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INTRODUCTION

Location and Accessibility

The Huachuca Mountains are situated near the southwestern corner 
of Cochise County, southeastern Arizona (Fig. l). The point intersected 
by 21°25* N. Lat. and 110°20* 17. Long, marks the approximate center of 

the range.
The area covered by the accompanying geologic map (Plate l) is 

shown by the U. S. Geological Survey topographic map of the Hereford 

Quadrangle, Arizona, edition of 1914, on a scale of 1:125,000 (Plate 3)«

In the present study, a total of about 18 square miles was mapped 

in detail. The area mapped is bounded on the north by the southern 

boundary of the Fort Huachuca Military Reservation; on the vest by the 

axial divide of the range; on the south by Miller Canyon; and along the 

eastern margin by the Quaternary alluvial belt.
The Bisbee-Douglas branch of the Southern Pacific Railroad serves 

the region through a rail point at Hereford. Connection with Hereford is 

by 15 miles of graded dirt road that is readily passable throughout the 

year, although portions of the road are subject to muddy conditions follow

ing heavy summer rains.
A spur line of the Bisbee-Douglas branch of the Southern Pacific 

Railroad enters Fort Huachuca at the northern end of the mountains.

Another spur connects Fairbank and Patagonia through Babocomari Hash, 
several miles north of the range.

An excellent black-top highway, State Route 92, parallels the range 

near its eastern margin, and passes through Bisbee about 30 miles to the



Figure 1

Location of area

hi



east. Two alternative routes from Tucson are available: First-class

paved roads are followed through Benson, Fairbank, and Fry, for a total 

distance of 110 miles; or alternatively by paved road to Mountain View, 
improved dirt and gravel to Sonoita, and first-class paved roads to Fry.

Graded roads into the mountains follow canyon floors in Ramsey,
Carr, and Miller Canyons. Access by automobile to the higher portions 
of the area is provided only by the Reef road. The latter ascends through 

a series of steep switch-backs from the end of the Carr Canyon road, 

gaining 1600 feet in elevation to the Reef mine, which lies at 7200 

feet.

Trails constructed and maintained by the United States Forest Ser

vice for fire control purposes, connect strategic points within the 

mountain area. The trails passable for trained mountain pack horses 

are shown on the accompanying map.

Character and Scope of Investigation

It is the intent of the writer to contribute to the general know

ledge of the geology of southeastern Arizona through an analysis of 

the geologic features of a portion of the Huachuca Mountains. Par
ticular emphasis is placed upon certain phases of the structure, petro

graphy, stratigraphy, and mineral deposits of the area, which are of 

especial interest in themselves, or of general interest in the light 

of their relationships with the broader aspects of the regional 
geology.

The original data embodied in this.report are the results of field



work conducted during the summers of 1946 and 1947, and during a 
number of shorter periods following to the present date. Most of the 

laboratory work was completed during the winter of 1949 and 1950,
The geologic map accompanying this report is based on topo

graphic control from the U. S, Forest Service sheet of the Huachuca 
Mountains and vicinity, a portion of the Coronado National Forest,
The Forest Service map is on a scale of approximately 2 inches to one 

mile (1:31,680), It has evidently been enlarged from the U, S. Geo

logical Survey topographic maps of the Benson and Hereford quadrangles, 

with original scales of 1:125,000.

A number of discrepancies in the topography and culture were 

apparent when the Forest Service sheet was enlarged to a field base 

map with a scale of 1:6000. Correction of the defects was made in part 

by plane-table resection in the foothills on the east. In the heavily 

forested terrain at higher elevations, corrections were made with the 
aid of an aneroid altimeter and Brunton compass. Daily thunderstorms 
during the summer cause erratic readings with the altimeter, apparent 

changes in elevation of 500 feet being not unusual in the course of a 

fraction of an hour. As a result, many elevations are approximate, A 
number of corrections in topography were made by estimation.

Further corrections of form and location were sketched from a 

preliminary print of one of a series of excellent topographic maps of 

the Huachuca Mountains —  Army Map Service 7898, Miller Peak sheet, on 

a scale of 1*25,000 (emergency printing from stereophotogrammetric 

compilation dated 1947). Unfortunately this map was unavailable until 
field work in the area was completed.



The desirable method of nwalking out” a contact is Impossible 

over much of the area, owing to the rough character of the terrain*

Some difficulty was accordingly encountered in matching projected data 

between locations fixed on the map*
Laboratory work included the microscopic examination of a number 

of thin sections of representative igneous and metamorphic rock types, 
and a study of polished sections of the ore minerals. Identification 

of certain of the minerals was aided by micro- and semi-nicrochemical 

tests, and by spectrographic analysis.

Previous Work

No previous detailed study of the Huachuca Mountain area had been 

made at the time the writer began work there. The accounts of early 
travelers and explorers who crossed or, more likely, detoured around the 
range, are vague and inaccurate. One of the difficulties in interpreting 

the earlier reports is the use in them of varied place names other than 

those currently applied. Thus, Mowry (1864, p. 27) refers to "The 

Wachupe Mountains", whereas Biertu (Mowry, 1864, p. 74) speaks of the 
"Sierra Espuela, or Wachuka Mountains". The first reference, in so far 

as the writer could determine, that employs the present name of Huachuca 

Mountains is dated 1878 (Kept, of Governor, 1878, p. 4)»

Brief notations concerning early mining efforts in the Huachuca 

Mountains appear in Reports of the Governor of the Arizona Territories 

of the late 901 e and early 19001s. The first citations of specific 

rock units in the Huachucas, and their tentative correlation with
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slmilar units in the Santa Rita Mountains, may be credited to W. P,

Blake (1900, p. 110), Territorial Geologist* Again in 1900, Comstock 

(1901, p, 1045) refers to structural trends, and to the occurrence of 

Carboniferous limestones in the range (p* 1096)* Blake (1901, pp* 161, 
164-165) cites illustrations of the geology of Arizona as exhibited 

there*
In 1921 Carl hausen, of the Arizona Bureau of Mines, made a re

connaissance geologic map of the Huachuca Mountains, which is incorporat

ed in the geologic map of Arizona.

The tungsten deposits in the area were described briefly by Wilson 

(1941)• Further reference will be made to this work in the discussion 

of the mineral deposits*

Alexis (1949) made a study of the northern portion of the Huachuca 

Mountains.

Stoyanow (1949f p. 30) described a section of the Lower Cretaceous 
beds in Parker Canyon, on the western side of the range.

Topography and Drainage

Topography

The Huachuca Mountains are placed by Fenneman (1931, p« 380) in 

the Mexican Highland Section of the Basin and Range Province, very near 
the western boundary with the Sonoran Desert Section*

The range is elongate, transversely asymmetrical, and about 22 

miles in length. The maximum width is about 8 miles* Plate 4 illustrates



-6'

a view of the mountains from the east. The southern portion of the 
range dies out in a group of small hills approximately 3 miles south 

of the International Boundary, in Sonora, Mexico,

The axis of the range has a pronounced northwest trend, reflect
ing the internal structure. The crest line in longitudinal profile is 
irregularly crenulated by high peaks apexing near the center of the 
mountains. It is strongly depressed about 8 miles from the northern 
terminus where it has been breached by a pass between the headward 

portions of Tanner and Scotia Canyons,

A sharply defined, somewhat sinuous ridge forms the divide between 

steep-balled canyon heads of eastward and westward drainage. The major 

peaks are isolated eastward from the divide.

Relief is considerable throughout the range, and locally precipi

tous, It reaches a maximum of 4-500 feet in a distance of 3*3 miles 

between the eastern margin of the mountains and Miller Peak, Two 
prominent peaks dominate the range in the central portion: Miller Peak, 

elevation 9,466 feet (revised)jand Carr Peak, elevation about 9,235 feet 

(revised). Other notable summits include Ramsey Peak, elevation about 
8,730 feet (revised), and Huachuca Peak, 8,406 feet, Bach of the major 

peaks is capped by resistant Carboniferous limestones resting upon Lower 

Cretaceous rocks.
The eastern margin of the range is approximately defined by the 

5,000-foot contour, which also roughly marks the bedrock-alluvium con

tact, This margin is relatively straight, and parallels the axial trend 

of the mountains. The alluvial belt on the east slopes gently north

eastward from the mountain foot in a smooth plain, flattening as it



approaches the floor of the San'Pedro Valley, The surface has an average 

slope of about 90 feet per mile, in a distance of 12 miles from the base 

.of the range to the San Pedro River.
A continuation of the alluvial belt around the northern end of the 

Huachuca Mountains bears features generally similar to those on the east.
At the north, however, the alluvial surface slopes more steeply, about 

130 feet per mile, and is less obviously steepened adjacent to the mountain 

foot. The slope flattens in Babocomari Wash, 5 miles northward from the 

mountain foot, then rises somewhat irregularly to the base of the Mustang 

and Whetstone Mountains farther northward. Surface gravels in this area 

are moderately dissected into elongate, transversely rounded ridges 

several miles in length; a feature not developed on the eastern slope.

The western margin of the range stands in marked contrast to that 

on the east and on the north. There the boundary between the mountains 
and the adjacent basin is generally ill-defined and highly crenulate.
Long spurs and ridges of coarse gravel, some of which have bedrock cores, 

extend westward and southwestward from a broader foothill belt. A broad 

tract of low hills reaches northwestward to merge with the Canelo Hills. 

Outcrops, principally of volcanic rocks, are abundant in this tract. The 

western limits of the Huachuca Mountains proper coincides at some points 
with the 5500-foot contour, indicating a general elevation 500 feet 

above that on the eastern side of the range.

Drainage

Drainage from the mountain region passes into two major basins, and
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one sub-basin. Run-off from the eastern slopes of the range south of 

Garden Canyon is northeastward into the San Pedro River, which is the 

principal southern tributary of the Gila River system. The northern and 

northwestern slopes drain generally toward the north into Babocomari 
Wash, which in turn flows northeastward into the San Pedro River. Drain
age of the western slopes of the range, south of Lyle Canyon, enters the 
head of the Santa Cruz River. Beyond that point the Santa Cruz flows 

due south across the International Boundary, makes an abrupt turn near 

the village of Santa Cruz, Sonora, then flows northward to cross the 

International Boundary again, west of the Patagonia Mountains.

The canyons within the mountain area are typically straight, steep- 

walled, and of V-shaped cross-section. The longitudinal profiles show 

steep gradients, with numerous irregularities reflecting the varied 

resistance of the underlying bedrock. Valley fill occupies but a narrow 

strip in each canyon floor, particularly those in the eastern slopes.

Fill is entirely absent across many outcrops of the more resistant rocks. 

It consists largely of gravel ranging from small pebbles to boulders, and 

includes large blocks slumped from the adjacent canyon walls. In the 

lower portions of the canyons most of the fill is of finer texture.
Near the foot of the range, or wherever resistant beds are absent in the 

walls, canyons tend to open out and the streams suffer a loss of gradient. 

The result is aggradation of the floors by fine gravels, sand, and silt. 

This feature is well expressed on the eastern side of the mountains, 

where canyons are cut in pre-Cambrian granite beyond the eastern margins 

of prominent quartzite and limestone cliffs. On the west, similar con

ditions exist where the streams cross weak Lower Cretaceous beds in the
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absence of interbedded or overlying-resistant rocks#

Soils flooring those portions of the canyons that have been 

aggraded by fine detritus are suitable for the support of fruit trees 

and garden crops# and it is in such locations that many of the permanent 

home sites are situated#
All streams in the mountain area are intermittent# Evidence drawn 

from the location of prehistoric village sites, and augmented by early 

historic accounts of the region, indicates the former existence of per

manent, or near-permanent streams in the major canyons# Perennial flows 

up to several hundred feet in length occur down-stream from some of the 

larger springs, but run-off throughout most of the canyons is confined 

to relatively short periods following heavy rainfall in the summer 

months, and during the spring when snowbanks in the higher elevations 

contribute their melt waters# During the months of July, and August, 

and in early September, heavy cloud-bursts in the mountains and adjacent 
areas occasionally produce stream flows of torrential proportions# It 

is during such periods that the major erosional activities of the streams 

are accomplished# In the alluvial belt east of the range, surface flow 

is soon lost to underflow, except after periods of regional rainfall#

Drainage in most parts of the region" cuts across the grain of the 

structural framework of the mountains, and flows in the direction of dip# 

This is best illustrated on the eastern slopes, where the major canyons 

have a parallel alignment of northeast trend, and drain in that direction# 

Canyons in this slope are notably greater in depth and length than those 
in the western slopes of the range#

The tributary canyons show strong tendencies to follow the structural
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llneatlon of the range# This feature probably originated through head- 

ward erosion of the tributaries along zones of less resistant rocks, 
especially in belts of thrust faulting#

Vegetation

The vegetative cover in the east-central portion of the Huachuca 

Mountains embraces three principal types, according to the classification 

of Nichol (1943, fig. 1, p. 183).

Desert land grass occupies the broad belt extending over the 

alluvial slope from the marginal portions of the foothills into the San 

Pedro Valley bottom. The larger shrubs are generally absent, with the 

exception of mesquite. Yuccas and agave are common near the foot of the 
range.

A chaparral-type vegetation occurs in the next higher zone, and is 
characterized by scrub oak and manzanita, and locally by mountain mahogany. 

This zone is represented in the area of the present study by a relatively 

narrow belt along the lower half of the north wall of Hiller Canyon, 
below the Bolsa quartzite cliff. This belt swings northward across the 

foothill region, then broadens to include portions of the outcrop of the 

Bolsa quartzite and Cochise formation adjacent to Carr and Ramsey Canyons# 

It crosses Brown Canyon and swings eastward along the upper portion of the 
north wall#

Locally, vegetation of this type forms nearly impenetrable stands 

that make detailed field mapping almost impossible. This is especially 

true along the major canyon waflJLa, where the few open areas are generally



floored by talus slides from-the quartzite cliffs above* The eastern 

half of the ridge between Carr and Ramsay Canyons is matted with a pure 
stand of manzanita that is extremely difficult to traverse*

The lower limit of the chaparral zone is abruptly marked, whereas 

the upper limit is ill-defined and in many places gradational through a 
poorly developed pinon—juniper zone into that of the Douglas fir—ponderosa 

pine forest* The upper margin of the chaparral zone shows local incur

sions into the fir-pine zone over areas in which the heavy timber has been 

cut off, or destroyed by fire* Large areas of this zone are isolated 

within the forest zone along Wisconsin, Pat Scott, and Ramsey Canyons* 

Particularly dense growths lie on the dip-slope of Blanco Peaks, and 

over outcrops of Cretaceous beds below Blanco and Ramsay Peaks*

Mountain mahogany is especially prominent among limestone outcrops in 

the isolated chaparral zones.

The Douglas fir-ponderosa pine forest covers much of the area 
above 7000 feet. The lower limits are extremely irregular, for trees 

of this zone extend in narrow tongues far down the canyons, particular

ly on northeast slopes* Cool air masses and abundant soil moisture 
favorable to conifers are usually present in such locations, A few 

pure stands of aspen are found in the upper portion of this zone, 

notably on the north slope of Carr Peak, and the head of Wisconsin 

Canyon,

During the late 18001s and early 1900's, the east side of the 
Huachuca Mountains was the site of a sizeable lumber industry* Much 

of the timber cut there was utilized in construction and mine timber

ing in the then-flourishing mining camps at Bisbee and Tombstone*



"12

Despite such operations, tracts of virgin timber yet remain untouched 
in the higher and less accessible ridges and canyon heads.

Attempts were made by the writer to correlate outcrops of certain 
rock types with distinctive forms of vegetation. With but one exception, 
however, no persistent correlaries were recognized. It is generally 

difficult to distinguish between the controls exercised by the physical 

and chemical character of the outcrop, and the varied effects of elevation, 

moisture, cool and warm air masses, and direction of exposure. The 

distribution of many of the lithologic units is limited to certain zones 

of elevation, hence a basis for comparison of the two groups of factors 

is not obtainable. Local plant assemblages appear to reflect the under

lying rock type, but few generalities can be drawn from such limited 

occurrences.
The strong preference of mountain mahogany (Cercocaruus brevi- 

florus) for areas of limestone outcrop is marked in many portions of 
the area. The spread of the shrub apparently has proceeded to the 

exclusion of fir, spruce, and pine in many limestone areas in the upper 

forest region. This is particularly apparent on the eastern slopes of 

Blanco Peaks, and on the ridge extending northeastward from Carr Peak.

In both localities the relatively pure Esoabrosa limestones are the 

favorable host rock.

Climate

Climatic conditions vary widely in the area as functions of the 
marked differences in elevation and exposure at different points.



-13-

The higher elevations are humid, -phereas the low-lying areas to the 
east are semi-arid•

Conditions favorable to field work usually prevail throughout the 
year in the foothill region* Late spring and early fall are especially 

suitable in the higher elevations# Frequent rains during the summer, 

and a thick snow cover on the north slopes and protected canyons in 

winter, limit the progress of field work during these periods*
Temperature records at Fort Huachuca, covering a period of 18 

years were tabulated by Smith (1945, p. 54). They are representative 

of conditions in the foothill belt of the northern and eastern slopes 

\ of the mountains:
Mean Max* Temp* Mean Min. Temp* Mean Annual

July Jan. July Jan.

89.5° F. 58.6° F. 63.6° F. 33.2° F. 6l#9° F.
Temperature values in the San Pedro Valley bottom to the east 

will exceed these figures, whereas averages in the higher mountain 

areas will be markedly lower.

Precipitation occurs in two distinct periods t The greater portion 
falls during the months of July, August, and September as almost daily 

afternoon thunder-showers in the mountain area. In the lower elevations 

on the east, rainfall is less dependably diurnal. The frequent violent 

thunder-storms of this period restrict productive daily field work to 

half a day throughout an appreciable portion of the summer. According 

to Barnes (1935, p. 215), the name Huachuca is a Chiricahua-Apache word 

meaning ,lthunder". Evidently the early inhabitants of the region were 
also impressed with the spectacle of the mountain storms.
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A second, and lesser period of precipitation falls during the 
interval of December to March, generally as rain and small amounts of 

snow in the low-lying areas on the east, and largely as snowfall in the 

higher elevations. Snow banks may linger on the north slopes of Carr 

and Miller Peaks into the month of May.
Precipitation in the foothills on the east is represented by a 

33 year record at Fort Huachuca (Smith 1945, p. 88):

Normal Monthly Precioitation (inches)

Jan* Feb. 4B£* Sax June M e Aug. Sept. Oct.

1.34 1.16 0.95 0.28 0*30 0.52 3.73 3.98 1.82 0.69

Nov. Dec. Annual

0.96 1.12: 16.85
Precipitation in the higher mountain elevations probably exceeds 

25 inches annually. The amount decreases gradually toward the San Pedro 

Valley bottom to an annual average of 12.74 inches at Hereford.

Water Supply

Domestic water supplies in the area are obtained largely from wells 

and springs. In the area of the alluvial slope to the east of the foot 

of the range, most supplies are drawn from wells drilled in the surficial 

sands and gravels of the Quaternary alluvium. A few shallow dug wells 

also are productive. Most of the latter are limited to locations in 
the valley train gravels of the principal canyons, and immediately 
adjacent to the bedrock-alluvium contact, in positions favored by a 

shallow water table. A well of this type located at the eastern foot of
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Crump Hill contained water to within 10 or 15 feet of the surface in the 

summer of 1946o
Recharge of the belt of Quaternary alluvium probably is effected in 

large measure by underflow from the canyons heading high in the mountain 

region* Increments from run-off on the granitic foothills, entering the 
water table principally through the alluvium near the bedrock contact, 
are also important* A considerable fraction is obtained directly from 

influent seepage during and after periods of rainfall. The gravels are 

highly permeable, particularly adjacent to the mountain foot, so that 

little surface run-off is noted, except after periods of heavy or extend

ed rainfall.

Contributions made to the water table by seepage from thrust 

fault zones intersecting the bedrock surface beneath the alluvial cover 

could not be estimated, A number of major structures of this character 

crop out in positions favoring recharge in the mountain area, and dip 
toward the northeast. Some of these may emerge beneath the alluvium, 

or be tapped by subsidiary fractures. This process is favored in the 

floors of the deeper canyons such as Hiller, Carr, and Ramsey.

Waters of the alluvial belt are very potable, and apparently carry 

only moderate amounts of soluble mineral salts.

Within the mountain region, springs provide the principal supplies 

of domestic water. Out-flow from a number of springs has been piped for 

a distance of several miles to ranches located on the alluvial slope.
The village of Tombstone depends upon water obtained from springs in 

Miller and Carr Canyons, piped some 25 miles across the San Pedro Valley.
Most perennial springs emerge in the canyon bottoms, although a
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few issue higher up in the canyon walls. Fault-line springs are the 
most prominent type, and are generally associated with zones of thrust 
faulting. The accompanying geologic map (Plate I) shows the space 

relationships between the plotted springs and the intermotion of pro
nounced faults with canyon floors. In some springs the exact point of 

issue is localized by minor fractures or bedding planes, but most such 
local controls can be projected to probable intersections with the larger 

structures nearby. Other springs emerge from accumulations of stream 

gravels not shown on the map. A majority of such occurrences lie down

stream from a fault. None of the perennial springs in the area are 

definitely related to solution channels that are common in certain of 

the limestones, although such relationships were noted in other portions 
of the range.

Recharge of the springs is accomplished by the influx of rainfall 
and snow melt, both directly into the fault zones along their outcrop, 

and by percolation through the overlying fractured and solution-channel

ed surface rock. The areas of outcrop of the Escabrosa and Martin lime

stones appear especially favorable to recharge, owing to both the physical 

character and distribution of these rocks. They are competent units, 

and overlie thrust zones over large areas, hence in most places are well 

fractured. The permeability of these rocks, particularly the Escabrosa 

limestone, is enhanced by solution channeling. The distribution of the 

two units in the higher regions of abundant rain and snowfall is also 
of considerable advantage. The Permian limestones, and portions of the 

Naco formation have similar properties, but are less widely distributed.

The Lower Cretaceous rocks are variable in their capacities as
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gathering grounds. In general, they have low permeability and porosity.' 

Certain of the interbedded volcanics and conglomerates have been highly 
fractured and provide zones of good permeability. The strongly tilted 

attitude of the shales and siltstones in Wisconsin and Pat Scott Canyons 
favors influent seepage. The beds there are also highly fractured, but 
such fractures probably form little open space at depth. It appears 

probable that the Lower Cretaceous rocks in general contribute a fairly 

constant recharge to local water tables. They must, however, have low 

permeability, hence are not favorable to rapid recharge during heavy 

rainfall and fast snow melt.

Most of the Cambrian rocks, with the exception of the Bolsa quart

zite, are poor gathering grounds and acquifers. They have responded 

incompetently to stress, and tend to weather to soils high in clay. 
Locally, limestones, dolomites, and quartzites of the upper portion of 

the Abrigo limestone are exceptions to this conclusion. The Bolsa 
quartzite is essentially impermeable, but owing to its brittle character 

is generally cut by strong and persistent joint systems, and in many 

places it is well fractured or brecciated above thrust faults. The 

outcrop areas of the Bolsa are largely bounded by shear cliffs, so that 

although it may serve to a degree as a gathering ground for waters in 

the underlying granite, it is not in itself a prominent source of 

springs.

The basal pre-Cambrian granite, in common with most homogeneous 

plutonic rocks, supplies water to springs mainly along zones of strong 
fracturing and jointing. Granite underlies the point of issue of 
several perennial springs, the locations of which are apparently con
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trolled by fractures and thrust faults.

In addition to their use as domestic water supplies, a few of the 
springs have satisfied the requirements of small-scale mining and milling 

operations in the area. Springs in the upper portion of Ramsey Canyon, 

and in Wisconsin Canyon, were undoubtedly of considerable value during 
development of the Wisconsin mine area. Springs in the head of Carr 

Canyon have supplied water via pipe lines to the Reef mine, where it has 

been used both for domestic purposes and for milling operations.

The quality of a majority of the spring waters is very good from 

the standpoint of potability. Most of them evidently are rather high in 

calcium and magnesium carbonates, as might be expected in a region of 

abundant limestone and dolomite. Certain of those issuing from Cretaceous 

red beds, or from overthrust zones between Paleozoic and Cretaceous rocks, 
and to a lesser degree from the granite, carry iron salts in solution, as 

indicated by deposits at the spring orifices.

Despite extensive utilization of spring waters, relatively few of 

the springs have been properly developed. A considerably larger and 

more dependable flow could be obtained from a number of them by suitable 

development work at the point of issue, and in the adjacent ground where 

much of the flow is lost.
Water-catches, usually the sheet metal roofs of buildings, are the 

ohly immediate sources of water on the high peaks and ridges in the heart 

of the range. Mining and very small-scale milling and concentrating 
operations at the James mine, on the north wall of Brown Canyon, depend
ed upon supplies so obtained. The fire-spotters cabin on the crest of 

Miller Peak, south of the area of this report, is equipped with gutters
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to carry rain water into a cistern for storage# In the absence of 
similar provisions in such locations, one must resort to water packed in 

from springs most of which are situated in canyons at a much lower 

elevation. The highest dependable spring noted by the writer is located 

in the very head of Miller Canyon, at an elevation of about 8600 feet# 

The water apparently issues from fractures in the quartz monzonite as 

a rather meager, but adequate flow, supplying camp needs at the packers 
cabin.
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DESCEIPT1VE GEOLOGY

Stratigraphy

Stratigraphic Summary

Representatives of all the standard stratigraphic units of wide 
distribution in southeastern Arizona crop out within the east-central 

portion of the Huachuca Mountains# (See Fig. 2).

The basal Cambrian unit is the Bolsa quartzite, which rests un- 

conformably upon pre-Cambrian granite. It comprises a sequence, in 

which quartzites predominate, aggregating about 4&5 feet in thickness. 

The Bolsa is conformably overlain by dolomitic sandstones, shales, and 

limestones of the Cochise formation. Abundant trilobites in the lower 

portion of the Cochise formation include diagnostic Middle Cambrian 

forms. The total thickness of the formation is unknown, but probably 

approximates 300 feet. The Abrigo limestone, comprising thin-bedded 

limestones, shales, dolomites, and quartzites, rests conformably upon 

the Cochise. As mapped, it includes the Rincon limestone and probably 

Cambrian rocks younger than the Rincon limestone. The included faunas, 

rich in trilobite remains, are referable to Late Cambrian time. The 
total thickness of these units is unknown, but approximates an estimated 

400 to 500 feet.
The Devonian system, as represented in the Huachuca Mountains, 

includes three units. At the base, disconformably overlying the Abrigo 
limestone, are thin-bedded limestones, dolomitic limestones, and cal
careous sandstones of the Picacho de Calera formation. The calcareous 

sandstones and stromatoporoid limestones are excellent marker beds in



many portions of the area* The total thickness ranges from 40 to 50 

feet* Arenaceous dolomites, dolomitic sandstones, and cherty dolomites 
of the overlying Martin limestone rest conformably upon the Picacho de 
Calera formation. The Martin contains an Upper Devonian fauna in part 
similar to that of the Hackberry shale of Iowa* Mapped with the Martin 

limestone, but distinguished from it by the lithological dissimilarity 

of its fine-grained limestones, and more particularly by the presence 

within it of Ganarotoechia (Paurorhvncha) endlichi (Meek), are beds of 

Lower Ouray age. The Martin limestone and Lower Ouray strata aggregate 

an estimated 250 to 300 feet in thickness.

Mississippian rocks in the area are limited to the Escabrosa lime

stone, a prominent cliff-forming, light-colored sequence of limestones, 

in which crinoidal beds are prominent* The estimated thickness is 

between 700 and 800 feet. It is of early Mississippian age*

Basal limestones and thin interbedded shales are the only parts of 

the Pennsylvanian Naco formation recognized within the mapped area. The 

total original thickness of the formation is accordingly unknown.

Permian rocks are found in a number of fault segments. They consist 
primarily of limestone, much of which is cherty, dark colored, and 

aphanitic. The fauna, at least in part, suggests an equivalence to the 

Snyder Hill limestone. The total thickness of the Permian strata is 

unknown.

Lower Cretaceous rocks comprise a sequence of prevailingly maroon 
siltstones and mudstones, with interbedded sandstones, quartzites, con

glomerates, and volcanic flows. Neither the top nor bottom of the series 
is exposed in the area studied.
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The yomgest rock ■unit in. the area is composed of unconsolidated 
sands and gravels, referred to as the Quaternary alluvium.

Bolsa Quartzite

Strata of the Bolsa quartzite comprise the basal sedimentary unit 

in the Huachuca Mountains, as in the type locality at Bisbee (Ransome, 

1904, PP. 28-30).

Surface exposures of the Bolsa quartzite are found principally in a 

very narrow belt between the foothill region and the higher mountain 

terrain on the west. This formation yields strong, precipitous, buff 

to brown cliffs that extend from the north wall of Miller Canyon into 

Carr Canyon (PI. 5, A) and the south wall of Ramsey Canyon, thence north

ward across Ramsey and Brown Canyons. It is cut out by a thrust fault 

on the north of Brown Canyon, but reappears farther to the north and 

continues, with several interruptions, to the northern end of the range. 

Other scattered outcrops of this formation are found as klippen lying 
upon younger beds short distances westward from the normal outcrop belt, 

and as a small outlier capping Sentinel Peak on the divide between Ramsey 

and Brown Canyons. The formation has apparently been cut out by thrust 

faulting southward from Miller Canyon.

The Bolsa is an orthoquartzite of distinctive and relatively uniform 

character throughout the area. It rests unconformably upon the peneplain- 
ed surface of a pre-Cambrian granite that, for convenience of reference 
in this paper, will be called the Foothills granite. The granite sur
face is broken only by very gentle undulations with a local relief of
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2 to 3 feet, (See PI. 5, B).

The basal member of the quartzite is represented In most places by 
a pebbly quartzite or quartzitic conglomerate 5 to 14 inches in thick
ness, The pebbles consist predominantly of uell-rounded, light colored 

vein quartz with a maximum diameter of 1§- inches. The conglomerate is 
succeeded upward by thick-bedded, very coarse, arkosic quartzites, 

locally containing layers of quartz pebble conglomerate through a zone 

4 to 6 feet thick. At some points the basal conglomerate is absent, 

making it difficult to distinguish between the underlying Foothills 

granite and the basal Bolsa quartzite, except on freshly broken surfaces. 

This is especially true where the granite shows prominent horizontal joint

ing.

