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STUDIES RELATED TO WILDERNESS
Bureau of Land Management Wilderness Study Areas

The Federal Land Policy and Management Act (Public Law 94-579, October 21,
1976) requires the U.S. Geological Survey and the U.S. Bureau of Mines to conduct
mineral surveys on certain areas to determine the mineral values, if any, that may be
present. Results must be made available to the public and be submitted to the President
and the Congress. This report presents the results of a mineral survey of part of the
Eagletail Mountains Wilderness Study Area (AZ-020-128), La Paz, Maricopa, and
Yuma Counties, Arizona.
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Mineral Resources of the Eagletail Mountains
Wilderness Study Area, La Paz, Maricopa,
and Yuma Counties, Arizona

By Robert J. Miller, Floyd Gray, Jerry R. Hassemer, William F. Hanna, James A. Pitkin,

Michelle I. Hornberger, and Stephanie L. Jones

U.S. Geological Survey

Michael E. Lane
U.S. Bureau of Mines

SUMMARY

Abstract

The Eagletail Mountains Wilderness Study Area
(AZ-020-128) encompasses most of the Eagletail Mountains
and parts of adjoining alluvium-filled valleys. At the request
of the U.S. Bureau of Land Management, mineral surveys
were conducted on 78,020 acres of the wilderness study
area. In this report, references to the wilderness study area
refer only to that area for which mineral surveys were re-
quested. The U.S. Bureau of Mines and the U.S. Geological
Survey carried out fieldwork during 1986 and 1988 to ap-
praise the mineral resources (known) and assess the mineral
resource potential (undiscovered) of the study area.

No mineral resources were identified within the study
area. Several areas have potential for undiscovered re-
sources. One area having moderate potential for silver and
lead and low potential for gold, barium, copper, manganese,
molybdenum, and zinc resources extends along the length of
Cemetery Ridge, which crosses the southwest boundary of
the study area. An area northeast of Cemetery Ridge and ex-
tending along the south boundary of the study area has low
potential for gold, silver, lead, zinc, copper, barium, manga-
nese, and molybdenum resources. One area having moder-
ate and an adjacent area having low potential for gold, silver,
lead, zinc, and copper resources lie immediately west of and
extend into the northwest corner of the study area. An area
including the Double Eagle mine in the southeast corner of
the study area has moderate potential for silver and low
potential for gold, copper, lead, and zinc. An area along the
northeast side of the Eagletail Mountains has moderate poten-
tial for gold and silver and low potential for lead, zinc,
copper, and molybdenum resources. A minor amount of
green tuff has been quarried along the northern boundary of

Manuscript approved for publication, March 2, 1989.

the study area for use as ornamental stone. Two areas within
the study area have low potential for further resources of this
tuff. The northernmost of the two areas also has low potential
for silver. One area southwest of Courthouse Rock near the
center of the study area has low potential for perlite. An area
along the southwest margin of the study area and an area
along the east boundary of the study area are underlain by a
thick accumulation of basin-fill sediments. These two areas
have low potential for geothermal resources. The entire study
area has low potential for oil and gas resources. Sand and
gravel is abundant in the study area, but it has no unique
properties and adequate resources are available closer to
markets.

Character and Setting

The Eagletail Mountains Wilderness Study Area com-
prises 78,020 acres in southwest Arizona, between Phoenix
and Quartzite and about 4 mi south of Interstate 10 (fig. 1).
The study area includes most of the Eagletail Mountains as
well as parts of the surrounding pediments and alluvium-
filled valleys. Topography is extremely rugged in the main
part of the Eagletail Mountains but subdued to nearly flat
in the valleys and on pediments that underlie much of the
study area. Elevations range from 3,043 ft on Eagletail
Peak to approximately 1,300 ft in the lower parts of adjoin-
ing valleys. The pediments are underlain predominantly by
crystalline rocks of Proterozoic and (or) Mesozoic age (see
appendixes for geologic time chart). Upper Oligocene(?)-
to Miocene-age basaltic to rhyolitic lava flows and tuffs
overlie the crystalline rocks and constitute the topographi-
cally high part of the range. Faulting occurred during and
following volcanism and is primarily responsible for the
northwest trend of the range.

Mineral Resources of the Eagletail Mountains Wilderness Study Area, Arizona G1
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Identified Resources

No mineral or energy resources were identified in the
study area. Prospecting in and near the study area has been
sporadic since the 1860’s, but the only known production is
a small quantity of manganese from prospects near Ceme-
tery Ridge, south of the study area. The Double Eagle
mine, one-third mile southeast of the study area, has no
known production. Tuff, probably for use as ormamental
stone, was quarried near the northwestern boundary of the
study area. The amount of tuff removed, if any, is not
known but was apparently quite small. Although sand and
gravel are present in the study area, other deposits are more
accessible and closer to existing markets.

Mineral Resource Potential

Anomalous concentrations of silver, lead, zinc, copper,
molybdenum, and manganese were detected in rock or
stream-sediment samples from Cemetery Ridge, south of
the study area boundary. Lithologies and structures ex-
posed on Cemetery Ridge may extend beneath a thin cover
of alluvium in one area near Nottbusch Butte (pl. 1). An
area including Nottbusch Butte and part of Cemetery Ridge
has moderate potential for silver and lead and low potential
for gold, barium, copper, manganese, molybdenum, and
zinc resources in small fault-controlled epithermal vein
deposits. An area northeast of Cemetery Ridge and ex-
tending along the south boundary of the study area has low
resource potential for gold, silver, lead, zinc, copper, bar-
ium, manganese, and molybdenum in epithermal vein
deposits. This area is covered by alluvium.

