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MINERAL DEPOSITS OF THE SANTA RITA AND PATA-
GONIA MOUNTAINS, ARIZONA.

By Frank C. ScHRADER.
With contributions by James M. HiLr.

INTRODUCTION.

The field work forming the basis of this paper was a reconnais-
sance from March 7 to June 20, 1909, by F. C. Schrader and J. M.
Hill, Mr. Schrader being in charge of the investigation. During
most of the time the two geologists worked separately. Mr. Hill
has supplied the substance of the material on the Greaterville, San
Cayetano, and Redrock districts, and many of the mine descrip-
tions for the Palmetto, Helvetia, and some other districts. The
purpose of the paper is to furnish a general idea of the character,
occurrence, distribution, and development of the mineral resources
of the area covered, concerning which relatively little has hitherto
been published. ~

The Patagonia and Nogales topographic sheets of the United
States Geological Survey, on a scale of 2 miles to the inch, were used .
as a basis for field mapping. The general method of work employed
was to make hasty sketch maps, sections, and oriented photographs
of the camps and mines, a box compass and aneroid being used for
determining bearing and elevations, and the work, wherever practi-
cable, being tied to known locations in the quadrangles, Land Office
section or township corners, or mining claim and United States
mineral monuments. In some camps claim plats and mine maps
supplied by the mining companies were helpful in the work.

To the mining companies, prospectors, and mining men through-
out the field grateful acknowledgments are due for courtesies, hos-
pitality, and other assistance generously extended. In the Helvetia
camp the writer and Mr. Hill enjoyed the benefit of a conference
with J. E. Spurr, who with his associates had made a detailed
geologic map of the Helvetia Co.’s properties.

A field visit of several days from Waldemar Lindgren, geologist
in charge of the work, shed valuable light on certain deposits in
the Washington and Duquesne camps. Aid and suggestions were
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also received from E. S. Larsen and other members of the Survey.
The chemical analyses were made in the laboratory of the Survey
by W. T. Schaller and W. F. Hunt. Prof. C. F. Tolman and Mr.
Theodore Chapin, of Stanford University, have contributed geologic
notes on the field adjoining this area on the north and have added
to the list of publications consulted.
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Fieurn 1.—Index map of Arizona showing location of area discussed. 1, Patagonia
guadrangle ; 2, Nogales quadrangle,

GEOGRAPHIC RELATIONS.
LOCATION AND MEANS OF APPROACH.

The area here described lies in the southeastern part of Arizona,
in Pima and Santa Cruz counties, about 90 miles west of the Con-
tinental Divide. in the desert countrv of the Southwest. at a oeneral
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elevation of about. 4,800 feet. It is situated in the middle of the

- southern part of the belt of country commonly known as the Gadsden

Purchase, acquired from Mexico in 1854. (See fig. 1.) . It lies in
the region mapped by the United States Geological Survey as the
Patagonia and Nogales quadrangles, which together are bounded
by parallels 31° 20" (the international boundary) and 82° north
latitude, and meridians 110° 30" and 111° west longitude. The area-
extends north and south 46} miles, is about 30 miles wide, and com-
prises about 1,400 square miles. (See PL I, in pocket.)

The area lies about 20 miles southeast of Tucson, the former
capital of Arizona, the county seat of Pima County, and at present
the chief town of southern Arizona. It is about 25 miles west of
Tombstone and 30 miles west of Bisbes. The main transcontinental
line of the Southern Pacific Railroad crosses the northeast corner of
the area, in which are situated the stations Kadmon and Pantano.
Vail, a shipping and supply station on this line, is 33 miles north of
the middle of the north edge of the area. The Benson-Nogales
branch of the Southern Pacific Railroad, which leaves the main line at
Benson, 12 miles to the east, extends southwestward across the south-
ern half of the area to Nogales, on the Mexican border, where it
connects with the Sonora Railway (Southern Pacific Railroad Co. of
Mexico), which extends southward 80 miles through the State of
Sonora, Mexico, to Gruaymas, on the coast, and has a branch line ex-
tending to the copper camp of Cananea, 40 miles to the southeast.
Over this line at least one passenger and one freight train in each
direction is operated daily. Another branch of the Southern Pacific

‘extending southward from Tucson to Nogales connects the southern

part of the area more directly with the main line. The Twin Buttes
line leaves this branch at Sahuarita station, 19 miles south of Tueson,
and extends 7 miles southwestward to Twin Buttés. The Pioneer
smelter, recently built, is 1} miles southwest of Sahuarita, near the
Twin Buttes line.

