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GEOLOGY AND ORE DEPOSITS OF THE:ARAVAIPA
AND STANLEY MINING DISTRICTS, GRAHAM
COUNTY, ARIZONA

By Crype P. Ross

SUMMARY

The region in which the Aravaipa and Stanley mining districts are situated
contains the rugged Santa Teresa and Turnbull mountains and the southeast
end of the Mescal Range. It is not crossed by any railroad, and lack of
good transportation is a serious obstacle to .its development. - The principal
industries are mining and stock raising; there is also some farming by irri-
gation. The climate is semiarid but healthful. The rocks consist of pre-
Cambrian metamorphosed igneous and sedimentary formations; Paleozoic
quartzite, shale, and limestone of marine origin; Upper Cretaceous shallow-
water marine deposits and volcanic beds; granite and quartz monzonite,
probably intruded at the beginning of the Tertiary period; lava, pyroclastic
rocks, and alluvium of Miocene (?) age; ‘the. Gila conglomerate (including
tuff) ; and Quaternary alluvium. The lower part of the Paleozoic section dif-
fers from that in neighboring regions. After the intenge crustal disturbances
of pre-Cambrian time, there was extensive warping in the Paleozoic and Meso-
zoic eras. The batholithic intrusions at the beginning of the Tertiary were
accompanied by doming and faulting. The overthrusts in the northern part
of the region' probably were produced at this time. Normal faulting con-
tinued with dimifishing intensity into geologically recent time. There ap-
pear to have been five partial cycles of erosion from  the Pliocene to the
present.

The presence of deposits of silver copper, and lead in this region has been
. known for 50 years, but only about 35,000 ‘tons of oré has been mined.
There are several small mines and numerous prospects, but development has
been hindered by inaccessibility and lack of capital, so that the possibilities of
the region as a metal producer have not even yet been adequately tested. At
the present time mining, except for necessary assessment work, is practically
at a standstill but with improvement in conditions governing the mining in-
dustry in general development here will probably be renewed, and the future
of the region may be regarded optimistically.

A lode system 11 miles long crops out west of the Santa Teresa Mountains.
The lodes consist of fractured and replaced rock of various kinds and banded
vein matter. The gangue is largely quartz and fluorite. The principal sul-
phides are galena with argentite in it, chalcopyrite, sphalerite, and pyrite.
There are contact-metamorphic deposits which have been developed for cop-
per; curious copper deposits in granite, which are closely related genetically
to the intrusion; two types of veins related to the Tertiary volcanism, one
containing principally copper with calcite as the characteristic gangue min-
eral, the other containing silver minerals with a gangue of quartz, barite,
and fluorite; and some unimportant quartz veins containing gold. There has
been some oxidation and a little enrichment.

1



2 ARAVATPA AND STANLEY MINING DISTRICTS, ARIZ.

INTRODUCTION ‘
PURPOSE AND SCOPE OF THE REPORT

This report is the result of a little less than two months’ field
work in the summer of 1922. In order to obtain a basis for the
study of the mineral deposits it was necessary to understand the
general geology of the region. Consequently a geologic map was
prepared, and a study of the stratigraphic and structural relations
- of the rocks was undertaken. As no adequate topographic map of
this region had ever been made, however, it was necessary to prepare
such a map to serve as a base for the geologic mapping. This re-
stricted the time that could be devoted to geologic work. Nearly
all the mines and prospects in the region mapped were visited. A
few prospects on which little. development work has yet been done
were omitted for lack of time. The purpose in view was to gain
an insight into the types of ore deposits rather than to make de-
tailed examinations of individual mines such as would be under-
taken by an engineer in commercial practice.

The facts gathered regarding the general geology of the region
and the inferences drawn from them are presented both because
they are necessary to a clear understanding of the ore deposits and
because of their scientific interest. Available knowledge regarding
the geology of southeastern Arizona is still incomplete, and the re-
sults of this investigation partly fill the gap. The mode of origin
and general features of the ore deposits are discussed, and all the
mines and prospects regarding which any information is available
are described. The data in the report, though unavoidably incom-
plete, should be sufficient to give anyone a good general idea of the
districts and their ore deposits. It is hoped that the descriptions
of the ore deposits will aid mining men in the region to arrive at
such an understanding of the characteristics of the deposits on their
own properties as will assist them in planning future development.

There is some confusion as to the form of the word “ Arivaipa.”
This spelling has been adopted by the United States Geographic
Board for the canyon, creek, valley, and village and is etymologically
correct. The name of the post office is, however, officially spelled
“ Aravaipa ” by the Post Office Department, and the two mining
companies in whose names the word occurs have followed the post-
office spelling, which is also in accord with local usage.*

LOCATION AND EXTENT OF THE REGION

- This report covers the Aravaipa and Stanley mining districts and
a corner of the Black Rock mining district, in Graham County,

10n December 3, 1924, after this report was in type, the United States Geographic
Board reversed its former decision and adopted the spelling “Aravaipa " for the canyon,
creek, valley, and village.
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Ariz. (see Pl I), and includes a description of the coal fields on
Deer Creek in Pinal County.

The greater part of this region has not been surveyed by the
General Land Office, but it lies approximately in Tps. 4 to 7 S., Rs.
18 to 21 E., and comprises a total area of about 300 square miles.

The region is not yet crossed by any railroad, but the Bowie-Globe
line of the Arizona Eastern Railroad passes within 10 miles of its
northern border. Klondyke, the center of most activity in the region
at present, is about 56 miles northeast of Tucson, 48 miles southeast
of Globe, and 62 miles southwest of Clifton, measured in straight
lines. Because of the lack of direct transportation facilities the dis-
tances that must be traveled to reach any of these places from
Klondyke are much greater.

ACEKNOWLEDGMENTS

It is a pleasure to acknowledge the hearty cooperation of the resi-
dents of the Aravaipa-Stanley region. A list of all who gave infor-
mation, hospitality, and assistance in the course of the field work
would include the majority of those engaged in mining in the region
and a number not directly interested in that industry. Messrs. Jack
Adair, of Klondyke, and H. T. and C. A. Firth, of Arivaipa, gave
information and assistance of much value.” Others are mentioned
in appropriate places in the text. To acknowledge specifically all
the courtesies received would require too much space, but all may feel
assured that their assistance is appreciated.

Mr. H. A. Wentworth, president of the Aravaipa Leasing Co., has
been most kind in furnishing maps and information regarding the
various properties in the Aravaipa district, on which his company
has done work. Among other things, he supplied notes by C. E.
Minor, former superintendent of the Grand Reef mine, which were
of great assistance, especially in regard to those portions of the mine
now inaccessible. Mr. E. H. Bachman, of Globe, furnished assay
maps of the Windsor mine prepared by him. The preparation of
the report has also been aided by the cooperation of fellow members
of the United States Geological Survey. Kirk Bryan generously
supplied unpublished information and critically read the chapter on
physiography. E. S. Larsen and C. S. Ross aided in some of the
petrographic work, and W. T. Schaller helped in the determination
of some of the minerals. Others gave suggestions of value. My
wife, Ruth C. Ross, gave assistance in preparing the text and some
of the illustrations.

HISTORICAL SKETCH

The Stanley and Aravaipa districts lie within the region acquired
from Mexico by purchase in 1853. Remnants of cliff dwellings in the
canyon known as Arivaipa Box testify to its settlement in very early

106914—25——2



4 ARAVAIPA AND STANLEY MINING DISTRICTS, ARIZ.

times. Until the early seventies this area was but little visited by
white men. The Apaches dominated the country so completely that
settlement was practically impossible. Even as late as the eighties
and early nineties there were sporadic Indian troubles, but some
prospecting was in progress. The difficultly accessible canyons in the
rocky Turnbull and Santa Teresa mountains are said to have been
favorite refuges for rustlers and other lawless characters in the early
days. About 1872 two large cattle ranches were established in Sul-
phur Spring Valley,’* and then or soon after cattle presumably
ranged up into Arivaipa Valley. »

Some of the mineral deposits now owned by the Aravaipa Mining
Co. were known, and a little work was done in the late seventies, and
it is even reported that a small smelter was erected at this time by
Col. W. C. Bridwell, commonly known as “ Buford.” The coal in
the upper end of the Deer Creek drainage basin was discovered by
Bob and David Anderson about 1881. The Copper Belle deposit,
near Stanley, was found about 1883, and the Friend, a few miles to
the west, about the same time. Probably other deposits in the vici-
nity of Stanley were known at this early date, but the area north of
Stanley Butte was then included in the San Carlos Indian Reserva-
tion and was not open for the location of mineral claims. The crop-
pings of what is now known as the Grand Reef, in the Aravaipa
district, are so prominent and striking that they were probably dis-
covered very early. The veins on Imperial Hill were found in the
seventies. '

A considerable part of the deve10pment of the mines in the Ara-
vaipa district was carried on in the nineties. The Arizona shaft of
the Aravaipa Mining Co., the deepest shaft in the district, was put
down to its present depth of 580 feet between 1890 and 1895. The
Grand Reef mine also attained its present depth of 300 feet in the
nineties, and the veins on Imperial Hill were worked about this time.
The boundary of the San Carlos Reservation was shifted north to its.
present position in 1896, and the country between this and the old
line, locally known as “ the strip,” was thrown open to prospectors,
resulting in some mining activity in the Stanley district. No accu-
rate data as to ore shipments from mines in either district in these
early years are available, but they can not have been large. Small
test shipments of coal were made from the “ upper field ” to Globe,
and small quantities of lead-silver and copper ore were mined, and
presumably part of it was shipped.

In the first few years of the present century there appears to have
been little activity in either district. Between about 1906 and 1920
some of the mines and prospects were reopened. Work at the Star-

1a Meinzer, O. B., Water resources of Sulphur Spring Valley, Ariz.: U. 8. Geol. Survey
Water-Supply Paper 320, p. 18, 1913,
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light mine started in 1903, and the claims were patented in 1907, but
the mine was closed about 1910. The Friend, Stanley, Copper Reef,
and Princess Pat mines and several prospects were worked inter-
mittently up to 1918 or a year or so later. In the Aravaipa district
there was also some ore mined, largely by lessees. Most of the de-
velopment work on the Royal Tinto group was done in 1906 and 1907.
Some ore was shipped from the Aravaipa Mining Co.’s property by
lessees about 1906. The Grand Reef mine was leased to local people
in 1915. A mill was erected and ore in small quantities was shipped
until the final shutdown in 1921. During the last two years of this
period the mine was operated by the Aravaipa Leasing Co., which
now owns the property. A few cars of ore have been shipped from
the properties south of the Grand Reef, of which the most developed
are those owned by Ted Quinn and James Quinn. Prospecting in
both districts has been carried on by a number of people, but very
little ore has been shipped except from the properties mentioned.
Little or no ore has been shipped from either district since 1920.

INDUSTRIES

Stock raising vies with mining as the principal industry of the
region. Cattle belonging to ranchers in Arivaipa Valley, near Stan-
ley, and in the valley of Gila River range in the mountainous country,
a large part of which is included in the Santa Teresa division of the
Crook National Forest. Herds of goats wander over the country
north and west of the Turnbull Mountains and also south of the
Santa Teresa Mountains. On the slopes of the valley of Gila River
between the Turnbull Mountains and the Indian reservation boundary
herds of some hundreds of horses struggle for a livelihood. Ranchers
in other parts of the region raise a few horses for their own use.

Agriculture is practiced along Arivaipa Creek and to a moderate
extent elsewhere, but mostly as an adjunct to other interests. In-
sufficient food is raised to support the population, and considerable
quantities, both canned and fresh, are shipped in from Willcox and
from towns on Gila River. A considerable part of the grain and
hay needed for stock must also be shipped in from the irrigated farms
along Gila River.

Mining is of more potential than actual importance. Much pros-
pecting and considerable haphazard development work has been done.
The total shipments of ore and concentrates from all properties in
the Aravaipa district regarding which information could be obtained
amount to only about 6,000 tons, of which much the greater part
came from the Grand Reef mine. In addition it is probable that
a few carloads of ore have been shipped by lessees and prospectors
regarding which no data were obtained. The data so far gathered
as to production in the Stanley district are so fragmentary that
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figures can not be given, but the total is certainly much less than that
for the Aravaipa district, because there is ne single mine in the
Stanley district whose production can compare with that of the
Grand Reef. There are in the Aravaipa district 56 patented and
137 unpatented claims whose approximate positions are known and
a number of unpatented claims for which data are lacking. The
total number of claims in the Stanley district is undoubtedly greater
than this, as there are several mines, notably the Copper Reef and
Princess Pat, that have large groups of claims. The only patented
ground in this district is the Starlight group of 12 claims.

From the facts above stated it is obvious that although the dis-
tricts have been known for 50 years, they are still in the prospecting
stage of development. There is no mine in either district which has
yet been put on a firm foundation of successful production. On the
other hand, it has by no means been proved that an adequate amount
of correctly planned and directed development would not accom-
plish such a result.

CLIMATE

The region lies near the southern border of the mountain province
of Arizona and has the climate characteristic of this province. It
is so mild that outdoor work can be continued throughout the year
with little difficulty or discomfort. During the greater part of the
year the weather is most pleasant and healthful.

The temperature ranges from 20° F. up to somewhat over 100° F.
The coolest weather comes in the first two months of the year, and
June and July are usually the hottest months. The temperature
does not soar to such heights as are characteristic for the south-
western part of the State. Even in midsummer oppressively hot
days are rare. °

A Weather Bureau station for recording the rainfall was main-
tained at Klondyke during the four or five years prior to 1919,
but complete annual records are available for 1915 and 1916 only.
These indicate that the annual rainfall at this place is about 19
inches. There are usually less than 60 days in a year in which 0.1
inch or more of precipitation takes place. These are concentrated
into two rainy seasons. About half the annual precipitation occurs
in July and August, and the greater part of the remainder falls
in January and February. The annual snowfall is usually less
than a foot, and in some years there is very little snow.