Geochemical and geologic data suggest the presence of
a volcanic-hosted vein system of small areal extent imme-
diately outside the northwest boundary of the study area.
The periphery of that epithermal system may extend into
the study areca. One area of moderate potential and a sur-
rounding area of low potential for gold, silver, lead, zinc,
and copper resources reflect the possible extension of that
epithermal system into the northwest comer of the study
area.

The Double Eagle mine and vicinity are within an area
having moderate potential for silver and low potential for
gold, copper, lead, and zinc.

An area west of Courthouse Rock in the northeastern
part of the study area has moderate potential for gold and
silver and low potential for lead, zinc, copper, and molyb-
denum in epithermal vein deposits. Prospects in crystalline
rocks of this area contain traces or minor amounts of gold
and silver.

Two areas in the northem part of the study area have
low potential for tuff for use as ornamental stone. The
northernmost of these areas also has low potential for sil-
ver. These areas include three small quarries.

One area within the central part of the Eagletail
Mountains has low resource potential for perlite resources.
This area is underlain by rhyolite glass that is locally al-
tered to perlite.

The potential for undiscovered geothermal resources is
low in two areas within the study area. These areas, along
the southwest and east boundaries of the study area, are
underlain by thick accumulations of Quaternary sedimen-
tary and (or) Tertiary volcanic rocks. Wells drilled near
Centennial Wash northwest of the study area encountered
97-°F water that may be suitable for low-temperature geo-
thermal applications. The crystalline and volcanic rocks
that make up the Eagletail Mountains and Cemetery Ridge
are not favorable source and reservoir rocks for oil and gas,
hence the potential for oil and gas resources is low in the
study area.

Mineral resource potential, geology, and mines and
prospects of the Eagletail Mountains Wilderness Study
Area are shown on plate 1. The mineral resource potential
and geology of the study area are shown in figure 2.

INTRODUCTION

This mineral survey was requested by the U.S. Bureau
of Land Management and is the result of a cooperative
effort by the U.S. Geological Survey and U.S. Bureau of
Mines. The U.S. Bureau of Mines evaluates identified
resources at individual mines and known mineralized areas
by collecting data on current and past mining activities and
through field examination of mines, prospects, claims, and
mineralized areas. Identified resources are classified ac-
cording to a system that is a modification of that described
by McKelvey (1972) and U.S. Bureau of Mines and U.S.
Geological Survey (1980). U.S. Geological Survey studies
are designed to provide a scientific basis for assessing the
potential for undiscovered mineral resources by determin-
ing geologic units and structures, possible environments of
mineral deposition, presence of geochemical and geophysi-
cal anomalies, and applicable ore-deposit models. Gou-
darzi (1984) discussed mineral assessment methodology
and terminology as they apply to these surveys. See
"appendixes” for the definition of levels of mineral re-
source potential and certainty of assessment and for the
resource/reserve classification.

Area Description

The Eagletail Mountains Wilderness Study Area cov-
ers 78,020 acres in southwest Arizona about 60 mi west of
Phoenix and 4 mi south of Interstate 10 (fig. 1). The terrain
is extremely rugged along the bedrock scarp that forms the
northeast side of the Eagletail Mountains.

Access to the northeast side of the study area is
provided by several jeep trails originating from the Santa
Fe gas pipeline road. In addition, two dirt roads service

Mineral Resources of the Eagletail Mountains Wilderness Study Area, Arizona G3
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wildlife watering tanks in the Eagletail Mountains, and one
road from Clanton Well services two tanks north of
Nottbusch Butte. Part of the southeast and west boundary
of the study area parallels the Arlington-Clanton Well road,
and an unnamed road that runs north from Clanton Well
along part of the west boundary intersects the pipeline road.

Vegetation in the Eagletail Mountains is transitional
between the Creosote-white bursage series and the Palo
verde-cacti series of the Sonoran Desert biome (Turner and
Brown, 1982). Creosotebush is found throughout the area.
Saguaro and hedgehog cacti and paloverde have slightly
higher water requirements and grow on the bajadas and
mountain sides. Whitethorn acacia, ocotillo, and jojoba are
common in the area.

Previous and Present Investigations

E.D. Wilson mapped the area during a reconnaissance
study in the 1950’s as part of the compilation of the Mari-
copa County geologic map (Wilson and others, 1957).
That mapping provided the basis for the geology of the
study area depicted on the geologic map of Arizona
(Wilson and others, 1969). A reconnaissance study of the
geology of the southern part of the Eagletail Mountains by
Krokosz (1981) did not add significant detail to existing
information. Shafiqullah and others (1980) reported potas-
sium-argon dates of three samples of volcanic rock and one
sample of diorite from the Eagletail Mountains as part of a
regional synthesis of Cenozoic events in southwestern
Arizona.

The U.S. Geological Survey conducted field studies in
the study area during the spring of 1986 and 1987. These
studies included geologic mapping and sampling of stream
sediments and rocks for geochemical analysis. Available
gravity, airborne magnetometer, and gamma-ray survey
data were compiled and evaluated.

Investigations by the U.S. Bureau of Mines included a
search of mining records and field examination and sam-
pling of all mines and prospects within or near the study
area. Sample data were discussed by Lane (1986) and
complete analytical data for all samples are available for
public inspection at the U.S. Bureau of Mines, Intermoun-
tain Field Operations Center, Building 20, Denver Federal
Center, Denver, CO 80225.

APPRAISAL OF IDENTIFIED RESOURCES

By Michael E. Lane
U.S. Bureau of Mines

U.S. Bureau of Mines personnel reviewed literature
concerning mining and geology of the region. In addition,
Bureau of Land Management records were reviewed for
mining claim information, unpatented and patented claim
locations, and oil and gas leases and lease applications.

