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SUMMARY OF MINERAL RESOURCES

The Aravaipa Canyon instant study area comprises a sequence of
Precambrian rocks containing no known mineral deposits that is overlain by
Tertiary volcanic rocks locally containing zeolites. No mineral commodity has
been produced in the area, nor are any minable deposits known. There is no
current production from near the area. The closest areas of past production
are about 10 km east and 13 km south, but the mineralization is in rocks of
different type and age from rocks exposed in the instant study area.

No 1localities of hydrothermally mineralized or altered rocks are known.
Although a few samples are somewhat anomalously high in metal content, none of
the rocks sampled contains visible ore minerals. A small geochemical anomaly
in the southeast part of the area is suggested by the presence of selected
trace elements, but the anomaly is near a major fault and probably reflects
transportation of trace metals along the fault from a remote source. Past
exploratory drilling centered on an aeromagnetic anomaly for base-metal
mineralization in the same area did not reveal any significant value in the
Precambrian rocks and the Tertiary volcanic rocks penetrated.

Areas of zeolitized tuff within the instant study area include the west
side of Cave Canyon and the western part of Aravaipa Canyon. An estimated
1,130,000 mt of zeolite may exist in one tuff unit on the west side of Cave
Canyon, and an additional undetermined amount in other tuff units in Cave
Canyon and the western part of Aravaipa Canyon. These zeolite tuff units lie
in inaccessible positions in the vertical canyon cliffs and are under as much
as 150 m of overburden; therefore, the actual lateral extent is unknown. Any
discovery of minable-grade deposits of zeolite in the area would depend on
drill core sampling through the overburden and possibly on bulk sampling to
establish the quality and quantity of zeolite present. The possibility that
zeolite represents a significant resource will depend on mining costs and on
the possible future establishment of a sustained market.



INTRODUCTION

A mineral survey of the Aravaipa Canyon instant study qéea, Arizona
(fig. 1), was made in 1978 by the U.S. Geological Survey (U.S.G.S.) and the
U.S. Bureau of Mines (U.S.B.M.). The area is located in the.table 1lands
across the north end of the Galiuro Mountains in southeastern Afizona about
65-airline km southeast of Globe, and consists of 26.7 km or about
6,600 acres. The instant study area includes the 4,052 acres Aravaipa Canyon
Primitive Area, one of several primitive areas established on U.S. Bureau of
Land Management lands in Arizona and Utah by the Secretary of the Interior in
1969, plus an additional 2,545 acres of adjacent land.

Regional Setting

The Aravaipa Canyon Primitive Area, a scenic wilderness gorge of
outstanding beauty and historic interest, spectacularly exposes in its canyon
walls many important aspects of volcanic geology. The area, located in Pinal
and Graham Counties, southeastern Arizona, covers about 16 km“ along an
approximately 1.6 km~wide stretch of the canyon (fig. 2), and is administrated
by the U.S. Bureau of Land Management as the Aravaipa Canyon Primitive Area.
The instant study area extends the primitive area boundaries along the plateau
to the north and to the south (fig. 2). An area bordering the instant study
area, extending about 1.6 km beyond and comprising about 63 km? (16,800 acres)
was also studied; it includes land of various ownership (fig. 2) along the
plateau above the canyon and at the east and west ends.

Aravaipa Canyon is a narrow steep~walled gorge cut east-west across the
north end of the uplifted Galiuro Mountains block. Aravaipa Creek is a
perennial stream flowing westward through the canyon. Flat-topped table lands
dissected by steep~walled tributary canyons stretch north and south toward the
canyon rim. Elevations in the area range from about 810 m where Aravaipa
Creek leaves the west end, to 1,130 m away from the canyon rims. The canyon
within the primitive area is bounded by steep slopes and vertical cliffs, some
of them 120 m high. The 9.7~km-long canyon varies from 200 to 600 m in width
between canyon rims and averages about 500 m. Most small side canyons enter
over cliffs close to the bottom of the canyon. Large sycamore, ash,
cottonwood, and willow trees grow along the creek. Cacti, including saguaro,
and mesquite trees grow on grassy slopes between cliffs and on the plateau.

Access to both the west and east entrance is by graded road from major
state and U.S. Highways (fig. 3). U.S. Bureau of Land Management Ranger
Stations are located at the west entrance and at Klondyke, 15 km east of the
east entrance. Driving within the primitive area part of the Aravaipa Canyon
instant study area is prohibited; parts of the plateau areas north and south
of Aravaipa Canyon can be reached by 4-wheel~drive vehicle. Power and
telephone lines terminate within about 0.8 km from either end of the study
area. The closest railroad follows the San Pedro River about 27-road km west
of the canyon. _
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Figure 1l.--Index map showing location of the Aravaipa Canyon instant study
area, Arizona, (shaded)
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The Aravaipa Canyon Primitive Area is used and enjoyed by day hikers,
backpackers, and horseback riders, but the number of users is limited to
protect the fragile environment. Access through the canyon bottom is along
Aravaipa Creek, and, in places where the canyon walls narrow, is restricted to
the creek itself, especially in the western end. Access up and into side
canyons and to the rim top is made through steep rocky drainages.. .

- The climate is warm and dry. Winter temperatures are cool, and summer
temperatures are high but rarely oppressive. Total rainfall is about 40 cm
per year, of which most 1is received in July and August, and December to
February.

Present Investigation

The field investigation of the instant study area and adjacent land was
made during four weeks in March and April of 1978 by the U.S. Geological
Survey and two weeks by the U.S. Bureau of Mines in the spring of 1978. This
work consisted of reconnaissance in and around the area, examination of
potential mineralized areas and a small number of mining claims, and sampling
of rock formations, stream sediments, and several prospect workings.

In conjunction with the field investigation, an examination was made of
land status records of the U.S. Bureau of Land Management (BLM) in Phoenix,
Ariz., and a cursory search was made for mining claim location certificates in
records of Pinal and Graham Counties. The U.S. Bureau of Land Management,
local residents, and mining companies were contacted regarding mineral
activity in the area.

Acknowledgments

The cooperation of officials of the U.S. Bureau of Land Management is
gratefully acknowledged, with special thanks extended to Robert Heidemann of
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Previous Studies

The first work specifically covering a part of Aravaipa Canyon was the
geologic mapping and detailed description of the Klondyke quadrangle (Simons,
1964), which includes the east half of the area. The geology of the
Brandenburg quadrangle, including the west half of the area, was mapped by
Krieger (1968b). Creasey and Krieger (1978) published a summary description
of the Galiuro Volcanics exposed in southeastern Arizona.

GENERAL GEOLOGY
The remarkable canyon wall exposures along Aravaipa Canyon consist
predominantly of Galiuro Volcanies. The Galiuro Volcanics is widespread
throughout the Galiuro and Winchester Mountains, and extends southward to the
north end of the Little Dragoon Mountains. It consists of a lower sequence
dominated by lava flows and an upper sequence dominated by ash-flow tuffs; the
entire formation has been summarized by Creasey and Krieger (1978).