THE MAP

The topographic map was prepared by me by means of a plane-
table survey. Section corners in the surveyed portion of Arivaipa
Valley were utilized as known points from which to start the trian-
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gulation net. Any discrepancy between the assumed and actual posi-
tions of the section corners chosen is evidently within the allowable
error for a map on the scale of 1:125,000, as the triangulation based
on them proved to be consistent throughout. Thus the control is
believed to be fairly good, so that the different parts of the area are
mapped nearly in their proper relations. The topography as shown,
however, is correct only in a general way. It was sketched from nu-
merous points whose positions had been determined by triangulation.
Every effort was made to sketch as accurately as possible, but errors
of detail have undoubtedly been made. Altitudes were determined
by means of an aneroid barometer, supplemented by vertical-angle
measurements on the more prominent peaks with a Gale telescopic
alidade. The data thus obtained were later adjusted so as to be con-
sistent with themselves and with points of known altitude in the
region mapped and in the Christmas quadrangle, adjoining it on the
west, which has been accurately mapped by the United States Geo-
logical Survey. The determination of altitudes by such methods is
subject to unavoidable errors, but the resulting inaccuracies are
principally in matters of detail, and the map is an essentially correct
representation of the topography of the region.- A contour interval
of 100 feet was adopted in order to show adequately differences in
topographic form, even though the measurements of altitude are not
strictly accurate or complete enough for this interval.

The latitude and longitude of Mount Turnbull, in the northeast-
ern part of the Turnbull Mountains, have been accurately deter-
mined by the United States Geological Survey. This peak was
carefully tied in to the triangulation net, and the latitude and lon-
gitude of the region were determined from it. The determinations
thus made check closely with the position of the east boundary of
the Christmas quadrangle as found by triangulation in the field.

The township net in the Aravaipa district is based on the plats of
the General Land Office adjusted to the positions of a number of sec-
tion corners determined in the field. The boundary of the Crook
National Forest is based on the Forest Service’s map of 1921, ad-
justed by means of several boundary markers tied in the triangula-
tion net in the field. The boundary between Pinal and Graham
counties is drawn on the basis of one boundary monument found in
the field and the position of the boundary shown on the General
Land Office’s map of Arizona, 1921. It accords closely with the
location of the boundary as indicated by several persons familiar
with the region.

The geology was mapped simultaneously with the topography.
Positions on or near geologic boundaries were determined by means
of plane-table intersections, and the geologic features were sketched
in the same manner as the topographic features. Thus the delinea-
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tion of the geology is as accurate as that of the topography but is
similarly generalized. No attempt has been made to show dikes and
other small masses of intrusive rock. In areas of complicated nor-
mal faulting, like that near Arivaipa village, it was necessary to
generalize, as some of the blocks into which the rocks have been
broken are too small to be shown.

TOPOGRAPHY

The Aravaipa-Stanley region is made up of small mountain
ranges such as are characteristic of southern Arizona. In the
eastern part are the Turnbull and Santa Teresa mountains, sepa-
rated by the rocky valley of Black Rock Wash. On the north
side is the detritus-floored valley of Gila River. The hilly and
mountainous country in the Stanley district is drained by a series
of rather closely spaced and sharply incised gulches that lead
northward into Gila River. On the west side of the Stanley dis-
trict is the valley of Deer Creek, surrounded near its head by
a horseshoe-shaped rampart of narrow ridges. This stream, which
drains westward into Gila River, must not be confused with Old
Deer Creek, on the boundary between the Aravaipa and Stanley
districts. In the northwestern portion of the region are the moun-
tains that form the southeast end of the Mescal Range. The val-
ley of Arivaipa Creek forms the west end of the Aravaipa dis-
trict. This stream is the largest in the area mapped and has water
flowing at the surface in the portion of its valley known as the box
canyon during the greater part of the year.

TURNBULL MOUNTAINS

The Turnbull Mountains form the largest mountain mass in the re-
gion. The northeastern part of this range was not reached during
the present investigation. In plan, the range as a whole has the shape
of a quadrilateral, roughly approximating a square 7 miles on a side,
with several ridges projecting beyond the flanks of the main mass.
(See Pl. II.) The component ridges on the west side trend about
N. 85° W., parallel to the west side of the range as a whole, but most
of the larger ridges in the center of the mass trend almost at right
angles to this. The range as a whole is a less compact unit than many
others in southern Arizona. It has the appearance of a group of
connected, serrate ridges, rather than a single dissected block. A
number of the peaks in the area mapped reach altitudes of 7,000 feet
above sea level, and Mount Turnbull itself may be almost 1,000 feet
higher. The mountains rise 2,000 feet above the more open country
to the west and south and even higher above Gila River, which en-
circles the range on the east and north. The maximum relief in the
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area mapped is about 4,000 feet. The slopes are very steep, and most
of the divides are sharp. The soil cover is thin, and rock projects
through it in numerous places. The stream beds in general consist
of bare rock, and there are many cliffs and rocky pinnacles. Large
areas of the ridge slopes, however, are covered with a heavy growth
of manzanita, scrub oak, and other brush. In places there are cedar,
oak, and pine trees, some of which grow to considerable size. On the
east flank of Cobre Grande Mountain and elsewhere in the eastern
portion of the range are pine forests. Mescal and other agaves are
rather generally distributed, especially on the lower slopes, cucumber
cactus and other small rounded forms are common, and cholla and
prickly pear are also found. The topography of this range is very
rough. The trails follow the ridges for the most part, as the canyon
bottoms are so encumbered with boulders and dry’ waterfalls that
a mounted man can not follow them for any distance. Even on the
ridges traveling is precarious.

The Turnbull Mountains are surrounded by gently sloping plains
into which numerous streams have cut gulches. (See Pl III.)
All these streams are ephemeral, but near the heads of many of
them water stands in pools and pockets or flows for ‘short stretches
during a large part of the year. .

On the slopes of some of the gulches in the northern part of the
region are a few giant cacti, or sahuaros, not present elsewhere.
The mountains rise above these dissected plains with striking abrupt-
ness. A surface whose grade is so slight as to be almost impercepti-
ble to the casual observer may lie at the foot of a slope so steep that
a horse can scarcely maintain his footing on it.

Stanley Butte is an impressive outlier of the Turnbull Mountains
connected with the main range only by the narrow divide at the head
of Garden Gulch. (See Pl IIL) It appears to be exceeded in
height among the peaks of the range only by Cobre Grande Mountain
and Mount Turnbull. Copper Reef Mountain and the ridges north
of it form connecting links of rugged heights between the Turnbull
Mountains and the east end of Mescal Range. V

The streamways across the mesa lands about the mountains are
very sharply incised into them. The steep walls of the V-shaped
canyons break off abruptly from the nearly level surface above. So
sharp is the change in grade that to an observer on the surface of
the mesa canyons at a little distance appear more like gentle swales
than the deep gulches they are. An example of this is shown in
Plate II, A. Between the observer and Stanley Butte is a pre-
cipitous-sided canyon, but only the rounded edges of the cut are
visible in the picture. -As the view also shows, the vegetation on these
uplands is sparse. There are a few small cedars here and there,
acacias and other bushes on the canyon slopes, low, inconspicuous
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rounded cacti in spots, a few agaves and cholla, and a scanty cover
of bunch grasses everywhere.

MESCAL RANGE AND DEER CREEK BASIN

The Mescal Range ends in the northwest corner of the region in
the rugged mass of Rawhide Mountain.? The mountain rises 2,000
feet above Hawk Canyon in a series of irregular scarps. This im-
pressive northeast front, in which the frayed edges of the strata
show in parallel bands of color, is pictured in Plate IV, 4. On the
southwest the slopes are smoother, have less diversified coloring, and
rise only 1,000 feet above the base.

The basin at the head of Deer Creek southwest of Rawhide
Mountain is one of the striking features of the region. It is a
roughly rectangular area of rolling land into which the headwaters
of Deer Creek are gnawing their way in a set of steep-walled,
branching gulches. On three sides the basin is inclosed by a line
of hills that form a continuous rampart except where streams have
cut notches in them. The average width of the- hills is less
than a quarter of a mile, and their height is in most places little
over 200 feet above the base. The slopes of these little hills
are so steep as to be generally almost unclimbable by a mounted
man. Many of the streams intersecting them on the south side have
small but steep waterfalls in the gaps between the hills, adding to
the effectiveness of the barrier. The rampart of hills is broader and
less distinctly marked at the east end of the basin than at the sides.
Beyond the hills at this end is the head of Hawk Canyon, in which
the stream bed is more than 200 feet lower than the Deer Creek
basin, at the foot of the hills. Outside the narrow rampart is an
outer border of larger and more irregular elevations, of which
Rawhide Mountain, already described, is the most prominent. Look-
out Mountain, on the south side, is reported to have been so named
because sentinels were stationed there by the coal prospectors to warn
them of movements of troops from San Carlos in their direction.
This was at the time when the coal fields were included in the
Indian reservation, and mining was prohibited. South of Lookout
Mountain, in the unmapped area, the country slopes off gradually
into dissected uplands that broadly resemble Lone Cedar Mesa and
the area around it.

SANTA TERESA MOUNTAINS

The Santa Teresa Mountains form a somewhat more compact unit
than the Turnbull Mountains. In plan the shape of the range is
that of a roughly equilateral triangle, approximately 7 miles on a

2 Name adopted by the United States Geographic Board, December 1922; also known
locally as Hobson Mountain and Spion Kop.
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A, STANLEY BUTTE AND THE DISSECTED UPLAND SURFACE AT ITS
BASE, FROM LONE CEDAR MESA

B. STANLEY AND LITTLE STANLEY BUTTES AND THE DISSECTED
UPLAND AT THEIR BASE, FROM THE NORTH
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4. RAWHIDE MOUNTAIN, FROM THE SOUTHEAST

B. THE SUMMIT OF RAWHIDE MOUNTAIN, FROM A POINT ON ITS
NORTHEAST FACE
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4. NORTH SIDE OF THE SANTA TERESA MOUNTAINS, FROM FISHER
PROSPECT

B. NORTHEAST FLANKS OF THE SANTA TERESA MOUNTAINS, FROM
COBRE GRANDE MOUNTAIN



HONVY TIVH L YVIN MHIYD AAMHNL J0 FAIS
‘XOd VAIVAIYV NI NOLLVIWNHOA VIID 3 LSVH HHL NO NOLLVIWHOA VIID HHL
HHL 40 ALVHHNWOTONOD A0 A4ITD 'q J0 ANOLSANVS ANV J40L A0 AdT'1D ¥

IA ELVId 9. NILHTING ATAYAS TVOIDOTOHED 'S ‘A



U. S. GEOLOGICAL SURVEY BULLETIN 763 PLATE VII

4A. THE SOUTH SIDE OF THE SANTA TERESA MOUNTAINS AND THE

PLAIN AT ITS BASE
The plain is cut in quartz monzonite; the mountain at the left side of the picture is

Buford Hill, formed of metamorphic rocks; in the center is Pinnacle Ridge, carved
from granite

B. CAMBRIAN QUARTZITE IN

ARIZONA CANYON NEAR ARIVAIPA



U. 8. GEOLOGICAL SURVEY BULLETIN 763 PLATE VIII

A. TILTED MIOCENE (?) CONGLOMERATE SOUTH OF THE SAFFORD ROAD

B. TILTED CROSS-BEDDED SANDSTONE WITH LAVA BELOW, BOTH OF
MIOCENE (?) AGE, IN ARIZONA CANYON JUST BELOW THE CLARIDGE
RANCH
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side. (See Pl IL) The apex is formed by Buford Hill, on the
south side, and the base on the north trends nearly east. The main
portion of the range, exclusive of Buford Hill and its attendant
outliers, is a narrow irregular but continuous ridge, concave on the
north side. The altitude of the summits increases from about 6,300
feet in the west to about 7,000 feet in the east. The western half
of this ridge, especially on the north, is rugged in the extreme. Soil
is scanty everywhere in this portion of the mountains, and in most
places it is almost completely absent. Rocky pinnacles, rough cliffs,
and narrow canyons abound. Such vegetation as exists finds pre-
carious footholds in crevices in the rocks and in canyon bottoms.
In the eastern portion of the range there is a considerable area on
the top of the main ridge which is comparatively flat and covered
with pines and other vegetation. On the north side are impressive
cliffs, as can be seen in Plate V, A. On the south the slopes are
steep but less intricately carved than those farther west.

West of the Santa Teresa Mountains is a dissected plain like that
west of the Turnbull Mountains, forming the upper slopes of the
east side of this portion of the valley of Arivaipa Creek. Corre-
sponding level areas, dissected, especially on their edges, by steep-
walled gulches, are present on the west side of the valley.

South of the Santa Teresa Mountains is a broad, slightly rolling
plain, separating them from the Graham Mountains. (See Pl. VII,
A.) Tributaries of Arivaipa Creek have bitten deeply into the
periphery of this plain, but several square miles of almost feature-
less surface still remains. The comparatively level areas described
above and the gulches between them support a scattered vegetation
of bunch grasses, manzanita, laurel, mesquite, and other bushes,
various cacti, mostly small, and several species of agave. The
.bushes are more abundant on the gulch walls and the grasses on the
level uplands.

North of the Santa Teresa Mountains is Black Rock Wash. Ex-
cept at the head of this stream, where erosion has not yet accom-
plished so much, little suggestion of level surfaces remains. On
the contrary, this side of the mountains is rugged and desolate in
the extreme. Steep, branching canyons are so closely spaced that
no room is left for gentle slopes. Everywhere are cliffs and pin-
nacles, whose fantastic shapes have been carved from bare granite.
The scene has a grim, forbidding beauty all its own. (See Pl
V, B.)

ARIVAIPA CREEK

Arivaipa Creek flows through a broad valley west of the Santa
Teresa Mountains. Its slopes, above the box canyon, are smooth,
steep, and terraced, with occasional small bluffs, especially in the



12 ARAVAIPA AND STANLEY MINING DISTRICTS, ARIZ.

southern part. The average width of the valley is about 6 miles.
The stream has cut below the level of the upland plains at the base
of the mountains to a depth of some 1,500 feet. The divide between
Arivaipa Valley and Sulphur Spring Valley, on the south, is so
low and smooth that a traveler might well pass from one valley
to the other without realizing it. Along Arivaipa Creek is a flood
plain more than a mile in width over which are dotted numerous
ranch houses with small irrigated patches near them. There are
groves of cottonwoods and other trees in the upper part of the
valley, and mesquite and acacia thickets below.