The upper limit of the Bolsa is much less well defined than the 

base, due to transition into the overlying basal sandstones of the 

Cochise formation. The contact between the two units is arbitrarily 
drawn at the top of the uppermost quartzite in the sequence. Less 

indurated siltstones and sandstones predominate above.

The following data represent a composite section measured on the 

east face of the cliff (PI. 5,A) just northeast of the Reef mine (&§• 

sec. 14). That portion between zones 1 and 5 was measured with an aneroid 
altimeter, due to difficulty in ascending the cliff. It is accordingly 

somewhat generalized. The uppermost zones were measured with a Brunton 
compass just east of the Reef mill site.
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Middle Cambrian.

Cochise formation: Sandstone, gray to brown, thick-beddedj
weathers brown*

Bolsa quartzite: Feet

7« Quartzite: brown to red, beds 1-3 feet thick;
with interbedded shales, green to red, 
arenaceous; and sandstone, rubbly, shaly; 
abundant fucoidal markings on surface of 
sandstone . . . . . . . . . . . . . . . . . . . . . . . . . .  98

6. Quartzite: light colored, in beds 0.5-3*5 feet
thick, cross-bedded; locally with abundant 
brachiopod molds; alternates with argillite,
green, brown, red, in part micaceous ......... 11

5* Argillite: green to bluish gray, arenaceous;
alternates with quartzites, thin-bedded*...... 4

4* Quartzite: gray to buff, black, massive, beds
2.5-8 feet thick, cross-bedded; contain 
light colored worn borings and casts ......... 37

3* Quartzite: variegated maroon colorations, coarse,
vitreous, thin-bedded, cross-bedded; thin 
argillite partings; large annelid worn (?) 
molds (rare) ................................ 73

2* Quartzite: reddish buff to gray, coarse,
vitreous, beds 0,25-2 feet (average. 1 foot) 
thick; argillite partings, blue, green, maroon, 
gray, black, micaceous, arenaceous, beds
0.5-3 inches thick......................   236

1, Quartzite: coarse, arkosic, vitreous; interbedded
conglomerate, quarts pebble, thin bedded; con
glomerate, quarts pebble, 5 inches thick, 
at base 6

Total 465 feet

Unconformity. 

Older pre-Cambrian.

Foothills granite
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The massive buff to black beds with conspicuous light-colored 

(deoxidized ?) worm borings, form a distinctive marker unit of wide 

distribution. It has been noted by the writer as far north as the 
southern foothills of the Rincon Mountains.

Fossil remains, with the exception of abundant worm trails and 

borings or fucoids, In the upper portion, are extremely rare in the 
Bolsa quartzite. A group of slightly flexed, cigar-shaped impressions 

about 6 inches long, showing strong transverse corrugations, was found 

on the upper surface of a 3 inch bed of quartzite in zone 3. They 

strongly resemble external molds of annelid worms. Most of the brachio- 

pod remains in zone 6 are too poorly preserved to permit identification.

The formation, as exposed in the Huachuca Mountains, conforms quite 

closely in thickness and character to that described by Ransome (1904, 

pp. 28-30) at Bisbee, where the thickness is 430 feet* Ransoms* s con

clusion that the constituents of the quartzite at Bisbee reflect de

rivation from a granitic platform (Bolsa rests on Pinal schist at Bisbee) 

is confirmed by relationships in the Huachucas *
The absence of definitive fossils in the Bolsa quartzite prevents 

an accurate determination of its age. The transition of the uppermost 

beds into basal strata of the Cochise formation, in which Middle Cambrian 

trilobites were collected, suggests a Middle Cambrian age for the Bolsa 

here, in parallel with the conclusions of Ransoms (1904, p. 30).

Cochise Formation

In the area of this report, the Bolsa quartzite is conformably
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orerlain by a sequence of doiomitic sandstones, shales, and limestones, 

defined by Stoyanow as the Cochise formation (1936, pp. 466-4,6?) • The 
intervening Pima sandstone (Stoyanow, 1936, p. 466) was not distinguished 
here# Rocks of equivalent age probably are included within the basal 

member of the Cochise formation#
Rocks of the Cochise formation crop out principally in the broad 

upland area extending roughly ij- miles east-west and 1 mile north-south 

between Miller and Carr Canyons# Other smaller areas lie between Carr 

and Ramsey Canyons, in Brown and Ramsey Canyons, and in the north wall 

of Miller Canyon#

The three members of the Cochise described by Stoyanow (1936, 

pp. 466-467) in the Whetstone Mountains are represented in the Huachuca 
Mountains# Structural complications made it difficult to locate the 

boundary between the Cochise formation and the overlying Abrigo limestone, 
hence the upper limestone member of the Cochise was mapped with the Abrigo 

limestones# On the map accompanying this report, the original mapped 

contact has been moved about 165 feet higher, the approximate thickness 

of the upper member of the Cochise formation, so that the two formations 

as shown agree fundamentally with their equivalents as described by 
Stoyanow# The upper contact of the Cochise formation is accordingly based 

on faunal data, rather than on lithology#

The gradational character of the contact between the Bolsa quartzite 

and the Cochise formation"leads to some difficulty in establishing an 
exact plane of division between the two# The base of the Cochise for

mation is designated as the top of the highest solid quartzite bed in 
the Bolsa quartzite sequence. It is probable that the contact so
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designated is not everywhere at the same stratigraphic horizon.
The lowest portion of the Cochise formation, exposed in the road 

cut near the Reef mine, consists of a massive bluish-gray to greenish- 
gray coarse dolomitic siltstonc, weathering dark brown. Scattered small 
flakes of muscovite, and rare fragments of brachiopod shells are present 
in these beds. The succeeding greater portion of the lowest member com

prises a sequence of generally thin-bedded, fine-grained, hard, sand

stone with a crystallized dolomitic cement (PI. 6, A). The color is 

gray brown to brownish gray, commonly mottled with darker gray areas, 

many of which are composed of trilobite fragments. Most outcrops of 

these beds in the mountain forest region are deeply weathered and leach

ed of soluble carbonates, resulting in a distinctive mottled yellowish- 

brown and dark brown to red, porous friable sandstone. Trilobite 

remains are abundant in the leached sandstones. A thin section of a 
rock specimen from this zone, collected at the western terminus of the 

Reef road, reveals the following character:

Rock type: Fine-grained dolomitic sandstone.

Composition grain size

quartz 60 per cent 0.12 mm average

dolomite 40 " 0*48 mm max. in clumps

microcline - 1 " 0*05-0.10 mm

muscovite rare 0.08-0.29 mm
Character: A generally equigranular mosaic of sharply angular to

subangular quartz grains, and anhedral to euhedral ferruginous 
dolomite crystals. Small amounts of fine-grained dolomite 
cement. Local areas of quartz grains mutually interferent. 
Dolomite unequally distributed, in part as irregular clusters 
of coarse subhedral to euhedral rhombs, containing numerous 
inclusions of iron oxides. Microcline present as completely 
fresh, unaltered angular grains.
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The middle member of the Cochise formation comprises a sequence of 

predominahtiy argillaceous beds. In the lower portion are buff to 
yellow micaceous claystones, and siltstones containing sparse trilobite 
remains. These beds are overlain by reddish-brown to bright red micaceous 
siltstones, with gray to greenish-gray, ggg# irregular shale partings* 
Impressions of a very small form of trilobite found in these beds appear 

identical with specimens from the Santa Catalina formation, that have 

been compared by Stoyanow (1936, p. 476) with the genus Inouvia. The 

remaining upper portion of the middle member consists of hard greenish 

gray, micaceous, in part dolomitic shales, that grade near the top of 

the formation into massive arenaceous mudstones. The mudstones develop 

a peculiar gnarled surface in outcrop that is formed by the positive 

relief of hard shale layers bordering pockets and seams of less resistant 

arenaceous material.

The uppermost member was found only in faulted outcrops where a 

complete sequence was not exposed. The basal portion of this member 

crops out on the hilltop south of the old mill site at the Reef mine 
(the SB£ sec. 15)• There the lowermost strata are medium-bedded, 

gray to blue gray, aphanitic limestone with distinctly blue and some
what oolitic limestone above. Very thin-bedded flaggy limestones of 

light gray to yellowish and pink color overlie the blue limestones.

Highly oolitic and pisolitic beds of this member crop out in the north 

wall of Ramsay Canyon, in the NW^ NW|- sec. 16, but their position with 

reference to underlying and overlying beds is obscured by low angle 
faulting and heavy brush.

Despite the relatively large continuous area of outcrop, no 

detailed measurements of the Cochise formation were obtained. The beds
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are in large part weak and incompetent, forming slopes in which lithologic 

details and thickness are obscure0 Low angle faulting and drag folding 
throughout a large part of the outcrop introduce local anomalies in 
sequence and attitude.

Stoyanow (1936, p. 466) gives the following thicknesses for the three 
members of the Cochise formation in the Whetstone Mountains, 27 miles 
north of the area of this report:

(3) Blue limestone 165 feet
(2) Yellow, pink, gray, white, purple, 

buff and red shales 116 «

(1) Pink and reddish thin-bedded sandstones 30 "

Total 311 "
The similarity in lithology between the section in the Whetstone 

Mountains and that in the Huachuca Mountains, suggests similar thick
ness in both areas.

Faunal collections made by the writer in the Cochise formation in 

the Huachuca Mountains include the following forms, identified by 

Stoyanow:
Middle member: .... . . . . aff• Inouyia? sp.
Lower member* ....................... Ehmania sp.

Glyphasois sp.

Kootenia sp.

The genera of the lower member are listed by Stoyanow (194S)? p. 1922) 
in abstract form. A trilobite identical with that of the middle member 

is present in the Santa Catalina formation in the Santa Catalina Moun
tains (Stoyanow, 1936, p. 476).
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The Middle Cambrian age of, the Cochise formation is well establish
ed upon a faunal basis# certain characteristic genera of which have been 
identified in material collected in the Huachuca Mountains (listed 
above)«

Abrigo Limestone

The Abrigo limestone was originally described by Ransoms in the type 

locality at Bisbee (1904# pp. 30-33)• Stoyanow later demonstrated that 

the lowest 290 feet of strata in Ransome's Abrigo at Bisbee was correlative 

with the Cochise formation (Stoyanow, 1936, p. 467, table 2, p. 480).

In the area of this report, the Abrigo limestone crops out in an 

interrupted northwest-trending belt from the north wall of Miller Canyon 

to near the northern foot of the range. The eastern margin of this belt 

is determined largely by contact with the overlying faults of the Lepidus 

thrust system. The belt is widest where it crosses Ramsey Canyon, due 

to repetition of beds by thrust faulting in the Crest Line fault system.
The best exposures of most of the section are in the north wall of Brown 
Canyon. Southward from Miller Canyon, the formation appears to have 

been cut out by thrust faulting.
The Abrigo limestone is characterized by a sequence of generally 

thin-bedded limestones, laminated clayey and silty limestones, and thin 

shales, with arenaceous dolomites and quartzites at the top. The basal 

beds contain the trilobites Hesnerasois butleri Stoyanow and Tricreni- 
ceohalus texanus (Shumard), as shown by Stoyanow (1936, p. 467)•

Hesperaspis was located in only one outcrop in the area, and the beds



-31-

there are faulted, hence the base of the formation as shown on the 

accompanying map is only approximate. The lower contact appears to be 
one of complete conformity.

The upper limit of the Abrigo is located at the top of a massive 

quartzite bed, underlying calcareous sandstones and limestones of the 

Devonian Picacho de Galena formation. The inclusion of the quartzite in 

the Cambrian system may be somewhat equivocal. In the limited outcrops 

where the upper contact is even reasonably well exposed, the relation

ship between the Upper Cambrian strata and the overlying Upper Devonian 

Picacho de Calera formation is one of apparent conformity, although it 

marks a hiatus representing more than two periods of geologic time.

The basal beds of the Abrigo limestone consist of brown to pink and 

purple, silty shales that contain Hesuerasois sp. The sequence above 

the basal beds comprises thin limestones, shales, and a few beds of 
edgewise conglomerate. Several beds of oolitic limestone, in some of 
which the oolites are bright red, are conspicuous• The thin—bedded 

limestones bear a prolific trilobate fauna, local beds being composed 

largely of trilobite fragments. Upward, the limestones are gray to 

blue-black and aphanitie, in beds averaging 2 feet thick, and dis
tinguished by gnarled seams and patches of silty brown dolomite (PI. 

6,B). These grade upward into thinner beds containing a larger pro

portion of silty and sandy layers. The sandy layers carry abundant 

scales of muscovite,and locally contain molds of Hyolithes. Thin beds 

of light gray limestone with abundant trilobite remains alternate with 
bands of yellowish to orange yellow silty dolomite one-sixteenth of 

an inch to 2 inches thick. Gray green shales and siltstones (weathering
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brown), with well preserved brachiopods, are interbedded with lime
stones above the dolomitic beds.

Within the Abrigo is a bed of limestone very similar to that in the 
Whetstone fountains, described by Stoyanow (1936, p. 469) as "gray lime
stone practically made up of trilobite fragments, and containing 

angular inclusions of red sandstone that have casts of large Hvolithe^.w 

Its position in the Huachuca section was not accurately determined, but 

in the Whetstone section it is reported to occur approximately 240 feet 
above the base of the Abrigo limestone.

The Rincon limestone (Stoyanow, 1936, p. 471) is included in the 

strata mapped as Abrigo limestone in the area of this report# The Rincon 

is generally too thin to be mapped separately from the Abrigo and is 

overlain by younger beds that may also be of Cambrian age. It is 

characteristically a pink, crystalline limestone with scattered chert 
nodules, and contains Billinenella coloradoensis (Shumard), scattered 

cystoid (?) columnals, and trilobite fragments among which Aphelaspis 

sp# was identified by Stoyanow#

Above the Rincon limestone, in the north wall of Brown Canyon, 

are massive impure limestones containing a few thin bands of light 
gray, translucent chert0 This is only the second occurrence of chert 

in the Abrigo limestone noted in the area, which contrasts with the 

characteristic cherty nature of that formation at Bisbee (Ransome,

1904, p. 31).
The cherty limestones are succeeded upward by hard, aphanitic, 

arenaceous dolomites that weather to a distinct grayish orange#
Locally they contain coarse rounded, frosted sand grains. The dolomites



are overlain by a massive quartzite unit, which is generally fine-grained 
and varies from white to pink or tan in color. It has a marirmim thickness 
of about 40 feet.

The arenaceous dolomites and overlying quartzite are referred to the 
Abrigo formation, although it has not been established that they are of 

Cambrian age. The dolomitic beds have a lithology closely resembling 

that of the thin bands of dolomite interbedded with trilobite-bearing 

limestones in the typical Abrigo strata below, but they are apparently 

unf0ssiliferou5. They are in marked contrast to the overlying cal

careous sandstones and relatively pure limestones of the Picacho de 

Calera formation. The quartzite unit in the Huachuca Mountains is some

what suggestive of the Parting quartzite member of the Copper Queen lime

stone at Bisbee (Ransome, 1904, p. 32; Stoyanow, 1936, pp. 469-471), but 

is much thicker and not white throughout* It is not underlain by beds 
typical of the Copper Queen limestone.

Beds believed to be near the top of the Abrigo limestone in Ramsey 

Canyon, and the headward portion of Carr Canyon, indicate a marked 

change in facies from the rocks just described. In Ramsey and Carr 
Canyons the upper Abrigo consists, in part, of coarse crystalline pink 
to red dolomite, and hard, gray, cross-bedded quartzite and sandstone. 

These abrupt changes in character over relatively short distances may be 

due to telescoping of equivalent facies through displacement of more 

widely separate areas along thrust faults. It was not determined, how

ever, that the effect is not one of normal facies change, or that equi
valent beds were not cut out of adjacent sections by low angle thrust 
faults.



-34“

The Abrigo limestone is notably incompetent, and has accordingly 

been strongly drag folded and otherwise deformed in the area. The sec

tions containing it have been appreciably thickened by such deformation, 
as is well shown in the north wall of Brown Canyon (Pl.l6,A ) • As a 

result of thickening, the aggregate normal thickness of the formation 

can be little more than rudely approximated as about 400 to 500 feet.
Faunal remains identified in the Abrigo limestone includes 

Arapahoia (Hesperaspus) sp«, an abundance of Tricrenl nonlmlnn t.nimnnp 

(Shumard), Hyolithes, Aphelaspis. and Billingsella coloradoensis 

(Shumard). The last two forms were found only in the Rincon limestone.

Picacho de Calera Formation

Resting with apparent conformity upon the quartzite of the Abrigo 
limestone in the Huachuca Mountains, is a sequence of calcareous sand
stones and limestones with features characertistic of the Picacho de 

Calera formation as described by Stoyanow (1936, p. 438).
These rocks crop out in a number of discontinuous segments to the 

west of the Lepidus fault system from Ramsay Canyon southeastward, and 

in the north and south walls of Brown Canyon, The largest continuously 

exposed section borders the anticlinal structure on the north slope of 

Carr Peak, where the Picacho de Calera formation locally forms dip 

slopes.

The basal beds of the Picacho de Calera formation show considerable 

lateral variation over the area studied. Some question exists as to 
whether or not the upper dolomites and quartzite placed in the Abrigo
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limestone should be assigned to the Picacho de Oalera formation, but 

for reasons discussed in the preceding section, they are placed in the 
Cambrian system.

The basal member of the Picacho de Calera formation, in outcrops 
south of the north wall of Ramsey Canyon, consists of an extremely com

pact, thin-bedded, white to pale pink limestone, overlain by white to 

light gray calcareous sandstone containing well-rounded, frosted sand 

grains. The two units locally appear to be both vertically and laterally 

gradational. At some places the lower unit consists of a pale pink, 

crystalline limestone that weathers light gray and contains abundant 

scattered euhedral rhombs of dolomite that stand in relief on the 

weathered surface. At other places the upper unit weathers to a 

friable red-brown sandstone, and elsewhere it is quartzitic. The lower 

member was not found in the north wall of Brown Canyon, where the 
Picacho de Calera formation rests on the massive quartzite at the top 

of the Abrigo formation. Obscure low angle faulting may have cut out 

these beds there. Where present, the calcareous sandstone serves as an 

excellent marker that cannot readily be confused with other beds in the 
column, even though the strata are highly deformed structurally.

A thin section of a typical specimen of the calcareous sandstone 

reveals the following:

Rock type: Calcareous
Composition:

quartz 

calcite 

microcline

sandstone.

70-80 percent 
20-30 «

- 1  ' "

grain size 

0*76 mm maximum 
very fine 
0e08—0»16 mm



Characters An aggregate of frosted, rounded quartz grains, and 
smaller angular to subrounded quarts grains (0.17 nm 
average diameter), in a matrix of very fine-grained 
calcite. Quartz somewhat embayed by cement. Some 
quartz grains with rutilated inclusions. Calcite 
cement more coarsely crystalline about quartz, and 
not uncommonly in radial arrangement about quarts 
grains. Microcline as small angular to rounded 
grains; fresh and unaltered. Some show embayment by 
cement.

At one place, the HBj- sec. 22, a red chert breccia and edge

wise conglomerate bed 1 to 2 feet thick was noted immediately above a 
light gray to white limestone containing dolomite rhombs. This is 

probably a local facies of a portion of unit 2 shown in the following 
partial section of the Picacho de Calera formation, measured in the 

center of the sec, 22, one-half mile north of Carr Peak:

Upper Devonian.

Picacho de Calera formation 
Member B.
Member At feet

2. Sandstone: white to pink, calcareous to
dolomitic, cross-bedded; sand grains 
well rounded, frosted; weathers light 
gray; grades upward into gray to pink 
silty sandstone and quartzite, with 
abundant gray, fine-grained limestone 
nodules (pebbles ?); weathers gray-brown 
to red ............................. 14

1. Limestone: white, extremely compact, fine
clay and silt laminae; locally with 
abundant euhedral dolomite rhombs, 
grading into sandstone, white, calcareous, 
with rounded, frosted sand grains ......... 12

Total 26 feet
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Di sconfonnity.

Upper Cambrian

Abrigo limestone

The upper member of the formation, designated as member B, consists 
principally of a sequence of gray to bluish gray limestones that in most 

outcrops contain rounded stromatoporoid bodies (PI. 7,A). Poorly pre

served favositoid and zaphrentoid corals are uncommonly present in the 

upper portion. At one point, three-quarters of a mile northeast of Carr 

Peak, cross-sections of poorly preserved gastropods up to 1 inch across 
are exposed on the surface of the stromatoporoid beds. The cross-sec

tions are suggestive of cephalopods or gastropods coiled in a plane.

A light bluish gray limestone bed that contains numerous dark worm (?) 

trails throughout its thickness is locally present in this zone. The 
upper portion of the Picacho de Calera formation includes local facies 

of coarsely crystalline, pink dolomite,

A section measured in the SW£ sec, 22 has the following 

character; thicknesses are in part questionable due to faulting:

Upper Devonian.

Martin limestone.
Picacho de Calera formation:

Member B: feet

Limestone: light to medium gray, compact, beds
2-3 feet thick; contains large spherical 
stromatoporoids, favositoid corals; weathers 
light bluish gray ( faulted) .................. 13 (7)
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Member A: feet

Sandstone: white to gray, medium-grained, cal
careous, medium-bedded; quartz grains rounded, 
frosted; weathers light gray to white, locally 
reddish brown, friable; in places quartzitic .... 4-5

Limestone: medium to light gray, very compact,
thin-bedded; weathers light gray to white
(faulted) ................. . . ......... 7 (?)

Total 24-25 feet
Fault

Upper Cambrian

Abrigo limestone

The limestones with stromatoporoids and corals are distinctive 

marker beds where present in the area, but unfortunately they are cut 

out by faulting at a number Of places.

Correlation of beds in the Huachuca Mountains, here assigned to 
the Picacho de Calera formation, with those of the type locality, 25 

miles northwest of Tucson, seems justified. The limestones with 

stromatoporoids and corals are clearly the equivalent of member 4 of 

Stoyanow (1936, p. 488), The calcareous sandstone in member A is 
probably correlative with member 5 of Stoyanow. Members 1, 2, arkl 3 

of Stoyanow*s description have no direct counterparts within the 

Picacho de Calera formation in this portion of the Huachuca Mountains* 

A thin zone containing numerous fish teeth was found 10 feet above 

the base of the arenaceous dolomite sequence described in this paper 
with the overlying Martin limestone. This may be the equivalent of 
member 1 of the Picacho de Calera formation in the type locality.
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bvrfc on the basis of lithology in the Huaehuca Mountains, appears to be 

more properly included with the Martin limestone*

Martin Limestone and Beds of Lower Ouray Age

Devonian rocks overlying the Picacho de Calera formation with 

apparent conformity, differ markedly from it in lithology and included 

fauna* They consist predominantly of a sequence of hard, arenaceous 

dolomites, with beds of limestone at the top. The dolomite sequence 

occupies the stratigraphic position of the Martin limestone of Ransome 

in the type locality at Bisbee (1904, pp* 32-34)• The uppermost Devonian 

beds in this area, principally limestones, were mapped with the Martin 

limestone, but an examination of specimens of brachiopods collected 

from them proves their equivalence in age to the Lower Ouray formation, 

as described by Stoyanow (1936, pp. 489-492).

The largest essentially continuous outcrop of the Martin formation, 

in the area of this report, is on the flanks of the anticlinal structure 

to the north and northwest of Carr Peak, and on the eastern and north
western slopes of Blanco Peaks. Unfortunately, however, a considerable 
amount of relatively obscure folding and faulting,, producing repetition 

of beds, together with a dense brush cover, conceal important strati

graphic details. Other exposures are located on both sides of Ramsey 

Canyon between Blanco and Ramsey Peaks, in a small structurally complex 

area in Pat Scott Canyon, and in the north and south walls of Brown 
Canyon.

Beds of Lower Ouray age were definitely identified only on the



southeastern slope of Blanco Peaks.

The Martin limestone consists almost entirely of hard arenaceous 
dolomites, in part cherty, generally dark in hue, and contrasting strong

ly with the typical strata of the underlying Picacho de Calera formation. 

They also differ markedly from the pure limestones of the overlying 
Escabrosa limestone.

At the base of the Martin are extremely hard, fine-grained, light 

to medium gray, arenaceous dolomites, that are in many places mottled 

pink. Host weathered surfaces are smooth. They are buff-colored in 

open areas, but gray to gray-buff in heavily forested terrain, due to 

the differing effects of chemical weathering in the two environments. 

Most freshly fractured surfaces are quartzitic in appearance. In the 

S7F£ HBf- sec. 22 there is a zone A to 6 inches thick, located about 10 
feet above the base of the Martin limestone that contains abundant 

well-preserved fish teeth associated with scattered, coarse, well- 

rounded and frosted sand grains.

Above the fish-tooth zone are thin-bedded, fine-grained, in part 

rubbly, dolomitic sandstones, medium gray to very light pinkish-gray 

in color. In local environments favorable to intense chemical weather
ing, these beds are leached to highly porous, friable yellow to brown 

and red sandstones. They contain well-preserved molds and casts of 

brachiopods, and less numerous corals, crinoid columnals and bryozoa.

A few gastropods are present. Such fossiliferous beds are exposed 

where the trail crosses the canyon in the Sff£- STf£- sec. 15, the HB£ NW&- 
sec. 22, and along the trail to Carr Peak in the Sit- MEt' sec. 22. They 
also were noted above the James mine adjacent to James1 cabins on the



north wall of Brown Canyon, The impeached dolomltlo sandstones appear 
but meagerly fosslllferous. (See PI. 7, B).

The Martin limestone beds above the dolomltlo sandstones consist 
predominantly of fine-grained, hard, medium to dark gray and bluish 

gray dolomite, that is in part arenaceous. The weathered surfaces are 
light gray to gray-buff. Patches, seams, and nodular aggregates of 

coarse crystalline dolomite are diagnostic features of this portion of 

the formation. The nodular aggregates are commonly present as fillings 

in the body cavities of poorly preserved brachiopods.

The upper beds of the Martin limestone include lensatic bands of 

light pearl gray to smoky gray translucent chert, locally with abundant 

specimens of Atrvpa r m t l R r and rarely with zaphrentoid corals.

The cherts are best developed in, or just above, the coral reef zone, 

which, where present, is made up of the silicified remains of colonial 

corals. Stoyanow (1936, p. 487) has cited the wide distribution of the 
coral reef zone in the upper part of the Martin limestone at numerous 

localities in southeastern Arizona.

The uppermost Devonian strata in the Huachuca Mountains comprise 

a sequence of light gray-buff, fine-grained limestones, weathering 

light gray. These beds lie above the typical dolomites of the Martin 

limestone, and below thin-bedded cherty, dolomitic limestones of the 

basal Esc&brosa limestone. The contained brachiopods are indicative 
of beds of Lower Ouray age.

Collections from the arenaceous dolomites of the lower portion 
of the Martin limestone include the following identifiable forms:
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Spirifer cf. biaosialls Hall 
Atrvm cf. devoniana Webster 

Atrypa reticularis (Lirme)
Schizophoria sp*

Strophonolla reversa triangularis Fenton and Fenton 
Stronheodonta cf. alveata Hall 

Lontostrophia cf. canace (Hall and Hliitfield) 

Schuchertella ? sp.
Productella sp.

Paracyclas ? sp.

Flovdia concentrica var. Webster 

Orthopora sp.

The parallelism between the assemblage listed and forms from the 

Hackberry stage beds (Fenton and Fenton, 1924) or Lime Greek shales, 
of Iowa is readily apparent.

The Martin limestone beds above the dolomitic sandstones contain 

several prominently fossiliferous zones, but the state of preservation 

of the fossils is generally poor. At least three spiriferoid forms are 

present, among which Soirifer monticola (Haynes) was provisionally 
identified in fragmentary specimens from a fine-grained, medium to 

light gray dolomite that lies just below limestones with Camarotoechia 

(Paurorhvncha) endlichi (Meek). Two incomplete specimens at hand have 

a form comparable with that of specimens identified as Soirifer whitnevi

(Hall) by Kindle (1909, pp. 24-25, PI. VIIl) from the Ouray lime
stone of Colorado and Hew Mexico. One specimen of a fish tooth, similar 
to those in the zone near the base of the formation, was collected from
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a dolomite bed containing abundant brachiopods located about 10 feet 
below the coral reef zone®

The limestone of Lower Ouray age contain specimens of Camarotoechia 
(Paurorhvncha) endlichi (Meek) in one outcrop (PI. 8, A), The form of 

the specimen collected in the Huachuca Mountains compares favorably 

with that illustrated by Kindle from Mount Bolus, Colorado (1909, PI.

VI, figs. 10, 10a). A valve of a small meristelloid brachiopod, poorly 

preserved spiriferoid remains, and scattered crinoid colunmals were the 

only associated forms.

Unfortunately only a limited outcrop of the strata of Lower Ouray 

age was located, for this is the most southerly occurrence of these 

rocks in Arizona, The relationship between them and the overlying 

Lower llississippian strata suggests a condition of disconformity along 

an undulating surface of slight relief. Later movement along this sur
face, together with the absence of a recognized disconformity between 
the strata of Lower Ouray age and the Escabrosa limestone in other 

localities in Arizona, make this an equivocal observation, however.

The equivalence of the Lower Ouray beds in the Huachuca Mountains 
to those in the Upper Devonian portion of the Ouray limestone in Colorado 
and New Mexico, is strongly indicated by the presence of the characteristic 

guide fossil Camarotoechia (P.) endlichi (Kindle, 1909, p. 21) in the 

Huachuca locality.

Stoyanow (1948, pp. 313-314) has given an account of the pertinent 
problems of correlation of both the Martin limestone and Lower Ouray 
formations of Arizona with the Upper Devonian series of the southwest.

