of the Yumas to resume his westward journey. He reached, but did
not cross, the Colorado on the 8th and returned to the vicinity of
Wellton on the 9th. Thence he returned to Sonoita by way of Tina-
jas Altas.

On March 1 of the following year, still occupied with his search
for a land route to California, he started from Dolores to the Gulf,
which he reached on the 21st, by way of Sonoita, but was prevented
by extensive sand dunes from proceeding northward along the shore
to the mouth of the Colorado. On November 3 he once more set out
from Dolores to the Gulf, and on his way he laid the foundation for
a large church at Guevavi, on the Santa Cruz, about 9 miles north
of the site of modern Nogales, where a small one had apparently been
built during the previous year. Apparently at this time resident
fathers were established at Guevavi and at San Xavier del Bac. On
this journey, instead of going north to San Xavier del Bac, Kino
turned southwest to Busanic, near Saric, and then followed approxi-
mately the route of September, 1699, by way of La Quituni to Sonoita
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and thence by Tinajas Altas to the Gila at Wellton. e reached the
Gila on November 16 and the Colorado on the following day. On
November 21 Kino crossed the Colorado on a raft. On the west
bank he was given many of the blue shells that had so aroused his
interest and was told that they came from a sea eight or ten days’
journey toward the west. Satisfied that he had found the land route
to California and conscious of administrative duties awaiting him
at Dolores, Kino pushed his exploration no farther at this time but
returned to his mission headquarters by the same route.

On February 5, 1702, the indefatigable Kino again set out from
Dolores with Father Manuel Gonzales, 12 servants, and 80 horses and
mules, traveling by approximately the same route as in the previous
vear. He mentions establishing ranches at various points along what
he expected would become an important highway to the missions in
California. On the 28th they reached San Dionisio, at the confluence
of the Gila and Colorado. On March 7 Kino and Gonzales descended
to the mouth of the Colorado, and again on the 10th. On March 12
they attempted to return to Dolores by going along the eastern shore
of the Gulf to the bay west of Pinacate Mountain but were forced
to abandon the attempt in consequence of lack of water and pasturage,
and to retrace their steps to the Gila. Lumholtz, more than 200 years
later, accomplished this difficult journey.™

Although Kino made a number of later journeys, he never again
reached the Colorado nor penetrated the Papago country. His last
recorded expedition was with Father Manuel de la Oyuela, Alférez
Juan Mateo Ramires, and Juan Antonio Duran to Pinacate Moun-
tain, which he called the Serro de Santa Clara, whence he pointed out
to his companions the mouth of the Colorado. He died in 1711, and
for 20 years thereafter no Spaniard is known to have entered Ari-
zona. If resident missionaries were placed at Bac and Guevavi in
1701, they appear to have been withdrawn a year or two later, and
in 1706 Kino was pleading with his superiors for three padres for
Arizona, where he had prepared the way. Kino’s efforts toward the
material development of Arizona were confined mainly to the estab-
lishment of stock ranches on which the stock was cared for by In-
dians and to the encouragement of agriculture and the introduction
of new food plants. Kino’s practical pioneering spirit is well shown
in a rather formal report to his superior Father Visitor Antonio
Leal, dated April 2, 1702. The resemblance of this report 12 to the
advertising matter of modern enterprising towns makes its reproduc-
tion worth while.

u fumholtz, Carl, New trails in Mexico, New York, 1912,
12 Bolton, H. E., op cit., vol. 1, pp. 357-358.
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TEMPORAL MEANS FOR THESE REW CONVERSIONS AND FOR THE TOTAL REDUCTION OF
THIS NORTH AMERICA, WHICH HITHERTO HAS BEEN UNKNOWN

1. First, there are already many cattle, sheep and goats, and horses; for,
although in the past year I have given more than 700 cattle to the four fathers
who entered this Pimeria, I have for the other new conversions and missions,
which by the favor of heaven it may be desired to establish, more than 3,500
more cattle; and some of them are already far inland, 90 leagues from here*
and by the divine grace they can pass with ease to the Californias, Upper and
Lower, as a certain important person is pleased to name them, the latter being
in 26 and the former in 30 and more degrees of latitude.

IL. There are in this very fertile and rich Pimerfa, which already has five
missions with five fathers, many fields of wheat, maize, beans, etc.; and it
produces all sorts of vegetables, garden products, and fruit trees, as in Europe.
There are already vines for Castilian wine for the missions, 2 watermill, pack
trains, fields, oxen, lands, level roads, beautiful rivers, abundant pasturage,
good timbers for buildings, and mineral lands. :

III. Of these new nations almost all are composed of industrious, docile,
affable, and very friendly Indians; and only in some remote parts are there
some Indians somewhat more barbarous and uncivilized, because of never
having seen civilized people in all their lives.

IV. The temperature of these lands, which extend from 30 degrees of latitude
to 31, 32, 33, 34, etc., is similar to that of Mexico and ihe better part of Europe,
without excessive heat or excessive cold.

V. With these means and with these new conversions it will be possible
to trade by sea and land with other near-by and remote provinces, nations,
and kingdoms, with Sonora, Hyaqui, Cinaloa, Culiacan, with all New Galicia,
with New Biscay, with Moqui, with New Mexico, which will be able to come
to join hands with these provinces of Sonora, and even with New France.

There is no record of mining in Kino’s time beyond a brief state-
ment, in the part of his memoirs written in 1705, as follows: 1+

In these new nations and new lands there are many good veins and mineral
lands bearing gold and silver; and in the neighborhood and even in sight of
these new missions and new conversions some very good new mining camps of
very rich silver ore are now being established. )

Probably some of the silver deposits in the Santa Rita Mountains
were discovered about this time, but many writers on Arizona have
undoubtedly erred in stating that extensive mining operations were
conducted by the Jesuits in what is now Arizona before the middle
of the eighteenth century.

In 1781 there seems to have been a revival of interest in Pimerfa
Alta and some reawakening of missionary zeal. In 1732 Father
Felipe Segesser took up his residence at San Xavier del Bac and
Juan Bautista Grashoffer at Guevavi. Shortly afterward, about
1736, was discovered the famous Bolas de Plata deposit at Arizonac.
Bancroft ** states: '

The site was between Guevavi and Saric, but apparently just south of the
Arizona line. The unparalleled richness of the silver deposits brought a crowd

13 Those at Sonoita, for example,
1 Bolton, H. E., op. cit., vol. 2, p. 266,
1 Bancroft, H. H., History of Arlzona and New Mexico, p. 362, San Francisco, 1889.
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of treasure seekers and caused the king to claim,it as his own, it being not a
mine but a criadero de plata; but the supply of nuggets was soon exhausted
and the place was in a few years well-nigh forgotten.

The bitter rivalry between the Franciscans in New Mexico and
the Jesuits in Pimeria Alta led, in 1743, to attempts by the Jesuits
to reach the obdurate Hopis through Arizona. Padre Keller went
up the Gila for this purpose, but his expedition was attacked by the
Apaches and forced to return. In the same year Father Jacobo
Sedelmair reached the Gila near the Casa Grande. In October he
explored Salt and Verde rivers until he was driven out by the
Apaches. He then went down the Gila, exploring the big bend for
the first time. He left the river, supposedly at the spring known
to-day as Agua Caliente, and struck boldly across country to the
Colorado, which he reached somewhere near the site of the present
Ehrenberg. He then went up the Colorado to Williams River and
ascended that stream in an attempt to follow Ofate’s route to the
Hopi pueblos, which, however, for reasons not clearly related, he
did not reach. Sedelmair made additional journeys along the Gila
in 1748 and 1750, but they were geographically unimportant.

In 1750 the Pima Indians, hitherto generally friendly to the Span-
iards and hostile to the Apaches, revolted, and in 1751 the church
at San Xavier del Bac was plundered. Peace was restored in 1752,
Tubac was made a presidio, with a garrison of 50 men, and the mis-
sions were reoccupied ; but the genius of Father Kino was lacking in
his successors, the old kindly relations between Indians and padres
had been impaired, and the mission establishments were undergoing
deterioration and being harried by the Apaches.

In 1765 the Franciscans triumphed over their rivals of the Company
of Jesus, and through a royal decree issued at Madrid the expulsion
of the Jesuits was effected in 1767. At that time there were only
two missions in what is now Arizona, those of San Xavier del Bac
and San Miguel de Guevavi.

Fray Francisco Gareés, of the Order of St. Francis and a native
of Spain, arrived at San Xavier del Bac on June 30, 1768, and is
said to have been joyfully received by the Indians. He was then 31
years of age. A man of far less ability and force than Kino, with
narrower interests, he was a devoted and fearless soldier of the cross,
who in his zeal for saving human souls performed some of the most
remarkable and perilous journeys ever accomplished in a region call-
ing especially for fortitude, endurance, and courage in those who
ventured into its arid, stony wastes. Whereas Kino usually trav-
eled with companions, servants, and numerous pack animals, Garcés
in some of his longest journeys was accompanied only by two or three
Indians and at times pursued his way quite-alone.
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On August 8, 1768, Garcés set out on the first of several long jour-
neys, a descent of the Gila and Colorado to the Gulf, his object be-
ing to prepare the Yuma Indians for the establishment of a mis-
sion. On January 8, 1774, he left Tubac on a more pretentious-
journey with a military expedition under Capt. Juan Bautista de
Anza that was intended to open overland communication between
Sonora and Monterey, in California. He went as far as San
Gabriel mission, still standing near Los Angeles, and then returned
to the Colorado and visited a number of tribes, making inquiries
concerning a route to the Hopis.

About this time (1773-1776) Fray Sylvestre Vilez de Escalante
crossed the Colorado above the Grand Canyon and reached the
Uinta Mountains. His explorations belong rather to the history of
Utah, however, than of Arizona.

On October 23, 1775, Garcés, with Fray Tomas Eisarc and Fray
Pedro Font, left Tubac with a second expedition under Anza, now
lieutenant colonel, bound for California by way of Santa Cruz and
Gila rivers. Font, who kept a diary of the journey, is characterized
by Coues as “a troublesome fellow and a model journalist.”¢ On
December 5 Garcés left the expedition at the mouth of the Gila and
visited the tribes along the Colorado to its mouth. He left the
Colorado on February 14 and, traveling northward through the
mountains, reached the river again on the 28th, near the point
where the present town of Needles stands. He claims to have been
the first Spaniard to reach the Mojave Indians, although it is pos-
sible that Alarcén may have come into contact with this tribe in 1540,
and some of its members may have been seen by Ofiate in 1604 or
1605, or by Sedelmair in 1743. On March 4 Garcés left the Colorado
and struck out for San Gabriel mission, which he reached on the 24th.
After a perilous exploration in California he was on May 30 back
again among the Mojaves on the Colorado. On June 5 Garcés
crossed the river into Arizona, and traveling across country never
before seen by a Spaniard he gained the plateau and reached the
Havasupai community that then, as now, inhabited the depths of
Cataract Canyon. From Cataract Canyon Garcés skirted the south
side of the Grand Canyon, of which, however, he says nothing, and
reached the Hopi pueblo of Oraibi on July 2, 1776. He entered
the pueblo but was refused admittance to the houses. For two
lonely nights the intrepid padre slept at a street corner, without
food and exposed to the unfriendly scrutiny of hundreds of eyes.
On the 4th of July, on the.very day when in another part of the
continent the American Nation had its birth, this lonely hero, with

18 Coues, Elliot, On the trail of a Spanish pioneer, vol. 1, p. 58, footnote 4. New York,,
1900. .
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courage superior to hunger, disappointment, and defeat, mounted
his mule and smilingly rode through the menacing crowd, descended
to the plain, and started entirely alone on his long return journey.
Later in the day he was overtaken by his original Yavapai guides,
sent after hini by the Hopis, who, if obdurate, proved neither blood-
thirsty nor vindictive.

About this time, probably in 1776, Tucson, hitherto merely an
Indian village or rancheria, became a Spanish settlement, the garri-
son from Tubac being transferred thither as part of a plan for more
effective warfare against the Apaches. Tumacacori, or San José,
on the Santa Cruz south of Tubac, was at this date merely a visita
or missionary outpost of Guevavi and, having been attacked by the
Apaches in 1769, was partly dilapidated. It probably did not be-
come an independent mission until about 1784. Arivaca, about 16
miles west of Tubac, is mentioned in 1777 as a mining locality.

The Yuma Indians, under their chief, Palma, had been pressing
for the establishment of a mission among them, and in 1779 Garcés
and Fray Juan Dfaz were sent to prepare the Indians for the pro-
posed mission. Garcés reached the Yumas late in August, and Diaz
joined him on October 2, with less than 15 soldiers. They found the
Indians restless and discontented. In 1780 orders were received from
Mexico to found on the Colorado two settlements of a new type,
each embodying a combination of mission, presidio, and colony.
These novel communiti€s, established in the autumn of that year,
contained in addition to priests and soldiers agricultural settlers
with their wives and children. In June, 1781, a third body of
Spanish soldiers went into camp at the mouth of the Gila. This was
more than the Tndians bargained for, anid outraged by the cool ap-
propriation of their best lands by the newcomers, they rose in revolt
on July 17, 1781. Four priests, including the brave and kindly
Gareés, and most of the soldiers and male settlers were slain. This
ended Spanish attempts at settlement on the Colorado.

During the 30 years from 1790 to 1820 the missions on the Santa
Cruz appear to have been prosperous. Stock ranches were developed
in connection with them, some mining was carried on, and the
Apaches caused comparatively little trouble. At no time, however,
during the Spanish or Mexican control does mining appear to have
been extensively practiced in what is now Arizona. A few mines
were worked near Tubac and probably at one or two other localities;
but the great copper deposits that are now the mainstay of the min-
ing industry of this region were unknown. With the exception of
that at Ajo, they lay within the rough, wild country where the
Apaches were supreme. There is no evidence that either Spaniards
or Mexicans conducted smelting operations, and concentration was,
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of course, a much later development. Probably the only ores worked
were such as were rich enough in silver or gold to be treated by
primitive amalgamation processes.

In 1818 and 1819 the Navajos warred against the Spaniards, and in
1820 the mission at Tumacacori was partly destroyed by the Apaches
The period of decay and disaster had set in, and during the troublous
times that immediately preceded the establishment of the Republic
of Mexico, in 1823, the missions were abandoned and they, as well
as the stock ranches, were raided and plundered by the Apaches.

AMERICAN EXPLORATION

The first American pioneers known to have entered Arizona were
Sylvester Pattie and his son James. These men, in 1825 and 1826,
trapped beavers, then abundant in the Gila and its tributaries. A
certain Doctor Anderson made a trip to California by way of the
Gila in 1825. In 1828 the Patties made their way to California,
where they were thrown into prison by the Mexican coramander
at San Diego. The elder Pattie died in confinement. Xit Carson
is known to have traversed Arizona nearly as early as the Patties,
and Pauline Weaver, who subsequently discovered the gold placers
near La Paz, was in the country as early as 1832. Little mining was
done at this time, although in 1828 Calabasas is mentioned as a
ranch near which some poor people worked a gold mine.

Up to 1836 the Apaches had been generally friendly to the Ameri-
can trappers and adventurers, but in that year one of their chiefs,
Juan José, and many of his people were killed by some American
miscreants for the sake of the Mexican scalp bounty. From that
time on, until 1886, the Apaches when not actively hostile were an
ever-present menace and a sinister deterrent to the industrial de-
velopment of the region.

In the war with Mexico begun in 1846 the region now included
within Arizona lay outside of the field of hostilities but was trav-
ersed by two military expeditions. Gen. S. W. Kearney, with Kit
Carson as guide and a party of 200 dragoons, left the Rio Grande
in October, 1846, and going by way of the copper mines at Santa
Rita, N. Mex., he followed the Gila toits mouth and crossed into Cali-
fornia. He was accompanied by Lieut. W. H. Emory, whose notes'*
constitute the first official American contribution to the geography
of Arizona. On December 2 of the same year Lieutenant Colonel
Cooke,’® commanding a Mormon battalion, for the purpose of open-

7 Emory, W, H., Notes of a military reconnaissance from Fort Leavenworth, in Mis-
souri, to San Diego, Calif.: 30th Cong., 1st sess., 8. Ex. Doc. 7 (H. Ex. Doc. 41),

pp. 1-416, 1848. .
12 Cooke, P. 8t. G., Report of his march from Santa Fe, N. Mex., to San Diego, Uppe!

California : 80th Cong., 1st sess.,, H. Ex. Doc. 41, p. 551563, 1848.
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ing a wagon route to California, reached San Bernardino, near what
is now the southeast corner of Arizona, finding the ranch abandoned.
He went west to the San Pedro and down that stream to the point
where Benson now stands. Thence he laid out his road to Tucson
and the Gila, and reached the Colorado on January 9, 1847.

By the treaty of Guadalupe-Hidalgo, which was ratified on May
30, 1848, all of Arizona north of the Gila, together with a small
area extending down to the Chiricahua Mountains along what is
now the eastern border of the State, and a vast region from which
California, Nevada, Utah, and parts of Colorado and New Mexico
were formed, came into the possession of the United States.

In 1849 the first American Boundary Commission began its work,
and for its protection an Army post was established at Yuma. At
this time also began the great rush to the gold placers in California,
and the Gila became one of the principal emigrant routes followed
by the pioneers. In 1850 a ferry was placed in operation at Yuma,
and Capt. and Bvt. Maj. S. P. Heintzelman, with three companies
of infantry, was established there. At this time Tubac, although
largely in ruins, was occupied by a small Mexican garrison, and
Tucson was a squalid settlement of about 400 Mexicans and half-
breeds.

In March, 1851, Heintzelman effected a final subjugation of the
Yuma Indians, who, unlike the Pimas, had resented the coming of
the Americans. The post was abandoned in December but was re-
established under the name Camp Yuma on February 29, 1852.
On December 3, 1852, the first steamer reached Yuma from the
Gulf of California. The first expedition across northern Arizona
to Yuma under the auspices of the United States was that of Capt.
Lorenzo Sitgreaves® in 1851,

On December 30, 1853, negotiations were completed for the pur-
chase by the United States of that part of the present area of Ari-
zona and New Mexico that lies south of the Gila and was not in-
cluded in the territorial transfer effected by the treaty of Guadalupe-
Hidalgo. The United States thus acquired by this so-called Gads-
den Purchase the northern part of Pimeria Alta, including the area
covered in this report. Surveys to provide a railway route through
+ Arizona to California, the particular object of this purchase, were
already in progress. One of these, under Lieut. A. W. Whipple,?
traversed northern Arizona only, but early in 1854 Lieut. J. G.
Parke, with another party,® went from Yuma to the Pima villages
on the Gila and thence explored a route to the Rio Grande. By

9 Sitgreaves, Lorenzo, Report of an expedition down the Zuni and Colorado rivers,
Washington, 1854,

2 7. 8. Pacific R. R. Expl., vol. 3, 1856.

2 Jdem, vol. 2, 1855.
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way of Tucson he went east to the San Pedro near the site of Ben-
son, thence through what is now Dragoon Pass, and crossed into
San Simon Valley through Apache Pass (El Puerto del Dado)
between the Dos Cabezas and Chiricahua ranges.

Toward the end of this year the United States Boundary Com-
mission, under W. H. Emory, with the Mexican commission, began
the work of surveying and marking the new boundary. Earlier in
the year, however, American enterprise had availed itself of the
mining opportunities offered by the Gadsden Purchase. Charles D.
Poston and associates had begun a search for gold and silver de-
posits in the Tubac region, and a company was organized in San
Francisco to work the Ajo copper deposits. An American town-—
Arizona City—was laid out on the site of Yuma.

In 1855 Lieutenant Parke, accompanied by Dr. Thomas Antisell
as geologist, led a second expedition up the Gila and on to the Rio
Grande. The party divided on the Gila, Parke and Antisell going
up to the mouth of the San Pedro and ascending that stream to the
present line of the Southern Pacific Railroad, where the remainder
of the party, who had gone with the wagons by way of Tucson, joined
them. The main party continued east through Apache Pass, but
Parke, going around the north end of the Dos Cabezas Range, dis-
covered the lower pass now used by the Southern Pacific. Antisell
was the first to give any connected geologic description of southern
Arizona.

In this year the boundary survey was completed and the Gadsden
Purchase formally turned over to the United States. American
troops replaced the Mexican garrisons at Tubac and Tucson.

In 1856 the Santa Rita silver mine was opened and prospecting
was carried on in the Santa Rita, Cerro Colorado, and near-by
mountains. The old town of Tubac became the center of this new
activity, and here was begun, in 1858, the first newspaper in Arizona,

the Weekly Arizonian. Fort Breckenridge, afterward Camp Grant,
was established on the San Pedro, near its mouth, in 1856, and Fort
Buchanan, on Sonoita Creek, east of Tubac, in 1857. Prospectors
from California began to find their way across the Colorado into
what later became Mohave County, and ore was found at a number
of places, especially in the vicinity of Sacramento Valley. In the
autumn of 1857 the semiweekly Butterfield stage line from San
Antonio, Tex., to San Diego, Calif., was placed in operation, the
stages running over the Cooke road. )

Northern Arizona was traversed in 1857 and 1858 by the expedi-
tions of Lieut. Joseph C. Ives?* and Edward F. Beale.® In 1858

2 Ives, J. C., Report upon the Colorado River of the West: 36th Cong., 1st sess., B.
Doc., 1861.

28 Beake, E. F., Wagon road from Fort Defiance to the Colorado River: 35th Cong.,
1st sess., H. Ex. Doc. 124, 1858,

(
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also was completed another wagon road which was nearly coincident
with Cooke’s route, but which continued down the San Pedro to the
mouth of Arivaipa Creek and thence went west to the Gila near the
site of Florence. In August of the same year the Butterfield semi-
weekly stages began running over this road, and this service was
maintained until the outbreak of the Civil War. In those days it
took 22 days to travel by stage from St. Louis to San Francisco by
way of southern Arizona. Pumpelly,? who in 1860 made the jour-
ney from Missouri to Tucson by this line, which by that time had
changed to the route through Railroad and Dragoon passes, has
vividly recorded the hardships to which travelers were then subjected.

EARLY SETTLEMENT AND THE CIVIL WAR

From 1858 to the outbreak of the Civil War Arizona, in spite of
the increasing Apache depredations, was making rapid strides in
material prosperity. The Gila City placers, which were discovered
in 1858, 20 miles east of Yuma, were quickly exhausted, but lode
mining was well under way in the Tubac region at the Salero, Cerro
Gordo, Mowry, Heintzelman, and other mines, and prospectors were
active in the country north of Williams River.

On the beginning of the Civil War mining progress was arrested.
The regular mail stages were discontinued, troops were withdrawn,
and the Apaches, no longer deterred by any fear of pursuit and
punishment, indulged to the full their propensity for murder and
plunder. The last stand by the Americans was made at Tubac by
the Santa Rita Mining Co., three of whose technical staff were killed
at different times by the savages, who, according to Pumpelly,®
had a short time previously received wholly uncalled-for provoca-
tion through an act of treachery committed under orders of one of
the officers at Fort Buchanan. Cochise, the most noted of the
Apache chiefs, barely escaped with his life on that occasion.

In February, 1862, Confederate irregulars from Texas occupied
Tucson and were pl‘mmng to move on Yuma. They fell back, how-
ever, to the Rio Grande on the advance of Gen. J. H. Carleton who
with a force of California Volunteers occupied Arizona for the
Union. Camp Lincoln (afterward Camp Verde), Camp McDowell,
and Fort Whipple were established by Carleton. Even the disturb-
ances of that time did not drive all the prospectors from the hills,
and in 1862 Pauline Weaver discovered the gold placers 7 miles east
of La Paz, a few miles northeast of the present town of Ehrenberg.

2 Pumpelly, Raphael, Across America and Asia, New York, }870.
= Idem, p. 16.
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LATER DEVELOPMENT

On February 24, 1863, Arizona became a separate Territory with
four counties—Pima, Yavapai, Yuma, and Mohave. The Terri-
torial government was set up on December 29 at Navajo Springs,
but on May 30, 1864, it was established at the new capital of Prescott.
John N. Goodwin, of Maine, was the first governor, and Charles D.
Poston the first Delegate to Congress.

In October, 1863, Maj. David Ferguson, accompanied by Lieut.
C. P. Nicholas, J. B. Mills, jr., and 17 men of E Company of the
First Cavalry, California Volunteers, made a trip from Tucson to
Lobos Bay on the Gulf of California. Ferguson’s brief report is
mostly concerned with the route in Sonora and the conditions of the
port and contains very little about Arizona.?®

From this time on mines were opened in rapid succession. Among
the discoveries of 1863 may be mentioned the placer deposits in the
Sierra Prieta; on Antelope Peak, in the Weaver Mountains; and on
Big Bug, Hassayampa, and Lynx creeks—all in the Prescott region.
The Lynx Creek gold placers were probably the richest ever found
in Arizona. Lodes reported to have been discovered during the same
year are those of the Moss mine, near Oatman, in the Black Moun-
tains; the Vulture mine, in the Vulture Mountains, near Wicken-
burg; and the Planet mine, near Williams River, northeast of
‘Parker. The Mowry mine, in the Patagonia Mountains, was
being worked at this time. The ore was treated in twelve furnaces,
operated six at a time, and yielded a silver-lead bullion that was
shipped to England in 70-pound bars. Small silver bars were also
made to serve as currency. Similarly, gold bars from the Vulture
mine were a little later found circulating as money in many parts
of Arizona. In addition to those mentioned, hundreds of lode claims
were located at this time in the Cerbat, Black, and Hualpai ranges,
in Mohave County, by prospectors who had crossed into Arizona
from California. There were at this time two main currents of
immigration~—one from Texas and other Southern States into south-
eastern Arizona and one from California into northwestern Arizona.

In 1866, by act of Congress of February 24, 12,225 square miles
in the northwestern part of the Territory was transferred to
Nevada. In this year Tucson began to assume some importance as
a center of trade, particularly for the cattle industry. In 1867 the
capital was moved from Prescott to Tucson. About this time also
settlers, largely Mormons, began to cultivate the Salt River valley
under irrigation. Phoenix was laid out in 1868, the year that saw
the establishment of a public-school system in the Territory.

2 Letter of the Secretary of War communieating copy of report of Maj. D. Ferguson on
the country, its resources, and the route between Tucson and Lobos Bay: 37th Cong.,
spec. sess,, S. Ex, Doc. 1, pp. 1-22, 1863.
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In 1870 Tucson had a population of about 3,200, Yuma 1,150, and
Prescott nearly 700. Notwithstanding the growth of the towns, the
opening of many new mines, including those of Clifton, in 1871, and
the settlement of agriculturists along the irrigable river bottoms,
the Apaches were exceedingly troublesome and remained the chief
obstacle to progress. In June, 1871, Gen. George Crook was placed
in command at Fort Whipple, near Prescott, and in April, 1872,
Gen. O. O. Howard was made special Indian commissioner. While
General Crook prepared for military operations, General Howard
visited Cochise and persuaded him not only to abandon hostilities
himself but to use his influence with other chiefs to the same end.
The Indians who submitted were placed on the newly established
Chiricahua Reservation, and then from 1872 to 1874 General Crook
waged relentless war upon those Apaches who remained hostile.
The last band surrendered in 1874, and a large part of the mountain
belt of central and southeastern Arizona became free from the
lurking terror that had so long kept it the same wilderness that
Coronado crossed on his way to Cibola.