About 3 miles below Klondyke the topography of the valley
changes. Here the stream enters a precipitous-walled gorge carved
out of Gila conglomerate. This is the upstream end of Arivaipa
Box, which farther west is cut in resistant beds of Tertiary volcanic
rocks that form the north end of the Galiuro Mountains. The walls
in many places are nearly vertical. (See Pl. VI. One of these
views was taken in the tributary Turkey Creek, but it is character-
istic of large parts of the main canyon also.) Water flows at the
surface throughout the year in Arivaipa Box. It is confined between
banks some 3 feet high on the average, and the streamway is notably
narrower than that in the more open valley above. The presence
of flowing water has produced verdure which makes this canyon a
place of unusual beauty in this semiarid land. There are green
grass, bushes of various sorts, and stately cottonwood trees. A
number of the level patches of ground have been utilized for irri-
gated crops, principally forage.

The divide west of Stanley Butte, between the drainage basins
of Arivaipa Creek and Hawk Canyon, is almost as unobtrusive as
the divide on the south already mentioned. The stream valleys in
the upper part of the Hawk Canyon drainage basin are steep-sided
gulches cut in an originally almost level plain. Farther north,
Hawk Canyon passes for a few miles between narrow ridges, out-
liers of the Turnbull Mountains, on the east, and the steep and
rough east end of the Mescal Range, on the west. Near the north-
west corner of the area mapped it swings west and eventually finds
its way into Gila River.

STRATIGRAPHY AND PETROLOGY
MAJOR FEATURES

The basement of pre-Cambrian metamorphic rocks underlying
southern Arizona crops out in several places in the Aravaipa-Stanley
region. The Paleozoic strata are well represented in the northern
part of the region, and there are fragments of them to the south.
In several particulars the Paleozoic section does not correspond
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with those in neighboring regions. The Apache group, at the
base of the section, regarded as chiefly if not wholly of Cambrian
age, is represented only by quartzite of variable thickness, litho-
logically resembling the Troy quartzite, and minor amounts of
other kinds of rock. Above this is the Devonian Martin limestone,
but it is nowhere prominent and in places appears to be absent.
The Carboniferous Tornado limestone is typically developed. The
character of some poorly preserved and scanty fossils from this
limestone near Arivaipa suggests the possibility that beds of upper
Mississippian age, apparently absent in the Tornado limestone
farther west, are present here. Above the Tornado are volcanic
and sedimentary beds of shallow marine origin containing fossils
of Colorado age, thus shifting the known extent of the inland
Cretaceous sea farther south and west. Batholithic masses of
granite and quartz monzonite, probably intruded near the beginning
of Tertiary time, occupy a large part of the region. There are
extensive exposures of Tertiary volcanic strata and Tertiary and
Quaternary alluvium,

METAMORPHIC ROCKS (PRE-CAMBRIAN)

PINAL SCHIST

Definition and distribution.—All the metamorphic rocks in the
region, except those of intrusive igneous origin, are included under
the term Pinal schist, which has been adopted by Ransome?® for
similar rocks in the Pinal Range and elsewhere in Arizona. The
resemblance in stratigraphic relations, metamorphism, and most of
the petrologic characters is so striking as to leave no doubt of the
validity of the correlation.

Schist crops out in a number of places in this region but on
Plate I has not been separated from the metamorphosed igneous
rocks. One of the largest areas of schist is on the south and south-
west borders of the Santa Teresa Mountains, where it covers sev-
eral square miles, including Buford Hill and most of the adjacent
heights. There is another large area at the south end of the Turn-
bull Mountains, where a large part of Cobre Grand Mountain is
composed of this formation. Some schist occurs in the metamorphic
igneous complex on the north side of the Turnbull Mountains, and
small strips of similar rocks are found on the south side of the
headwater basin of Deer Creek and north of Copper Reef Mountain.

Character—In the area about Buford Hill the schist is of two
general types. On Buford Hill itself and on Quartz Hill, north of

3 Ransome, F. L., Geology of the Globe copper district, Ariz.: U. 8. Geol. Survey Prof.
Paper 12, p. 23, 1903.
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it, the rock is largely hard quartzitic schist. In some outcrops
bedding can be distinctly seen. The schistosity strikes nearly paral-
lel to the bedding and dips in the same direction but at steeper
angles. The rock is composed essentially of quartz and muscovite.
It is white with a silvery sheen on the schist planes, caused by the
mica. It is harder than the rocks around it and therefore forms
ridges, but, like many schists, it is friable, and its outcrops tend to
weather into masses of small fragments. The contrast between the
topography of Buford Hill, formed largely of quartzitic schist, and
that of Pinnacle Ridge, formed of granite, can be seen by a glance
at Plate VII, 4.

The other type of schist in this area is a rather soft greenish-gray
rock, intensely sheared and thoroughly recrystallized, with a dull
satin sheen on schist planes composed essentially of quartz, alkali
feldspar, sericite, and chlorite. In some specimens there is a faint
banding which may be bedding. This rock is similar in appearance,
composition, and degree of metamorphism to much of the typical
Pinal schist of the Pinal Range. It covers most of the area mapped
as pre-Cambrian along the southern border of the Santa Teresa
Mountains and extends eastward beyond the area mapped. The
rocks of intrusive origin described below are of subordinate areal
extent. ‘

The quartzitic schist was noted only in the two localities already
mentioned. It is interbedded with the fine-grained schist. The
lenticular masses of quartzitic schist strike approximately parallel
to the average strike of the schistosity. The fine schist weathers
down even more readily than the quartzitic variety. Few outcrops
project notably above the surrounding surfaces, and the character-
istic topographic forms are smooth and, considering the location,
not steep. A number of small dikes of metamorphosed dioritic and
diabasic rocks cut the schist in places.

From the data summarized above, it is evident that the two va-
rieties of Pinal schist in the Buford Hill area are derived by
metamorphism from stratified rocks, probably of sedimentary origin.
The quartzitic variety was probably derived from a rather pure
quartz sandstone, and the fine variety doubtless came from a mud-
stone.

The other large area of schist is on Cobre Grande Mountain. The
most abundant rock here, although thoroughly metamorphosed, is
less markedly schistose than that just described. It is composed
largely of quartz with subordinate sericite and breaks up readily
.into small angular blocks bounded by joint planes. In some places
there is fairly well marked schistosity, which has an average strike
of N. 40° E. and a nearly vertical dip. The rock is nearly white on
fresh surfaces but in most outcrops is stained yellow or brown by
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limonite. It is probably a much metamorphosed sedimentary rock.
It is cut by numerous felsitic dikes, mostly light-colored rhyolite.
These dikes in their bleached and weathered outcrops can not always
be readily distinguished from the schist, and not only have they
been omitted in mapping, but the actually irregular contact of the
schist with the rhyolite to the west has been generalized. This is
probably in part a fault and in part an intrusive contact. Similar
schist crops out on the north side of the Turnbull Mountains but
has not been separated in mapping from the metamorphosed igneous
complex.

North of the Copper Reef mine is a narrow strip of metamorphic
rock exposed in a gulch on the west slope of the ridge. It is over-
lain on the south by Cambrian quartzite and 'adjoined on the north
by wine-pink granite. The rock is a gritty schistose quartzite with
numerous scattered pebbles, most of which are quartz. It 1s dis-
tinguished from the younger quartzite above it by the greater meta-
morphism and by the lack of well-marked bedding. A wedgelike
mass of schist resembling that on the southwest side of the Santa
Teresa Mountains lies on the south side of the basin of Deer Creek.
The depression south of the limestone rampart here is carved in
such rock.

Age—The rocks described above are all similarly metamorphosed.
They are by far the most thoroughly metamorphosed rocks of sedi-
mentary origin in the region, if local alteration due to mineraliza-
tion is excluded, and are older than any of the other formations.
The oldest nonschistose rock in the region is of Cambrian age. From
these facts it seems evident that the schistose rocks here, as in neigh-
boring parts of Arizona, are pre-Cambrian. Possibly, as Ransome ¢
has suggested for the same formation in the Ray-Globe region, their
age may be somewhat more closely given as Archean.

GRANITIC GNEISS

The rock described under the name granitic gneiss is the metamor-
phosed rock of granitic composition on the south side of the Santa
Teresa Mountains. It is readily distinguished from the other granite
in this vicinity by its much greater metmorphism. This rock forms
most of the southern slopes of the line of ridges between Buford Hill
and Cottonwood Wash and may occur farther east.

The rock is medium grained and predominantly pinkish gray
mottled by greenish-brown biotite spangles which are grouped in
thin, roughly parallel bands, giving it a distinctly gneissic appear-
ance. It is composed essentially of quartz, orthoclase, andesine, and
biotite. The gneissic texture is due partly to a segregation of coarse

¢ Ransome, F. L., Copper deposits of Ray and Miami, Ariz.: U. S. Geol. Survey Prof.
Paper 115, p. 32, 1919.
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and fine grains of quartz and feldspar in bands and partly to the
parallel arrangement of the biotite shreds. The biotite is somewhat
chloritized, but the feldspar is little altered—less so, in fact, than
much of that in the younger granite in the vicinity. The texture is
clearly that of a medium-grained intrusive rock that has been sub-
jected to much compressive stress. Quartz is abundant, and the
plagioclase is subordinate in amount to the alkali feldspar, so that
the rock is evidently a granite rendered gneissoid by metamorphism.

This rock is very probably intrusive into the Pinal schist, which
surrounds it, and is therefore younger than that formation. Like
the schist, however, it has been subjected to strong metamorphism
and is therefore assigned to the pre-Cambrian.

METAMORPHIC IGNEOUS COMPLEX

The rocks on the north side of the Turnbull Mountains mapped as
pre-Cambrian on Plate I are, with the exception of a number of
small dikes, all metamorphosed, and most of them are of igneous
origin. They may therefore be grouped under the term “ meta-
morphic igneous complex.” They occupy more than 8 square miles
in the northwest end of the Turnbull Mountains and are almost com-
pletely circumscribed by granite and the related rhyolite.

This part of the region received only a somewhat cursory examina-
tion. There are no mines and no prospects of consequence in it, and
the ruggedness of the country and the thick cover of brush and trees,
coupled with the scarcity of satisfactory outcrops in many places,
made an adequate study of what is obviously somewhat complicated
geology too time-consuming to be practicable. Four general types
of rock were noted—chloritic schist; a coarse-grained, foliated ig-
neous rock akin to diorite; quartzitic schist; and dikes of later,
unmetamorphosed felsite.

The chloritic schist is evidently a metamorphosed trap. It is
widely distributed in the southern part of the metamorphic area.
Its relations to the other rocks are not clear, but it seems to form
irregular masses of considerable size and is believed to be a fine- -
grained subsilicic intrusive igheous rock that has suffered strong
metamorphism. Quartzitic schist like that of Cobre Grande Moun-
tain was noted near the chloritic rock on some of the high ridges.
Farther north, on the south side of Kelly Gulch, some of the ridges
are composed of a rather coarse-grained intrusive rock which seems
to be a diorite, although some phases of it may be more silicic. This
rock is less metamorphosed than those mentioned above, but most
outcrops show distinct foliation. The later dikes in this area are
mostly quartz porphyry related to the granite batholith.

The chloritic and quartzitic schists are so metamorphosed that
they can scarcely be other than pre-Cambrian, and the quartzitic
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variety doubtless belongs to the Pinal schist. The dioritic rock
is less altered, but its texture is distinctly foliated, a feature which
seems to indicate more intense pressure than affected the Paleozoic
rocks. It is therefore also considered pre-Cambrian, although prob-
ably much later than the Pinal schist. Slightly metamorphosed
granitic rock has been referred to the pre-Cambrian in the Clifton-
Morenci ® and other districts in Arizona. :

STRATIFIED ROCKS
CAMBRIAN QUARTZITE

Definition and distribution.—The lowest formation of the Paleo-
zoic section is here termed simply the Cambrian quartzite. The
lack of the other formations of the Apache group makes positive
correlation with the. section worked out by Ransome® in the Ray-
Globe region difficult. Consequently a noncommittal name has been
adopted, but the evidence for correlation is discussed below in the
paragraph on age.

The Cambrian quartzite is scattered in small areas throughout
the region. Although doubtless once continuous over the whole
region it has since been shattered by faulting, carved by erosion,
and covered by later deposits, until comparatively little of it is |
now exposed. Strips of this formation occur in the northern part
of the region in several places; the largest one is on Copper Reef
Mountain and in the band that stretches from Quartzite Mountain
to the northeast flank of Limestone Mountain. There are blocks
of it on the south side of the Deer Creek basin, in the vicinity of
Arivaipa, and on the northwest end of Cobre Grande Mountain.
There seems to be a notable thickness of quartzite in the east end
of the Santa Teresa Mountains, but this part of the range was not
visited during the present investigation. The quartzite shown on
Plate I as occurring at the east end of the range was mapped on the
basis of long-distance observation supplemented by information
furnished by Frank Landsman, who has prospected in that part of
the region. The cliffs formed on the thick resistant beds of this rock
and the contrast between the topography developed on them and
that on the granite which forms the western part of the range are
shown in Plate V, 4. Loose quartzite blocks and a small amount of
conglomerate in place were found near the La Clede mine, east of
Klondyke.

Character—The quartzite is white to buff on fresh surfaces, though
in places stained yellow or red by iron oxides. Quartz pebbles

® Lindgren, Waldemar, Copper deposits of the Clifton-Morenci district, Ariz.: U. 8.
Geol. Survey Prof. Paper 43, pp. 56-58, 1905.

6 Ransome, F. L., Copper deposits of Ray and Miami, Ariz.: U. S. Geol. Survey Prof.
Paper 115, pp. 30-31, 1919.
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scattered through or arranged in narrow bands in the fine to me-
dium grained quartzite were seen in a number of outcrops. The
beds are from 1 foot to several feet thick, with considerable small-
scale cross-bedding.