SETTLEMENTS AND MEANS OF COMMUNICATION.

The principal settlements (see Pl I, in pocket) are Nogales, Pata-
gonia, and the mining camps of Helvetia, Salero, Augusta, Harshaw,
Mowry, Washington, Duquesne, Lochiel, and Lanoria. Most of.
them are connected with the railroads and with one another by stage
lines, receive daily mails, and are provided with telephone and tele-
graphic facilities. For a long time there was a. customhouse at
Lanoria. ., :

Before the building of the Benson-Nogales branch of the Southern
Pacific Railroad the entire area was tributary to Tucson, 20 miles
to the northwest, the chief town and central supply point for the

s we am
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mining regions of a very large part of southern Arizona, and this is
still the point of supply for much of this area, especially the north-
ern portion. The principal town of the area is Nogales, the county
seat of Santa Cruz County, with a reported population of 3,000
people. The census of 1910 gives the population of the American
side of the town as 1,761. Patagonia, a town of a few hundred
Americans and Mexicans, is the supply point for & considerable
part of the southern half of the area, notably the Harshaw, Tyn-
dall, Wrightson, and Palmetto mining districts. It is situated:on
the railroad in 'the open Sonoita Valley between the Santa Rita and
Patagonia mountains. From it daily stages run to Harshaw,
Mowry, Washington, and Duquesne, the principal camps in the
southern part of the area, respectively 6, 12, 13, and 20 miles to the
south. The principal camps which it supplies on the north are

Salero and its neighbors, Gringo, Mansfield, Augusta, Happy Jack,

and others. A stage line is also operated between Nogalés and

Washington. On the north Helvetia has a daily mail and passenger

service with Vail, on the railroad 18 miles to the north, and a tri-

weekly stage service with Tucson, 30 miles to the northwest.

CLIMATE AND VEGETATION.

The climate of the region is arid, with hot summers, particularly
in the valleys, and with mild winters., The summer heat is rendered
tolerable by the dryness of the atmosphere, a more or less constant
breeze, and cool nights. The climate on the whole is healthful.

According to the records of the Weather Bureau® kept at Tucson,
which may be regarded as approximately representing the valley
portion of the area, the average maximum temperature for the 13
years ending with 1911 was 108° and the minimum 17°. In the
mountains, however, the temperatures are much lower.

As is characteristic of a desert climate, the amount of precipita-
tion is small, and the ratio of evaporation to precipitation is said to
be about 8:1. At Granite Reef, on Salt River, near Phoenix, about
100 miles to the north of the area, the nearest Weather Bureau sta-
tion at which observations of evaporation have been made, the annual
evaporation from a pan 4 feet in diameter placed on the ground is
115.18 inches and from a similar pan floating 97.74 inches.?

There are two annual periods of precipitation or so-called rainy
seasons—one in summer, extending from about the middle of April

11U. 8. Weather Bureau, Summary of climatological data of the Unlted States, Section
II1, southwestern New Mexico and soutliern Arizona,

*U. 8§ Weather Bureau, Climatological division, A provisional statement regarding
thestotal amount of evaporation by months at 23 stations in the United States, 1909-10,
p. 5
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to the middle of September, and the other in winter, extending from
December to March. -The winter precipitation is usually the heavier
and more widely distributed. In both seasons the greater part of
the rainfall occurs in local showers or storms, and in hot summer
weather it is often concentrated in cloud-bursts, giving rise to sudden
floods. Summer showers occur almost daily and without warning
but are of short duration. In winter in the mountains a cox_lsider-
uble proportion of the precipitation falls as snow, which in the
higher ranges accumulates to the depth of 4 to 5 feet but does not

- remain long, the highest mountains usually becoming cleared of it

by April. Tts gradual melting, however, and the percolation of its
waters underground, keep the streams alive till the time of the
heavier rains of the late summer. According to the Weather Bu-
reau, the precipitation may in general be said to vary directly with
the elevation above sea level. Over the lower portions of south-
western Arizona the average annual fall is generally less than 5
inches. Over districts with elevations between 1,000 and 2,000 feet
the annual fall is nearly twice as great, rising to about 8 inches. For
elevations from 2,000 to 4,000 feet the average annual precipitation

" is about 12 inches. From 4,000 to 6,000 feet it rises above 14 inches,

and at elevations above 6,000 feet the annual precipitation probably
ranges from 16 to more than 20 inches. The distribution depends
somewhat on the location with relation to the prevailing direction of
the winds, the first series of heights that interpose their presence to
the prevailing winds receiving amounts somewhat in excess of even
the higher succeeding ranges. :

The distribution of rainfall by seasons is decidedly marked but
fairly uniform for the different elevations. Nearly 50 per cent of
the total fall occurs during July to September, inclusive, while dur-
ing April to June, inclusive, the amount of fall is scarcely 10 per
cent of the total. The average annual precipitation at Tucson for
the 13 years ending with 1911, as recorded by the Weather Bureau,
was 11.51 inches. The maximum, which occurred in 1905, was 24.17
inches, and the minimum, which occurred in 1900, was 7.79 inches.