The consequences were immediately apparent in the discovery of
the silver deposits of Globe, McMillanville, Richmond Basin, Chromo
Butte, and Silver King. In northwestern Arizona the Signal, Pal-
metto, and McCracken mines began to be productive at ‘this time.
The development of western Arizona was assisted by the establish-
ment by the Colorado Steam Navigation Co., in 1872, of a regular
line of steamers from San Francisco to Yuma.

With the subjugation of the Apaches and the death of Cochise in
1874 it was supposed that trouble with the Indians was over, and
the control of the reservations was transferred from the War De-
partment to the Interior Department. Occasional depredations
were committed, however, and in June, 1876, an attempt was made
to transfer the Apaches from the Chiricahua Reservation to the
White Mountain Reservation. A number escaped at this time and
went on the warpath. Others joined them in 1877, and numerous
raids were made under Victorio and Gerénimo. Victorio was killed
in 1880. Crook returned Gerénimo and his warriors to the reservation
in 1885. Gerdénimo was again forced to surrender to Gen. Nelson A.
Miles in August, 1886, and, with all the Chiricahua and Hot Springs
Apaches, was sent to Florida. Thus ended over three centuries of
nearly constant hostility between the Apaches and the white men.

Certain later explorations are of particular interest for the Pa-
pago country, because the results of Kino’s work were largely for-
gotten and this region has retained that air of mystery and the un-
known that once characterized all of Arizona. The international
boundary survey to relocate the boundary line between Mexico and
the United States west of the Rio Grande was provided for under
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the convention of July 29, 1882. The surveying parties were in the
field in February, 1892, and the last monuments were set by October,
1894. An excellent map giving topography in contours for a strip 6
miles wide was made, and permanent and conspicuous monuments
were erected.” A biologic survey by Maj. E. A. Mearns, surgeon of
the American commission, resulted in an excellent report including
material on both plants and animals.*

In 1907 an expedition from the Carnegle Desert Botanical Labo-
ratory, of Tucson, under the leadership of Dr. D. T. MacDougal,
made a trip through the Papago country on the way to the Pinacate
Mountains of Sonora.? Carl Lumholtz’s two years of wandering in
southern Arizona and Sonora resulted in a book full of interesting
geographic and ethnologic material and an excellent map.®*® A most
unusual event in exploration was Pumpelly’s trip in 1908 from Tuc-
son to Yuma. Accompanied by members of his family, in four auto-
mobiles, he followed approximately the route which he took in 1863
to escape the Apaches and the problems of the Civil War.®

In the modern State of Arizona the Papago country has remained
an unknown and forgotten land. The various attempts at settle-
ment, the peculiar Indian inhabitants, and the startling changes
brought about by the opening of the New Cornelia mine, Ajo, and
the coming of automobile transportation are recorded in detail in
the route descriptions that follow. o

THE PAPAGO INDIANS

The region between the Baboquivari Mountains and Gunsight
Pass is inhabited by the Papagos and the nearly related Kohakt
Pimas. The Indians number about 6,000. No Indians have more
closely adapted their habits of life to the character of the region in
which they live than the Papagos.

Physically, the Papagos are a large, well-formed people, having a
dark skin and bold if somewhat heavy features. Delayed maturity
is common, and there is often a great contrast between the large and
heavy middle-aged man and the slight and slender youth. The
women are not uncommonly brighter and more vivacious than the
men. Many of them are very handsome. Tuberculosis and tra-

27 Report of International Boundary Commisgion upon the survey and remarking of the
boundary between the United States and Mexico west of the Rio Grande, 1891-1896:

=2 Mearns, H. A.,, Mammals of the Mexican boundary of the United States, pt. 1:
U. 8. Nat. Mus. Bull. 56, 1907.

= MacDougal, D, T., Across Papaguerla: Am. Geog. Soc. Bull,, vol. 40, pp. 7T05-725,
maps 1 and 2, 1908, Hornaday W. T., Camp fires on degert and lava, New York, 1908.

% Lumholtz, Carl, New trails in Mexico, New York, 1912,

s Pumpelly, Raphael, Reminiscences, vols. 1 and 2, New York, 1918, In the first
volume the material given In “Across America and Asia,” 384 ed,, New York, 1870, is
repeated. The journey of 1903 is described In the second veolume,
55th Cong., 24 sess., 8. Doc. 247, 1888.
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choma are prevalent diseases. Travelers should use caution in and
about Papago camps, particularly on account of trachoma.

The tribe is nominally Christian, and the greater number, having
been converted under Mexican influence, are Catholic. Many, how-
ever, are Presbyterians, having been influenced toward that faith by
their relatives, the Pimas of the Gila Valley. The original moral
spirit of the race appears to have been high. They were brave in
their almost constant wars with the Apaches, though peaceable in
their relations with the whites, both Mexican and American. Nor
have they sunk into that moral degradation which is all too common
as a result of the contact of American civilization with primitive
tribes. The Papagos present the unique example of a so-called infe-
rior race profiting by the mistakes and failures of a superior race.
However, much of their apparent success is due to their low stand-
ard of living, lack of pride, and somewhat hazy notion of property
rights.

Before the coming of the white man the Papago had no beasts of
burden or domestic animals. During the winter the people gathered
around the permanent water holes and springs in the mountains,
principally along the western foot of the Baboquivari Mountains
and at Comobabi. With the coming of the summer rains they moved
down into the valleys and planted crops of corn and beans in the
broad flats that are liable to overflow. (See Pls. IV and XXV], B.)
These localities were usually at or near charcos—natural water holes
that filled with water during the floods. (See Pl. XVL) As the
crop was dependent on the floods also, there was always drinking
water for planting and harvesting. During this period they gath-
ered mesquite beans and the fruit of the sahuaro and pitahaya.
Doubtless they hunted small game at all times, and certain members
of the tribe were detailed to hunt deer, mountain sheep, and goats.
The food not used immediately was carried back to permanent water
Lioles in the mountains. This precarious method of farming and
gathering of wild crops was not always successful; and if the season.
was a Tailure, the following winter was one of starvation. Whole
villages moved without hesitation toward better water supplies or
to villages where the crop had been good. The rigors and hardships
of this life can not be emphasized too much, especially as the Papago
possessed no beasts of burden. The journeys from the winter home
to the planting ground, distances of 10 to 30 miles, had to be made
afoot, often with heavy burdens. Annually also a group made a trip
to the Gulf of California for salt, which was an important article of
aboriginal commerce. '
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According to Lumholtz,? the Papagos are divided into five groups,
two of which are classed together as “ red velvet ants ” and the other
three as “ white velvet ants.” The red velvet ant people are the
original owners of the country, but after they had offended Elder
Brother he brought the white velvet ant people from the underworld
and after many fights the red people were almost exterminated and
are to this day fewer in number than the white people. Descent in
these clans goes by the male line, a custom quite distinct from the clan
relationship of the Pueblo Indians of northern Arizona and New
Mexico.

The rancherias are divided into four groups. (1) Anekam, the
villages of the upper Santa Rosa Valley. (2) Hobéla, the villages
of the northwestern part of the Papago country, including Moivavi,
Sauceda, Pozo Blanco, Barajita, the villages at Gila Bend and
Akchin, near Maricopa. These people are thought to have spread
from the rancherfa of Kaka. (8) Tétokvan (“those who wear
loose breechcloths ”); also called Kikima (“smart ones”). This
district comprises most of the Santa Rosa Valley, the villages of the
Comobabi Mountains, and San Xavier. (4) Kokeleroti (“the owl
people,” from the Spanish tecoloteros). This division extends from
Indian Oasis southward and includes Fresnal, Tecolote, Pozo Verde,
and other villages. These Indians are said to have spread from
Tecolote.

In addition to these divisions there are the Sand Papagos, or
Arenefios. The Papagos of Sonora are in part absorbed in the
Mexican population, and the Sobaipuris, who once lived in the Santa
Cruz and San Pedro valleys, are now extinct or reabsorbed in the
Papago and Pima tribes, from whom they douhtless differed little
or not at all.

The Papagos originally had dancing festivals but otherwise no
very elaborate ritual. Their government was also of like simplicity.
They prayed to the sun, whom they called Father, but their principal
deities were Elder Brother and Earth Magician.

Races were formerly a part of their social life. The most im-
portant was the foot race, which was accompanied by a great gdth-
ering of people and much betting. The race was run by two men,
each of whom kicked along a ball made from mesquite wood. One
or two men on horseback assisted the racers in finding the balls and
gave them new ones in case of loss or breakage. One of the last
races took place in 1904 in the Santa Rosa Valley. In the betting
many Indians impoverished themselves, the village of Barajita losing
more than 200 animals. These gatherings are now largely replaced
by the annual fair, held at Indian Oasis under the auspices of the
Indian Service in October or November of each year. Prizes are

® Lumholtz, Carl, op. cit., pp. 354 et seq.
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awarded for livestock, agricultural products, and the handiwork of
women. These fairs are interesting events and are liberally sup-
ported by the merchants of Tucson.

One of the principal occupations of the Papagos was the trade
in salt. All the Piman tribes went to the coast for salt, but the
Papagos seem to have specialized in these expeditions. The salt is
found in saline deposits on the Gulf of California, west of Pinacate.
Large amounts were brought to the vicinity of Tucson for smelter
operations in the period 1850 to 1870. The Papagos traded chiefly,
however, with the Pimas of Gila Valley. Russell 3® gives the follow-
ing list of articles of trade which the Papagos brought to the Pimas
at the time of the June harvest:

Sahuaro—seeds, dried fruit, and sirup.

Tei aldi—a small hard cactus fruit. H
Agave—fruit in roasted cakes and sirup.
Rsat-—unidentified plant.

Wild-gourd seeds.

Small pepper.

Acorns from the Bellota oak.

Prickly-pear sirup.

Baskets of agave leaf.

Sleeping mats.

Carrying baskets and fiber to make them.
Maguey fiber for picket lines.

Dried meat of deer, mountain sheep, and cows.
Tallow, deer and beef,

Cheese.

Buckskin.

Livestock.

Red and yellow ocher.

Buff-colored ocher for baskets.

Salt.

In exchange for products and labor in the harvest the Pimas gave
‘Wheat.
Corn.
Beans.
Mesquite beans and meal.
Cotton blankets and fiber.
Dried squash, melon, and pumpkin.
Rings of willow splints and devil’s claw for baskets.

The Arenefios, or Sand Papagos, were a division of the Papagos
who lived west of the Growler Mountains and spent a large part of
their time in the sandy country of the Pinacate region of Sonora.
Their native name was Hiatit Ootam (*“sand people ”). They prob-
ably numbered about 150 at the most, but about 1851 they were
attacked by an epidemic in which all but four families perished. Tt

38 Russell, Frank, The Pima Indmns Bur. Am. Ethnology Twenty—suth Ann, - Re-pt,
p. 93, 1908. -
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is said that they were also decimated by military expeditions of the
Mexican Government. A few survivors of the Sand Papagos are
to be found near Ajo, in Sonoita, and scattered in other Papago
rancherias. The principal headquarters were at HottGnikat (“sun-
set”’), south of the Pinacate Mountains. The existence of these people
depended on their knowledge of the few places in the mountains
where there are tanks and of the localities on the seashore where
water may be had by digging. In hot weather they caught jack
rabbits by running them down in the sand. They killed mountain
sheep, mule deer, and antelope with bow and arrows. They ate
lizards and probably, as the Seris do to this day, nearly anything else
found alive or dead. At certain seasons they went to the coast for
fish. They probably had one small temporal or field, but their prin-
cipal vegetable food was the camote (Amnobroma sonorae), an edible
root found in the sand dunes, which they knew how to obtain at all
seasons. They ate also the fruits of sahuaro and pitohaya and
ground the beans of mesquite and the seeds of palo fierro for pinole.
Mortars in solid rock, called “béchete” or “péchita” holes, are
found near all watering places and testify to the activity of these
people. (See Pl. V, B.) Except in being more intractable than the
other Papagos, they differed from them very little in custom or
speech.

Spanish missionary enterprise produced its first effect on the
Papagos. with the journeys of Father Eusebio Kino, an Austrian
Jesuit, whose activities have been reviewed on pages 7-13. Yearly
and sometimes oftener from 1691 to 1702 he journeyed through the
country, preaching the gospel, introducing horses, cattle, and chick-
ens, and encouraging house building. (See Pls. V, 4,and XXIT, 4.)

Valuable as the introduction of domestic animals and the art of
house building was to the Papagos, the gain was more than offset by
the loss through Apache raids. In the late sixties and seventies
American settlers came to find mines or establish stock ranches.
They immediately improved the springs or seeps used by the
Indians and in many places dug new wells. Each white man’s
camp had its near-by Papago camp dependent on the new or im-
proved water supply. The Indians worked for wages when work
was to be had—and the Papago is a good worker—or pilfered
and begged when there was no work. As the prospects usually
did not become mines, the white men moved away and the Indians
inherited the watering places. Even successful mines like the
Weldon, where at one time there was a town of 11,000 people, had
a relatively short life. When the ore was exhausted the white men
moved away. San Antone, a winter rancheria with a few Papago
families, remains as the successor of Weldon. Covered Wells, Alamo,
and several other villages are dependent on wells dug by white

This copy is PUBL'C PHOPERTY and is net te

b' removed l’rum e eitioial Rleg, P;‘(N”\TE POSSESSIO.’"
18 UNLAWFUL (R. S. Sup. Vo' 2 . 360 S 7481



28 PAPAGO COUNTRY, ARIZONA

miners. The white stockmen were fewer in number than the miners,
but they also generally failed and moved away, partly because of
poor range and partly perhaps because of poor management. In ad-
dition they had to contend with the sullen opposition of Papago cat-
tlemen and with the Papago belief that cows were made to eat. Pozo
Redondo is a winter rancheria founded on the site of such an aban-
doned ranch and is dependent on the well dug by a member of the
well-known Redondo family of Yuma. Kukomalik has a similar
history. The Fresnal and Ventana ranches were supplied by bored
wells whose machinery the Indians could not operate or replace, else
doubtless the same thing would have happened when these ranches
were abandoned. The Indian Service has now installed a pumping
plant at the well on the Fresnal ranch, and under white supervision
it can be maintained. A winter rancherfa will probably spring up,
and the history of Pozo Redondo will be repeated.

The Papagos are much as they were when first found by the Span-
ish, except that they wear white men’s clothes and use wagons, horses,
and many iron tools. They no longer hunt, for the big game is too
scarce to make hunting profitable, but they do raise cattle. This in-
dustry promises to grow, but the people still mainly depend on flood-
water farming. Around the fields or temporals are villages com-
posed of more or less permanent houses called summer rancherias.
From the Mexicans or Americans the Indians learned to build small
dams with basins behind them to store flood water for drinking.
These represos are to be found at almost every temporal. They sup-
plement the charcos and enable the people to remain long enough
to harvest the crop. The water is, however, usually muddy and often
foul. As the summer rains begin the people migrate from the winter
rancherias, near permanent water, to the temporals, and they return
in the autumn. The Indian Service has drilled a number of deep
wells at summer rancherias, and these new sources of water may
eventually break up the system of migration.

This brief description of the life of the Papago Indians shows
that they are great travelers. It is practically impossible to find a
place where diligent search will not reveal the former presence of
the Papagos. Potsherds, broken stones, mortars, and remains of
camps are common at every watering place. Formerly they went
afoot, but now they go on horseback or by wagons. There are in
consequence many roads, most of which follow the old foot trails
and thus pass every available watering place, however infrequently
it may hold water. Most of these watering places are small charcos.
As many of these as were found are shown on the map, though many
of them are of little value to the traveler.

The roads are a perfect maze in the vicinity of the villages or
rancherfas. From each of the scattered houses there is a road to
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every other house and to every near-by rancheria. Only at some
distance from the village do these roads combine. At certain ran-
- cherias also cattle are watered either from wells or from ponds. The
daily trampling of cattle often obliterates wagon tracks over the
whole area of the village, and the stranger has much difficulty in
getting out of a village and onto the right road. The road logs of
these localities have been made as full as possible, but the traveler
who has studied the map and knows the direction in which he is
going may follow any track in that direction and be reasonably
sure of coming into the right road.

Ordinarily the Indians drive around obstacles and do no work on
roads. Some work is done, however, on the roads around their
winter rancherfas in the mountains. The other roads are simple
wagon tracks or natural highways. A few Indians use broad-gage
wagons, or the axle has been sprung so as to give the wagon an
excessively broad gage. Unfortunate is the automobilist who fol-
lows a road made by such a wagon.

CLIMATE

The climate of the Papago country is marked by high temperature
and low rainfall. The summer heat is intense; it often passes 100°
F. and at times reaches 120° F., as measured by thermometers placed
in the shade. The dryness of the air and the consequent codling of
the body by rapid evaporation, however, make these high tempera-
tures bearable. The usual occupations can be carried on if an
adequate amount of water is provided to replace the moisture lost
so rapidly from the body by evaporation. The high temperatures
favor a long growing season. At Yuma killing frosts rarely if ever
occur except in the lower parts of the valley. Farther east each
winter has a few killing frosts, and at Tucson there is a distinct
though mild winter.

The range in temperature, both daily and seasonal, is very large.
The absolute range for several stations is given in the following
table, which, with other weather data given below, is derived from
the published records of the United States Weather Bureau:

Highest and lowest temperatures, in degrees Fahrenheit, recorded at certain
stations in the Papago couniry

Statlon Highest f Lowest | Range
Tueson . : 112 6 106
Nogales. - oo 110 10 100
MAriCoPa .« o - ocn e 126 1i8
Phoenix. - . 117 16 101
Gila Bend 120 11 109
Aztec__.___.____ 125 16 119
Mohawk__.___ 126 22 104
Yuma. e 18 22 95
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The mean temperature for the same stations is given below:

Mean temperature, in degrees Fahrenheit, at certain stations in the Papago

couniry
Lenfgth . A
: o i} T n-
Station record Jan. | Feb. | Mar.| Apr. | May | June | July | Aug. | Sept.| Oct. | Nov.| Dec. nual
(years)
Tueson.______ 27| 49.8 | 52.1|57.7|63.8] 7.8 |81.6|85.6|83.6(79.3|683)57.4{49.9 66.7
Nogales_..__ 11 | 45.3 | 47.9 1 53.0 | 60.5 | 67.4 | 76.5 [ 79.7 | 77.1 | 72.8 | 63.3 | 53.8 | 46.8 | 62.0
Maricopa.. . 11 | 50.2 | 54.4 | 60.4 | 66.7 | 74.3 | 85.9 ] 90.8 | 90.5 | 83.3 | 70.3 [ 58.1 { 50.9 | 69.6
Gila Bend.._ 101|542 |57.8 1622|684 7.3(85.2/91.9{91.2|85.4[78.4[62.05.5( 715
Aztec_______ 10| 54.5 [ 56.8 | 63.8 | 70.8 | 78.9 | 88.4 1 92.7 | 92.5 | 84.8 ) 74.3 | 62.8 | 53.65 | 72.8
Mohawk____ 6]581|5.7|68.2(73.5|8..5]91.7{93.9{9241|87.6]755]656}587.7] 75.4
Yumsa. . 31| 54.7[59.2]64.5)70.1 | 76.8 | 84.7{90.9)90.1{83.9|724}6L9|557) 721

The daily range in temperature is very high and probably as
high in winter as in summer. The effect of these changes is dis-
cussed on page 81. In the following table the maximum range of
temperature for each month of 1921 is given for three stations:

Mazimum daily range in temperature, in degrees Fahrenheil, for 1921 at three
stations in the Papago couniry

Station Jan. |- Feb. | Mar. | Apr. | May { June .fuly | Aug. | Sept. | Oct. | Nov. | Dec;
a34 38 43 43 a41 42 42 35 41 38 38 34
42 46 53 51 55 46 39 41 35 35 236 31
8 50 47 47 47 a44 a47 36 632 42 53 57 585

o T'wice in the month.

The winds of the region are not notably strong, though occa-
sionally winds reach high velocities. The average wind movement
and direction at three stations is shown in the following table:

Average hourly wind movement and direction at stations in the Papago country

Movement (miles per hour)

. { Length
Station reggrd Jan. | Feb. | Mar. | Apr. | May | June { July | Aug. | Sept.| Oct. | Nov.| Dec. nAu]:l
(years)
81 47| 57| 56] 59| &6 55| 51} 46| 46| 56| 5.2 4.9 5.2
181 3.6| 4.2 47| 48| 50) 4.8 47| 46| 4.3 4.1 3.8| 3.6 4.4
35| 6.3 6.8 70| 7.2 68| 6.1 6.7 61 5.1 81) 57| 6.2 6.2
Direction
Phoenix._.... 17| E. E. E. E. E. E. E. E. E. E. E. . E.
Yuma_._____| B N.|N. | W.|W.| W, INW.[SW.| S. |[NE.[ N. | N. | N. | N.

The very low rainfall is the chief characteristic of the climate of
the Papago country. In a general way the portions at the lowest
altitudes have the least rain. Yuma, at an altitude of 141 feet, has o
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normal annual rainfall of 3.33 inches; Tucson, at 2,435 feet, has
11.85 inches; and Nogales, at 3,840 feet, has 14.15 inches. The belt
of low rainfall, less than 5 inches annually, extends up Gila Valley
to Gila Bend and in the interior of the Papago country to the
Growler Mountains. Gila Bend, Phoenix, Maricopa, and Casa
Grande have from 5 to 714 inches of rain, and doubtless much of the
Papago country to the south has about the same amount. The
8-year record at Ajo shows a normal of 11.12 inches. The station
is in the hills and has been operated during eight relatively wet years,
1914 to 1921. At Yuma the normal for this period, calculated from
records of the Yuma station, is 8.69 inches, or .36 inch above the nor-
mal for 51 years. At Tucson the calculated normal for the same
period is 13.49 inches, or 1.64 inches above the normal for 54 years.
It seems probable, therefore, that the mean annual rainfall at Ajo is
less than the amount shown, and it may be below 10 inches. The
same considerations apply to the records at Indian QOasis and Ron-
stadt ranch; but it is probable that these places, because of higher
altitude, have a greater rainfall than Ajo. The greater amount of
native vegetation and especially the presence of a good cover of grass
at Ronstadt ranch indicate greater rainfall. The boundary between
areas without perennial grass and with perennial grass lies between
Tucson, where the mean annual rainfall is 11.85 inches, and Nogales,
where it is 14.15 inches.

So far as erosion and sedimentation are concerned, the rate of
rainfall and fluctuations in rainfall are perhaps more important than
the average amount. Yuma has had as little as 0.6 inch in 1899 and
as high as 11.41 inches in 1905. The highest monthly rainfall in 51
years occurred in August, 1909, when 6.25 inches fell—mearly twice
the normal annual rainfall. On September 30, 1921, 8.63 inches of
rain fell in 24 hours, an amount exceeding the normal annual rainfall
for the station by 0.3 inch. On August 16, 1909, 3.33 inches fell.
The effect of such storms in erosion and in the transportation of
débris by floods on ephemeral streams is obvious. (See pp. 83-84.)
Somewhat similar storms occur at Ajo, where on July 7, 1914, 2.48
inches fell, and on December 12, 1915, 8 inches. At Tucson the rain-
fall is more uniform. The highest monthly rainfall here occurred
in August, 1882, when 6.32 inches was recorded. The highest daily
rainfall in recent years occurred on January 19, 1916, when 2.63
inches fell. Rainfalls of 1 to 2 inches in 24 hours are, however,
fairly frequent.

Periods of drought and groups of dry years are of the most serious
disadvantage to the stock grower. During these times little or no
grass grows, the cattle consume the woody plants and the tender
cacti and, according to the local expression, “eat out the range”™
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If the dry years continue, the stockman must move out his cattle at
great expense, and he may have to relinquish homesteads and other
range rights. The tables that follow give the monthly and annual
precipitation at the stations for which records are available. The
period 1891 to 1898 was the most protracted drought that the coun-
try has suffered. The year 1905 was wet throughout southern Ari-
zona and belonged in a group of wet years. The dry season of 1920
was unusually long and, combined with the low price of cattle, had
serious consequences, but it does not show clearly in the weather
records.