Combined thicknesses of the Martin limestone and the Lower Ouray
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formation were not accurately determined. They are estimated to total 
approximately 250 to 300 feet,

A Late Devonian age is clearly indicated for both formations by 

their contained faunal assemblages,

Escabrosa Limestone

The Escabrosa limestone in the Huachuca Mountains conforms closely 

in lithology with the formation in the type locality at Bisbee, des

cribed by Ransome (1904, pp. 42-54)• Characteristically, it embraces 

a sequence of relatively pure, non-magnesian limestones, in which 

crinoidal beds are prominent. It forms precipitous white cliffs (PI, 8, 
B),

Areas of outcrop are essentially confined to the higher portions 
of the range, where the Escabrosa limestone has been thrust over the 

Lower Cretaceous series along the Crest Line fault system. The most 
southerly recognized exposure is on Carr Peak, which is capped by about 

150 feet of this limestone isolated as a klippe upon Lower Cretaceous 

volcanics and red beds. Immediately to the east of Carr Peak the 
parent thrust sheet is encountered, in which a narrow belt of Escabrosa, 

bounded on the west by the Crest Line fault, extends discontinuously 

northwestward into Blanco Peaks, There the outcrop widens, covering the 

two peaks and their northwestern and northeastern slopes, and forming bold 
cliffs facing Wisconsin and Ramsey Canyons, Two small outliers lie to 

the east of Blanco Peaks, The largest continuous exposures of the for
mation surround Ramsey Peak, standing in precipitous cliffs facing
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Ramsey Canyon, and in a shear, scarp facing Pat Scott Canyon* Smaller 
isolated segments lie in a fault wedge in the upper reaches of Pat Scott 
Canyon, and in an outlier on the ridge forming the north wall of Brown 
Canyon.

Despite its considerable area of outcrop, the Bscabrosa limestone, 
yielded little stratigraphic detail. The sequence is best expressed in 

the cliffs flanking Blanco and Ramsay Peaks, which present a challenge 

to a skilled Alpinist. Overturned folding, and thickening of the sec

tion due to thrust faulting are apparent in these two areas. The near

dip slopes on the northeast flank of Ramsay Peak provide little detail, 

although they are accessible.

The best exposures of the lower portion of the section, in its 
relationship to the underlying Devonian rocks, are located on the north
eastern flank of Blanco Peaks. The area is covered by a dense growth 
of mountain mahogany, but is quite readily accessible. There the base 
of the Bscabrosa formation comprises thin-bedded medium gray to bluish 

gray, cherty, doloraitic limestones, totalling approximately $0 feet in 
thickness. The contact with the rocks of Lower Ouray age was not 
precisely determined there, but it probably is at the horizon of change 

from the non-oagnesian limestones of definite Lower Ouray age to 

magnesian rocks with prominent chert bands. The cherty, dolomitic beds 

assigned to the basal Bscabrosa are apparently unfossiliferous, hence 

their assignment to the Mississippian system is without paleontologic 
confirmation. At one point the two lithologic sequences, presumed to 
lie above and below the systemic contact respectively, are separated 
by a gently undulating surface with a local relief of 2 to 3 feet. The



possibility of a disconfonaable contact is suggested by this Surface, 

Evidence of movement along the surface, akin to the bedding plane 
slippage so prevalent in this area, makes hasty conclusions of dis- 

conformity questionable, however.
Upward in the section the Escabrosa consists of medium to thick- 

bedded granular limestones, prevailingly light gray to medium and bluish 

gray in color. Crinoidal beds, in which crinoid fragments make up the 

major portion of the rock constituents are abundant. At the top of 

Blanco Peaks, thin chert beds and nodules of light gray to smoky gray 

color are present# The cherts are commonly fossiliferous, with crinoid 

columnals predominating. Horn corals and brachiopods occur sparingly 

in the cherts.

Only fragmentary details concerning the remaining portion of the 
Escabrosa limestone were obtained. The upper portion of the klippe on 

Carr Peak consists of fine-grained, mottled, dark gray to white dolomitic 
limestone containing dark gray to white opaque chert nodules. 30 feet 
below the top are very thin-bedded layers of pink to red, granular 

limestones that contain a typical Lower Mississipian form of coral that 

is not specifically identified.
The topmost beds on the small peak immediately west-northwestward 

from Ramsey Peak, consist of massive, light gray limestones, and nearly 

white crinoidal limestones. The very top of the Escabrosa limestone 

was not precisely located, owing to the absence of marked differences 

in lithology and general character between the limestones of recognized 

LHssissippian age, and those of the overlying Pennsylvanian Naco for
mation.
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The chemical purity and considerable thickness of the limestones 

of the Escabrosa favor the development of solution cavities and caverns, 
which mark the outcrop at many points*

The total thickness of the Escabrosa limestone was not determined, 

owing to structural complications, and the absence of a datum marking the 

top. The average thickness at Bisbee is 700 feet (Ransoms, 1904, p, 43), 

which figure probably is representative of the formation in the Huachuca 

Mountains also.

Few specifically*identifiable fossils were collected from the 

Escabrosa, despite the relative abundance of faunal remains. Preservation 

is generally poor; the majority of the specimens are calcified, and few 

were noted (except the corals) that were sufficiently silicified to be 

determinable, Crinoidal fragments are especially abundant, A small form 

of coral akin to Horaaloohylum is also widely distributed in the formation. 
The following fossil forms were identified by the writer in collections 
from the area; Syringonora sp,, Homalouhvllim? sp., Soirifer centronatus 
Winchell, Cleiothyridina? sp,

Girty (Ransome, 1904, pp. 46-50) has correlated the Escabrosa lime

stone at Bisbee with the Kinderhook and Osage divisions of the Mississi- 
ppian. Recently, Stoyanow (1948, pp, 317-319) discussed-the Escabrosa 

limestone in relation to other Lower Mississippian strata in the South

west, It is probable that this formation in the Huachuca Mountains 

is largely equivalent to that at Bisbee,

Haco Limestone

Ransoms1s original definition of the Haco limestone at Bisbee



embraces a sequence of strata containing two distinct faunal assemblages, 
as noted by Girty (Ransome, 1904, p. 50). Similarly, in specimens 
collected from the Naco at Tombstone, Girty (Ransome, 1916, pp. 148-149) 

distinguished two faunal groups, in the lower and upper portions of the 

formation respectively. Stoyanow has since shown that both Pennsylvanian 

and Permian rocks are represented in the original Naco, and lias redesig

nated the lower portion of the formation, in which occurs a distinctly 

Lower Pennsylvanian fauna, the "Naco sensu stricto"(Stovanow. 1936, pp* 

521-523). The term Naco limestone, as used in this paper, is restricted 

to strata of Pennsylvanian age.

Rocks of recognized Pennsylvanian age are poorly represented in 

this portion of the Huachuca Mountains. The only well established out

crop of these rocks is in the area covering the summit and northern 

slopes of Ramsay Peak. Certain of the calcareous rocks in the imbricate 

fault segments in the upper middle portion of Miller Canyon may belong 
to the Naco formation, but appear more characteristic of Permian strata.

The contact of the Naco limestone with the underlying Escabrosa 

limestone was approximately located on the slopes of Ramsey Peak.

There, the basal Naco sediments are distinguished by the presence of 

thin, highly fossiliferous shales, ranging in color from dark gray 

through shades of green, to predominate maroon and purple. The shales are 

interbedded with limestones that have a generally more aphanitic texture, 

and are in part of darker hue than limestones of the Escabrosa. Chert 

is more conspicuous in the Naco, where it occurs as large irregular 

masses and smaller rounded nodules. Shaly, rubbly limestones are also 

present. At a number of points on the dip slope from Ramsay Peak to the
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ridge west of the Janes nine, large blocks of massive chert or nova- 

culite, brecciated and mingled with fragments of shale and light-color
ed limestone, are found in positions evidently near the base of the 

Kaco* Whether or not these represent a basal conglomerate is debatable, 

in view of the obvious associated structural deformation.

Higher in the section, cyclic alternations of thin beds of grayish- 

green to olive fossiliferous shales that weather brown, and thin- to 

thick-bedded light gray to dark bluish gray, in part cherty, limestones 

are present. These beds were noted by the writer only in Hunter Canyon, 

south of the area of this report. The limestones are highly fossilifer

ous, locally with abundant bracliiopods, and in part crinoidal. Light- 

colored, silty laminations are conspicuous in some of the limestones, 

Loring (1947, pp, 24-29) has described sections of the Naco limestone 
in the Swisshelm Mountains, where cyclic limestone-shale alternations 
are prominent.

An outcrop adjacent to the preceding section in Hunter Canyon 

consists of a thick-bedded, dense, light-colored, siliceous rock similar 

to a type conspicuous in the Naco limestone in the Empire Mountains, 

but without the marked laminae or mottled areas of silty material 

characteristic of the Empire Mountain locality.

Inasmuch as only the basal Naco is present, the thickness of the 

formation in the Huachuca section is unknown, Lausen found about 1600 

feet of Naco in the Whetstone Mountains to the north (Stoyanow,1936,
P. 522).

Portions of the Naco limestone exposed in the area are richly 

fossiliferous, particularly the shaly beds near the base. Only a few
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fonas suitable for identification were collected. The basal shales 

contain abundant large spiriferoid impressions together with Aviculopec- 

ten sp«, all badly deformed by bedding plane slippage. Brachiopods and 

single corals are abundant in certain of the limestone beds, but only 

Splrifer oeeidentalis Girty, and Spirifer cameratus ? Morton were 

identified.

Permian Strata

The principal features of the Permian stratigraphy of southeastern 

Arizona have been discussed by Stoyanow (1926, pp. 530-533)• Further 

studies of the Permian strata have since been made by Alexis (1939, 

pp. 9-12) and Sopp (1940, pp. 25-31) in the Empire Mountains, and by 

Feth (1947, pp. 29-36; 1948, pp. 82-99) in the Canelo Hills. Recent 

detailed work by Bryant in the Mustang Mountains provides the follow
ing generalized sequence of Permian rocks in that area: At the base, 

resting in an overthrust upon Cretaceous strata, are prevailingly white 

sandstones 350 feet thick. These are succeeded upward by 350 feet of 

limestones, in part doloaitic; 150 feet of pinkish sandstone; 500 feet 
of dominantly massive gray limestone; and 400 feet of thinner bedded, 
variegated limestone. The upper limestones are overlain by a basal 

Cretaceous conglomerate.
Permian rocks were recognized by the writer along the north

eastern and southwestern borders of the area mapped. On the north

east they consist entirely of fossiliferous eherty limestones that 
rest as apparent klippen upon pre-Cambrian granite in the structural *

* Bryant, D. M., Personal communication, March 1950. Manuscript in 
progress.
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belt of the Boundary thrust faults# JCtto small areas of such outcrops 
are included; Crump Hill, at the mouth of Carr Canyon, and a low hin. at 
the mouth of Brown Canyon#

On the southwest, beds of Permian age crop out in imbricate fault 

wedges with rocks of Lower Cretaceous age, along an irregular discontinuous 
belt extending southeastward from Pat Scott Peak into the upper middle 

portion of Miller Canyon. The associated structural belt is described 

as the Wisconsin thrust system. Positive identification of all these 

beds as Permian is hazardous in the contact metamorphic area extending 

along Pat Scott and Wisconsin Canyons, although local faunal evidence 

is convincing for assignment of some of the strata to the Permian 

System.

The area in Miller Canyon is highly imbricate; structural defor

mation and superimposed secondary foliation have erased the primary 
character of the limestones in many fault blocks. Designation of these 
rocks as Permian is based largely on their general physical character, 

structural patterns projected from areas of known Permian outcrops to 

the northwest, and in a few rare cases, upon fragmentary fossil evidence.

Strata cropping out on Crump Hill (P I.  19, B) are predominantly thick- 

bedded, dark gray to black, fetid limestones, weathering light gray.
They are characteristically resistant, very compact (aphanitic), and 

contain abundant black chert in partially bedded lenses and nodules, 

and as irregular masses. Fossils abound in certain zones in the 

sequence. No detailed studies were made of collections from these beds, 
among which are numerous small gastropods, EimnphaTiiw, Belleroohon.



52'

Conpositay Squanrulariaf Caaarophoria?.Dicfcyoclos'tus bassl McKee# very 

large lanellibranchs, echinoid spines, and a variety of types of 
bryosoa.

In the areas exposed along Wisconsin and Pat Scott Canyons, the 

Permian beds are considerably deformed and altered to marble,and locally, 

to tactite. Limestones ranging from light gray to dark blue gray pre

dominate. Fossils remain only as obscure traces over most of the area. 

On the ridge immediately south of the junction of Ramsey and Wisconsin 

Canyons, several specimens of Avonia..and local clusters of echinoid 

spines were noted* Meekella, Dictvoclostus. Composita. and Euomphalus 

are present in the fault wedge on the southeast side of Pat Scott Peak.

Outcrops in the upper middle portion of Miller Canyon include 

medium to light gray and bluish gray limestones, in part with conspic

uous chert. One massive unit of fine-grained, buff, vitreous quartzite 

is overlain by thin-bedded limestones that weather nearly white. Only 
fragmentary fossils were noted, with the exception of several very large 
specimens of Belleronhon.

Ho information was obtained relating to the sequence or aggregate 

thickness of the Permian sediments in the area. Over much of south
eastern Arizona Permian rocks crop out as resistant cap rocks on hills 

and peaks floored by thrust faults. A complete record of the system 

in that portion of the state has accordingly yet to be compiled.

Lower Cretaceous Series

A relatively continuous belt of Lower Cretaceous rocks crops out
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in the southwestern portion ef the area mapped in this study. The 

belt is bounded on the northeast by Paleozoic sediments ranging from 

Cambrian to Lower Mississippian in age, along fault contacts of the 

Wisconsin thrust system. Post-Early Cretaceous intrusive igneous 
rocks form the major portion of the southwestern margin.

The structure is essentially hoooclinal, with Cretaceous rocks 

dipping consistently toward the northeast in the northeastern limb 

of the Huachuca anticline. A reversal in dip takes place west of Pat 

Scott Peak, from whence the beds dip predominant ly southwestward to 

the western foot of the range. The major structural pattern is modified 

by imbricate thrust faulting, much of which is obscured in the weak 

slopes of the Cretaceous rocks* It is only where sheets of competent 

Permian rocks have been faulted in with the Cretaceous that the modify

ing structures are clearly expressed.

Strata of this division are characterized by mudstones, and silt- 
stones of pronounced maroon coloration. The base of the series is not 

exposed in the area mapped, but may be represented by the coarse lime

stone conglomerate exposed in the pass between Tanner and Scotia Canyons 

in the northern portion of the Huachucas. There it consists of a coarse 

assemblage of predominate Carboniferous limestone cobbles and boulders, 

the larger of which are more than 4 feet in diameter. The conglomerate 

appears to vary considerably in thickness. According to Alexis (1949, 

p. 20) it totals from 1300-3300 feet in different portions of the out-

The general nature and distribution of the basal conglomerate

crop*
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suggest an equivalence to the Glance conglomerate at Bisbee (Ransome, 
1904, pp. 57-63)e Differences in constituent character between the 
conglomerate of the Huachuca Mountains and that at Bisbee may simply 

reflect a dissimilarity of outcrop in the local terrains from which 

they were derived#
Bryant* reports a conglomerate at the base of the Cretaceous rocks 

in the Mustang Mountains, about 19 miles north of the area studied by 

the writer. He states that the conglomerate is composed largely of 

fragments of quartzite and volcanic rock fragments, lying unconformably 

upon Permian limestones#
A basal Cretaceous conglomerate, examined by the writer in the 

eastern foot of the Empire Mountains, comprises coarse cobbles pre

dominantly of Paleozoic limestone and quartzite# The conglomerate 

overlies Permian limestone, and is in turn overlain by maroon silt- 

stones and sandstones#
An essentially continuous sequence of about 1500 feet of Cretaceous 

rocks is exposed on the slope from the crest of the ridge extending 

northeastward into Blanco Peaks to the floor of Wisconsin Canyon# The 

slope is formed largely by weak maroon mudstones, and siltstones, with 

a few interbedded green shales that locally contain limestone pebbles# 

Pale greenish gray deoxidation spots are common in the maroon shales# 

Several thin beds of quartzite and sandstones are interbedded with the 

finer elastics#. The crest of the aforementioned ridge is maintained by

* Bryant, D# M., Personal communication, February 1950.

X
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the resistance of quartzite and cross-bedded, calcareous sandstone^ 

the latter composed of rounded, frosted, quartz grains in a calcareous 
cement.

Porphyritic volcanic rocks occur within the Cretaceous series under 

the cap rock of Carr and Blanco Peaks, in the upper portion of Pat Scott 
Canyon, on Pat Scott and adjacent peaks, and in Hiller Canyon. The 

volcanics have been so strongly crushed and faulted that their contacts 

with the sediments were not defined.

In the field, the volcanic flows appear to range in composition 

from rhyolite to dacite and andesite, but their outcrops are so brecci- 

ated, myIonized, bleached, and weathered as to render hand specimen 

identification of dubious value. Thin-section examinations reveal a 

more limited range in composition, in which albite rhyolite porphyry 

and albite trachyte porphyry predominate.

A rock of tuffaceous appearance crops out under the thrust plate 
on Carr Peak and adjacent slopes. It forms a cobbly rubble of medium 

to light gray, well-lithified material, containing abundant small rock 

fragments (generally a fraction of an inch in diameter), and recogniz

able grains of feldspar, quartz, bleached biotite, and magnetite. A 
rude lineation resembling flow structure is evident in many of the 

cobbles, but this feature may be a product of shearing stresses attend

ing overthrust of the Escabrosa limestone plate. Although the general 

aspect of the rock suggests a tuff, the matrix is more vitreous, and 
the specific gravity is greater than that of a normal tuff.

In thin section the tuff-like rock reveals a porphyritic texture, 
with rude flow lines. The matrix is vitrophyric, and under high
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magnification is somewhat granular» Phenocrysts include euhedral 

quartz and orthoclase, and anhedral albite; all are corroded by the 

matrix* Orthoclase and albite are present in variable proportions in 

different thin-sections• The feldspars have been argillized. Bleached, 
corroded, flexed shreds and books of former biotite show alteration to 

jefferisite, or a similar "vermlculite". The mineral is pink by- 

reflected light. Grains of magnetite and irregular stained areas of 

secondary iron oxides are common. Included rock fragments comprise a 

heterogeneous mixture of felsitic and trachytic material of apparent 

igneous origin, red shale, siltstone, and small amounts of limestone. 

Calcite is abundant in one section as irregular granular areas and 

veinlets. On the basis of microscopic evidence, the rock has a pre

dominance of features diagnostic of a flow rock, rather than a tuff 

(Jones, 1926, p. 249)o It is accordingly designated an albite rhyolite 
porphyry, or quartz keratophyre.

An entirely different albite rhyolite porphyry (quartz kera

tophyre) appears to underly the preceding rock in a peripheral zone 

about Carr Peak. Related rocks also are present on the western side 

of Miller Peak, and at a number of other points within the area mapped. 
In outcrop, it is distinctly red to maroon, weathering to a rose 

color, and it is coarsely porphyritic* Locally it is bleached to a 

light gray mass studded with chalk white feldspar phenocrysts up to 

8 millimeters in diameter. The normal rock consists of coarse sub- 
hedral to euhedral phenocrysts of light gray plagioclase and n-inV 

orthoclase in an aphanitic matrix. Quartz is rare. Dark minerals 
are chiefly magnetite (or hematite) and biotite.
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In thin-section, the phenocrysts of this rock are albite and 

orthoclase, the albite present in greater abundance than the ortho- 

class. Smaller equigranular anhedra of quartz and orthoclass are 

abundantly distributed throughout the matrix. The matrix is vitro- 

phyric, and only partially devitrified. Accessory minerals include 
altered biotite (bleached nearly colorless; contains opaque areas 

that are pink by reflected light), altered amphibole (?), magnetite, 

and apatite. The rock has been crushed, and is cut by abundant, vein- 

lets and irregular granular areas of calcite.

Interbedded with Cretaceous sediments in the upper portion of 

Pat Scott Canyon, and capping Pat Scott Peak and the adjacent ridge 

to the north and south, are igneous rocks of definite volcanic origin. 

Flow banding, and aligned vesicles and xenoliths are locally prominent.

A specimen of albite trachyte porphyry (keratophyre) from near the 

foot of the trail ascending Pat Scott Peak shows megascopically a dark 
red jasperoid-like matrix enclosing very abundant, small, white, feld

spar phenocrysts that are generally less than 2 millimeters in diameter. 

Quartz is rare. Euhedral plates of altered biotite are common. H o w  

banding, aligned vesicles, and small xenolithic inclusions are con
spicuous features. Veinlets and irregular clumps of coarsely crystal

line, white calcite are prominent.

In thin section, the rock is a porphyritic vitrophyre* Flow 

banding is distinct, and accentuated by an abundance of dusty in

clusions and crystallites of hematite (?). Phenocrysts are euhedral 
carlsbad twins of orthoclase, and albite, in a ratio of about 2:1*

The feldspars show marked corrosion by the matrix and moderate
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Piedmont!te is conspicuous as an alteration production of biotite, 
and apparently in part as an alteration of an amphibole. It is also 

found as radiating acicular clusters with no evidence of a replacement 

origin# A few grains of epidote were noted# Apatite is relatively 
abundant as coarse euhedral prisms, many of which occur as inclusions 
in piedmontite. Quartz is rare, except as a late mineral in mosaic 

clusters, and in the cores of spherulitic areas# Corroded magnetite 

is common. Xenoliths consist of a very hematitic aphanite with trachy- 

toid texture, and less common fragments of fine-grained quartzite or 

sandstone.

A distinctive angular conglomerate crops out discontinuously 

under the Crest Line fault from Blanco Peaks southeastward to an area 

northeast of Carr Peak. It appears to rest generally upon Cretaceous 
volcanics, and is in turn overlain by Paleozoic rocks in fault contact. 

Angular to sub-angular rock fragments up to several inches in diameter 
are set in a very dark maroon aphanitic matrix. The fragments are 

quantitatively predominant. They comprise felsitic and porphyritic 

igneous types, and a smaller quantity of sedimentary types.
In thin-section, the porphyritic fragments resemble material in 

the Cretaceous volcanics. The felsites are similar to some of the 

xenoliths in certain of the Cretaceous flows. A few quartzite, and 

limestone fragments are also present. The matrix is a dense hema

titic paste of clay-sized material, containing scattered amwIT 
angular quartz and feldspar fragments.

The field relationships and physical character of the rock indicate
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an angular conglomerate derived from, and deposited upon, Cretaceous 

volcanics during a post-eruptive stage of erosion.

The sedimentary rocks of this series are unfossiliferous, in so
(|9+4,P lOlTj

far as could be determined within the area studied. ImlayA refers to 

"the occurrence of (l) Ebcogyra arietina Roemer on the summit of the 

next to the highest peak in the Huachuca Mountains"• Carr Peak is the 

next to the highest peak in the Huachuca Mountains, but no traces of 

E» arietina were found there by the writer. The summit is capped by 

the Escabrosa limestone, and the underlying Comanche beds are volcanics 

and elastics. Imlay was evidently misinformed as to the source of the 
specimens in question.

It is probable that the Cretaceous beds in the Huachuca Mountains 

are largely equivalent to at least a portion of the Bisbee group of 

Ransome (1904> pp. 56-73)• Alexis correlated a limestone unit present 

in the western portion of the range with the Mural limestone at Bisbee 
(Alexis, 1949, p. 27). This limestone is apparently higher in the 

section than the Cretaceous beds in the area of this report, hence the 

elastics and volcanics described herein are in all probability essen

tially correlative with the Morita formation at Bisbee, and accordingly 

Early Cretaceous in age.

Quaternary Alluvium

Unconsolidated gravels and sands of Quaternary age border the 
mapped bedrock area along the northeastern margin, and coarse gravels 
and boulders of valley train material project into the mountain region
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as narrow fingers in the major canyons#

The constituent fragments of the surficial portions of the 

alluvial belt represent detritus shed from the eastern slopes of the 

mountain belt, and deposited as a veneer upon a pediment surface 

sloping toward the San Pedro River#
Adjacent to the foot of the range the material is poorly sorted, 

and includes particles ranging in size from that of silt to boulders 

several feet in diameter# Deposition there was effected in a series 

of coalescing alluvial fans of gentle slope. Eastward and northeast

ward toward the San Pedro River, the average grain size decreases 

gradationally to that of sands and silts#

No detailed studies were made of the Quaternary sediments in the 
area# The local relief on the detrital surface to the east of the 

foot of the range is little more than 100 feet, and much of this rudely 

parallels the initial dip# The washes are very shallowly entrenched, 

so that at few points may a fresh section more than 10 feet in thick

ness be examined, Well records were found to be misleading, owing to 

failure of the driller to differentiate between large boulders and 

true bedrock when recording drilling data. Accordingly, no reliable 

thicknesses of the alluvium were obtained#

All of the strata of this sequence exposed in the area are un

consolidated and undeformed. The older sequence of tilted, semi- 

consolidated gravels, conglomerates, and sands described by Alexis 
(1949, pp# 30-32), and observed by the writer at the northern end of 
the Iluachucas, and at Elgin, is not exposed#
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Summary of Intrusive Rocks

Igneous rocks of Intrusive origin are widely distributed in this 
portion of the Huachuca Mountains, particularly on the northeastern and 

southwestern margins of the area napped#

On the northeast is a broad expanse of pre-Cambrian, and presumably 

pre-Cambrian, sodic granites, namely the Foothills granite, and the 

Fletcher Ridge granite and related aplites —  alaskitic rocks that have 

intruded the Foothills granite# Lamprophyre dikes of probable pre- 

Cambrian age cut both granites. Satellitic masses and dikes of rhyolite 

porphyry, and dikes of diabase cut the Foothills granite in the northern 

portion of the area. Their ages are unknown.
Rhyolite (?) sills and dikes invaded Middle and Upper Cambrian 

sediments in Ramsey Canyon and southeastward, near the Lepidus fault# 
Basic dikes of undifferentiated age cut Paleozoic rocks as young 

as Early Mississippian in the north wall of Brown Canyon#

The youngest exposed intrusives breached the axial portions of the 

Huachuca anticline on the southwestern margin of the area. The sequence 

there appears to have been: (l) andesite porphyry, (2) quartz latite
porphyry, and (3) Granite Peak quartz monzonite. A H  are probably post- 

Early Cretaceous in age. The quartz monzonite (3) is largely younger 
than the major structural deformation of the range.

Contact metamorphism and mineralization of the area are ascribed 
to the parent magma of the Granite Peak stock.
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Foothills Granite

The basement rock platform in the area is a platonic igneous mass 

that will be referred to in this text as the Foothills granite $ a desig
nation suggested by the general topographic expression and location of 

the rock in the range.
The area of outcrop includes a broad belt along the northeastern 

side of the mapped region, reaching a local maximum width of about 2 

miles. On the east it is bordered generally by Quaternary alluvium, 

and in part by intrusive masses of the Fletcher Ridge granite. The west

ern margin is defined by the contact with the overlying Bolsa quartzite,* 

or locally by fault contacts with the Bolsa and younger sedimentary rocks. 

A small area of crushed and altered granitic rock, tentatively identified 

with this unit on the basis of megascopic and microscopic similarity, is 

located in a complexly faulted zone in the upper portion of Pat Scott 
Canyon.

The fresh rock is light gray, coarsely crystalline, and porphyritic 

granitoid. Minerals identifiable with a hand lens include: pale pink

to nearly white potash feldspar, which in the large euhedral phenocrysts 

attains a length of up to 2 inches; white subhedral feldspar with plagio- 

clase twinning striae, not uncommonly distinctly green in color as a 

result of alteration; quarts as abundant coarse anhedral grains, and as 

smaller facetted crystals poikiliticly included in feldspar; abundant 

biotite as isolated euhedral books, clusters, and poikilitic inclusions 
in feldspar; euhedral grains of sphene up to 3.5 mm long are locally 
prominent; magnetite is present as scattered small grains.
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In weathered outcrops, the rock is characteristically brown to 

reddish-brown in color; a result of the decomposition of abundant biotite. 

The granite normally yields rounded hills and ridges, irregularly mantled 
with coarse disintegrated feldspar and quartz fragments. It is locally 

weathered deeply to a soft semi-coherent mass that still retains the 
original rock fabric. Such material is excellent for road surfacing.

Little difficulty is experienced in recognising the Foothills 

granite where the coarse porphyritic texture has not been destroyed by 

structural deformation (PI. 9,A).

Examination in thin section reveals a porphyritic albite-biotite 

granite. A typical specimen collected from a road cut in Miller 

Canyon, near the south-central boundary of section 13, reveals the 

following microscopic data (PI. 9,B)s

Essential Minerals Accessory Minerals
microcline-perthite & perthits 

max. grain size 12 mm
33 percent magnetite - 1 percent

max. grain size 1.0 mm.
quartz

max. grain size 5.5 mm
26 percent apatite - 1 percent

max. grain size 0.4 mn
zircon rare

Varietal Minerals
albite (Ab^z)

max. grain size 3»0 mm
32 percent Alteration 

* sericite
biotite

max, grain size 3.5 mm 

* especially prominent

9 percent chlorite 
muscovite 
calcite 
epidote (?)
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Hlcrocllne and orthoclaso as very coarse anhedral grains, in 
part with perthitic inclusions of albite* Slightly altered. Albite 
largely subhedra, in part anhedra, with cores almost completely 
sericitized. Many grains bear outer growths of but slightly altered 
albite in optical continuity with cores. Zone of myroekite between 
overgrowth and core in a few grains. Adjacent orthoclase corroded 
by overgrowth. Quartz as coarse sutured grains showing prominent 
strain shadows; also as sparse subhedral inclusions in orthoclase. 
Biotite as coarse dark green to brown pleochroic grains, highly 
corroded and shredded. Apparently in part as almost complete re
placement of green hornblende. Biotite partially altered to 
chlorite ( pennine) and magnetite. Apatite common as euhedral 
prisms with biotite, and as inclusions in feldspar. Muscovite and 
calcite in fractures and along grain boundaries.

No remnants of the pre-intrusive country rock were located in the

area mapped, nor in other portions of the Huachuca Mountains examined in

reconnaissance. A similar granite, overlain by Bolsa quartzite on the

eastern flank of the Whetstone Mountains, in the vicinity of Middle Canyon,

has invaded schist. At Bisbee, the pre-Cambrian basement rock is Pinal

schist (Ransome, 1904, pp. 24-27). Although the Pinal schist at Bisbee

has been invaded by granite, it has not been adequately demonstrated that
*

the granite there is of pre-Cambrian age . Xenoliths of pebbly schist 
and impure quartzite are locally common in the Foothills granite, hence 
it is assumed that it intruded a meta-sedimentary series that may be the 

equivalent of the Pinal schist.
The contact of the granite with basal Paleozoic sediments, the 

Middle Cambrian Bolsa quartzite, is an unconformable surface of low 

relief. Profound peneplanation of the granite in pre-Cambrian time is 

indicated. The upper few feet of the granite beneath the contact locally

* Wilson, E. D., Oral communication, Feb. 1950
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ref lects deep weathering prior to /the deposition of the Bolsa, It is 
difficult at some points to differentiate clearly between the ha.«̂ l sedi
ments and underlying granite, so similar are they in composition and 

texture.