On the hill east of Arivaipa, sometimes called Quartz Hill, the
quartzite is underlain by several score feet of banded greenish-gray
shale, which crumbles readily. The contact between the shale and
the quartzite is even and sharp, with no indication of unconformity
except the abrupt change in the character of the sediments. The
lower part of the shale rests against a fault block of Tornado lime-
stone. Similar shale was noted on the slopes of Cobre Grande
Mountain, but it was not observed in the Stanley district.

The thickness of the formation is variable, and the prevalence of
normal faults makes measurements somewhat unreliable. In the
vicinity of Arivaipa the total thickness of quartzite and underlying
shale can not much exceed 200 feet. In the Stanley district the
thickness of the quartzite is more than 400 feet, and in the vicinity
of Quartzite and Limestone mountains it seems to be over 500 feet.
Walcott 7 estimated 1,000 feet of quartzite north of Rawhide Moun-
tain, but this estimate is probably too large. As seen from a distance,
the thickness of quartzitic beds in the east end of the Santa Teresa
Mountains seems to be great. It is easily as much as 1,000 feet
and may well be more. The quartzite here is reported to be under-
lain by granite.

Between Quartz Hill and the border of the Gila conglomerate a
number of blocks of nonschistose quartzite and quartzitic con-
glomerate were noted lying loose on the surface of the ground. The
only known outcrop of rock of this sort in place in this part of the re-
gion is in the gulch where the La Clede mine is situated, a few hun-
dred feet upstream from the mine. These loose blocks vary somewhat
in lithologic character, but all bear a resemblance to members of
the Apache group of Ransome.® Some are light-colored quartzite,
with or without cross-bedding, which might belong to either the
Troy or the Dripping Spring quartzite. Some are conglomerate
with quartzose pebbles resembling the Barnes conglomerate. These
blocks are so numerous and have outlines so angular that they can
not have been transported far from the place where they were
formed, yet no such rock is known in place here. The conglomerate
in place near the La Clede mine resembles lithologically the Scanlan
conglomerate of the Ray-Globe region. It is composed of fairly
well rounded but poorly sorted pebbles of quartz, schist, and decom-
posed granitic rock in a coarse arkosic matrix. It is a hard, thor-

7 Walcott, C. D., and Bannon, M., Deer Creek coal fleld, White Mountain Indian Res-
ervation, Ariz.: 48th Cong., 2d sess., S. Ex. Doc. 20, p. 7, 1885.

8 Ransome, F. L., Copper deposits of Ray and Miami, Ariz.: U. 8. Geol. Survey Prof.
Paper 115, p. 50, 1919,
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oughly cemented rock but not in the least schistose. It is clearly
younger than the Pinal schist, on which it lies. The outcrop is so
small that it is not distinguished from the schist on the geologic map.
Age.—The stratigraphic relations and general lithology of the
quartzite and accompanying shale indicate that they are broadly
equivalent to some portion of the Apache group. Lithologically the
quartzite resembles more closely- the Troy quartzite than any other
formation of that group. Ransome® states that the pebbly char-
acter is “ a useful means of distinguishing isolated exposures of the
Troy quartzite from the pebble-free Dripping Spring quartzite.”
‘The quartzite in the Aravaipa-Stanley region contains pebbles in
places, although nowhere abundantly. It is also, like the Troy
quartzite, cross-bedded. The stratigraphic relations of the forma-
tion can be seen on Packwood Peak, in the northern part of the
region. Here the quartzite overlies a complex of pre-Cambrian
rocks and later dikes.. The contact is irregular, and doubtless there
is an unconformity, although the pinching out of the quartzite to
the south, shown on Plate I, may be due to structural disturbance.
The Paleozoic beds here are offset by several small faults. The
quartzite beds parallel those of the dark limestone above, and, so
far as could be determined, the limestone, which is believed to be
part of the Martin limestone, rests conformably on the quartzite,
just as the Martin limestone of the Ray-Globe region rests on the
Troy quartzite. The relations are similar north of the Copper Reef
mine, except that here the Martin limestone was not identified and
it appears that the Tornado limestone rests directly on the quartz-
ite. Thus it seems probable that the quartzite of the Aravaipa-
Stanley region is equivalent to the Troy quartzite of the Ray-Globe
region, but the evidence of exact equivalency seems insufficient to
justify the application of that formation name. The Cambrian
quartzite of the Aravaipa-Stanley region has some points of litho-
logic similarity with the Coronado quartzite of the Clifton-Morenci
district,’® which is probably of Cambrian age. Ransome ** has sug-
gested that the Coronado quartzite may be equivalent to the Bolsa
quartzite of Bisbee, and further that the Bolsa may be equivalent
to the Dripping Spring quartzite or to that quartzite and all the
Apache group below it. Unless the formations can be adequately
traced from one region to another uncertainties in correlation are
likely to remain. :
The proper correlation of the shale that in places appears at the
base of the quartzite and has been mapped with it is even more

5 Op. cit.,, p. 44. '

10 Lindgren, Waldemar, The copper deposits of the Clifton-Morenci district, Ariz.: U. S.
Geol. Survey Prof. Paper 48, pp. 59-60, 1905,

1 Ransome, F. L., Some Paleozoic sections in Arizona and their correlation: U. S,
Geol. Survey Prof, Paper 98, p. 964, 1916,
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puzzling. Doubtless it belongs somewhere in the Apache group, but
whether it is equivalent to shaly beds in the Dripping Spring quartz-
ite or to part of the Pioneer shale or is the time equivalent of some
lithologically different rock is not known.

If, as'suggested above, the quartzite is equivalent to the upper part
of the Apache group, then it is probably of Upper Cambrian age.'*

MARTIN LIMESTONE (DEVONIAN)

Definition and distribution—The Martin limestone is defined by
Ransome *® as the thin-bedded limestone, chiefly if not wholly of De-
vonian age, which is stratigraphically between the Troy quartzite
and the Tornado limestone. Beds correlated with this formation are
present in the Aravaipa-Stanley region, but the area covered by
rock known to be of this age is so small that it has been included in
mapping with the overlying Tornado limestone. Rock believed to
belong to this formation is present near the summit of Packwood
Peak. It has not been identified elsewhere in the region during the
present investigation. Walcott* found limestone of this age some-
where in the vicinity of the coal prospects on Deer Creek, apparently
on the south side. His description is not sufficiently clear to make
it possible to determine the exact locality. The limestone observed
during the present investigation south of the “upper coal field” is
lithologically similar to characteristic Tornado limestone, but a small
exposure of Martin limestone might have been overlooked in the
course of the necessarily hasty examination. If any Martin limestone
is present between the Cambrian quartzite and Tornado limestone on
the ridges north of Copper Reef Mountain it is either a narrow band
or else so similar lithologically to the Tornado as to be mistaken for
that rock.

Character.—The formation lying between the Tornado limestone
and Cambrian quartzite on Packwood Peak is in part black, rather
soft shale, in part black dense limestone. This is the only place
where rock differing in this way from the formation above and be-
low was observed in this stratigraphic position. The shale and lime-
stone together have a thickness estimated as of the order of 100
feet. Walcott ** gives the thickness of the Devonian limestone he
found as 50 feet, but one side is bounded by a fault, so that the total
thickness may not be present. The Devonian is evidently not thick
anywhere in this region and is apparently absent in places.

12 Ransome, F. L., Copper deposits of Ray and Miami, Ariz.: U. S. Geol. Survey Prof.
Paper 115, p: 31, 1919. Ross, C. P,, Ore deposits of the Saddle Mountain and Banner
mining districts, Ariz.: U. S. Geol. Survey Bull. 771 (in preparation).

13 Ransome, F. L., Some Paleozoic sections in Arizona and their correlation U. 8.
Geol. Survey Prof. Paper 98, p. 141, 1916,

1 Walcott, C. D., and Bannon, M., Deer Creek coal fleld, White Mountain Indian Res-

ervation, Ariz. ; 48th Cong., 2d sess., 8. Ex. Doc. 20, p. 7, 1885.
©
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Age—~As no fossils were found in the dark limestone on Pack-
wood Peak the age can not be fixed from data gained in this inves-
tigation closer than somewhere between the Cambrian and the
Mississippian. Walcott,'* however, found the following fossils of
Devonian age in limestone near the “ upper coal field ”:

Stromatopora sp.?

Michelina sp. undet.
_ Heliolites sp.?

Alveolites sp.?

Cladopora sp.?

Aulopora, 2 sp.

Acervularia pentagona Golgfuss. .
Phillipsastrea verneuill Milne-Edwards.
Diphyphyllum simcoense Billings.

Walcott’s collection in the National Museum was kindly re-
examined by Edwin Kirk for the present report. Possibly the fossils
in this collection came from a slightly different locality from those
in the above list, but the label with the collection states that they
came from a point 13 miles south of the San Carlos Agency, which
is the distance of the coal field from the agency according to Walcott,
so they are probably from nearly the same place as those he listed.
Mr. Kirk’s list, given below, is so similar to that of Walcott that
there can be no doubt of the smnlarlty of the faunas, if they are not
actually identical. -

Aulopora sp.
Stromatopora sp.
Pachyphyllum sp.
Cladopora. sp.
‘Alveolites sp.
Acervularia sp.
Syringopora sp.

In regard to this collection Mr. Kirk states:

No specific determinations of these corals have been given, as they could
be of little value. Little attention has been paid to the Devonian corals for
many years, and accurate comparison of western forms with eastern species
is at present out of the question. The fauna is doubtless the same as that
of the Martin limestone, the age of which has been discussed by Williams in
Professional Paper 21. The age is late Middle Devonian, and the resemblance
to the Upper Devonian of New York is perhaps less striking than suggested
by Williams.

E. M. Kindle ** has shown that the Martin limestone also includes
rocks of Upper Devonian age.

The paleontologic data above set forth are suﬂiment to establish the
presence of the Martin limestone in the Aravaipa-Stanley region.
On account of their stratigraphic position and lithology, the beds on
Packwood Peak, described above, are believed to belong to it, and
closer study would doubtless reveal other outcrops.

1% Op. cit, p. 7.
16 U, S. Geol. Survey Prof. Paper 98, p. 142, 1917.
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TORNADO LIMESTONE (CARBONIFEROUS)

Definition and distribution.—The Tornado limestone as defined by
Ransome ** in the Ray-Globe region is the Carboniferous limestone
overlying the Martin limestone. As -will be shown below, the
equivalency of the principal limestone formation in the Aravaipa-
Stanley region to the Tornado limestone has been clearly established.

The Tornado limestone is found in a number of fault blocks of
varying size in the vicinity of Arivaipa and around Cobre Grande
Mountain. Like those of the Cambrian quartzite, the exposures
here are more cut up by faults than could be indicated on the map
(PL I). The most prominent and continuous exposure of the forma-
tion in the region is that which stretches from Packwood Peak
through Stanley and Copper Reef Mountain and extends to the
northwest beyond the limits of the area mapped. The rampart of
hills around the headwater basin of Deer Creek, described in some
detail in the sections on topography and structure, is composed of
this formation.

Character—The Tornado limestone is a massive formation built
up of beds from 1 foot to several feet thick. The color of fresh sur-
faces varies from rather light gray to almost black with a bluish
cast. Weathered surfaces have a lighter color, resembling that of
Portland cement. Irregular siliceous concretions, usually small, are
present in many beds. The formation contains little argillaceous
material and is resistant to weathering, forming cliffs in many places.
Where cliffs have not been formed elevations underlain by the lime-
stone commonly ascend in a series of steps composed of resistant
beds. It does not form soil readily and stands up in prominent bare
outcrops, on most of which the scanty vegetation finds foothold only
in cracks and crevices. A characteristic outcrop is shown in Plate
IX, 4.

The full thickness of the Tornado limestone is nowhere exposed in
the Aravaipa district unless it is on Lime Hill, northwest of Cobre
Grande Mountain, where, allowance being made for faulting near the
base, about 1,000 feet of limestone is estimated to be present. The
section measured by Tolman?® on the claims of the Royal Tinto
group contained only 500 feet of limestone, and the exposed thickness
in some of the fault blocks is much less than this. Northwest of
Copper Reef Mountain, in the Stanley district, where the formation
is better exposed the thickness is about 1,200 feet, and on Limestone
Mountain it is probably equally great. Walcott?® gives 1,200 feet as

18 Ransome, F. L., Some Paleozoic sections in Arizona and their correlation: U. S. Geol,
Survey Prof. Paper 98, p. 142, 1916.

¥ Tolman, C. F., unpublished report on the property of the Royal Tinto Mining &
Smelting Co., Dec. 8, 1910.

2 Walcott, C. D., and Bannon, M., op. cit,, pp. 5-7.
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the thickness of Carboniferous limestone on the north side of the
headwater basin of Deer Creek but adds that north of this locality
there is a mass of Carboniferous limestone 2,500 to 3,000 feet thick.
No such thickness as that exists in the Aravaipa-Stanley region.
The average thickness in the Stanley. district is about 1,200 feet, and
the maximum does not exceed this by more than 200 feet. This is
slightly greater than the average thickness of the Tornado limestone
in the Ray-Globe region as at present exposed.

Age—The limestone north of Deer Creek is an.extension of that
in the Mescal Range and can be traced in practically continuous
outcrop along that range from the head of Deer Creek into the Ray
quadrangle, where it has been mapped by Ransome ?* as Tornado
limestone. The correlation based on continuity along the strike and
similarity in lithology and stratigraphic position is strengthened by
the paleontologic evidence. Traces of organisms were found in many
outcrops of the limestone, but they were for the most part broken
and poorly preserved. All the fossils obtained from the limestone are
considéred by G. H. Girty to be of Mississippian age. The forms,
however, differ from those he identified in collections made by
Ransome #2 in the Ray quadrangle. The collections from the Ara-
vaipa-Stanley region came from fault blocks in the area between
Arivaipa and Lime Hill. They doubtless all came from beds in the
lower part of the formation. There can be little doubt that the
Pennsylvanian is represented in the upper part of the Tornado
limestone in the Aravaipa-Stanley region, as it is in the Ray quad-
rangle and elsewhere in Arizona. The fossils are listed below.

Lot 4202:
Hydreionocrinus aff. H. acanthophorus.
Derbya? sp.
Productus aff. P. altonensis.
Productus aff. P. setiger.
Spirifer aff. S. pellensis.
Spiriferina sp.
Griffithides sp.