About 20 worker-days were spent examining mines and
prospects inside and within approximately 1 mi of the study
area boundary (pl. 1). Surface and underground surveys
were made by compass and tape methods. Mines and
prospects were mapped and sampled. In all, 69 grab, se-
lect, and chip samples were collected; 9 samples were from
within the study area. All but 4 samples were fire assayed
for gold and silver; selected samples were analyzed by
semiquantitative emission spectrographic methods for 40
elements. Some samples contain visible copper and man-
ganese minerals and were analyzed by atomic-absorption
methods for these elements.

Mining History

The study area includes part of the Eagletail mining
district, where prospecting began in the 1860’s and has
been sporadic since. The only reported production from
this district is 40 tons of 22-percent manganese ore from an
unspecified location, probably near Cemetery Ridge (Keith,
1978, p. 34-36). Decorative stone (tuff) was quarried
adjacent to the northern boundary of the study area.
Approximate locations of mining claims in and near the
study area are shown on plate 1; no workings were found
at the claims in the study area.

Energy Resources

Oil and gas leases cover most of the study area and it
has low potential for hydrocarbons (Ryder, 1983, p.
C19-20).

On the east, the study area bounds an “...area of sig-
nificant lateral extent favorable for discovery and develop-
ment of local resources of low-temperature (less than 194
°F) geothermal water...” (Sammel, 1979, map 1). To the
northwest, several thermal wells were drilled in the allu-
viom of Centennial Wash (pl. 1). The deepest hole was
2,011 ft. These wells encountered shallow, low-tempera-
ture (95 to 104 °F) geothermal waters (Arizona Bureau of
Geology and Mineral Technology, 1982).

Appraisal of Sites Examined

Six mineralized areas, one inside and five outside the
study area, are examined and sampled (table 1; Lane,
1986). These areas were grouped by geographic location
for discussion. Mineralization near Granite Mountain
(table 1, No. 6) consists of minor amounts: of silver and
copper in faults cutting diorite, but the amount and extent
of mineralization are small and no resources are identified.
The other five areas sampled are within 1 mi of the study
area: one near the north boundary of the study area, two
near the southeast boundary, and two on Cemetery Ridge.

Mineral Resources of the Eagletail Mountains Wilderness Study Area, Arizona G5



Table 1. Mines and prospects in and near the Eagletail Mountains Wilderness Study Area, La Paz, Maricopa, and Yuma
Counties, Arizona

[Au, gold; Ag, silver; Cu, copper; Mn, manganese; st, short ton]

Map No. Name Summary Workings Sample data
(pl. 1)

1 Unnamed prospect Faults, fractures, and breccia in Three inaccessible shafts, Two samples; one contains 0.43 per-
diorite, diabase, latite, and tuff; 10 pits. cent and one contains 0.37
locally weathered and sheared; percent Cu.
copper, manganese, iron
(specularite) minerals; mineral
occurrences scarce.

2 Unnamed prospect Faults in tuff None Four samples contain between 1.35

and 20 percent Mn.

3 Double Eagle mine Limestone overlying phyllite; lime-  Two inaccessible shafts, one  Minor Cu, 0.43 percent and 1.15
stone and phyllite dump mate- pit. percent in two samples; one
rial; brecciated limestone in pit. sample contains 0.01 oz/st gold;

two samples contain silver, 1.8
oz/st and 0.1 oz/st.

4 Unnamed prospect Faults and diabase dikes in granite;  Three inaccessible shafts, Eight samples contain between 0.092
granite often altered, sheared, 25 pits, 1 adit, 1 trench. and 10 percent Cu.
brecciated, and containing
specularite, quartz veins and

* pods, and copper minerals; mi-
nor copper occurrences.

5 Unnamed prospect Small hill composed of phyllite Three small pits One sample contains a trace of gold;
near Double Eagle mine; two samples contain 0.1 oz/st sil-
numerous quartz veinlets and ver.
pods.

6 Victory claim Faults in diorite(?); specularite One shaft, one adit, two One sample contains 0.1 oz/st silver;

pits. two samples contain Cu, 0.274
and 0.79 percent.

7 Unnamed prospect Tuff quarried possibly for Three small quarries No metal concentrations.

decorative stone; operation

small and apparently unsuccess-

ful; dipping steeply toward
southwest.

These five areas had detectable but not anomalous concen-
trations of gold, silver, copper, and manganese. Samples
collected in these five areas were in short, narrow faults,
fractures, and breccia zones in crystalline basement rocks
and limestone. Some samples were of quartz veins or pods
within faults (Lane, 1986). At these five sites, no resources
are identified. In a follow-up study of acreage added after
the initial U.S. Bureau of Mines study, four samples were
taken near Courthouse Rock. Minor, noneconomic concen-
trations of gold were measured in two samples, (6 and 21
parts per billion, ppb). No other elements were found in
economically significant concentrations.

Three quarries in green tuff, less than 0.25 mi north of
the study area, were sampled (table 1, No.7). The tuff dips
steeply southwest and may underlie the northern part of the

study area. Anomalous concentrations of metallic elements

were not detected in samples of the tuff. The tuff was
probably quarried for use as decorative stone (Lane, 1986).

Conclusions

No mineral resources were identified in the study area;
mineral occurrences are widely scattered, sparse, discon-
tinuous, and low in metal content. Decorative stone (tuff)
was quarried adjacent to the northern boundary of the study
area. This tuff dips steeply toward the study area. If the
tuff extends into the study area, it would be too deep to
mine by surface methods; the likelihood for its develop-
ment is low.