Primary structures within the granitic mass are largely obscure or 
lacking. A considerable portion of the outcrop is concealed by residual 

mantle and talus. Superimposed tectonic effects —  shearing and fault

ing —  further serve to mask primary intrusive features. Local rich 

segregations of biotite in the form of schlieren were noted, but only 

in boulders that were not clearly in place, hence the lineations were 
not plotted.

The granite is cut by later intrusions of granite and aplite, dikes 

of lamprophyre, diabase, and by rhyolite porphyry. Pegmatites that were 

apparently related to the mass were not found in the area, although they 
were noted in other parts of the range.

The Foothills granite is the host rock for a number of quartz veins, 
some of which contain mineralized shoots with scheelite, and very small 

quantities of copper and lead minerals. Such zones are located on Schee
lite Ridge, east of Sentinel Peak, and adjacent to Davis and Miller 

Canyons.
The pre-Cambrian age of the granite is amply demonstrated by the 

unconformable contact of the overlying Bolsa quartzite, and the abundance 

of coarse, fresh feldspar and quarts in the basal beds of the Bolsa.

Fletcher Ridge Granite

The Fletcher Ridge granite, and its aplitic and pegmatitic
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apophyses, are intrusive in the Foothills granite at many places, 
particularly along the northeastern border of the older granite out

crop. Exposures on Fletcher Ridge are especially prominent topographic 

ally, and embrace the largest continuous segment of the rock mapped.
The characteristics of fine grain, light color, and superior 

resistance to erosion, readily distinguish these rocks from the Foot

hills granite (PI. 10,A).
Three lithologically distinct phases of the granite are represent

ed; each intergradational with the others without evident sequential 

relationships, and with but a broadly generalized spatial zoning. The 

following phases may be distinguished megascopically: (l) a fine- to

medium-grained light-colored granitoid rock, in part moderately por- 

phyritic; (2) a medium-grained light gray to gray-white saccharoidal 

aplite, intimately gradational with comparatively fine-grained pegma- 

titic types that are locally rich in tourmaline (schorl); (3) a dis
tinctive very fine-grained, pale greenish-gray to white aplite, typi
fied by abundant coarse, highly, corroded scales of muscovite up to 

9 mm in diameter.

The granitoid rock (l) is the type rock of the Fletcher Ridge 

granite, as exposed on and adjacent to Fletcher Ridge, on either side 

of the mouth of Brown Canyon, and in Davis and Nigger Jim Canyons.

The aplitic phases (2) and (3) are found principally in dikes and 

smaller irregular bodies in the peripheral zones.

A specimen of typical Fletcher Ridge granite, from the western 

flank of Fletcher Ridge, was identified as an albite-rauscovite granite 
(alaskite)„ Its description follows (PI. 10, B):
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A light gray, weathering gray, fine-grained 
slightly porphyritic granitoid rock, containing a few elongate 
phenocrysts of pinkish white orthoclase with irregular cleavagee 
Smaller laths of white feldspar bear plagioclase striations.
Quartz is present as irregular aggregates and scattered small, 
rounded grains, Muscovite is coarse and abundant# Iron oxides 
in sparse snail grains and brown stains is apparently pseudo- 
morphous after cubes of pyrite. No mafics are evident#

Microscopic:

Essential Minerals

microcline and orthoclase ] 
max. grain size 5«5 nm

quartz
max. grain size 1.3 mm

Varietal Minerals

albite (Ab^)
max. grain size 1.5 mm 

muscovite
max. grain size 3.5 mm
Phenocrysts of microcline-orthoolase-perthite in stout sub- 

hedral laths, commonly carlsbad twinned. Inclusions of quartz 
and orthoclase abundant. Corroded muscovite inclusions rare. 
Microcline and orthoclase also as smaller anhedral grains. Albite 
as smaller phenocryst and matrix grains, generally in subhedral 
laths, and short stubby prisms. Uncommonly anhedral. Twinned 
according to albite, carlsbad, and rarely pericline laws. Quartz 
as sutured grains and smaller rounded to euhedral grains, with 
slight undulatory extinction. Muscovite as large, deeply embayed 
( particularly by quartz), clear flakes, in part flexed and 
broken. Also some muscovite of later origin in fracture vein- 
lets, along grain boundaries, and as irregular aggregates. No 
mafic minerals.
Alteration generally slight. Both potash and soda feldspars 
uniformly flecked with sericite and clay minerals. Some secondary 
muscovite. A few small cubes of limonite pseudomorphous after 
pyrite.

Thin sections of the muscovite aplite, phase (3), reveal 
a composition similar to the preceding phase, but the texture is 
much finer grained and sub-equigranular (PI, 11, A). Microcline- 
perthite (anhedral), albite (euhedral to subhedral), and quartz 
(anhedral,rounded) constitute the bulk of the rock in grains

perthite 37 percent

31 percent

Alteration

muscovite 
sericite 
clay minerals 
limonite

20 percent 

12 percent
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averaging 0*4 mm or less in diameter* Muscovite is conspicuous as 
very coarse flakes developed in optical continuity across abundant 
included grains of quartz, and rarely feldspar. Muscovite is clear
ly a late mineral, as indicated by corrosion of quarts, and nearly 
complete obliteration of feldspar within its grain boundaries.

Alteration is essentially limited to sericitization of the 
feldspars.

The medium grained aplites, phase (2) are very similar to the 
preceding aplite in thin section, but are coarser grained and more 
saccharoidal in texture. Muscovite occurs in relationships similar 
to those in granitoid phase (l). A few shreds of bleached biotite 
(?) were noted.

The contacts of the Fletcher Ridge granite with adjacent rock units 

are largely intrusive. It rests in fault contact with the Foothills 

granite, however, along the thrust between the lower portion of Ramsey 

and Brown Canyons (Foothills thrust system), and is overlain by klippe 

of Permian limestone in Crump Hill, at the mouth of Carr Canyon, and in 

another hill at the mouth of Brown Canyon.

Relationships with the Bolsa quartzite are apparently those of 
ero sional unconformity, although this could not be concretely establish
ed, owing to a prevalent screen of quartzite talus over most of the 

contacts. Lobes of the aplitic phases are truncated at the base of the 

Bolsa on the north side of Carr Canyon, but the contact there also 

reveals evidence of movement along the unconformity. At the eastern end 

of Sentinel Peak, aplitic and pegmatitic phases project several feet 

into the base of the Bolsa quartzite. Minor faulting associated with the 

penetrating tongue, and the absence of contact alteration along its borders 

tend to negate the intrusive implications of the feature. It is entirely 

conceivable that the basal quartzite acted as a dam against intrusion, 

due to its marked physical dissimilarity from the underlying Foothills
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granite. Most field features,'augmented by the close similarity in 
composition between the two granites, however, indicate an origin 

related in time as well as space.

The Fletcher Ridge granite intruded the Foothills granite in a 

generally permissive manner. Locally, the process was attended by 

thorough assimilation of the older rock, leading to interpenetrating 

lobes and hazy contacts. Shearing and brecciation of the contact, 

attributable to intrusive processes, are rare. The younger granite 

commonly shows chilled borders*

It is evident that only the upper portions of the Fletcher Ridge 

granite stock are exposed. In the higher elevations of outcrop, south- 

westward from the principal masses, snail irregular to dike-like bodies 

of the more aplitic to pegmatitic phases prevail. The upper contacts 

with the older granite locally dip at low angles, and the younger 

granite passes beneath the crests of ridges crowned by Foothills granite 
to emerge in the canyons on either side. This is well illustrated in the 

W|- sec. 13. Isolated roof pendants (?) of the older granite, showing a 

common parallel lineation, are located on the crest of Fletcher Ridge, 
and adjacently in Carr Canyon.

Lamprophyre dikes cut the granite at a number of places, and in 

some locations form compound dikes with aplite in the Foothills granite.

The Fletcher Ridge granite is a common host rock for quartz veins 

containing mineral assemblages similar to those in the Foothills granite. 

The veins at several points cross the contact of the two granites with

out change in character. The smaller dikes of aplite are not uncommonly 

in compound parallelism with quartz veins.
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She granite and aplites of -this class are presumably pre-Cambrian 

in age* The apparent truncation of aplitic dikes by the unconformity 

at the base of the Middle Cambrian Bolsa quartzite has been previously 

cited* Other evidence for a pre-Cambrian origin is the absence of 

similar intrusives in Paleozoic or younger rocks, and the similarity 

in composition between the Foothills granite (of definite pre-Cambrian 

age), and these intrusives. The absence of mafic minerals in the 

Fletcher Ridge granite may indicate that it is either an alaskitic 

differentiate of the older granite, or that the mafic constituents have 

been split from it and concentrated in the lamprophyre dikes*

Lamprophyre Dikes

Thin dikes of lamprophyric character are widely distributed in the 

outcrops of the earlier granites. They reach a maximum thickness of 
about 10 feet, but are commonly less than 4 feet. The majority of them 
cannot be traced persistently for any considerable distance. As 

characterized by the term lamprophyre, these dikes are aphanitic rocks 

of medium to very dark greenish gray color. They weather to lighter 

shades, or, where deeply oxidized, to buff or rusty brown.

The following description applies to a specimen from the foot of 
the waterfall on Boulder Creek, in the SB£ Kl|- sec, 14r

Meggsscopiq: A very dark greenish gray aphanite spotted 
with unidentifiable paler olive green mineral aggregates. The 
weathered surface (stream scoured) is a lighter greenish gray, 
densely speckled with minute light gray to white feldspar (?) grains. •
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Ilicro scopic: In thin section the rock reveals a confused
mineral aggregate with a rudely intersertal texture, and a 
prevailing green color. Few of the minerals are recognizable. 
Lath-shaped grains resembling plagioclase with prominent carlsbad 
twinning are conspicuous. They are altered to a fine granular 
mat of an unrecognized mineral. Chlorite is abundant, possibly 
as an alteration product. Calcite, epidote, apatite, and a very 
little quartz were also recognized. Augite (?) is sparse.

Of three specimens examined in thin section, none contained a com

pletely recognizable suite of minerals. Alteration of apparently propy- 

litic character has almost completely destroyed the primary minerals, so 

that classification as to type of lamprophyre was not feasible.

Two major trends are distinguished in the lamprophyre dikes; a 

west-northwest to westerly set, and a north-northeast to northerly set.

A few have strikes intermediate between these principal directions. •

A number of the dikes have been highly sheared and altered to 

dark chloritic schists. Others have been bleached to pale buff or gray. 

Strongly sheared lamprophyres are favorable loci for quartz veins, a 
few of which contain small ore shoots that have been the object of some 
prospecting.

It is believed that these dikes are of pre-Cambrian age, although the 

evidence is by no means conclusive. The following factors are noteworthy 

with respect to the possible age of the dikes: (a) lamprophyres cut 
definite pre-Cambrian rocks (Foothills granite) and presumably pre- 

Cambrian rock (Fletcher Ridge granite) indiscriminately; (b) they were 

not found intrusive into the overlying Paleozoic sediments, although 

basic dikes of more porphyritic to phaneritic character do cut rocks 

as young as Early Mississippian; (c) the nearly complete absence of 

mafic minerals in the Fletcher Ridge granite and related aplites suggests
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diaschistic processes, from idilch the lamprophyres may have resulted as 
the basic complement of the leucocratic rooks.

Rhyolite Porphyry

Outcrops of a very distinctive porphyritic rock are confined to the 

pre-Cambrian granitic platform near the mouth of Brown Canyon, The 

porphyry intruded the Foothills granite as several small ovate to dike

like masses, which have in part been faulted against the Fletcher Ridge 

granite and Paleozoic sediments.

The rock has a pronounced porphyritic texture. It is nearly white. 

Phenocrysts of quartz as euhedral hexagonal dipyramids, and of euhedral 

to subhedral orthoclase are conspicuous in a granular aphanitic ground- 

mass. The orthoclase phenocrysts are distinguished by a pronounced 
purplish coloration, which is irregularly distributed, but especially 

prominent in the cores of the grains. Minute grains of magnetite are 

sparsely distributed.
A microscopic examination in thin section reveals a rhyolite por

phyry of the following composition and character:
Phenocrysts 18 percent Matrix eighty-two percent

quartz 60 percent quartz 50 percent av, grain
max. grain size 4*0 mm. size 0.06

orthoclase-perthite 35 percent orthoclase 50 percent mm
max. grain size 4*0 mm

no f ^  r percent

magnetite rare

Alteration

serioite
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Phenocrysts of quartz, orthoclase, and andesine are uniformly 
distributed in a fine equigranular matrix of quartz and orthoclase. 
A few of the quartz phenocrysts are twinned* lost of them show 
moderate undulatory extinction. Orthoclase phenocrysts consist 
of both single grains and carlsbad twins. Andesine is subhedral 
to anhedral, and embayed by orthoclase. Several grains show an 
overgrowth of orthoclase.

Alteration consists principally of sericitization of the grain 
boundaries, and apparently the orthoclase, in the matrix. The 
phenocrysts are only slightly sericitized, except in fractures 
crossing the feldspar. Orthoclase phenocrysts are clouded by 
dusty brown inclusions that appear isotropic. The purple color 
of the orthoclase results from irregularly distribute clots 
of a very fine-grained mineral aggregate —  opaque black by 
transmitted light, and deep red by reflected light. Hematite (?).

The age relationships of the rhyolite porphyry are incompletely

established. It is clearly intrusive into pre-Cambrian granite, but
was not found elsewhere in the area. That it antedates the last stages

of thrust faulting is obvious from its faulted contacts. It bears no
definite mineralogic similarity to other intrusive rocks, except for the

absence of mafic minerals, and that is inadequate evidence for even a
suggested correlation.

Rhyolite (?)

Light colored felsitic dikes and sills have intruded Middle and 

Upper Cambrian rocks near the Lepidus fault in Ramsey Canyon, in the 

saddle northeast of Blanco Peaks, on the trail across Carr Canyon 

(the SW£ sec. 15), and on the trail to Carr Peak (in the HW$- 

NB|- sec. 22). Other related bodies may occur elsewhere in the area, 

but were not noted owing to the absence of conspicuous igneous features 
in outcrops of the rock.
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Rocks of this class are pale greenish buff to very light gray 

aphanites, in which only rare flakes of a green mica can be identified.
A specimen from the outcrop in the saddle northeast of Blanco 

Peaks was examined in thin section, revealing a few scattered small 

phenocrysts of corroded quartz, and several flakes of totally bleached 
biotite, embedded in an extremely fine-grained mineral aggregate that 

could not be identified. Hazy outlines in the matrix indicated ghosts 

of completely altered grains of the same size as the quartz phenocrysts, 

with a subequigranular texture. The total composition is indeterminate, 

hence the term rhyolite (?) is provisionally applied, based on the 

presence of recognizable quartz and biotite.

Criteria for dating these intrusives is meager. Their distribution 

near the Lepidus fault suggests a genetic relationship with the post- 

Early Cretaceous deformation of the area.

Unclassified Basic Dikes

Two dark colored dikes cut Paleozoic limestones in the vicinity of 

the James mine, on the north wall of Brown Canyon.
A fine-grained dark greenish gray dike cuts limestones of the 

Abrigo formation a short distance northeast of the mine. No minerals 

other than magnetite (?) are recognizable megascopically. In thin 

section, the rock has a fine-grained porphyritic texture. It has been 

very thoroughly altered to a host of secondary minerals. Phenocrysts 

up to 2 millimeters in length are completely altered to fine fibrous 

aggregates of antigorite, serpphite, and calcite, with the separation



of dusty magnetite (?). The phenocrysts are in part twinned, and have 
outlines resembling olivine. The matrix is a mat of antigorite, sep&p- 
hite (?), and calotte. Calcite is so abundant that the rock effervesces 
freely with cold dilute HC1.

The second dike cuts the Escabrosa limestone near the Fort Huachuca 
Military Reservation boundary south-southwest of the James mine. It is 

a dark greenish blue phanerite in which the minerals are unrecognizable 

megascopically. The outcrop is highly fractured. In thin section, a 

rude ophitic texture is apparent. The rock has been highly altered. 

Ghosts of a lath-shaped mineral, which in a few cases retains obscure 

traces of carlsbad (?) twinning, and more rarely coarse albite (?) 

twinning, predominate. They may have formerly been.a basic plagioelase. 

Quartz is found throughout the section in rounded to euhedral grains.

It appears primary. Chlorite (pennine ?) is abundant in sheafs and 

clusters. Calcite is abundant, but much less so than in the previously 
described dike. Apatite (?) is also plentiful as very long acicular 
prisms. Many needle-like inclusions in the quarts have an appearance 

similar to the apatite (?)•
From the standpoint of areal distribution, these dikes are of 

little importance. Their position and highly altered state, however, 

point to a possible structural relationship to the mineralization at 

the James mine and adjacent prospects, where they may have functioned 

as conduits for the mineral-bearing solutions.

No well defined age limits can be imposed upon these intrusives. 

They have invaded rocks ranging in age from Late Cambrian to Early 

Mississip'pian, hence are post-Early Mississippian in age.
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Andesite Porphyry

Felsitic to porphyritic rocks of andesitic composition crop out 

in two small segments to the north and northwest of Granite Peak (sec* 

21). The contacts with Permian and Lower Cretaceous sediments are 
defined by thrust faults of the Wisconsin thrust system. The andesite 

porphyry appears to have been intruded by quartz latite porphyry and 

quartz monzonite, although these relationships are not clear.

The rock is prevailingly dark blue in color, and aphanitic to 

finely porphyritic in texture. It weathers to a lighter blue-gray, 
with an irregular buff cast.

A specimen from the sec. 21, at an elevation of 8540 feet, 

yields the following data, corresponding to a hornblende (?) andesite 

porphyry ( PI. 11, B):

Megascopicj A dark blue, fine-grained porphyritic rock with 
a dense aphanitic groundnass. Weathers lighter blue-gray, finely 
mottled with buff spots. Small phenocrysts of altered plagio- 
clase laths, a dark silicate resembling hornblende, and magnetite 
are present.

Microscopic: The rock is porphyritic, with a subcrystalline 
vitrophyric matrix.

Phenocrysts 33 percent Matrix 67 percent

andesine (Ab^) ? 90 percent
max. grains 2.5 mm

crystallites 
dusty magnetite (?)

hornblende (?)
max. grains 1.0 mm

9 percent

magnetite
max. grains 0.6 mm

1 percent

quartz rare
max. grains 0.4 ram 

apatite - 1 percent
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Andesino (?) is present as lath-shaped euhedral to subhedral 
phenocrysts# many of which are carlsbad twins. Alteration is so 
complete as to make an accurate determination of feldspar impossible. 
Hornblende (?) is pale green to pale bluish-green, and only 
slightly pleochroic; highly corroded and skeletal in outline.
Vague lozenge-shaped cross-sections suggest an amphibole; the 
extinction angles conform generally with those of hornblende.
Twinned crystals are common. Alteration has produced areas of 
a fine mineral aggregate accompanied by the separation of magnetite. 
Magnetite also occurs as embayed subhedral phenocrysts.

The age relations of the andesite porphyry are obscure. Faulted

contacts with sedimentary rocks indicate its antecedence to the last

stages of thrusting. It appears to have been bisected by Intrusion of

the quartz monzonite, but the contacts with both the quartz monzonite

and the quartz latite porphyry are poorly exposed, hence features
diagnostic of relative ages were not obtained.

Quartz Latite Porphyry

Rocks of this composition occur in an elongate dike-like mass 
extending from the upper portion of Miller Canyon to a point 1500 feet 

northwest of Granite Peak. Discontinuous irregular bodies of a similar 

rock are exposed along the ridge on the west side of Wisconsin Canyon, 

and northwestward into Pat Scott Canyon. They are bordered principally 

by Permian and Lower Cretaceous rocks along the northeastern margin, 

where the contacts are in part marked by the Wisconsin thrust system 

faults, and in part by an intrusive contact with the sediments. The 

southwestern limits are largely defined by contacts with the Granite 
Peak quartz monzonite stock.

The rock is characteristically strongly porphyritic, and has an
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aphanitic matrix# The general uniformity in texture and composition 

throughout most of the area of outcrop leads to little difficulty in 

distinguishing the rock from other intrusives in the area, except where 
hydrothermal alteration has been intense#

A specimen collected in Ramsey Canyon, near the junction of Pat 
Scott Canyon, illustrates the character of the rock, which at that point 
is a biotite-hornblende-quartz latite porphyry (PI. 12, A):

Megascopic: A medium gray porphyritic aphanite, weathering
gray-buff# Phenocrysts include plagioclase and abundant euhed- 
ral Motite. A dark greenish black silicate, rare quartz, and 
sparse magnetite constitute the minor portion of the phenocrysts.

Microscopic: The texture is porphyritic, with a very fine
grained crystalline matrix.

Phenocrysts 20 percent

andesine (Abz.) $0 percent
max. grains 2.6 mm

-orthoclase 10 percent -
max. grains 2.5 mm

quartz
max. grains 1.2 mm

3 percent

biotite
max. grains 1.2 mm

30 percent

hornblende
max. grains 1.4 mm

magnetite
apatite

-7 percent

-1 percent 
-1 percent

sphene
max. grains 0.3 mm

rare

Matrix 80 percent

quarts
orthoclase
magnetite

Alteration .

epidote 
chlorite 
sericite 
clay minerals 
magnetite

Andesine is abundant as euhedral to anhedral, zoned, carlsbad 
and albite twinned phenocrysts. Commonly highly corroded by matrix. 
Orthoclase is anhedral. Quartz is sparsely distributed as pheno
crysts of anhedral to rounded habit. Biotite is conspicuous as 
euhedral to anhedral rectangular and pseudo-hexagonal plates that
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have been deeply corroded. The color of the biotite is brown 
to olive. Oriented inclusions are abundant in basal sections. 
Hornblende is present as blue green to green and olive, pleo- 
cliroic, subhedral to anhedral phenocrysts. Shows deep corros
ion and strong alteration.

The matrix consists of a very fine mosaic of quartz and 
orthoclase, with disseminated grains of magnetite* A weak 
flow structure is apparent.

Alteration of the feldspar of the phenocrysts is variablej 
some were but slightly affected, whereas others are clouded by 
dense aggregates of dusty green material. A little sericite 
and clay minerals were also formed. Biotite was converted to 
epidote, and radial sheafs of chlorite. Hornblende shows 
strong alteration to epidote, and an unidentified mineral 
aggregate, accompanied by the separation of magnetite.

In the vicinity of Granite Peak, the rock is more coarsely porphy- 

ritic, and the matrix has a coarser sugary texture. Locally, the pheno- 

cryst ratio attains the proportions of a quartz monzonite porphyry. 

Biotite is less abundant, and the color ranges from lighter gray to 

markedly pink. Coarse magnetite constitutes an appreciable fraction of 

the phenocrysts in a zone north of Granite Peak.
Alteration of the porphyry was extreme in the area of strong con

tact metamorphism on the ridge projecting into the junction of Ramsey 

and Wisconsin Creeks. The effect is so pronounced locally as to cause 

some difficulty in distinguishing between altered igneous rock and 

altered sediments.
The quartz latite porphyry was probably emplaced during the late 

stages of thrust faulting, as suggested by the apparent transition of 

fault line contacts into intrusive contacts. This feature is not 

conclusively established, however, due to the generally poor exposure 

oj. the contact where faulting is not pronounced. The rather close 

association of the outcrop with the footwall margin of the Wisconsin
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thrust system faults, suggests a, structural control of the intrusive 
process by fault lines.

Evidence that the porphyry antedates the Granite Peak quartz mon- 
zonite includes the local appearance of chilled borders in the quartz 

monzonite, adjacent to the quartz latite porphyry; interruption of the 

porphyry belt northwestward from Granite Peak by tongues of quartz mon

zonite; and the relatively greater degree of alteration of the porphyry, 

as compared with the phanerite. The similarity in composition and areal 

distribution of the two rock types may reflect a close genetic relation

ship between them. The porphyry may thus represent the early stages of 

emplacement of the quarts monzonite stock at depth.

Granite Peak Quartz Monzonite

The most prominent of the younger intrusive rocks in the district 

consists of an elongate stock of quartz monzonite that borders the mapped 
area from a line east of Pat Scott Peak southeastward, along the divide 

of the range, extending into the headward portions of the major canyons 

on either side. It terminates in Montezuma Canyon, near the southern 

tip of the range. The total length is roughly 7 miles, and the maximum 

width about miles.

The rock is completely phaneritic throughout the area of outcrop. 

The grain size varies but moderately, from medium to coarse. The ortho- 

clase-plagioclase ratio, and the relative percentages of mafic minerals, 

are variable in different portions of the outcrop. Weathered surfaces 

are buff to light brown. The rock is readily distinguished from the
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other granitoid rocks exposed in #ie southwestern portion of the area# 
A specimen of the coarse phase from the west side of Wisconsin 

Canyon, in the sec. 21, has the following characteristics,
which correspond to a homblende-biotite-quartz monzonite (PI, 12,B):

Megascopic: A moderately coarse-grained granitoid rock
with a pink and gray-white background, liberally spotted with 
coarse mafic minerals# Pink orthoclase, white plagioelase, 
and quartz are responsible for the background tints. The mafics 
are biotite, and greenish black hornblende. Recognizable 
accessories include sphene and magnetite.

Microscopic:

Essential Minerals

orthoclase 37 percent
max. grains 6.0 mm

andesine (Ab^) 28 percent
max. grains 6,5 mm

quartz 25 percent
max. grains 2.7 mm

Varietal Minerals
hornblende 5 percent
max, grains 2.8 mm

biotite 5 percent
max. grains 2.A mm

Accessory Minerals

sphene -1 percent
max. grains 1.0 mm

magnetite -1 percent
apatite -1 percent
zircon rare

Alteration
chlorite (clinochlore? 
and pennine?)

calcite 
magnetite (?) 
sericite 
clay minerals

Orthoclase is coarse, irregular, completely anhedral. 
Several grains show undulatory extinction. 2V apparently 
50—60 degrees, suggesting anorthoclase, but environment 
unfavorable for such. Quadrille twinning not apparent in 
section 0.03 mm thick. A few perthitic intergrowths. 
Alteration moderate to slight. Andesine subhedral, in part 
anhedral. Several grains show narrow reaction rims with 
orthoclase, and less commonly slight overgrowths of ortho
clase. Highly altered. Quarts present as completely an
hedral sutured grains with undulatory extinction. Horn
blende is euhedral to subhedral; highly corroded and altered* 
Pleochroic in shades of green and olive. Small apatite 
inclusions common in hornblende. Magnetite is associated 
with hornblende. Biotite present as highly altered and 
corroded shreds and subhedral plates. Apatite inclusions
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common. Sphetxe is euhedral 'to anhedral, corroded* Also contains 
apatite inclusions. Magnetite (ilmenite? - skeletal grains) is 
found in, and associated with, sphene.

Alteration effects strong in andesine, which is densely 
matted with sericite and clay minerals, irregularly distributed, 
Andesine also contains fine-grained epidote (?), Biotite is 
altered to epidote-chlorite aggregates, Epidote also present 
in veinlets cutting the section, A little calcite in veinlets.

The elongation of the Granite Peak quartz monzonite parallels the 

structural trend of the range. Its position accords generally with the 

axial portion of the Huachuca anticline. On the narrow crest line ridge 

ijjf miles south of Miller Peak, the quartz monzonite is overlain by a 

thin cap of Lower Cretaceous rocks, which on the northeastern side dip 

toward the northeast, and on the southwestern side dip toward the south

west, Overthrust klippen of Carboniferous limestone, resting upon Lower 

Cretaceous rocks, dip in opposed northeast-southwest directions on 

either side of the crest. The fault beneath the limestones is evidently 

the southern extension of the Wisconsin fault system. The limestones 

are in part marbleized and bleached.

These relationships clearly indicate the concordant nature of the 

quartz monzonite stock. They further serve to illustrate the sequential 

order of folding, faulting, and intrusion. The writer is lead to con

clude that folding was early, and perhaps accompanied by the initial 

stages of intrusion at great depth. Thrust faulting followed, but 

folding persisted, resulting in the arching of the initial thrust faults. 

Intrusive processes were intensified by the development of zones of 

weakness along the thrust faults, and in the axis of the anticlinal 

fold. The final stages of magmatic emplacement were accomplished
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shortly after the major phases of thrusting were completed, although 
minor readjustments through faulting probably followed*

The relative ages of the quartz monzonite and the quartz latite 
porphyry are indicated by the following data:

(a) Local chilled borders of quartz monzonite along contacts with 

the porphyry.

(b) Interruption of the outcrops of the porphyry by lobes of 

quartz monzonite.
(c) Pronounced alteration of the adjacent porphyry and sediments, 

in contrast to moderate alteration of the quartz monzonite.

(d) The general absence of marked fault contacts between the 

quartz monzonite and the adjoining porphyry and sedimentary-rocks. 

The porphyry is in fault contact with sedimentary rocks at many 

points.
An exception to (d) above, will be noted adjacent to the prospect in 

Wisconsin Canyon, in the IIB£- SW& sec. 21, where altered Permian (?) 

limestone rests in fault contact with the quarts monzonite. This feature 

may, however, be due to post-intrusive fault rejuvenation, or to failure 

of the intrusive lobe to penetrate the fault zone.

Implications as to the genetic relationship of the Granite Peak 

stock with the metalliferous deposits of the area are manifold. Contact 

alteration of Carboniferous and Lower Cretaceous sediments along the 

west wall of Wisconsin Canyon, and the lower portion of Pat Scott Canyon, 

is pronounced near the contact of the quartz monzonite, and fades out 

away from the mass. Ore and later gangue minerals in the marble and 

tactile zones have many similarities with those in the hydrothermal vein



and replacement deposits in areas outside the contact metamorphic zone. 
Alteration of the quartz monzonite itself is generally moderate, except 
in the walls of quartz veins.

The quartz monzonite is cut by a number of quartz veins, several 

of which are of sufficient size and exposure to be shown on the accom

panying geologic map. Certain of these contain local concentrations 

of pyritic-gold ores, with very small quantities of copper, lead, and 

zinc minerals.

The age of the Granite Peak pluton, relative to other rock units 

and structural features adjacent to it, may be summed up as follows:

(a) Intruded and metamorphosed rocks of Late Carboniferous and

Early Cretaceous ages,

(b) Intrusive across quarts latite porphyry that had been trun

cated by thrust faulting,

(c) Intrusive across major zones of thrust faulting,

(d) Shows little internal post-intrusive deformation.