The vegetation, especially in the valleys and foothills, is princi-
pally of the subtropical or Mexican desert type, the spinous forms
and those having very little leaf surface being dominant. Deserip-
tions and excellent illustrations of these forms appear in a report
of the Desert Botanical Laboratory of the Carnegie Institution near
Tucson,* in which the botanists refer to the great province in which
this area lies as the Nevada-Sonoran Desert. The most conspicuous
of these forms is the saguaro, or giant cactus, which attains a height
of 20 to 40 feet.

1Coville, F. V., and MacDougal, D. T., Desert Botannical Laboratory of the Carnegie
Institution : Carnegle Inst. Washington Pub. 6, 1903,
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At an elevation of about 4,000 feet pifion, juniper pine, and other - ]

conifers appear; a little higher walnut, spruce, and many varieties
of Mexican live oak are mingled with the conifers, and still higher
they become the dominant timber and continue nearly to the top of
the mountains, which culminate in Old Baldy, at an elevation of
9,432 feet. The best-forested part of the region is the west slope
of the Santa Rita Mountains, where excellent timber of large
size abounds in Josephine, Madera, and other canyons, and it is
said that prior to the building of the railroad sawmills in these
canyons supplied Tucson and nearly all the surrounding country

south of the Gila with lumber for building and other purposes. All - ]

the timbered portion of the mountains and a considerable adjacent
part of the Santa Cruz Valley on the northwest is in the Coronado
National Forest, the supervising office of which is at Tucson.

From the valleys nearly to the top of the highest mountains are
found many useful forage grasses, which during the rainy season,
particularly in the foothills and lower mountains, attain a luxuriant

- growth. Cattle grazing is a considerable industry. The Federal

Government is conducting experiments with the native grasses on
the United States Range Preserve (see PL I), a tract of 50 square
miles, in the Santa Cruz Valley, in the northwestern part of the
area, and near by, on the McLeary ranch, experiments are also being
made with spineless cactus, with reference to its use for forage.

In the main valleys of Santa Cruz River and its tributary Sonoita
Creek agriculture is more or less extensavely carried on, and Cala-
basas, at the mouth of the Sonoita, i is regarded as the most produc-
tive spot in southern Arizona.

HISTORY OF MINING AND PRESENT CONDITIONS.

The first mining in the area of which any record is available was
done before the Spanish conquest of Mexico in the sixteenth cen-
tury, by the semicivilized ancestors of the Papago Indians, who
inhabited the Santa Rita Mountains and the region adjoining on
the west, once known as the Papagueria. Here are the oldest mines
on the Pacific slope north of Mexico.

This silver-mining region in Arizona is the northwestern continu-
ation of the great silver-mining region of Mexico, which, notably
in the States of Chihuahua, Durango, and Sonora, produced mil-
lions of dollars’ worth of silver for centuries.

From central Mexico search for the precious metals was pushed
northwestward, and mining operations were carried on by the Mexi-
cans in the northern part of Mexico in the early part of the seven-

! Hinton, R. J., Handbook of Arizona, San Francisco and New York, 1878, p. 116,
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- teenth century or before.! In the northern part of Sonora, about 20

miles southwest of Nogales? is the Planches de Plata district, one
of the oldest and richest mineral regions in North America, cele-
prated for its great production and large nuggets or masses of native
gilver (bolas, or planches de plata). The largest mass, said to have
weighed 2,700 pounds, was discovered in 1736 and caused great
excitement and a stampede to the region.

The first civilized men to visit the Arizona region were the Spanish
Jesuit missionaries, who from Sonora in 1687 explored the valley
of Santa Cruz River and considerable portions of the Gila and San
Pedro valleys. Their reports of the fertile valleys and mineral
wealth of this new country led to the establishment on the Santa
Cruz of the missions of San Xavier del Bac, Tumacacori, Santiago,
and San Cayetano, the town of Tubac, and farther north that of
Tucson. The first mission in Arizona was established at Guevavi, or

" Giebabi, about 30 miles south of Tucson, in 1687, and those of

San Xavier and Tumacacori soon followed.