Lot 4202-a:
Productus ovatus.
Productus sp.
Productella? sp. .
Pustula aff. P. punctata.
Spirifer aff. S. pellensis.
Spiriferina sp.
Composita sp.

Lot 4205: :
Lithostrotion aff. L. basaltiforme.

21 Ransome, F. L., U. 8. Geol. Survey Geol. Atlns, Ray folio (No. 217), 1924,
52 Ransome, F. L., The copper deposits of Ray and Miami, Ariz.: U. 8. Geol. Survey
Prof. Paper 115, p. 47, 1919,
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Mr. Girty, in his report on these collections and others from the
vicinity of Christmas, Ariz., submitted to him at the same time and
to be discussed in a forthcoming paper, makes the following com-
ments:

The material from the Aravaipa district is exceptionally poor and unsatis-
factory, so that no reliable conclusions can be drawn from it. Furthermore,
it does not fit in well with the faunas from the Christmas district, as one
“would naturally expect. Lots 4202 and 4202-a were collected at about the
game locality, but the faunas are by no means identical. They are clearly
unlike any of the Pennsylvanian faunas from the Christmas district, nor do
they present any of the well-known aspects of the lower Mississippian faunas.
These two facts, if they imply that the faunas are neither lower Mississippian
nor Pennsylvanian, suggest that the horizon is upper Mississippian, and such
may actually be its age, though no upper Mississippian is as yet known in the
region. An upper Mississippian age is also suggested by the Lithostrotion
found in lot 4205, for this type of coral is very common in rocks-of upper
Mississippian age in both the East and the West, especially the East. In the
West, however, it seems to occur also in the Pennsylvanian, real refinement
in specific or even in generic distinctions not having been made in this group.

Thus the paleontologic evidence, while confirming the Carbon-
iferous age of the limestone, suggests the interesting possibility that
the upper Mississippian, hitherto unknown in this part of Arizona,
may be present in the Aravaipa district. '

Paleontologic data as to the presence of Pennsylvanian beds in
this formation are available to supplement the evidence of field re-
lations. Walcott 2 collected fossils in the upper part of the lime-
stone north of the “ upper coal field,” which are, according to G. H.
Girty,?* clearly of Pennsylvanian age. The list of fossils as de-
termined by Walcott follows:

Fusulina cylindrica.
Crinoid stems.
Zaphrentis.

Syringopora.

Productus semireticulatus.
Spirifera camerata.
Spirifera rockymontana.
Spiriferina cristata.
Retzia radialis.

Athyris subtilita.

Thus, on lithologic, stratigraphic, and paleontologic grounds and
on the evidence of field relations to previously known outcrops of
the formation, the thick series of limestone beds in the Aravaipa-
Stanley region may be confidently correlated with the Tornado lime-
stone. As already explained, in some places in the region a small
thickness of beds at the base of the limestone as mapped belongs to.
the Martin limestone.

28 Walcott, C. D., and Bannon, M., op. cit.,, p. 7.
% Personal communication.
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CRETACEQUS ROCKS

Definition and distribution.—The rocks lying stratigraphically
above the Tornado limestone are here termed simply the Cretaceous
rocks. Their age has been determined on fossil evidence, but the
available data do not seem to warrant assigning a formation name.
The sedimentary part of the assemblage may, as explained below, be
equivalent to the Pinkard formation of the Clifton-Morenci district.
This name might have been tentatively used were it not for the
large amount of volcanic rock present in the Cretaceous of the Ara-
vaipa-Stanley district. No volcanic rocks-are present in the Pinkard
formation in the Clifton-Morenci district, and the extension of the
formation name to include them is not warranted on present informa-
tion. On the other hand, the equivalence of part of the Cretaceous
rocks in the Aravaipa-Stanley region to the Pinkard formation is
sufficiently probable to make a new name seem inadvisable.’

The Cretaceous rocks form a band extending from the northwest
corner of the area mapped up Hawk Canyon to Garden Gulch, pass-
ing around the northeast side of Stanley Butte, and reaching the
ridge crests on the south side of Old Deer Creek. Another mass
forms the floor of the headwater basin of Deer Creek inside the line
of limestone hills.

Character—The Cretaceous rocks in this region are of two gen-
eral types—sedimentary and volcanic. ' The rocks of these two types
are so interbedded, both here and in the Christmas quadrangle, to
the west, that it was impracticable to separate them in mapping.
In a broad way, the lower strata are predominantly of sedimentary
origin and those above of volcanic origin. Lava is, however, found
near the base of the series, and sedimentary strata occur well up
among the volcanic beds.

The sedimentary beds consist of sandstone, shale, and conglom-
erate. The sandstone is hard and somewhat calcareous. It is dis-
tinctly though in places irregularly bedded. Weathered surfaces
are rather light yellow, but in some beds fresh fracture surfaces
are darker and in places almost black. Fragments of fossil wood
are plentiful in some sandstone beds. The shale is soft and easily
crumbled. It varies in color from greenish yellow to black accord-
ing to the amount of carbonaceous matter which it contains. In
places beds of coal are associated with the sandstone and shale. (See
pp. 114-117.) Conglomerate is not as abundant in the Aravaipa-
Stanley region as it is in the Christmas quadrangle, most of the sedi-
mentary beds being finer grained. Conglomerate containing pebbles
of white to yellow sandstone, 3 to 6 inches in greatest diameter, crops
out east of Stanley Butte. The pebbles were doubtless derived from
underlying Cretaceous sandstone, and the beds therefore indicate
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contemporaneous erosion during the deposition of the formation.
Elsewhere the conglomerate beds contain pebbles of the Paleozoic
limestone and quartzite, metamorphosed granitic rocks, quartz, and
other rocks derived from the underlying formations. These are espe-
cially prominent in the Christmas quadrangle, where thick beds, some
of them full of large cobbles, are found. The greater part of the sedi-
mentary rock is sandstone. Next in amount is the shale, which is
widely distributed in beds a few inches to a few feet thick. Con-
glomerate, especially in the Aravaipa-Stanley region, is a subordi-
nate part of the formation. In the basin northeast of Little Stanley
Butte above the Friend mine, there is reported to be red sandstone
contammg scattered flakes of native copper. The outcrop was
covered with recent wash and not visible at the time of visit.

The volcanic rocks are in part lava, in part pyroclastic rocks
of several kinds, the latter probably predominating. They are
colored various shades of purple, green, gray, and red. All the
colors are dull, and the outlines of crystal grains and included
fragments are hazy and indistinct, owing to Wldespread alteration
of the rocks after their deposition. Such alteration is rather com-
mon in volcanic rocks of this sort. The various strata differ some-
what in composition, but all are of intermediate types, and most of
them are andesites. Those examined microscopically contain soda-
lime plagioclase and chlorite, epidote, and other alteration products
of ferromagnesian minerals. A little unaltered biotite is present in
some specimens, and hornblende occurs in others.

The thickness of the Cretaceous beds is somewhat variable and
is difficult to measure accurately because of the numerous minor
structural disturbances of the strata. There are many small faults
whose cumulative effect on the apparent thickness in some places may
be large but can not be ascertained without detailed investiga-
tion. There are also minor crenulations or small folds which, as
Campbell 2 has suggested, may have a large effect on the apparent
thickness but one that is difficult to evaluate. The numerous dikes
probably also tend to increase the width of outcrop. On the north-
east side of Stanley Butte there is about 1,000 feet of Cretaceous
rock, of which one-third or more is sedimentary. On the north-
east side of Rawhide Mountain the width of the outcrop as mapped
indicates a thickness of about 1,400 feet, of which more than half
is of sedimentary origin, but there may be some duplication by
faulting. Campbell % estimates the thickness of sandstone and
shale below the volcanic beds on the north side of the basin of
Deer Creek as 400 to 500 feet and shows that the thickness varies

b Cami)bell, M. R., The Deer Creek coal field, Ariz.: U. S. Geol. Survey Bull. 225, p. 2486,

1904.
28 Campbell, M. R., op. cit,, p. 246.
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markedly in different localities. Walcott > gives a much greater
thickness for the formation, but, as Campbell has indicated, his esti-
mate is probably in error. Probably the average thickness of the
whole is of the order of 1,000 to 1,500 feet, of which 500 feet or
more is of sedimentary origin and the rest of volcanic origin. Most
of the sedimentary beds are in the lower part of the formation in
all exposures, but the amount of volcanic strata interbedded with
them varies. ,
Age—The age of the sedimentary beds is definitely established

as Upper Cretaceous by means of fossils collected from a calcareous
bed in Garden Gulch at Abe Reed’s ranch house. The bed is only
a few tens of feet above the base of the series. Similar fossils can
be found at the same horizon for a considerable distance on both
sides of the place where the collection was made but were not ob-
served elsewhere. The list of fossils as kindly determined by T. W.
Stanton, together with his comment, is given below:

Exogyra sp. related to E. laeviuscula Roemer. Identical with the Utah

form described by White under this name.

Trigonarca sp. related to and possibly identical with T. depressa (White).

Callista (Dosiniopsis?) n. sp.

Glauconia coalvillensis (Meek).

Turritella sp.
Undetermined gastropods belonging to one or two other genera.

These fossils belong to an Upper Cretaceous fauna of Colorado group age
found in the lower part of the Mancos shale in northwestern New Mexico and
southeastern Utah. Arizona collections representing about the same horizon
have been received from the vicinity of Morenci, from Cottonwood Creek
above White River Agency, from a locality 2 miles south of Showlow, and
from a coal field south of Holbrook.

The sedimentary rocks wherever observed are so similar that they
can all be assigned to the same age with little hesitancy, and they are
so intimately interbedded with the volcanic strata that the latter
must be also essentially of the same age. This fact is even more
convincingly shown in the Christmas quadrangle than it is in the
Aravaipa-Stanley region.

Fossil wood was found south of Copper Reef Mountain and on the
north side of the headwater basin of Deer Creek. All the specimens
observed are broken pieces, mostly square-ended, from a few inches
to about 3 feet in length. Some of the trunks are more than a foot
in diameter. Some are embedded in the rock; others lie loose on the
surface. Probably all the fossil wood observed is driftwood that
- was buried in the rocks and later silicified by circulating solutions,
which removed the woody matter and deposited silica in its place.
The original woody structure is well preserved and, according to

77 Walcott, C. D., and Bannon, M,, op. cit, p. 7.
106914—25——3
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F. H. Knowlton, shows beyond guestion that the trees were dicotyle-
dons. He states that wood of this type is rare in strata as old as
Upper Cretaceous, most of the wood preserved in such rocks being
coniferous. He considers that the presence of such wood precludes
the possibility that the beds containing it are older than Upper
Cretaceous. Specimens of the fossil wood have been examined by
1. W. Bailey, of the Bussey Institution for Research in Applied
Biology. He named the species Paraphyllanthozylon arizonense and
describes it in an as yet unpubhshed manuscript.

The lower part of this series of sedimentary and volcanic rocks is
thus equivalent in age to part of the Colorado group, in the lower
part of the Upper Cretaceous. As no fossils have been found in the
upper beds, it is impossible to determine the length of time occupied
by the deposition of the series. The upper beds, principally of
volcanic origin, are obviously younger than the beds that have yielded
fossils, but the time occupied in piling up a thickness of 1,000 feet
of such rocks as these is not necessarily great measured in terms of
geologic chronology, and the whole may be safely referred to the
Upper Cretaceous. This conclusion is in accord with the opinions
expressed by Walcott 28 and Campbell,* both of whom found poorly
preserved plant remains that were doubtfully referred to the Cre-
taceous. Campbell also collected imperfect specimens of Ostrea and
Exogyra, and the latter, according to Stanton, indicates that ‘the
formation is of Cretaceous age.

The part of the Cretaceous rocks of the Stanley-Aravaipa reglon
which is of sedimentary origin bears some resemblance to the Pinkard
formation of the Clifton-Morenci district, over 50 miles to the north-
east, described by Lindgren® This formation consists of several
hundred feet of sandstone and shale containing fossils some of which,
according to Stanton, belong to the Colorado group fauna and are
known elsewhere only in the upper part of the Benton formation
and its equivalents, thus indicating a close similarity in age between
these beds and those in the Aravaipa-Stanley region. Lindgren
states that the formation consists of black shale in the lower part
with alternating shale and yellowish-gray sandstone, in places cal-
careous, in the upper part. He found no volcanic strata associated
with these beds. In view of the great distance of the Aravaipa-
Stanley region from known outcrops of the Pinkard formation, the
large amount of volcanic material in the beds of this region, and
other lithologic differences, it seems best not to refer these beds defi-
nitely to the Pinkard formation at this time.

2 Walcott, C. D., and Bannon, M., op. cit, p. 7. 3

2 Campbell, M. R., The Deer Creek coal field, Ariz.: U. 8. Geol. Surey Bull. 225, p.
245, 1904.

8 Lindgren, Waldemar, The copper deposits of the Clifton-Morenci district, Ariz.: U. 8.
Geol. Survey Prof. Paper 43, pp. 73~74, 1905,
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MIOCENE( ?) STRATA

Definition and distribution—The comparatively unmetamor-
phosed beds above the Cretaceous strata and below the Gila con-
glomerate will be described under the name Miocene ( ?) strata. The
largest mass of such rock mapped extends from a point near the
northwest corner of the area through Rawhide Mountain and Stin-
ley Butte to Old Deer Creek and connects southeast of Rawhide
Mountain with a mass that swings around the upper end of Deer
Creek and reaches northward into the Galiuro Mountains, just off the
area shown on Plate I. As seen from a distance, these mountains ap-
pear to be built up largely of Tertiary lava. Similar rock forms the
backbone of the hills west of the valley containing the Dowdle
ranches. Remnants of it still remain visible on the east side of Ari-
vaipa Valley. Small patches of it were noted in the fault complex in
the general vicinity of Arivaipa. Only one of these is shown on the
map, and the size of this is exaggerated somewhat to make it visible.