From the preceding, it is obvious that the final stages of intrusion 

of the mass post-dates Early Cretaceous time, and apparently followed 

the major phases of structural deformation in the area. As will be 

explained in the discussion of the age of the major structures, thrust 

faulting is believed to have occurred during the Late Cretaceous-Tertiary 

interval, and may relate to the Laramide Revolution, The intrusive is 

accordingly considered to be Laramide or Tertiary in age.

Acid intrusives in a number of central and southern Arizona mining 

camps have been designated as of probable Laramide age, but in none 

of the accounts examined by the writer was such a designation supported
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by positively datable field evidence, A number of them are, however, 
clearly post-Early Cretaceous,

At Tombstone, according to Gilluly, the Uncle Sam porphyry (quartz 

latite porphyry) cuts the Lower Cretaceous Bisbee formation, and a 

thrust fault of northwest trend. The porphyry is clearly younger than 

all strong local deformation, except late normal faults (Gilluly,

1945, pp, 646-647). Gilluly states that the Uncle Sam porphyry is 

probably early Tertiary in age (1945, p, 645), The Schieffelin 

granodiorite at Tombstone is probably younger than the Uncle Sam 
porphyry (Butler and others, 1938, p» 26), but it too is considered 

early Tertiary in ago (Gilluly, 1945, p, 645). The significance of 

these facts lies in the similar relationships in the Huachuca Moun

tains, in which intrusion of quartz latite porphyry was followed by 

intrusion of quartz monzonite with a composition and microscopic 
character closely paralleling the Schieffelin granodiorite at Tombstone. 

Further, the granodiorite at Tombstone has produced intense contact 

alteration of the adjacent sediments, as has the quartz monzonite 

stock in the Huachuca Mountains (Butler and others, 1945, p. 26).
The parallelism between the sequence and rock type of the intrusives 

at Tombstone, and in the area of this report, suggests a common age 
and origin.
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Metamorphisra ,

Dynamic Metemorphiem

Dynamic metamorphic effects are relatively unimportant, and of 
limited areal distribution in the region discussed# They are largely 

the result of the shearing stresses that led to thrust faulting, and 

in most places are confined to belts in which such structures are 

prominent.

Secondary schistose and augen gneissoid structures are super

imposed upon the primary fabric of the Foothills granite in the SYf£- 

sec# 12, There the foliated rock is crossed by several mappable 

northwest-trending shear zones. Similar foliation m y  be traced 

almost continuously from that area southward, in which direction the 

metamorphic belt narrows into a w e n  defined zone bounded by two high 

angle thrust faults.

Permian (?) limestones in an imbricate fault area, in the upper 

middle portion of Miller Canyon, sare locally strongly foliated, in 

part with the development of a fibrous white silicate. Portions of 

the rock constitute a veritable calcite schist.
Another rannll outcrop of schistose to gneissoid rocks lies 

within the fault zone crossing the lower portion of Brown Canyon, 

Pre-Cambrian granites, and Paleozoic (possibly some Mesozoic) rocks 

have been brecciated and compressed resulting in pronounced flow 

foliation of the breccia fragments, particularly the limestones.
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Contact Metamorphism

Rocks showing marked recrystallization and mineralogic recon

stitution due to direct magmatic emnations are almost entirely confined 

to the western wall of Wisconsin Canyon, and the lower portion of Pat 

Scott Canyon# These rocks are adjacent to the contact of the post- 

Early Cretaceous acid intrusives. The Granite Peak quartz monzonite 

was probably the source of the heat and volatiles responsible for con

tact alteration of Permian limestones and Lower Cretaceous elastics, 

that had been previously deformed by complex thrust faulting.

Two types of alteration zones were mapped: (l) a zone of

moderate to fairly strong metamorphism, typified by recrystallization 

and generally moderate mineralogic reconstitution —  the marble zone; 

(2) a zone of intense alteration involving extreme reconstitution of 

original rock minerals, typified by the development of the iron-bearing 

silicates —  the tactile zone.

The two zones are not everywhere sharply defined. Tongues of 

tactile commonly penetrate the marble zone, and islands of the latter 

grade into the surrounding tactile. The fundamental control appears 

to have been the composition of the original rock, modified by varying 

local intensities of igneous emnations. Variations in intensity were 

a function of relative proximity to the intrusive, and the presence 

or absence of more permeable channelways, such as faults and fissures.

Intense alteration of the quartz latite porphyry, and other un

differentiated satellitic intrusives, was noted along much of the 

contact metamorphic zone. The porphyry was mapped as such, within



the limits of the map scale, wherever recognized# In some instances, 

however, alteration effects were so pervasive as to cause difficulty in 
the field determination of the original rock. Segments of altered 

porphyry are accordingly in some places included within the meta

sedimentary zones.
No studies were made of the metamorphic effects in the quarts 

latite porphyry. Endomorph!sm of the quartz monzonite porphyry was 

also not investigated; it appears generally not pronounced.

Ore minerals, including galena, sphalerite, chalcopyrite, chalco- 

cite, bomite, and scheelite, are found in vein and irregular replace

ment deposits in both metamorphic zones. Descriptions of the minerals 

and environment of the mineralized zones will be found under Mineral 

Deposits.

Marble Zone

This type of alteration is by far the more widespread,. It is 

essentially confined to outcrops of Permian limestone within roughly 

1300 feet (horizontal distance) of the quartz monzonite outcrop.

Rocks of this type exhibit recrystallized textures, varying 

from little coarser than the original rock, to very coarse marbles. 

Bleaching is usually apparent, particularly where the end-product is 

a coarse marble. The development of light-colored silicates was a 

companion effect with recrystallization. Acicular fibers of tremolite 

are the most common of these. Diopside is found in the coarse marble, 

and talc (?) is prominent in certain fine-grained recrystallized lime
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stone s. Actinolite and garnet were sparsely formed, except as bedding 
plane seams and thin veInlets in the Impure limestones, and in the tac
tile zone.

Additive mineral constituents, although locally present, are 

not an essential feature of the marble zone.
The mineralogic character of alteration in this zone is best 

observed in thin section, hence several type specimens will be described 

to illustrate.
A specimen of altered limestone ( presumably Permian) from the 

mine adit portal on the south side of Pat Scott Canyon (the llfff- NE}£ 

sec. 20) has the following properties:

Herrascopict A fine crystalline very light gray and light 
buff-gray, mottled rock, weathering somewhat darker buff-gray 
to a surface flecked with very fine clumps of a soft light 
colored mineral. Effervesces freely with cold dilute HC1.

Microscopict A predominately fine-grained mosaic of 
completely crystalline calcite, in grains averaging 0.12 mm in 
diameter. Polysynthetic twinning pronounced. Interstital 
areas consist of fine aggregates of a colorless, highly 
birefringent mineral of flaky habit; extinction apparently 
parallel —  talc (?).

Talc (?) may have resulted from the silicification and 
hydration of Mg in dolomite.

Another sample from altered Permian limestone at the end of the 

ridge between the junction of Ramsey and Wisconsin Greeks is characterized 

as follows (PI. 13, A):
Megascopic: A medium to dark bluish-gray streaked, fine 

crystalline carbonate rock, containing sparsely distributed 
fibers of a light colored silicate mineral. Effervesces freely 
with cold dilute HC1.

Micro scopic: A fine-grained mosaic of calcite. Grains average 
0.14 mm. Poly synthetic twinning pronounced. Colorless tremolite 
is uniformly dispersed as acicular needles up to 1.5 mm long and 
0*044 mm wide, showing abundant lozenge-shaped amphibole cross



•90-

sections • Limonite (?) as vague stringers# irregular stained 
areas, and forming brown pleochroic spots in tremolite.

A third specimen was collected in a garnet-rich seam, confined to
a narrow favorable bedding zone, in an altered limestone adjacent to

the sample described above:
Microsconic: A fine-grained ealcite mosaic, with grains 

averaging 0#.3$ mm. Pronounced poly synthetic twinning shows 
distortion of lamellae. Garnet in skeletal euhedral to sub- 
hedral netaerysts containing abundant corroded ealcite in
clusions. Marimum diameter of garnet metacrysts is 2.6 mm.
A fibrous mat of pleochroic orange to nearly colorless, highly 
birefringent mineral borders garnet metacrysts, and follows 
fractures in garnet. A few corroded blades of actinolite 
present. Calcite matrix and garnet metacrysts moderately 
crushed.
Beds rich in dark green parallel blades of actinolite, and only 

minor quantities of garnet, are found near the garnet-rich zone just 
described.

A hand specimen, and a thin section of impure, sheared marble 

from a prospect pit in the fault contact of Permian (?) limestone 
with highly altered quartz latite porphyry, 500 feet east of the 

confluence of Wisconsin and Ramsey Greeks, reveals the following data:

Megascopic: A light gray# mottled dark, coarse crystalline
marble with elongated calcite grains in parallel arrangement.

Microscopic: Calcite in elongate sub-rectangular to cigar
shaped blades composes the bulk of the rock. Maximum grain 
size 6.9 mm X 0.97 mm. Grains show pronounced parallelism 
of long axes. Polysynthetic twinning strong, the long diagonal 
of twinning rhombs paralleling lineation of grains. Diopside 
sparsely distributed as colorless small ovate anhedra up to 
0.28 mm long; inclusions in calcite. Garnet micro-metacrysts 
rate. A fme-grained reddish-brown aggregate, locally forming 
irregular opaque clumps, is sporadically distributed. Hematite (?).

Tactite Zone

Rocks characteristic of this zone have a limited areal
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distribution in the contact metamorphic zones. Field relationships 

suggest that they have resulted in part from the intense alteration of 

impure Lower Cretaceous elastics that lay in imbricate thrust slices 

sandwiched between Permian limestones. The Lower Cretaceous beds were 

locally altered to tactite, whereas the purer limestones were pre

dominantly marbleized.
The best example of the tactites is seen in the small ovate 

outcrop in the extreme northeastern corner of sec. 20, where they form 

a resistant craggy mass on the nose of a ridge (PI. 13, B). The tactite 

is floored and overlain by thrust faults showing both pre- and post- 

metamorphic movement. Post-metamorphic dislocation appears to have been 

relatively minor.

A smaller, less well defined tactite zone lies about 1000 feet 

west of the aforementioned outcrop. Metamorphism there was evidently 

due to intense additive alteration of Permain (?) limestones at the 
quartz monzonite contact.

Only the larger, more massive tactites are shown on the accom

panying geologic map. Other areas of tactite too small to be indi

vidually mapped, or intermingled with zones of less prominent meta

morphic silicate minerals, are included with the marble zone.

The tactites are characterized by a gross development of the 

iron-bearing silicates —  notably garnet. Diopside, tremolite-actino- 

lite, and hedenbergite are also well represented. Calcite is essentially 

absent, except in stringers and veinlets that cut the silicate minerals 

in relationships suggesting fracture fillings, perhaps of hydrothermal 

origin® Coarse platy hematite, and less commonly magnetite, are locally
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prominent.. Idocrase was not identified, although it may have escaped 

notice with the abundance of garnet, Bpidote is not conspicuous, if 
present.

The importance of additive processes in the formation of the 

tactites was not determined. Certainly many of the essential elements 

for the creation of andradite, grossularite, diopside, tremolite- 

actinolite, and hedenbergite, were present in the shales, mudstones, 

and siltstones of the Lower Cretaceous beds, if indeed these were the 

host rocks. The maroon to red color of the Cretaceous series denotes 

the presence of ferric oxides, in addition to the normal alumina, silica, 

calcium, and magnesium content of such rocks. That noteworthy con

tributions of many essential elements were furnished by magmatic deriva

tives, is clearly indicated in the tactites derived from limestone.

The presence of the rare element samarium in garnet (determined spectro- 

graphically) is a further indication of the scope of exomorphic additions. 
Quantitative determinations of the relative roles played by magmatic 

mineralizers versus original rock character, can only be determined by 

analytic chemical comparisons between the fresh and altered rock.

Descriptions of two type specimens of the tactites, in hand 

specimen and thin section, will serve to clarify the mineral relation

ships involved,

1, A specimen of coarse crystalline tactite from the principal 

mapped zone in the extreme northeastern corner of sec. 20 (PI. 14,A):

Megascopic: A coarse aggregate of light olive-green to
olive garnet, with a vitreous to greasy luster. Dodecahedral 
faces commonly well developed, A lustrous gray-green silicate 
is irregularly distributed as matted fibrous clumps, and radial 
platy groups. Sparse coarse grains of dull black to reddish- 
black hematite. Forms craggy outcrops.
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Microscoplc: A coarse crystalline gametite • Garnet as an 
apparently massive olive mineral showing no definite grain boundaries 
under plane polarized light. Sharply defined concentric lines 
form distinctive hexagonal outlines. Under X-nicols, lines form 
centers of concentric light gray to white anisotropic bands, 
separated by dark isotropic bands. Hexagonal pattern of bands 
outlines sharply zoned euhedral garnets containing 6 triangular seg
ments, each composed^)f alternating bands of markedly anisotropic 
and isotropic garnet*. Opposite pairs of segments have symmetrical 
extinction, producing "hourglass" figure. 6 such positions of 
extinction in one revolution of stage. Anisotropic bands give 
biaxial figure, (usually negative) with small to moderately large 
2V. Compound penetration twins common. Probably grossularite, 
possibly andradite. Anisotropic character gives variable indices. 
Garnet is crossed by numerous fractures, many filled with hematite 
or limonite.

One end of section bordered by irregular band of olive gray 
to greenish gray, slightly pleochroic tremolite-actinolite•
Occurs as parallel flexed fibers and radiating blades. Local 
iron-stained areas more strongly pleochroic. Clearly a later 
mineral than garnet, for it cuts fractures in garnet without 
itself showing deformation.

2. A sample from an outcrop near the preceding illustrates a 
different phase:

Megascopic: A pale olive-green meta-crystalline rock,pre
dominantly consisting of small equigranular dodecahedra of 
garnet. A very fine-grained paler gray-green mineral fills 
interstices between metaerysts.

Microscopic: A gamet-diopside rock, in which highly frac
tured anisotropic zoned garnet metacrysts, containing inclusions 
of diopside, are surrounded by a crushed aggregate of diopside 
fragments. Diopside fragments set in matrix of a very fine
grained colorless to pale green mineral with optical properties 
of talc.

Specimens of tactite (apparently altered Permian (?) lime
stone) from the small tributary canyon about 2000 feet south, and a 

little east, of the junction of Wisconsin and Ramsey Creeks, contains 

an additional mineral suite. Quartz predominates, accompanied by

* Ingerson and Barksdale describe and illustrate a similar garnet 
from tactites in Nevada (1943, pp. 303-312, Fig. 3).
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abundant coarse hedenbergite, garnet, monticellite (?), and a little 

diopside. The genetic sequence is: (l) diopside, (2) garnet, (3) heden
bergite, (4) monticellite (?), ($) quartz. This is in accord with other 

thin section relationships, in which the normal sequence is diopside, 
garnet, fibrous silicates. Galena, sphalerite, and chalcopyrite occur 

in the tactite containing the preceding 5-mineral suite.

Epidotization

Epidote is widely, though sparsely, distributed as seams and 

joint surface coatings in the intrusive rocks, and nearby Lower Cretac

eous sediments and volcanics. Zones containing a more pervasive type 

of epidotization are limited, however, to the upper middle portion of
. CrtVaceeusfiller Canyon, where Lower A rocks have been so altered in varying 

degrees. Locally, the mineral composition of the rock approximates 

epidosite.
The development of epidote was probably induced by alteration 

allied with contact metamorphic processes. It may, however, have 
resulted from processes more properly classed as hydrothermal in 

character.
It is significant that the epidote-rich areas are in close 

proximity to the outcrop of the Granite Peak stock, in rocks that have 

been complexly broken by imbricate thrust faulting.
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Structure -

Structural Summary

The surficial structural fabric of the east-central portion of the 

Huachuca Mountains Is dominated by six major thrust fault systems super

imposed upon the northeastern limb of a regional anticlinal fold. Fold

ing was apparently initiated previous to thrust faulting, but continued 

with the development of successively younger thrusts northeastward from 

the anticlinal axis. Both fold axes and thrust faults strike persistent

ly northwestward, generally paralleling the trend of the range* The 

thrusts dip prevailingly northeastward #t low to high angles* Movement 

of the overthrust sheets was toward the southwest*

The development of minor anticlinal and synclinal folds apparently 
accompanied thrust faulting, in several places resulting in folding of the 

earlier thrust sheets* Overturned folds and drag folds were also compan
ion features, the former being most prominent in competent beds, whereas 

drag folding is best expressed in strata of low competence*
Tear faulting is not well shown in the area, although it is suggest

ed in the discordance of outcrops on opposite sides of the upper middle 
portion of Miller Canyon, and may be in part reflected in the persistent 
northeast alignment of the master canyons*

The observed major structural deformation apparently began in 

post-Early Cretaceous time, and may have continued into the Tertiary.

The climax of tectonic activity is generally considered to have been 
reached during Laramide tine.



No direct evidence of post-Paleozoic-pre-Cretaceous structures
was obtained.

Pre-Cambrian structural trends of westerly and northerly direction 

are reflected in the aplite and lamprophyre dikes in the pre-Cambrian 

granite area on the east.

Folds

It has been previously indicated that the major structural defor

mation of the area was probably initiated by the development of a broad 

anticlinal fold, which remains as a major central structure of the Hua- 

chuca Mountains. This fold will be referred to as the Huachuca anti

cline.

Other relatively minor folds, and fold belts, are present in many 
portions of the area. These include a parallel anticlinal-synclinal 
belt north and northwest of Carr Peak; the Reef syncline; a minor series 
of faulted folds on the peaks and slopes between Carr and Ramsey Canyons; 
overturning beneath Ramsey and Blanco Peaks; and widely distributed 
drag folding, particularly in the incompetent Cochise and Abrigo formations.

Huachuca Anticline

Only the northeastern limb of this structure is present in the 

area of detailed mapping, and much of its original character is obscured 

by extensive overthrusting that largely followed development of the 

fold. The structure of the area is accordingly in general homoclinal,
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with dips of both the beds and, the fault planes principally directed 
toward: the northeast.

The axis of the anticline in the central portion of the range 
lies on, or very near the central divide, and nearly parallels the 

regional strike of the thrust faults, Within the area concerned, the 

axial trace was located at a point just southwest of Pat Scott Peak, 

southwestward from which the Lower Cretaceous series dips toward the 

southwest, and northeastward from which the beds dip toward the north

east, Less than a mile southeastward from this point on the axis, the 

Cretaceous rocks have been breached along the crest of the anticline, 

exposing the concordant mass of the Granite Peak stock. About Ig- miles 

south of Miller Peak, as noted in reconnaissance, the Cretaceous beds 

again cross the apex of the stock, dipping in opposite directions on 
either side. There the axis of the Huachuca anticline passes through 

a point on the crest of the range, A line connecting the two axial 

points just located strikes N 47°W, which represents the average trend 

of the anticlinal axis in this area.
Cretaceous rocks on the northeastern limb dip northeastward 

at various angles. In Ramsey Canyon, 1 mile northeast of the axial 
trace, the beds dip 60oHE. On the ridge extending south-southeast 
from Blanco Peaks, these rocks, which are also about 1 mile northeast 

of the axial projection, dip 32°NS, These figures represent the maxi

mum and minimum values of reliable dips in the Cretaceous tract, and 

may roughly illustrate the attitude of the northeastern limb of the 
anticline.

Data relating to the symmetry of the fold were not obtained.



It nay be expected to have an asymmetrical cross-section, with the 
southwest limb dipping the more steeply.

It is evident that arching of the fold continued with the 
progress of thrust faulting, as shown by folding of the overthrust 

plate of Permian limestone across the axis, south of Miller Peak*

There the overthrust plate is narrowly breached to the underlying 

Cretaceous strata. The two segments dip steeply in opposite direc

tions on either side of the fold axis*

Minor Anticlinal-Synclinal Folds

The Reef syncline is one of the more important of the minor 

folds. Although it constitutes a relatively mild flexure, it is 

believed to have exercised an important control over the location of 

the Reef vein system and associated mineral deposits. Topographically, 
it promoted development of a natural saucer-shaped depression ideally 

suited as a mine camp site (PI, IS, A),
The axis of the fold strikes approximately N45° T7, and plunges 

northwestward at less than 15°* Rips in the eastern limb rarely exceed 
15°SW. The western limb dips generally more steeply, up to about 30°ME

The northwestward extension of the Reef syncline may be project 

ed across Carr Canyon, on the opposite side of which the structure is 

complicated by overthrust plates of Bolsa quartzite, the equivalent of 

which have been almost entirely eroded from the surface about the Reef 
mine*

A parallel anticlinal—synclinal set of folds is located on the
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northeastern slopes of the ridge connecting Carr ami Blanco Peaks.

The anticlinal structure is bordered on the west by the Crest Line 
fault, and on the east by a faulted syncline that is partially buried 

by the Lepidus thrust plate. The axen strike roughly N 56°W, and 

plunge moderately in that direction. The folds are complicated in 

detail by crenulate drag folding and minor faulting. Their origin is 

probably linked to the effects of drag during thrust faulting, rather 

than to an earlier stage of folding.

A small northwestward-trending anticline that crosses the peak 

in the NE$- NE£ sec. 16 is cut by two downward divergent faults that have 

isolated a wedge of Bolsa quartzite below outcrop of the upthrown seg

ments. Faulting evidently resulted when the degree of folding exceeded 

the shearing strength of the quartzite (See PI. 14,B).

Overturned Folds

The more intense stages of thrust faulting were accompanied by 
overturning of the beds along portions of the major thrust zones. The 

axial planes of all such folds observed strike northwest and dip north

eastward, with overturning toward the southwest.
An especially prominent example is seen on the southeastern 

side of Ramsey Peak, where Escabrosa limestone is sharply overturned 

above the Crest Line fault over Cretaceous rocks (PI. 15,A), The 

upper limb dips 10°NE, and the lower 62°IE. A similar fold was formed 

under parallel conditions on the northwest side of the southern member 
of Blanco Peaks.

£19752
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The BoIsa quartzite in the narrow northwest-trending ridge in the 
Si>- SWf- sec. 10 was flexed into a sharply overturned fold that ruptured 
and passed into a thrust fault. The upper limb dips 72°HE, and the lower 

limb almost parallels it. (See PI. 15, B).

Very pronounced overturned folding of the Bolsa quartzite is 

also seen in the north wall of Miller Canyon, in section 23, where the 

beds are overturned toward the southwest, and bounded on either side by 

reverse faults. The upper limb dips 36°NE, and the lower 72°HE.

Drag Folds

Drag folding was developed rather extensively throughout the 

area, but is most clearly expressed in the incompetent beds of the 

Abrigo formation in the north wall of Brown Canyon (PI. 16,A), and 
the south wall of Miller Canyon. The Cochise formation is also drag 

folded in the area about the Reef mine and westward.
The more highly competent beds are also drag folded adjacent 

to the walls of certain of the thrust faults. This is well illus
trated by the Bolsa quartzite in Ramsey and Brown Canyons (Pl.l6,B).

The axial planes of the drag folds show prevailing northwest 
strikes. The dip in most places is northeastward, although south- 
westward dips were also noted.

Some folding of this character may have resulted during the 

major stages of open folding. Much of it is closely allied with the 

more intense phases of reverse faulting and overthrusting. The 

aggregate effect of drag folding is an appreciable thickening of the 
involved strata.



Faults

Faulting was one of the fundamental controls in the development 

of the present topographic expression of the Huachuca Mountains, and 

in the distribution of the various rock units throughout the eastern 

portion of the range* The strong relief and topographic lineation of 

the area are in a large measure products of the differential erosion 

of resistant rock units in fault contact with weaker beds* The posi

tion and trend of the axis of the range were determined by the crestal 

portions of resistant Carboniferous limestones thrust over weaker 

Lower Cretaceous beds that had been strongly arched in the Huachuca 
anticline.

Normal faulting was apparently later than thrusting, and of sub

sidiary importance in the structure of the range.

Thrust Faults

Low to high angle thrust faults, of simple to imbricate 

character, are the eminent structural feature of the eastern slopes. 

Six major thrust systems were delineated in the area mapped. These 
will be described in order from west to east, which accords generally 

with their relative ages from oldest to youngest.

The term “thrust system" is herein defined to embrace a master 

thrust fault and related thrust faults, all having similar properties 

of stratigraphic displacement as well as associated spatial position. 

A system may include a number of tributary branches, all of which



produce a combined effect of major order. The product in moat 
thrust systems is that signified by the term imbricate structure.

El Thrust System» This system extends north
westward from the upper portion of Miller Canyon to a point one-

half mile north of Pat Scott Peak, where it is apparently cut off 

or buried by the Crest Line system. Southward from Miller Canyon, 

it swings westward to pass under the very crest of Miller Peak, 

thence southeastward under the flank of that peak. The total linear 

extent traced by the writer is roughly 5 miles, from the northern 

limit to l̂ - miles southeast of Miller Peak. Tim persistence of 

the system farther to the southeast was not determined.

The Wisconsin system is characterised by imbricated Permian 

and Lower Cretaceous rocks. Relatively thin wedges of Permian 
limestone are intercalated with generally thicker slices of Cre
taceous sediments and volcanics. In the outcrop at higher ele

vations (west of Pat Scott Peek, and west of Carr Peak) the system 
is exposed in a single master fault. At lower elevations, especially 
in mn«*T Canyon, the master fault splits downward into a series of 

branching and truncated imbricate faults.
The faults dip variously at different points, from positions 

nearly horizontal to high angles. In only a few places can dips be 

measured in the field. The general tendency is toward flattening 

over the crest of the Huachuca anticline, with steepening northeast,
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down the dip. Southeast of Miller Peak, klippen of Permian lime

stone resting upon Lower Cretaceous sediments dip in opposite SW-NE 
directions on opposite sides of the crest of the Huachuca anticline, 

which here coincides with the crest of the range. It is apparent 

that the Wisconsin thrusts have been strongly folded, and that slices 

of Permian rocks were formerly much mire coextensive with the Cre

taceous rocks on the western slopes of the Mountains. Folding must 

inevitably have steepened the original dips of the thrust surfaces, 

outward from the anticlinal crests, to the high angles now observed.

The Wisconsin thrust system was an Important element in the 

development of the mineralized zones in Wisconsin and Pat Scott Can

yons. There, favorable beds of limestone were brought into an environ

ment that facilitated metalliferous deposition near the contact of the 
subsequently emplaced Granite Peak stock. It may have in part control

led the actual emplacement of the intrusives along its borders.

Crest Line Thrust System* The Crest Line fault, and sub

sidiary members, crops out continuously along and near the crest of 
the range, from a point in the north wall of Miller Canyon (where it 
is apparently truncated by the Lepidus fault) northwestward beyond 

the limits of the mapped area. Alexis has traced the structure to 

the northwestern tip of the range (Alexis, 1949, p. 45). The system 

has a total length of 14 miles between the two end points.

The average strike is H 44°W. Dips range from about 23°HE
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(total average dip) on Carr Peak, to approximately 58° in Ramsey Canyon*

The Crest Line system is the most prominent structural element 
in that portion of the Huachuca Mountains north of Miller Canyon. The 
faults are characterized by low to high angle thrusts of Carboniferous 

limestones over tilted Lower Cretaceous rocks* Most of the peaks north 
of Miller Peak owe their position and elevation to the resistance of 

these limestones capping weak Cretaceous strata (See PI. 17).

Carr Peak has been isolated as a klippe of Escabrosa limestone 

on Lower Cretaceous volcanics. It stands westward from the parent 

thrust sheet from which it was separated by erosion. Flattening of the 

thrust surface toward the axis of the Huachuca anticline is well 

illustrated in the low dip of the fault under Carr Peak, as compared 

with that in the outcrop under the main thrust sheet to the east. Ramsey 

and Blanco Peaks have common features in the bold cliffs of Escabrosa 
limestone facing the major canyons, with overturning above the Crest 

Line thrust faults (PI. 15,A)»
This system in the higher portions of the range is essentially 

confined to a single fault, or fault zone. At depth, however, the fault 

may branch into several subsidiary elements of more imbricate character, 

as is well illustrated in Ramsey Canyon. The apparent branching charac
ter is evidently due to the truncation of older, more steeply dipping 

thrusts, by successively younger and flatter thrusts northeastward.

The result was imbrication of wedge-shaped rock slices between a series 

of downward divergent thrusts. Divergence at depth is undoubtedly a 

result of the steepening of earlier faults by more acute folding of 

the Huachuca anticline under the stimulus of repeated waves of
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compress ive stress, acconpanied.by relief through a sequence of thrust 

faulting. It should be noted that the earliest recorded fault effect

ed the most profound displacement; later faults in the system in Ramsey 

Canyon resulted in stratigraphic throws of but a few hundred feet*

Deformation of the overridden Cretaceous block on the west 

was generally intense* The belt of outcrop- of these rocks between 

Carr Peak and the Wisconsin thrust system is highly brecciated and 

sheared* The interbedded volcanics contain local zones of intense 

crushing and mylonitization*
The total stratigraphic throw in the system aggregates well 

over 5000 feet* Strata in the upper portion of the Abrigo limestone 

are in juxtaposition with Lower Cretaceous red beds on the western 

branch of the Crest Line system in the floor of Ramsey Canyon. A 

coarse porphyritic granite, tentatively correlated with the Foothills 

granite, is imbricated with Cretaceous rocks in the floor of Pat Scott 

Canyon* The bounding structure there is apparently a branch of the 

Crest Line system, although the detailed field relationships are obscure.

The minimum stratigraphic throw on the single fault bringing 

the upper Abrigo beds against Lower Cretaceous sediments totals 6600 

feet, if only the measurable 1500 feet of continuously exposed Cre

taceous rocks is totalled with normal thicknesses of the Paleozoic 
section* There is probably a minimum of twice that thickness of 

Cretaceous rocks normally present in the sequence below the fault. If 

the assignment of the granite in Pat Scott Canyon to the pre-Cambrian 

is valid, a still greater basic minimum stratigraphic throw is indicated.
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Lepidus Thrust System: Related faults of this system may

be traced almost without interruption across the area from the SE£ 
sec. 20 in Miller Canyon, northwestward past the ridge at the James 

mine.