Most of the upper sequence of the Galiuro Volcanics but only one member
from the lower sequence is exposed in the instant study area. The upper
sequence here consists of variously named ash-flow tuffs with intercalated
flows, air-fall tuffs, and conglomerates of upper Oligocéne and lower Miocene
age (table 1). These rocks attain a maximum exposed thickness

= .

Table 1. Potassium-argon ages of ash-flow tuffs in the Galiuro
Volcanics, northern Galiuro Mountains (Creasey and Krieger, 1978)
and a tuff bed in the Whitetail Conglomerate.

Biotite Sanidine
Galiuro Volcanics
Hells Half Acre Tuff Member 125.340.7  23.140.7
Aravaipa Member 26.#}@.7 23.540.8
Tuff of Bear Springs Canyon 24 .440.7 —
Holy Joe Member 27.240.8 26.340.8
Whitetail Conglomerate - -
Tuff bed 233.540.6 -—

1Ages recalculated using the new decay constants and isotopic

abundance recommended by the International Subcommission on
Geochronology, 1976.

2g. H. McKee, 1978, written commnnication, (K 0-7.87 percent;
“05rrad3 g29x10-1° mole/9 s05rTadsy g percent)

of 250 m in the canyon. Rocks underlying the Galiuro Volcanics are exposed
only on the west side of the area and include Oligocene Whitetail
Conglomerate, Precambrian diabase, Dripping Springs Quartzite, and porphyry of
the Pinal Schist. Rocks overlying the Galiuro Volcanics are exposed only on
the east side of the area and consist of Miocene(?) Hell Hole Conglomerate.
Quaternary alluvial deposits are sparsely distributed on the canyon floor.
Large landslides composed of Galiuro Vol¢anics occurred near the west part of
the canyon. Small areas of gravel and sand veneer cover pediment surfaces.

South of Aravaipa Canyon the Galiuro Volcanics dips gently north and
northeast. North of the canyon the rocks apparently dip gently south, based
on exposures of lower andesite of Virgus Canyon along the northwest border of
the Booger Canyon quadrangle and in Aravaipa Canyon. No faults were observed
cutting the Galiuro Volcanics, except on the east where the Galiuro Volcanics
is in fault contact with the Hell Hole Conglomerate. About 7 km south and
west in the area, southwest-facing, high-angle normal faults separate
pre-Tertiary rocks, from which the volcanics have been -stripped, from late

Miocene or early Pliocene basin deposits. Small down-dropped exposures of the
volcanics occur west of the faults.



Details of the geology of the Galiuro Volcanics and the older and younger
rocks exposed in the area have been published by Krieger (1968b) and Simons
(1964). These maps have been combined and constitute Plate 1. Detailed
descriptions of the map units are included. More detailed descriptions of the
volcanic rocks that cover most of the area and of zeolitization of the
nonwelded part -of one of the ash-flow tuffs are given by Krieger (1979).
Zeolite occurs, mostly as clinoptilolite, in ash-flow and air-fall tuff beds
in_the Galiuro Volcanics, inside and also south of the west end of the instant
study area. Inside the instant study area boundary, the area west of Cave
Canyon appears to contain substantial amounts of zeolite in the distal margin
of the Aravaipa Member. Most of the western part of the area may also contain
significant zeolite alteration in the ash-flow tuff unit of the Hells Half
Acre Member.

ECONOMIC APPRAISAL

Mining History

Mining and exploration actvity inside the instant study area is limited
to 2 adits 1in Aravaipa Canyon driven in an area covered by a sodium
prospecting permit, and exploration drilling by Bear Creek Mining Company west
of Turkey Creek. There are no zeolite leases nor applications for leases
inside the instant study area.

The only mining activity was apparently for potassium nitrate (saltpeter)
at 2 adits in Aravaipa Canyon between Horse Camp and Booger Canyons in 1927.
The adits are driven in welded tuff of the Aravaipa Member. One adit is
located in the SW-1/4NW-1/4, sec. 15 (sample nos. 1228-1231), the other is in
the NW-1/4NW-1/4, sec. 16, T. 6 S., R. 18 E. (sample nos. 1232-1234). The
mining was done under a federal sodium prospecting permit issued 1in
April 1927. The work was abandoned when it was ascertained that omnly a
coating of what had probably been bat guano on the surface of the rock had
contained the potassium nitrate. The sodium permit was terminated in 1929.

The drill hole exploration activity west of Turkey Creek was mostly in
the southeast part of the area where an areomagnetic anomaly was tested for
base~metal mineralization (F. Blaine Greemhaulgh and D. C. Bulmer, Bear Creek
Mining Company, 1978, written commun.) The drilling was done by the Bear
Creek Mining Company, the exploration subsidiary of Kennecott Copper
Corporation, during 1970 and 1971, on mining claims inside the instant study
area in secs. 24 and 25, T. 6 S., R. 18 E., and sec. 30, T. 6 S., R. 19 E.,
and outside the instant study area in secs. 22, 23, 26, and 35, T. 6 S.,
R. 18 E. One of the drill holes (TC-1) was a deep test, in the NE-1/4,
sec. 26, T, 6 S., R. 18 E. The exploratory drill hole (TC-1, table 2,
location shown on pl. 1) reached a depth of 2,647 ft (807 m) below the
surface. The upper 600 ft (183 m) were in the upper sequence of the Galiuro
Volcanics, underlain by 910 ft (277 m) of hornblende andesite and 280 ft
(86 m) of basaltic andesite of the lower sequence of the volcanics. The top
of the hole was close to the top of the Aravaipa Member. The lower 677 ft
(206 m) were in Pinal Schist with interbedded sills of diabase from 20 to
177 ft (6 to 54 m) thick. Disseminated magnetite was discovered in multiple
diabase intrusives in the Pinal Schist and was believed to be responsible for
the anomaly. The Aravaipa Member maintains a dip of about 4° between the
drill hole and Aravaipa Canyon to the north. If the underlying members



Table 2.--Core log of Bear Creek Mining Company's drill hole number TC-1

b4
one-fourth mile (0.4 km) west of the Aravaipa Canyon instant study area,
NE% sec. 26, T. 6 S., R. 18 E.!

Depth -

in feet Lithology

0-20 Tertiary volcanics--white tuff

20-180 Tertiary volcanics--Aravaipa member, upper welded tuff

180-240 Tertiary volcanics--lower tuff of Simons, pink rhyolite tuff

240-270 Tertiary volcanics—-0livine andesite

270-600 Tertiary volcanics--lower tuff of Simons, pink biotite tuff

600-1510 Tertiary volcanics--hornblende andesite ,

1510-1790 Tertiary volcanics--basaltic andesite

1790-1900 Pinal schist, extremely siliceous, local fine lamination at
60-70° dip, some red slickensided hematite on fractures,
probably a metamorphosed siltstone. 1883-1887 ft pebble
breccia, fragments largely of siliceous schist unit but also
includes some fragments of porphyry.

1900-2073 Diabase--fine grained, massive, no alteration except chlorite
on sheared fractures. Local trace disseminated pyrite.
Contains estimated S5 disseminated magnetite.