G6 Mineral Resources of Wilderness Study Areas: Southwestern and South-Central Arizona



ASSESSMENT OF MINERAL RESOURCE
POTENTIAL

By Robert j. Miller, Floyd Gray, Jerry R. Hassemer,
William F. Hanna, James A. Pitkin, and

Michelle I. Hornberger

U.S. Geological Survey

Geology

The Eagletail Mountains are a structurally controlled
northwest-trending ridge of Proterozoic and (or) Mesozoic
crystalline rocks unconformably overlain and intruded by
middle Tertiary silicic volcanic and hypabyssal rocks and
overlain by minor amounts of sedimentary rocks.
Proterozoic and (or) Mesozoic megaporphyritic quartz
monzonite to granite and associated mafic rocks form much
of the northeast side of the range. The megaporphyritic
quartz monzonite underlies much of the pediment area near
Courthouse Rock (pl. 1). Potassium feldspar megacrysts in
the unit range from 0.5 to 3 in. in size and typically make
up 10-30 percent of the rock. This unit is mesoscopically
similar to the granitic rocks of the Sore Fingers crystalline
complex of Richard (1982) in the Little Harquahala Moun-
tains north of the study area. Shafiqullah and others (1980)
and Rehrig and Reynolds (1980) reported an Early Creta-
ceous minimum age for the granitic rocks of the Sore
Fingers crystalline complex. Intrusions of diorite and
pendants of schist, orthogneiss, and hornblendite are dis-
tributed sporadically in the quartz monzonite. Weakly
foliated to unfoliated aplite and fine-grained leucocratic
granite dikes and pods also predate the quartz monzonite.
Hornblende-biotite diorite underlies most of Granite Moun-
tain on the northeast side of the study area. This diorite
appears to intrude the quartz monzonite. A potassium-
argon age of 52 Ma (million years before present) was
obtained on biotite from the diorite (Shafiqullah and others,
1980); however, the presence of a pervasive foliation sug-
gests that this is probably a minimum age for the intrusion
of the body.

Cemetery Ridge is underlain by an assemblage of
weakly to unfoliated fine-grained granite, hornblende peg-
matite, diorite, and small bodies of hornblendite. The age
of these crystalline rocks is not known. The megaporphy-
ritic quartz monzonite exposed in the Eagletail Mountains
does not occur near Cemetery Ridge.

Crystalline basement exposures northeast of the Eagle-
tail Mountains are intruded by a northwest-trending swarm
of dikes of diverse compositions. Most dikes are rhyolitic,
rhyodacitic, and basaltic and probably represent feeders for
the middle Tertiary volcanic rocks. Aphyric rhyolite and
chloritized mafic dikes are also present and may be pre-
Tertiary in age.

Metamorphosed Paleozoic sedimentary rocks are ex-
posed at the southeastern end of the range at the Double
Eagle mine and in two small hills surrounded by pediment
gravels. Massive dolomitic marble form the most promi-
nent exposures, and thinly bedded phyllitic shale and minor
marble are exposed nearby. These lithologies represent an
extremely attenuated, overturned section of the Martin,
Supai, and Kaibab Formations, respectively (Stephen Rey-
nolds, oral commun., 1988). Metasedimentary and
metavolcanic rocks are also exposed in pediment hills
southeast of the study area and are locally intruded by
granite.

Cobble conglomerates and minor weakly indurated
arkosic sandstone were locally deposited on crystalline
rocks prior to inception of volcanism. A silicic tuff, altered
to a distinctive green color, overlies and may be interbed-
ded locally with the conglomerate. The overlying Tertiary
volcanic rocks consist of basaltic andesite at the base, fol-
lowed upward by a thick sequence of intermediate and
silicic flows, and tuffs of early Miocene age. A potassium-
argon age of 23.7+0.7 Ma has been obtained from an ash-
flow tuff near the base of the volcanic sequence (Shafiqul-
lah and others, 1980). Rhyolitic domes, flows, and tuffs
unconformably overlie the other volcanic rocks. A shal-
low-dipping rhyolite flow near the center of the range
yields an age of 19.0+0.4 Ma (R.J. Miller, 1988, unpub.
data). A nearly flat-lying unit of basalt and andesite caps
the sequence.

The present range front roughly coincides with a high-
angle normal fault that brings pre-Tertiary basement rocks
against Tertiary volcanic rocks. This fault predates the
later phase of volcanism and provided a path for several
rhyolite intrusions. The older part of the volcanic sequence
strikes parallel to the range and is rotated to a present dip
of 30° to 70° SW. The major part of this rotation occurred
between approximately 20 and 22 million years ago, which
is consistent with the timing of similar events in the Kofa
National Wildlife Refuge area reported by Sherrod and
others (1988). Large amounts of vertical rotation are
generally attributed to movement along low-angle detach-
ment faults. The Eagletail Mountains may lie in the upper
plate of a regional detachment fault; however, the presence
of such a structure has not been documented in or near the
study area. Low-angle faults separating volcanic units

- from underlying crystalline rocks were mapped in the

central part of the Eagletail Mountains and near Nottbusch
Butte. These faults are not considered to be of regional
extent, however.

Geochemistry

A reconnaissance geochemical survey of the Eagletail
Mountains Wilderness Study Area was conducted in 1986.
This survey included nearby areas of known mineralization.
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Samples were collected in and near the Eagletail Mountains
Wilderness Study Area; these included 178 sieved stream-
sediment samples, 160 nonmagnetic heavy-mineral concen-
trate samples and 30 panned heavy-mineral-concentrate
samples. An additional 46 rock samples and 1 water
sample were also collected. Complete analytical data and
descriptions of analytical procedures were provided by J.R.
Hassemer (unpub. data, 1988). Data from the National
Uranium Resource Evaluation (NURE) program (Bennett,
1981) were also used in the geochemical evaluation.
Samples collected during that study were mostly located
outside the study area, but they provide regional geochemi-
cal information, especially for uranium and thorium.