Records of precipitation at stations in the Papago couniry

Yuma, Yuma County

[Altitude, 141 feet]

Year | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec ;:;1’;1
0.00] 0.25) 0.50| 0.00f 0.00| 0.00| 0.60| 1.15{ 0.00( 0.60) 0.00f 0.00] 3.10
.00 .08 .00 .08 .00 .00 .00 .25 .24 00 .00 .00 .65
.00 .24 .00 .00 .00 .05 .00 238 .06 00 .00 .00 | 2.73
.00 .00 .90 .00 .00 .00 .00 1.60 .00 00 .00 .64 3.14
. 55 .85 .20 .00 .00 .00 L40] 2.40 .50 25 .90 .50 7.85
1.50 .16 .00 .00 .00 .00 .00 .00 .66 | Tr .00 00| 232
44 .46 .04 .00 .00 .00 .00 .90 .00 00 .00 .00 .94
091 172 .00 .00 .06 .00 .50 .06 | Tr. 00 007 L23| 3.66
.00 .06 .13 .02 .00 .00 551 1.59 .87 00 .02 .14] 2.88
591 L21 .48 .15 .00 .00 .00 .00 .11 a3 .15 .27 | 328
Tr. Tr. .00 | Tr. .00 .00 | Tr. Tr. Tr. Tr. .00 .74 .74
.00 .00 | Tr. . 55 .00 | 'Tr. .20 .08 .05} Tr .00 .10 .98
135 .01 .00 .00 .00 .05 .20 .03 .04 .01 .09 .00 L78
. 96 .68 | Tr. Tr. .00 .00 .31 .22 .13 .05 .00 | L61; 3.96
Tr. 1.58 | 148 07 .44 | Tr. .01 .32 | Tr. Tr. Tr. L9686} 586
Tr. 02| Tr. .07 | Tr. .00 .05 .86 .00 .00 L71 01 272
1.06 .08 .33 .31 .00 .00 | Tr. 2.23 .00 L11 .23 00} 535
.00 | Tr. .00 .20! Tr. 01| Tr. Tr. 1..09 W02 243 151 3.90
.18 .05 .05 Tr. .00 .00 .04 | Tr. .01 .99 .68 951 2.85
112 .06 .24 .00 .00} Tr. Tr. .25 .00 . Tr. 243 4.60
Tr. .86 | Tr. Tr. .00 .00 Tr. .83 641 L70 .12 521 4.67
.00] 253 | Tr. .00; Tr. .00 .04 .05 | Tr. .00 .00 05| 267
% 1.85 . 87 52§ Tr. .05 .00 .00 .02 .04 .00 .00 | Tr. 3.35
Tr. Tr. 1 .00 .28 1 Tr, .50 .38 .08 .01 .19 .26 | 3.00
.00] Tr. 74 .00 | Tr. .00 .36 .10 . 51 .84 .00 40| 295
78 .02 Tr. .00 .00 | Tr. .01 | Tr. Tr. .15 .37 .00 133
14 .00 .43 | Tr. Tr. .00 .41 .32 .31 .10 .06 .78 | 2.55
2,83 .06 .48 | Tr. Tr. .00| Tr. .57 .20 Tr. .00 .04 418
.42 .00 .39 .01 . Tr. .00 .19 .00 .00 .21 L16| 2.38
.01 .01 Tr. .00 . Tr. Tr. + 06 .00 .02 .50 | Tr. .60
.08 .11 .06 .53 | Tr. .00 . Tr. .051 Tr. Tr. .00 .85
121 3.01 30| Tr. Tr. .00 | Tr. . .00 Tr. .00 .00} 38.65
.26 | Tr. .21 .00 .00 { Tr. A1 Tr. Tr. .00 .57 .78 1.93
Tr. .23 . Tr. .00 .00 .04 Tr. .67 .04 . Tr. .98
.00 Tr. 28 | Tr. 07 .00 .05 .69 .24 | Tr. Tr, .10 143
L15)] 38,43 3.33 .16 .00 .00 | Tr. .02 .52 02 2.44 .34 | 11. 41
.50 .30 91 .08 .00 .30 169 Tr. .01 .23 .36 | 5.40

39 .10 .72 00 .00 .00 021 Tr Tr. 1.32 .06 .00| 261
16 .84 .08 05 .00 00| 134 .30 .34 Tr. . 2.58 | 5.93
05 .08 64 00 .00 .00 01| 6.25 .96 .00 .18 .46 | 863
02 .00 .02 .00 .00 .84 L8 1.22 .07 ] 168 .00 | 38.93
42 .64 .12 11 .00 .00 .42 .01 23 .84 .00 | Tr. 2,79
00| Tr. .78 10 .90 .62 .18 .14 00 .17 .00 221 31
12 .14 | Tr. 18 .00 .00 .17 .28 00| Tr. .15 .00 104
.05 .32 .72 .27 Tr. Tr. Tr. .00 .89 .47 .98 3.70
2.56 .72 Tr. .08 f Tr. .00 .34 .41 .10 | Tr. Tr. 121 4.33
62| Tr. .24 .01 .00 .00 92 .02 .01 .00 .00 731 2,45
1.02 .06 { Tr. 241 Tr. .00 .50 .23 .17 | Tr. .00 00| 222
81 12 .72 00| Tr. .02 .02 .53 .02 .35 .07 24 2,90
Tr. .41} Tr . .00 .06 .88 .03 .14 .28 | Tr. 2.4

1.47 .66 .87 00 .00 Tr. Tr. .62 1.48 15 .00 | Tr 4.75
03 00 .06 | 'Tr. .05 L4441 3.65 04 (4] 9 6.98
Mean....} .46 .44 .34 .08 01 20 b7 .28 21 .29 .42 | 3.33

Nore.—Records from January, 1870, to September, 1875, obtained at Fort Yuma, Calif. (altitude, 267
feet), a few miles north of Yuma, Ariz
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Records of precipitation at stations in the Papago country—Continued
Aztec, Yama County

[Altitude, 492 feet]
Year Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. ,‘}u';]
1869 ... 0.03( 0.00] Tr. 0.00 | Tr. Tre {oceaan- 0.00 ; Tr. 0.13} LO0O| 0.13 {..___.
1900 ___. .05 L3 0271 L3l 007§ 0.00f 0.40 001 0.27 .24 .28 .00 3.00
1901__.__ .21 .86 .05 .00 .00 .00 .00 .00 . .00 .00 00 L12
1902____. 25 .00 .30 .00 .00 00| Tr. 15 . 00] 200 ] L2511 3.45
1903. ... .10 Tr. Tr. .00 .00 .00 Tr. .85 .35 .00 .00 1.30
1004_____ Tr. .00 .01 .00 .00 .15 .00 .95 .7 .00 .00 | Tr. 186
1905___._ 115} 425 227 Tr. .00 .00 .00 .30 .10 .00 530 .20 | 13.57
1906_..._ 1.50 .24 | Tr. .00 .00 | Tr. .78 .00 70 LO02| 4.22
1907__.._ 1. 34 .30 .80 .00 .52 .00 .27 .00 .00 .96 .00 .00 419
1908.___. .28 1 135 .03 L35 .00 .00 60 .79 .57 .00 .03] 3.55) 7.55
1909_____ .00 .00 .75 '00 1. 28 PR S [N .94 .00 . [ ) IR
1910.... .59 .00 .10 .69 .00 .00 .31 .11 .32 .19} 105 08| 3.42
010 ____ .70 .05 .18 .24 .00 .00 .95 .00 .48 .50 .00 | 3.10
1912 ___. .00 .00 L19 .65 07 .60 Tr. 111 .24 131 001 200| 6.57
013 .. .10 107 .00 .90 .00 .00} L60 .58 .00] L10 .00 410
1914__._| .70 151 1.00 .00 .00 .45 13 .04 80| LY5| LOO | ______| ...
1915 ____ 210 L18 A8 oo .00 .00] L35 .10 .12 Tr. 227 LOO fon-
1916 ____ 1.28 .01 .30 | Tr. .00 .00 56 .85 ] L85 .45 .62 572
917, ___. 1.72 .75 .00 .98 .12 .00 .40 .52 . .15 00 .00 5.03
018 _ 1181 Tr. 105 .00 .00 751 LO0| L42 .00 .0 . .27 b.92
1919 .10 .63 .00 .18 .00 .38 | 4 1.83 W08 heee
1920_____ 2.87 85 .22 .00 .00 001 L00| Tr. 00 .01 .00 001 4.28
w2, | .76 03 .73 .00 o1 .00 09{ 170 - -
Mean...| .65 56 .46 .28 .04 .08 .43 .48 35 .25 .7 57 484
Mohawk, Yuma County
[Altitude, 538 feet]
0.29| 0.05| 0.55| 0.43| 0.47 [..__._
023( 0.00] 000} 0.06) 0.O0C| 0.00{ 0.00 . .35 001 .00 .34 0.98
.00 .00 .24 .56 .00 .00 .03 .24 12| 250 .00 18 | 3.87
1.87 .00 .00 .00 .00 .00 .00 +53 .06 12 N ) )
.19 .14 .20 .03 .00 .00 .68 .70 .00 .08 .00 LO5| 3.08
22 L2t L7 .28 .28 .00 .00 .00 .02 .00 00| L2 502
.00 .04 .02 .00 .00 .00 L00] 225 .00 .00 .32 .00 2.63
931 L15 .00 .20 .00 .00 | Tr. .95 .00 LS50 .00 .00 | 4.73
.00 .01 .00 | Tr. .00 .00 | Tr. Tr. 1 2.89 .00 L40 05| 4.35
.25 .00 .63 .00 .00 .00 .00 L94 129
2.65 .00 .12 .00 .00 00| Tr .00 .00 .10 .05 [ 3.54
.00 .40 .00 .00 .00 .00 .10 85 .10 .03 L1010 1.28) 2,86
. 2. 50 .00 .00 .00 .00 .11 .85 .20 .00 .
1.64 |__._. .00 .00 .00 .00 .00 .00 .
.00 .00 .00 .00 .00 .40 «00 .00 .00 .
.00 .00 .00 .00 .00 .00 .00 .00 .00 UG .
.00 00 .75 .00 .00 00 L15) 1.20¢ 1.17 .00 .
W90 [ J -18 .00 .00 .00 .30 .65 .00 .00 .
.00 .00 .35 .03 .00 .12 .06 1.47 .00 .00 .
15| Tr. .00 .00 .00 .03 581 Tr. .00 .42 .
.00 12 .10 .95 .00 .00 .00 .00 . 50
10| 187 .18 | Tr. .00 .00 .27 431 .00 .10
.60 02! .33; .00| .00/ .00| .42 .00 .00| .00
.00 [ .00 .00 .00 .22 .02 .92 .00
Tr. Tr. .00 .00 .00 .00 A0 2.63 .40 .00
.10} 2.30) 1.05 .13 .00 .00 .00 .00 .32 .00
.00 .75 .12 .50 .00 .00 .00 3.05 .00 .00
.40 .00 .83 .00 .37 .0 .00 .00 .00] L50
.25 .20 S F .00 .00 .40 .48 .37 .00
.00 .00 .14 .00 .00 { Tr. .07 3.02 .14 .00
.00 Tr." .04 .00 00| Tr. 1.26 .06 1 Tr.
.50 Tr. .00 .00 .00 .99 .00 .15 .14
.00 .65 00 .ol .00 .19 .48 | Tr. 1. 26
.00 .38 .00 .00 L51 .25 .00 .64
.43 .55 .05 .00 .00 .51 .00 00 oo
1.85 .00 PR 2 1 RS N SO, . .00
.80 .21 .00 .00 .00 .80 .73 .74 .00
1.85 .00 .73 .01 .00 227 L55 .03 .00
.56 .25 .00 .00 1.15 .00 | 2.68 .66 | Tr. -
.00 11 .09 .00 .00 .51 | Tr. .08 .37 1.47
.35 30 .00 .00 .00 Tr. 22 .67 I 11 P
.87 .87 .00 .00 00| L09| L27| 100 .00 .00
.49 .28 A1 .01 .03 .32 .68 .26 .28 .22

Norz.—Records from August, 1879, to June, 1900, obtained at Texas Hill (altitude, 353 feet), about
6 miles east of Mohawk.
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Records of precipitation at stations in the 'Papago country—Continued

Sentinel, Maricopa County

[Altitude, 685 feet]
Year Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. I‘:;;]
_______ 0.00| 0.00( 0.75( 0.00| Tr. 000 LI1| 0.12).._.__
0.92 .00 .00 103 .00 0.00 .00 . 50 00 245
.00 .00 .00 | Tr. .00 .00 Tr. .00 .00 1.91
.00 .00 .00 .00 .50 .50 .00 L60] 104 4.49
.00 .00 .00 .50 .25 | 1.00 .00 .00 .00
.00 | Tr. .00 W00 foeeooo .00 .00 .00 .00
.20 .00 .00 .00 .00 .45 00 [ .18
L12 .00 .00 .06 .53 | Tr. .00 88 .77
.00 | Tr. 00| 151 .00 Tr. 1.08 00 00 |
.50 { Tr. .00 .92 1.56 .26 .32 05 1.55| 6.79
.00 .00 | Tr. .05 1.82% .10 .00 25 1) I
.20 .00 .00 .52 .05 25| Tr. 62 .00 L70
Jd2 .00 .4 3.54 L1000 1017 .47 00 00| 7.06
.93 .00 .14 .07 2.53 .13 .33 00 fae o foeeooa
.46 .00 .00 02| 103 .08 00 [~ceo__. Tr. fecoooe
101 Tr. Tr. 47 170 .48 2.07 001! 6.86
.37 Tr. .41 .40 .64 | Tr. 55| 1.94! 6.45
Tr. 00 .00 39 .74 | Tr 1.30 00 .68 | 4.76
1.20 12 00| L16| L70 05 08 00 .00 | 6.68
.00 1.78 11| 3.05 41 30 37 .82 9.24
.03 - 2 RO USRI FRIPIIINN ASSPRIR FOUEUIIY SIS ORI R
26 03 12 57 77 .24 30 36 51 | 4.54
Gila Bend, Maricopa County
[Altitude, 737 feet]
1889_.___ - 0.36| 1.03] 0.00| 150 0.00| 2.80 |......
1890_.__. 0.00) 040 0.00} 0.00{ 0.00{ 0.00 1.40{ 1.05 .23 .05 64 1.42f 519
1891 ___ . 2.23 11 .03 .04 .00 .12 .00 .08 .00 .00 .07 268
1892 __ 230 | 2.46 .63 .31 .23 .00 .05 .27 .38 .00 .00 .34 6.95
1893 .. __ Tr. .00} 1.94 .00 .40 .00 120 1.79 .14 .20 L25 A9 711
1894 . ___ .00 .40 .7 .00 .00 .00 .99 .00 .00 .60 .00 L55} 4.25
1895_____ .81 .00 .00 .00 Tr. .00 .30 1.40 | Tr. .50 .28 .00 3.29
1896_____ 1.20 | Tr. 110} Tr. .00 .00 2.58 1.42| Tr. .40 ] 10.21
1897 ____. 2.62 .70 .40 .00 .00 .00 .20 .00 .00 | 6.69
1898 ... 1.65 .00 .49 .00 .00 .70 .00 Tr. 1.10 | 479
1809 ____ 80 .20 .00 .00 .00} Tr. Tr. 1.10| Tr. 492
. . 1.10 .01 .01 .00 .00 00| 212
Tr. .00 .00 .40 .00 .00 | 255
.14 .03 .00 W00 [l
.00 .08 .00 .00 .00
Tr. .00 .01 .00] 3.84
.10 .00 .00 .00| 110
.00 .02 .00 195 .00
1.25 00 .00 .45 .08
.00 .03 Tr. .00 [ 575 PR [N
- | Tr. |-
.00 .90 .00 .05 .00 00} o
.00 . .00 .53 .00 .97
1.10 05 .00 .00 124 .25
Tr. .66 .00 1.99 L7381 2.92
.34 .21 .20 .00 T 2,69
Tr. .00 .00 .95 .00 .69
.92 Tr. .00 .10 .00 .00
.00 .00 | 1.01 .50 .88 .85
.10 .20 .20 00| 1.95 .00
.00 .00 .00 .50 .00 .00
.15 .10 .00 .05 10 120
Mean._..j .77 .59 .66 .18 .09 .07 .38 .48 .78
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Records of precipitation at stations in the Paptgo country—Continued

Phoenix, Maricopa County
| Aktitude, 1,108 feet]

Year Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. lﬁxl:;l
0.00| 000 |....___[ ____..b.__.___ 0.0 0.72] 0.00] 0.00! .____
.00 . 0.00 | Tr. 002| 1.11 .04 . .43 | 4.17
1.25 .04 00| 240} 1.63 .19 .00 . .64 | 8.52
.00 .00 .54 .67 69 ). ..27| Le66| 1.35| 6.40
15 .00 .49 | L18 .72 67 .20 . 161} 6.82
1.10 .12 .00 2.031 219 L04 .25 .36 .16 | 8.91
.00 .37 32| 1.81( 125 .10 1.30 .00 | £.94
.44 .00 07 .07 .20 3.36 | 7.40
40 .0l .15 O7{ 1.8 | 1501 112 24| 2741283
00 .65 04 18 .7 .09 91 .32 877
20 .00 .00 05 .58 45 .58 32 071 578

=)
=
=]
>
. . o
(=3
=]
2
-
©
G

.08 | 519

.55

112 12 .00 1L70 o1 .12 1.73 .00} 5.39
10 00 .35 L7 Tr. .01 .00 4,87
Tr 12 .32 56| 1.46 1 Tr 201! 1.06) 6. 8§

6.6.
00| Tr Tr 1.8 16l] L2] Tr 00 35| 567
2.59 04 15 28 .92 1.23 00| 3.61 58 | 19.73
48| Tr Tr. 20| 207 Tr. 1.20{ 2.59| B.56
35 27 | Tr 2.18 .80 02| 200 21| Tr 8.17
90 03 00| 298 .81 51 52 36| 1.94 | 10.68
07| Tr Tr. 100 | 194 42 00 281 102} 617
29 | Tr, Tr. 65 141 Tr 181 161 .34 4.32
a2 00 Tr 6.47| L68| 1L16[ 224 | Tr 114 14,12
52 58 or| 1.29 .72 .14 82 .00 .83 6.87
51 00 00 .94 .32 .13 U] 83 .27 1 5.39
10| Tr 05 .21 30| Tr. 230 | 1.00| 3.09| 8.98
88 17 48 | 1.12 .25 10| Tr 54| 2645 9.41
15 Tr 00 .77 .30 [ 166 66 .00 .381 6.76
122 45 00l 3.97 1 551 Tr, .00 - 8.60
Tr. 081 102 3.47 .39 52| 1.92] 116 11.10
.17 Tr 1.05( 240 | 1.83 25| 238 .13 | 10.31
.00 421 Tr 25 75 10 46+ Tr 6. 21

.02 .17 .04 .38 | 162 .33 .11 .04 .87 3.85
.33 11 07 L1 .97 .64 .43 .€6 .87 7.51

@ Data from Peoria, a few miles northwest of Phoenix.
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Records of precipitation at stations in the Papego couniry—Continued

Maricopa, Pinal County
[Altitude, 1,173 feet]

0
Year | Jan. | Feb. | Mar. | Apr. | May ! June | July | Aug. | Sept. | Oct. | Nov. | Dec. :?u.;]
- 0.00( 000 {.____.
0.72 039 000} 0.00| 0.45} 0.44 | 109 0.00| 010 .41 3.87
.08 ] 157 .30 .03 .41 .00 1.26 00| 107 .00 .0 1.54 | 6.27
001 101 N S, -
.00 .10 181 .38 .04
1. 45 .16 .00 .75 .00 .00 00 |acauo-c .00
.00 .00 .88 .00 .00 .00 .00 1.47 . 50 .00
Tr. .00 N .00 .00 .00 .00 .38 .00 .00
1.34 00 .00 .00 .00 00 | o 3.57 .30 .00
.38 74| 2,83 .51 .01 .32 53 86| 1.10) 1.51
.00 .45 .15 .00 .18 .04 .48 92| Tr. .00
1.321 1.65| 1.7 .06 .00 .00 .18 08 .06 .76
.00 A7 Tr .51 .31 .03 43 [--- .28
.00 .12 .48 .00 .00 .00 .80 .22 .35 b2
.85 A5 1,19 .00 .00 .00 i) .90 .90 | 1.20
.00 .22 1.02 .00 .00 .00 J10 | 429 .15 07 .31 2.47 ) 8.63
.02] 2.33 .00 .01 .00 .00 13 .39 .13 .00 .00 3.0
1.5 24 .50 .40 .14 .00 .62 .25 .15 .00 00 00 6.05
1.26 .00 14 00 .64 .00 2.08 .00 30 0} 6.60
.32 12 .50 .00 -00 .00 38 1.96 .35 .50 .00 244! 6.57
.61 .00 .00 .00 .00 .00 . . 1.10| 1L10} 1.48 6.07
.68 .00 .22 .00 .00 .03 L18 27 .30 .41} 3.60 .00 6.60
2.53 .19 .00 .00 .00 .00 50 . 1.27 .70 . Tr 6. 06
.93 .00 14§ Tr. .00} Tr. 1. 30 101 .00 .00 40| 212 | 5.90
.75 .26 00 .00 .00 | L81 .n .28 .36 .06 .7 Tr. 4.95
.00{ Tr. 20 .40 .00 .24 | Tr Tr. Tr. 1.25 .00 209
.75 1.66 | Tr. .00 1.50 .39 .00 .40 .00 .00 4,69
1.00 .00 .20 .00 34 .00 1,04 .01{ L10{| 1L.20| 489
.00 47 . Tr. .25 .52 2,76 .00 .00 220 472
Tr. .30 .10 . .00} 1.40] Tr Tr. Tr. .35} 3.16
L60| 270 172} L7 .33 72 .41 .00 | 3.47 .85 | 13.51
.16 .94 - .281 3.10 L00f L20| 267 (...
1.36 2 .86 .60 L70 10 | 1.47 .10 . 7.87
1.85 SO 80 | ____. .35 P 1 7 I SO PR
7.2 IO RV MRS S | | 3 IO 170 |- -
.43 .32
.01 .89 . 216 ( 1.69 .00 IS PO
.00 1.00 .51 53 .25 | L80! 141 .00 2.35 .00} LO04| 8.89
60 1L08| Tr .50 | Tr. Tr. .37 .52 10 .05 1.20 .60 | 6.02
24 [ o 1.00 .05 13 .10 23 65 27 2.30 1.59 4.42 [_____.
1.83 75 .49 .40 .20 Tr. 1.20 1. 46 .00 .13 .74 2.17 9.37
1.88 .35 .50 16 | Tr. .00 504 1.45 .25 00 .70 | 10.33
2.33| L15 20 14 .57 .66 3.92 78 .22 .30 .00 .00 | 10.27
87 .76 97| Tr Tr. .8 | L30] 198 .35 .50 561 L6656 9.
.56 1 1.05 78 92| Tr. 12 279 3.62| 1.39 .35 1.95 .40 | 13.93
179 . 1.61 03 .25 .05 774 217 11 .15 | Tr. .02 7.61
.34 .18 .07 07 .12 | Tr. 3.06 | 1 .45 L0 L85 L 9.15
.72 .63 .52 .20 .10 11 LO06| LO7 .54 .41 .61 .81 6.78
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Records of precipitation at stations in the Papago country—Continued

Casa Grande, Pinal County
[Altitude, 1,396 feet]

Year Jan. | Feb. | Mar. Apr. | May | June | July | Aug. | Sept. | Oct. { Nov. | Dec. 1}1‘1‘11;1
_____ 005! 0.00 | ___ __|-——-a-
0.00| 0.00| 0.00| Tr. 0.00 .00 .00 0.00 |_-_-
.00 .00t 0.00 .00 .00 .00
.24 00 .. .81 .00 10 .00 .86 |__oen
.00 .00 .00] 2.3 .00{ 131 .00 3.20 |oo
.00 .00 .75 .64 .00 .00 .23 00 2.02
.00 .00 .33 | L.46 .00 .00 .35 00 |- -aa
.20 40| 107 .97 199 .95 | 1.28 15| w71
.00 .00 .00 .28 . Y3 N O, .70 .75 |aaanae
.00 . .00 .00 .00 . .50 .80 10 1025 |ooo.o.
1890_____ .30 .61 .41 .38 .00 .00 1.38) 3.41 .96 .38 2.00 .87 [ 10.70
1801 ... .65 1.90 .00 .00 .00 .00 .90 . .00 .00 .00 17| 3.62
1892_. .| 8.25| 235 .65 .00 .34 .00 .23 .64 .00 .15 .00 . .
1893____. .08 .00 1.87 .00 .07 .00 172 .95 .00 .00 .00
1894_____ .00 .10 .62 .00 07 .00 .67 .81 .89 .13 .00
1895__.__ .45 .00 .00 .00 00 .00 351 1.30] 2.00| 1.60 .60
1896, _ .. .85 .00 .00 .00 00 o .88 | L15} 1.85 .00
1897 ___ 3.03 .00 .00 .00 .00 00 .00 .00 .00
1898 _ | .. .00 .10 .00 . 60 3 125 1.00 .00 .05
1869_ .90 .20 .00 .00 .75 61| Tr. 00| Tr. .74
1900 .20 .00 .55 .00 .00 00 .50 .30 .22 | 125
1901_ .84 | 130 .00 .10 .00 90| 145 . .45 .00
1902_ . 56 .00 .00 .00 .00 00| 1.53] Tr. 00| 115
1903_____ .00 .66 .00 .29 .65 .00{ 1.40 .00 .00
1904_____ .14 .75 .12 .00 .00 ) Tr. 1.961 2.83 | _____. .00 .00
1905_____ 2,76 | 499 1.98( 1.27 .00 .42 36 . .60 .00 | 6.32
1906__.__ .18 .88 .37 .57 .00 .00 LIS} 2.50 . .00 .75
1907 .o feeoo o .00 . .00 | Tr. 500 1,75 .60 .25 .80 .00
1908_.... 75 L50| Tr. .50 .00 .00 3.00| L62] L.58
1909_____ . 50 . 56 .58 .00 .00 00 b |-
910 ___ ______ .00 .75 Tr. .00 00 |- 1.05 .50 .00
1911 _____ - 130 | _.___] L65) 1.15 00 Tr. oo
1912____. .00 Tr. 4.11 1.25 J19) 100 | 130 .66 . .35 .00 .70 | 9.56
1913___ . L7011 175 .07 .03 00 .00 1.15 . .05 01| 216 71| 7.18
}glg ..... .29 .32 .14 .00 .00 .96 .69 .23 .20 .45 2.35| 4. 9.87
15
1916___ -
1917 .. t 14 .00 Tr. .00 3.42 10 .00 .00 mwmen
1918 __ .00 .21} 3,24 28] Tr. 1.02) 101} 146} . ..
1919_____| 221 113 .86 .38 .16 .35 | 3.33] 3.10| 3.50 A8 2.02 .74 | 15.66
1920____| L62] L01| 2.20 .05
1921..... .40 .18 .00 .12 00| Tr. .90 42 .18 .60
Mean__.| .70 | .63 .53 .18 .04 .16 .96 .99 (57| .34 .67 .80 6.57
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Records of precipitation at stations in the Papago country—Continued

Redrock, Pinal County
{Altitude, 1,864 feet]

Year Jan. | Feb.

i
Mar. | Apr. | Mey | June | July | Aug.

nual

Ajo, Pima County
[Altitude, 1,805 feet]

R DR 0.18| 0.00( 1.8 081 0.37] 3.41 1.40 | 2.68 |-
2.19| 1.55{ 0.23| 1.96 20 .00 156 . .58 .00 .59 1 4.16 ( 13.56
1.68 .34 71 . 0! .00 00 119 1.83| 2.88 .43 .00 .87 { 10.01
2.8 | L4 15 .25 Tr .00} 3.72 .63 | 1.38 .15 .00 | Tr. {10.5¢
1.80 .55 61 .07 .00 791 202 3.73 .42 A7) 121 .93 | 12,30
Tr. 1.14 | 108 .26 05 00 L7941 231 .90 .29 2.39 .31110.52
1L.54] 181 L74 .00 24| .02 1.32 .46 .70 Tr. .01 812
.25 .05 07 .07 56 | Tr. 3.381 3.07| L29 .40 11 .59 | 9.84
1.47 .98 .66 38 .15 L0 197 | L78| LO4 .69 L7 1197 1112

Indian Oasis, Pima County

[Altitude, 2,380 feet]

0.000) ...
1.72 ] 12.563
.73 ] 20.28
.00 | 10.19
.22 [ 10.95
.53 ] 13.35




CLIMATE 39

Records of precipitation at stations in the Papago country—Continued

Ronstadt ranch (Santa Margarita), Pima County
[Altitude, about 4,000 feet]

Year | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.

D)y RPN RN FOUUN I (RS 0.62| 854| 140§ 202] 0.00| 0.00| 0.00 |...._.
1018 3.01| 1.46| 0.70( 0.00| 0.18 | 1.02| 2.24| 3.32| L81| __. . .. -

1919_ L83 188 | . . .. .85 .73 72| 7.881 2.62|....... .23 [ 3.40 -3 a—
1920__._.| 3.38| L13| 2.28 Tr. 91 35 1.49| 2.68| 2.4 .84 .00 .08 | 15.55
1921 .20 42 .22 .00 00 26 558 592 | L93 {meon[aaoaag Sy { 1) .
Mean___| 1857 1.22| 1.07 .21 .45 .571 5.15| 3.19| 2 .36 113 .41 17.65

Nore.—Records from June, 1917, to September, 1918, obtained at Las Moras, 1 mile to the southwest and
in about the same relation to the Baboquivari Mountains and Altar Valley.