2073-2103 Pinal schist--well bedded siliceous argillite. Thin smears
of hematite on fractures. Bedding dips 20-60°.

2103-2187 Diabase as above. Fault at 2113 ft. Stronger fracturing in
vicinity of fault, healed with calcite.

2187-2224 Pinal schist--siliceous argillite as above with some thin
diabase stringers. Soft red slickensided hematite on
fractures. Foliation and bedding dip 50-70°.

2224-2346 Diabase~-fine to medium-fine grained. Estimated +5X disseminate
magnetite.

2346-2366 Pinal schist, with local thin diabase stringets. Foliation

: and bedding dip 60°. Irregular spotty patches of epidote and
streaks rich in magnetite.

2366-2378 Diabase, with some thin schist inclusions. Local epidote
in schists. Magnetite is disseminated. Trace disseminated
pyrite.

2378-2397 Pinal schist, extremely fine grain siliceous unit. Bedding
dips 55°.

2397-2426 Diabase, with included schist septa. Local epidote in
irregular patches. Trace disseminated pyrite. Magnetite is

- disseminated. ’ °

2426-2447 Pinal schist, argillaceous unit. Bedding dips 60 . Local
epidote and garnet in irregular patches and along bedding.
Trace pyrite. -

2447-2467

Diabase, similar to interval 2397-2426.

1?. Blaine Greenhaulgh, written communication, 1978

Note:

Average susceptibility of the volcanic-séction is 635 x 10-6
Average susceptibility plus remanenceifor the diabase of 25,000 x 10-6

units. * Average copper content of schist if 50 ppm.
of diabase is 100 ppm.

cgs units.
cgs
Average copper content



maintain the same thickness as in the drill hole, the top of the Precambrian
should be 1,800 £t (550 m) below the bottom of the canyon.

Shallow percussion holes to validate their claims were drjilled by Bear
Creek in surrounding areas to a depth of about 50 £t (15 m). The& location of
those noted during the course of the study are shown on Plate 1. One of the
holes, assumed to have been drilled by Bear Creek, appeared to be more than
200 £t (60 m) deep. The mining claims were subsequently relinquished and the
exploration abandoned. Local ranchers reported some drilling in and near
Turkey Creek, possibly for uranium, but no information on this drilling was
obtained and no holes in or east of Turkey Creek were observed.

Two mining districts and two other mineralized areas are east and south
of the area (fig. 3). The Aravaipa mining district, including the Grand Reef
and the Aravaipa mine sites, 1is about 6 miles (10 km) to the east and
northeast, along the Santa Teresa Mountains. The Copper Creek mining district
is about 8 miles (13 km) to the south on the west flank of the Galiuro
Mountains. The Four Mile Creek mineralized area is about 7 miles (11 km)
south of the study area. The Aravaipa and the Four Mile Creek mining
districts have produced lead, zinc, copper, molybdenum, silver and gold,
intermittently for about 100 years from the 1860°s to the late 1950°s. The
total production from the Aravaipa mining district is about 60 million pounds
(27 million kg) of totaled lead, zinc, and copper, and about 250,000 troy
ounces (7,775 kg) of totaled silver and gold; total production from the Copper
Creek mining district is about 20 million pounds (9 million kg) of totaled
copper, molybdenite, and lead, and about 200,000 ounces (6,200 kg) of totaled
silver and gold. The combined production from the 2 districts represents a
value of about $9 million (Simons, 1964).

Mineral Commodities and Economic Considerations

Zeolite

Zeolites are hydrated alumino-silicate minerals with potential valuable
industrial applications due to their cation exchange, reversable~dehydration,
and molecular sieve capabilties. These capabilities result from a distinctive
open-framework crystal structure enclosing interconnected cavities. The
cavities are occupied by catioms, chiefly sodium, potassium, and calcium,
which balance a residual negative charge on the framework. Held only by
electrostatic attraction and not part of the structural framework, cations are
relatively free to move throughout the structure, and zeolite can be used to
change the 1ion content of solutions passed through it. Water is also
relatively free to move from the cavities, so the high sorptive heats of
zeolite can be used to allow zeolite to function as a heat exchanger. The
porous framework of the zeolites also allows them to act as molecular sieves
to separate mixtures of molecules, depending on the size and shape of the
molecules, and the size of the portals connecting the cavities.

The largest current use of the zeolite structure is as molecular sieves,
catalysts, and dessicants, and industrial demand for these uses has been
largely satisfied by synthetic zeolite. The present uses of natural zeolite
in the United States is limited, mostly to the following: of clinoptilolite
for removing cesium from radioactive waste, of chabazite and other zeolites
for purifying natural gas, and of zeolitic tuff as a pozzolon in cement.
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Total U.S. production of natural zeolite in 1977 was about 5,000 tons
(4,500 mt) an increase from the several hundred tons (several hundred mt)
produced in 1976 R. A. Clifton, 1979)

Although the production of natural zeolite is limited, the recognition of
the many potential applications of natural zeolite has taken place only within
the last 25 years. Potentially new and increased applications™ for natural
zeolite include uses as fillers in paper, for removal of ammonia from sewage
waters and industrial fumes, for upgrading low-BTU natural gas, as solar heat
exchangers, and as dietary supplements for poultry and swine (Mumpton, 1977).

Since a sustained market for natural zeolite has not yet been
established, no reliable estimate can be made of a representative price value
for the commodity. Mumpton and Fishman (1977) have, however, demonstrated
that certain potential agricultural uses of zeolite are such that a price of
$50 to $75 per ton ($55 to $83 per mt) might be maintained. This price is
quite favorable, considering that the average mining cost of natural zeolite
deposits is about $8 to $20 per ton ($9 to $22 per mt) (A. J. Regis, 1979,
pers. commun.).

Other Commodities

The sand and gravel deposit in the Aravaipa Creek bed contains material
that would be deleterious as aggregate for high-quality concrete, and 1s too
remote to have any commercial importance. Similarly, common-variety rock for
construction purposes is too remote to be quarried economically.

No leases have been issued for parts of the study area for leaseable
minerals, oil and gas, coal, and geothermal resources, and there are no known
deposits of these resources in or near the study area.

U.S Geological Survey Sampling and Analytical Program

Stream sediment samples for semiquantitative spectrographic analyses of
minor elements, and rock samples for both semiquantitative spectrographic
analysis and X-ray diffractometer studies of zeolitization were collected for
the geochemical investigation and surface alteration survey. Sample locations
are shown on Plate 1.

Samples for geochemical studies included unsorted stream sediment samples
from side canyons® and rock samples, including material from joints in Hells
Half Acre Tuff Member. The samples were treated as follows:

1No samples were collected from Aravaipa Canyon because it drains the
Aravaipa mining district in the northeastern part of the Klondyke
quadrangle. One sample was collected from the lower part of the Virgus
Canyon, which drains the Table Mountain mine area and one from lower
Deer Creek (Hell Hole) that heads in the Aravaipa mining area because
side canyons were not accessible at the time of the study.