These missions have an important bearing on the mining history
of the region in that their founders and keepers, the Jesuit fathers,
were in & sense the piomeer miners of the country and conducted
mining operations with a considerable force of men, mostly im-
pressed Indians, in connection with their missionary work. That
they must have operated on a considerable scale is indicated by the
extent of the workings and the slag dumps still seen near the mis-
sion ruins. They named the old Salero and other mines in the
Santa Rita region.

The San Xavier mission, 9 miles south of Tucson, founded prior
to 1694 and still standing, an object of visit to tourists, is described
as a large church with imposing architecture, in which $40,000 in
solid silver, taken from the mines in the Santa Rita Mountains
near by, was used to adorn the altar.

Further explorations and new discoveries were made about 1810,
and after that date conquest and settlement of the country were
prosecuted with vigor both by the Jesuits and by the Spanish Gov-
ernment. The missions and settlements were repeatedly destroyed
by the Apaches and the priests and settlers massacred or driven
out, but they were as often reestablished, and up to 1820 the Span-
iards and Mexicans continued to work many valuable mines. The
best-known mine about this time, or a little later, was the Santa

1Ward, H. ., Mexlco, 1st ed., vol. 2, pp. 136138, London, 1828,

2 Blake, W. P., Report of the Governor of Arizona for 1899, p. 107,

3 Hamilton, Patrick, The resources of Arizona, Ist ed., Prescott, Ariz, 1881; 24 ed,,
San Francisco, 1883 8d ed., 1884,
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Rita del Cobre, which was worked probably about the middle of
the thirties and produced ore yielding 75 per cent of copper.!

After the Gadsden purchase, made in 1853, Americans, including
-Poston, Mowry, and others, began to enter the region, eastern capi-
tal was enlisted, and more prominent mining settlements were made
in the Santa Rita and Patagonia mountains as early as 1855, about
which time the historic Mowry mine was located. In 1857 the
country between the boundary and Calabasas was reported by the
Emory Boundary Survey to be full of prospectors from California.

In 1856 an exploring party outfitted at San Antonio, Tex., arrived
at Tubae, and proceeded to examine the silver mines in the Santa
Rita and adjoining mountains, and in 1857 the Sonora Mining &
Exploring Co. and the Arizona Mining Co. were formed for the
purchase and development of these mines. About the same time
an association? formed in Cincinnati, Ohio, with office also in
Tubac, which by this time had a population of about 500, acquired
title to valuable mining property in the Atascosa Mountains on the
west and the Santa Rita Mountains on the east, including the old
Salero mines of the Jesuits. Here, too, was the headquarters of the
Sonora Exploring & Mining Co., of which Maj. Heintzelman, of
the United States Army, was president. Its operations were con-
ducted mostly north of Tubac, the principal property being the
Heintzelman mine, which in 1857 had been opened to a depth of
50 feet and had on the dump $20,000 in silver sulphide ore that
averaged about $1,400 to the ton.® In 1860, practically without
machinery, this mine was still producing annually about $2,500 in
silver, which was cast into small bars and used as a circulating me-
dium. So rich was some of the ore from this and adjoining regions
that it paid for transportation on muleback more than 1,000 miles
to the City of Mexico.

In 1858 the Santa Rita Mining Co. was organized for operating
both old and new properties in the Santa Rita Mountains; the Mowry
(formerly the Patagonia), Trench, Compahgre, and other veins were
being worked in the Patagonia Mountains; and smelters were being
installed for the reduction of the ores. The ore of these mines,
especially that of the Mowry, was said to be of high value, yielding,
besides the large percentage of silver, about 50 per cent of lead, which
was in demand. by. the neighboring companies to be used as flux in
reducing their less favored ores. The Santa Rita and Patagonia
mountains contain a score or more of the crude adobe smelters or

1Hall, James, Parry, C. C, and Schott, Arthur, Palcontology and geology of the
boundary ; Rept. U, 8. and Mexican Boundary Survey, by Maj. W. H, Emory, vol. 1, pt. 2
(H. Ex. Doc. 85, 34th Cong., 1st sess.), pp. 21-25, 1857,

% Blzke, W. P,, and others, Silver and copper mines in Arizona: Min. Mag., 2d ser.,
vol. 1, pp. 114, 248, 1859-1861.

® Blake, W. P., and others, op. cit, pp. 114-248.