Analytical Methods

In both the U.S. Geological Survey and the NURE
studies, stream-sediment material was passed through 100-
mesh stainless-steel screens. The fine fraction was retained
for analysis. The nonmagnetic heavy-mineral-concentrate
samples were produced from a sediment sample by hand
panning followed by heavy-liquid immersion and electro-
magnetic separation. At 30 sites, a separate sample was
collected and hand panned but was not concentrated fur-
ther. Rock samples were crushed, pulverized, and then
analyzed.

All sediment and rock samples were analyzed for 31
elements by a semiquantitative six-step, direct-current arc,
optical-emission spectrographic method (Myers and others,
1961; Grimes and Marranzino, 1968). Rock samples were
also analyzed for arsenic, antimony, bismuth, and cadmium
by an inductively coupled plasma-emission spectroscopic
method (Crock and others, 1987). The minus-100-mesh
stream sediments were analyzed for uranium and thorium
by a neutron-activation method (Millard and Keaton,
1982). Panned heavy-mineral concentrates were analyzed
for gold and platinum by atomic-absorption spectroscopy
(J.R. Hassemer, unpub. method based on modifications of
Thompson and others, 1968, and Swider, 1968).

Results

The level at which the concentration of an element was
considered anomalous was determined by inspection of
histograms, percentiles, and enrichment relative to crustal
abundance. Antimony, arsenic, barium, beryllium, bis-
muth, cadmium, chromium, cobalt, copper, gold, iron, lead,
manganese, molybdenum, nickel, silver, tin, thorium, tung-
sten, and zinc were detected in anomalous concentrations in
some samples.

On the basis of data from rock samples collected from
a few mines and prospects in and near the study area, sil-
ver, arsenic, copper, lead, and zinc are characteristic of the
deposits that may be found in the study area.

Antimony was detected in only a few rock samples
from the Double Eagle mine area and from prospects near
Cemetery Ridge. Except for samples collected near the
Double Eagle mine, most rock samples from mines and
prospects contain barium and manganese. However, non-
magnetic-concentrate samples collected near the Double
Eagle mine and prospects 1 mi east of the Double Eagle
mine contain anomalous concentrations of barium. There-
fore, barium and manganese(?) may occur on the outer
fringes of deposits in the Double Eagle mine area.

Data from the stream-sediment samples indicate that
anomalous concentrations of zinc are ubiquitous in the
study area, but only at threshold levels of 100-200 parts per
million (ppm). Arsenic, also at low levels (10 ppm), is
common in the stream-sediment samples collected in the
study area. Where pre-Tertiary rocks crop out in the stream
drainages, one or more (but not all) of the metals including
silver, molybdenum, lead, copper, and manganese generally
occur at low levels.

Sediment samples collected from small drainages
northwest of the study area boundary contain anomalous
concentrations of beryllium, arsenic, silver, copper, lead,
molybdenum, ‘and zinc. That area is underlain by rhyolite
autobreccia possibly related to near-vent dome-forming
processes and is a possible exploration target for base- and
precious-metal (gold, silver, copper, lead, and zinc) depos-
its.

In the central part of the Eagletail Mountains, west and
northwest of Courthouse Rock, molybdenum is detected at
or slightly above threshold-levels in some of the sieved-
sediment and panned-concentrate samples. The signifi-
cance, if any, of this weak anomaly is not known.

Weak anomalies of threshold-level tin in sieved sedi-
ments occur near Eagletail Peak. However, only trace
amounts of cassiterite (a tin mineral) were observed in
many of the nonmagnetic concentrates throughout the wil-
derness study area. The single sample tested (and con-
firmed to contain cassiterite) by X-ray-diffraction analysis
(S.J. Sutley, oral commun., 1987) was from an area where
tin concentrations are below threshold levels.

Uranium was not detected in anomalous concentrations
in any of the sieved stream-sediment samples; none of the
values exceed 10 ppm uranium. The NURE results are
similar in that no concentrations exceed 6 ppm; NURE
water samples do not exceed concentrations of 5 ppm ura-
nium (Bennett, 1981). The one water sample collected in
this survey, from a tank at Clanton Well, contains only 3
parts per billion (ppb) uranium; thus, there is no geochemi-
cal indication of a uranium-bearing mineral deposit in the
wildemess study area.

Scattered, weak anomalies of thorium in the nonmag-
netic samples as well as the occasional grain of scheelite (a
tungsten mineral) or fluorite are also considered of litde
significance. Thorium values in samples collected during
the NURE program in and near the wilderness study area
do not exceed 35 ppm.
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Geophysics
Gravity and Aeromagnetic Studies

The Eagletail Mountains Wilderness Study Area is
covered by regional gravity (Aiken, 1976; Lysonski and
others, 1980a, b; Aiken and others 1981) and magnetic
(LKB Resources, Inc., 1980) surveys having sufficient
resolution to define features of several square kilometers or
more in area. Contours of complete (terrain-corrected)
Bouguer gravity anomalies are defined by about 30 obser-
vation points within the study area and another 60 points
immediately surrounding the study area. Contours of
magnetic anomalies are defined by measurements made
along seven east-west flightlines and two north-south tie-
lines. The flightlines and tielines were spaced, on average,
about 3 mi and 12 mi apart, respectively, and were flown
at a nominal altitude of 360 ft above ground.

The aeromagnetic data were reprocessed to incorporate

a more accurate geomagnetic reference field, identify errors -

in flightline locations, and smooth the effects of these
location errors. The resulting map, generally consistent
with but slightly more detailed than those previously pro-
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Figure 3. Bouguer gravity anomaly map of the Eagletail
Mountains Wildemess Study Area, La Paz, Maricopa, and
Yuma Counties, Arizona. Contour interval 2 milligals;
hachured in direction of low values. Dots represent gravity
stations.
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duced (Sauck and Sumner, 1970; LKB Resources, 1980),
was generated using a Fourier filtering algorithm (Hilden-
brand, 1983) which passes anomaly wavelengths greater
than 6 mi.