11



1. The 51 sediment samples consisted of (A) a concentrate of heavy
minerals, obtained by panning a 4.5 kg (10 1b) sample, and (B) a 0.45 gr
(1 1b) sample from the same site. The concentrates were treated as follows:
Separation into magnetic and nonmagnetic fractions, the nonmagnetic fraction
was treated with bromoform and the light fraction, discarded. The heavy
fraction was separated on the Franz, at 1.0 amp. setting, into magnetic and
nonmagnetic fractions; the original magnetic fraction was added to this
magnetic fraction. Both fractions were examined with binoculars for major ore
mineral content. The 0.45 gr samples were gsieved to minus 80 mesh. Replicate
semiquantitative spectrographic analyses® were made of each of these
fractions; the results are shown in Appendix A.

2. Fifty~-three rock samples were collected by the U.S. Geological
Survey. Semiquantitative spectrographic analyses of 38 of the U.S. Geological
Survey samples were obtained (Appendix B). X-ray diffractometer patterns were
obtained of 34 of the tuffaceous rock samples collected by the U.S. Geological
Survey~ and of 25 tuff samples collected by the U.S. Bureau of Mines to
determine content of glass, zeolite, or clay of nonwelded samples or type of
devitrification if welded.

Preliminary Results of Geochemical Investigation

Sporadic high values in both stream sediments and rock samples were
detected through semiquantitative spectrographic analyses (Appendices A and
B). Elements with apparently anomalous values in some samples include tin,
copper, lead, zinc, and molybdenum. One sample (78AR040) showed 1.5 ppm
silver. The sporadic high values are scattered throughout the area, and in
themselves are probably not indicative of economic mineralization in the area.

However, analysis of the semiquantitative data by Henry Alminas~ (1979, oral
commun.) indicates a minor anomaly localized along the north-trending fault at
the east side of the area in section 26; this anomaly is indicated by the
distribution of Ba, Cu, Ni, La, and Y in the different fractions analyzed.
The anomaly is interpreted to indicate leakage along the fault from a possible
mineralized body at unknown, but great, depth. A similar but lesser anomaly
occurs along the main Aravaipa Canyon in the vicinity of Paisano and Booger
Canyons and Deer Creek (Hell Hole). Copper values and molybdenum values are
somewhat higher than normal over the entire area compared to other areas with
similar geology (Henry Alminas, 1979, oral commun.)

- 2Preparation of stream sediment samples and the semiquantitative
spectrographic analyses were done in the Branch of Exploration Research,
U.S. Geological Survey, Golden, Colo., by R. T. Hopkins, Don Risoli, and
D. _Siems.
-ray diffraction studies of U.S.G.S. samples were done in Western
Mineral Resources laboratory, Menlo Park, Calif., by Dennis Wolohan.
Geochemist, Branch of Exploration Research, U.S.G.S., Denver, Colo.
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Zeolites

Aravaipa Member and tuff of Bear Springs Canyon

The zeolite clinoptilolite is present in the Aravaipa and tuff of Bear
Springs Canyons members in the western part of the area, most of it south of
the instant study area boundary. The zeolitization is believed to be due to
percolation of ground water above the water table and not to hydrothermal
alteration. Zeolitization occurred in the originally glassy nonwelded parts
of the members. None occurred in the welded or partly welded recrystallized
parts.

Complete zeolitization of the original glass in the Aravaipa Member
occurred only at the western distal margin (fig. 4) where the entire 15-m-
thick section was nonwelded. To the east, where the light gray slightly
welded columnar-jointed tuff developed, only the underlying pink nonwelded
section of the member is zeolitized. The horizontal and vertical change in
zonation from the interior, demsely welded part to the nonwelded distal margin
is shown diagrammatically in Figure 5, which has been modified from Krieger
(1979) to incorporate data from the present study. At all locations, except
at columns 5 and 5A, the original slightly welded top of the Aravaipa Member
was eroded before deposition of Hells Half Acre Tuff Member. The Aravaipa
Member west of Cave Canyon 1is altered to clinoptilolite (table 3,
nos. 1246-1250) in contrast to the section on the east side of Cave Canyon.
There the member consists of nonwelded tuff altered to clinoptilolite at the
top, wunderlain by columnar-jointed tuff with nonwelded tuff altered to
mordenite at the bottom (Krieger, 1979, fig. 22). Zeolitization in the tuff
of Bear Springs Canyon is similar to, but more extensive than, that in the
Aravaipa Member. However, the tuff of Bear Springs Canyon is considerably
thinner than the Aravaipa Member and locally was eroded before the Aravaipa
Member was erupted.

Total amount of tuff that may contain at least 70 percent clinoptilolite
is estimated to be 10 million mt in the Araviapa Member and 3 million mt in
the tuff of Bear Springs Canyon, but is mostly outside the instant study area
boundary. Clinoptilolite also occurs in the tuff of Bear Springs Canyon in
Parson and upper Virgus Canyons in the southern part of the area (mo. 50,
table 3), and may also occur in tuff of Oak Springs Canyon in the same area.

Hells Half Acre Tuff Member

The Hells Half Acre Tuff Member consists of three units. The upper unit
is an air-fall and water-laid tuff, the middle unit is ash-flow and probable
ash~-flow tuff, and the lower unit is water-laid tuff and tuffaceous sandstone.
The upper unit is widely distributed north and south of Aravaipa Canyon. In
canyon walls it forms the top of nearly unbroken inaccessible cliffs composed
of the middle unit, and east of Javalina Canyon, the lower unit of the member.

The upper unit has been sporadically zeolitized; of 16 samples X-rayed, 4
are composed largely of clinoptilolite, 2 contain traces of it, the rest are
vitric (table 3). The middle unit (fig. 6) is thickest along Aravaipa Canyon
between Javalina and Horse Camp Canyons, but laps out against
rhyolite-obsidian on the north side of the canyon, against Precambrian

13
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Table 3.—Approximate composition of tuffs in Aravaipas Canyon ares.
{Apparent abundance estimated from X-ray diffractometer patterns of bulk samples: e, more than 50 percent; o, less than 50 percent;
x, present but not abundant; tr, trace; ~, looked for but not found. Cryatallization: Z, zeolitized; V, vitric; VP‘ vapor phase, typical
of columnar-jointed and upper white tuff z0nmes, characterized by quartz end faldepar with or without cristobalite; D, devitrified,
characterized by cristobalite and faldspar with or without quartz. Semiquantitative spectrographic .ulyuc»-'zot all specimens except 138,
14, 17A, B, D, 20, 21, 27-29, 72A, H180A~H410A, end U.S. Bureau of Mines samples, sre shown in Appendix B}

Hells HMalf Acre Tuff Member

Upper unit Middle unit Lower unit

Sample number--—- 174 17B 17C 17D 30 31 71 H1B0A H410A 1216 1217 1218 1219 1220 1221 1222 H342A H344 H410 1093 43