Silver Bell, Pima County
[Altitude, 2,664 feet]

Tr.| 0.00 | ____._ 2,15 0.00 | 0.07 3.48
.11 06| 1.52)] 3.33 .84 1LO5| L25 Tr. | 11.43
.06 14| 2.26] 2.27| 1.40 .08 .30 | 293 13.8
.00 07| 1L.83) 479 271 .00 1.33 .23 12.75
Tr. .16 [ 3.11 1.85 121 .08 2.93 .45 12.02
.00 .76 3.54 153 | 3.67 1.65 .00 .86 oo
. .90| 4.8 | 1.25 N1, I R P .10 | .
.30 Tr. L3611 2278 oo . 217 153 |o_....
10 .06 95 1.10 24 [ 2.99 1.64 | 4.68|13.76
42 Tr. 1.28 7 PR PR 7 A P
___________________________________ .10 .00 70 o
36 Tr.! 4.72} 2.56 .53 .05 .00 00 [
1.04 .92) 227} 3.10 85 .63 .95 | 170 15.00
42 .03 803 1571 218 00, 2.47 .68 |-
00 .10 12| 357 232 1.40 .00 .00 | 13.79
Mean...|{ 1.23| 1.09 .81 .19 .30 .30 | 2.68| 2.32| 1.33 67 | 1.05| 1.30|( 13.27
Nogales, Santa Cruz County
[Altitude, 3,840 feet]
...... 0.13| 3,40 2.48| 261} ______| 0.00) O.83 [ _....
0.21 | 0.00 .00 [ -.-] 610 LB0| 195 ..
.00 .54 | 2.55| 1.68] 227 35 .0 .00 . 9. 65
.33 .04 40 2.67| 171 .94 Tr. .24 11183
.00 .00 .00 3.04) 2.73| 1.76 . .35 .15 10.28
. . .08 .00 .00 [ 223 2.49 411 115 .00 179 | 10.02
1895 . __ .88 .00 .00 .00 .06 .00 | 2.66| 6.77| 1.88 .12 | 2.67 .10 15.14
1896 .60 .37 .00 .00 .00 85| 592| 2.57| 3.89 | 253 Y2 30 I [,
1897 .01 2.61

3.40
..... 191
_____ 6. 20
..... 6.89
_____ 2.78
_____ 3.93
2. 59 3
..... 4451 4.75 .
Mean.._| 1.35 .78 .54 .23 .05 .41 ) 342 3.69| 162

Nore.—Records from June. 1880. to April, 1899, obtained at Calabasas (altitude 3,440 feet), about 10 miles
northwest of Nogales. . "
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Records of precipitation at stations in the Papugp country—Continued

Tucson, Pima County

[Altitude, 2,425 feet)

Year | Jan. | Feb. | Mar. | Apr | May | June | July | Aug. | Sept.| Oct. | Nov. [ Dec ;}1‘1],;1
____________ 0.00( 0.00{ 290 1.40| 0.60 Tr. 0.20 170 )_____.

0.57 | 0.30 | Lo09 .10 .00 3.34 .67 ] 3.83| 0.25 .32 .50 | 11.54
1.58 .70 Tr. .00 .35 2.49 ] 6.31 .30 .03 1,01 1.83 | 14.69
.20 .03 .16 .00 Tr. 2,82 204 Tr. .00 .00 .94 6.21
.64 .16 .04 Tr. .40 LO02] 3.70) 200 Tr. .21 .35 9.04
.12 .00 .05 .01 .26 | 3.94| 3.81| 3.06 .40 .00 | 1.39|13.58
.69 101 .00 [ Tr. .00 .08 | 2.73 .62 .00| L32 .97 | 7.42
1. 66 1. 19 .43 .07 .00 | 4.82 1.93 .00 1.08 .92 .37 14.28
1.22 .00 .09 .00 .20 4.22 2,09 2.39 .00 .18 .82 11.58
.25 1.22 .00 .00 .29 3.7 4.19 2.28 .96 .75 .00 | 14.02
2.53 .20 .57 .41 00 3.04 021 244 .46 .00 2.91 11277
1.00 1.77 .52 .00 .66 5.72] 471 .08 .00 1.31 .68 | 16. 66
.94 .83 -02 .00 .01 .84 1.76 .74 .94 . 60 3.81 | 1201
.15 .41 .04 .00 Tr. L. 62 1.28 1.89 .09 .00 .57 6. 61
.25 1L17 .62 .04 .00 5.69 3.92 2.37 .62 .00 .19 | 14.92
1. 64 .72 .05 .01 .99 2.63 6.32 .32 .00 1.12 .04 | 15. 59
.51 114 Tr. .37 .64 3.46 4.64 1.06 .78 .48 ( 3.18( 17.53
259 | 1L91 W17 .23 .23 .32 | L15 .30 224 3| 472 15.03
.42 .40 .00 .00 .13 1.00 1.76 .12 .00 .42 .01 5. 26
.36 .87 .06 .00 .00 1. 06 2.47 1.04 .31 .45 .40 | 8.63
.85 .00 .38 .32 .26 5. 08 1.25 2.08 1L.72 .74 .27 1 12.95
.57 1.03 Tr. .32 .55 1.58 .92 .10 .78 2.06 | 1.96 1| 10.60
1.06 1.98 .18 Tr. .30 ] 5.66 2.06| 3.12 .36 .32 1.50 18.37
.76 .29 .01 .00 Tr. 2.37 5.23 1.44 .62 .83 1.32 | 15.04
3.28 .16 .00 .22 .27 .38 2.07 .48 .00 Tr. .25 7.27
2.63 .98 .18 .17 .10 1.00| 2.14 .37 .27 Tr. .25 9, 61
.82 1. 16 Tr. .75 .00 2.78 5.40| 102 .00 .43 .49 1 13.12
L4 1.17 Tr. .05 Tr. 1. 60 1.01 .12 .31 .00 1.88 7.29
Tr. Tr. Tr. .10 Tr. L1l | 4.48 .75 .68 | 4.30 .08 | 11.13
.08 .27 .12 Tr. 19| 3.45) 1.25) 113 3.31 .30 .76 | 11.39
.08 .13 Tr. .00 .00 1.98| 3.43| 2.71 .54 .00 11| 10.77
.00 .63 | 105 .00 20| 322 3.94 .10 .00 851 1.63|12.72
.39 .87 .62 Tr., 1.27 | 1.87( 1.82 .03 .67 .56 Tr. 8.38
.49 .54 112 Tr, 17 .65 .95 .85 .41 2.45 Tr. 7.79
1.38 .64 .04 .41 .00 2571 L99 .28 L.18 .08 00 9.72
Tr. .44 Tr. Tr. .19 .42 131 .58 1.64 1.34 2.15 8. 60
1.11 1.63 .00 .20 .22 1.52| 2.67 1.17 .00 .00 .28 8.80
.54 .06 .00 .61 L8 L7585 2.65 .89 .04 Tr. 93] 7.85
4,15| 3.88| 3.53 .02 .24 L10 .56 2,84 .08] 4.61 .90 | 24.17
.33 .33 .50 Tr. .00} L82] 253 .43 Tr. .74 4.57 | 1175
.75 .56 .15 .43 Tr. 4,27 3.46 .80 1.13 .78 .00 | 14.09
2,08 .39 .10 .16 Tr. 4.77] 2.18 .55 .26 17 26211404
. 50 .33 .00 .00 54 404 1.36 1.25 .00 .87 .81 10.21
Tr. .10 .08 Tr. .12 4.21] 2.55 .30 .04 1,32 .06 | 9.80
.99 .25 .27 .00 .07 1. 57 2.06 2.65 1.23 Tr. .85 | 1125
W37 212 .28 .32 .61 3.00 . 96 .01 178 .00 .38 9.84
1.86 .12 .70 | Tr. .08 1.32] L21 .4 221 1,98 .83 | 9.32
.52( 1.18 .00 .49 1.31 294 | 3.45 .40 2.59 | 1.02| 5.85| 19.90
1. 68 .76 .35 .15 .14 2. 39 L5 .92 .00 1.04 2.35 | 12.62
.58 .50 .51 . 07| 203] 2.26 1.29 L10 .00 .81 [13.15
.44 .15 .28 .82 .00} 390} 231 .88 Tr. .00 .00 | 10,70
1.26 .32 .04 .18 341 1.54 .78 13 .68 1,041 1.41 9.12
.87 .63 1.10 .82 .32} 5.53 1.82f 254 .35 3.13 .64 | 18.01
1.00 1.96 .16 .21 . 56 .25 2.84 .74 .55 .01 .15 10.72
.47 .13 .62 Tr. 22) 6,24 1.79| 3.01 .25 .59 .12 13.78
.93 .78 .32 14 .23 .26 2,46 L12 . 66 .75 113 ] 11.85

Note.—Records from May, 1867, to October, 1875; from May, 1883, to December, 1883; and for Septem-
ber, 1886, obtained at Camp Lowell (altitude 2,530 feet), 7 rhiles east of Tucson. Records from January,
1916, to December, 1921, obtained at University of Arizona.

FLORA

THE ARBOREAL DESERT

The vegetation of southern Arizona has striking characteristics,
which impress even the casual traveler and lend to the region one of
its most fascinating charms. This region is one of the most thinly
settled parts of the United States, and only a small proportion of the
white population subsist on products of the soil, yet in this true
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Note effect of browsing by cattle
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B. CRUCIFIXION THORN SOUTHWEST OF GILA BEND
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desert are found not only many plants but large numbers of trees,
which are in many places so close together as to form thickets and
miniature forests. (See Pls. VI, 4, and XXI, 4.) In contrast to
the treeless plains of New Mexico and southeastern Arizona, this is
an arboreal desert, where large shrubs and trees give the country a
deceiving verdure that is in marked contrast to its ability to support
animal and human life.

To the seasonal concentration of the rainfall with accompanying
high temperature is due the exceptional character of this flora. The
predominant plants—creosote bush, palo verde, and the great cacti—
range southward into Mexico, and hence this type of vegetation is
called the Sonoran or Sonora-Arizona type.

THE TREES

The common desert trees (five in number) are mesquite, palo verde,
palo flerro, catsclaw or acacia, and ocotillo. Mesquite is by far the
most abundant and has a wide range outside of the area. The mes-
quite is a thorny legume, resembling the eastern honey locust. The
tlowers are greenish yellow, and the seeds are borne in pods 3 to 4
inches long. Near Tucson the common species is Prosopis velutina;
on the drier alluvial slopes and the rocky slopes of the foothills this
is a small and inconspicuous shrub, but on the flood plain of Santa
Cruz River it grows into a tree 20 to 40 feet high and 6 to 14 inches
in diameter. The large size of these trees seems to be associated with
shallow ground water, to which the roots penetrate to obtain mois-
ture. Along Gila River mesquite is found in great thickets or in
more or less regularly spaced clumps of large trees. Many limbs
and trunks are almost prone, and this sprawling habit is in marked
contrast to the character of the mesquite in other localities. Near
Casa Grande Ruins, where the depth to ground water is between 30
and 40 feet, the plain is covered with a forest of mesquite composed
of clumps similar to the one shown in Plate XXIII, A. In sandy
areas on the flood plain or the terraces south of Gila River mesquite
is usually found capping and protecting the sand dunes. The most
remarkable forests of mesquite, however, occur in the interior valleys
of the Papago country, where floods spread out in thin sheets over
the so-called adobe flats. The mesquite are found here as lines or
strings of trees along the channels or spaced at intervals so as to look
like orchards. The trees are from 4 to 12 inches in diameter and from
15 to 40 feet high and have an upright habit. Apparently they derive
moisture largely from flood water, and lines of dying and dead mes-
quite are common features along abandoned flood-water channels.
{See Pl. VIII, A.) The wood rots slowly, and dead mesquite is.the
common source of firewood for the camper. It is excellent fuel,
though it has a disagreeable odor when burning—by no means, how-
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ever, comparable to that of palo verde. Mesquite timber is seldom
used, though it makes a very good cabinet wood, much like walnut.
In summer and sometimes in the fall also the mesquite bears a crop
of beans, which are relished by all herbivorous animals. These beans
were a staple food of the Papago Indians, and their mortars, called
“ béchete holes,” can be found in many localities. (See Pl. V, B.)
The screw bean (Prosopis pubescens) is a closely related species,
although the tree is usually of smaller size. The pods are twisted and
not flat, hence the common name. The screw bean is common near
Yuma but is rarely found in the rest of the area.

The palo verde is the most widely distributed tree of the region.
(See PL. VII, A.) Its green branches and trunk are particularly
striking in appearance and give rise to the name (Spanish for
“green tree”). There are three species—Parkinsonia aculeata,
Parkinsonia microphylle, and Parkinsonia torreyoma. They are
not easily distinguished and have in common the green trunk and
branches, finely divided locust-like leaves, which are shed in the
dry season, and yellow flowers, which make a great display in the
spring. Palo verde grows on the rocky slopes of the mountains
as a small shrub. On the plains it is larger, and particularly along
stream channels it attains a diameter of 12 to 18 inches and a height
of 30 to 40 feet. According to Mearns, the common form on rocky
slopes is Parkinsonia microphylla, and the very large individuals
along stream channels are Parkinsonia torreyana. Parkinsonia
aculeata has been found in the wild state in Arizona only at La
Osa, in the Altar Valley, and La Ventana, in Baboquivari Valley,
and in Sonora only along Sonoita River.®

Some conception of the age of desert plants and the stability of
any particular association of plants can be obtained from the inves-
tigations of Shreve.*® He found that of 146 trees of Parkinsonia
microphylla growing in a tract on Tumamoc Hill, near Tucson, 16
were more than 300 years old, of which one was 420 years old. Only
10 were less than 25 years old. Of 542 seedlings that sprouted after
the summer rains in 1910, all but 62 were dead in 16 months, the
deaths being distributed as follows:

* | Number of | Number of
Season deaths survivors

Humid midsummer, 1910 eeiean 43 499
Arid period of the late summer, 1910. ... .. 157 342
Winter, 1910-13 ... __.___._____._____ - 74 268
Arid period of the early summer, 1911. . e memm—————n 146 122

Humid midsummer, 1913______________ e e e e e mmmm 60 62

3 Mearns, E. A, Mammals of the Mexican boundary of the United States: U. 8. Nat.
Mus. Bull. 56, pt. 1, pp. 60, 61, 1907.

% Shreve, F., Establishment and behavior of the palo verde: Plant World, vol. 14,
p. 293, 1911,
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The dead seedlings on the same ground in 1910 numbered 160 and
represented the deaths of the preceding 12 or 18 months. Of these
only three were more than 8 years old. It seems, then, that palo
verde and probably most other desert trees have a very high mor-
tality as seedlings but once past the third year are likely to reach
maturity and often live to great age.

The leaves and branches of palo verde are eaten by stock, and in
dry seasons the trees are sometimes cut down by cattlemen to furnish
forage. The trunks are used by the Papagos in constructing
shelters from the sun and as roof timbers for their houses. The
wood is a poor fuel, burning without coals and having a very dis-
agreeable odor.

Palo fierro (also written palo hierro), or Sonoran ironwood
(Olneya tesota), is a handsome tree with an erect bushy crown and
blue-green leaves. Like palo verde and mesquite it is a legume and
has numerous thorns from a quarter to half an inch in length.
Palo fierro is usually found along stream channels on the higher
parts of the alluvial slopes and is especially noticeable around the
base of the mountains, where it grows in open groves like an orchard.
Here individual trees may have a trunk 1 to 2 feet in diameter and
are about 30 feet high. Palo fierro is more common west of Ajo
than in the region east of that place. The leaves are eagerly eaten
by stock, and it is a common practice for prospectors to cut down
the trees near their camp, so as to provide fodder for their burros
and horses. The wood is very hard and durable, and although it
has a somewhat more pronounced odor than mesquite it is better
fuel. The seeds when roasted have a fine flavor and were a staple
food of the Papagos.

Under the name catsclaw are included a number of species of
Acacia, of which the common one in the neighborhood of Tucson is
Acacia greggé. This is a shrubby tree rarely over 18 feet high, in
habit somewhat like the locust. It has many curved thorns about
half an inch long, from which the popular name, a translation of
the Spanish ufia de gato, is derived. The catsclaw grows along
arroyos on the alluvial slopes and in the foothills, and in places
forms impenetrable thickets.

The ocotillo (Fougquieria splendens) is one of the most striking
of desert plants. It consists of several wandlike stems about 1 inch
in diameter, which rise from a common base to a height of 5 to 10
feet. Each stem has a graceful curve away from the center, so that
the whole plant has a vaselike shape. The stems are coated with
waz and bear numerous thorns. At each thorn are leaves, which
turn yellow and drop off in the dry season. The ocotillo bears
masses of bright-red flowers in the spring. Its habitat is the upper
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and dryer parts of the alluvial fans and pediments, where it is
commonly associated with the sahuaro and other cacti. Ocotillo
branches are used by the Papagos to make temporary shelters. The
butts of the branches are stuck in the ground along the two long
sides of a rectangle 8 to 10 feet long and 4 to 5 feet wide. The ends
are brought together and tied, and the ribs thus formed are fastened
to longitudinal strips. The result is a framework in shape like the
cover of a prairie schooner. Brush, skins, or blankets are used to
keep out rain and sunlight. Ocotillo branches are also used for
fences and for the sides and tops of arbors. The ends, when
buried a few inches and given a little water, will grow and make an
arbor which keeps green throughout the greater part of the year
and 1s adorned with the beautiful red flowers in the spring.

The indigo thorn (Parosela spinosa) is a spiny tree between 20
and 30 feet in height and from 8 to 15 inches in diameter. It has
violet-colored blossoms with a delicious fragrance. The tree grows
in the sandy bottoms of arroyos rather than on their banks. Tt is
found in the Sonoita Valley, around Tule Well, and more abundantly
in southeastern California.

The wild china tree (Sepindus marginatus), called cherioni by
the Mexicans, is found sparingly along arroyos in the Papago coun-
try. The specimens seen were about 4 inches in diameter and 20
feet high. Cherioni is popularly thought to be an unfailing indi-
cator of water, a tradition derived from the Papagos. The Cherioni
Well, in the valley of the Ajo, was dug on this assumption but
failed to find any large amount (p. 181). The wood is tough and is
occasionally used for handles of tools and the repair of wagons.

The desert willow (Chélopsis lineeris) grows to a height of about
20 feet. (See Pl VI, B.) It has willowlike leaves and on the ends
of the branches bears bunches of purplish flowers and later seed
pods 15 inches long. The flowers and pods resemble those of the
catalpa, a nearly related tree. This tree grows along sandy arroyos
and has a reputation as an indicator of underground water hardly
borne out by the facts. Its wood, however, resists decay and it makes
very durable fence posts.

The crucifixion thorn (Holocantha emoryi) is another impressive
desert plant. (See Pl. VIII, B.) It is usually little more than a
shrub, but sometimes grows to a height of more than 20 feet. The
main stalk and branches have a green bark, and there are no
leaves. The smaller branches are fleshy, and each twig is a thorn,
so that the plant appears to be a mass of thorns, most of which are
about 114 inches long and a quarter of an inch in diameter at the
base. The seeds are reddish berries, which grow in dense clusters
and remain on the plants for many months. The crucifixion thorn
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grows in the most rocky and barren soil; most of the specimens seen
were in the region west of Ajo.

Trees of the high mountains of southeastern Arizona are found on
Tumacacori Mountains, the westernmost wooded range in southern
Arizona. The dominant trees are oaks of three species—Quercus
oblongifolia, Quercus arizonica, and Quercus emoryi. These species
have small evergreen leaves. The first is commonest on the lower
slopes and drier situations of the mountains, where the individuals
-have trunks from 6 to 12 inches in diameter and 20 to 30 feet high.
The second is similar in form and habit, and the rough whitish bark,
dense foliage, and equal spacing give a stand of these trees an
orchard-like appearance. The third species is usually called the
bellota oak by the Mexicans. The largest and best specimens grow
in valleys, where they attain 3 or 4 feet in diameter and nearly 100
feet in height. The acorns are sweet, and flour made from them
was once a staple article of food with the Papagos and early Mexican
settlers.

With these oaks are associated—although they form only a small
- part of the forest—the Mexican pifion (Pinus cembroides) and the
alligator juniper (Junéperus pachyphloea). These trees, together
with the oaks, occur in small numbers and very much reduced in
size in the higher parts of the Baboquivari Mountains and perhaps
other ranges.

Along the flood plains of Gila River and the upper Santa Cruz
the common tree is the cottonwood (Populus fremontii). Wherever
there is permanent water, as on Arivaca and Sonoita creeks and
around many springs, the cottonwood is found, but it is often diffi-
cult to determine whether or not it has been introduced by man.
With it is commeonly associated the black willow (Seliz nigre).

In Santa Cruz and Arivaca valleys the leatherleaf ash (Frawinus
veluting) , the western walnut (Juglens rupestris), and the Mexican
elder (Sambucus mexicana) are large trees common along permanent
water. With them is usually found the Arizona sycamore (Platanus
wrightiz), which also occurs as a lone tree or small clump at the
springs and wells along the base of the Baboquivari Mountains.

The hackberry is called cumaru by the Mexicans and kom by the
Papagos. It plays a large part in the legends of the Papagos, as
may be seen in many place names, such as Comobabi and Comovo.
The principal species is Celiis occidentalis, a large tree that may
reach 3 feet in diameter and 50 feet in height. It occurs in the upper
Santa Cruz Valley and along Arivaca Creek, and there are many
small groves and single trees along stream channels at the foot of the
Tumacacori and Baboquivari mountains. The tree seems to require
considerable water for full development and probably deserves its
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reputation as an indicator of underground water. A smaller species,
Celtis reticulata, is included under the popular name hackberry or
cumaru. It is more widely distributed and doubtless can grow on the
moisture from flood waters alone.

THE CACTI

The cacti of southern Arizona are remarkable for their size and
peculiarity of form. Of these the giant cactus, or sahuaro (Cor-
negiea gigantea), is the most conspicuous and in primitive times was
the most important to man. 1t is shown in a number of photographs
in this report. (See Pls. V, 4; XV, ¢; and XXVIIL, B.) It has a
straight trunk with vertical parallel ribs, from 12 to 18 inches in
diameter, and may attain a height of 40 feet. One or more clublike
branches are given off at irregular heights and grow up more or less
parallel to the parent stem. They produce many fantastic shapes,
which have a large part in the weird and unearthly appearance of
the desert. The sahuaro occurs along the Mexican boundary from
Nogales west to the Gila Mountains. Farther north it occupies
suitable locations in the broad desert valleys adjacent to Gila River -
and its tributaries as far east as Graham County and as far north
as the foot of the Bradshaw Mountains. Near the northern bound-
ary of its range the trunk is commonly unbranched and often not
more than 10 feet in height. In common with most of the other
cacti, the sahuaro prefers a rocky soil and is usually found on the
upper parts of alluvial fans, on pediments, and on the lower slopes
of mountains. The white flowers are borne near the top of the
column in May, and the fruit ripens in July. The fruit is prized
by the Papagos, who use it for making sahuaro sirup and wine; the
seed is used for making flour. The spines of sahuaro are dry and
will burn, if lighted at the base, with startling rapidity and with a
bright flare. This quality leads to the occasional use of the sahuaro
for signaling at night. When the plant dies the flesh shrivels up,
leaving the parallel woody ribs standing and bound together with
only a network of fibers. Each rib is a pole about an inch in
diameter, and such poles are frequently used by the Indians for
forming the side walls of their rude huts and in constructing corrals.

The pitahaya dulce or organ-pipe cactus (Cereus thurberi) con-
sists of a clump of columns, each 3 to 4 inches in diameter and 3 to 8
feet high. (See Pl XXIV, B.) The pitahaya is much more rare
than the sahuaro and is more closely confined to rocky slopes. The
fruit also is larger and more prized than that of sahuaro.

The bisnaga or barrel cactus (Echinocactus wislizen:) is from 18
inches to 2 feet in diameter and rarely grows over 4 feet high. The
ribs twist in a spiral from the base to the top and bear clumps of large
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recurved spines. The bright-red flowers are borne near the top. The
pulp of bisnaga is not bitter like that of sahuaro and is used in mak-
ing the cactus candy, a famous Arizona product.

Cholla is the name applied to several species of cactus, all of which
are characterized by cylindrical branching stems, a bushy habit of
growth, numerous spines, and prominent clusters of juicy fruit
which form valuable stock food. (See Pl XXVI, 4.) Opuntia
mammillota, Opuntia fulgida, and perhaps Opuniia bigelovii are
the common chollas of the Papago region. These similar species
grow from a single stalk 8 to 6 inches in diameter into a much
branched brush 3 to 6 feet in height. In places the bushes grow so
close together as to make almost impenetrable thickets. Not only are
the spines numerous, but the terminal joints are easily detached,
and any anima] feeding on the cholla wears a fringe of these irritat-
ing joints around the muzzle. Travel through cholla thickets is
most difficult and painful. At the slightest touch, the long yellow
spines penetrate the flesh for an eighth to a quarter of an inch. The
process of pulling off the joints and then the remaining spines is
excruciating torture. The flesh is often ruptured so completely as
to give the effect of a bruise. The pack rat (Neotoma albigula)
drags the joints off to form a protecting barricade in front of his
doorway. As the plant readily propagates from these joints, their
ease of detachment and liability to transportation by animals ac-
counts for the wide distribution of the chollas. The fruits occur
in great drooping clusters of red and yellow pulpy berries, which
remain attached to the plant for three or four years. After the
rotting of the fruits the hard seeds drop to the ground and may lie
there inactive for years. Lumbholtz states that some of the cattle
of western Sonora live almost exclusively on cholla in the winter,
successfully ridding themselves of the spiny joints, enduring the
pain of the spines, and going for periods of three months without
water because of the juicy character of their food.*®* Among Ameri-
can cattlemen such animals are known as “cholla fiends.” Prickly
pears (Opuniia), small ball cacti (Mammillaria), and many rarer
and less conspicuous members of the cactus family are found in the
region. The variety and beauty of these forms can be appreciated
only by taking long rambles off the beaten tracks in the desert ranges
during the spring, when the cacti are in bloom.

THE YUCCAS AND THEIR RELATIVES

The yuccas are members of the lily family adapted to dry environ-
ment. All have a cluster of narrow leaves around a center from
which new leaves grow and whence rises the flowering stalk.

% Lumholtz, Carl, New tralls in Mexico, pp. 151-154, New York, 1912.
104211—25—-235
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The yucca, or Spanish bayonet, has narrow stiff leaves, triangular
in cross section and tapering to a sharp, thorny point at the top. In
some species the cluster of leaves rises directly from the ground; in
others there is a woody trunk from 1 to 6 feet high. From the center
of the cluster the flower stalk rises from 2 to 6 feet and on it are borne
panicles of white waxy flowers. The yucca is not common on the
plains of the Papago country except in the head of Altar Valley,
where it is associated with a rather heavy grass cover.