Character—The Miocene (?) beds are composed predominantly of
lava and tuff, but in a number of places sedimentary strata are inter-
bedded with the volcanic rocks. :

Rhyolite is one of the most widespread types of Tertiary lava in-
this region, but less silicic flows make up a large part of the whole
in most places. These include rhyolite, quartz latite, latite, and
latitic and rhyolitic flow breccia. Obsidian, rhyolitic tuff, and
tuffaceous conglomerate are also found. These rocks are of various
colors. Many are of different shades of purple and heliotrope. Some
are wine-pink, resembling somewhat the intrusive rhyolite associated
with the batholith that forms a large part of the Turnbull and Santa
Teresa mountains. Some beds are nearly white, and others are
yellow, buff, salmon-pink, and gray. All the lavas are fine grained,
and many have a glassy or cryptocrystalline groundmass. Most
of them are porphyritic, but in many the phenocrysts are incon-
spicuous. Some of the glassy rocks are markedly spherulitic. In
general, the rocks are composed essentially of quartz, orthoclase, sodic
plagioclase, and biotite in various proportions. Many contain finely
divided iron oxides. They are fairly fresh for the most part, but in
some the feldspar is clouded with alteration products. Views of the
Miocene (?) beds are given in Plate VIIL

The sedimentary rocks associated with the lavas are apparently
of alluvial origin and are derived in part from the lavas and in
part from the older rocks. Some are conglomerates composed of
rather poorly sorted subangular to angular pebbles. Others are
coarse, highly cross-bedded sandstones. Although not as hard or as
much altered as the Paleozoic sedimentary strata, they are firm,
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well-consolidated rocks that stand up in prominent outcrops, as can
be seen by a glance at Plate VIII.

Age—~—The Miocene (?) rocks in and near Rawhide Mountain and
Stanley Butte lie nearly parallel to the underlying Cretaceous strata,
but there is a marked difference in degree of metamorphism of the
two formations, and in places there appears to be an angular dis-
cordance. The Gila conglomerate, which is the next succeeding

_formation and is believed to be of upper Pliocene age, is separated
from the Miocene (?) strata by an angular unconformity. Faulting
took place after the eruption of the lava ai.d before the deposition of
the Gila formation. Such structural disturbances, however, do not
mecessarily occupy a long period of geologic time, and, especmlly as

“the tuff in the formation shows that volcanism was active during the
deposition of the Gila, it may be that the time interval represented
by the unconformity was short. Perhaps it is equivalent to the part
‘of the Pliocene epoch preceding the deposmon of the Gila formation.
The age of similar volcanic formations as determined by various
authors in numerous localities in the Southwest ranges all the way
from Eocene to Pleistocene, but a large part of the lava in localities

* where the period in which the volcanism took place was determined

"is ¢onsidered to be Miocene. In the absence of fossils it is impossible
to fix the age of these Tertiary strata in the Aravaipa-Stanley region
‘with; -assurance, but consideration of the several lines of evidence
leads to the opinion that the ma]or part of the volcanism took place
in ‘the Miocene epoch.

GILA CONGLOMERATE

‘The Gila conglomerate, originally described by Gilbert,** is a thick
deposn; of fairly well consolidated alluvial material in valleys in
southern Arizona. Deposits which it is believed should be correlated
with this formation underlie a large part of the Aravaipa-Stanley
region. They extend in a broad belt southward from a point below

4,'L1ttle Stanley Butte to and beyond the southern limit of the area
,mapped and also crop out in the northern part of the region on the
upper slopes of the valley of Gila River.
. A large part of the formation as exposed in this region is con-
glomerate of various grades of coarseness. In most beds the pebbles
are subangular and poorly assorted. All the older formations are
represented among the pebbles in different parts of the region. In
,'some beds the pebbles have probably been transported a considerable
_distance from the outcrops whence they came, but in many the peb-
bles are obviously derived from near-by hard-rock formations. The

" &l Gilbert, G. K., U. 8. Geog. and_Geol. Surveys W. 100th Mer. Rept., vol. 3, pp. 540-541,
1875. .
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conglomerate beds are sufficiently indurated to stand up in steep
slopes and bluffs, but they are by no means hard rocks. (See-PBl
VI, B.) Firmly cemented, generally coarse sand is interbedded with
the conglomerate in many places. In the Arivaipa box canyon,the
greater portion of the formation is tuff and tuffaceous conglomerate,
which has been sorted more or less by the action of water. (See Pl
VI, A.) The tuff is composed of fragments of glass, quartz, feldspa,r,
blotlte, and various alteration products.

The Gila formation rests in angular unconformity on the Mio-
cene(?) strata just described and is in turn unconformably overlain
by unconsolidated alluvium. No fossils have been found either im
the Gila formation or in the rocks above or below it in this region,
so that from the local evidence its age can only be surmised. .Al-
though a gap in geologic mapping still exists between the formation
“here termed Gila and the corresponding depos1t in the Winkelman,
Christmas, and Ray quadrangles, enough is known regarding the
intervening country to warrant the belief that the correlation ,,w111
eventually be established by actual mapping.. Bryan?® has found
that the beds in the San Pedro Valley, in the Winkelman quadrangle,
from which he and Gidley collected numerous fossils are, in his
opinion, equivalent to the Gila conglomerate of the Ray and Christ-
mas quadrangles, and Gidley ** has shown that the fossils from two
localities are of Pliocene age and probably belong to a late stage of
the Pliocene. On the basis of this determination, which is in ac-
cord with the field evidence in the Aravaipa-Stanley region, the Gila
conglomerate in this report is considered Pliocene, at least in part.

QUATERNARY ALLUVIUM

All the unconsolidated or slightly consolidated alluvial material
in the region is termed Quaternary alluvium. This includes the
~ deposits in the present stream channels, the flood-plain deposits
along the larger streams, such as those in Arivaipa Valley and Hawk
Canyon, and the detritus on the terrace tops and mountain pedi-
ments. Representatives of the Quaternary alluvium are thus dis-
tributed generally over the region. Innearly all the areas mapped on
Plate I as underlain by Gila conglomerate there are also deposits of
later alluvium. On partsof the pedimentscut onrock older than the
Gila there is a more or less continuous cover of detritus,in most places
scarcely more than one pebble or boulder thick. The stream chan-
nels contain shifting deposits of gravel and sand. Because of the
shifting character of the deposits, the thinness of some, and the

% Bryan, Kirk, and Smith, G. B. P., Geology and water resources of the San Pedro
Valley, Ariz.: U. 8. Geol. Survey Watel Supply Paper— (in preparation).
33 Gidley, J. W., Preliminary report on fossil vertebrates of the San Pedro Valley,

Ariz.: U. 8. Geol. Survey Prof. Paper 131, pp. 120-121, 1922,
L
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small areal extent of many, no attempt was made to differentiate
them in mapping. It would be qulte 1mpractlcab1e to show many
of them on a map such as Plate I, which is intended primarily to
indicate the distribution of the bedrock formations. The most ex-
tensive and also the thickest deposits of Quaternary alluvium rest on
the Gila conglomerate, and in places they can scarcely be dis-
tinguished from disintegration products of that rock.

The alluvial material ranges from coarse fan conglomerate con-
taining large boulders in the mountains to fine silt in parts of the
flood plains. Some of it is composed of angular blocks of diverse
sizes derived from near-by outcrops, and some is composed of sorted
and rounded grains which have in the course of many years been
carried far from their sources in the swift torrents that fill the
streamways in prompt response to rainfall. It is the rather hetero-
geneous, irregularly bedded material characteristic of the more re-*
cent deposits in southern Arizona. The thickness of the deposits is
variable. In few places does it much exceed 20 feet, and in many it
is only a few inches, but in parts of the valley of Arivaipa Creek it is
probably a few score feet. There are wells in the valley as much as
40 feet deep which are probably all in unconsolidated alluvium.

The alluvial deposits just described are all younger than the
- (ila conglomerate, which can hardly be older than Pliocene, and
some of them are in process of formation at present. Thus some
may be as old as Pleistocene and some are Recent, but all have been
deposited in the Quaternary period. The stages in the formation of
the Quaternary alluvium are discussed in the section on physi-
ography (pp. 54-57).

INTRUSIVE ROCKS -

GRANITE OF THE MAIN BATHOLITH

The. main granite .batholith of the Aravaipa-Stanley region is
that which forms the major part of the Santa Teresa and Turnbull
mountains and floors the valley between these ranges. The total area
is not known, as its eastern border has not been mapped, but it is
evidently over 50 square miles. It extends in a direction a little
west of north for nearly 20 miles from the southern border of the
Santa Teresa Mountains. The width is probably everywhere less
than half the length. A small outlier composed of similar rock crops
out on the northeast flank of Quartzite Mountain. Two masses of red
granitic rock that are probably genetically related to the main
batholith are described separately below. The masses of rhyolite
on the west side of the batholith are also genetically related to it.
Granitic dikes, in some of which the rock is indistinguishable from

®



INTRUSIVE ROCKS ' 33

that of the main batholith, cut the rhyolite and other rocks near it,
but these are all so small that they have not been mapped.

The granite is everywhere rather coarse grained and in nearly all
exposures is porphyritic. Feldspar phenocrysts over an inch long
are common in some outcrops. Most of the rock is flesh colored, but
in some outcrops, especially near the head of Black Rock Wash, the
rock is dark greenish gray mottled with white and pink feldspars
. some of which are large.

The essential minerals of the rock are quartz, albite, ohgo-

clase, microperthite, microcline, micropegmatite, and biotite. A
little hornblende is present in some of the specimens, and small
grains of black iron ore and titanite were also noted in a few thin
sections. Most of the feldspars are somewhat clouded with altera-
tion products, and the biotite shows incipient alteration to chlorite.
Secondary epidote was noted in places. The iron ore in some sec-
tions has partly altered to leucoxene, showing that it contains
titanium. The texture of the groundmass is in general allotriomor-
phic, but the feldspars in some specimens exhibit approximations to
crystal form. The proportions of the several feldspars listed above
vary in different specimens. Micropegmatite was noted in only a
few and is not characteristic of the main mass of the batholith.
Microperthite is abundant in all the specimens studied, and micro-
cline is present in most of them. As a rule the other feldspars are
subordinate. Quartz is plentiful in all specimens. The only ferro-
magnesian. mineral present in any considerable amount is biotite,
and even this is not abundant. Some of the biotite flakes have
crystal form, but many are ragged. The rock is thus a granite,
but the relative abundance of the albite molecule in the feldspars
indicates that the sodium content is higher than in normal granite.
In places near the head of Black Rock Wash the rock is less silicic
than the average and approaches a quartz monzonite in composition.
A characteristic exposure is shown in Plate IX, B.
. The batholith is intrusive into strata of Colorado age near the
head of Old Deer Creek and is therefore younger than these rocks.
Beds of older Tertiary flow breccia rest on the rhyolite associated
with the granite a short distance northwest of the Grand Reef mine
in what appears to be depositional contact, and the Gila conglom-
erate has clearly been laid down on the eroded surface of the rhyolite
along a line 10 miles long on the west side of the batholith. Hence
the intrusion can not have taken place before the last of the Cre-
taceous period and must have happened sufficiently long before the
time of Tertiary volcanism to allow the intrusive mass to be deeply
eroded. It probably occurred early in Tertlary time, perhaps in
the Eocene.
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QUARTZ MONZONITE

Microscopic examination of a typical specimen of the granitic rock
on the plain south of the Santa Teresa Mountains shows that it is a
quartz monzonite, and the mass is therefore so denominated. The
pediment that extends from the mountains south to the Safford road
1s floored with this rock. About 10 square miles has been mapped,
and-it extends eastward an undetermined distance.

The quartz monzonite is a dark wine-colored rock dotted with nu-
merous rounded lead-gray quartz grains. It is medium to coarse
grained and has abundant feldspar phenocrysts, some of them 114
inches long.

The essential minerals of the rock are quartz, oligoclase, ortho-
clase, biotite, and perhaps microperthite. Small flakes of hematite
are scattered throughout, and a little apatite is present. Most of the
feldspar is clouded with alteration products. Quartz is very abun-
dant, both in rounded phenocrysts, some of which show strain shad-
ows, and in small grains inclosed in the feldspar. Most of the feld-
spar has roughly rectangular outlines. Oligoclase is more abundant
than orthoclase. Some of the feldspar seems to be microperthite, but
it is so altered as to make identification uncertain. The biotite is in
irregular green, pleochroic flakes and is not abundant. From these
data it is evident that the rock is a quartz monzonite.

The field relations of the quartz monzonite do not furnish evidence
by which its age can be closely fixed. It is evidently younger than
the pre-Cambrian rocks in the vicinity and older than the Tertiary
beds, but there is a tremendous interval between the dates of forma-
tion of these two. Its petrologic character differs somewhat from
that of the granite of the main batholith, yet there are several points
of similarity. The extent and character of alteration in the monzo-
nite are similar to those in the granite. The two rocks are so similar
that they may well be related to each other and have been intruded
during the same period of igneous activity. The quartz monzonite
may therefore be tentatively considered, like the granite, of early
Tertiary age, but proof of this inference is lacking.

'
WINE-PINK GRANITE

The granite of Squaw Creek and its vicinity is here called the
“wine-pink granite,” because its color corresponds to that desig-
nated “vinaceous pink” in Ridgway’s “Color standards.” This
designation is considered sufficient to differentiate it from the gran-
ite of the main batholith, which it resembles petrographically. This
granite is exposed north of Copper Reef and Quartzite mountains.
Only about 2 square miles of it is shown on the map (Pl I), but
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outcrops of it can be found in the bottoms of gulches cut in the Gila
conglomerate over a larger area. If these exposures are taken into
account, the granite covers fully 5 square miles south of the Indian
reservation boundary and extends an unknown distance north of
the boundary.

The general tone of a fresh surface of this rock is wine-pink mot-
tled with small sage-green areas. Closer inspection reveals numer-
ous light lavender-gray spots. It has a medium to coarse granitic
texture, with some tendency to the development of feldspar pheno-
crysts. The essential minerals are quartz, orthoclase, andesine,
microperthite, and biotite. The rock is fairly fresh, but the feld-
spars are clouded with alteration, and the biotite is somewhat chlo-
ritized. Quartz is very abundant in large rounded grains, most of
which show strain shadows. It also forms intergrowths with alkali
feldspar that resemble micropegmatite. Andesine is much less
abundant than the more alkalic feldspars. Biotite is more abun-
dant than in the typical granite of the main batholith but is de-
cidedly subordinate in amount to the quartz and feldspar. The
rock is clearly a granite, probably with a fairly high sodium content.