The Bouguer gravity anomaly map (fig. 3) shows that
the central and northwestern part of the study area is
dominated by a large-amplitude gravity low bounded by
steep gradients and that the eastern part of the study area is
dominated by an equally prominent gravity high. The low
tends to conform to much of a large tract of felsic volcanic
rocks and alluvium, whereas the high is associated with a
diversity of Proterozoic and (or) Mesozoic intermediate to
mafic plutonic rocks and overlying felsic volcanic rocks.
Basaltic andesite in the study area is too thin, too vesicular,
or both, to generate detectable highs. Salient lows north-
east and northwest of the study area are associated with
low-density basin fill of substantial thickness beneath Har-
quahala Plain; to the northeast, basin fill is about 1.5 mi
thick (Oppenheimer and Sumner, 1980).

The magnetic anomaly map (fig. 4) is characterized by
a northwest-trending band of magnetic lows traversing the
south-central part of the study area and by prominent highs
at or near the north-central, southeast, and southwest mar-
gins of the study area. Interpretation of this map requires
caution because the large flightline spacing in relation to
altitude leads to aliasing, a spectral phenomenon produced
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Figure 4.

Aeromagnetic anomaly map of the Eagletail
Mountains Wilderness Study Area, La Paz, Maricopa, and

Yuma Counties, Arizona. Contour interval 20 nanoteslas;
hachured in direction of low values.

G9



by undersampling to the extent that anomalies may be in-
correctly contoured across flightlines. An excellent ex-
ample of this phenomenon is shown by the elliptical high
near the east border of the study area. Both of the closest
east-west flightlines completely missed this feature. Fortui-
tously, a single north-south tieline intersected the feature.
On the basis of the gravity data, this anomaly is inferred to
be caused by Proterozoic and (or) Mesozoic and Meso-
zoic(?) basement rocks, rather than by volcanic rocks, such
as those which generate the small circular low immediately
southwest of the elliptical anomaly. The band of lows is
inferred to be caused by thin, strongly magnetized basalt
flows. The broad neighboring highs appear to be the more
magnetic components of the crystalline terrane, which
includes plutonic rocks ranging from granite to homn-
blendite.

The most significant geophysical features in this study
area are outlined in figure 5; the hachured line separates the
relatively low-density, mostly felsic volcanic rock terrane
from a terrane underlain at shallow depths by higher den-
sity diorite and related crystalline rocks. Iterative gravity
modeling along profiles indicates that if the average density
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Figure 5. Regions of geophysical significance in the Eagletail
Mountains Wilderness Study Area, La Paz, Maricopa, and
Yuma Counties, Arizona. Hachured line approximately sepa-
rates low-density volcanic rock terrane (l) from higher density
d‘iorite and related rocks (IlA, 11B). See text for detailed discus-
sion.

contrast between volcanic and basement rocks is about 0.35
grams per cubic centimeter (g/cm?), which is expected from
the lithologies mapped, the volcanic pile reaches a thick-
ness of at least 0.7.fni in the study area. The steep gradi-
ents at the margins of the gravity features suggest that
much of the boundary that separates these two terranes may
be controlled by steeply dipping faults.

Region I, shown on figure 5, which is mostly confined
to the terrane northwest of the hachured line, is underlain
in part by basalt of varying thickness with a strong reversed
magnetization. It is not known whether basalt mapped
southeast and south of the region has a similar magnetic
property because flightlines did not cross these exposures.
If the basalt possesses a maximum total magnetization of
about 10 A/m (amperes/meter) and a ratio of remanent to
induced magnetization of about 20, as some other basalts in
central Arizona do, two local lows in this region could be
produced: one low by a 15- to 30-ft thickness of basalt and
one broader low by a 60-ft thickness of basalt.

Region II is divided into part A, northwest of the
hachured line, and part B, on the other side of the line. Part
IIA is underlain by dioritic and monzonitic rocks that have
moderately strong normal magnetization but which, on the
basis of gravity anomaly data, are not as thick as rocks in
adjacent areas. Felsic subvolcanic rocks that crop out
nearby may laterally intrude this diorite and quartz mon-
zonite at depth. It is not possible to accurately estimate at
what depth this intrusion might occur; however, in plan
view, it would be mostly confined within the study area to
part IIA.

Part IIB, which within the study area forms an arcuate
trace, is underlain by dioritic, monzonitic, and related rocks
that are both fairly dense and moderately to strongly
magnetic. This terrane, like most other basement terranes
in central Arizona, is characterized by normally polarized
magnetization. The local high-amplitude high, detected by
a north-south tieline, has a wavelength that suggests the
felsic volcanic rock cover is no more than about 1,500 ft
thick above the causative source rock.

Aerial Gamma-Ray Spectrometry

Aerial gamma-ray spectrometry is a geophysical tech-
nique that measures the near-surface (0- to 1.50-ft depth)
distribution of the natural radioelements potassium (K),
uranium (eU), and thorium (¢Th). Because this distribution
is controlled by geologic processes, aerial gamma-ray
measurements can be used in geologic mapping, in mineral
exploration, and in understanding geologic processes.
Calibration of aerial systems at sites of known radioelement
concentrations permits survey results to be reported in
percent for K and in parts per million for ¢U and eTh. The
“e” (for equivalent) prefix denotes the potential for dise-
quilibrium in the uranium and thorium decay series.
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The spectrometric data discussed in this report were
obtained by the NURE Program of the U.S. Department of
Energy (DOE). Data acquisition was keyed to 1° by 2°
topographic quadrangles and flightline spacing was usually
at 3- and 6-mi intervals. Spectrometric data described in
this report were derived from the NURE report for the
Phoenix 1° by 2° quadrangle (LKB Resources, Inc., 1979).
The wide spacing meant that the data were suitable for
contour and other maps only at scales of 1:500,000 and
smaller. All NURE flight altitudes were 400 ft above
ground level. (An aerial gamma-ray system at 400 ft above
ground level effectively detects terrestrial gamma radiation
from an 800-ft-wide swath along the flightline).