The sotols and agaves are similar plants which are found on the
rocky slopes of hills and mountains. The agaves, usually known as
century plants, have broad leaves, often armed with spines along the
edges. The bases of the leaves and the central stalk are fleshy, and
in them is stored plant food for a period of several years. At the
end of the period a flower stalk grows to a height of several feet in
a fewdays. After flowering and fruiting, the whole plant dies. The
central stalk just before flowering is considered a tender morsel by
the Papagos. It is also used by the Mexicans in making the fiery

liquor called mescal.
FAUNA

No study of the fauna of the Papago country was attempted in
this investigation, and the following notes are intended simply to
supply information to the traveler. An interesting account of the
wild life of the region, and particularly of the big sheep, is Horna-
day’s “ Camp fires on desert and lava.”

The predatory animals, with the exception of the coyote, are not
often seen. It seems likely that they have decreased in numbers in
the last 50 years, with the decrease in game and the increase in the
use of firearms by the inhabitants. In the mountains bordering
Santa Cruz Valley the panther, jaguar, and Sonora grizzly were
common in the early days, though now rarely reported. The wild
cat or Iynx has a wide distribution over the Papago country. It
frequents the mountains, and, according to reports, the Papagos have
within the last few years abandoned their rancheria at the spring
near Squaw Tit Peak because wild cats killed all their colts.

The lobo, or timber wolf, is rare and is seen only at considerable
intervals in the Tumacacori Mountains and along the Santa Cruz.
His cousin, the coyote, or prairie wolf, is found over the whole
region. Along the Camino del Diablo, west of Ajo, in 1917, when
the region seemed deserted by every living thing and even the creo-
sote bush was suffering from lack of water, the tracks of coyotes
were present around water holes, though the animals were not seen.
Between the Gunsight Hills and the Baboquivari Mountains coyotes
are very numerous, and eight were shot in the course of a month’s
work. A specimen shot in the upper end of the Altar Valley in
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November was much larger and darker than usual. It is the local
opinion that the coyotes of the Tumacacori Mountains are all some-
what larger and darker than the coyotes of the valleys and drier
mountains of the western portion of the Papago country. In Robles
Pass five coyotes were seen running in a pack. All the others seen,
however, were alone. The common habit of the coyote to travel
the road and then turn off into the brush as a traveler goes by leads
to many daytime encounters.

The two species of foxes which are known in the region are
shy and are usually seen only at dusk or in the early morning.
Both white-tailed and black-tailed deer were once more plentiful
than now, their decrease being due to hunting and the occupation
of their grazing lands by horses and cattle. The early military
expeditions and boundary surveys depended for a large part of
their meat on deer killed by professional hunters. The Papagos
once hunted deer for meat and hides, but the lack of market for
buckskin has led to their abandoning the hunting of deer for more
profitable pursuits. Deer should now increase in number, especially
in and around the drier mountain ranges. Antelope were once
very plentiful. The international boundary survey of 1892-1894
found antelope in every open valley along the boundary from
Nogales to Yuma. The Valley of the Ajo was a favorite haunt,
and antelope have been seen along the Camino del Diablo within
the last three or four years. During the present investigation the
tracks of only one lone antelope were seen on the Gila Bend-Ajo
road. It is presumed that the abnormally dry season had driven
the others southward into Sonora.

Mountain sheep were once found over the whole region. They are
now largely confined to the desert ranges southwest of Ajo and to
the Pinacate Mountains of Sonora. The sheep as a rule inhabit
inaccessible and rocky places, though they are reported to come down
on the plains at times to feed on mesquite beans. Within the last
15 years sheep have been seen by local hunters on the Sierra
Estrella,®” Childs Mountain, Growler Mountains, and Ajo Moun-
tains. About 5 years ago a dead sheep was found in Heart Tank, in
the Pinta Mountains. Sheep now frequent the Tule Mountains
south of the international boundary and the Sierra de Lechu-
guilla. At Tinajas Altas the Survey party saw a buck and three
does. Signs of sheep are very plentiful at this locality, and. there
are many trails where the rock is worn smooth by their feet. Rub-
bing places and lairs, which the sheep use during the heat of the
day, are common. The finding of the bodies of two sheep in the
upper tanks is referred to on page 134. Hornaday gives a very com-
plete account of these animals. The mountain goat, however, is not

87 Schrader, F. C., unpublished manuscript.
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now known in the region. In 1847 one was killed on the Mohawk
Mountains.®®

Jack rabbits and cottontails are common, except in the region west
of the Growler Mountains. It is probable that these prolific animals
populate this region rapidly in times of abundant rainfall. The
jack rabbit is not highly esteemed for food, and, especially when in
the dry season they feed largely on creosote bush, the flesh is not
very palatable. Young jack rabbits killed in the spring, however,
have as dainty flesh as the cottontail. The cottontail frequents the
stream beds, and the traveler can usually add one or more to his
larder if he hunts in the evening or in the early morning.

The antelope jack rabbit 2 (Lepus alleni) is one of the most inter-
esting of the desert animals. He is taller, more slender, and wilder
than the ordinary jack rabbit. The body is gray, and the ears, very
large and rounded at the top, have almost no hair, and consequently
are bright shell pink with a fringe of white hairs. The running
gait is a series of long high leaps at a rate compared to which that
of the ordinary jack seems very slow. In running he shows a char-
acteristic peculiar sinuous movement of the rump. The white parts
of the belly and side are pulled up on the rump, first on one side and
then on the other, and this habit produces the white patch to which
he owes his name. The animals are usually seen in pairs, and occa-
sionally several pairs may be seen together. The antelope rabbit
is not so stupidly curious as the ordinary jack rabbit; and although
interested in travelers, usually watches them from a distance of 50 to
100 yards. On the slightest alarm he takes flight, showing his white
patches alternately first on one side and then on the other, often
running some distance, nor will he stop for a whistle or cry, as the
jack rabbit often does. The habitat of the antelope jack is the broad
open spaces of the great valleys or the smaller valleys, such as the
Pozo Redondo Valley. Specimens were seen as far north as the
Vekol Valley and pear Santa Cruz River north of Tucson. The
principal range lies between the Baboquivari Mountains and Gun-
sight Pass. No specimens were seen west of Ajo. The antelope
jack rabbit is not hunted for game by the whites. Of the several
individuals killed during the investigation all had one or more large
tumors under the skin and were much emaciated.

Numerous small rodents inhabit the region. Of these the pack
rat or wood rat and the kangaroo rat are the most interesting to

8 Emory, W, H., Military reconnaissance from Fort Leavenworth, Mo., to San Diego,
Calif., p. 92, 1848,

® W, T. Hornaday (op. cit.,, p. 812) doubts the existence of these jack rabbits, but
several were killed by the writer’s field assistants and examined by the writer. See also
Nelson, E. W., Rabbits of North America: North Am, Fauna No. 29, pp. 25, 115-117,
1909, and Bryan, Kirk, The antelope jack rabbit of Arizona: Forest and Stream, vol. 43,
p. 561, 1923,
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travelers. The pack rat builds a nest of rubbish in loose recks or
driftwood, or in caves in rocky places, where it is often protected
from prowling animals by masses of loose cholla joints. The pack
rat is a bold marauder in camps and will carry off not only pro-
visions but cartridges, buttons, tableware, and almost anything else
that is loose. He often returns with rubbish of various kinds which
he leaves in place of the pilfered articles, hence one of his names is
“trade rat.”

The kangaroo rat lives in areas of drifting sand and is a beautiful
little animal with soft fur, buff on the back and white below. He
has a tail about 6 inches long with a-tuft of white hair on the end.
The tracks of the hind legs, with the trace of the tail between, are
often seen in sandy places, making a fantastic pattern between the
bushes. The animals are nocturnal in habit and rather shy. East
of Wellton one night several came into,camp, which was lighted by
a large fire. In spite of being shot at several times they persisted
in coming back, and one was finally caught in the hand. The fore °
limbs are much smaller than the hind limbs but are doubtless used
more in walking than one would judge by the tracks. Certainly
these individuals, when investigating the Survey camp, went on all
fours. :

The buzzard and the raven are the most common of the larger
birds. The buzzard is more likely to be seen in the Santa Cruz and
Gila valleys, but the raven was seen in the most desolate places. Sev-
eral species of owls are known, but all are more common in the moun-
tains than in the plains. Several species of hawks were seen but not
identified. Hornaday reports the golden eagle. The picturesque
“ road runner ” inhabits the region but is not common.

The commonest game bird of the region is Gambel’s quail, by far
the most beautiful of the quails. These birds roost in bunches of 10
to 50 in the trees along the arroyos, and their cheerful clucking, very
like that of barnyard fowl, is often the first thing to wake the trav-
eler in the morning. They are difficult to flush, usually preferring
to run and hide. As they run faster than a man can walk, and as the
creosote and other bushes are usually waist high, it is difficult to
get large bags from single coveys. The.best hunting season is in the
fall in the vicinity of Papago temporales, where the quail congregate
to feed on the residue of the crop and seeds of the pigweed.*® The
blue or valley quail and the white-top or mountain quail are occa-
sionally found in the area.

The turtledove is found outside of the Santa Cruz and Gila valleys
only in the neighborhood of permanent water. They come in to
water at dusk, when they are easily killed. The traveler should

« Hornaday, W. T., op. cit,, pp. 318-820. An interesting account of hunting these
birds.

P



52 PAPAGO COUNTRY, ARIZONA

refrain from killing more than he needs, for these birds are few in
number near the desert water holes.

Each open body of water, such as the ponds at Quitobaquito,
Comovo, Tonukvo, and Buenos Aires, has its share of water fowl.
Geese, mallard, and teal duck and the inevitable mud hen were seen
on such ponds. Doubtless all these were migrants breaking a long
journey at these spots of water on the desert.

Of poisonous and venomous animals the desert has its full share.
but the number of these animals as well as their deadliness is much
exaggerated.*

The rattlesnake is one of the most widely distributed and well
advertised poisonous animals of North America. The diamond-back,
which includes several species, and the sidewinder, or horned rattle-
snake, are found in the Papago country. The sidewinder is small,
from 2 to 214 feet in length, and somewhat more active and therefore
more to be feared than the other rattlers. Ordinary travelers will,
however, seldom see rattlesnakes unless they ramble around in the
brush or in rocky places. The bite of a rattlesnake is serious but
seldom fatal, except to children and persons in poor health. Proper
treatment consists in placing a ligature between the wound and the
heart, opening the wound so that the blood will flow freely and if
necessary sucking out the blood, and then washing the wound with
a strong solution of potassium permanganate.

The annulated snake (Libon septentrionalis), a slender snake 2%
feet long, is rarely found. It can not strike but if provoked wiil
seize a finger and embed its poisonous fangs.

The Sonoran coral snake (Zlaps euryaxaonthus) is a slender snake,
less than 2 feet long, marked with yellow and black bands encircling
the body, the black bands being bordered by the yellow, thus dis-
tinguishing it from the harmless king and milk snakes, which have
black bands between either yellow or red bands. The coral snake
has a poison much more deadly than that of the rattlesnake, but it
can not strike and must chew in order to insert the fangs. It is
said not to bite unless handled. This snake also is rarely found.

The Gila monster, a big clumsy lizard, and a similar species in
Mexico are the only poisonous lizards known. All the others, how-
ever horrible in appearance, are nonpoisonous. The Gila mon-
ster is sluggish and difficult to annoy but has a brutish temper
and a grip like a bulldog. From around the teeth in the lower jaw
poison is excreted which will get in the wound. The bites are fatal
to small animals, but there is no recorded case of a human fatality.

The “ hydrophobia skunk ” is more or less of a myth, but it seems
true that skunks of all species are subject to rabies or hydrophobia.

" 4 yorhies, C. T., Poisonous animals of the desert: Arizona Univ. Agr. Exper. Sta. Bull,
83, 1917. Much of the material here given is drawn from this useful paper.
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When suffering from the disease they will bite persons sleeping in
exposed places and give them the disease. Persons bitten by skunks
are advised by Vorhies*® to take the Pasteur treatment for rabies.

The tarantula, a large hairy spider, the scorpion, and the centi-
pede are all poisonous, but their bites or stings are only painful,
not deadly. The traveler should shake out his boots in the morn-
ing, inspect his blankets before lying on them, and use other rea-
sonable measures to avoid the discomfort of being bitten. Fear is
not justified, for no authenticated fatalities among healthy adults
have been reported from the desert country.

The “nifio de la tierra” (child of the earth), which has an evil
reputation among the Mexicans, is a burrowing and wingless insect
very like a grasshopper and as dangerous. The “velvet ants” or
“cow killers” differ from the ants in being hairy and are actually
wingless wasps. In the Papago country a red species three-eighths
of an inch long is common. Their stings are doubtless no more
dangerous than those of ordinary wasps, and they are not nearly
so warlike.

The praying mantis, common also in the eastern United States,
is called “campamocha” by the Mexicans and is thought, without
foundation, to bring about the death of any horse or cow that may
accidentally eat it.

The “ mato venado,” or killdeer, is also called vinegarroon—a name
correctly used only for the scorpion.. Tt is about 1 inch long and
resembles a scorpion, though it has no sting but four pointed jaws.
It can give a severe bite but is nonpmsonous, though suspected of
being a disease carrier.

Similarly the Arizona bedbug, or cone-nose bloodsucker, is from
half an inch to an inch long, and though apparently harmless, its
bite should be avoided for the same reasons as the bite of the
ordinary bedbug. Some of the South American relatives of the
bedbug are known disease carriers, and the ordinary bedbug is not
above suspicion.

GEOLOGY

STRATIGRAPHY

The rocks of the Papago country consist of pre-Cambrian schist,
gneiss, and intrusive rocks, Paleozoic limestone and quartzite,
Mesozoic clastic rocks and granitic intrusives, Tertiary conglomerate
and volcanic rocks, and Quaternary alluvium.

The pre-Cambrian rocks are a basal complex whose history is as
yet unraveled and which is separated by a great unconformity from
the succeeding rocks. The Paleozoic rocks now exist as scattered

42 yorhies, C. T., op. cit‘., pp. 368-373.
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patches infaulted into the pre-Cambrian or embedded in later Meso-
zoic intrusive rocks. The Mesozoic clastic rocks are arkosic sand-
stone and shale, which are separated from the Paleozoic limestone
and quartzite by an unconformity. The Mesozoic igneous rocks
occupy large areas, but the granitic intrusives and more or less meta-
morphosed lava flows are not easily distinguished from the pre-
Cambrian, and the undifferentiated rocks of both ages are referred
to as the crystalline complex. The Tertiary conglomerate and lava
flows are separated- from all the rocks previously formed by an un-
conformity that represents a desert surface in the old age of erosion.
‘The pre-Tertiary and Tertiary rocks form the mountains and hills,
but in the valleys lies a great mantle of alluvium, composed of débris
derived from the destruction of the older formations. The general
distribution of these rocks is shown on the geologic map *** (Pl IX,
in pocket) and is more particularly described below.

PRE-CAMBRIAN BASAL COMPLEX

The pre-Cambrian rocks of the region form a highly metamor-
phosed complex consisting largely of schist and gneiss. No sequence
of pre-Cambrian sedimentary rocks such as have been found north of
Gila River* has yet been determined, but doubtless some of the
schist and gneiss are metamorphosed sedimentary rocks. In the
northern part of the Salt River Mountains the complex is mostly
chloritic schist. In the Sand Tank Mountains chloritic schist has
been feldspathized, and there are many transitions from schist to
gneiss. Fine-grained biotite granite and phyllite occur also. The
northern parts of the Gila Mountains are composed mostly of coarse
biotite granite and micaceous and hornblende schist and gneiss. As
noted by Blake** near the Fortuna mine the schistosity dips 45° to
the south and west and is very even and regular. There hornblende
schist predominates, and parallel to the schistosity are quartzose
beds in which gold occurs. Blake noted also feldspathic dikes that
intersect the schistosity and seem to be connected with great intru-
sions of pinkish granite, which form the higher peaks.

The older gneisses, which are of pre-Cambrian age, in many local-
ities have a very definite sheeting that divides them into layers

428 This geologic map was made in 1917 and first published in 1922 (U. S. Geol. Survey
Bull. 730, pl. 9), Equipped with a manuscript copy of it, the authors of the recently
published geologic map of Arizona (Darton, N. H., Lausen, C., and Wilson, E. D., Geologic
map of Arizona : Arizona Bur. Mines and U. 8. Geol. Survey, 1925) did field work in 1921
and the following years that resulted in a new base map on the scale. The geologic boun-
daries were adjusted to this map and the gaps filled in. Areas of Paleozoic and Mesozoie
stratified rocks were discovered and mapped, and the crystalline complex was divided into
three parts—pre-Cambrian schist, pre-Cambrian granite, and Mesozoic granite. The later,
more basic lava flows of the faulted and dislocated volcanie serles, here considered of
Tertiary age, were mapped separately and place@ with the Quaternary basalt.

4 Ross, C. P., Geology of the lower Gila River region, Ariz.: U. 8. Geol. Survey Prof.
Paper 129, pp. 184-185, 1922,

# Blake, W. P., Geology of the Gila Range : Governor of Arizona Rept., 1898, p. 25.
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from 2 to 4 feet thick. Such gneisses, which are easily distinguished
from the later intrusive rocks of supposed Mesozoic age, were ob-
served near Tule Tank, in the Cabeza Prieta Range, and in the Baker
Peaks, Sierra Blanca, and Coyote Mountains. In the Coyote Moun-
tains the almost perfect sheeting controls the erosion of the moun-
tain range, which has the topographic form of a monoclinal block of
sedimentary rock.
PALEOZOIC ROCKS

The Paleozoic rocks occur in two situations—as plates or blocks
resting on the eroded surface of the pre-Cambrian complex, or as
blocks more or less engulfed and metamorphosed by later intrusions.

In the western part of the Tucson Mountains, beneath a blanket
of lava, mostly Tertiary rhyolite,** lie limestone and quartzite of
Cambrian and Carboniferous age.*®* At Snyders Hill, just west of
Robles Pass, blue limestone has been quarried for burning lime, and
also for road metal. Fossils collected at this locality have been
identifed by G. H. Girty as follows:

Zaphrentis? sp. Rhynchopora? n. sp.
Pustula aff. P. porrecta. Squamularia perplexa.
Productus aff. P. subhorridus. Composita mexicana.

Mr. Girty considers that this fauna is probably younger than that
found at the Vekol mine and indicates later Pennsylvanian, per-
haps even Permian time.

South of this locality, on the east side of the Sierrita Mountains,
limestone and quartzite, in which Pennsylvanian fossils were found,
occur at Mineral Hill and Twin Butte.

The ore deposits of Silver Bell occur in blocks of limestone em-
bedded in post-Paleozoic intrusive rocks.#® In the near-by Silver
Bell Mountains Tolman ¢ found 8,700 feet of alternating quartzite,
shaly quartzite, and limestone, of which the massive limestone con-
tains Carboniferous fossils.

North of Pozo Blanco, at the east foot of the Sierra Blanca, the
galena ore of the Black Prince mine is found in blocks of blue lime-
stone which, with some red shale, are embedded in intrusive rocks.
No fossils were found at this locality.

4 Tolman, C. F., The geology of the vicinity of the Tumamoe Hills: Carnegie Inst,
Washington Pub. 113, p. 76, 1909,

46 Blake, W. P., Geologic sketch of the reglon of Tucson, Ariz.: Carnegie Inst. Wash-
ington Pub. 99, pp. 45-68, 1908, Jenkins, O. P., and Wilson, E. D., A geological recon-
naissance of the Tucson and Amole mountains: Arizona Univ. Bur. Mines Bull,, Geol.
ser. 2, p. 11, 1920,

47 Ransome, F. L., Ore deposits of the Sierrita Mountains, Pima County, Ariz.: U. 8.
Geol. Survey Bull. 725, p. 412, 1922,

s Stewart, C. A., The geology and ore deposits of the Silver Bell mining district, Ariz.:
Am. Inst. Min. Eng. Trans., vol. 43, pp. 240-290, 1913,

4 Tolman, C, K., Copper deposits of Silverbell, Ariz.: Min. and Sci. Press, vol. 99,
pp. 710-712, 1909,
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The northern part of the Vekol Mountains consists of a monocline
of limestone, quartzite, and shale, extending from the Vekol mine
to the Reward mine. These sedimentary rocks rest on a basal com-
plex of schist, granite, and diorite and have been faulted and in-
truded by granitic masses and later siliceous porphyry dikes and
plugs.® On the south side of the monocline, near the Vekol mine,
fossils were collected in three lots from a thickness of about 200
feet of thick-bedded gray limestone. The surface of this limestone
is marked by brown siliceous concretions, and the lower beds are
cherty. Near the mine the same limestone is red. The fossils were
submitted to G. H. Girty, who reports the following combined list:

Cladochonus sp. Productus semireticulatus.
Campophyllum torquium. Marginifera splendens.
Rhombopora lepidodendroides. Spirifer cameratus.
Schizophoria? sp. Spirifer rockymontanus.
Chonetes verneuilianus. Composita subtilita.

Mr. Girty states that the beds are “Pennsylvanian, apparently
lower Pennsylvanian.” They thus correspond in age to the lower
part of the Naco limestone of the Bisbee district.5

About 14 miles northwest of the Vekol mine and 3 miles east of
Stouts Well is a small hill composed of massive gray limestone, which
dips gently to the southeast. About 100 feet of limestone is exposed.
This mass appears to be an infaulted fragment of the great limestone
series exposed in the Vekol Mountains. A few fossils were collected
and submitted to Edwin Kirk, who reports as follows:

There are no determinable fossils in the lot that definitely fix the strati-
graphic horizon. The crinoid fragments, however, are of such a nature that
they could not be older than Devonian nor younger than Carboniferous. There
is little doubt in my mind that the material is of Carboniferous age.

West of this hill only one other outcrop of limestone was found.
At the east side of Growler Pass is a high, irregular hill composed of
limestone and quartzite which appear to have been mashed and the
limestone later silicified. Because of this alteration fossils seem to
be rare; none were found by the writer in the short time available.

The remnants of Paleozoic rocks occurring at widely scattered
places in the Papago country indicate that the Paleozoic seas were
limited on the west by land. The Cambrian and Devonian rocks
extend no farther west than the Santa Rita and Tucson mountains;
the later Paleozoic (Pennsylvanian) has a wider extent. Earth
movements following the Paleozoic era, with consequent erosion, con-

60 Higgins, Fdwin, Vekol copper deposits (Pinal County, Ariz.) : Eng. and Min. Jour.,
vol. 91, pp. 478-474, 1911,

sl Ransome, F. L., Some Paleozoic sections in Arizona and their correlation: U, S,
Geol. Survey Prof. Paper 98, p. 148, 1916.
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tributed the clastic materials that now form the Mesozoic sedimen-
tary rocks and destroyed a large part of the previously deposited
Paleozoic rocks. Similarly uplift and subsequent erosion incident
to the Mesozoic period of igneous activity further diminished the
volume of Paleozoic rock, which now forms isolated blocks that are
separated by great distances and are preserved largely because they
are infaulted and protected by other formations.

A}
MESOZOIC ROCKS

SEDIMENTARY ROCKS

In the Santa Rita and Patagonia mountains, small portions of
which are shown on the geologic map (Pl IX), Schrader and Hill
found a great series of shale, sandstone, and conglomerate, with
calcareous layers, aggregating about 6,000 feet in thickness.> Fossils
found in a thin-bedded arenaceous limestone near Mowry indicate,
according to T. W. Stanton, that the beds are of Lower Cretacéous
(Comanche) age. Because of faunal and lithologic similarities
Schrader ** considers that the Mesozoic rocks of the Santa Rita and
Patagonia mountains are equivalent to the Comanche series (“ Bisbee
group”) of the Bisbee quadrangle.®* At Bisbee there are numerous
beds of limestone with a well-developed marine fauna. In the Pata-
gonia region, however, the calcareous layers are few, and the greater
part of the beds are red sandstone and shale.

What seem to be the same rocks are found in the Tumacacori
Mountains. Just east of the Montana mine is a great mass of red
sandstone, conglomerate, and shale, dipping to the west at high angles
and unconformably overlain by tuff. Both east and west of Arivaca
are red and green shales with incipient slaty cleavage, which may be
part of the same formation. Red sandy shale and arkosic gray sand-
stone of a total thickness of 2,140 feet, attributed to Mesozoic time,
have been found in the Tucson Mountains.® Red and green shales
with thin quartzitic sandstone are exposed on the east side of the
Sierrita Mountains. They may be of Mesozoic age.®

West of the Tumacacori and Tucson mountains red shale and ar-
kose sandstone were seen at Agua la Vara, faulted against the gneiss
of the Coyote Mountains, and again at. Pozo Blanco, associated with
the limestone already mentioned. In these small outcrops no fossils

82 Schrader, F. C., and Hill, J. M., Mineral deposits of the Santa Rita and Patagonia
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were seen, but it seems not unlikely, because of lithologic similarity,
that they are westward remnants of the Mesozoic formations.

IGNEOUS ROCKS

The igneous rocks which are thought to be Mesozoic are difficult to
distinguish from the pre-Cambrian rocks without detailed study.
In general they are characterized by lack of sheeting and gneissoid
structure and by the fact that many of the granitic types have both
orthoclase and plagioclase feldspars.

In the Santa Rita and Patagonia mountains the Mesozoic igneous
rocks, consisting of granite, granite porphyry, quartz monzonite,
quartz diorite, aplitic and lJamprophyric dike rocks, syenite, and gab-
bro, are intruded into the Paleozoic sedimentary rocks but nowhere
cut the Mesozoic sedimentary rocks. The period of igneous intru-
sion is therefore thought to be pre-Cretaceous or at the latest very
early Cretaceous.®” '

At Silvér Bell the Mesozoic intrusive rocks consist of alaskite,
alaskite porphyry, biotite granite, andesite, and quartz porphyry.®

In the Sierra Istrella Schrader found biotite granite, granitic
aplite, and pegmatite, which intrude older gneiss and schist. In
the Sacaton Mountains he found mica diorite similarly intruded.
These rocks he considers Mesozoic.®®

The copper ores of Ajo occur as disseminated deposits in monzo-
nite, or as vein deposits in rhyolite lava and tuff into which the
monzonite is intruded.®® These two types of rock make up the
eastern portion of the main part of the Little Ajo Mountains and are
older than the conglomerate of the Ajo Peaks and the lava flows of
Black Mountain. Older gneiss and schist which resemble the pre-
Cambrian complex form the western part of the mountains. The
igneous rocks that contain the ores, both the monzonite and the
rhyolite into which the monzonite is intruded, seem, becanse of their
lack of intense dynamic metamorphism and their relation to the older
crystalline rocks, to belong to the Mesozoic period of igneous activity.

In a number of localities in the Papago country were observed
granitic and granitoid rocks containing both plagioclase and ortho-
clase feldspars, which probably belong to the same period of igneous
activity. These localities are the Palo Verde Mountains, the moun-
tains in the pass north of Table Top Mountains, the Maricopa Moun-
tains near Estrella, the O’Neill Hills, the Tule Mountains, and the

& Schragder, F. C., and Hill, J. M., op. cit,, p. &7,
88 Stewart, C. A., op. cit.,, p. 246.
t Schrader, F. C., unpublished report on the Gila River Indian Reservation, Ariz.
® Joralemon, I. B., The Ajo copper-mining district, Ariz. : Am. Inst. Min, Eng. Bull. 92,
pp. 20112028, 1914.
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Tinajas Altas Mountains. Fractured and altered porphyritic felsite
of pre-Tertiary age was seen in the Papago Saguaro National Monu-
ment north of Tempe and inh Growler Pass.