" bars, yielding, it is said, a clear profit of more than $1
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their ruins, examples of which may be seen in Alum Canyon, at the
Jarilla mine, southwest of Patagonia, and at Duquesne, near the
Mexican border. They were mostly built by Americans after the
Gadsden purchase and are an adaptation of the old Mexican funda-
cién in efforts to extract the metals from the ore. In short, during
the middle and late fifties the mining industry of this region was
developed with considerable success and brilliant prospects until
interrupted by the Civil War, the withdrawal of the troops, and the
triumph of the Apaches.

A little later, in 1863, the ores of the Santa Rita region were
described * as generally argentiferous gray copper and galena, with
mostly quartz gangue, and the mines as but little developed. The
ore of the Patagonia (now Mowry) mine was referred to as being
very simple in reduction and yielding $80 in silver to the tom, re-
duced from adobe smelters on the ground. This mine, then owned
and operated by Lieut. Mowry, seems to have been the most ad-
‘vanced in the region. It was developed to a depth of 200 feet and
contained over a thousand feet of underground work.? About
$200,000 had been expended in the purchase and equipment of the
mine and installation of the plant. The product of the mine, said
to have been $4,500 in silver a month when the plant was in full
operation, was shipped to Europe and England in lead and si
4 ton above
fore the war,

all expenses.® This mine was worked extensively
employing at times more than 400 men.

To protect the settlers against the Indians Old Fort Buchanan, of
which Fort Crittenden is a successor, was built and garrisoned at the
head of Sonoita Creek, near the center of the area, in 1855 and 1856.
Later the mining industry derived material benefit from the semi-
monthly stage line and the Butterfield semiweekly overland mail
route * between San Antonio, Tex., and San Diego, Cal., via Tucson,
from 1857 to 1861. The breaking out of the Civil War, with the
withdrawal of the garrisons and the consequent atrocities of the
Apaches and the abandonment of the camps, put an almost abrupt
stop to the mining industry of Arizona and for years retarded the
Territory’s development. After the subjugation of the Indians the
industry in the Santa Rita region was successfully revived in the
early or middle seventies by Col. W. J. Boyle and others, and ores
from the croppings, it is reported, were found to range from $20 to
several hundred dollars and from the shafts from $50 to many thou-

1 Pumpelly, Raphael, Mineralogical sketch of the silver mines of Arlzona: California
Acad, Nat, Sci. Proc., vol, 2, pp. 127-139, 1863.

3 Mowry, Sylvester, The geography and resources of Arizona and Sonora, new ed., Am.
Geog, Soc., San Francisco and New York, p. i1, 1863,

8 Jdem, p. B2,
¢ Hinton, R. J., Handbock of Arizona, San Francisco and New York, 1878.
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sand dollars to the ton. This revival, besides involving the reoccupa-
tion of most of the old and the exploitation. of many new properties,
included the opening on the east slope of the Santa Rita Mountains
of a new lead and gold region, comprising the present Wrightson and
Greaterville districts, the latter of which soon produced considerable
placer gold.!

The completion of the Southern Pacific transcontinental railroad
in 1879 and that of the Atlantic & Pacific in 1883 were potent factors
in opening the Territory to immigration and capital. Before the
advent of the railroad ore that would not yield $100 to the ton was
passed by as worthless.

After the building of the railroad the Empire district was opened,
and the Total Wreck mine, which was rapidly developed to a depth

of 260 feet with much lateral work, soon became the foremost bulhon}

producer of the Territory. The average mill test of the ore, which was
chiefly silver chloride carrying considerable carbonate of lead, man-
ganese, and iron, was about $60 to the ton. A 20-stamp 70-ton mill
operated on the ground extracted 84 per cent of the metal contents,
and during five months had produced $450,000, the cost of mining
and milling being about $8 a ton. In the Helvetia district the promis-
ing copper deposits were being successfully worked, and a smelter
installed on the Omega ground had produced considerable bullion
from ore reported to be of high grade and easily reduced. In the
southern part of the area patents had been acquired to many prop-
erties, and by 1883 the Hermosa mine had produced $700,000. About
this time also the industry in the southern part of the area received
a new impetus by the opening of the Benson-Nogales branch of the
Southern Pacific Railroad.

In the early and middle nineties considerable attention was paid to |

copper deposits. A two-stack customs smelter was in operation at
Tucson, a one stack 60-ton smelter at Rosemont, and a one-stack lead
smelter at Nogales, and during a part of the time 3 or 4 carloads of
ore a day were shipped via Crittenden from the Washington camp.
By 1903 the silver-gold-lead-copper World’s Fair mine was developed
to a depth of 500 feet and contained about 2 miles of work.?