Examination of radioelement maps that include the
Eagletail Mountains Wilderness Study Area indicates that it
is characterized by radioelement concentrations of 1.5 to 3
percent K, 3 to 4 ppm €U, and 5 to 15 ppm €Th. These
concentrations are controlled by the location of the NURE
flightlines relative to the wilderness study area. The con-
centrations are reasonable for the Proterozoic and (or)
Mesozoic crystalline rocks, Tertiary volcanic rocks, and
Quaternary sedimentary rocks that occur in the study area.

Mineral Resource Assessment

Gold, Silver, Copper, Lead, Zinc, Manganese, Molybdenum,
and Barium

Geochemical and geologic data suggest that the gold
and silver mineralization in the region was primarily depos-
ited by epithermal systems. The occurrences in the study
area are divided into two types. The most widespread type
involves small fault-controlled vein deposits hosted by
Proterozoic and (or) Mesozoic crystalline rocks. The sec-
ond type occurs within, and is hosted by, a thick sequence
of middle Tertiary volcanic rocks. The age of both types
of mineralization is probably middle Tertiary and may be
contemporaneous with local volcanism.

Along the northeast slope of the Eagletail Mountains,
epithermal vein deposits typically contain specularite and
quartz. These veins are localized along faults and shears
generally having a northwest strike. The northwest direc-
tion parallels the trend of a middle Tertiary dike swarm as
well as high-angle normal faulting that controls the topo-
graphic expression of the range.

Immediately northwest of the study area, stream-sedi-
ment samples contain anomalous concentrations of arsenic,
lead, zinc, barium, and minor concentrations of molybde-
num and silver. Rhyolite autobreccia near this geochemical
anomaly is generally unaltered but extensively cut by
manganiferous calcite veinlets. A sample from argillic al-
teration of tuff along a fault in the same area contains a
trace of gold, and samples from jasperoid veins contain ele-
vated levels of arsenic and antimony (800 and 500 ppm, re-
spectively). Gold mineralization at the Sheep Tank mine,

20 mi west of the study area, occurs in volcanic rocks of
the same age and similar structural setting (Cousins, 1984).
At the Sheep Tank mine, low-angle faults or breccia zones
controlled the gold deposition. Low-angle faults are not
exposed near the geochemical anomaly in the northwest
corner of the study area. One area, defined by geochemical
data, has moderate potential (certainty level C) for gold,
silver, lead, zinc, and copper resources. An area having
low resource potential for the same elements (certainty
level C) is defined by the extent of autobrecciated rhyolite.

The Double Eagle mine area, at the southeast end of
the Eagletail Mountains, is a pediment surface covered by
alluvium. Mineralization at the Double Eagle mine occurs
in open-space fracture-filling veinlets containing galena,
sphalerite, and fluorite. Mines and prospect pits near the
Double Eagle mine are typically located along fault shears
in Proterozoic and (or) Mesozoic intermediate plutonic
rocks. Mineralization consists of specular hematite veinlets
and quartz veins containing specular hematite and minor
amounts of copper minerals. The area including the
Double Eagle mine and nearby prospects has moderate
potential (certainty level C) for silver. This area also has
low potential (certainty level C) for gold, copper, lead, and
zinc.

One area along the northeast flank of the Eagletail
Mountains includes scattered geochemical anomalies of
silver, lead, molybdenum, barium, and minor gold.
Samples collected from prospect pits along specularite,
quartz, and rare fluorite-bearing shears in crystalline rocks
contain minor or trace amounts of these elements. This
area has moderate potential (certainty level B) for gold and
silver and low potential (certainty level B) for lead, zinc,
copper, and molybdenum in small epithermal vein deposits.

Cemetery Ridge, located along the southwestern
boundary of the study area, is underlain by crystalline rocks
that are extensively brecciated and cut by Tertiary dikes.
This area has moderate potential for silver and lead and low
potential for gold, barium, copper, manganese, molybde-
num, and zinc (both certainty level C). Deposits in this
arca are likely to consist of fault-controlled epithermal
veins similar to the Yellow Breast mine, 3 1/2 mi southwest
of the study areca. Manganese also fills veins and breccia
in Tertiary volcanic rocks near Cemetery Ridge. An area -
northeast of Cemetery Ridge and extending along the south
boundary of the study area has low potential (certainty
level B) for gold, silver, lead, zinc, copper, barium, manga-
nese, and molybdenum. In this area, alluvium may conceal
possible mineralization. :

Perlite

An area near the center of the Eagletail Mountains
Wilderess Study Area has low potential (certainty level B)
for perlite. The perlite occurs at the base of thick, shallow-
dipping rhyolite flows. The flows are part of the post-
rotational sequence of volcanic eruptions, 19 to 20 million
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years in age, in the range and overlie air-fall tuff. Perlite
formed when the glassy base of the flows was locally
hydrated.

Ornamental and Building Stone

A lithic-rich rhyolitic tuff has been quarried at three
locations near the north-central boundary of the study area.
This wff has a distinctive green color and was apparently
quarried for use as ornamental stone. The amount of pro-
duction (if any) from these operations is not known but
must be very small. Two areas within the study area have
low potential (certainty level C) for further resources of
this tuff. One of those areas also has low potential for
silver (certainty level C).