This granite cuts the pre-Cambrian rocks near it and probably the
Cambrian quartzite also and is cut by dikes resembling the rock of
the main granite batholith. Consequently it was produced before
the end of the period of intrusion in which the main batholith was
formed and is probably post-Cambrian. The petrologic characters
of the two granites differ sufficiently to be recognized in the field,
yet they are so similar as to suggest that the granites may be closely
related to each other. In the absence of more definite evidence the
wine-pink granite may be tentatively regarded as slightly older than
the granite of the main batholith but as formed in the same general
period of intrusion and therefore also of early Tertiary age.

INTRUSIVE RHYOLITE

The rock of rhyolitic composition that rims the main granite
batholith on the west side is termed intrusive rhyolite to distinguish
it from Tertiary lava of somewhat similar composition. Such rock
borders the main batholith along its west side but is either absent or
shows only as a comparatively narrow and ill-defined band where
the batholith cuts pre-Cambrian metamorphic rocks. The only place
where the rhyolite has been mapped in contact with metamorphic
rock is east of Crystal Peak, in the northern part of the Turnbull
Mountains. Most of the rock mapped as rhyolite at this locality is
coarser grained than the average rhyolite and merges so gradually
into granite that the boundary drawn between the two is of necessity
arbitrary. In the vicinity of Arivaipa the area mapped as intrusive

106914—25——4

0



36 ARAVATPA AND STANLEY MINING DISTRICTS, ARIZ.

rhyolite contains also numerous dikes probably related to the Ter-
tiary lava. The rocks are so much altered by mineralization and
weathering as to make discrimination between these two similar types
of igneous rock difficult. In places there may also be patches of
Tertiary lava not differentiated in mapping.

The intrusive rhyolite is characterized in most exposures by a
grayish heliotrope color. The groundmass of the rock is in general
fine grained and in some exposures shows flow banding. The rock
is everywhere porphyritic and in most exposures is dotted with
numerous small rectangular phenocrysts of white feldspar and less
conspicuous rounded gray phenocrysts of quartz. Small biotite
spangles are also visible in some specimens. Gradations between
this typical texture and that of the granite already described are
found in a number of places.

The essential minerals are quartz, orthoclase, albite, oligoclase,
micropegmatite, microcline, and biotite. Finely divided hematite and
grains of black iron ore are also present. The feldspar is clouded
with alteration products, and small amounts of chlorite are present
in some specimens. In some thin sections there are large corroded
quartz phenocrysts, many of which are surrounded with quartz re-
action rims; in others the quartz is less prominent, but in all it is
fairly abundant. Peculiar rosettes of quartz are present in a number
of specimens. The proportions of the feldspars vary, and the
alteration in them is sufficient to make precise identification difficult,
but they are all alkalic. Apparently none are more calcic than
oligoclase. Biotite is rather generally distributed but everywhere
in small amounts. Many specimens contain so little that it can
be discerned only at high magnifications. It is the only original
ferromagnesian mineral present. All gradations in texture from
that of a very fine grained porphyritic felsite to that of granite can
be found. In most specimens the minerals of the groundmass are
without crystal form and the grain is fine, but most of the pheno-
crysts, except the corroded quartz, exhibit approximations to crystal
outlines. These data show clearly that the rock is in general similar
in composition to the granite of the main batholith. The average
composition and texture correspond to those of a rhyolite rather rich
in sodium, but in some places sufficient soda-lime feldspar is present
to make the rock a quartz latite.

The fact that in places the intrusive rhyolite and the granite
grade into each other and that everywhere they are intimately asso-
ciated shows that they are genetically related. The similarity in
composition of the two rocks is corroborative evidence. The
interpretation of the mode of origin and structural relations pre-
sented in the section on structure (pp. 41-42) indicates that the main
bodies of rhyolite are slightly older than the granite, but they both
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belong to the same period of intrusion and are of essentially the same
geologic age—that is, probably early Tertiary.

GRANITIC DIKES

The dikes composed of rock essentially similar to that of the
main batholith are termed granitic dikes. Such dikes are abundant
in the intrusive rhyolite from the vicinity of the Grand Reef mine
north to Imperial Hill. Some of them occur on and near Cobre
Grande Mountain. Similar dikes cut the wine-pink granite near
the northwest end of the Turnbull Mountains.

These dikes range from a few feet to over 20 feet in width and
can be traced in places for several hundred feet on the surface.
Irregular granitic intrusions were noted on Cobre Grande Mountain.
There is some tendency to diminution in the coarseness of texture
near the contacts, but in many dikes this is not a marked feature.
The rock is of the same color and general appearance as that of
the main batholith and of variable texture. Nearly all of it is notice-
ably porphyritic, and some contains numerous large phenocrysts.

The essential minerals of the dikes, as of the main granite mass,
are quartz, microperthite, micropegmatite, albite, oligoclase, micro-
cline, and biotite, and the accessory minerals and alteration products
are also like those in the rock of the batholith. In outcrops on
Cobre Grande Mountain the rock contains more micropegmatite than
was noted in the. granite of the main mass, but this is not character-
istic of most of the dikes.

These dikes are offshoots of the main gramte mass. Both the
field relations and the close similarity in the character of the rocks
show the close genetic relations between them. Therefore the dikes,
like the parent batholith, are regarded as of early Tertiary age.

FELSITE

The fine-grained porphyritic dike rocks of silicic composition may
be included under the term felsite. Dikes of such rocks cutting the’
pre-Cambrian metamorphic rocks and strata of Paleozoic and Cre-
taceous age are numerous in and near the northern part of the Turn-
bull Mountams and on the southwest side of Cobre Grande Moun-
tain. Dikes of this kind cut Paleozoic beds in the vicinity-of Ari-
vaipa. Similar rocks, though mostly somewhat coarser grained, cut
the granite east of Imperial Hill. Such dikes were also noted on the
northeast flank of Cobre Grande Mountain. In general they crop
out around the outer edges of the batholith and cut Cretaceous and
older rocks. }

Fine-grained dikes of aplitic composition were found in the
vicinity of the Fisher prospect, in the southern part of the Turnbull
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Mountains. None of the dikes are large enough to be shown on the
map.

The rock of most of the dikes has a fine-grained groundmass
crowded with small phenocrysts of quartz and feldspar. Many have
a gray-heliotrope color closely resembling that of the intrusive rhyo-
lite described above, but some are nearly white, apparently as a result
of bleaching during alteration. They all contain abundant quartz
in corroded phenocrysts, irregular grains, and some rosettes. Some
of the phenocrysts are rimmed with later quartz. The feldspars are
microcline and soda plagioclase; most of the plagioclase is near
albite in composition. Micropegmatite is abundant in the aplite near
the Fisher prospect (see p. 103) and in similar but coarser rocks
east of Imperial Hill. Biotite is present in small amount in most
of the dikes, but in many it is bleached and inconspicuous. Some
of the micropegmatite-bearing dikes near Imperial Hill contain a
Iittle hornblende. Some of the rocks in the northern and western
parts of the Turnbull Mountains contain muscovite. In general the
rocks are fairly fresh, but most of them contain some chlorite or other
alteration products. Near the Starlight mine is a mass of chloritized
and otherwise intensely altered rock, originally a felsite. (See p.
114.) Most of the felsitic dikes have the composition of rhyolite with
:a rather high soda content. Some of them are sufficiently rich in
soda plagioclase to be considered quartz latites.

Most of the rocks of this group are petrographically similar to the
intrusive rhyolite, and many of them may be offshoots of the rhyohte
and are probably therefore, like it, of early Tertiary age. It is pos-
sible that some of the dikes included in this group, particularly those
characterized by muscovite, are related to the Tertiary lavas and are
thus younger than the intrusive rhyolite. At one place on Stanley
Butte a felsite dike of appearance similar to those just described cuts
Tertiary lava.

TRAP

The fine-grained porphyritic dikes and irregular intrusions, prin-
cipally of intermediate composition, which are common in parts of
the region, may be grouped under the name trap. Such rocks are
present in a number of places in the northern part of the region,
cutting ‘the Tertiary lavas and older formations. They are common
in the vicinity of Arivaipa, where they cut Paleozoic beds and where
some of them are of considerable size. Rocks of this group were
noted in the area southwest of Cobre Grande Mountain. Dikes in
Tertiary and older rocks crop out on the southwest side of the Santa
Teresa Mountains. Trap rocks are probably also exposed in other
parts of the region. None of these rocks have been shown on Plate I.
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The rocks included in this group are all fine grained. Most. of
them are porphyritic, but many have few visible phenocrysts. In the
vicinity of Arivaipa, however, are a number of dikes that contaim
numerous plates of white feldspar, many of which are over three-
quarters of an inch long. Some of the rocks of the group contain
cavities lined with green crystals of epidote. All the rocks are dark
colored. ,

The rocks of thls group that have been examined petlographically
have the comp031t10n of andesite and basalt. The feldspar in dif-
ferent specimens ranges from oligoclase to labradorite. . Altered
olivine was found in a basalt from the vicinity of Alivalpa "The
ferromagnesian minerals have been so generally altered that posi-
tive identifications could not be made, but it is probable that some of
the rocks originally contained hornblende and .others augite. . The
feldspars, most of which are lath-shaped, are clouded with hematlte
dust but have not on the average been much altered.

In spite of a considerable range in composmon, most. of the rocks
here grouped together are closely related in mode of origin and age.
Some of them cut Textlfuy strata east of Klondyke and also in-the
northern part of the region, and some north of Arivaipa cut fe151te.
It is believed that most of the dikes are genetically related to the
Tertiary lava and therefore of essentially the same age. In average
composition the dikes are more calcic than most of the flows, but
lava fully as calcic and of the same age is present in the north-
western part of the region and is abundant in places in the Christ-
mas quadrangle, to the west. Some of these dikes may be genetically
related to the Cretaceous volcanic rocks. The composition is sumlar
but there is less alteration in the intrusive rocks.

STRUCTURE

The stratified rocks of this region are tilted, fractured, and bent
in various ways, showing that they have been sub]ected to powerful
forces since their deposition. In general, the forces that have acted
here are not complex nor difficult to understand. E10s1on and the
covering up of some formations by later ones have removed or ¢on-
cealed some of the evidence, but enough is known to determine the
major features of the structure, and many more details could be
learned by longer and more thorough examination than it was pos-
sible to make during the present investigation.

PRE-CAMBRIAN FOLDING

The pre-Cambrian record is scanty and throws little - hght on
the structure then produced. Igneous activity occurred on' a large
scale, and the rocks were subjected to powerful and long-continted
compressive stresses, more so than any of the later ;fornntlons, and-in
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consequence suffered notable textural and chemical changes. The
compressive forces doubtless also bent the stratified rocks into close
folds. In the small areas of sedimentary pre-Cambrian rock ex-
posed the original bedding planes are now greatly obscured. In
intrusive rocks, such as make up a large part of the pre-Cambrian
complex, there are no bedding planes, so that the effects of struc-
tural forces on them are less easily discerned. "The ancient rocks
have of course been affected by all the geologic forces that have been
at work in their vicinity since their formation, and it is difficult to
determine to what extent their present attitude is due to pre-Cam-
brian folding rather than to later earth movements. The general
accord in strike of the schistosity in widely separated areas suggests,
however, that in a broad way the attitude of the pre-Cambrian rocks
has not been greatly modified by later movements. Faulting has
doubtless lifted some blocks and depressed others relatively, but
there has been comparatively little twisting or folding of the highly
compressed ancient rocks since the dawn of the Paleozoic era.

The metamorphism of the rocks bears striking evidence to the
action of mountain-building forces in pre-Cambrian time. These
forces acted in a general northwest-southeast direction—the direc-
tion taken by mountain-building forces of similar age elsewhere in
this part of Arizona.** The average strike of the schistosity pro-
duced in the rocks by the compression is about N. 40° E.

The pre-Cambrian intrusive rocks differ somewhat among them-
selves in character and in degree of metamorphism. They may well
have been intruded at different times, and there was perhaps more
than one period of structural disturbance in the pre-Cambrian. In--
deed, it is highly probable that during that long time there were
many geologic events of which the evidence is no longer legible.

LATER PERIODS OF EARTH MOVEMENT

There is no evidence of sharp structural disturbance in this region
from the end of pre-Cambrian time nearly to the end of the Meso-
zoic. During these hundreds of millions of years there were oscil-
lations of level of the land and perhaps broad-scale warpings of
the strata, but apparently no folding, faulting, or intrusion of large
igneous masses.

After the deposition of the Cretaceous strata came earth move-
ments, followed or accompanied by batholithic intrusion. The gen-
eral arrangement of the rocks as they exist to-day was in large
measure produced.at this time, but disturbances resulting in further
changes in the attitude of the rocks have continued intermittently up

¥
s Ransome, F. L., The copper deposits of Ray and Miami, Ariz.: U..S. Geol. Survey
Prof. Paper 115, p. 85, 1919,
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.to geologically recent time. Obviously forces that affected rocks of
a certain age must have been active at a time later than that in which
the rocks were originally formed. For this reason it is evident that
the earth movements continued at least into Pliocene time and prob-
ably later, as is more fully stated below.

IGNEOUS INTRUSIONS

The only intrusion after pre-Cambrian time on a sufficiently large
scale to be of structural importance was that of the granitic masses
from which the largest parts of the present Turnbull and Santa
Teresa mountains and the smaller similar masses near by have been
carved. The granite magma that formed the main body surged up
from great depths within the earth, in part tearing through the pre-
existing rocks, in part shoving them aside and bowing them up. The
roots of the mass probably lie buried far below any depths to which
erosion is likely to reach. Its sides, in general, are evidently steep,
but they are irregular, and tongues of granite or related rock reach
out from them into the inclosing formations. Such an intrusive mass
is called a batholith. Over an area of many square miles the cover
has been stripped from it and a considerable part of the granite itself
has been removed by erosion. The thickness of the fine-grained outer
layer of the intrusive mass which still remains in places indicates
that the magma was rapidly chilled. This conclusion, coupled with
the fact that the granite reached well up into the Cretaceous strata,
suggests that at the point where the intrusion spent its force and
stopped the blanket of older rocks above it was not very thick. There
are no quantitative data available by which the thickness of this
blanket can be measured, but it is perhaps to be regarded as of the
order of hundreds rather than of many thousands of feet. Both the
upper surface of the intrusive mass and the surface of the ground
above it were irregular, so that the amount of cover must have dif-
fered greatly at different places. This variation is reflected in the
variations in the thickness of the fine-grained coating of the bath-
olith—the rock here described as intrusive rhyolite.