The year 1905° witnessed a marked renewal of activities in the
area, notably in the Patagonia Mountains on the south and in the
Helvetia district on the north, and placer work was done in the
Greaterville district. A 100-ton lead smelter was completed by the
Mowry Mines Co. and there was a considerable increase in the pro-
~ duction of this company’s mines and several others in the neighbor-

1 Raymond, R. W,, Mineral resources of the United States for 1875, pp. 389-390, 1876,

2 Blake, W. P., Mining: Report of the Governor of Arizona for 19803, pp. 112-116;
Geology of Arizona: Idem, pp. 126-135. )

3 Heikes, V, C,, U. 8. Geol. S8urvey Mineral Resgources, 1905, pp. 138, 153, 155-156, 1908,
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ing Washington and Harshaw camps. Some bullion was shipped to
New York
In 1906* the Helvetia Copper Co. operated a 150-ton copper mat-

ting furnace, and in its development work struck an important ore

body on the 800-foot level of the Isle-Royal mine, the deepest work-

ings in the area. The neighboring Tiptop mine, containing nearly

8,000 feet of work, made almost daily shipments of copper ore. The

Greaterville region produced several thousand dollars in placer gold,
and some ore was shipped by the World’s Fair, Four Metals, and

other mines in the southern part of the area. Owing to the sus’pen-:,

- gion of active operations of the Mowry mine there was a decrease in

the output of silver, but there was a material increase in the lead
output.

In 1907 generm progress was made by a dozen producmg prop- |
erties.? The Helvetia mines produced about $40,000 in ore contain- 1
ing mostly copper. The Isle Royal shaft was extended to a dept;hl
of 1,000 feet, and a large body of low-grade ore was opened on the
upper levels. Moderate shipments were made from the Empire dis-
trict and from the southern districts generally, where also a consid-
erable tonnage of concentrates and crude ore was shipped by the
Mowry, Duquesne, and Mornmg Glory mines, the Mowry working
100 men. Santa Cruz County, in which these outputs prominently
figure, though yielding 107 tons less than in the preceding year,
showed an increase of 18 producers and was first among the counties
of Arizona in the production of silver-lead ore and lead concentrates,
which came prmclpally from mines near Mowry and Harshaw,

In 1908, owing largely to the industrial depression resulting from
the ﬁnancial stringency in 1907, the smelters at Helvetia, Rosemont,
Washington, and Duquesne were idle, and the districts dependent on
these plants, some of which were leading producers in 1907, showed
little activity. However, there was a known production :from the

- . northern district of nearly $16,000, mostly from Helvetia and

Greaterville, besides some ore from Empire, and from the southern
district of about $25,000, of which nearly one-third in gold-silver-
copper ore came from Harshaw, mostly from the World’s Fair
mine, and the rest from Wrightson, Patagonia, and Tyndall® The
Santa Rita Co, installed a 14-ton mill in Caliente Canyon. The
Gringo 5-stamp mill was in operation and the plant was enlarged;

the 80-ton matte smelter of the Mansfield Mining Co. in the Wright-

son district was nearly completed; and considerable ore was shipped
from several mines to outside smelters and most of the ore that was
not shipped was treated in local gold and silver mills.

1 Helkes, V. C., U. 8. Geol. Survey Mineral Resources, 1906, pp. 147-177, 1907,
2 Heikes, V. C, 1dem, 1907 pt. 1, pp. 175-178, 1908,

3 Wailran T M 54
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‘The year 1909* witnessed a partial revival of activities. The out. 2
put of the Helvetia district, shipped to the Old Dominion Smelter %
and to the Globe, was 11,287 tons of ore, valued at $157,308. This &
came principally from the Helvetia Copper Co., which did a large §
amount of development work and by diamond-drill tests from the 4

lower levels of the mines located the continuation of ore bodies and

discovered a large tonnage of self-fluxing smelting ore that assayed :

from 2 to 5 per cent of copper. Though production elsewhere was
moderate, development work was generally carried on throughout
the area. Large quantities of low-grade pyritic copper ore, some
ussaying less than 6 per cent of copper, were shipped from the Au-
gusta mine to Globe, and hydraulic machinery was installed on one
of the Greaterville placers.

The mining industry in the area in 1910 was inactive, owing
largely to the low price of copper. Outside capitalists, however,
were reported to be quietly looking up good copper properties. In
nearly all the districts development work was done, and some ore
was shipped and more uncovered in many of the mines, as the
Madera, Ivanhoe, and Flux. Prospecting was stimulated on the
west by the proposed extension to Calabasas of the branch railroad
from Tucson, which brings scores of good but formerly remote
mines within 10 to 25 miles of railroad transportation, and by the
prospect of a new, much-needed smelter to be erected at some point
on the railroad, to which the west-slope districts would be directly
tributary.