Energy Resources

Wells drilled in Centennial Wash north of the study
area have encountered warm water that is possibly suitable
for low-temperature geothermal uses (Sammel, 1979).
Geophysical data indicate a substantial increase in the
thickness of alluvium and valley-fill sedimentary rocks
near the east boundary of the study area. The southwest-
em part of the study area is also underlain by a thick
sequence of sedimentary and (or) volcanic rocks. These
arcas may have an environment similar to that of Centen-
nial Wash and, therefore, have low potential (certainty level
B) for low-temperature geothermal resources.

The crystalline and volcanic rocks that compose the
Eagletail Mountains and Cemetery Ridge are not favorable
source rocks for oil and gas, hence the study area has low
potential (certainty level C) for oil and gas resources.
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DEFINITION OF LEVELS OF MINERAL RESOURCE POTENTIAL
AND CERTAINTY OF ASSESSMENT

LEVELS OF RESOURCE POTENTIAL

H

cZz

HIGH mineral resource potential is assigned to areas where geologic, geochemical, and geophysical char-
acteristics indicate a geologic environment favorable for resource occurrence, where interpretations of data
indicate a high degree of likelihood for resource accumulation, where data support mineral-deposit models
indicating presence of resources, and where evidence indicates that mineral concentration has taken place.
Assignment of high resource potential to an area requires some positive knowledge that mineral-forming processes
have been active in at least part of the area.

MODERATE mineral resource potential is assigned to areas where geologic, geochemical, and geophysical
characteristics indicate a geologic: environment favorable for resource occurrence, where interpretations of data
indicate reasonable likelihood for resource accumulation, and (or) where an application of mineral-deposit models
indicates favorable ground for the specified type(s) of deposits.

LOW mineral resource potential is assigned to areas where geologic, geochemical, and geophysical characteristics
define a geologic environment in which the existence of resources is permissive. This broad category embraces
areas with dispersed but insignificantly mineralized rock, as well as areas with little or no indication of having
been mineralized.

NO mineral resource potential is a category reserved for a specific type of resource in a well-defined area.
UNKNOWN mineral resource potential is assigned to areas where information is inadequate to assign a low,
moderate, or high level of resource potential.

LEVELS OF CERTAINTY

oCN®>

Available information is not adequate for determination of the level of mineral resource potential.
Available information only suggests the level of mineral resource potential.

Available information gives a good indication of the level of mineral resource potential.
Available information clearly defines the level of mineral resource potential.

A B C D
U/A H/B H/C H/D
HIGH POTENTIAL HIGH POTENTIAL HIGH POTENTIAL

M/B M/C M/D

MODERATE POTENTIAL | MODERATE POTENTIAL| MODERATE POTENTIAL

UNKNOWN POTENTIAL
L/B L/C L/D

LOW POTENTIAL LOW POTENTIAL LOW POTENTIAL

N/D

NO POTENTIAL

LEVEL OF RESOURCE POTENTIAL ———»

LEVEL OF CERTAINTY ——»

Abstracted with minor modifications from:

Taylor, R.B., and Steven, T.A., 1983, Definition of mineral resource potential: Economic Geology, v. 78, no. 6, p. 1268-1270.

Taylor, R.B., Stoneman, R.J., and Marsh, 5.P., 1984, An assessment of the mineral resource potential of the San Isabel National Forest, south-central Colorado: U.S.
Geological Survey Bulletin 1638, p. 40-42.

Goudarzi, G.H., compiler, 1984, Guide to preparation of mineral survey reports on public lands: U.S. Geological Survey Open-File Report 84-0787, p. 7, 8.
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RESOURCE/RESERVE CLASSIFICATION

IDENTIFIED RESOURCES UNDISCOVERED RESOURCES
Demonstrated Probability Range
Inferred
Measured | Indicated Hypothetical Speculative
‘ Inferred !
ECONOMIC Reserves Reserves
— ] _ __
' . Inferred !
MARGINALLY Marginal Marginal
ECONOMIC Reserves Reserves
- ] _l_
SUB Demor;strated Inferred I
j Subeconomic Subeconomic
ECONOMIC Resources Resources :
1

Major elements of mineral resource classification, excluding reserve base and inferred reserve base. Modified from McKelvey, V.E., 1972, Mineral

resource estimates and public policy: American Scientist, v. 60, p. 32-40; and U.S. Bureau of Mines and U.S. Geological Survey, 1980, Principles
of a resource/reserve classification for minerals: U.S. Geological Survey Circular 831, p. 5.

Mineral Resources of Eagletail Mountains Wilderness Study Area, Arizona
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GEOLOGIC TIME CHART
Terms and boundary ages used by the U.S. Geological Survey in this report

ACE ESTIMATES OF
EON ERA PERIOD EPOCH BOUNDARIES IN
MILLION YEARS (Ma)
Quaternary H<.>|ocene 0.010
Pleistocene 1.7
Neogene Pliocene 5
Cenozoic Subperiod Miocene 24
Terti i
eruary Paleogene Oligocene 38
Subperiod Eocene 55
Paleocene 66
Late
Cretaceous Early e 96
138
Late
Mesozoic Jurassic Middle
Early
205
Late
Triassic Middle
Early
~240
Permian Late
Phanerozoic Early
290
Late
Pennsylvanian Middle
Carboniferous
Early
Periods ~330
Mississippian ELaa:;;'
360
Late
Devonian Middle
Paleozoic Early
410
Late
Silurian Middle
Early
435
Late
Ordovician Middle
Early
500
Late
Cambrian Middle
Early
- 1~570
Late Proterozoic
. X : 900
Proterozoic Middle Proterozoic 1600
EaLrIa{ P;ote;ozonc 2500
s
Archean jode Acrean 3400
Early Archean
------------------------------------------ (38000)- - - - - e - e - e e - e oo - 1
pre-Archean?
4550

'Rocks older than 570 Ma also called Precambrian, a time term without specific rank.
?Informal time term without specific rank.
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