Crystellization- V v v z2 zZ VvV 2z v v v v v v 4 v v z z 4 z z
Cristobalite-=-- tr tr tr tr - = = - - x - tr - tr tr (34 - - - tr -
Feldspat-==wme— x x x o x tr x x x x x x x x o x ° x x x x
Quartg—e——w—=e- x ° tr © © X x x x ° ° x o ° ° x ° ° x x °
Biotite—~—eoemee - - - - - tr tr - - - - - tr - tr - x x x tr -
Clinoptilolite-- tr tr - e o - e x - x x tr - L] - - L] ] L] L] []
Clay —-—soconcen = - - - - X = - - ° - - - - - ° - - - - -
Glasgm——m—mmeeee  ® . . - - & . . . . . . - . o - - - - -
Nonwvelded distal margins
Aravaipa Member Tuff of Bear Springs Canyon member

Sample number--~ 11 12 13A 13B 15 33 1225 1226 1240 1244 1245 1246 1247 1248 1249 1250 10 14 50 1224 1241 1242 1243

Crystallization~ 2 z A zZ 2z 2 2 z 2 z z z z z z 2z z2 2 z 4 z z
Cribtobalite-=— tr tr tr tr - =~ - - - - - - - - - tr  tr x X te - cr -
Feldspar~—eeee-- x x tr x x X - x x tr tr x x x x x x tr x x x x x
Quartz ewee—e tf tr r X X X tr x tr er tr x - x tr tkr tr x tr tr tr x x
Biotite-=———wer= - - - - = tr tr tr tr tr - tr tr tr - tr - =~ tr tr tr - B
Clinoptilolite-~ @ [ ] o o . . L] . L] L] . . . L] . s s o . . . .
Clay==~em—enc——aa - - - - - - tr - - - - - - - - tr - - ©° - - - -
Glags- oo - - - - - - - - - - - - - - - - - - - - - - -
Welded end partly welded parts Tro® Tuff bed in Whicetail Cg Hell Hola Cg
Aravaipa Member Ttb?
Sample number--—- 26 27 28 29 41 45 72A 728 72C 72D 7S _;- 1223 20 21 22 1094 1095 49
Crystallization- VP VP VP VP VP VP VP VP D b Vv WV v v 4 z z 4 z
Cristobalite-—- tr - - o0 x X ° ° ° o tr tr - - - - x - b
Feldspare=wee—— o0 o [} [} ° o [ ° ) o o o tr x ° x ° ° x
Qulttz--———:—m- © o o XxX o o ° o x % o ° tr tr o x ° o x
Biotite-—-—ven—om UFf - - - - tr tr tr [2 N 4 tr - - tr - x x tr
Clinoptilolite=- = - - - - = - - - - - - tr tr ° ° o ) .
Clay~wemmeeeeceee =« X X = = = - - x - - - . o - tr - - -
Clagsmommmereeer e e e = - - - - - - - - - ° - - - - -

'Rhyolite-obsidian member
27uff of Bear Springs Canyon
SAbundance of quart:z may indicate later ailicification
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Table 3 (con'd)

SAMPLE LOCATIONS AND DESCRIPTIONS:
U.S. Geological Survey samples =

10 - Tuff of Bear Springs Canyon, pink tuff, zeolitized, east of Whitewash Canyon, northwest end of Hells Half Acre
11 - Aravaipa Member, pink tuff, zeolitized, same as 10 =
12 - Aravaipa Member, pink tuff, zeolitized, same as 10

13A,B - Aravaipa Member, overlain by columnar-jointed zone, same as 10, but farther east
14 - Tuff of Bear Springs Canyon, beneath 13, no columnar-jointed zone
15 - Aravaipa Member, pink tuff, zeolitized, overlain by columnar-jointed zone, east of 13

17A-D - Hells Half Acre Tuff Member, upper unit, 25 m section, A (top) to C vitric, D (bottom) zeolitized, Painted Cave Ranch
20 - Tuff bed in Whitetail Conglomerate, vitric, north of Wagner Ranch, near west boundary of study area
21 - Tuff bed in Whitetail Conglomerate, zeolitized, north of Aravaipa Canyon, west of Cave Canyon
22 - Tuff bed in Whitetail Conglomerate, zeolitized, south of Aravaipa Canyon, west of Cave Canyon
25 - Tuff of Bear Springs Canyon, pink tuff, zeolitized, overlain by columnar-jointed zone; same location as 26
26 - Aravaipa Member, columnar-jointed, vapor phase, Whitewash Canyon near south boundary of study area

27-29 - Aravaipa Member, upper white tuff, vapor phase, Whitewash Canyon, south of study area
30 - Hells Half Acre Tuff Member, upper unit, zeolitized, east branch Hells Half Acre Canyon
31 - Hells Half Acre Tuff Member, upper unit, vitric, east branch Hells Half Acre Canyon
33 - Aravaipa Member, pink tuff, zeolitized, top of cliff, northwest end of Hells Half Acre
41 - Aravaipa Member, upper white tuff, vapor phase, Horse Camp Canyon
43 -~ Hells Half Acre Tuff Member, lower unit, zeolitized, Horse Camp Canyon, down-dropped block
45 - Aravaipa Member, upper white tuff, vapor phase, Virgus Canyon, down-dropped block
49 - Hell Hole Conglomerate, concretionary tuffaceous sandstone, zeolitized, west of Turkey Creek
50 - Tuff of Bear Springs Canyon, zeolitized, Parsons Canyon
71 - Hells Half Acre Tuff Member, upper unit, zeolitized, west of Parsons Canyon, down-dropped block

72A-D - Aravaipa Member, upper white tuff, top 3 m, A (bottom) and B, vapor phase; C and D (top) densely welded, devitrified; west

Parsons Canyon

75 - Aravaipa Member, upper white tuff, vapor phase, west of Parsons Canyon

From Krieger, 1979, figure 29
H180A - Hells Half Acre Tuff Member, upper unit, vitric, middle branch Hells Half Acre Canyon
H342A - Hells Half Acre Tuff Member, middle unit, zeolitized, east side Cave Canyon, down-dropped block
H344 - Hells Half Acre Tuff Member, middle unit, zeolitized, near mouth of Cave Canyon, down-dropped block
H410 - Hells Half Acre Tuff Member, middle unit, zeolitized, near mouth of Cave Canyon, down-dropped block
H410A -~ Hells Half Acre Tuff Member, upper of middle unit, vitric, Horse Camp Canyon, down-dropped block