The thrust plate overrode older thrusts (including the Crest 

Line system) in the north wall of Miller Canyon. It is bounded on 

the southwest by a single fault or fault zone southeastward from 
Ramsey Canyon. From Ramsey Canyon northwestward the structure is 

complicated by warping and folding of the thrust surface, and the 

appearance of other faults that cannot be readily integrated into the 

framework of the Lepidus system. Two general interpretations can be 

drawn from the repetition of outcrops of the pre-Cambrian granite 

and the Bolsa quartzite in Ramsey and Brown Canyons j one involving 

folding and repeated exposure of a single principal fault, and an 

alternative involving imbrication between successive faults, in 
addition to the obvious warping of the westernmost plate in Ramsey 

Canyon. Normal faulting may have influenced the observed pattern.

The general stratigraphic effect of the Lepidus system was the 

superimposition of Middle Cambrian strata upon Upper Devonian. The 

fault cuts into pre-Cambrian granite in Brown Canyon, where the granite 
rests upon Upper Cambrian sediments. The apparent stratigraphic throw 

ie thus generally little more than 1000 feet.

Dips of the faults of this system are variable, exceeding 55°NE 
on the topographic nose in the NB£ SEj- sec, 8, and locally flattening 

and reversing in the lobate plates in Ramsey Canyon.
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Itoizanita Thrust System* These faults are present only 
beneath klippen resting on the Cochise formation and Bolsa quartzite.

The best example is seen on the peak between Ramsey and Carr Canyons, 

secs. 10 and 15, where a series of four (?) successive plates are 

superimposed (PI. 15, B). The Bolsa quartzite comprises the principal 

rock in these plates, and is in part brecciated. The upper plate to 

the east consists of an aplitic phase of the Fletcher Ridge granite.

The evolution of the structure was evidently somewhat as 

follows* The lower plate, bounded by the outermost fault line, was 

thrust southwestward over Bolsa quartzite and onto the Cochise for

mation. The plate bowed up sharply along the transverse ridge in the 
center, overturned, and ruptured by thrusting along the fault parallel

ing the ridge. The two probable overlying plates were then thrust over 

the lower one. The fault branching off the lower plate toward the north 
is obscurely related to the thrust faults. It may be of normal, rather 
than reverse type.

The Manzanita system once covered the Cochise formation about 

the Reef mine and southwestward, as indicated by three brecciated 

klippen of Bolsa quartzite isolated on the northeastern limb of the 
Reef syncline. Low angle and bedding plane thrusting in the Cochise 

sediments, beneath the former extent of the Bolsa quartzite plate, 
exercised a major control in the emplacement of the Reef veins.

It is possible that the two klippen of brecciated Bolsa quart
zite on the ridge southwest of the James mine, and the larger mass
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imedlately north of the mine, are members of the Llanzanita system. 
Their isolated position makes proof of such an identity difficult, 
however.

Foothillr Thrust Zones: Recognized structures of this

class are typified by zones of steep angle thrusting in #ich pre-Cambrian, 

Paleozoic, and possibly Cretaceous rocks have been highly sheared and 

foliated. The thrust zones are essentially confined between two sub

parallel faults, which locally converge into a narrow zone or single 

fault.

An especially prominent example of these thrust zones crosses 

Scheelite Ridge near the mouth of Brown Canyon, There it is bounded 

by two steep angle thrusts spaced roughly 600 feet apart. Slabs of 

foliated fault breccia project upward toward the southwest, forming a 

conspicuous serrate wall above the Foothills granite (PI, 18, B), Rook 
fragments within the zone are predominantly limestones of various 
Paleozoic units, but some maroon shale that may be of Lower Cretaceous 
age (possibly Pennsylvanian or Permian) is also present. Breccia 
fragments have yielded by plastic flow, producing a highly foliated 

rock with white to gray tapering ribbon-like bands. The limestone 
fragments were especially amenable to plastic deformation of this 

character, accompanied by recrystallization. A wedge of rock with 

characteristics of Martin limestone and Escabrosa limestone lies with

in this zone. A sliver of sheared rhyolite porphyry parallels a seg-
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inen't of the eastemmost fault* At the southern end of the outcrop on 
Scheelite Ridge, the fault material has been highly silicified.

The Foothills thrust zone is seen to extend for at least 

another mile northwestward into the Fort Huachuca Military Reservation, 

but was not examined beyond the limits of the area mapped*: Southward, 

it crosses just below the crest of the peak between Brown and Ramsey 

Canyons, with convergence to a centrally faulted belt 100 feet wide 

on the peak, then again separates into two distinct faults with easter

ly courses to the alluvial contact in Ramsey Canyon* A segment of the 

fault marks the contact between the Foothills and Fletcher Ridge gran

ites* A narrow segment of the latter occupies the zone between the two 

faults in the south wall of Brown Canyon. The Foothills granite is 

similarly situated in the north wall of Ramsey Canyon*

Breccia fragments in the narrow portion of the zone on the 
peak between Ramsey and Brown Canyons include quite well rounded 

pebbles and cobbles of Bolsa (?) quartzite, limestone fragments and 
ribbons (some of which consist of Abrigo red oolite), shale, and 

granite*
The foliation of the material within the fault zone strikes 

N 40°W, and dips 71°I5E on the peak. On Scheelite Ridge, the folia
tion strikes similarly and dips 50^HE* Inasmuch as the planes of 

foliation are essentially parallel to the bounding fault surfaces, 

these values are representative of the attitude of the faults.

Another less conspicuous zone crops out for a distance of 

about three-quarters of a mile from the alluvial contact at the mouth 

of Miller Canyon northwestward* This belt is comparatively narrow at
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the southern end, but broadens northwestward into an ill-defined tract 
of sheared and foliated Foothills granite. Slabs of calcareous sand
stone, shale, and limestone, intercalated within the fault zone 500 

feet northwest of the Miller Canyon road, have characteristics of strata 
in the Abrigo limestone and Picacho de Calera formation.

The foliation in this zone strikes N 41°^ and dips 50°KE at 

one point, and strikes IT 12°ii, dipping 60°HS at another point.

The Foothills thrust zones are of significant importance in 

revealing the true character of the pre-Cambrian granitic platform in 

the area. Paleozoic rock fragments within the thrust zones include 

material from the Cambrian Bolsa (?) quartzite and Abrigo limestone, 

Devonian Picacho de Calera formation and Martin limestone, Mississi- 

ppian Escabrosa limestone, and perhaps representatives of Cretaceous 

strata. It is reasonable to conclude that the granitic basement rocks 
occur in a series of overlapping thrust sheets, and that a fairly com

plete section of Paleozoic, and possibly younger rocks, lies buried at 
depth beneath the granite.

•Other thrusts not typical of these zones cut the Foothills 

granite at a number of places, but are not mapped because of the 
difficulty of tracing their outcrop in the debris covered slopes.

They may in some places reflect emergence of thrusts cutting younger 

rocks higher in the mountain area, but were not definitely correlated 

with any of those mapped. Most of them appear to be flatlying zones 

of brecciation in which the displacement is not decipherable. An 

excellent example crops out in the Reef road cut in the Eg- sec. 14,

where an aplitic dike lias been cut off above, and brecciated with the 

Foothills granite.



Boundary Thrust Faultst Persian limestones and reddish-brown 
sandstones of uncertain age are found in two areas at the extreme north
eastern margin of the bedrock outcrop. They are bounded on the south
west by the Fletcher Ridge granite, upon which they have been over

thrust along the Boundary thrust faults, and on the other three sides 

by Quaternary alluvium. The exposed portions thus have the appearance 

of klippen resting upon pre-Cambrian granite.

The more prominent of the two areas is in Crump Hill, at the 

mouth of Carr Canyon (PI. 19, B) where fossiliferous, cherty Permian 

limestones out by two principal thrust faults rest on granite. A 

small inlier to the northeast is surrounded by alluvium, but is pro

bably connected with the main mass beneath. The limestones have been 

in part highly deformed, so that dip-strike values at many points are 

vague or erratic. Rocks in the southeastern portion of the Mil 
strike uniformly N SO°W and dip 31°S. Those in the inlier strike 
N 70°W and dip 58°SW.

The other klippe, at the mouth of Brown Canyon, has a similar 
relationship to the underlying granite. On the southwest, the rook 

is Permian limestone that is generally brecelated and striped with 

white calcite veinlets. The less deformed beds strike N 52°ff and 

dip 59°HBe The adjacent hill on the northeast is covered with a 

rubble of reddish-brown sandstone fragments. The gradation of brown

ish-red siltstone into limestone near the westernmost fault line 

suggests that the sandstone hill is also of Permian rocks.



A boulder-strewn hill rests on limestone on the south side of 
the limestone hill. Boulders of subrouhded Boise quartzite and some 

pre-Cambrian granite make up the mass of the hill, differing markedly 

from the adjacent normal alluvial gravels and sands. Rounding and 

polishing of the quartzite is suggestive of stream action, hence the 

mass may represent a residual boulder fan of the ancestral Brown Canyon, 

The Boise quartzite fragments in several thrust faults are also rounded 

and polished by attrition during fault movement. It is therefore 

possible that the boulder hill is the remnant of a former thrust plate 

that overlay the plate of Permian rocks. Evidence favoring an alluvial 

fan origin for this occurrence includes the large size of the boulders, 

and the presence of granitic boulders that would normally be reduced to 

mineral fragments, except under conditions of light loading.

The presence of younger rocks (Permian) in thrust plates rest
ing upon primitive granite (pre-Cambrian) requires some explanation, 

inasmuch as thrust faulting normally results in older rocks overriding 
younger, Billings (1933, pp. 140-164) discusses the mechanism of thrust
ing in which the overthrust plate contains rocks younger than those 

below. In the illustrations cited, folding of the footwall block is 

a prerequisite to development of features of the type recorded here. 

Thrusting subsequent to folding results in truncation of the fold 

apices, so that younger rocks may come to rest upon older ones that 

have been elevated in the folds. The writer proposes another process 

by which the same relationships may results If thrust faulting proceeds 

in a sequential order across an area, as has been proposed for the area 

under consideration, rocks in the overthrust plate are elevated above
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their normal position (xmlesff the thrust plane is horizontal) • It is 
quite reasonable to believe, then, that later thrusts cutting through 

the footwall and overthrust plate down-dip, and acting in the same 

direction as the earlier thrust, may result in the superposition of 

younger rocks from the footwall upon older rocks of the antecedent 
overthrust plate. The relationships observed in the Boundary thrust 

faults are believed to have originated in this manner, rather than 

through the agency of folding. It is quite possible that the actual 

mechanism involved both processes, but folding of the granitic mass 

would probably have taken place in an earlier thrust sheet in which 

the granite would be more amenable to yield by folding than would be 
true of the primary intrusive body.

It is also significant that in the remnants of the Boundary 
thrust plates we have evidence of an extensive major thrust sheet, 

perhaps a series of such sheets, at the very northeasternmost foot 
of the Huachuca Mountains. Tho implication is strong that the form 

and position of the eastern margin of the range as seen today, are the 
result of differential erosion of a complex series of rock slices 

thrust upon a regional anticlinal fold. The role played by later 

normal faulting is of questionable importance in defining the eastern 

margin.

Tear Faults

The presence or absence of important tear faults in the area 

was not established in this study. Faulting of this character is a
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conunon companion feature with thrust faults, where they cut the over
thrust sheet at steep angles, with strike trends essentially parallel
ing the direction of thrust movement, and displacements effected large

ly by strike-slip# Perry (1935, pp# 121-124) discusses tear faults ' 
which are distinguished by these features.

The parallel alignment of the major canyon axis may in part 

reflect control by tear faults, as they trend in the northeast quadrant 

in which tear faults should lie. This is also the direction of conse

quent stream development, however, hence too much reliance cannot be 

placed on the relative importance of tear faults as loci of drainage 

channels. Debris.from the adjacent cliffs, and the heavy mat of vege

tation in the major canyons conceal critical field relationships in the 

overthrust plates crossing the canyons. It is accordingly difficult 

to ascertain whether or not tear faulting has been effective in such 

favored sites. Discordant relationships in the character of rock 

types on opposite sides of Miller Canyon, in the area of imbricate 
structure, may be a result of tear faulting parallel to the canyon 

axis. It could not be proved, however, that the features noted are not 

simply the result of complexity in detail of the imbrication.

Normal Faults

Faults of distinctly normal displacement are relatively incon

spicuous in the area. Only two structures of this type, with a magni

tude warranting delineation on the map, have been recognized. Both 

are located in the center of section 14.
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The fault on the southwest strikes northwestward along the 
base of the Boise quartzite cliffs* It apparently dips northeastward, % 
at a high angle. The hanging m i l  block on the east was relatively 
depressed about 300 feet (throw), so that the upper beds of the Bolsa 

in the hanging wall adjoin the near-basal beds in the footwall.
The second fault strikes nearly west, and apparently dips steep

ly northward. Basal Cochise beds in the hanging wall are opposite 

upper Bolsa quartzites in the footwall. The throw is approximately 

150 feet.

The two faults converge northwestward, where they are con

cealed by talus and brush.

Late-stage normal faulting may have been superimposed upon 

the high angle fault planes of earlier thrusts, but field evidence 

for this is inconclusive. Certain of the apparently anomalous 

features of the Foothills granite-Bolsa quartzite fault contacts in 
Brown and Ramsey Canyons could have resulted through normal faulting, 

either along preexisting thrust planes, or on planes of entirely 

normal origin.

Age of Major Structures

The structural deformation of the Huachuca Mountains area 

probably begab. in pre-Cambrian time, but the major features of struc

tural prominence today are of much later origin. Pre-Cambrian struc

tures will be discussed separately under the heading Pre-Cambrian 

Structural Trends.
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Features related to tectonic activity in the post-Paleozoic-pre- 
Cretaceous interval were not recognized in the area. Such structures, 
if present, are in all likelihood masked by the intensity of later 
orogeny. Alexis (1949, pp. 50-52) has discussed the occurrence of 

structures in neighboring districts of Arizona and Mexico that probably 

originated during this interval.

Folding of the Huachuca anticline and thrust faulting are clearly 

post-Early Cretaceous in age, for they have involved the Lower Cretaceous 

beds exposed in the area. Collapse of the heavily loaded Lower Creta

ceous trough may have effectively begun in late Early Cretaceous time.

The more intense phases of folding and thrust faulting are generally 

believed, however, to have been operative in Laramide time (Butler and 

Wilson, 1938, pp. 19-20), and may have continued well into the Ter

tiary. Normal faulting evidently followed thrust faulting.

Stress Relations

A postulation of the stress relations involved in the deformation 

of the Huachuca Mountains area is based on the following significant 

facts:
1. The axis of the Huachuca anticline strikes N 47°W.

2. The axes of minor folds strike NW.

3. The axes of overturned folds in overthrust sheets strike NW; 
axial planes dip HE.

4. Axes of drag folds strike NW; axial planes dip toward either the 
HE or SW.

5. The long axis of the Granite Peak stock trends NW.
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6* Major thrust fault systems strike 137T, and dip HE; dips on 
earlier thrust faults are steepened toward the ME,

7. Older thrusts brought older rocks on the ME over younger 
rocks on the SS. The youngest thrusts brought younger rocks 
on the ME over older rocks on the SW.

8, Slickensides in flat-lying quartz veins have predominant 
ME trends#

It will be noted from the preceding that the two significant 

directions lie in the northwest and northeast quadrants# The movement 

along thrust faults of northwest strike and northeast dip was quite 

evidently toward the southwest# When these structures, together with 

the preceding and accompanying folding, are considered in the light of 

a probable orientation of the strain ellipsoid, the following alignment 

of the ellipsoid axes is indicated (Billings, 1946, pp. 29-36, 106-110):
(a) axis of least strain (greatest stress) HE,

(b) axis of intermediate strain (intermediate stress) MW#

(c) axis of greatest strain (least stress) vertical.

Such an orientation of the strain ellipsoid would result under simple 
opposed horizontal compressive stress directed northeastward and south- 
westward. It might also result from the resolution of a force couple 

in which stress was directed westward in the region north of the Hua- 

chuca Mountains, and directed eastward in the region south of the 

mountains#
If the compressive structures in the area resulted from a couple, 

one would expect rotation of the horizontal axes of the ellipsoid in 

a counter-clockwise direction. Later thrust faults might accordingly 

be expected to show rotation in direction of movement as compared with 

earlier thrusts. Evidence of such a rotation is lacking in the area#
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The most diagnostic thrust faults of younger origin, the Boundary 

thrusts, are unfortunately largely concealed by Quaternary deposits, 
so that an accurate evaluation of their attitude was not obtained#

The strike of the limestone beds and the apparent strike of the under

lying thrust faults of this class offer a slight suggestion of a more 

southerly direction of movement of the overriding plates# This would 

conform with the expected direction of rotation, but the relation

ships are not sufficiently clear to permit a positive statement that 

rotation is expressed#

Gilluly recognized two directions of thrusting of post-Bisbee 

(post-Early Cretaceous) age near Tombstone (1915, p# 646); (l)

thrusts of northwest trend, with overriding toward the northeast;

(2) thrusts of easterly trend, with overriding to the south. There 

is some suggestion that the easterly—trending faults are older than 
those of northwest trend. The shift in thrust directions at Tombstone 
would more strongly indicate a couple disposed as suggested previously 
if the relative ages of the two thrust trends were reversed, that is, 

if it could be shown that the eastward-trending faults were younger 

than the northwest-trending faults. In other respects, the strain 

pattern at Tombstone may be resolved in orientations of the strain 

ellipsoid that are equally applicable to the Huachuca Mountains. 

Butler, Wilson, and Rasor (193#, pp. 37-38) have stated that the 

orientation of Laramide folds in the Tombstone district indicate 
compression in a northeast-southwest direction.

Ransome (1901, pp. 85-101) has shown at Bisbee that the Gold 

Hill overthrust moved toward the northeast, and the opposed Glance
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overthrust moved toward the west.

Wilson (1949) proposed that an east-west couple best fulfills 
the stress requirements of Laramide structures in southeastern Arizona.

The local resolution of causative regional stresses undoubtedly 

was significant in the development of the diverse trends of thrust 

overriding noted in various portions of southeastern Arizona. Butler 

and Wilson (1938, p» 20) suggest that pre-Cambrian structures may have 

influenced Laramide trends. It is also possible that local massive 

plutonic bodies functioned as resistant buttresses that deflected 

active stresses into varied courses. The principal orientations of 

major fold axes, and probable direction of 0verthrusting in several 
districts of southeastern Arizona are shown in Figure 3o The opposi
tion of thrust directions in adjacent districts is noteworthy.

Pre-Cambrian Structural Trends

The preceding structural discussion has treated the Laramide 
structures, which in most of southeastern Arizona have obscured trends 

of pre-Cambrian age. In an interpretation of structural patterns 

referable to pre-Cambrian time, it is necessary to seek evidence of 

deformation that could have developed only before deposition of the 

Bolsa quartzite. The sole reliable evidence of this sort noted in 

the area is that indicated in the linear trends of pre-Cambrian 

intrusiveSn All other structures may be adequately resolved into the 

habits of later orogeny.

Dike rocks assigned to pre-Cambrian intrusion include the aplites
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and pegmatites of the Fletcher Ridge granite, and the associated 
lamprophyres. Both types are admittedly of uncertain age, but the 
field evidence strongly favors a pre-Cambrian origin.

Aplite and lamprophyre dikes in the pre-Cambrian granite areas 

have two generalized trends, each undoubtedly a product of pre-dike 

fracturesr (l) dikes of westerly trend; (2) dikes of northerly trend. 

If the fractures in which the dikes were emplaced represent directions 

of shear, stress relationships similar to those of the Laramide struc

tures, or operating in directions normal to those that produced the 

Laramide structures, may be postulated. The possible effects of 

rotation of the granitic blocks during later thrusting may, however, 

have caused rotation of the earlier trends.

It is obvious that the evidence is inadequate for a determination 
of pre-Cambrian deformation in the area. Wilson (1949) refers to an 

apparent northeast regional trend in folds in the older pre-Cambrian 
metamorphic rocks of Arizona, except in the Jeromo-Pre scott area. 

Transverse shear and tear faults are reported to be common. The 
causative stresses of the older pre-Cambrian trends are postulated by 

Wilson to have resulted from a compressive couple in which stress was 

operative toward the east in the area north of the Arizona boundary, 

and directed oppositely (westward) in southern Arizona. The dike 

trends in the writer's area would occupy directions of shear in such 

an orientation of stresses.
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MINERAL DEPOSITS 

General Features

This portion of the Huachuca Mountains has been the scene of 
sporadic prospecting and exploration work since the 18701s. The 

deposits are, in general, small, and have been workable only through 

methods of selective mining. Transportation difficulties are a critical 

handicap to further development of mineralized zones in the interior of 

the range. The more accessible areas on the east have been intensely 

prospected, and, except for a few properties, they have been found 

lacking in ore zones of exploitable size and grade.

A varied assemblage of mineral deposits occurs in the area. The 
principal types may be classified as follows:

1. Scheelite-bearing quartz veins, generally with minor quantities 
of gold and silver, and some base metal minerals.

(a) Blanket veins in sedimentary rocks, with gold-silver
minerals: Tungsten Reef mine.

(b) Fissure and replacement veins in sedimentary rocks, with

base metal ores: James mine.

(c) Fissure veins in granite: prospects in the pre-Cambrian

granite area on the east.

2. Pyritic gold-quartz veins: prospects in upper Miller Canyon,

and in Kelly Canyon.

3. Contact met&morphic zones with copper, lead, and zinc minerals: 

'Wisconsin mines.



•122-

4* Manganese aside replacements in limestone: Montgomery claims. 
The deposits of the first three major types sill be discussed, with 

special emphasis on those at the Tungsten Reef mine.

Tungsten Reef Mine

Location

The Tungsten Reef mine is situated near the northeastern margin of 

the broad synclinal upland between Miller and Carr Canyons, in the 

SW& sec, 14, and the NE£- SB£ sec, 15. The elevation at the mine 
camp is about 7200 feet.

The mine is reached by the Reef road" from the end of the Carr Canyon 

road (FI. 20, A), Despite its steep grade, the Reef road is normally 
passable by automobile, except in winter after heavy snowfall.

History*

The metalliferous quarts veins at the Reef mine were first worked 

for gold in the late 1870’s, Work was abandoned due to the low tenor 

of the ore. The property was again taken up in 1900 as gold and silver 

claims. It was referred to as the Exposed Reef in view of the extensive 

outcrops of massive quarts veins. A cyanide plant with a capacity of 

50 tons per day was erected near the present mill site (Blake (1900,

# Private engineer’s report, 1923
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p. 104) gave the capacity of the mill as 1000 tons). A considerable 
tonnage of vein quartz was mined from the upper portions of the vein, 
but work was soon abandoned —  apparently due to the low grade of the ore. 

A new cyanide mill of 100-ton capacity was erected in 1906 near the 

northern edge of the property, to treat ore mined in that area (Pi. 21,

A). This operation was unsuccessful, apparently in part due to improper 

milling practice, and work was halted in 1907.

The mine was idle until 1916, when the rising price of tungsten 

prompted a former miner on the property, named Steel, to recall the 

quantities of heavy mineral in the ores treated for gold* Steel secured 

samples of the ore, which he sent to Mr. 0. T. Smith, who had been min

ing tungsten for the Priaos Chemical Company. Following discovery that 

the heavy mineral was scheelite. Smith obtained an option on the property 

for $40,000. He then put up a test mill and treated 12,000 tons of ore 
obtained from all parts of the property. It is reported that 78 tons of 
scheelite concentrates, averaging 72 percent W j  were produced. This 
proved the deposit to be the largest developed body of scheelite in the 
United States, at that time.

The Tungsten Reef lines Company purchased the property in May 

1918. The Smith mi 1-1. (PI. 21, B) was refurbished to treat 100 tons per 

day, and machinery for a still larger mill was purchased. The demand 

for tungsten soon dropped, and the mine was again closed.

The property lay idle until 1934, when it was taken under lease 

by Mr. J. J. Seoman, who operated it until 1942. It is at present 

under the ownership of Mr. L. H* Seeman, who plans to begin operations 

in the near future.



Production

Production figures of operations at the Reef mine are not avail
able for the period preceding 1916. Scheelite concentrates shipped in 

the period from Dec. 6, 1916 to Apr. 5, 1918 (prior to purchase of the 
property by the Tungsten Reef Mines Co.) totalled 63*8799 tons of con

centrates averaging more than 70 percent W y  with a total value of 

$93,526.10. The market price during this period ranged from $16*00 

to #25*00 per unit. The average recovery is reported* to have been 

about 0.50 percent #0^ of the ore treated.

Following purchase of the mine in May 1918, it is reported* that 

about 15 tons of 72 percent concentrates were produced, from ore 
averaging considerably more than 0*50 percent recovered 170̂ .

In the period from Dec* 7, 1934 to Feb* 21, 1942, the total pro
duction of scheelite concentrates marketed was 183,468.1 pounds, 
averaging 71*57 percent (a total of 6,565.60 units). Mr. Seaman** 
reports that a considerable amount of scheelite was lost through high- 

grading by the miners.
The only figures available showing the recoverable tenor of the 

ore are for the period from Jan. 1936 to Dec. 1936, when a total of 

35,530 pounds of concentrates averaging 71*17 percent were recover

ed from 1743 tons of ore milled* This gives an average of 31*2 pounds 

of concentrates per ton of ore, equivalent to a recoverable tenor of

* Private engineer's report, 1923•

Seeman, L. H., Personal communication, July, 1949.
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1*11 percent 10^.

Claims

% e  present property consists of 9 patented claims and 5 unpatented 
claims, covering the entire area of outcrop of the quartz veins and 

adjacent ground. The mine workings, millsite, and mine camp lie almost 

entirely within 6 of the patented claims*

Mine Workings

The veins at the Reef mine have been opened at a number of places 

during the several stages of operation. Two segments of the property 
will be differentiated in the succeeding text, and referred to as the 
north area and the south area respectively.

The north area consists of that portion of the property situated 
northward and westward from the headward portions of Boulder Creek, 
in the east-central portion of section 15, and the west-central portion 

of section 14.
The south area is bounded on the north and west by Boulder Greek, 

and is located entirely within the SEfr sec. 14*

Mine workings in the north area consist almost entirely of under

ground development of a principal vein, the main portions of which do 

not crop out. An adit located in the 53^ sec* 15 was driven in the 

hanging wall to connect with the vein. Several drifts along the strike, 

low angle raises (about 11 degrees) up the dip, and a shallow winze have
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asqxjsed parts of th» vela* OMer rorklngs that opened the vein down-dip, 

through a separate lower adit, are caved and inaccessible* Operations 

on the lower vein segment were conducted during the early 1900*8, when 
the gold ores were being exploited. Two drifts have exposed a faulted 

segment of what may be the same vein in the SSj- sec. 14, just north 

of Boulder Greek. These workings are now used as a powder magazine.

The several veins of the south area have been opened in a series 

of open-cuts, shallow shafts and pits, and short drifts, raises, and 

stopes underground (PI. 20, B). The upper vein crops out in a dip 

slope over much of the area, hence is easily developed by surface work
ings.

Reef Veins

The veins of the Reef mine consist of massive milky white to gray- 
white quartz in the form of "blankets” that nearly parallel the bedding 
planes of the enclosing Cochise formation. They are apparently confined 

to the northeastern flank of the Reef syncline#

One or more veins are present in different portions of the property, 

each essentially paralleling the others, and separated from each other by 

sedimentary rock and fault gouge.
In the north area, one principal vein has been developed. It reaches 

a maximum thickness of about 8 feet. The hanging wall rock is sheared 

and brecelated. A red plastic clay gouge up to about 8 inches thick 

occurs locally on the hanging wall margin of the vein. (See PI. 22, A).



In the south area, two master blanket veins are present (PI* 22,Aj
Connected

PI* 23),^at intervals by diagonal cross veins that flatten into the 

lower portions of the upper vein, and into the upper portion of the lower 
vein (PI* 24) • The upper vein is the more persistent* It crops out 

over an area of roughly 19 acres* The lower vein at many places forms 
a series of overlapping lenses separated vertically by soft, friable, 

sheared wall rock, several inches to several feet in thickness* The 

lenses are commonly connected by quartz stringers and linked to the 

upper vein by high angle cross veins. In a few places the upper vein 

is split down-dip, the lower segment dipping more steeply than the 

upper, to which it is connected by cross veins of steep dip*

The aggregate thickness of the veins and lenses in the south area 
is locally in excess of 30 feet, but individual veins rarely exceed 10 

feet in thickness. The cross veins vary from 1 inch to 4 feet in thick
ness*

The master veins strike H to N 20°W, and dip 10° to 20°77 and SW. 

Cross veins linking upper and lower blanket veins and lenses, strike 

N 50°W to N 75°W, and dip 50°Sf to 75°SW.

Vein walls are normally sharply defined and not frozen to the 

country rock. A common feature of both the upper and lower surfaces, 

but especially conspicuous on the upper surface of the upper vein in 

the south area, is the presence of very pronounced slickensides* These 

are locally deeply grooved or fluted, with a crest-trough relief of 

more than 1 inch* Plate 25 illustrates slickensides of this character*

In some portions of the veins, slickensides persist throughout the 

thickness of the veins, in parallel alignment with the walls* Where



closely spaced they produce a sheeted structure.

The more pronounced fluted slickensides strike N 35°E to N 40°E, 
and some are fotmd to curve nortimard In the direction of strike (3?1.25$# 

It is evident that the hanging wall segments moved souths# stmard rela
tive to the footwalls. The alignment of the cross veins nearly normal 

to the strike of the slickensides, and dipping steeply southeastward, 

places them in a plane of tension fracture between the upper and lower 

veins. The vuggy character of the cross veins is further evidence that 

they were formed in open fractures such as would develop is. a plane of 

tension.

Ribbon structure is locally developed in portions of the blanket 

veins. The structure is formed by closely spaced crenul&te partings 

that parallel the vein walls (PI, 26, A), The partings are generally 
filmed with sericite. Thin bands of altered wall rock occur in some 

of these partings. Ribbon structure is especially prominent in the 
gold-silver ore shoots.

The vein quarts is massive to coarsely crystalline. Vugs lined 
with large well-terminated quartz crystals up to several inches long 

are common. A few of the vugs contain a black pulvurent mixture of 

manganese and iron oxides. Inclusions of altered dark gray calcareous 

rock, and soft brown to black sand are present in portions of the veins. 