TERTIARY ROCKS

SEDIMENTARY ROCKS

The sandstone and conglomerate found at a number of localities
in this region are thought to be of Tertiary age. The evidence for
their age is not definite but consists in their stratigraphic position
and their similarity to rocks in the lower Gila region that are asso-
ciated with calcareous beds from which Tertiary fossils have been
collected.®* The close association of the conglomerate with the great
sequence of lavas is probably the best evidence of its Tertiary age.

The beds included in this group are probably not strictly synchro-
nous. Wherever their lower members were observed they rest on the
eroded surface of the older rocks and are made up of angular débris
derived from those rocks. In general the Tertiary sedimentary rocks
are composed of coarse, poorly sorted arkosic material, such as is
deposited by ephemeral streams in the same region to-day. In some
localities so much tuffacgous material is included that it is evident
that they were deposited during the volcanic period. OQuterops of
the rocks were studied at nine localities, which are shown upon the
geologic map (PL IX). The beds range in thickness from 50 feet
to more than 1,000 feet and are, without exception, dislocated and
extensively eroded.

Tertiary rocks near Tempe—One of the largest exposures of the
Tertiary rocks forms Tempe Butte and the picturesque hills north
of it in the Papago Saguaro National Monument. The northerly
hills are composed of arkosic conglomerate in beds 20 to 50 feet
thick, consisting mostly of fragments of granite, many of which
are 6 inches to 6 feet in diameter. In certain beds there is little
or no matrix, the boulders being tightly packed together. In other
beds the boulders are embedded in a matrix of coarse sand made up
of feldspar and quartz fragments from one-eighth to one-half inch
in diameter. Only the finer material shows any sorting, except that
there are a few small lenses of sandy laminated clay, and in some
beds the larger boulders are ranged along the bottom. The whole
rock and many of the constituent pebbles are stained by hematite,
and though calcite is the principal cement, hematite doubtless helps
to bind the particles together. The peculiar erosion forms of the
conglomerate are described on page 91. Just north of Hole in the
Rock the conglomerate rests on granite gneiss, and most of the
constituent fragments are of this rock. Therg are also many schist

€1 Ross, C. P., op. cit., p. 189,
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{ragments similar to a schist that crops out to the east. South of
Hole in the Rock the conglomerate rests on a porphyritic felsite,
shattered by minute fracturing and recemented by silica. The con-
glomerate of this locality is composed largely of fragments of the
felsite, and the near-by Quaternary gravel cemented by caliche con-
sists of materials derived from both rocks. The shattered felsite
‘and the Tertiary and Quaternary conglomerates, composed of ma-
terials derived from it, are very difficult to distinguish in the field.
Near the bridge across Gila River and on the north flank of Tempe
Butte is a mass of red arkosic sandstone showing mud cracks. The
sandstone appears to be a higher member of the formation to which
the conglomerate previously mentioned belongs. At the base of
Tempe Butte the sandstone dips 55° SE. and strikes N. 60° E. It
is more shaly at the top and is overlain by a thick bed of lava,
which caps the butte.

Blake considered these rocks to be of Triassic age, because of
their lithologic similarity to the Triassic elsewhere.® Iee® con-
siders that they can hardly be Triassic, because the Triassic rests
on the Paleozoic rocks in the plateau region to the east with ap-
parent conformity, and assigns them to the Tertiary. In Tempe
Butte the upper shaly beds are intruded by a thin basic sill and
are interbedded with an amygdaloidal basalt flow and capped by
a thick bed of lava. This close association and contemporaneity
with lava, which resembles in every way the other Tertiary igneous
rocks, seems in the absence of fossils to be good evidence that the
beds are of Tertiary age.

Conglomerate near Comobabi—In the pass between North and
South Comobabi mountains there is a large area underlain by con-
glomerate. About half a mile east of the village of Comobabi the
conglomerate is well exposed in a cliff (PL VIII, B), where it is
overlain unconformably by 12 feet of cemented gravel containing
fossil bone. (See p. 68.) The dip is 80° NW., and the strike
N. 87° E. Boulders 3 and 4 feet in diameter are common; the ordi-
nary size, however, is about 4 to 6 inches, and there is a sandy and
pebbly matrix. In angularity of pebbles and lack of sorting this
rock is similar to the other outcrops of conglomerate. The ma-
terial is derived largely from the erosion of porphyritic rocks of
andesitic type, but there are many granite boulders. The con-
glomerate is red but not so thoroughly cemented as in some other
localities.

Conglomerate in the pass north of Table Top Mountains.—Gray
arkosic conglomerate interbedded with lava occurs near the water

62 Blake, W. P., Some salient features of the geology of Arizona with evidences of
shallow seas in Paleozoic time: Am. Geologist, vol. 27, p. 166, 1901.

9 Fee, W. T.,, Underground waters of the Salt River valley, Ariz.: U. 8. Geol. Survey
Water-Supply Paper 136, p. 97, figs. 15, 16, 1905.
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hole in the pass on the Maricopa-Covered Wells road, 18 miles from
Maricopa. The beds dip 14° SW. and strike N. 42° W. The con-
glomerate is interbedded with basalt flows, the lowest of which
rests on granite on the north side of the pass. The conglomerate,
however, has very few basalt pebbles but is made up of granitic
material. Some of the boulders are 6 to 8 feet in diameter.

Conglomerate at Totobit Tanks—The Totobit Tanks lie along
the main drain of Vekol Valley, 5 miles southwest of the Vekol
mine. They consist of a series of plunge pools and potholes in
conglomerate and lava. The conglomerate has a tuffaceous matrix,
and the pebbles are rounded boulders from 1 inch to 2 feet in
diameter, mostly of basalt. As the conglomerate is interbedded with
basalt it probably represents stream action during the period of
Tertiary volcanism.

Conglomerate at Sond Tanks—At Sand Tanks, 23 miles south-
east of Gila Bend, tuffaceous conglomerate crops out in a narrow
canyon in the dissected pediment of the Sand Tank Mountains.
The tanks consist of plunge pools eroded in the conglomerate, which
dips 20° N. and strikes N. 80° W. The following is a section of the
beds exposed :

Section of Tertiary rocks at Send Tanks
Feet
Brown tuffaceous conglomerate with large granite pebbles and
grains of pumice, 1 inch or more in diameter.
Brown tuff with only occasional granite pebbles________ . ___ 5
Brown tuffaceous conglomerate with fragments of pumice

and scattered boulders, 4 to 8 inches in diameter, of granite,
porphyry, felsite, aplite, vein quartz, and schist. It is mud-

cracked throughout in blocks 12 inches across_____._______ 21
Purple tuff with no large fragments of pumice_.____________ 11,
Brown sandy tuff with 3 inches of yellow pumice at top————__ 6
Speckled tuff composed of pebbles of pumice_.______________ 6
Brown sandy tuff with small pebbles of various rocks, lower

part faulted and crumpled 27
Green sandy tufl 10

White tuff, laminated and with occasional pebbles; thickness
concealed by faulting.

Brown pebbly tuff. Normal fault with 6 feet throw to west
and reverse fault with small throw extend outcrops of
this bed to the west . 15

Granite gneiss, much fractured. on which the conglomerate
rests unconformably.

It is evident from the section that these rocks were formed after
volcanism had begun in the neighborhood. The pre-Tertiary rocks
were exposed, and at this place streams deposited poorly assorted
débris derived from the erosion of the pre-Tertiary voleanic rocks,
mixed with the materials of ash showers.
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Conglomerate near Ajo—Red conglomerate occupies a large area
south of Ajo and forms the picturesque Ajo Peaks. This conglom-
erate rests on the Mesozoic igneous rocks of the Little Ajo Mountains
and dips about 10° S. The individual beds are from 20 to 50 feet
thick. Boulders from 6 inches to 4 feet in diameter are embedded
in a matrix of quartz and feldspar fragments. - The cement appears
to be hematite and calcite, and all the fantastic erosion forms of the
conglomerate of the Papago Saguaro National Monument are re-
peated. Pebbles of fresh-looking siliceous lavas and of copper ores
are found. The conglomerate was therefore deposited after the
period of copper mineralization in the Ajo district. The contact
with the main Tertiary lava flows, of which about 1,200 feet is
exposed in the near-by Black Mountain, is concealed, but the con-
glomerate is presumably the older rock. The presence of lava peb-
bles, however, indicates that the Tertiary volcanism had begun
before the deposition of the conglomerate.

Conglomerate near Tule Well—Near Tule Well on the Camino del
Diablo there are three exposures of conglomerate. About 4 miles
southeast of the well the road goes over a little divide on conglom-
erate made up of pebbles of lava of many varieties. This bed of con-
glomerate is about 50 feet thick and is interbedded with lava flows.
It seems to be due to stream action during the extrusion of the lava.
At 2 miles east of Tule Well is a group of low hills with the pic-
turesque topography typical of the arkosic conglomerate of the
Papago Saguaro National Monument. The conglomerate, which is
reddish yellow, is thick bedded and dips about 30° E. Embedded in
the matrix of quartz and feldspar débris are pebbles as much as 6
inches in diameter of granite and other rocks of pre-Tertiary age.
Pebbles of lava are also present. Hills of similar color and topog-
raphy lie 4 miles northwest of Tule Well and are probably formed
of like material. )

Conglomerate east of Wellton.—The Baker Tanks are a group of
potholes and plunge pools in a stream channel along the southwest-
ern flank of Baker Peaks. By headward erosion the stream is cutting
a canyon about 30 feet deep and 100 feet wide in a plain developed
on pinkish-red conglomerate. Near the tanks the conglomerate
strikes N. 77° W. and dips 65° SW. The rock is massive but much
broken by joints, many of which show slickensides. Along the joints
dehydration has taken place, and there is much variation in color.
The beds are mostly an aggregate of quartz and feldspar grains from
one-eighth to one-half inch in diameter. Where the finer material
predominates the beds show lamination and cross-bedding. Boulders
from 3 inches to 8 feet in diameter lie scattered in this matrix, either
singly or in groups and clusters. Near the lower tanks are two beds
made up almost wholly of boulders. The conglomerate at Baker
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Tanks is so similar to the gravel laid down by present streams that
drain the granite gneiss of Baker Peaks as to force the conclusion
that it was derived from the same rocks under similar conditions of
climate.

About 4 miles northwest of Baker Tanks is a hill which rises above
the Quaternary gravel on the north side of the Southern Pacific Rail-
road. In this hill isexposed about 400 feet of arkosic sandstone. The
strike is N. 85° W. and the dip 15° SW. The beds of sandstone range
from 5 to 20 feet in thickness and, as exposed in an abandoned quarry
on the east side of the hill, are fairly uniform for short distances.
Coarse sandstone of quartz feldspar and biotite mica with lenses of
small pebbles is the common rock, but pebbles over 3 inches in
diameter were not found. The color is slightly darker than that of
the rocks at Baker Tanks and more uniform. Concentration of iron
oxide at the surface forms a dark-red crust. Weathering produces
many small pits and miniature caves at the surface, but there is none
of the picturesque topography of: other conglomerate outcrops.

North of this hill is another which at a distance appears to be made
up of the same material. Two miles to the northeast is Antelope Hill,
which, according to Ross,®* is composed of gray arkosic sandstone
that strikes nearly east and dips gently south. The grains of the
sandstone range from one-sixteenth to one-fourth inch in diameter.
The thickness exposed is over 500 feet.

In spite of differences in altitude, color, and size of grain, it is
probable that the rocks of all these localities belong to the same
formation. The northerly outcrops may be higher in the sequence
and were certainly farther from the source of material.

Outcrops north of Blaisdell—About 3 miles north of Blaisdell, in
the cuts along the main Tucson-Yuma road, is an exposure of sand-
stone and clay shale. The rocks, which strike N. 80° E. and dip 20°
SE., are almost completely masked by overlying terrace gravel of
Quaternary age. The sandstone consists of yellow and red arkose,
thin bedded and marked by mud cracks. The largest pebbles ob-
served are half an inch in diameter. The clay beds, which are few,
are of yellow color. These rocks are similar to the deposits of the
present Gila River-and are not so thoroughly cemented as the Ter-
tiary sediments east of Wellton. It is possible that they are more
thoroughly cemented phases of the older Pleistocene gravel that

crops out near by.
: VOLCANIC ROCES

Distributed throughout the Papago country is a great series of
voleanic rocks which range in chemical composition from siliceous

% Ross, C. P., Geology of the lower Gila region, Ariz.: U. 8. Geol. SBurvey Prof. Paper
129, p. 188, 1922,
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rhyolite to olivine basalt. In some localities, as in the Sand Tank and
Sauceda mountains, they formed a great mantle of flows and tuffs
which almost completely buried all the preexistent rocks. In the
Growler, Ajo, Sauceda, Quijotoa, and Sand Tank mountains the
thickness of lava is commonly 1,200 to 1,500 feet and may reach 2,000
feet. In other localities the lava is thin or lacking, and in the Tuma-
cacori Mountains tuffs predominate over lava flows. All these lavas
have been dislocated and dissected. The dissected slopes merge with.
the mountain pediment. (see pp. 98-101) or are buried in alluvium,
and this characteristic indicates that all the lavas are probably older
than the Pleistocene. In contrast to them the Pleistocene basalt lies
on top of the alluvium in the valleys and is but little dissected.

Most of the centers of eruption from which the Tertiary volcanic
material emerges are either concealed by later flows or removed by
erosion. Much of the lava may have been extruded from fissures,
and volcanoes may never have been prominent features of the Ter-
tiary landscape. However, Batamote Mountain has the form of a
slightly dissected volcano, and the mountain south of Kaka appears
also to be an old volcano.

The variety of rocks included in this series is illustrated by the
work of Guild in the Tucson Mountains.®® He found rhyolite, rhyo-
lite tuff, biotite-hornblende andesite, pyroxene andesite, pyroxene-
mica andesite, and several basalts.

In the Tumamoc Hills Tolman % found the following succession,
beginning with the youngest: (1) Basalt flows and intrusions, (2)
rhyolite tuff, (8) two basalt flows, (4) andesite flows. These rocks
he considered to be of Pleistocene age, but because they are uplifted,
faulted, and dissected they are here mapped with the Tertiary.

In the Santan Mountains Schrader ¢* found 100 feet of olivine
basalt overlying 200 feet of latite, which in turn rests on granite of
the crystalline complex. These rocks increase in thickness toward
the center of the Malpais Hills, in which they occupy an area of
about 9 square miles. Basalt also occurs at Walker Butte and in
Poston Butte and other outliers of the Santan Mountains.

South of the Salt River Mountains lies Jackson Butte, separated
from the mountains by a plain more than 2 miles wide, mantled by
alluvium. The top of the butte is a bed of agglomeratic vesicular
basalt about 20 feet thick. The lower part of the butte, which is
masked by a talus of large blocks of basalt, is composed of uncon-
solidated gravel and sand. There is no near-by source of the basalt,

% Guild, F. N., Petrography of the Tucson Mountains, Pima County, Ariz.: Am. Jour.
Sci., 4th ser., vol. 20, pp. 313-318, 1905.

8¢ Tolman, C. F., Geology of the vicinity of the Tumamoc Hills: Carnegie Inst. Wash-
ington Pub. 113, pp. 67—82, 1909.

67 Schrader, F. C., unpublished report on the Gila River Indian Reservation, Ariz.
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and it is possible that the gravel conceals the plug that occupies the
neck through which the basalt rose. The gravel also is much less
consolidated than most of the Tertiary formations. The basalt of
Jackson Butte may easily be of early Quaternary age.

The same remarks apply equally to a somewhat similar outlier on
the east side of the Maricopa Mountains 1 mile north of Estrella
station. This outlier consists of two small hills capped with 20 to
30 feet of dull-red felsite, which rests on arkosic gravel that sep-
arates it from the underlying crystalline rocks. The felsite forms
beds 2 to 3 feet thick, of which the upper one is full of holes like a
vesicular basalt. The holes, however, are probably not due to the
expansion of gases while the rock was hot but to the solution by
weathering of some constituent of the rock. The gravel is similar
to that of the present streams and is but a thin coating on an old
surface of erosion that has been uplifted and now stands above the
.level of the adjacent pediment.

QUATERNARY DEPOSITS
ALLUVIAL MATERIALS

GENERAL CHARACTER

The Pleistocene and Recent materials have been derived from the
erosion of the present mountains and laid down by existing streams
or their counterparts. The climate of Quaternary time has not been
uniform, though doubtless it has been throughout of the arid type.
Variations in climate may be assumed because of the known fluctua-
tions throughout the world shown by the glaciation of large areas,
and also because in Arizona there were permanent lakes where now
there are only temporary lakes.®® The fluctuations in this region
were, however, not so great as to bring about a humid climate. The
change was only in the degree of aridity.

Thus the deposits of the different stages of Quaternary time are
similar to one another and vary chiefly according to their topographic
position. Near the mountains ephemeral streams build up alluvial
fans of coarse, poorly assorted gravel. Farther down the slopes the
sand streams deposit finer débris as sandy clay and fine gravel and
sand. Near the middle of the valleys clay or sandy clay may pre-
dominate, though wind-blown sand and lenses of sand or gravel are
also deposited, the material being dependent on the type of the axial
stream. Thus if materials of one of the older Quaternary stages
originally laid down near the mountains are exposed near recent

& Meinzer, 0. E., and Kelton, F. C., Geology and water resources of Sulphur Spring
Valley, Ariz.: U, 8. Geol. Survey Water-Supply Paper 320, p. 34, 1913.
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deposits of streams at a distance from the mountains the contrast
between the two deposits is great. But deposits of the two stages
laid down by essentially similar streams in corresponding portions
of their courses may be so similar that it is impossible to tell them
apart. In general those beds of alluvial material which stand above
the general level and are now being eroded are regarded as belong-
ing to the earlier stages, and these beds are commonly cemented
with caliche. Much larger amounts of the older deposits must be
buried under the modern alluvial plains, however, and concerning
these deposits little is known except such facts as are disclosed by
well records.

The Quaternary deposits fall into three divisions—older alluvium,
younger alluvium, and Recent deposits. These divisions can not be
definitely correlated with divisions of the Quaternary in other
regions, however, nor can rigid application of these divisions be
made within the Papago country.

OLDER ALLUVIUM

The older alluvium is exposed at only a few. widely separated
localities, largely around the borders of the Papago country, though
doubtless it lies buried beneath younger deposits in the greater part
of the valley region.

Near Tucson red and partly cemented older alluvium is exposed
near the base of the Santa Catalina Mountains at the mouth of
Sabino Canyon. It is tilted and eroded, and on it rests the younger
alluvium.®® Field work by the writer in 1920 and 1921 indicates
that this red material should be correlated with similar fan conglom-
erates in the San Pedro Valley, which are of Pliocene age. Farther
south, near Tubac, the bluffs along Santa Cruz Valley are doubly
terraced, as shown in Figure 17 and described on page 111. The
gravelly deposits of the upper level seem to belong to the older al-
Iuvium; the lower terraces can be correlated with a part of the ter-
race and flanking stream-built slopes near Tucson. Similarly near
Nogales the rock plains which border both Santa Cruz River and
Nogales Wash, especially on their lower portions, are mantled with
gravel. Near the streams these plains stand as bluffs about 150
feet high. The gravel that caps the bluff probably belongs to the
older alluvium, whereas that on the rock bench about halfway down
the bluff belongs to the younger alluvium.

On Gila River east of its junction with Salt River no outcrops of
the older alluvium were found, but west of this point Ross? found

® Smith, G. E. P., Ground-water supply and firrigation in the Rillito Valley: Arizona
Univ. Agr. Exper. Sta. Bull. 64, pp. 80-90, fig. 57, 1910.
7 Ross, C. P, op. cit.
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only small areas of tilted gravel in the margins of the Gila Bend
Mountains.

South of Wellton, lying against the northern border of the Well-
ton Hills, is a small tract of gravelly alluvium, which forms a plain
about 50 feet above the alluvial slope. The slope is graded with
respect to the base-level of the terrace about 100 feet above the flood
plain at Wellton. The tract of alluvium is obviously older than the
slope, and the slope seems to be of the same age as the terrace, which
is regarded as part of the younger alluvium.

North of Blaisdell and associated with an outcrop of red sand-
stone and clay of probable Tertiary age is a deposit of gravel com-
posed of rudely sorted materials with pebbles 1 to 2 inches in
diameter in beds that dip about 10° W. The gravel has been bev-
eled and more or less concealed by the outwash from the north
end of the Gila Mountains. This outwash was deposited when Gila
River stood at the level of the terrace of younger alluvium, and
therefore the tilted alluvium must be older than the younger
alluvinm. It is, however, closely associated with the red sand-
stone and clay, and further work may show that both are Tertiary,
or perhaps that both belong to the older alluvium.

In the interior valleys of the Papago country the older alluvium
can be identified positively only in Altar Valley. In these valleys
the mountain pediments have a thin coating of alluvium, part of
which is still being augmented by streams, but some of it lies above
the present streams and is partly consolidated. Along the axial
stream and the main tributary of Altar Valley, however, it seems
possible to distinguish the older alluvium, as is more fully discussed
on page 114

YOUNGER ALLUVIUM

Along Gila River there is a more or less continuous terrace from
Gila Bend to Yuma. This terrace, cut into promontories by tribu-
tary streams, stands about 75 feet above the river. The surface is
mantled with a coating of pebbles, in places only one pebble deep.
Below the pebbles the terrace is composed of alternating beds of
sand, clay, and gravel very similar to those laid down by the present
river. The terrace therefore represents a period of aggrading of
Gila River, at the conclusion of which the river stood at least 75
feet higher than it does now. All the tributaries were adjusted to
this grade, and consequently the stream-built slopes of the adjacent
mountains of the interrior valleys slope to the top of the terrace.
The cutting down of Gila River to or perhaps below its present level
changed the base-level of the tributary streams, which with increased
grade have cut valleys through the terrace. This headward cutting
has been very effective on some of the tributaries north of Gila
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River," but the tributaries on the south have been too feeble to dissect
to any large extent the valleys which they drain. (See p. 103.)

Near Ligurta, 7 miles east of Dome, fossil bones were found on
two promontories of the terrace that project into the flood plain of
the river. The bones lay on the surface as part of the layer of peb-
bles resulting from the erosion of the materials which form the ter-
race. Near the river underlying beds are exposed in the bluff and
consist of brown sand, gravel, and sandy clay similar to material
now carried by Gila River. The clay has round, smooth concretions
% to 12 inches in diameter. The brown sand has also many con-
cretions, but they are rough on the surface and irregular in shape.
A small sliver of bone was found in place in the brown sand, so that
the bones are undoubtedly derived from it and probably are inclosed
in the concretions. The bones were probably transported some dis-
tance before deposition, but it seems most reasonable to assume that
the animals died on the river flood plain during the period of deposi-
tion of the brown sand. *

A small collection of these bones was referred to J. W. Gidley,
of the United States National Museum, who identified the phalanx
of a horse (Kquus sp.) and the basal portion of the antler of a
deer probably belonging to the genus Odocoileus. According to
Doctor Gidley, * These fossils do not determine the age more closely
than that they are Pleistocene, though the presence of the horse
remains suggests one of the older phases of the Pleistocene.”

In 1921 waterworn fragments of bone were found three-quarters
of a mile east of Comobabi. (See Pl. VII and Pl. VIII, B.) At
this locality the mountain pediment is developed on tilted fan con-
glomerate similar to the Tertiary conglomerate of other localities.
Resting unconformably on this conglomerate is a bed of gravel
about 10 feet thick, which lies about 30 feet above present stream
grades and perhaps belongs to the older alluvium. The gravel con-
tains boulders of all sizes up to 8 feet in diameter and is similar
to the channel gravel in the present streams. The upper 2 feet
is thoroughly cemented with calcium carbonate (caliche). Below
this part the cementation is less, and iron oxides are nearly as
abundant as lime. The bones all occur in the lower 4 feet, and most
of them were found in the lower 2 feet. The gravel was evidently
deposited by the stream that eroded the pediment and presumably
was deposited at or near the end of the period of erosion.

The fossils were referred to Doctor Gidley, who reports as
follows :

In the lot of fragmentary remains obtained 55 miles west of Tucson the only

determinable material consists of portions of three teeth representing the genus
Equus. One of these, a nearly complete upper molar of the right side (cata-

71 Ross, C. P., op, cit.
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log No. 10443, U. S. Nat. Mus.), I refer provisionally to Equus occidentalis,
a species described by Leidy in 1865, from Tuolumme County, Calif. The
specimens are too incomplete and the species too little known to make this de-
termination positive, but in size and general characters the Arizona tooth
agrees very closely with the type of the California species.

On the basis of this material no positive statement can be made
regarding the possible age of the beds from which it came, for two
reasons: First, although Equus occidentalis is usually considered a
Pleistocene species, the fact, so far as Doctor Gidley is aware, has
never been proved ; second, there is no good reason why this particu-
lar species may not have found its way into the southwestern United
States in Pliocene time and continued its existence there into the
Pleistocene.

A small rodent jaw from Robles Well, on the Ajo road 25 miles
west of Tucson, said to have come from a depth of 212 feet below
the surface, Doctor Gidley has carefully studied and finds it can not
be distinguished from similar jaws of Neotoma albigulus, a species
of wood rat now living in that general region. He therefore con-
cludes that it must have fallen into the well by accident from the
surface.

The Gila Valley east of the Sierra Estrella is bounded by bluffs 25
to 50 feet high which, though not so high as those farther west, seem,
like similar terraces on Salt River, to correspond to the 75-foot ter-
race of the lower part of the river.

Near Tucson large parts of the dissected stream-built slopes which
terminate at the flood plain of Santa Cruz River consist of the
younger alluvium. Farther south the lower terraces at Tubac and
the gravel on the lower bench in the vicinity of Nogales may be cor-
related with it.

In the interior valleys the same difficulties of correlation exist for
the younger alluvium as for the older alluvium. There are at a
number of points, however, low terraces which probably belong with
this formation. These terraces are described in the section on the
valleys (p. 107), where such explanations as suggest themselves are

offered. )
RECENT DEPOSITS

The Recent deposits comprise the sand and gravel in stream beds,
the flood-plain deposits of the larger streams, and the deposits on
the great flats of the interior valleys. These materials are all un-
consolidated alluvium with minor amounts of wind-blown sand.
They are more particularly described under the heading “ Valleys”

(p. 101).

% Leidy, Joseph, Acad. Nat. Sci. Philadelphia Proc., 1865, p. 94. Gidley, J. W., Am.
Mus. Nat. Hist. Bull,, vol. 14, pp. 14-16, fig. 10, 1901.
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BASALT

Two flows of basalt covering extensive areas were poured out of
low cones during the Quaternary time. The great flow at Sentinel
largely rests upon and protects the terrace of younger alluvium along
Gila River and has been described by Ross.” The other large area
lies in the southern part of the Tule Desert just west of Las Playas.
It is & northern extension of the volcanic plateau surrounding the
Sierra del Pinacate of Sonora, and like that plateau appears to be
of relatively recent geologic date. The volcanic character of the
Sierra del Pinacate was first recognized by Father Eusebio Kino in
his journey to the region in 1701.**¢ A biologic exploring party under
the leadership of D. T. MacDougal in 1907 made a map of the region,
showing the boundaries of the lava fields and the position of the
principal craters.”” Lumholtz™ found a legend among the Papagos
referring to eruptions and ash showers from the two higher peaks.