U.S. Bureau of Mines samples
1093 ~ Hells Half Acre Tuff Member, zeolitized, weat side Cave Canyon, landslide breccia, probably from middle unit
1094 - Tuff bed in Whitetail Conglomerate, zeolitized, north side Aravaipa Canyon, west of Cave Canyon
1095 ~ Tuff bed in Whitetail Conglomerate, zeolitized, north side Aravaipa Canyon, west of Cave Canyon
1216-1218 -~ Hells Half Acre Tuff Member, upper unit, vitric, Painted Cave Ranch
1219 ~ Hells Half kc:e Tuff Member, upper unit, vitric, east side of Cave Canyon
1220 ~ Hells Half Acre Tuff Member, upper unit, zeolitized, east side of Cave Canyon
1221 -~ Hells Balf Acre Tuff Member, upper unit, vitric, west of Javalina Canyon
1222 ~ Hells Half Acre Tuff Member, upper unit, vitric?, clay alteration, weat side of Javalina Canyon
1223 ~ Rhyolite-obsidian member, vitric?, clay alteration, east side of Javalina Canyon
1224 ~ Tuff of Bear Springs Canyon, pink tuff, zeolitized, overlain by colummar-jointed unit, Whitewash Canyon
1225 ~ Aravaipa Member, pink tuff, zeolitized, east side Bear Springs Canyon
1226 ~ Asavaipa Member, pink tuff, zeolitized, east side Bear Springs Canyon
1240 - Aravaipa Member, pink tuff, zeolitized, east side Whitewash Canyon, northwest end of Hells Half Acre
1241-1243 - Tuff of Bear Springs Canyon, pink tuff, zeolitized, same location as 1240
1244-1245 - Aravaipa Member, pink tuff, zeolitized, same location as 1240
1246-1250 ~ Aravaipa Member, pink tuff, zeolitized, west side Cave Canyon; 1250 from down~dropped block
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porphyry on the south side of the canyon just east of Javalina Canyon, and in
Cave Canyon about 1.3 km north of its mouth. The middle unit is not present
south of the canyon beneath the upper unit west of Hells Half Acre Canyon.
Its extent up Virgus Canyon and up Aravaipa Canyon east of Horse Camp Canyon
is wuncertain, but probably not more than a couple of kilometers. Four
specimens probably from the middle unit have been X-rayed; all -are composed
largely of zeolite (table 3). Three of the specimens were frgm down-dropped
blocks, the fourth was from the landslide west of Cave Canyon~. This meager
information is suggestive that the original glassy part of the middle unit
could be completely zeolitized, and the tuff could contain over 50 percent
clinoptilolite estimated to be between 170 and 270 milion mt; however,
95 percent or more of the middle unit is buried under the sporadically
zeolitized upper unit.

The lower unit is exposed along Aravaipa Canyon and forms the base of the
cliff of the Hells Half Acre Tuff Member, 60-70 m above the canyon floor. It
extends up Virgus Canyon and up Aravaipa Canyon east of Horse Camp Canyon for
a kilometer or two. The one specimen X-rayed (table 3) has been zeolitized.
It is probable that the whole lower unit has been zeolitized to some extent,
at least, based on its general appearance and the fact that it was deposited
in water.

U.S. Bureau of Mines Sampling and Analytical Methods

A total of 51 U.S. Bureau of Mines samples were taken from surface
exposures, at the few prospects and mining claims in the instant study area,
and from outcrops in and near the area. A part of the Hell Hole Conglomerate
outcrop area was checked with a geiger counter for radioactivity.

U.S. Bureau of Mines chip samples were taken vertical to bedding in
ash-flow tuff exposures across parts of rock material showing uniform texture
or color. Chip samples were also taken across quartz veins in Precambrian
prophyry, and at prospects in andesite and welded tuff. Grab samples were
taken at the prospects by combining several pieces of rock taken at a specific
grid interval. A panned concentrate of stream sediment was taken at the mouth
of Deer Creek. The sample localities are shown on Plate 1.

All U.S. Bureau of Mines samples were fire-assayed for gold and silver,
checked with a geiger counter for radioactivity, and were analyzed by 6-step
semiquantitative spectrographic analysis for 42 elements. The samples of

5Four additional samples of the middle unit of the Hells Half Acre
Tuff were collected from a cliff west of Cave Canyon by the U.S. Bureau
of Mines in December 1978, and x-rayed by the U.S. Geological Survey in
January 1979. All appear to be composed largely of clinoptilolite.



volcanic tuff were analyzed by X-ray diffraction techniques for zeolite6. For

each sample the locations and the gold and silver amounts determined by fire
assay are shown in Table 4. The results of the spectrographic analyses are
not presented in this report but are avallable on request. The results of the
zeolite analyses of volcanic tuff samples are shown in Table 5.

Localities of Mineral Interest
Localities of zeolite mineralization are evident in and near the instant
study area, most significantly, the west side of Cave Canyon, and also, the
west portion of Aravaipa Canyon in the instant study area.

Other 1localities of possible mineral interest were investigated, at
2 adits in Aravaipa Canyon, drill holes west of Turkey Creek, claim locations
and a prospect near Deer Creek, and quartz veins in Precambrian porphyry in
the west end of Aravaipa Canyon but no significant mineral values were found.

West Side Cave Canyon

All of the distal margin of the Aravaipa Member exposed on the west side
of Cave Canyon is a homogeneous uniform—-textured pink-colored tuff. Four chip
samples (nos. 1246, 1248-50) and one specimen (no. 1247) were taken at four
locations on the west side of Cave Canyon. Since all samples were taken
within uniform—-appearing material, the thicknesses sampled were arbitrary.
All the analyses indicate, at +10 percent accuracy, between 50 and 75 percent
clinotilolite (table 5). Samples numbers 1246, 1248-49 and specimen
number 1247 were taken at 3 locations in approximately the same stratigraphic
horizon in the west wall exposure along a distance within about 400 ft (120 m)
north of the instant study area boundary. Sample number 1250 was taken inside
the area from one of the two exposures of distal margin colluvium in the
landslide material. The sample (no. 1248) with the highest zeolite content
(75 percent) was taken across 12 inches (30 cm) of bed material; the sample
(no. 1246) with the lowest zeolite content (50 percent) was across 20 inches
(51 cm). The longest sample (no. 1249) was 36 inches (91 cm) and assayed
55 percent clinoptilolite. :

6X—ray diffraction studies of U.S. Bureau of Mines samples were done
in their Salt Lake City Metallurgical Research Center as follows:
"...The initial attempt to determine the zeolite content of the sample
by weight loss during thermogravimetric analysis was abandoned when it
was discovered that some of the samples contained opal, montmorillonmite,
and hydrated volcanic glass, all of which lose water over the same
temperature interval as the zeolite.

"The method that was finally adopted was to determine how much of the
weight loss was regained when the sample was cooled. Assuming that only
the zeolite rehydrated and the rehydration was complete, the amount of
zeglite in the sample could be calculated. Since the method was time
consuming, only three determinations were done in this manner. The
results of these determinations were used to standardize X-ray )
diffraction peak heights so the subsequent samples could be run by XRD.

X-ray diffraction patterns show all of the zeolite present in these
samples to be clinoptilolite. The sum of the (020) and (400) peak
heights were used to help compensate for preferred orientation of the
(010) cleavage plates."
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Table 4. Fire aséay of all U.S.B.M. samples from the Aravaipa Canyon area, Arizona.