Locally, horses of brown to black sand several feet wide cut into the 

vein (PI. 23, A ) .  The main m s s  of the veins consists of nearly pure 

quarts. It is only in the ore shoots that other minerals, in addition 

to those of the wall rocks, are conspicuous.
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The veins have been cut by three pronounced sets of high angle 

fractures, none of which appear to have caused noticeable dislocation 
of the veins (PI# 22, B)s (1) northeasterly fractures; (2) northerly 
fractures; (3) northwesterly fractures. The relationships of these 

fractures to the local]ization of the ore shoots will be discussed 
subsequently.

Low angle faults that are at least in part of post-ore age, have 

brecciated, pulverized, and locally truncated the veins.

The veins appear to have originated largely through processes of 

fissure filling. Recent interpretations of ribbon structure as result

ing from replacement processes, however, suggest the importance of re

placement in the origin of portions of the vein. LIcKinstry and Ohle 

(1949, pp. 87-109) have discussed ribbon structure in gold-quartz veins. 

They conclude that replacement is a dominant mode of origin of that 
structure. Chace (1949, pp. 561-597) reached a similar conclusion 
with respect to the ribbon quartz of the Bendigo Saddle Reefs, where 
quartz replaced sheared wall rocks. It is probable that both replace
ment and open-space filling; were responsible processes in emplacement 

of various portions of the Reef veins.

Structural Control - Vein Emplacement

The quartz veins of the Reef mine show a marked adherence in 

location and attitude to both major and minor structural features in 

the vicinity of the mine. Their position was probably largely con

trolled by pre-vein structures, but local control by essentially simul-
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taneous deformation is also apparent.

The northeastern Utah of the Reef syncline m s  the favored locus 

of vein deposition for several reasons. Low angle overthrusting of the 

Bolsa quartzite across the area now occupied hy the veins was accompanied 
by bedding plane slippage and low angle thrusting in the underlying 

Cochise formation. This deformation provided permeable zones favorable 

to vein emplacement. Faulting was effected during development of the 

structures described as the Hanzanita thrust system. Concurrent folding 

on the Reef syncline resulted in steepening of the northeastern limb. It 

appears probable that the upturned edges of the strata in that portion of 

the fold were snubbed by friction on the southwestward-nsoving overthrust 

plate, resulting in opening of the bedding planes, and the minor thrust 
planes beneath the plate. Evidence to support this view is found in the 
failure of the Reef veins to persist across the axis of the fold into the 

southwestern Utah, despite the considerable degree of deformation extend
ing entirely across the fold. The bedding planes and fault semes on the 
southwestern limb would tend to close under the same conditions that would 

open those on the northeastern limb.
Emplacement of the veins was apparently accomplished in a series of 

stages, aided by successive pulses of movement on the Manzanita faults, 

which opened the vein walls. Tension fractures developed in the footwall 

segments of the upper vein were occupied ty cross veins that in part 

served as feeders to adjacent parallel veins and lenses.

The paths along which the vein solutions traveled from depth have 

not been located. The competent, brittle Bolsa quartzite, and under

lying pre-Cambrian granite beneath the highly- deformed Cochise formation



strata, are strongly fractured. The axial trace of the Reef syncline 

would have been a zone of tension in which open fractures would have 

tended to fora in the sedimentary rocks. A poorly exposed fault in the' 
weak Cochise shales just west of the small hill surrounded by roads 

(in the NEi SEi? sec. 15), may have significance in this respect, as it 

U e s  very near the trace of the synclinal axis. The occurrence of 

mineralized quartz veins in association with lamprophyre and aplite 

dikes in the pre-Cambrian granite, suggests the possible function of 

such dike paths as feeders to the Reef veins.

Ore Shoots

The Reef veins do not contain appreciable quantities of mineral 

values disseminated throughout. They consist largely of almost barren 

quartz containing sporadic ore shoots of three types, each type embrac
ing a distinct suite of minerals. The ore shoots of differing type 
are largely separated in the vein, although slight overlap of mineral 

suites has occurred.

Tungsten Ore Shoots

Local concentrations of tungsten ores are of the greatest 

economic interest. Inasmuch as they have supplied the major portion of 

the mineral values produced at the Reef mine. They also constitute the 

greatest part of the ore reserves in the deposit.

Soheelite is the only hypogene tungsten mineral recognized in



-132-

ore shoots of this class. It occurs essentially unassociated xriLth other 

minerals, except vein quartz. Limonite pseudomorphs after pyrite, and 
impure calcite are locally associated with scheelite, in small quantities. 

Barely, galena and its supergene products, chaleopyrite and its supmr- 
gene products, and hypogene and super gene gold-silver minerals occur in 
portions of the veins that contain scheelite.

Tungsten ore shoots are small, irregular scheelite-rich zones, 

in which that mineral occurs as coarse individual grains (that generally 

exceed one-eighth inch in diameter), stringers, and bunches (PI. 27, A). 

At some places, scheelite forms pods of nearly pure mineral more than 

1 foot in diameter. These concentrations were found in the center of 

the veins, near the top, the bottom, and in some places extended nearly 

across the vein. Stope lengths reached a maximum of about 25 feet. The 

general distribution of the ore shoots is erratic.

Both the upper and the lower veins in the south area contain 
scheelite, but the lower appears to be generally richer. Some of the 
cross veins are especially rich (PI* 24, A).

Structural control - tungsten ore shoots* Despite the 

apparently erratic distribution of ore shoots containing tungsten, the 

major concentrations of scheelite are commonly found in or near zones 

of intersection of unhealed parallel fractures that cut across the 

veins at steep angles. Three principal fracture trends were noted in 

association with tungsten ores*

1. Fractures of northwest trend

2. Fractures of northerly trend

3. Fractures of northeast trend
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Nons of these fracture systems-has effected recognizable dislocation of 
the veins, and all are of later origin than the bulk of the vein quartz# 

A shattered zone adjacent to one prominent ore shoot is formed by 

the Intersection of a fracture set striking N 25°f7, another set striking 

N 40°£, and an especially strong set striking nearly north# Dips of 

these fractures were not clear, but all cut the vein at high angles#

Other ore shoots lie in or near the intersection of northerly and either 

northwesterly, or northeasterly fractures. All three sets may be present 

in these occurrences, but were either not exposed or escaped recognition# 

The relative importance of any individual set of fractures, or pair 

of sets, was not determined# Wilson (1941, p# 49) found a strong sugges

tion of control of the tungsten ore shoots by the intersection of north

west and northerly fractures# The northerly set appears especially 

prominent in or near the scheelite-rich zones examined by the writer#

A  program of exploration and development of the tungsten ores 
might advantageously include careful plotting of the fracture sets on 
a scale of 50 feet or less to the inch# Favorable zones at or near the 
intersections of two or more sets of fractures could then be tested by 

shallow pits and trenches in the south area, and by drifts and cross

cuts in the north area. It is probable, however, that not all the loci 

of such intersections carry ore shoots, but their location should at 

least limit exploration to the more favorable zones#

Gold-Silver Ore Shoots

Portions of the Reef veins carry gold and silver in ore shoots
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that are generally localized- separately from the other types of ore 

shoots# Minerals recognized in the precious metal shoots include pet- . 
zite, and possibly hessite, with supergene free gold and telluric com

pounds# Snail quantities of galena are associated with ores of this 

class, as scattered small grains and clusters# Very small quantities 

of oxidized copper minerals are also found with the gold-silver ores* 

Scheelite is of only minor occurrence in the ores of this class*

Only two gold-silver ore shoots were noted at the Reef mine.

Both are located in the blanket veins of the south area# In each 

occurrence the vein quartz is coarsely crystalline and gray-white in 

color* Pronounced sheeting and ribbon structure is characteristic of 

these deposits (PI# 26, A). These structures result in a tendency of 

the veins to split along slickensided surfaces, and along less per

sistent crenulate parting surfaces coated with a film of fine-grained, 

pale green sericite. The crenulate surfaces that form ribbon structure, 

are seen under the hand lens to be finely pitted and toothed#
Petzite (and hessite?) are disseminated in small dark gray to 

black grains, few of which exceed 2 millimeters in diameter# The grains 

have a suggestion of linear alignment in, and parallel to the parting 

planes. Visible native gold occurs as fine scales and flakes lining 

cavities formerly occupied by tellurides of gold and silver# It is also 

seen surrounding only partially altered grains of telluride#

Gold-silver ores were the center of mining interest on the property 

prior to 1916. No records are available concerning assays of the ore 

mined, nor the total recovery of precious metals# Hr* L. H. Seaman*

* Seeman, L. H,, personal communication, August, 1947.
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reporfcs grab-sample assays of about #^3,00 per ton in gold and silvw 
from a few tons of ore stock-piled at the mine*

'

Structural, control - gold-silver ore shoots: Observations of 

the occurrences of precious metal zones in the Reef veins were limited 
to two such ore shoots. Pronounced parallel sheeting and ribbon struc

ture are prominent in both locations. Similar structures are wide

spread in many portions of the veins, in both the north and south areas, 

where no gold-silver minerals were identified. The structure may not be 

entirely definitive of this type of mineralization*

High angle fractures also cut the veins in or near gold-silver ore 

shoots. The limited occurrences of this nature did not permit drawing 

specific correlaries between the relationships of gold-silver minerals 

and structures other than those paralleling the veins.

Lead Ore Shoots

Lead minerals, particularly galena, are widespread in very small 

quantities at a number of places in the Reef veins. Locally, however, 

galena forms swan ore shoots of considerable richness, but of too limit

ed size to be of economic interest. The ore shoots, in common with the 

tungsten and gold-silver shoots, are essentially restricted to isolated 

segments of the veins, and show but little overlap into zones of con

centration of the other ore minerals.

Galena-rich zones exposed in the present workings are most promin
ent in the south area, although they are of very limited occurrence there.
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The largest of these ore -shoots contains coarsely crystalline galena 
in a white to gray-white quarts gangue across a width of 3 to 4 feet in 

the vein. Galena occurs as coarse clots up to several inches across, 
and forms webs of anastomosing veinlets that follow fractures in the 
quarts (EL. 26, B). A little sphalerite, impure calcite, and sparse 

quantities of supergene copper minerals are associated with galena.

Structural control - lead ore shoots: The small size and

Halted exposures of these ore shoots provided Httle opportunity for a 

determination of possible structural controls for their emplacement.

The tendency of the galena to follow small irregular fractures in 

vein quartz, and local occurrences of brecciated quartz in galena-rich 

zones, point to preparation of the vein by close fracturing. A high 

angle fracture set passes through the ore shoot described above.

Wall Rock Alteration

Ho detailed study was made of the effects of hydrothermal alter

ation in the wall rocks of the Reef veins. The walls over much of the 
area are a soft sandy material that apparently resulted from shearing, 

followed by leaching of the soluble carbonates from basal dolomitic 

siltstones and sandstones of the Cochise formation. Coherent samples 

suitable for thin section study are accordingly difficult to obtain.

Specimens of the wall rock above, and included fragments within 

the vein in portions of the north area are most suitable for petro
graphic examination. The wall rock there, in some places, appears to



have been argillaceous limestone of a type found higher in the Cochise 

formation than the dolomitic sandstones. Fragments that have been only 
moderately altered still yield a carbonate reaction with dilute HC1. 
Specimens of more highly altered rock taken £*om the hanging wall, and 

from wall rock inclusions in the vein, reveal in thin section a nearly 
complete replacement of the original rack by coarse sericite. Small 

amounts of quartz occur as interstitial grains with sericite. The seri

cite-quartz aggregate is sharply cut by small veinlets of coarse, mosaic 

vein quartz. No other prominently developed minerals were recognized.

Emplacement of the veins was evidently accompanied by intense 

sericitic alteration of the adjacent walls and included wall rock frag

ments. Weak silicification was apparently a companion process#

Mineralogy

Vein minerals in the Beef mine include pyrite, sclieelite, sphal
erite, chalcopyrite, galena, tellurides, sericite, quarts, calcite, 

and supergene products of these minerals.
The ore minerals will be discussed first, in the order of their 

approximate paragenesis. Gangue minerals will be treated next, also 

in paragenetic order# Supergene minerals will be described last in 

the sequence of the permit mineral, without regard to paragenesis.

Hypogene Ore Minerals

Pyrite (FesO : Although it is not considered an ore mineral



-138-

in the Reef veins, pyrite mill be discussed in sequence with the other 

metalliferous minerals. It is rather widely distributed in most of the 
blanket veins, but is prominent in few places. Pyrite occurs as crystals 
of distorted pyritohedral habit in vein quarts, and to a lesser extent 

in the wall rock at or near the vein contacts. Within the vein, it is 
concentrated at the walls and along fractures paralleling the walls.

Very little fresh pyrite was seen in the Beef mine. Most of it 

has been altered to limonitic pseudoaorphs.

Age relations of pyrite with the ore minerals are not clear, 

inasmuch as it is rarely in contact with the other minerals. It appears 

to be one of the earliest minerals in the veins, and evidently preceded 
all the ore minerals.

Scheelite (CaWO^): This mineral constitutes the principal
ore values of the Reef mine. Particles of scheelite are found through
out a large portion of the several veins, but ore-grade concentrations 
of it are found principally in small ore shoots. The mineral occurs 
as pale gray-buff to dark straw, coarse grains and clusters embedded in 

quartz. None was found in the wall rocks. Most of the scheelite grains 
are of irregular shape, but several specimens were noted in which crystal 

faces were developed.

A sample of coarsely crystalline scheelite from the vein in the north

area gave the following spectographic record:

W strong 
Ca strong 
Fe trace 
Fb trace 
Mo faint trace
Sr faint trace
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Schoelite is clearly later than much of the vein quartz, but it 
has in turn been cut by narrow veinlets of quartz of a later generation. 
In the north area, it is penetrated by thin veinlets of dark brown 
manganiferous calcite. Its relationship to the sulfides is obscure, 

owing io tee rare occurrence of scheelite in contact with the other hypo- 

gene minerals, A specimen in the possession of Mr, L, H, Seeman consists 
of very coarse seheelite traversed by a network of veinlets of galena. 

Galena is clearly of later origin than the seheelite, Seheelite probably 

formed later than pyrite, but earlier than the other ore minerals.

Sphalerite (ZnS): This mineral is of comparatively rare
occurrence in tee Reef mine. Specimens were obtained only in the south 
area adjacent to an ore shoot of galena, where tee sphalerite was 

associated with sparse supergene copper minerals, and coarse manganifer
ous calcite. Sphalerite occurs as dark green to brownish green, fine 
crystalline aggregates of irregular shape, embedded in vein quartz.

Age relations of sphalerite and the other ore minerals was not 
determined.

Chalcopvrite (CuFeS^)% Unaltered chalcopyrite was identified 

only in a few grains in bote the north and south areas, where it occurs 

in vein quartz with galena, anglesite, supergene copper minerals, sphal

erite, and stolzite.

Age relations were not determined.
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Galena (PbS)x Galena is rather widely, but sparsely dis

tributed as scattered small grains in vein quartz. In the lead ore 
shoots, it occurs as very coarse crystalline aggregates of irregular 
outline, and as random veinlets in fractured quartz. Cleavage faces 

are generally distorted and crumpled. Galena is also of spares occur

rence as small grains in the gold ores of the south area, where it has 

been largely altered to anglesite.

Polished sections of specimens from the lead ore shoots show the 

galena to have been deposited in fractures in vein quartz, with slight 

replacement of the quartz. Minute rounded to elongate blebs of a silver 

white, apparently anisotropic mineral, are present as inclusions in the 

galena. The hardness of the included mineral is approximately the same 

as that of galena. The appearance and occurrence of these inclusions 
are suggestive of native tellurium or tetradymite.

Galena is clearly of later origin than scheelite. It is probably 
later than sphalerite and chalcopyrite, although concrete evidence for 
such a conclusion was not obtained. It may be earlier or later than the 
hypogene tellurides.

Te^luridest The precious metals of the gold-silver ore shoots 

occur largely in the form of gold-silver tellurides, and their supergene 

products. Specimens of a dark bluish gray to steel gray (tarnished 

black), malleable, sectile mineral obtained from these ores, gave micro- 

chemical tests for gold, silver, and tellurium. The specific gravity 

is 8.67. These properties conform with those of the mineral petzite 
(Ag^AuTe^)• Most grains similar to those tested have altered to fine
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scales of native g o M  that line black-stained cavities formerly ooct^iied 
by tellurldes. One grain of petzite m s  surromxled by a shell of rative 
gold a M  greenish tellurites or tellurates.

Several grains of a mineral of similar appearance gave tests for 
silver and tellurium, but not for gold. These may be hessite (AggTe), 
or a mineral of a composition intermediate to hessite and petzite. The 

specific gravity of 8.525 is in excess of that of hessite. A small flake 

of native gold found in the interior of a grain of telluride mineral 

(apparently unaltered) that gave tests for gold, suggests that grains 

identified as petzite may in reality be hessite with inclusions of free 

gold. Such inclusions might raise the apparent specific gravity to the 

range of petzite, and provide the positive tests for gold that were 

obtained from material identified as that mineral.

Precious metal tellurides occur as small sparsely scattered grains, 
the majority of which are less than 2 millimeters in diameter. They are 
prominent only in vein quartz that has been sheeted, and that shows 
ribbon structure. Telluride grains are concentrated along the slicken- 
sides and crenulate ribbons that cut the vein in the gold-silver ore 

shoots.
Microscopic inclusions in galena, that resemble native tellurium 

or tetradymite, were described previously. Baser (1937, p. 10) cites 

the occurrence of similar inclusions in galena from the Tombstone 

District, which he considered to be native tellurium. Rasor (1937, 

pp. 19-20) also reported the presence of hessite in Tombstone ores.

The tellurides are presumably among the latest ore minerals to be 
deposited in the Reef veins. The age relations with galena are not 
apparent, although the spatial association of the two mineral types
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is close. If the inclusions, in the galena are a telluride, some overlap 
of the two is indicated,

Gangue Minerals

Sericite (2B^O,K^Q,3&]UO^,6SiOg)t Sericite was formed as a 
replacement of the wall rock in the Reef veins, where it occurs as 

coarse flakes and scales that locally form nearly pure mineral aggre

gates, It is also present as thin films coating slickensides and 

ribbons in vein quartz. Quartz is a common associate in the wall rocks, 

as well as in the veins,

Sericite is apparently one of the earliest minerals in the deposits 
of the Reef mine.

Quartz (SjOo) % The bulk of the vein filling matter at the 
Reef mine consists of coarsely crystalline white quartz. Vugs are 
common, in which inward-pointing euhedral quartz crystals up to 4 inches 
long have formed. Few of the crystals are transparent, and many of 

them are twinned, hence they are unsuitable for optical or electronic 

purposes,
A large quantity of pure quartz is available in dumps at the Reef 

mine, which would be suitable for reduction to high quality silica 

abrasives. This material is also of potential value as smelter flux.

Quartz was evidently deposited in several stages that accompanied 

or followed repeated pulses of fault movement. It also accompanied 

sericite, to a slight degree as a replacement of the wall rocks.



Calotte (CaCOj): Calotte occurs as an apparently hypogene
vein mineral in only snail quantities in both the north and south areas 
of the Reef mine* It is most closely associated with galena and sphaler
ite. Most of the calcite is present as very coarse, crystalline, 

irregular to subhedral grains up to several inches in diameter, and as 
aggregates and veinlets in vein quartz. Some calcite penetrates the 

wall rocks at the vein margins* It also cuts wall rock inclusions with

in the veins* At a few places, calcite fills small vugs lined with 

quartz crystals*

The mineral is characteristically dark brown, due to contained 

hydrated manganese and ferric oxides. The cores of some larger cleav- 

able grains are light gray to white, where unreplaced by these dark 
oxides*

In thin section, the calcite shows coarse twinning, and distinct 
cleavage traces, along which dusty clots of amorphous brown Mn-Fe oxides 
are disseminated. The concentration of this material is commonly most 
dense at the boundaries of calcite and quartz* R&sor (1937, p. 35,
PI. XXII, figs* A, B) has described and illustrated a simi lar dark cal
cite from Tombstone. Veinlets of dark calcite and clear calcite also 

fill fractures in vein quartz at the Reef mine. Deformation of the 

cleavage at grain boundaries with quartz is seen in thin sections of 

some of the calcite.

Manganiferous calcite fills thin fractures in scheelite in the north 

area of the Reef mine. Although later than most of the vein quartz, cal

cite is also cut by thin veinlets of quartz of a later generation. Its 

association with lead and zinc minerals is suggestive of a related origin,
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but as it was found nowhere to-be cut by the ore minerals, it probably 
marks the last stages of mineral deposition in the veins#

Supergene Minerals

Limonite (EFeOm.nH^O) and (Fe^O^.nH^O): The term limonite, 
as used here, is a general one embracing the hydrated oxides of iron# 

Much of the material so designated is probably goethite (HFeOg). Limon

ite is of wide occurrence as stains and earthy incrustations in the 

veins and wall rocks# Pseudomorphs after pyrite are locally abundant 

in the Reef mine, Limonite is probably a component of the amorphous 

oxides in manganiferous calcite, which give positive tests for ferric 
iron#

Hematite (Fe^ ) :  Hematite is much less abundant than limon
ite# Some hematite appears to have resulted from alteration of chalco- 
pyrite# Specular hematite is present in a quarts vein beneath the Bolss 
quartzite klippe southeast of the main outcrop of the Reef veins#

Stnlzite (FbgKO J This mineral is present at a number of 

places in both the north and south areas at the Reef mine# It is 

associated with limonite, hematite, galena, anglesite, supergene, 

copper minerals, and scheelite#

Stolzite occurs as small greenish yellow to orange and brown 

tetragonal pyramids in cavities in quartz, and as thin yellow scales 

coating fractures in vein quartz. Most crystals are less than 2 milli

meters long. According to Galbraith (1947,"p# 73) the forms determined
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on a crystal from the Reef mono were (001), (320), (210), (ill), and 
(121). The specific gravity of a single crystal was determined as 8.09.

Stolzite probably resulted from the reaction between supergene 
solutions of lead and tungsten salts that were derived from the alter
ation of galena and scheelite. The close association between pyrite 
and stolzite may reflect the importance of ferric sulfates as an aid 

in the reaction.

veins, hence supergene derivatives of that mineral are of limited 

occurrence. Malachite is a common product of the alteration of chalco- 
pyrite.

veins have been altered to anglesite. Polished sections of galena from 
the lead ore shoots shows alteration to anglesite in concentric shells 
about galena grain boundaries, and along veinlets that follow the cleav

age.

the Reef mine. It was identified in brown nodular, crystalline aggre

gates associated with anglesite, and limonitic pseudomorphs after pyrite.

Sunergene copper mineralss Chalcopyrite is rare in the Reef

The smaller grains of galena in the Reef

Pluabo.iarosite (PbFe^O H ^ t e O ^ )5 This mineral is rare at

Native gold (ku)s Visible flakes of native gold are found

associated with altered tellurides in the gold ores of the south area. 

The gold may be a product of the decomposition of petzite, or it may be
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present as hypogene inclusions in hessite. Some of the gold occurs 
as thin scales coating the walls of voids left by the removal of 
telluride grains under supergene conditions. Gold is also present as 
clusters of thin scales and flakes that lie unattached to the walls 

in such voids.

Wad (hvdrated Mn and Fe oxides)s Pulvurent black masses of 

mixed hydrated oxides of manganese and iron are present in a few of 

the cavities and vugs in the quartz veins. The material has apparent

ly resulted from weathering of manganiferous calcite.

Paragenetic Summary

The general sequence of mineralization in the Reef veins is
believed to have been somewhat as follows:

seficite (early)
quartz
pyrite
scheelite
quartz
sphalerite
chalcopyrite
galena
tellurides
calcite (late)

Quartz evidently was introduced in more than two generations, but the 

separate stages are not apparent, except following sericite and follow

ing scheelite. Sericite probably has a more extended range than is 

indicated in the sequence above.
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Type Deposit

The character of the vain minerals implies an extended range of 

deposition, from scheelite in the early stages, to galena, tellurides, 

and calcite In the late stages. This mineral assemblage, together 
with wall rock alteration of sericitic type, Indicates a probable tem

perature range of upper mesothermal to lower mesothermal. The coarse 

textures of the vein quartz and scheelite, modified by the evident 

failure of vein quartz to penetrate deeply into the adjacent highly 

fractured walls, point to moderate pressures in the vein system. Struc

tural relationships, and the total thickness of strata in the area, 

denote deposition of the vein and ore minerals at considerable depth. 

The vertical distribution range of scheelite is approximately 2000 
feet, from its occurrence in veins near the mouth of Miller Canyon, 

to its presence in veins at the Reef and James mines.
The deposits conform generally with veins of mesothermal type.

Post-Ore Faulting

Considerable post-ore faulting is evident in the Reef mine, in 

addition to the structural deformation that preceded and accompanied 

emplacement of the veins and ore shoots. Most of the late deformation 

involved continued low angle dislocation that tended to follow the 

walls of the veins. Fracturing, and local brecciation of the veins 

resulted. At a few places, the faults cut across the veins producing 

close brecciation and intermingling of fragments of quartz and wall
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rock. Small segments of the. vein were reduced to patches of quarts 
Hour and breccia, isolated within thick zones of wall rock gouge. 
This is especially apparent in the powder magazine drift, where the 
vein is cut off by low angle faulting (PI. 28).

The total effect of post-ore faulting was not marked over most 
of the area. Some gouge was formed along the vein walls, and the 

Tfflrgi nal portions of the veins were fractured or mildly breeclated, 

but the principal deformation took place largely within the weaker 

wall rocks.

Metallurgy of Reef Ores

Treatment of the scheelite ores of the Reef mine to produce 

high-grade tungsten concentrates is relatively simple. Scheelite 

occurs in coarse grains, most of which exceed one-eighth inch in 
diameter. The gangue is pure quartz that has been moderately to 
highly fractured. Liberation of the scheelite is effected at coarse 

screen sizes from a gangue that crushes readily. Gravity methods 
produce a concentrate that is contaminated with only small quanti

ties of deleterious and diluent minerals. Limonite (pseudomorphs 

after pyrite) is the only prevalent mineral that tends to be concen

trated with the scheelite, and this mineral is readily extracted 

from the concentrates by magnetic separation.

The flow sheet of the Tungsten Reef mine during the operation 

from 1934 to 1942 was as follows*:

* Seeman, L. H., Letter of Aug. 25, 1949
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Mine ore -to 20-ton bin; choke-fed to 5-inch capacity gyratory 
crusher# Crushed product went to a 5/16 inch square mesh trommel 
screen 30 x 54 inches. Oversize from screens to secondary crusher 
or hammer mill# All minus 5/l6 inch product went to a classifier 
or an 18 x 46 inch shaker screen with l/32 inch mesh. Plus 2/32 
inch oversize fed to a 3-cell concentrating jig with l/32 inch mesh 

screen bed 20 x 30 inches# Minus l/32 inch product from classifier 

and. jig hutches went to a 6 x 15 foot Overstrom table#

Concentrates produced by this treatment averaged 71.57 percent 

TO^# An analysis of a sample that evidently represented a lot of 

21,535 pounds of scheelite concentrates was made by the Smith-Emery 

Co., Los Angeles. The analysis, dated April 14, 1941, is as follows:

Tungsten Trioxide (K0_) ............. . 73.57 percent
Tin (Sn) ........... .................. 0.005 *
Copper (Cu).... ............ 0.02 "
Phosphorous (P) ....................... 0.02 H
Sulfur (S) ............................ 0.18 *
Bismuth (Bi) .... . 0*07 *
Antimony (Sb) ......................... Nil
Molybdenum (Mo) ....................... 0.12 "
Lead (Fb) ................. ........... 0.43 "
Arsenic (As) .......................... 0.005 "

Little data is available concerning the earlier operations for 

gold and silver. Lack of success in those operations was apparently 

in part due to the low grade and sporadic distribution of the ores 

of these metals, and in part due to the failure of the operators 

to grind the ore to a fine enough size to facilitate cyanidization. 

Treatment time may also have been inadequate.

Only small quantities of cyanide-consuming impurities are 

present in the gold-silver ores at the Reef mine. Soluble copper
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salts, from the alteration of chalcopyrite, are of very sparse occur
rence.

James Mine

Location

The James mine is located near the crest of the north Trail of 

Brown Canyon in the sec. 5, at an elevation of about 7150 feet. 

The mine is reached over a steep road (impassable to passenger cars) 

out of Brown Canyon, and a foot trail that ascends the final 800 feet 
of the canyon wall*

History and Production

Wilson (1941, p. 47) states that "The James group of three un
patented claims —  (was) worked during the (first) World War by J. 
Kelley and associates, who milled the ore in a small gravity plant 

in Brown Canyon at the foot of the trail. Since 1927 the ground has 

been held by H. S. James who has made an intermittent production of 

concentrates (scheelite) with a small gravity plant."

In June, 1946, the property was assigned to the Pomona Mining 

Company by J. L. Harper, who had taken an option on it. According 

to a notice posted at the mine, four claims were included in the 
assignment. The Pomona Mining Co. apparently did some development 

work, including construction of the road from Brown Canyon. A small
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aerial tram was rigged to handle supplies and ore between the end of 
the road and the mine* The project was abandoned about one year later* 

No record was obtained of ore shipments made during this period 
of operation, but apparently little, if any, ore was marketed* Sacked 
ore at the mine, when visited in March 1949, consisted of high grade 

scheelite, and a separate lot of lead-zinc ore*

Geology and Ore Deposits

The ores of the James mine occur largely in irregular fissure 

and replacement veins of quartz in limestones of the Picacho de Calera 

formation* The principal vein at one point in the outcrop has a maxi

mum thickness of 9 feet, strikes N 40°W, and dips 25°Sv/, essentially 

parallel with the enclosing limestones (PI* 29,A)* At other points 
the thickness and dip of the vein are variable*

The Abrigo limestones below the mine have been strongly drag 
folded, and are cut by several faults of the Lepidus thrust system 

near the mine. Klippen of Bolsa quartzite, that may be remnants of 
the Manaanita thrust system, lie upon Devonian and Mississippian 

rocks south of the mine, and upon Cambrian and Devonian rocks north 

of the mine. A highly altered basic dike of westerly strike cuts 

the Abrigo limestone about 250 feet northeast of the mine. Another 

highly altered, breccia ted dike of northeasterly trend cuts the 

Escabrosa limestone about 2300 feet south of the nine.