The decline in the price of copper caused relatively greater atten-
tion to be given to gold, silver, and lead prospects during 1911; and
besides the annual assessment work considerable development work
was done on an unusual number of the precious-metal claims, some
of which were new. The production for this year, valued at about
$30,000, was derived mostly from the gold-bearing silver-lead ores of
the Tyndall and Wrightson districts. This year also witnessed the
completion of the Pioneer smelter,? about a quarter of a mile from the
Twin Buttes spur and 1} miles west of the Tucson-Nogales branch
railroad.

With the market price of copper at 15 cents a pound, the 150-ton
Pioneer smelter in successful operation, and a large amount of work
done on mining properties and claims, especially in the Palmetto and
Harshaw districts, the outlook for the mining industry in 1913 was
growing brighter. The remarkable discovery of rich chalcocite ore
in the Three R group of mines and their steady production for the
following 10 months attracted outside attention to that part of the

1 Heikes, V. €., U. 8 Geol, Survey Mineral Resources, 1209, pt. 1, p. 253, 1910.
3 Magee, J. E.,, official letter,
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field, with the result that several surrounding properties were bonded
and were being developed. Copper was the objective metal, but gold,
gilver, and lead were also being carefully sought for. About 100 new
claims were being developed in the southern part of the area.

Late in 1914, owing to the war in Europe, work has been curtailed
or suspended on many properties in this region, as in other parts of
the West. Some ore, however, was being accumulated at Patagonia
and other shipping points awaiting resumption of shipment with a
more favorable market.

PRODUCTION.

The early production of precious metals from the districts within
the area here treated must have been considerable. It is roughly
estimated that by 1900 the output amounted to $1,250,000, and the
accompanying tables, which cover three-fourths of the period since
that date, indicate that about as much more has been produced since,
making the total production for the area approximately $2,500,000.

So far as can be found, however, there are no statistics showing the
early production. In the early reports of the directors of the mint
estimates of county production are given, but the figures for Pima
County, which originally included the present Santa Cruz County,
are of little service, as they include the production of numerous dis-
tricts outside of the area considered in this report.

Raymond?* gives the production of the Trench mine, in the Har-
shaw district, for 1875 as 100 tons of argentiferous galena. This
was smelted in adobe furnaces located near the mines and yielded
$8,700 in silver.

In the mint report for 1880 Burchard? gives the output of mills
within the area as follows:

Harshaw mill (of Hermosa mine), four months’ run, $365,654 silver.
Holland smelter, $20,000 silver,

Placers of Pima County, principally from the Greaterville district, $18,000
gold.

In the mint report for 1881 * the Harshaw mine is reported to have
produced $412,000 in silver bullion. In a later report* the same
authority states that the yearly production of gold from the Greater-
ville placers since 1879 is estimated at $12,000.

The statistics of the production of base and precious metals in the
United States have been collected by the United States Geological
Survey since 1902. From the San Cayetano, Redrock, and Palmetto

- districts no production for. the period from 1903 to 1908, inclusive,

iRaymond, R. W., Production of precious metals west of the Rocky Mountains for 1875,

2 Burchard, H. C., Report of the Director of the Mint on the production of precious
metals for 1880, p. 112,

1 1dem for 1881, p. 300.

4Idem for 1884, p. 80.
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has been reported. The table on pages 29-80 shows the yearly pro-
duction of the remaining districts in this area for the years 1903 to
1912. It will be seen that the production of the Empire and Helvetia
districts was very small before 1906. During that year the Helvetia §
Copper Co. ran a 150-ton copper smelter for a short time and the 3

Tiptop, Rosemont, and Omega companies shipped considerable ore,
In the Greaterville district the annual placer production is usually 3
between $2,000 and $3,000. The increase of production in 1905 is i