(The analyses were performed at the Reno Metallurgy Research Center, U.S. Bureau
of Mines, Reno, Nevada. TRS designates location of sample by township (T) south,
range (R) east, Gila and Salt River meridian, and section (S))

Fire assay

Location troy oz/tonl
Sample TRS Au Ag Remarks -
1219 6-18-18 - 0.1 Outcrop-chip-26 in (66 cm)
1220 do. - - Outcrop~chip-17 in (43 cm)
1221__ do. - - Outcrop-chip-26 in (66 cm)
1223 6-18-7 - - Outcrop-chip-17 in (43 cm)
1222 do. Tr ' - Outcrop-chip-8 in (20 cm)
1216 do. Tr - Outcrop-chip-13 in (33 cm)
1217 do. - - Do.
1218 do. - - : Do.
1249 do. - - Outcrop-chip-36 in (91 cm)
1248 6-17-12 - - Outcrop-chip-12 in (30 cm)
1246 do. - - Outcrop-chip-20 in (51 cm)
1247 do. - Tr Outcrop-chip-specimen
1250 6-17-13 - - Outcrop—-chip-12 in (30 cm)
1093 do. . - - Outcrop-chip-36 in (91 cm)
1095 do. - - Outcrop-chip-24 in (61 cm)
1094 do. - - Outcrop-chip-14 in (36 cm)
1240 6-17-24 Tr - Outcrop-chip-24 in (61 cm)
1244 do. - - Outcrop—-chip-36 in (91 cm)
1245 do. - - Outcrop-chip-24 in (61 cm)
1241 do. Tr - Do.
1242 do. - - Do.
1243 do. Tr Tr Do.: .
1225 6-18-30 - Tr Outcrop-chip-36 in (91 cm)
1226 do. 0.01 .1 Do.
1224 do. Tr - Outcrop-chip-12 in (30 cm)
1213 6-17-13 - Tr Outcrop-chip-3 in (8 cm)
1214 do. - Tr Do.
1215 6-18-18 - Tr Outcrop-chip-specimen
1238 do. - Tr Outcrop-chip-6 in (15 cm)
1239 do. - Tr Outcrop-chip-8 in (20 cm)
1237 ‘ do. - Tr Outcrop-chip-specimen
1236 do. - Tr Do. '
1235 do. - .1 Do.
1227 6-18-8 .01 - Talus-grab-every 3 ft (0.9 m)
1232 6-18-16 - .1 Adit-portal-back-chip-4 ft (1.2 &
1233 do. - Tr Adit-face-chip-44 in (112 cm)
1234 do. - - Adit-wall-chip-3 £t (0.9 m)
1228 6-18-15 - - Adit-face-chip-50 in (127 cm)
1230 do. .03 - Adit-portal-back-chip~41 in
(104 cm)
1231 do. .01 0.2 Adit-dump-grab-every 1 ft (0.3 m)
1096 do. - - Outcrop-chip-specimen
1097 6-18-14 - Tr Do. -
1098 do. - - Do.
1099 do. .01 Tr Do.
1251 6-18-13 .01 Tr Pit-dump-grab-every 1 ft (0.3 m)
1252 do. - - Do.
1253 do. - - Pit-wall-chip-2 ft (0.6 m)
" 1254 do. - .1 Outcrop-chip-1 ft (0.3 m)
1100 do. - - Outcrop-chip-specimen
1255 6-18-14 - Tr Stream sediment pan-concentrate

11 trovy oz per ton = 34.3 parts per million 21




The consistently high zeolite analyses indicate that all the nonwelded
distal margin is thoroughly zeolitized. This is supported by similar zeolite
analysis results in 5 samples (nos. 1240, 1244-45, 1225-26) taken outside the
instant study area at 2 outcrops of the distal margin, 1/4-mile (0.4 km) south
of the area boundary in the northeast wall of Whitewash Canyon, and 1 mile
(1.6 km) further south in Bear Springs Canyon (table 5), and by samples
X-rayed by the U.S. Geological Survey (table 3; fig. 4). In the Whitewash
Canyon wall 3 chip samples were taken; 2 (nos. 1244 and 1245, 36 inches
(91 cm) and 24 inches (61 cm) long, respectively) near the base of the
Aravaipa Member and 1 (no. 1240, 24 inches (61 cm) long) about 30 feet (9 m)
above the base. The samples assayed between 60 and 75 percent clinoptilolite.
In Bear Springs Canyon 2 chip samples (nos. 1225 and 1226) were taken; each
36 inches (91 cm) over a composite 72 inches (193 cm) at a stratigraphic
horizon about 60 feet (18 m) above the base. They assayed 80 and 85 percent
clinoptilolite.

The amount of Aravaipa Member distal margin present inside the 1nstant
study area is estimated to be about 1,000,000 cubic yards (760,000 w3 ),
little less than half of the estimated 2,500,000 cubic yard (1,900,000 m3)
total volume of distal margin present along the entire west side of Cave
Canyon (fig. 4). The total volume present is based on a judged 50-foot (15-m)
thickness extending for 1,800 ft (550 m) along the northeast-trending west
wall, wedging out to zero thickness 1,500 ft (460 m) to the northwest. A
representative average amount for clinoptilolite is 70 percent, which is the
weighted average of analyzed values of all 9 distal margin chip samples,
including those in Whitewash and Bear Springs Canyons. At 70 percent
clinoptilolite, the amount of glinoptilolite in the instant study area is
700,000 cubic yards (540,000 m”’), which represents, at a 2.15 specific
gravity, about 1,250,000 tons (1,130,000 mt); however, the actual amount
present is something less due to the (undetermined) porosity of the rock.

In addition to the zeolitization of the distal margin Aravaipa Member,
the analysis of 60 percent clinoptilolite in one sample (no. 1093, table 5) of
the landslide composed predominately of Hells Half Acre tuff member in the
west side of Cave Canyon shows that this material is also significantly
zeolitized, at least at this location. The particular unit of the Hells Half
Acre Tuff Member which is the major source of the landslide is probably the
ash-flow (middle) unit. The total area covered by the landslide in the Cave
Canyon area is about 65 acres (26 ha); the thickness is not known.

A 25-foot- (8-m)~-thick 1layer of air-fall(?) tuff in the Whitetail
Conglomerate also crops out to the west of Cave Canyon, at lower elevatioms,
north and south of Aravaipa Creek. The Whitetail Conglomerate is
stratigraphically directly beneath the Galiuro Volcanics. Two chip samples
(nos. 1094 and 1095) were taken 1,000 £t (305 m) apart north of Aravaipa
Creek; they assayed 45 and 50 percent clinoptilolite (table 5) and indicate
that the tuff bed in the Whitetail Conglomerate is also zeolitized.
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Table 3.--Zeolite analyses from U.S. Bureau of Mines of volcanic tuff
samples from Aravaipa Canyon area, Arizona
[All zeolite identifications made were of the mineral clinoptilolite. The
analyses were performed by the Salt Lake City Metallurgy Research Center,
UsS. Bureau of Mines, Salt Lake City, Utah] -