The portion of the Pinacate lava flow which extends across the
international boundary is a low mesa about 6 miles from north to
south and 5 miles from east to west. The mesa rises from 50 to
100 feet above the Tule Desert, and this elevation seems to measure
the thickness of the olivine basalt of which it is composed. The
margins are but little dissected and seem to be near or at the original
limits of the flow. Small cones and craters dot the surface. One of
the cinder cones, a crescent-shaped ridge about 50 feet high, is com-
posed of very fresh-looking reddish slag, much of which was thrown
out still molten and fell in pasty masses. Volcanic bombs are numer-
ous. Though the bombs seem very fresh, the under side, where they
lie on the surface of the ground, is covered by a film of calcium
carbonate obviously derived from the weathering of the bomb. This
coating or patina is thicker than that found on Papago artifacts in
the neighborhood and indicates that the Pinacate flows of basalt are
probably not of Recent age and do not belong within the period
during which the Papagos have lived in the region. Some weight,
however, may be given to Papago tradition with respect to Recent
eruptions in the Sierra del Pinacate.

STRUCTURE
SALIENT FEATURES

The compressive movements of pre-Cambrian time can be recog-
nized by the mashed condition of schist and phyllite, but the evi-

" Ross, . P, op. cit.

7 Bolton, H. E., Kino’s Historical memoir of the Pimerfa Alta, vol. 1, p. 283, 1919.
Kino also visited the Sierra del Pinacate in 1698 (idem, vol. 1, p. 187) and in 1706
(idem, vol. 2, pp. 205 et seq.).

%1 MacDougal, D. T., Across Papaguerfa: Am. Geog. Soc, Bull, vol. 40, pp. 705-725,
maps 1 and 2, 1908, Hornaday, W. T., Camp fires on desert and lava, map opposite
p. 110, New York, 1908,

78 Lumholtz, Carl, New trails in Mexico, p. 203, New York, 1912,
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dence of later folding has throughout the Papago country been de-
stroyed by erosion. The scattered masses of Paleozoic rocks were
disturbed, dislocated, and in part engulfed in Mesozoic intrusions,
but post-Paleozoic folding has not been recognized. The Mesozoic
sedimentary rocks are much disturbed in the Patagonia region,™
where there is evidence of post-Cretaceous folding, but whether this
movement extended westward into the Papago country is not known.
Profound erosion had left a landscape of mountains of considerable
elevation prior to the Tertiary lava flows, but the method of uphft
of these mountains is not clear.
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FIGURE 2.—Geologic cross sections in the western part of the Sand Tank Mountains, Ariz.

Faulting on a large scale, however, took place at the end of the
Tertiary period of volcanism. To the movement which produced the
faults of this period the present mountains owe their elevation,
though there is evidence of Pleistocene movement along the same
structural lines. The nature of the faults can best be illustrated by
citing examples.

FAULTS

SAND TANK MOUNTAINS

The Tertiary lavas of the northwestern part of the Sand Tank
Mountains are evenly bedded, and their whole thickness may be as

7 Schrader, F. C., and Hill, J. M,, op. cit., p. 77.
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much as 2,000 feet. The eroded surface of the crystalline rocks
appears to have been fairly smooth, and consequently the lavas are
immense plates of rock which, as at present broken by faults, re-
semble great flakes of ice stranded on a shore by the wind. Toward
the east the lava flows are less continuous, the total thickness is
more variable, and the individual fault blocks as revealed by the atti-
tude of the lava plateaus stand out less clearly.

The faults are of the normal type and trend in two directions—
north and east. The geologic map (Pl. IX) and the cross sections in
Figure 2 show the effect of faulting on the distribution of the lavas
and in the topography. Sections A-B, B-C, and B-D are arranged
on a Y of which A-B is the stem; A-B trends east, B-C east-north-
east, and B-D east-southeast. The faults shown in section A-B
trend west of north and are marked by valleys. Along section B-D
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PIGURE 4.—Geologic cross section of the southern part of the Lechuguilla Desert, Ariz.

no lava appears, but a mountain of coarse-grained gneiss stands
above the lavas which once covered it, at least in part. Along section
B-C a lava plateau that has been uplifted, perhaps, but not tilted
still resists erosion. Section E-E, which trends north, at right
angles to section A-B, shows the effect of the faults that have an
easterly trend. Tilting of the fault blocks is much more marked,
and the underlying crystalline rocks are brought to the surface at
the base of Jack in the Pulpit and the plateau south of it.

TULE MOUNTAINS

In the pass southeast of Tule Well block faults are well shown by
the tilted lavas and lava conglomerate, which rest on a relatively
smooth plain composed of the crystalline complex. The cross section
in Figure 8, which extends from east to west about 2 miles south
of Tule Well, brings out the character of these faults. On the west
side of the same range and south of the road a great plate of lava
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and lava conglomerate about 750 feet thick dips westward under
the Lechuguilla Desert (fig. 4). The contact with the crystalline
complex is exposed along the eastern face of the ridge. Hills several
hundred feet high project up into the lava and indicate the local
irregularity of the surface over which the lava flowed. North of
the road what seems to be the same lava caps the mountains at an
altitude about 1,000 feet higher. (See Pl. XTI, A.) As shown in
Figure 4, the westward-dipping block of lava is bordered by a bench
of alluvium about 50 feet above the level of the main Lechuguilla
Desert. This bench.of older alluvium indicates renewed uplift of
the Tule Mountains in Pleistocene time, probably accompanied by
faulting along the east front of the Lechuguilla Mountains. On
physiographic evidence the Tinajas Altas Mountains, near by, are
thought to have been reelevated in Pleistocene time (p. 76).

GROWLER MOUNTAINS

The portion of the Growler Mountains north of Growler Pass is a
rather simple monoclinal fault-block mountain trending northwest-
ward and about 20 miles long. In the picturesque western escarp-
ment are exposed between 1,200 and 1,500 feet of Tertiary lava, tuff,
and conglomerate resting on the crystalline complex, which crops
out in places at the foot of the mountain front. The eastern slope
is gentle, almost without canyons, and conforms to the dip of the
lava sheet.

In Growler Pass there are at least five faults that trend almost
due north, but the intervening blocks are rotated in different direc-
tions. In the easternmost block the beds are horizontal. In the
others the dips are easterly in two and westerly in two. The complex
structure of Growler Pass continues in the southern part of the
Growler Mountains, which consists of large lava plateaus separated
from one another by narrow canyons. The beds in each plateau dip
at a different angle or in a different direction from those in neighbor-
ing plateaus, so that there must be a complicated system of faults.

GEOLOGIC CLASSIFICATION OF THE MOUNTAINS

GENERAL CHARACTER

The mountains of the Papago country consist either of more or less
isolated elevated regions separated by broad valleys underlain by
alluvium, or of groups or chains of mountains separated by rather
narrow alluvium-filled valleys or canyons. To the traveler crossing
the country on the Southern Pacific Railroad the ranges appear to
be rather monotonous in their characteristics, showing *a recurrent
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sameness which implies a common geologic history. They seem to
consist wholly of small detached sierras having very similar topo-
graphic forms, composed of granite and other coarse-grained crys-
talline rocks, and to be largely buried in alluvium. This appearance,
however, is the result of the fortuitous distribution of certain types
of ranges along the route of travel. A further exploration of the
Papago country shows that many of the mountains are capped with
lava beds much younger than the granite and crystalline rocks
already mentioned and have the typical fault-block form common
to the ranges of Nevada. Other ranges consist of exceedingly com-
plex plateaus, peaks, and pinnacles, generally carved from thick lava
beds. The ranges are thus by no means uniform in their rock com-
position and topography, and they may be separated into groups
according to their composition and structure. There are 68 moun-
tain ranges and groups of hills in the Papago country,®* and 11 more
that lie east of Santa Cruz River are represented on the geologic
map (PL IX). Of these 79 ranges 15 can not be described, because
they have not yet been sufficiently explored. A classified list of all
these mountains is given on pages 77-79.

MOUNTAINS COMPOSED LARGELY OF VOLCANIC ROCKS

The mountain ranges composed largely of volcanic rocks are 25 in
number and consist in greater part of alternating beds of acidic and
intermediate lavas, tuffs, and volcanic products of various sorts.
With these lava beds in many places are associated stream-laid con-
glomerates, the pebbles of which consist of granite, other crystalline
rocks, and lavas of various sorts. The lava beds seem to represent
a general period of volcanism in Tertiary time, in which a2 large
part of the Papago country was subjected to great flows of lava
and enormous ash showers from numerous volcanic vents. The
floods of lava were by no means uniform either in chemical com-
position or in total thickness of lava accumulated, but in a general

~way the resulting topographic forms are alike.

The mountains composea 1argely of voicanic rocks have been di-
vided into three groups on the basis of their structure and resultant
topographic form. The first group consists of two mountains which
appear to owe their height in large part to the accumulation of lava
around a volcanic center. They are, in other words, old volcanoes
whose activity resulted in the building up of the lava plateaus. In
these mountains little or no uplift has taken place and the original
topographic form has been only slightly modified by erosion. The
eleven mountains of the second group are long, narrow ranges which

\

& Bryan, Kirk, Geology and physiography of the Papago country, Ariz. (abstract):
Washington Acad. Sci. Jour., vol. 10, pp. 52-53, 1920. Different figures are given
because A smaller area was included in the “ Papago country.”
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trend in a northwesterly direction. The lava beds have a general
dip at right angles to the trend of the mountains. These mountains
appear to be rather simple fault blocks or horst mountains. Cer-
tain of these mountains can be definitely shown to owe their eleva-
tion to faulting, and the others are assumed to be due to the same
cause. It is probable that more detailed study would show that
uplift by faulting produced all the mountains listed in this group.
The third group consists of twelve mountains which have no general
extension in one direction and are composed of disconnected plateaus
and asymmetric ridges. They are thought to owe their elevation to
faulting, but because of the great number of faults and because of
variations both in displacement and in the direction of the several
fault lines, they are so complex that their structure can be made
clear only by detailed work. These mountains have a general shape-
lessness which is in great contrast to the simple forms of the moun-
tains of the second group. Certain of them, such as the Tumacacori
and Sand Tank mountains, constitute the largest areas of elevated
country in the region. In parts of these larger ranges the lavas have
been removed and the core of older crystalline rocks revealed.

MOUNTAINS COMPOSED LARGELY OF GRANITE AND SCHIST, WITH PATCHES
OF VOLCANIC ROCKS

Twenty-two mountain ranges are composed largely of rocks
belonging to the crystalline complex but have larger or smaller
patches of volcanic rocks. The rocks of the crystalline complex are
older than the Tertiary volcanic series, from which they are sepa-
rated by a more or less uneven plane of erosion. In other words,
the crystalline complex formed the surface upon which the volcanic
rocks were laid down or through which they were intruded. The
dominant rocks of the crystalline complex are granite, gneiss, and
schist. Though a number of other rocks are found in the crystalline
complex and there are areas of Paleozoic and Mesozoic sediments,
the topographic expression is fairly uniform and the mountains are
of the sierra type. In areal extent granite and gneiss predominate,
and these rocks, whatever their age, produce similar topography
throughout the region. These mountains are of two general types—
(1) ranges having a general extension in a northerly or northwest-
erly direction, rather narrow in comparison to their length, and
having side slopes which, though exceedingly steep, are nearly equal
on both sides; (2) small, more or less detached steep-sided hills
arranged in groups with intervening alluvial or rock-floored plains.
In the following classification this distinction in size is disregarded.

These mountains all have large or small masses of lava which by
their position and inclination indicate that since their deposition they
have been uplifted and dislocated. In other words, these mountains,
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though composed mostly of crystalline rocks, were once covered by
larger or smaller masses of Tertiary lava. Since the lava was poured
out the mountains have been uplifted and the lavas tilted at various
angles. In the time that has elapsed since these uplifts the moun-
tains have been so eroded as to conceal, to a greater or less extent,
their similarity in origin and structure to the fault mountains of
the first class.

MOUNTAINS WITH NO ENOWN PATCHES OF VOLCANIC ROCKS

Seventeen mountain ranges appear to be composed wholly of crys-
talline rocks. These mountains are typical desert ranges, whose char-
acteristics have been frequently described and whose distribution
along the common routes of travel has led to the belief that all the
ranges of the Papago country are similar in character. In some of
these mountains there are no areas of Tertiary lava. Other ranges,
however, have been so little explored that it is possible and even
probable that small patches of lava will eventually be discovered in
them. Two ranges, including one classed in this group, have certain
physiographic characteristics which show that they were rather re-
cently uplifted. These are the Sierra Estrella and that part of the
Gila Range south of Tinajas AltasPass, sometimes called Sierra de las
Tinajas Altas. Eachofthese rangeshas an exceedinglyisteep front on
the east. This front issinuous and cut by canyons, but eachicanyon has
a lower portion separated from an upper portion by a falls. Above
the falls there is an upland valley at a considerably lesser grade.
The eastward-flowing streams then do not have a smooth, continuous
grade, but one which is steep at the divide and becomes more gentle,
then very steep, and gradually gentle again. (See p. 131 and fig. 27.)
As the rock structure is essentially the same along the course of each
stream, it seems to be an inevitable conclusion that the upper gradient
was developed while these mountains were at a lower level, and that
the lower gradient has been developed by the headward cutting of
a new canyon by the stream since the reelevation. The time of this
reelevation is uncertain, but it is thought to be Pleistocene and more
recent than the uplifts that dislocated the Tertiary volcanic rocks.

The mountains of this type, which present little or no evidence
of their origin and consist simply of ridges and detached hills of
crystalline rock eroded into the sierra type of mountain, equal sided
and more or less surrounded by the allovium arising from their own
dissection, are by no means typical examples of old-age desert
erosion. The platform upon which the Tertiary volcanic rocks
were laid down was not smooth but included relatively high hills
and ridges, some of which rose 1,000 to 1,500 feet above the adjacent
lowlands. These elevations are commonly composed of the harder
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rocks and appear to be genuine monadnocks, though the adjacent
plains were not ordinary peneplains but confluent pediments.
These plains, however, formed an erosion surface typical of a
desert region, and the hills and ridges were desert mountains in
the old stage of erosion. Upon the reelevation of the region that
followed the great volcanism in Tertiary time, many of these desert
ranges were resurrected and subjected to renewed erosion by the
rejuvenated streams. Such lavas as may have capped parts of the
mountains were first removed, and then erosion attacked the original
mountains. The reelevation was in places so small or the topo-
graphic position of the mountains was such that erosion began ap-
proximately in the same place and with approximately the same
base-level as in the previous cycle. The result was that an already
old mountain was again eroded and retained rather than acquired
the slopes characteristic of old age in desert erosion.

SUMMARY OF CLASSIFICATION

The classification of the mountains as above set forth is sum-
marized in the following table:

Classification of mountain ranges in the Papego counitry

[Mountains east of Santa Cruz River but included in the area shown on the geclogic map (Pl. XII)
are marked with an asterisk (*) to distinguish them from those belonging to the Papago country proper]

Class 1. Mouniains composed in large part of alternating beds of acidic and intermediate
lava, tuff, volcanic conglomerate and agglomerate, and stream-laid conglomerate

Page | Plate
Group A. Mountains having a general conieal form, smooth slopes, and quaquaversal
dips, apparently owing their altitude in large part at least, to accumulation:
Batamote Mountains..._____________________ - ——- 212 IIX
Mountain south of Kaka ___ o ees 229 nr
Group B. Mountains having a general extension in one direction (northwest) and with
prevailing dip in one direction or horizontal; fanlt-block and horst mountains:
Ajo Mountains__. 215 jiss
Crater Mountains 207 nx
Cubo Hills 232 IXX
Dripping Spring Mountains. 210 I
Growler Mountains._____ 195 III
La Lesna Mountains. ..o oo _____..___ - 235 III
Picacho Peaks_ ... ... _______ : - v
Mesquite Mountains..._____.__..____.__ 233 v
Mountains west of Perigua. ... _____________ 228 iy
Nariz Mountains..____. 234 II1
*Tempe Butte 60 I
Group C. Mountains having no general extension in one direction, composed of various
more or less disconnected plateaus and asymmetric ridges; complex faulted mountains
and dissected plateaus:
Artesa Mountains. RN 246
Childs Mountains... 207 jany
Cobabi Mountains 245 v
Dobbs Butte and associated hi 244 v
Hills southwest of Copeka Mountains._._ - 11X
Mountains east of Perigua 229
Painted Rock.__.._____ 207 a
Pozo Redondo Mountai 213 I
Sand Tank Mountains.......__.__._____ 224 IIx
Sauceda Mountains and _— 211 111
Tueson MOUNGAINS @ _ oo e emmeee - 253 v
Tumacacor] Mountains. « .o e cc—mmm—mm e 251 v

o If the outlying hills are excluded, the main mass belongs in group B.
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Classification of mountain ranges in the Papego country—Continued

Class II. Mountains composed largely of pre-Tertiary rocks but with some masses of rocks of

Tertiary age

[Characteristic rocks: (1) Granite, gneiss, quartzite, schist, and phyllite, largely of
pre-Cambrian age; (2) limestone and quartzite, of Paleozoic, usually Carboniferous
age; (8) white and pink granite and monzonite, very coarse grained and pegmatitie,
probably of Mesozoic age; (4) acidic intrusive and extrusive rocks, in places meta-
morphosed, probably of Mesozole age; (5) acldic and intermediate intrusives of Tertiary

age not easily distinguished from the rocks of subdivision 4.]

Page | Plate

Aguila Mountains (Sierra de Aguila)_ 193 II
Baker Peaks____________ - 197 II
Buckeye Hills 220 I
Cabeza Prista Mountains 190 11
Comobabi Mountains.. 245 v
Copeka Mountains. - 235 IIX
Gunsight Hills_. 214 nI
Little Ajo Mountains 208 I
Maricopa Mountain: 220 I
Mountains near Papag - 198 II
Quijotoa and associated moun 230 I
Quitobaquito Hills_________ 199 II
Table Top Mountains and - 222 11
Tinajas Altas Mountains.. 189 I
Tule Mountains. _. - 191 I
Vekol Mountain: - 228 juis
Wellton Hills__ . - 196 I
*Salt River MoOUMAIRS ea e e amc oo o e e cmeaccmc e cecmamm e e e mmmm e mm e mmmw IIE
*Santan Mountains___ IXL
*Santa Catalina group-_ IIL
*Santa Rita group III
*Tortolita Mountains jets

Class I11. Mcuntains composed wholly of the pre-Tertiary rocks mentioned under Class II,

with no known association of the Tertiary lavas
Agua Dulee Mountains o . o oo oo e 194 II
Aztec HillS_ . _ oo 197 I
Baboquivari Mountains and Coyote Mountains._.______.._ 247 v
Copper Mountains .. oo - oo oo eocceimaman 199 II
@Gila Mountains....._ 189 v
Granite Mountains. .. 194 IX
Mohawk Mountains. - 192 II
O'Neill Hills.._..__._. 198 Ir
Palo Verde Mountains_. 221 II
Pinta Mountains______. 192 IIX
Sierra de Lechuguilla_ 190 I
Sierra Estrella...__.__ 221 II
Sonoita Mountains. .- - .. . _._ 211 IIX
€ 51 N 2 1 GO IO IIx
*PIma Butbe o e e m e mmm e mmmmmm e memcmmn|amman— - v
*Sacaton MountaAINS - « oo o eec e e mmmcmmmcm e ecmm s mamen e mccmm e e |mme e mm IV
*Casa Grande MoUDNtain . - . o oo e nomacaecmiacn e cmccmemcmac e 243 Iv
.
Mountains not well enough known to describe

Alvarez Mountains .. . o . oo e nccaaieean 246 v
Gerro Colorado Mountalns. ... e 252 v
Las Animas Mountains (hills)...._._._. o, 246 v
Roskrage MOUtAINS - . oo oo et cacmce e e R, 244 v
Santa Rosa Mountalns. - e oo a i cmaeecana 244 1v
Sawtooth Mountains. . . L el ciiaaaoa 243 v
Sheridan Mountains. . ... ____._._._. e memamamcmmmam—— - —— - 228 III
Sierra ds Moreno. .. . ..o oo caa mcmmamam———— - 246 v
Sierrita Moumntalns b e ——— ;e ————— 252 IV
Silver Ball Mountains . oot e e dcmcceacmmemmm 243 v
Silver Roef Moantain oo ou e e c;nan—an 243 IV
Slate Mountains . ..o aaa 243 Iv
VacaHills.__._.____...... ... e macmamm - m—m—mem————————— 244 v
Waterman Mountalns .. .o e eaccmacccmonem 244 v
*Picachio Mountains. - oo m et ecmccamammmammana [ NP v

¢ May belong in Class 11.
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Classification of mountain ranges in the Papago country—Continued

Summary
East of

Class and group gﬁm Sa]ﬂ:iav (eJ:uz
P2

10 1

12 |

17 5

13 4

54 10

14 1

68 . 11

PHYSIOGRAPHY
INFLUENCE OF ARIDITY

Erosion and sedimentation are the geologic processes now in
action in the Papago country. The rate at which the processes
operate, their manner of operation, and their products are con-
trolled by the aridity of the region. The degree of aridity is ex-
treme and is exceeded within the boundaries of the United States
only in southeastern California. It is important that the discussion
of processes that follows should be considered in respect to the cli-
mate of the region, for in other arid regions these processes differ
in degree, method, and result.

In the Papago country the same high temperatures and insolation
prevail over the whole area. With respect to mean annual precipi-
tation, however, three divisions may be recognized. West of the
Growler Mountains the annual precipitation ranges from 314 to 5
inches; between the Growler and Baboquivari mountains it ranges
from 5 to 10 inches; east of the Baboquivari Mountains it is more
than 10 inches, although not much more except in the Tumacacori
Mountains. Though precipitation increases with altitude, the
smaller mountains, averaging 2 to 4 miles in width and 1,000 to
1,500 feet in height, appear to have little effect on storms, and their
vegetation does not indicate any large increase in effective rainfall
over that of the adjacent plains. This is particularly true in the
area west of the Growler Mountains. The mountainous district
including the Sand Tank and Sauceda mountains probably receives
a somewhat greater precipitation than the adjacent plains, as indi-
cated by gramma grass and a slightly more luxuriant vegetation at
the higher altitudes. In the same way greater precipitation on the
Baboquivari Mountains is shown by scattered live oaks and other
small trees not characteristic of the plain. Increase of rainfall due
to increase of altitude is best shown in the Tumacacori Mountains,

104211 —25—7
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where there are orchard-like forests of live oak and a thick cover of
perennial grasses. Even here the ease with which soil is formed on
tuffaceous rocks and the consequent slow run-off may have as great
an influence in producing the relatively heavy vegetative cover as
increased precipitation.

MOUNTAIN SLOPES

DETERMINING CONDITIONS

The mountains of the Papago country rise from the surrounding
plain with startling abruptness. Even to the traveler familiar with
the scenery of the western United States, the mountain slopes rising
without transition from the surrounding plain seem incredibly
steep.®? Only in the distant view is it possible to realize that the
surrounding plain rises gradually on all sides toward the mountains,
which stand up like jagged ornaments on the ridge of a gable roof
of low pitch. This appearance is due to contrast in angle of slope
between the mountains and the plain. The angles of the mountain
slopes range from 15° to aimost 90° from the horizontal; those of
the plain from 1° to 6°. Between these two sets of slopes there is
usually no region of transition, either of intermediate slopes or of

-low foothills. In many ranges slopes that average 25° to 30° rise
directly from the plain to the crest of the mountains. The factors
which produced the mountain slopes must then differ radically from
those which produced the plain.

The angle of slope is relatively constant for any one type of rock,
whether on the border of the mountains or in the side walls of can-
yons. Even small, isolated hills have slopes of the inclination char-
acteristic of the rock that composes them. This relation between
slope and rock evidently is due not to forms inherited from the
uplift of the ranges but to the action of the prevailing erosive proc-
esses on various rock types. These conditions have been stated by
Lawson®® as follows: “(1) The hard-rock slopes of desert ranges
which shed large spalls are steep, while those which shed small frag-
ments have a low angle; (2) ranges composed of hard rock, which
are thus naturally steep, maintain their steepness as long as the rock
slopes endure.”

The mountain slopes, owing to the long quiescence of the region,
are in few places oversteepened by uplift or by changes in the courses
of streams. They are the work of long-continued erosion, and the
angle of slope is controlled by the resistance of rock to weathering
in a region of warm and arid climate, with only 8 to 10 inches of

Hornaday, W. T., op. cit.,, pp. 88-39 (a humorous statement of this impression).
8 Lawson, A. C., The epigene profiles of the desert: California Univ. Dept. Geology
Bull., vol. 9, p. 29, 1915,
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rainfall annually. In this region resistance to weathering is largely
controlled by the physical properties of the rocks, as chemical action
is of small importance because of the prevailing aridity. The
spacing of joint cracks largely determines the size of the blocks or
spalls that may be detached from the rock face, and in many types
of rocks there is a significant relation between the size of block de-
tached and the angle of the mountain slope, as noted hereafter. Re-
sistance of rock to breaking up into small particles by direct weath-
ering is of almost equal importance, and, together with the size,
number, and durability of the large blocks, usually determines the
angle of slope for any particular type of rock.

In the weathering that produces both large blocks and fine débris
mechanical and chemical processes are involved, but alternate ex-
pansion and contraction due to changes in temperature are the most
effective causes of rock disruption. The outer shell of rock, heated
and expanded by the sun, parts from the cooler interior; or, cooled

20°
Cliffy slopes in
massive rocks
Py
7 Débris-mantled or boulder-
7 controlled slopes in
7’ well-jointed rocks
s . .
_ ~Rain-washed slopes in
// - 59_/ minutely jointed rocks
- -5
s/ Pt Slopes below 15 rare except
,// =¥=" dip slopes of lava plateaus
s

Freure §5.—Diagram to show the range of mountain slopes

and contracted by the wintry desert night, it becomes too small for
the warmer mass within. Each mineral grain, expanding and con-
tracting under these same changes in temperature, parts from its
neighbor. The disruption and disintegration of rock, complex in the
interrelations of the several subprocesses and not wholly understood,
is further complicated in its results by the differences in physical
composition of the several kinds of rock.

The following analysis of the results of these complicated proc-
esses in the formation of mountain slopes and the sculpture of the
desert ranges is a mere outline, in which only the outstanding features
are treated.

GRADES OF MOUNTAIN SLOPES

Mountain slopes range in steepness from vertical cliffs to grades
np which it is easy to ride a horse. Slopes can be divided into three
groups—cliffy slopes, boulder-controlled slopes, and rain-washed
slopes. The limiting angles and characteristic rocks of these groups
are shown in Figure 5. Each group has certain common character-
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istics, although the dividing lines between them are arbitrary and
can not be applied with strictness.