probably due to the operations of the hydraulic plant in Boston‘'and §

Kentucky gulches. The Tyndall and Wrightson districts produced 3§
little before 1906, when the Rosario, Happy Jack, Gringo, Salero,
and Alto mines began adding their quota to the wealth of the region. §
The Harshaw and Patagonia districts have always been the largest ¥
producers in the area. The output comes largely from the Mowry,
World’s Fair, Flux, and Duquesne mines, though the Four Metals, ]
Golden Rose, and O’Mara mines have also produced some metal. At
the Mowry a 100-ton smelter and concentrating plant were put into
operation in 1905. At Washington the Pride of the West mill is
capable of handling 100 tons of ore a day, and there is'a 25-ton cop-
per furnace in connection with the mill. The high production re-
corded in 1907 is due largely to the work of this mill and smelter. ]
The total amount of ore treated during these years was 178,108 |
tons, of which 140,782 tons came from the Patagonia district. The
Helvetia district produced 30,870 tons during the same time. The
Helvetia ores are largely copper ores carrying gold and silver; the §
Patagonia mines produce primarily lead and zinc ores with a little }
copper, gold, and silver. The ores of the Harshaw district are i
largely lead-silver ores carrying some copper and small quantities §
of gold. The Empire district produces more lead and silver than -
copper, though the latter metal is usually associated with the ores.
The mines of the Tyndall district produce largely lead-silver ore,
but copper accompanies the ore, which also carries some gold. In the |
Wrightson district the ores are mixed, carrying more copper than
lead and more silver than gold. 1

Yearly production of gold, silver, copper, lead, and zine in the mining districts of the Patagonia and Nogales quadrangles, 1903-1912.
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PHYSIOGRAPHY.
GENERAL FEATURES.

As shown by Ransome,' Arizona may be divided i.nto_three gra:;ld
h; siographic regions. These are a high plateau region in the nor (i
gas}t:ern part, a low-lying desert region in the southvlgest;ernép}f.rg, ;?e
i i i ilbert 2 and Dutton® ha -
intervening mountainous region. Gil 1
9-{101111;1}, madei twofold division into the plateau region and the r:.}xllge
:;'gion Though the three regions differ markedly from }i)ne allll(; rpelx;
] i t everywhere s
le the boundaries between them are no
gzgn;ho f)I‘ha plateau region is a part of the great Co%loraéd:hPl(iLte?llg
. beginning at the mouth of the Gra:
whose southwestern boundary, o (rand
the southeast corner of Nevada,
Canyon of the Colorado,.near .1 f levads, extends
i sterly direction for nearly 400 miles ac . :
;I;saéesso?lt?:aNewyMexico a few miles northeast of Clifton, near the
irty-thi allel of north latitude.
tthﬂl?; tx}rlxglilnf:i; region adjoins the Colorado Plateau on the s9uth-
st and is recognized by Gilbert and other au.thors .as_the continua-
Ken of the great basin-range province, which is typl'cally deve}oped
'loUtah and Nevada and extends in a broad belt hav11_1g a m'ammu}in
1v]vlidt:h of about 150 miles southeastward across Arizona into (;; e
neighboring republic of Mexico. It is composectlhof zuémermii W;:;
ich trend from southeast to nor
connected parallel ranges whic . . th
' Toward the Mexican border,
the State to Colorado River. :
;(:)I;::frer in‘ the southeastern part of the State, tl;le mo:ft;am (llaeltbzlellc:
, ' i ly north-south trend, a
es that compose it assume a nearly .
g:lai:ﬁglgwith the Sierra Madre system in Ne(;v Mexico ondt}}:e Zait;;es
rt short and narrow and hav
The ranges are for the most part : ave axes
i it talline schist, locally naked but gen
of pre-Cambrian granitic or crys L el by paloaedie o B0
i t unconformably overlain or flanke by ;
?:‘;1 lgjnlcrll Il)ia;xl;eslil:lgnes and post-Carboniferous sediments an.d volcanic
i‘(')cks all usually with monoclinal structure, the ?Igges iliemg xlnosgttI;}};
i f them excee miles in len,
tilted fault block type. Few o .
Zf‘ t81130(1) feet in altitude, and they are se:p?,r.ated by detrltus—ﬂooriald
v lle; s. In the portion of the belt adjoining thg plateau on the
nirt}f;a.lst the valleys are narrow and occupy a relatively subordinate
rea compared with the mountains. Away from the plateau, h;)lw-
. the valleys widen, and in the southwestern part of the b}alt they
ever;d fhe mountains in area and the mountain belt merges into the
exce :

: UL 8.
f the Bisbee quadrangle, Arlizona :

., Geology and ore deposits o D !

1Rans?me' If"rofL Paper 21, 1904 ; Geol. Atlas, Bisbee folio (No.d 122r)l;01ns;0.4 0. 5. Geog.
Ge’o i;ns;‘ 1:eyG K. The geology of portions of New Mexlxco :: | rizon : U. 8.

W, 100th 3 567, 1876 ; also pts. )
1. 3, pt. 5, pp. 503-567, ;
Su: r)eytst n 1‘,‘0021 N'[I“a:;u::-y ‘;Jl:tory of the Grand Canyon district: U, 8. Geol. Survey
utton, C. B,

Mon. 2, 1882.


































