The mine workings consist of an adit (PI. 29# B) and open cuts 
into the principal vein along the outcrop, and irregular drifts, cross-
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outs, and small stopes* Workings underground have been driven into 
the principal and subsidiary veins along a series of natural cavern 
passages and chambers that are associated with the vein system. The 

walls of the mine were extremely dirty when examined by the writer, 

hence underground details were not obtained. Other smaller mineral
ized zones have been opened to the south and southwest of the main 

workings.

The veins appear to be of both tabular fissure type, and irregular 

replacements of limestone. Vugs are abundant in the veins* High angle 

cross veins, similar in nature to those at the Reef mine, appear to 

link adjacent parallel veins. Wall rocks adjacent to the veins have 

been shattered, and are crossed by networks of calcite velnlets. 

Silicification of the wall rocks is evident in portions of the mime* 

Red clay gouge occurs on the vein walls at some places.

Ore shoots are of two types: Tungsten ore shoots, and lead-
zinc ore shoots. Each are generally mutually exclusive in their 

occurrence in the veins*
Tungsten ores consist of scheelite, associated with ferroan cal

cite, in a matrix of vein quartz. The coarse pale greenish white to 

predominantly straw colored scheelite resembles that mineral at the 

Reef mine. Its occurrence in platy stringers at the James mine 

differs from the occurrence at the Reef mine, however. Scheelite is 

best developed along and near the walls, where the vein is platy due 

to moderate sheeting parallel to the walls. Ribbon structure is 

prominent in such portions of the vein*

Galena and sphalerite form local ore shoots of small size* They
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appear to have been best developed in quartz replacements of lime
stone, and in the more irregular, impure veins associated with replaced 
wall rock. The galena is coarsely crystalline, and commonly shows dis

torted cleavage. Sphalerite occurs as disseminated olive green to 
olive brown grains that are generally less than one-quarter of an inch 

in diameter. Minor amounts of chalcopyrite and other copper minerals, 

and sparse small cubes of pyrite are associated with the lead-zinc 

ores. Hakes of native gold were found in association with altered 

copper minerals.

The structural control of the ore shoots was not clear, owing to 

the dirty condition of the mine. Wilson (1941, p. 47) cited the 

apparent association of scheelite ore shoots with the intersections 

of northwest and northerly fissures. Lead-zinc minerals were noted by 

the writer to occur in an ore shoot cut by a set of N 10°W fractures 
that dip steeply eastward.

Scheelite-bearing Quartz Veins in Granite

Distribution

Quartz veins, some of which contain mall quantities of scheelite, 

are widely distributed in the outcrops of the pre-Cambrian granites. 

Scheelite-bearing veins of this type are located in Brown Canyon, 

Ramsey Canyon, Boulder Canyon, the headward portions of Davis and 

Nigger Jim Canyons, and near the junction of Davis and Miller Canyons. 
Plate 30,A illustrates a vein of this type.
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History and Production

These veins have been prospected over a period of at least 75 

years for gold, and since World War I for scheelite. A very small 

sporadic production has apparently been made from several properties. 
The small size and erratic distribution of scheelite ore shoots in 

the veins have largely discouraged their further development.

Geology and Ore Deposits

The veins consist of coarsely crystalline gray-white to white 

quartz from several inches to more than 12 feet in thickness. Strikes 

vary from northeastward to northwestward. Dips are directed princi

pally westward at low to high angles. Northeast slickensides are 
common in the vein walls. Wall rocks include the Foothills granite, 

and aplitic phases of the Fletcher Ridge granite. Several veins 
lie in the contact of the two rocks, locally cutting across the con
tact. Sheared lamprophyre dikes are found in the walls of a few

veins.
Minerals associated with scheelite in most veins are pyrite, 

and pman amounts of galena, sphalerite, and chalcopyrite.

Pyritic Gold-Quartz Veins

Distribution
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Quartz veins containing visible free gold associated with pyrite 
are most prominent in the Granite Peak quartz monzonite. Veins on 
Granite Peak, and the upper portion of Killer Canyon are of this type. 

A thin quartz vein of similar type cuts the upper beds of the Bolsa 
quartzite in Kelly Canyon, about one-half mile west of the Reef mine.

History and Production

These veins have been prospected in a desultory manner from the 

18701s until the present time. Very little gold production has been 

made from them, however, owing to the small size and erratic distri

bution of the ore shoots, and the limitation of free milling ores to 
the oxidized portions of the veins.

Geology and Ore Deposits

The deposits occur in simple fissure veins of very coarsely 
crystalline, vuggy quartz. Most veins are less than 4 feet thick.

The more prominent ones strike northwestward to westward, and dip 

in varied directions at low to high angles.

The mineralogy of the veins is simple. They consist almost 

entirely of quartz with small amounts of pyrite or limonitic pseudo- 

mo rphs after pyrite. Free gold was seen only in the limonite. It 

appears to be largely confined to grains of highly twinned, distort

ed pyritohedral habit, although some was found in apparently trans

ported limonite. None was found in the cubic pseudomorphs that are
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locally abundant In the wall rocks adjacent to the veins. Galena 
Is a minor constituent, and chalcopyrlte is rare*

The gold occurs as coarse scales and flakes that are especially 
prominent as a coating on the exterior of the limonite pssudomorphs, 
but it is also present within the crystals* None was seen in the 

quartz, except as coatings of the voids left by the leaching of pyrite.
The distribution of auriferous pyrite in the veins is erratic.

It generally occurs as clusters and streaks within the vein. In one 

occurrence it is confined to a narrow selvage at the vein wall*

Wisconsin Mines

Location

The Wisconsin mines property is located in Wisconsin, Ramsey, 
and Pat Scott Canyons, in portions of sections 16, 17, 20, and 21* 
The elevation ranges from 6700 to 8400 feet. The area is reached 
by a foot trail from the upper end of the Ramsey Canyon road, or by 

foot trail from the upper end of the Reef road.

History and Production

Little data was obtained concerning the history and production 

of the property* It has been idle since before World War I, and the 

location of the operators is unknown*

Blake (1903, p. 100) reported that Mr* Henry Hamburg was the
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general manager of the mines#- At that time, a tunnel 200 feet long 
was reported to have been driven, disclosing ore with values in copper 
and silver, and small amounts of gold. No equipment was on the pro

perty in 1903. A snail mining camp m s  established in the years 
following. The camp is shown on the topographic map of the Hereford 

quadrangle (PI. 3), which was surveyed in 1912 to 1913, where it is 

identified as Hamburg,

Little remains to indicate the scale of development at the camp. 

Steam boilers stand in the lower portion of Wisconsin Canyon, and 

foundations in Pat Scott Canyon show that machinery was at one time 
erected there.

There is no evidence that the ore was milled on the property.

What little ore may h a m  been produced was evidently hauled out by 

wagon teams. Material exposed in the mine dumps includes very small 
amounts of ore minerals. Ore mineral concentrations appear generally 

of low grade.
Mine workings consist of three principal adits, and a number of 

pits and small, prospect drifts. With but one exception, all the major 

workings are caved, and inaccessible. The tunnel in Wisconsin Canyon 

(in the HE& SW£ sec. 21) is open, but it began and terminated in 

quartz monzonite, with no evidence of having cut ore zones. A second 

adit is located about 1000 feet northwest of the preceding. The third, 

and most extensive of the mine workings is situated in Pat Scott Can

yon, about 850 feet west of the junction of Pat Scott and Ramsey Can

yons. The large size of the dump there indicates a considerable 
amount of underground development.
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Geology and Ore Deposits

The Wisconsin mines are in an area of imbricate thrust faulting 
that is a part of the structural belt described as the Wisconsin 

thrust system* Permian limestones and Lower Cretaceous red beds and 

volcanics lie as intercalated sheets that dip prevailingly northeast

ward in a limb of the Huachuca anticline* The strata are interrupted 

on the west by intrusions of quartz monzonite, quartz latite porphyry, 

and andesite porphyry* Contact metamorphism attending intrusion of 

the quartz monzonite has altered the limestones in the vicinity of 

the mine to marble and small zones of tactite* The Cretaceous rocks 
appear in part to have been altered to tactite*

The ore minerals are irregularly distributed in the contact 

metamorphic rocks. In the tactite zones, ore minerals occur as 
fillings and moderate replacements of highly fractured contact sili
cates. In the marble zones, they occur largely as irregular replace
ments of the wall rock. Ore shoots are apparently small, and largely 

of low grade.
Ore minerals comprise galena, sphalerite, chaleopyrite, bomite 

and ehalcocite in random veinlets, disseminated grains, clusters, and 

pods* Quartz and coarse cleavable calcite are prevalent gangue miner

als in veinlets and irregular masses. Pyrite, hematite, and magnetite 

are common associates with the ore minerals in tactite. Willemite was 

found on the dump in Pat Scott Canyon, Selenite is of rare occurrence 

with galena and sphalerite in outcrops in the lower portion of Wis
consin Canyon* Most of the sphalerite is clear green, and evidently
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low in Iron. A spectographic analysis of a specimen of the sphalerite 
shows it to be rich in cadmium. Lead, barium, and iron were recorded 

ohly as traces.
Wall rock gangue minerals are discussed in a preceding section on 

contact metamorphism.
Examinations of the ore mid gangue minerals in thin and polished 

sections prove the gangue silicates to be earlier than the ore miner

als. These observations are in accord with the common relationships 

in deposits of contact aetamorphic and pyrometasomatic type, as dis

cussed ty Schmitt (1948, TP 2357, pp. 3-8).

Hematite with admixed magnetite occurs as coarse radial platy 

aggregatesthat appear to be generally later than the other silicates.

It is clearly cut by later chalcopyrite, and quarts. The relationships 

between hematite and pyrite are not clear. In one specimen, hematite 
appears to be later than pyrite, but the evidence is inconclusive.

Pyrite occurs as fractured cubes and irregular grains that are 
clearly earlier than the other sulfides. It is cut by chalcopyrite 
in veinlets, and irregular blebs connected by veinlets. Sphalerite 
also fills fractures in pyrite, and shows slight replacement of pyrite.

Sphalerite-chalcopyrite age relations are obscure. Dark green 

sphalerite contains abundant microscopic inclusions of chalcopyrite, 

indicating simultaneity in part. The paler green sphalerite is 

essentially devoid of chalcopyrite inclusions. This may be a result 

of persistence of sphalerite deposition after the cessation of chalco

pyrite mineralization. Chalcopyrite is clearly later than hematite.
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Galena is most prominent in association with or## rich in sphaler
ite, where neither mineral shows features diagnostic of their relative 
(Lg08#

A specimen of massive chalcocite and bomite from the dump in Pat 
Scott Canyon reveals graphic intergrowths of blue chalcocite with leaser 

amounts of bomite. A few small areas of white chalcocite are present 

as islands in the blue variety. The specimen is cut by Irregular anas

tomosing veinlets of hematite that may be of supergene origin. None 

of the other ore minerals are present in this specimen, hence age 

relations of chalcocite and bomite with the other sulfides is unknown.

The apparent paragenesis of the gangue and ore minerals may be 

summarized somewhat as follows*

(early) diopside 
pyrite
hematite and magnetite 
garnet
hedenbergite and tremolito-cctinolite
monticellite (?)
quartz
chalcopyrite
bomite
chalcocite (if hypogene)
sphalerite
galena

(late) chalcocite (if supergene)

The absence of data regarding the relationships of these minerals in 

place, and the lack of definite age criteria between the ore minerals, 

make the validity of this sequence admittedly questionable. The gangue 

mineral relationships were quite well confirmed in thin sections of 

specimens from several portions of the contact metamorphlc area.



-161-

Relationships of Contact Metanorphic and Other Ore Zones

A quartz vein that crosses Pat Scott Canyon, about 700 feet north
west of the nine in that canyon, is of considerable interest in relat

ing mineralization in the contact metanorphic zones to ore deposition 

in the more typical fissure veins in other portions of the area.

The vein in Pat Scott Canyon is in part of fissure type, emplaced 

in a fracture of westerly trend and northward high angle dip. Local 

irregular enlargements of the vein have been developed through re

placement of the enclosing recrystallized limestone* Vugs are abundant, 

and comb quartz is prominent in portions of the vein.

Small pods of pale green sphalerite are associated with coarse 

cleavable galena in the vein, A separate ore shoot of small size con

tains coarse grains of pale brown to amber scheelite in comb quartz.

The green sphalerite associated with galena suggests a related 
origin of the two minerals in the fissure veins and in the so-called 
contact metanorphic deposits of the area, Scheelite provides a 
further link with tungsten mineralization in other veins.

Another fissure vein crops out immediately south of the mine 

portal in Pat Scott Canyon, This vein strikes northward and dips 

about 20°W. The wall rocks are quartz monzonite that shows strong 

alteration. Vugs and comb quartz are prominent. Ore minerals are 

sphalerite and galena, associated with ferroan calcite resembling 

that in the vein in Pat Scott Canyon* This occurrence suggests a 

further link of the other deposits with veins cutting the quartz 

monzonite. It is evident, then, that ore deposition, at least in part, 

succeeded solidification of the hood of the quartz monzonite stock.
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Panoramic view of east face of the Hoachuca Mountains 
as seen from a point three idles south of Hereford. 
Miller Peak is to the left of center line, and Carr 
Peak is to the right.
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Plate 5

Boise quartzite in cliff j, measured section near Tungsten 
Reef mine*

Contact of basal conglomerate of Bolsa quartzite with pre- 
Cambrian Foothills granite, Unconformity indicated by 
pick.
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Plate 6

A. Dolomitie sandstones of lowest member of Cochise 
formation; near Smith sill. Tungsten Reef mine.

B. Abrigo limestone in road out, north wall of Brown 
Canyon. Arenaceous, dolomitie laminae produce 
gnarled surface on weathered outcrop.



Plate 6
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Plate 7

A, Stromatoporoid limestone in Picacho de Calera 
formation near trail to Carr Peak (the S7£ NE|- 
seo, 22)•

Fosslliferoue dolomitic sandstone from lower portion 
of tiie Martin limestone* Fresh rock in core is bluish 
gray; outer leached shell is reddish brown, porous 
sandstone*

B.
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Plate 8

A. Camarotoechia (PaurorhynchaV eadliohi (Meek), guide 
fossil to beds of Lower Ouray age. Specimen from 
the NT&& MB* sec# 21# X2#2»

B, Escabrosa limestone in cliff on northernmost of Blanco 
Peaks, as seenfroa peak to south# The Escabrosa lime
stone rests on the Crest Line fault over Lower Cretaceous 
strata.
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Plate 9

A. Weathered outcrop of highly porphyritic Foothills
granite (pre-Cambrian), Reef road near Boulder Creek*

B* Thin section of Foothills granite (described in text). 
Crossed nicols. XI5.

q - quartz 
pe - perthite 
&b - albite 
M  - biotite (altered)
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Plate W

A, Outcrop of Fletcher Ridge granite in south rail of 
Brown Canyon,

B, Thin section of Fletcher Ridge granite (described 
text}. Partially crossed nicols. H 5

q - quartz 
pe - perthite 
ab - albite 
nru - muscovite
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Plate 11

A* Thin section of muscovite aplite phase of Fletcher 
Ridge granite (described in text). Note large grain 
of muscovite that extends almost across field of 
y'ievr. Partially crossed nicols. XI5.

q - quartz 
pe - perthite 
ab - albite 
mu - muscovite

B*.. iSersâ ggr ^
an - andesine 
hb - hornblende (?) 
m - magnetite
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Plate 12

A, Thin section of quartz latite porphyry (described in 
text). Rude flow structure is evident in the matrix. 
Quartz-orthoclase aggregate of matrix is not resolved 
at low magnification of photomicrograph. Partially 
crossed nicols. X15*

q - quartz 
or - orthoclase 
an - andesine 
bi - biotite (altered) 
m - magnetite

B. Thin section of quartz monzonite of Granite Peak 
stock (described in text). Partially crossed nicols. XL5.

q - quartz 
or - orthoclase 
an - andesine 
hb - hornblende 
bi - biotite (altered) 
sp - sphene
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Plate 13

A* Thin section of altered limestone from marble zone 
(described in text). Ordinary light. X46.

c - calcite 
t - treaolite

B. Massive tactile in outcrop mapped in the extreme ME 
corner of section 20. Rock is principally garnetite.
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Plate 14

Thin section of gametite from tactite zone 
(described in text)• Section is composed 
entirely of birefringent, zoned garnet meta- 
crysts that have been highly fractured. 
Partially crossed nicols. X15.

Telephoto view of double fault in north wall of Carr 
Canyon, looking NW from south wall of Carr Canyon. 
Strata are Bolsa quartzite. Faults are members of 
the Lepidus thrust system.



Plate 14



-176-



Plate 15

A. Telephoto view of overturned fold in Bscabrosa lime
stone under Ramsey Peak, looking Hff from south wall 
of Ramsey Canyon, Overturning resulted from thrust
ing of Egcabrosa limestone toward SF (left) on Crest 
lAya thrust fault over Lower Cretaceous strata 
(obscured by trees below cliff). Subsidiary thrust 
faults are marked by belts of vegetation on cliff 
above principal fault. The Naco limestone caps the 
very crest of Ramsey Peak. Pat Scott Canyon is to 
left of field of view.

B. Thrust faulted and overturned beds of Bolsa quartzite 
on ridge between Ramsey and Carr Canyons. View 
looking Nff across Carr Canyon from north area of 
Tungsten Reef mine. Faults are members of the 
Hanzanita thrust system.
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Plate 16

A, Drag folds in Abrigo limestone in north trail of
Brown Canyon, north of James mime (telephoto view), 
Beds dip toward the southwest,'

B, Drag folds in Bolsa quartzite in Brown Canyon, The 
Foothills granite has been thrust upon Bolsa quart
zite beyond the field of view on the right. Brown 
Creek cuts through narrow box canyon between rocks 
in foreground and folds on opposite side.
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Plate 17

A. View of crest of Huachuca Mountains, looking M
from Carr Peak, Escabrosa limestone (Me) in Ramsey 
Peak has been thrust over lower Cretaceous rocks 
(K) along Crest Line thrust system. Faults enter 
Ramsey Canyon behind southernmost of Blanco Peaks 
(b ), and emerge in one principal fault under the 
same peak along dashed line in foreground. lower 
Mississippian and older rocks crop out in over
thrust plate to the right (NE) of fault line, and 
Lower Cretaceous rocks are found in foreland to 
the left (Sff). The Santa Rita Mountains dominate 
the skyline in the left background.

■ mm#
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Elate 18

Telephoto view of Reef syncline as shown by Bolsa 
quartzite in the south wall of Carr Canyon# Look
ing SW from lower portion of Ramsey Canyon road# 
Fletcher Ridge in foreground# Carr Peak in left 
background#

Foothills thrust zone crossing Scheelite Ridge, 
north wall of Brown Canyon# View looking NW 
from south wall of Brown Canyon. Foliated slabs 
of hrecciated Paleozoic rocks in fault zone dip 
to right (NE)# Wall rocks on either side are 
pre-Cambrian Foothills granite# Brown Canyon road 
in foreground*
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Plate 19

A« Detail of foliation in Foothills thrust zone on 
Scheelite Ridge. Ribbons are limestone breccia 
fragments that have yielded by flow in fault 
zone.

B. Crump Hill as seen from the southeast. Tilted 
HmestoBB has baaa thrust over th# 

Fletcher Ridge granite, to the left, on the 
Boundary thrust fault. Another thrust cuts 
through the saddle between two bin tops.
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Plate 20

A. Reef road seen from point near Smith min. Tungsten 
Reef nine. Northern end of Mule. Mountains are 
located in right background. San Pedro valley 
in middle distance.

B. Tungsten Reef mine workings (white) in telephoto 
view from Carr Peak. Crump Hill in left back
ground.
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Plate 21

A. Telephoto view of old mill site, north.area. Tungsten 
Reef mine. Mill used for cyanide processing of gold 
ores from north area of mine during early 1900* s.

B« Smith Mill, Tungsten Reef mine. White quarts tail
ings in foreground.
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Plate 22

Blanket quartz vein in north area, Tungsten 
Reef mine. Pick in red plastic clay gouge on 
hanging wall. Vein dips about 11° toward observer.

Highly fractured blanket vein in 
area, Tungsten Reef mine. open cut, south
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Plate 23

A* Upper blanket vein, north area, Tungsten Reef mine. 
Large mass of sandy, pulverized wall rock cuts into 
base of vein at left.

B, View immediately to right of preceding. Photos 
match at X.
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Plate 24

A« Cross vein that connects lower and upper blanket 
veins, south area. Tungsten Reef mine. Portion 
of vein at pick head very rich in schoelite. 
Cross vein strikes H 75°tf, dips 60°Sire

B. Cross veins across stops immediately to north of A. 
Upper and lower blanket veins seen above and below 
cross veins.
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Plate 25

A. Slickensides in football portion of upper blanket 
vein, south area. Tungsten Reef mine. Slicken
sides strike N 35°E, swinging northward in that 
direction.

B. Slickensides in footwall portion of blanket vein, 
south area. Tungsten Reef mine. Strike N 40°E. 
Vein splits toward observer, forming two veins 
connected by cross veins.
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Plate 26

A. Vein quartz from south area. Tungsten Reef mine, 
showing weak ribbon structure. Specimen from 
gold-silver ore shoot containing petzite, 
hessite (?), free gold, and galena. Z0.7.

B* Galena in vein quartz from lead ore shoot, south 
Rrea» Tungsten Reef mine. Sawed and roughly 
polished surface. XI.

C. Scheelite (s) and vein quartz (q), south area. 
Tungsten Reef mine. XI .4 .
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Plate 27

A. Patches of coarse scheelite (s) in pillar of 
blanket vein, south area, Tungsten Reef mine.
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Plate 28

A* Breccia ted hanging wall portion of blanket vein 
in powder magazine drift, north area. Tungsten 
Reef mine. Vein cut off by fault behind observer#

B. Detail of A, Lenses of vein quartz flour and breccia 
in matrix of fault gouge# Vein below pick handle 
also brecciated#
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Plate 29

A. Outcrop of quartz vein, James mine* Veins dip 
toward right.

Adit of James mine. Wall on left is natural cavern. 
Silt that floored cavern seen above muck pile on 
the right. Wall rock is limestone and arenaceous 
limestones of Picacho de Calera formation.

B.
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Plate 30

Scheelite-bearing quartz vein (v) in Foothills 
granite (gr). Pleasant View claims, the 
m i  NBi sec. 9



Plate 30
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THE TOPOGRAPHIC MAPS OF THE UNITED STATES

The United States Geological Survey is making a series of 
standard topographic maps to cover the United States. This 
work has been in progress since 1882, and the published maps 
cover more than 47 percent of the country, exclusive of outlying 
possessions.

The maps are published on sheets that measure about 16£ by 
20 inches. Under the general plan adopted the country is 
divided into quadrangles bounded by parallels of latitude and 
meridians of longitude. These quadrangles are mapped on 
different scales, the scale selected for each map being that which 
is best adapted to general use in the development of the country, 
and consequently, though the standard maps are of nearly uni
form size, the areas that they represent are of different sizes. 
On the lower margin of each map are printed graphic scales 
showing distances in feet, meters, miles, and kilometers. In  
addition, the scale of the map is shown by a fraction expressing 
a fixed ratio between linear measurements on the map and cor
responding distances on the ground. For example, the scale 
“ 5 means that 1 unit on the map (such as 1 inch, 1 foot, or 1 
meter) represents 82,500 of the same units on the earth’s surface.

Although some areas are surveyed and some maps are com
piled and published on special scales for special purposes, the 
standard topographic surveys and the resulting maps have for 
many years been of three types, differentiated as follows:
1. Surveys of areas in which there are problems of great 

public importance— relating, for example, to mineral develop
ment, irrigation, or reclamation of swamp areas— are made with 
sufficient detail to be used in the publication of maps on a 
scale of — 5 (1 inch == one-half mile) or ^  (1 inch =  2,000 feet), 
with a contour interval of 1 to 100 feet, according to the relief 
of the particular area mapped.

2. Surveys of areas in which there are problems of average 
public importance, such as most of the basin of the Mississippi 
and its tributaries, are made with sufficient detail to be used in 
the publication of maps on a scale of 0, ^  (1 inch =  nearly 1 
mile), with a contour interval of 10 to 100 feet.

3. Surveys of areas in which the problems are of minor
public importance, such as much of the mountain or desert 
reglott -of  Mexieo, a1*Utbe high mountam acea
of the northwest, are made with sufficient detail to be used in 
the publication of maps on a scale of (1 inch =  nearly 2 
miles) or —  ̂ (1 inch =  nearly 4 miles), with a contour interval 
of 20 to 250 feet.

The aerial camera is now being used in mapping. From the 
information recorded on the photographs, planimetric maps, 
which show only drainage and culture, have been made for some 
areas in the United States. By the use of stereoscopic plotting 
apparatus, aerial photographs are utilized also in the making of 
the regular topographic maps, which show relief as well as 
drainage and culture.

A  topographic survey of Alaska has been in progress since 
1898, and nearly 44 percent o f its ajrea has now been mapped. 
About 15 percent o f the Territory has been covered by maps 
on a scale of soo'oo,, (1 inch =  nearly <8 miles). For most of the 
remainder of the area surveyed the maps published are on a 
scale of (1 inch — nearly 4 miles). For some areas o f par
ticular economic importance, covering about 4,300 square miles, 
the maps published are on a scale of ̂  (1 inch— nearly 1 mile) 
or larger. In  addition to the area covered by topographic maps, 
about 11,300 square miles o f southeastern Alaska has been 
covered by planimetric maps on scales of and

The Hawaiian Islands have been surveyed, and the resulting 
maps are published on a scale of

A  survey of Puerto Rico is now in progress. The scale of 
the published maps is

The features shown on topographic maps may be arranged in 
three groups— (1) water, including seas, lakes, rivers, canals, 
swamps, and other bodies of water; (2) relief, including 
mountains, hills, valleys, and other features of the land surface; 
(3) culture (works of man), such as towns, cities, roads, rail
roads, and boundaries. The symbols used to represent these 
features are shown and explained below. Variations appear on 
some earlier maps, and additional features are represented on 
some special maps.

A ll the water features are represented in blue, the smaller 
streams and canals by single blue lines and the larger streams 
by double lines. The larger streams, lakes, and the sea are 
accentuated by blue water lin ing or blue tint. Intermittent 
streams— those whose beds are dry for a large part of the year— 
are shown by lines of blue dots and dashes. . .

Relief is shown by contour lines in brown, which on a few 
maps are supplemented by shading showing the effect of light 
thrown from the northwest across the area represented, for the 
purpose of giving the appearance of relief and thus aiding in 
the interpretation of the contour lines. A contour line repre
sents an imaginary line on the ground (a contour) every part 
of which is at the same altitude above sea level. Such a linti 
could be drawn at any altitude, but in practice only the con
tours at certain regular intervals of altitude are shown. The 
datum or zero of altitude of the Geological Survey maps is mean 
sea level. The 20-foot contour would be the shore line i f  the 
sea should rise 20 feet above mean sea level. Contour lines 
show the shape of the hills, mountains, and valleys, as well as 
their altitude. Successive contour lines that are far apart on 
the map indicate a gentle slope, lines that are close together 
indicate a steep slope, and lines that run together indicate a 
cliff.

The manner in which contour lines express altitude, form, 
and grade is shown in the figure below.

The sketch represents a river valley that lies between two 
hills# In  the foreground is the sea, with a bay that is partly 
enclosed by a hooked sand bar. On each side of the valley is 
a terrace into which small streams have cut narrow gullies. 
The h ill on the right has a rounded summit and gently slop

ing spin's separated by ravines. The spurs are truncated at 
their lower ends by a sea cliff. The h ill at the left terminates 
abruptly at the valley in a steep scarp, from which it slopes 
gradually away and forms an inclined tableland that is trav
ersed by a few shallow gullies. On the map each of these 
features is represented, directly beneath its position in the 
sketch, by contour lines.

The contour interval, or the vertical distance in feet between 
one contour and the next, is stated at the bottom of each map. 
This interval differs according to the topography of the area 
mapped: in a flat country it may be as small as 1 foot; in a 
mountainous region it may be as great as 250 feet. In  order 
that the contours may be read more easily certain contour lines, 
every fourth or fifth, are made heavier than the others and are 
accompanied by figures showing altitude. The heights of many 
points— such as road intersections, summits, surfaces of lakes, 
and benchmarks— are also given on the map in figures, which 
show altitudes to the nearest foot only. More precise figures 
for the altitudes of benchmarks are given in the Geological Sur
vey’s bulletins on spirit leveling. The geodetic coordinates of 
triangulation and transit-traverse stations are also published in 
bulletins.

Lettering and the works of man are shown in black. Bound
aries, such as those of a State, county, city, land grant, town
ship, or reservation, are shown by continuous or broken lines of 
different kinds and weights. Public roads suitable for motor 
travel the greater part of the year are shown by solid double 
lines; poor public roads and private roads by dashed double 
lines; trails by dashed single lines. Additional public road 
classification i f  available is shown by red overprint.

Each quadrangle is designated by the name of a city, town, 
or prominent natural feature within it, and on the margins of 
the map are printed the names of adjoining quadrangles of 
which maps have been published. More than 4,100 quad
rangles in the United States • have been surveyed, and maps of 
them similar to the one on the other side of this sheet have 
been published.

Geologic maps of some of the areas shown on the topographic 
h ttt-prr-4ttevtr l»eeii published itt tlte fbeni t>f firler-. Ettvb f<>ho 
includes maps showing the topography, geology, underground 
structure, and mineral deposits o f the area mapped, and several 
pages of descriptive text. The text explains the maps and 
describes the topographic and geologic features of the country 
and its mineral products. Two hundred twenty-five folios have 
been published.

Index maps of each State and o f Alaska and Hawaii showing 
the areas covered by topographic maps and geologic folios pub
lished by the United States Geological Survey may be obtained 
free. Copies of the standard topographic maps may be obtained 
for 10 cents each; some special maps are sold at different prices. 
A  discount of 40 percent is allowed on an order amounting to 
$5 or more at the retail price. The discount is allowed on an 
order for maps alone, either o f one kind or in any assortment, 
or for maps together with geologic folios. The geologic folios 
are sold for 25 cents or more each, the price depending on the 
size of the folio. A  circular describing the folios w ill be sent 
on request.

Applications for maps or folios should be accompanied by 
cash, draft, or money order (not postage stamps) and should be 
addressed to

T H E  DIRECTOR,
United States Geological Survey,

November 1937. Washington, l). C.
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