CLIFFY SLOPES

Mountain slopes inclined between 45° and 90° from the horizontal
are developed on granite, granite gneiss, massive lava beds, intrusive
fine-grained porphyritic rocks, and arkosic conglomerate. These
cliffy slopes are stable under the existing conditions of erosion, and
the mountains composed of suitable rocks grow smaller in size but
maintain the same angle of slope until they are totally reduced. The
rocks are massive, with widely spaced joints, and the steepness of
slopes seems to be related to the sparse jointing, for near by may
be found the same rocks with more closely spaced joints undergoing
erosion on gentler slopes. In sparsely jointed rocks joint blocks are
not easily dislodged, and the mountain slope recedes either by under-
mining at the base or simply by surface disintegration and weather-
ing of the rock wall. When at long intervals blocks are dislodged
they have been so weakened by weathering that in falling to the base
they break into fine rubble. Thus no talus forms at the foot of these
slopes. Slopes of this type on arkose are shown in Plate X, 4, on
massive lava flows in Plate X, B, and on granite in Plate XVII, B.

BOULDER-CONTROLLED SLOPES

Mountain slopes inclined between 20° and 45° from the horizontal
are characteristic of most granites, granite gneisses, and horizontally
bedded lava flows. The usual angle and the one which becomes fixed
in the mind’s eye as characteristic of granite mountains and dissected
plateaus of bedded lavas lies between 80° and 85°. The steeper slopes
are usually interrupted by cliffs, and the gentler ones are interrupted
by slopes of the next class, as shown in Plate XTI, A.

Mountain slopes of this type composed of bedded lava flows con-
sist of a cliff with talus below, successive cliffs with intervening talus,
successive cliffs with smooth intervening slopes developed on tuff,
continuous talus, or talus gullied and dissected. Very thick and
massive lava flows resist the dislodgment of joint blocks and form
cliffs. Whether these cliffs lie at the top or midway of the slope, they
simply retard the recession of the mountain slope and increase its
average steepness. The processes on the intervening talus slopes
are similar to those described below.

Smooth slopes on tuff recede more rapidly than the cliffs above
them, and the undermined blocks roll down over them. Only where
such slopes are short stretches intervening between two steeper slopes
are they free of rock waste. Where they are bare the processes of
erosion on the tuff are those described for rain-washed slopes (p. 86).
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Bedded lavas under the attack of weather: usually break into joint
fragments from 2 to 6 feet in diameter, which, although easily dis-
lodged, are comparatively resistant to disintegration and hence form
a talus of rock waste that gradually mantles the whole mountain
slope. The grade of the slope then becomes the angle of repose
of the average-sized joint fragment (Pl. X1, B). Further erosion
takes place by removal of the rock waste and formation of a new
talus.

On certain mountain slopes part of the talus is removed by the
formation of gullies, as shown in Plate XII, B. The mountain here
illustrated consists of a cap of lava on a base of granite, and because
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FIGURE 6.—Sketch map of the Papago country, Arizona, showing distribution, so far as
observed, of gullied and ungullied mountains of approximately the same size

of the difference in color the gullied talus is easy to photograph.
Other mountains similar in size and composed wholly of lava have
like gullies with like triangular areas of unremoved rock waste.
Figure 6 shows the distribution of gullied and ungullied mountains
of flat-lying lavas of approximately the same size and height
observed in the Papago country. Many others of both kinds exist,
and only those observed are included.

No local lowering of base-level is evident at the foot of these moun-
tains, and the formation of the gullies can be ascribed only to the
work of unusually heavy local rains. The available weather records
show that such storms occur. (See p. 31.) On two occasions the
mean annual rainfall at Yuma has been equaled or exceeded by the
fall in 24 hours. Imagination fails in contemplating what would
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happen if such an event should occur in a humid region. In the
western United States such rains are well known under the term
“ cloud-bursts,” and though the amount of water that falls is no
greater than in many heavy rains of humid regions, the effect in
erosion and in the sudden floods of streams justifies the name. If,
on these mountains, the blocks of the talus and the bedrock have
disintegrated until an unstable condition has been produced, a single
cloud-burst would be competent to produce the gullies. Weathering
and the normal rains combine to dislodge new fragments, which will
in time fill the gullies and restore the original unbroken mantle of
rock waste,

Confirmation of this explanation is obtained from the talus slopes
of the ungullied mountains (Pl. XTI, 4). The greater part of the
rock waste has been in position for a long time. The boulders are
cracked, exfoliated, and pitted by the solution and removal of the
ferromagnesian minerals. The under surfaces of the boulders are
coated with calcium carbonate derived from solution of the minerals.
Bushes grow between the boulders. Of these the most significant in
indicating the stability of the slopes is palo verde (Parkinsonia
microphylla), whose age on the slopes of Tumamoc Hill was found
to range from 10 to 400 years.®® In contrast to this ancient rock
waste strings and lenses of fresh rock waste occur on all slopes. The
blocks are sharp-angled and more closely packed than those of the
older rock waste and occupy positions corresponding to the gullies
previously described.

The retreat of a talus slope on horizontally bedded lavas takes
place by the slow production of the fragments that compose the
talus blocks, by their decay, and by the creep of the rock waste from
top to bottom of the slope. This slow process is occasionally inter-
rupted by the catastrophic removal of large amounts of rock waste
by a great storm, exposing a fresh rock surface from which rock
waste is again gradually produced and the talus is replaced.

Granite slopes at angles between 20° and 45° also have a mantle
of rock waste, although it is by no means so nearly complete as the
talus on lava slopes, particularly on the steeper slopes. When pro-
tected by a talus of lava blocks granite has relatively gentle slopes,
as shown in Plate XIII, A. The ordinary talus on granite slopes
commonly consists only of a layer of granite boulders, and in many
places scattered boulders and patches of boulders: between pro-
tuberant knobs of the bedrock seem to determine the angle of the
slope. The granite boulders range from 10 feet down to 1 foot in
diameter, and all sizes may be found on a single slope, but in a gen-

8 Shreve, F., Establishment and behavior of the palo verde: Plant World, vol. 14,
p. 293, 191L
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A. AJO PEAKS, FROM THE EAST

Cliffy slopes of Penasco Peak developed oa massive Tertiary conglomerates and dissected pediment
in foreground. Exfoliation and niches on bosslike hill at the right

B. CLIFFY SLOPES OF MASSIVE LAVA FLOWS ON THE WEST SIDE OF THE AJO
MOUNTAINS

Montezuma’s Head in the left center




U. 8. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 199 PLATE XI

A. GROWLER MOUNTAINS, FROM BATES WELL

Looking north. Shows cliff and talus slope

B. GROWLER MOUNTAINS SOUTH OF BATES WELL, FROM THE WEST

Unbroken, talus—controlled slopes developed on slightly tilted lavas



U. 8. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 499 PLATE XII

A. RAVEN BUTTE, FROM THE EAST

Shows talus of lava blocks of several ages. The clumps and lines of palo verde trees
afford measure of age in contrast to the areas of black, fresh talus without vegetation.
Talus removed on left by lateral cutting of stream

B. LAVA-CAPPED MOUNTAIN IN THE CABEZA PRIETA MOUNTAINS,
FROM THE WEST

Gullied lava talus and, to the right, mountain slope on granite with talus one boulder deep



U. 8. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 499 PLATE XIII

A. GRANITE SLOPE EXPOSED BY REMOVAL OF TALUS BY EPHEMERAL
STREAM AT RAVEN BUTTE

B. MOUNTAIN SLOPE AND DISSECTED PEDIMENT

View north across Sand Tanks, which are in the small canyon in the foreground



U. 8. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 499 PLATE XIV

A. PASS WEST OF TULE TANK

Niches in a granite mountain slope of the cliffy type due to massive jointing

B. NICHES IN GRANITE AT TINAJAS ALTAS



U. 5. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 499 PILATE XV

A. HEADWATER BASIN AND DISSECTED PEDIMENT IN THE TUMACACORL
MOUNTAINS

Arivaca Creck in middle ground; Cerro Colorado Mountains in background

B. SASABE FLAT, AT SOUTH END OF ALTAR VALLEY

A stightly dissected pediment

€. DISSECTED PEDIMENT BETWEEN SIERRA BLANCA AND BROWNELL
> MOUNTAINS
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eral way the size of the boulders is proportional to the grade of the
slope. Large boulders mantle steep slopes, and small boulders gentle
slopes. As the size of the boulder is determined primarily by the
spacing of joints, fine-grained granite and most granite gneisses,
which usually have closely spaced joints, yield smaller boulders
and consequently produce gentler mountain slopes than coarse-
grained granite and gneiss.

Many of the granite boulders have a brown or blackish color from
the so-called “desert varnish,” which is associated, in granite at
least, with the deposition of limonite in the outer 1 or 2 inches of
the rock. This outer crust is in many boulders a shell which covers
a completely disintegrated interior so soft and crumbling that the
minerals may be picked apart with the fingers. Many boulders
also are cracked, and some are completely split, many of them in
two or three directions. Still others are being reduced by exfolia-
tion. Concentric shells of rock split off by expansion and con-
traction from the interior are in turn disrupted and cast off. On
many mountain slopes the boulders are so weather beaten and
ancient in appearance that it seems that they could not possibly
have been produced by any process now in action, but that, laid
on the slope in some ancient time, they have ever since been slowly
rotting and disintegrating.

The bedrock on which the boulders lie is not only as thoroughly
disintegrated as the interior of the boulders, but is covered with loose
fragments of a similar kind. The fine débris forms a loose film over
the surfaces between boulders. The fragments slip under the foot,
and new pieces crumble from the bedrock continually. Disintegra-
tion of the bedrock proceeds most rapidly along joints, but is effective
everywhere. Every rain sets in motion down the slope trains of this
fine débris. As the slope steepens locally by the removal of the fine
débris, the boulders roll down to find new lodgment lower on the
slope or at its base. In this movement many boulders already disin-
tegrated within the outer erust are shattered into fragments. Under
the conditions normal to the region few boulders reach the bottom
of the slope. At the base of a few slopes no boulders are found; in
other places there are a few scattered blocks, usually of large size,
but great heaps of boulders do not occur. The absence of such talus
heaps is one of the causes of the abrupt change in grade between the
mountain slope and the plain at its foot.

As the bedrock of the mountain slope disintegrates, and the rain
washes away the fine fragments, protuberances of the bedrock are
left that consist of the most compact rock between the most widely
spaced joints. The protuberances are cut loose from the bedrock by
the same processes that formed them, and a new crop of boulders
comes into existence.
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By these slow but continuous processes the mountain front recedes,
maintaining its angle of slope according to the spacing of joints and
the granular structure of the granite. The same great storms that
affect the slopes of lava mountains must, however, fall on granite
slopes also. Although no direct evidence has been obtained, these
storms must hasten the slow processes recounted above.

RAIN-WASHED SLOPES

Mountain slopes at angles less than 20° from the horizontal are
rare in the Papago country. They are developed on the least resistant
rock, which, probably occurring in relatively small amounts, has
been largely removed by erosion. The mountains are composed
almost wholly of the resistant rocks, which thus dominate the moun-
tain slopes and keep them at a relatively high angle, the gentle slopes
occurring on hills and as parts of mountains.

Closely jointed gneiss, schist, phyllite, and felsite form gentle
slopes. The closely spaced cracks absorb and retain more rain than
the widely” spaced -cracks developed in rock of other types. These.
rocks also are more affected by chemical action, because they contain
relatively large amounts of ferromagnesian minerals or glass. The
processes of mechanical action, because of the smaller size of the joint
fragments and smaller grain of the component minerals, tend to
produce finer rock débris. This finer débris is readily moved by rain
wash on a flatter slope than that on which the coarser material de-
rived from granitic rocks can be moved. The joint fragments, being
smaller, are also more easily moved, and instead of falling are under-
mined and carried away by rain wash.

Tuff and shale also develop gentle slopes. The products of the
weathering of these rocks are fine and rather easily produced, so that
the angle of the slope is determined largely by the grade on which
rain wash can transport débris. Certain tuffs, however, are so com-
pact that they weather slowly and hence form steep slopes, the angle
being determined wholly by the rapidity with which particles are
detached from the matrix.

CANYON CUTTING

Tn the previous sections the recession of slopes has been considered.
Slopes are formed where rocks are more or less homogeneous, but
the larger irregularities in composition or in spacing of joints provide
places where rain water is concentrated. When water flows in
streams larger than the tiny rills referred to above as rain wash the
rock is eroded by corrasion. Erosion by streams takes place at a
rate faster than that of slope recession, and to this fact is due much
of the diversity of mountain topography and all the larger features
of mountain sculpture in the Papago country. '
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Corrasion is wear by water running in a stream and the rock
débris which it transports upon the stream bed, and it is assisted by
corrosion, or solution of the rock, so far as this may be accomplished
by the passing water. The stream therefore cuts downward in a
narrow groove, and in homogeneous material the walls are essen-
tially vertical. Slumping and the processes.of slope formation pre-
viously described operate to widen the cut so that in time each
stream flows in a rather broad valley. As there is a limiting grade
below which a given quantity of water can not transport a given
quantity of material, corrasion of the bed can proceed only until
this grade is reached, and further lowering is prevented by the
deposition of sediment. A stream which has reached this grade in
any part is said to be graded.

The way in which canyon cutting produces the sierra type of
mountain in homogeneous rock (not in rocks having distinctive
structures) under the climatic conditions of the Papago country is
shown in Figure 7, A to C. In block A an original rectangular block
of rock has been affected by erosion so that the face of the block
has receded to the angle of 45°, assumed for the purpose of the
diagram to be the slope normal for this type of rock. During the
same time little notches have been cut at positions determined arbi-
trarily in the diagram but in nature by a combination of factors
such as concentration of water on the plateau and position of easiest
erosion. In block B the notches have developed into canyons whose
side walls have the same slope of 45°, while the end and sides of the
spur have receded but little because of the slow rate of slope
recession. In block C slope recession has carried back the point of
the spur or ridge between the canyons, and the side walls of the
canyon have also been eroded by the same process. Corrasion has
lengthened the canyon. At the mouth of the canyon and at the
foot of the ridge a small pediment has been formed by the processes
described on page 96. By the recession of the canyon walls the
crests of the ridges between canyons have been reduced below the
level of the original block. The ridges, then, have a slope which is
a function of the original length of the block, the length of the
canyons, the spacing of the canyons, and the angle of the mountain
slope. In block C the canyons from opposite sides of the block have
met, and the heads now assume the grade of the mountain slope,
though previously they had a steeper slope because of the more rapid
rate of erosion by the headwater portion of the canyon stream.

The typical sierra, with its crenulated crest and projecting spurs,
has been produced by the cutting of canyons and the recession of
slopes. The simplicity of the diagram is not attained in nature, but
the form is typical of many desert ranges. It will be noted that the
three high points of the ridge rise to the original level of the plateau,

104211—25——8
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FIGURE 7.—Diagram showing three stages in the erosion of a block of the earth’s crust
to form the sierra type of mountain
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and that only when this form has been attained do the flat surfaces
of the plateau disappear. This land form has then reached the
Stage of maturity in erosion, though the same form will be retained
for some time after maturity. The reduction of a fault block to the
sierra type of mountain will require somewhat less time than that
of a corresponding mass of tabular shape. Therefore maturity in
form of two ranges of mountains may not imply equal exposure to
the action of erosion.

After the stage of maturity is reached stream erosion is of in-
creasingly less importance in destroying mountains. Slope recession
and the lateral cutting of the streams are the dominant processes.
By the action of these processes the residual masses are reduced to
isolated island-like hills, as in block D. Each of these hills retains
the slopes characteristic of the rock and gradually decreases in size
through slope recession assisted by the erosive action of streams in
lateral migration over the plain. This is the old-age stage in erosion
and is illustrated by many mountains of the region but particularly
by the Sacaton Mountains (fig. 11). In the diagram, as in nature,
the residual hills are strung out in lines between the original can-
yons. The divide between streams of the original two main drain-
ages lies not on the hills but on a broad platform of triangular cross
section, the mountain pediment described on pages 93-101. In block
D, Figure 7, simple unbranched canyons are assumed, and conse-
quently the larger residuals lie on the divide, but in nature the
heterogeneity of even the most homogeneous rocks produces branched
canyons whose erosive action leaves smaller residual masses on the
divide, as described more particularly below. T

HEADWATER BASINS

Although the erosive power of mountain streams is great when
they are in flood, floods are so infrequent in the Papago country that
widening of the valleys takes place slowly. The steep grades neces-
sary to transport débris prevent the formation of meanders, and
lateral cutting is at a minimum. The lower section of a mountain
canyon, once the stream is brought to grade, is in consequence rela-
tively stable in cross section, and the side walls recede by the slow
processes of slope recession.

At the entrance of a tributary, however, there are two spurs, each
bounded by one slope of the main canyon and one of the tributary.
Here the recession of mountain slopes is doubly active, as on the
spurs of block C of Figure 7. Near the divide several tributaries
usually unite to form the main stream, and the corrugated surface
between them affords the optimum conditions for slope recession.
Hence, at such junctions headwater basins are formed.
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.

If two or more streams develop such basins on either side of the
divide, the divide may be reduced long before the rock mass lying
between the lower portions of the streams is reduced. The produc-
tion of headwater basins is accelerated, especially at the beginning
of the process, by the more abundant rainfall that is characteristic
of the higher parts of a range.

Development of these headwater basins is a common phenomenon
in the Papago country, and part of one is shown in Plate XV, 4.
Many mountains consist of groups of isolated hills, more or less
irregular in size and height, scattered on plains that rise to low
divides which lie in the position of the original mountain crests and
constitute merged headwater basins, or mountain pediments. Illus-
trations of these features are glven under the heading “ Mountain
pediments” (p. 93).

MINOR EROSIONAL FEATURES

The minor phenomena of erosion throw light on the processes that
produce the larger features and the more common land forms. Of
these phenomena the small caves or niches characteristic of certain
mountain slopes are especially interesting.

Niches in coarse granite are common in the Tule and Tinajas Altas
mountains. As shown in Plate XIV, A, the niches are distributed
from top to bottom of the mountain slope and range in size from
holes 6 inches in diameter and 2 inches deep to caves 6 to 8 feet across
at the mouth and 2 to 4 feet deep (PL XIV, B). In the cove at
Tinajas Altas the niches may be conveniently studied. The granite,
which on fresh fracture is white with a pinkish cast, has a mottled
brown surface, in places rounded and bosslike between the joints.
The brown color is due to the deposition of limonite in a crust
usually about 2 inches thick. The niches are without this crust and
thus have evidently been formed at a later date. The typical form
is shown in Figure 8. The roof and back walls have a rough surface,
from which scales and fragments of rock can be easily detached.
The floor is usually firm and smooth and always slopes abruptly and
continuously from the rear of the niche to the outside. On it are
loose scales that have dropped from the roof and back walls.

The niches appear to be the work of insolation and solution, which,
beginning at a place in the surface but poorly protected by the iron-
stained crust, work inward, loosening successive flakes and chips.
These fall and slip down the smooth floor, doubtless moving more
easily when rain beats into the opening. Wind also may assist in
removing the débris, but as the chips are ordinarily from a quarter
to half an inch in diameter and an eighth of an inch thick, the wind
is probably not an effective agent. The retreat of the back wall is not
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rapid. Some idea of the rate may be gained from the niche illus-
trated in Figure 8. The inscription, “ Josefa Jacob[a] Martin
Abril 16, 1874,” is evidently that of a traveler with the date of her
visit. It is painted on the rock with a paint made from the juices
of a local bush and iron rust by a process well known to the Mexicans
and Indians of the country. When visited, October 21, 1917—43
years after it had been written—the inscription was in almost perfect
condition except for the last “a” in “ Jacoba,” which was lost by
chipping of the back wall. In September, 1920, the “ a ” in “ Josefa ”
had also disappeared and parts of other letters had been obliterated.

Niches very similar in appearance occur on the surfaces of the
fantastic rocky hills carved from Tertiary arkosic conglomerate
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FIGURE 8,—Cross section of niche in granite at Tinajas Altas, Ariz

(Pl X, A). These niches were studied in the Papago Saguaro Na-
tional Monument, 7 miles east of Phoenix, where they are associated
with rock shelters. The rock shelters are from 3 to 25 feet across
and have an overhang of 3 to 10 feet; the niches are from 8 inches
to 3 feet in diameter and from a few inches to 8 feet deep, the depths
being more or less proportional to the size-of the opening.

As shown in Figure 9, the shelters are due to erosion along the
inclined bedding planes and joints. With the removal of certain
joint blocks by exfoliation and disintegration, others are left stand-
ing with an overhang. Once the overhang is formed, erosion of the
back wall begins through solution of the cement and even of the
constituent boulders by rain water, which is absorbed by the over-
lying bare rock and thence seeps down and emerges in the shelter.
These rock shelters are therefore formed ir' the same way as those in
northern Arizona described by Gregory.®® i

8 Gregory, H. E., Geology of the Navajo country: U. S. Geol. Survey Prof. Paper 93,
pp. 133-134, 1917,
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The niches occur at intervals in the rock surfaces, and some are
so small that they appear to be due to the dislodgment of single
boulders from the matrix, and others appear to be due to solution

Rock shelters
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FIGURE 9.—Diagram illustrating weathering of Tertiary arkose conglomerate in the
Papago Saguaro National Monument, Ariz.

along joint planes. Those of the predominant type are excavated
in the rounded rock surfaces and may have no connection with joints.
Their form is shown in Figure 10. The roof of many of them is
covered with red clay or a film of lime carbonate. The lower half
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T1GURE 10.—Cross section of a niche in coarse conglomerate, Papago Saguaro National
Monument, Ariz.

inch to 1 inch of rock is separated from the main mass by a crack,
and this flake can easily be detached. The back wall is usually
rough, boulders of the conglomerate projecting into the niche. The
floor slopes outward rather steeply and in many niches is covered
with dust and fragments of rock. Joints of the cholla cactus (Opun-
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tia sp.) are usually scattered about the floor, for the niches are favor-
ite haunts of the trade rat. The process of formation is clear. Be-
ginning with a small cavity where a boulder has pulled loose from
the matrix or where the cement has been dissolved at some particu-
larly porous place, the niche is enlarged inward by the crumbling of
the back wall and by the scaling of the roof, both due largely to
seepage of rain water through the rock and consequent solution of the
rock cement. The débris falls to the floor, along which it slides to the
exit, transported principally by rain wash and water that trickles
from the back wall.

Isolated pillars and monuments to which the Mexican gives the
general name pefiascos are commonly formed by the dissection of
lava flows; less commonly they are formed in granite. In lava the
formation. of pillars is controlled by vertical joints in thick nearly
horizontal beds. Pillars capping small buttes and mesas or isolated
by erosion from a cliff are the common forms and add much to the
picturesqueness of the plateau type of mountains. One of the best
known of these pillars is Montezuma’s Head, in the Ajo Mountains,
which on distant view resembles a square-shouldered bottle (PL
X, B).

Pillars of granite usually consist of some massive portion of the
rocks from which the surrounding more closely jointed rock has been
removed. Once isolated and attacked mainly by changes in tem-
perature, a pillar resists the weather for a long time. Such a pillar
on the crest of the Maricopa Mountains can be seen from the base
of the Sierra Estrella across the whole width of the Jornada de las

Estrellas,
MOUNTAIN PEDIMENTS

CHARACTER

In general, the mountains of the Papago country rise from plains
which are similar in form to the alluvial plains that commonly
front mountains of an arid region, but large parts of the plains
are without alluvial cover and are composed of solid reck. These
plains constitute a land form that is distinct and requires a name.
“ Mountain pediment * has been chosen as the name for such a plain
of combined erosion and transportation at the foot of a desert moun-
tain range. The plain ordinarily surrounds and slopes up to the
foot of the mountains, so that at a distance the mountains seem to
be merely ragged projections above a broad triangular mass—the
pediment or gable of a low-pitched roof. This metaphor was first
used by McGee 8 but applied to only one of many plains of this type
that he described. The same metaphor was also used by Weed *

# McGee, W J, Sheet-flood erosion : Geol. Soc. America Bull., vol. 8, pp. 92, 110, 1897,
¢ Weed, W. H., U. 8. Geol. Survey Geol. Atlas, Folio 56, p. 1, 1899.
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in describing the Little Belt Mountains of Montana, which are sur-
rounded by gravel-capped plains of erosion that, though developed
in a region much less arid, resemble the plains cut on rock in the
Papago country. “ Mountain pediment” as a term replaces “ sub-
aerial platform” and in part “ suballuvial bench” as defined by
Lawson.®® It appears preferable because it is less awkward and
because it expresses the Intimate relation of the plain to the moun-
tain without unnecessary implications as to origin.

The normal mountain pediment has a smoothly sloping surface,
more or less covered by alluvium and broken only by scattered
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FIGURE 11.—Map of part of the Sacaton Mountains, Ariz.

hills which rise abruptly from its surface, and in many of which
are prolongations of the intercanyon ridges of the mountains. Un-
fortunately no maps that cover large areas of normal pediment are
available. The northern slope of the western part of the Sacaton
Mountains is shown in Figure 11. The plains around the hills and
small mountains are cut on rock, but the northern part of the area
shown has a heavy burden of alluvium. Schrader®® states that
“subaerial or nearly subaerial eroded bedrock floor * * *
seems to continue to within 8 miles of Casa Blanca,” or to the vi-

88 Lawson, A. C., The epigene profiles of the desert: California Univ. Dept. Geology
Bull,, vol. 9, p. 34, 1915.
8 Schrader, F. C., unpublished manusecript.
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cinity of Sacaton Butte. (See fig. 11.) Similarly Figure 12 shows
a pediment dissected by small canyons. This dissection is not so
great, however, as to obscure the general form of the pediment.
The angle of slope of pediments ranges from about 50 feet to 200
feet to the mile, It is noticeable, however, that in any one moun-
tain range the slope of the pediment is steeper opposite the smaller
canyons and very much flatter opposite the large canyons. The
parts opposite the intercanyon portions of the mountain front are
steeper than the parts opposite canyons, and they commonly slope
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I

FIGUER 12,—Map of the northern border of the Baboquivari Mountains, Ariz. Made for
the United States Indian Service by Percy Jones, jr.

not only outward from the mountains but toward the stream chan-
nels, which emerge from the canyon mouths.

Exceptions to this general condition occur, for at the mouths of
certain canyons the pediments have steep slopes, especially in the
direction of the axes of the streams. This exception seems to be
due to especially resistant boulders which have been brought down
by the stream and dropped at the canyon mouth, causing the stream
to spread and lose its carrying power. The boulders, until they
weather into fragments small enough to be moved, protect and pre-
serve a slope steeper than is normal to the pediment.
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The formation of pediments in the Papagc country has been very
generally interrupted by a new cycle of erosion, and the processes
may now be observed only in localities of small extent. These
processes will be briefly stated. At the base of a mountain front
débris is swept outward by ephemeral streams which head in the
mountain canyons and by small rills which originate through the
concentration of rain wash at the base of the mountain slope. These
streams are not permanent or even intermittent; they operate only
during or immediately after a rain.

<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>