The similarity in composition and the intimacy of the relations of
the intrusive rhyolite and the granite leave no doubt that they came
from the same parent magma and were formed during the same
period of intrusion. The main rhyolitic masses are interpreted as
portions of the magma that were injected into the comparatively cool
older rocks and rapidly chilled. In so doing they of necessity
heated the rocks into which they had forced their way. Partly be-
cause of this rise in temperature in the surrounding rocks and partly
because of the effective insulation provided by the consolidated but
still hot rhyolite, the magma following closely behind the leading
masses was enabled to cool more slowly and thus crystallized with
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a coarser, granitic texture. The process was not a simple one..
Conditions of temperature, pressure, and composition of the magma
changed from place to place and from time to time during the course
of the intrusion, and the .products bear evidence to these changes.
In some places rhyolite grades into granite with no perceptible
break. Elsewhere there is a sharp boundary between the two. In
Laurel Canyon just above the Grand Reef mine the contact between
fine and coarse grained rock is sharp, and the latter is clearly intru-
sive into and includes blocks of the former. Evidently at this place
the first of the magma to be injected cooled into a firm fine-grained
rock before a later incursion of magma took place. In numerous
localities dikes of granite cut the rhyolite. The magma that formed
them did not chill into fine-grained masses, like the similar magma
from which the rhyolite was derived, because the rhyolite was still
hot. Thus it appears that the rhyolite and the granite were formed
in the same period of intrusion and consolidated from magma of
similar composition. The variations in texture are principally re-
sults of variations in the physical conditions affecting the different
masses of magma at the time they consolidated.

The smaller masses of wine-pink granite and quartz monzonite
were intruded in a manner similar to that of the main batholith.
They may have come from the same magmatic reservoir and may
still be connected at depth with the main batholith.

FLEXURES

The stratified rocks in general dip away from the granite all
along its western front. The mass of Tornado limestone composing
Lime Hill is an exception to this rule, and there are probably others.
On the southeast the thick mass of Paleozoic strata forming the
summits of the east end of the Santa Teresa Mountains appears
to dip gently southward away from the batholith. The east and
north sides have not been mapped geologically. This attitude of
the strata may in part be attributed to the upward thrust of
the granite during inhtrusion, but, as rocks younger than the granite
are involved, part of it is clearly later, resulting from a subsequent
relative uplift of the mountain masses. Whatever the cause or
the date of the flexure, the result is an arrangement of the forma-
tions on the west side of the Turnbull Mountains in parallel bands,
the oldest on the east, as can be seen from the geologic map and
structure sections A-4’ and B-B’, Plate I. The dip is westward
and is in general steeper in the older formations and at higher
altitudes. The strike is generally northwest but swings somewhat
more toward the west in the northern part of the region mapped.
This swing is even more pronounced in the continuation of the
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same formations in the Christmas quadrangle,®® to the west. There
are numerous exceptions to the general arrangement outlined above,
but they are principally the result of faulting and will be con-
sidered in the next section. Some tendency to a similar arrange-
ment of the formations can be discerned west of the Santa Teresa
Mountains and the south end of the Turnbull Mountains, but here
the Paleozoic strata-are less conspicuous and continuous partly be-
cause of faulting and partly because of the extensive cover of later
. Gila conglomerate. Similar forces were nevertheless active here
also, at least in the later stages, for even the Gila conglomerate
dips away from the mountains, as shown in structure sections C-C’
and D-D’, Plate I. The Paleozoic beds and perhaps also the later
formations doubtless originally arched over the mountains, but
they have now been almost completely removed by erosion except
on the borders of the ranges.

In the northeastern part of the region mapped there are other
flexures which may be related in time of origin to the one just de-
scribed. Structure section‘4-4’, Plate I, shows one interpretation of'
the conditions in this area. Such sections are of necessity somewhat
diagrammatic, and the actual structure may be somewhat more
complicated than that indicated in the drawing. Rawhide Mountain
1s a syncline whose east flank is a part of the structure described in
the preceding paragraph. The west flank is the shorter and steeper
side of the synclinal trough. Just west of this downwarp of the
strata there may once have existed an anticline, but this has been
broken by faults. Around the head of Deer Creek the Cretaceous
strata dip gently valleyward, forming a syncline. The combination
of folding and faulting about this basin has resulted in a peculiar
distribution of the rocks. The gently sloping Cretaceous beds in
the basin itself are surrounded by an almost continuous wall of
highly inclined Tornado limestone. On the south side there are
also areas of Cambrian and pre-Cambrian rocks. Encircling the
whole upper end of the basin and everywhere dipping away from
it are Tertiary beds, principally of volcanic origin. Part of the
bending now visible in the strata was doubtless caused by the
faulting, and part of it is to be attributed to earlier folding, but the
effects of the two periods of disturbance can not be definitely dis-
tinguished. They may have been separated by a long time interval,
or the first of the faulting may have followed the folding closely.
Wherever the relations can be observed the Tertiary strata rest on
the Cretaceous beds with only a small angular unconformity, but
in this particular place the discordance may be greater than usual.
It so, it is possible that the Tertiary beds originally arched over the

s Darton, N. H.,, U. 8. Geol. Survey Geol. Atlas, Christmas folio (in preparation). .
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location of Deer Creek in a broad anticline. If the Tertiary and
Cretaceous beds were essentially conformable here, then the de-
formation by faulting was very marked. On either assumption,
the curved outcrop of the limestone is difficult to account for by
faulting alone. It is probably the result of a syncline with its axis
plunging to the west formed before the fracturing. A number of
small faults exist that have not been plotted, and those which are
shown are groups of fractures rather than breaks on single planes as
drawn. It is possible that faulting has occurred on the north side .
of the limestone ridge south of the basin and that consequently the
limestone below the surface is broken instead of forming so smooth
a curve as is represented in structure section A—A’, Plate 1.

NORMAL FAULTS

The minor intricacies of the structure are principally results
of faulting. Nearly a score of faults are shown on Plate I, and
many others exist. A number of faults too small to plot were
observed in the course of the field work, and there are doubtless
others which escaped detection. In the vicinity of Arivaipa, in
particular, faults are so numerous that it was necessary to gen-
eralize in mapping, and a comparatively small part of the total
number are shown. To present adequately the intricate checker-
work of faults here would require a map of much larger scale
and much more detailed field study. Most of the fault lines plotted
probably represent groups of breaks whose composite trend ap-
proximates that shown. Most of the faults are of the normal type—
that is, the hanging wall is depressed relative to the footwall, as
if it had slipped down the inclined fault plane. .

There are at least three systems of faults. One of these strikes
about N. 20°-30° W.; a second set, probably closely related to
the first, strikes N. 70°-80° E.; and a third set, developed particu-
larly in the northwestern part of the region, strikes about N.
60°-70° W. The dips of the fault planes are steep, probably of
the order of 70° to 90°, though few quantitative data are avail-
able. The fracturing probably started early in the Tertiary period,
after the batholithic intrusion. The Tertiary volcanic rocks are ex-
tensively faulted, so that it is probable that notable fracturing
continued into the Miocene. - The Gila conglomerate, which is no
older than Pliocene, is faulted in places, but apparently the dis-
turbance that affected it was less powerful than the preceding ones.
The conditions of unstable equilibrium set up in the earth’s crust,
in part, perhaps, as results of the granite intrusion and later volcanic
extrusions, were gradually being adjusted by the beginning of
Pleistocene time, although complete equilibrium has not even yet

A
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been established, as is shown by the minor earth tremors that are
still occasionally reported in this part of Arizona.

Most of the faults formed at these different times can not be as-
signed to one or another period. In general, a fault may be as-
sumed to be younger than the youngest rocks that are clearly in-
volved in the movement, but where only ancient rocks are present, as,
for example, along Squaw Creek in the northern part of the region,
this assumption leaves a wide range of possibilities. As has been
suggested, faulting was apparently recurrent over a long time, and
it may be that in each period of stress movement was renewed on the
old fault planes, in addition to forming new ones.

Some of the faults around the basin at the head of Deer Creek
have a vertical throw of the order of 1,000 feet, as shown in struc-
ture section 4-A’, Plate I, and there may be others of the same
magnitude. The largest fault, or rather group of faults, in which
the Gila formation is known to have been involved lies along the
east front of the line of hills that cuts across T. 6 S., R. 19 E. Its
best exposure is in the box canyon in Arizona Creek at the Claridge
ranch. The resultant vertical throw on the group of fault planes
visible here is probably almost 200 feet. Farther south, near the
Dowdle ranch, the throw may be even greater. The fault that dis-
places the quartzite on the upper part of Squaw Creek has a hori-
zontal shift of about three-quarters of a mile, perhaps the resultant
of several related breaks. Horizontal shifts of hundreds of feet
were noted in several places but are not adequately represented on
the map.

OVERTHRUSTS

Like the normal faults just described, overthrusts result from frac-
turing of rocks with subsequent relative movement of the blocks on
opposite sides of the fracture plane with respect to each other. In
normal faults the effect is that which would result from the slip-
ping down of a block of rock under gravitational force along a sur-
face that is inclined toward the relatively downthrown block. The
angle made with the horizon by such fault surfaces is usually large.
Overthrust blocks, on the other hand, override the adjacent rocks,
usually along surfaces inclined at low angles. Many normal faults

. are produced by a passive settling or readjustment of inadequately

supported blocks of rock, but overthrusts seem to imply the work of
more active shearing forces.

Only one overthrust of any magnitude has been found in this
region, although evidence of the play of similar forces was observed
elsewhere, as, for example, at the Starlight mine. (See p.113.) The
thrust mentioned is along the lower course of Garden Gulch between
Stanley and Hawk Canyon. (See Pl. I.) Here a block of Tornado



46 ARAVAIPA AND STANLEY MINING DISTRICTS, ARIZ.

limestone has been thrust over the surface of Cretaceous sandstone
beds. In structure section B-B’, Plate I, it is drawn as aceurately
as possible from the data available, and a view of a portion of it is
given in Plate IX, 4. The limestone block, which has a maximum
residual thickness of over 300 feet, has overridden the younger beds
for a distance of more than a mile. Wherever the thrust surface can
be observed it is essentially horizontal, as can be seen in Plate IX, 4.
As plotted, the thrust surface dips gently westward, away from the
main mass of Tornado limestone, but this may be the result of in-
accuracies in the topographic sketching. Probably this surface is in
general flat-lying, although there may be irregularities in it. Some
brecciation has occurred locally along the contact, but it is nowhere
great and in places is insignificant. The thrust that pushed the mass
of Carboniferous rock nearly horizontally for more than a mile came
from the east, the direction of the batholith. The movement cer-
tainly took place after the Cretaceous deposition and probably after
the strata had been tilted up around the batholith. Perhaps the
tilting had not been completed, and the thrusting was merely one
phase of the crustal disturbance that followed the igneous intrusion.
If so, the thrust surface would have shared in any tilting movement
after its formation, and this would account for the fact that, unlike
many thrust surfaces in other regions, it is not inclined upward
away from the place of origin. The thrust evidently took place in
the Tertiary period, but its date can not be fixed more closely.

GEOLOGIC HISTORY

The geologic history of this region may be inferred from the
geologic facts and hypotheses set forth in the preceding sections.
The events whose combined effect is seen in the present form and
constitution of the rock masses of the region are fitted as well as
may be into their proper places in the geologic time scale. The
fossil remains of plants and animals that lived in past ages, if suffi-
ciently abundant and well preserved, furnish the most positive clues
as to the age of the rocks that contain them. Where fossils are
lacking, the relative age of the different rock masses may often
be determined by study of their relations to one another and of
the degree and character of the changes that have affected them,
but doubt may well arise as to the proper place in the time scale
which should be assigned to the formation of the rocks and to
the events that have occurred since their formation. In this region
sufficient fossil evidence is available to warrant the assignment
of most of the rock formations at least approximately to their
proper places, but in the wide time gaps between the dates of
some of these formations many events must have occurred re-
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garding which uncertainty necessarily arises. Many of the events
of geologic time in this region are known, and more will be
inferred as facts regarding this and neighboring regions accumu-
late, but parts of the record will doubtless always remain buried in
mystery.

PRE-CAMBRIAN TIME

The earliest records available are in the pre-Cambrian rocks. Of
the events that occurred before the deposition of these rocks, only
remnants of which are now exposed, all trace is now lost. These
pre-Cambrian rocks have passed through so many vicissitudes that
their original character can be deciphered only with difficulty. Most
of them are granular igneous rocks that are clearly of intrusive
origin, but there are considerable masses of fine-grained Pinal
schist probably derived from marine sediments. The metamor-
phosed igneous rocks in the southwestern part of the Santa Teresa
Mountains intrude and are therefore younger than the schist. The
ancient igneous rocks in the Turnbull Mountains may well be of
the same age as those farther south. Thus at the earliest time of
which we have any knowledge this part of Arizona was buried
Leneath the waters of an extensive sea.

In the long ages that elapsed between the laying down of the
mud and sand in the pre-Cambrian sea and the deposition of the
first of the Paleozoic strata there were earth movements on a grand
scale, resulting in compression, plication, shearing, and chemical
alteration of the rocks. Durmg this time there were one or more
periods of igneous activity, in which great masses of granitic and
dioritic rocks and dikes of diabase and other rocks were intruded
into the sedimentary strata. The heat and pressure resulting from
these intrusions doubtless contributed to the metamorphism of the
neighboring formations. Comparatively volatile material was given
off during their cooling. This doubtless resulted in chemical changes
of various kinds in the rocks penetrated. The igneous rocks bear evi-
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