Percent zeolite

(clinoptilolite)
Sample Rock unit sampled by weight1 Sample dimensions
1216 Hells Half Acre Tuff Member, 10 13 in (33 cm) chip
air-fall tuff, upper unit
1217 do. 5 do.
1218 do. 5 do.
1219 do. 0 26 in (66 cm) chip
1220 do. 240 17 in (43 cm) chip
1221 do. 35 26 in (66 cm) chip
1222 do. 0 8 in (20 cm) chip
1093 Hells Half Acre Tuff Member, 60 36 in (91 cm) chip
ash-flow tuff, middle unit
1223 Rhyolite-obsidian member 0 17 in (43 cm) chip
1225 Aravaipa Member 80 36 in (91 cm) chip
1226 do. 85 do.
1240 do. 70 24 in (61 cm) chip
1244 do. 75 36 in (91 cm) chip
1245 do. 60 24 in (61 cm) chip
1246 do. 50 20 in (51 cm) chip
1247 do. 65 Specimen, chip
1248 do. 75 12 in (30 cm) chip
1249 do. 55 36 in (91 cm) chip
1250 do. 70 12 in (30 cm) chip
1224 Tuff of Bear Springs Canyon 65 12 in (30 cm) chip
1241 do. 65 24 in (61 cm) chip
1242 do. 70 do.
1243 do. 70 do.
1094 Tuff bed in Whitetail Conglomerate 45 14 in (36 cm) chip
1095 do. 50 24 in (61 cm) chip

lEstimated from relative X-ray diffraction peak intensity. An error of +10
percent is assumed.

2Considerably more than 50 percent of clinoptilolite appeared to be present
in split of U.S. Bureau of Mines sample X-rayed by U.S. Geological Survey.
As U.S. Bureau of Mines samples were done at 2°/min., X-ray diffraction
studies of some of their samples and splits of many of them were done by the
U.S. Geological Survey at 1°/min to obtain greater resolution (M. H.
Krieger, Everrett Shock).

35No trace of clinoptilolite noted in split of U.S. Bureau of Mines samples
X-rayed by U.S. Geological Survey.
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Western Aravaipa Canyon

The Hells Half Acre Tuff Member is present eastward from the_west side of
Cave Canyon throughout the west part of the instant study area north and south
of Aravaipa Canyon, and although sampling was insufficient, also_may contain
significant amounts of zeolite. This member occupies a large part of the
area; it consists of three units, air-fall and water-laid tuff, ash-flow tuff,
and water-laid tuff. The ash-flow tuff crops out in cliff walls, and the
air-fall and water-laid tuff occupies cliff tops and most of the surface away
from the canyon rims. The top unit is a heterogeneous assemblage including
accidental lithic fragments; it was sampled (nos. 1219-1222 and 1216-1218) at
five locations east of Cave Canyon. One sample assayed 40 percent
clinoptilolite (table 5), but most samples assayed nil or 5 percent
clinoptilolite. The ash-flow tuff is the unit more 1likely to contain
significant zeolite; however, it was not analyzed except for that (mo. 1093)
of the landslide material west of Cave Canyon which assayed 60 percent
clinoptilolite (see footnote 5). The total area underlain by the ash-flow
tuff unit inside the instant study area 1is about 645 acres (260 ha), and the
thickness ranges between 100 and 160 £t (30 and 50 m); the volume pregent is
therefore between 100 and 170 million cubic yards (75 and 130 million m”).

Aravaipa Canyon, bat guano

Deposits of what was probably bat guano were mined in 1927 at two
localities in Aravaipa Canyon, between Horse Camp and Booger Canyons, in the
SW-1/4NW-1/4 sec. 15 and the NW-1/4NW-1/4 sec. 16, T. 6 S., R. 18 E. At these
localities a substance was reportedly found which contained potassium, would
burn when mixed with other materials, and was claimed to have value as
fertilizer. A sodium prospecting permit on 2,080 acres (842.4 ha) including
secs. 15, 16, and adjoining parts of adjacent sections was obtained in April
1927. Adits were driven where the substance was found; the adit in sec. 15
was 38 ft (12 m) long, 6 ft (1.8 m) high, and 5 £t (1.5 m) wide, and the adit
in sec. 16 was 57 ft (17 m) long, 6 ft (1.8 m) high, and 4 ft (1.2 m) wide.
The work was reportedly abandoned when it was finally certified that the mined
rock did not assay the same as the first-dug material, and it was established
that the potassium substance had only coated the surface and lined hollows in
the rock. Three chip samples (nos. 1232-1234) were taken from the face,
mid-point wall, and portal of the sec. 16 adit, and 3 similarly located chip
samples (nos. 1228-1230) plus a grab sample (no. 1231) of the dump were taken
at the sec. 15 adit. Anomalous values of up to 0.03 oz Au/ton (no. 1230) and
0.2 oz Ag/ton (no. 1231) were found in 4 of the samples, but no other
significant values are shown (table 4).

The actual composition of the potassium substance mined is not known, but
it was probably potassium nitrate (saltpeter). Saltpeter is known to form
from the combination of potassium in volcanic rocks with nitrate from bat
guano (Hutchinson, 1950). The nitrate originates as an enrichment product in
bat excreta during the nitrification of ammonia.



No other bat guano deposits are known in the area. Although there are
occasional cavelike hollowed-out portions in the walls in the canyons where
such deposits might occur, no signs were detected.

West of Turkey Creek -

The area west of Turkey Creek was once a target of exploration by the
Bear Creek Mining Company, the exploration subsidiary of Kennecott Copper
Corporation. This area is, like most of the surroundings, covered by Tertiary
volcanics and sediments, but an aeromagnetic anomaly was known in the area.
In 1970 Bear Creek located mining claims in and outside of the instant study
area, in parts of secs. 22-26, and 35, T. 6 S., R. 18 E., and secs. 19 and 30,
T 6 Sey R. 19 E. Numerous shallow holes were drilled over the claims, and
one deep hole was drilled in the NE-1/4 sec. 26, T. 6 S., R. 18 E., 1/4 mile
(0.4 km) west of the instant study area boundary. The deep hole broke through
the volcanics at 1,790 ft (546.0 m) and then penetrated 677 ft (206.5 m) of
interlayered Pinal Schist and diabase. The log of the hole is shown in
Table 2. The average copper content was reported to be 100 ppm in the diabase
and 50 ppm in the schist. The only mineralization encountered and believed to
be accountable for the anomaly was amounts of approximately 5 percent
magnetite disseminated in the diabase. The exploration was stopped and the
mining claims relinqushed in 1971.

Deer Creek

One-half mile (0.8 km) north of Deer Creek on the east side of the ridge
east of Paisano Canyon a pit is dug 6 ft (1.8 m) deep and 8 ft (2.4 m) across,
in what is apparently the upper andesite of Virgus Canyon. Abundant olivine
phenocrysts, about 1 to 2 mm or less in size, are altered to iddingsite and
show dark rust red in the rock, but no mineralization 1is present. Chip
samples from the northwest wall of the pit (nmo. 1253) and from outcrop
adjacent to the pit (no. 1254) and grab samples (nos. 1251 and 1252) from the
dump were analyzed but no significant values were shown (table 4).

Two lode mining claims are located at the mouth of Deer Creek, by Lupe
Salazar in 1963. Two specimens were taken from outcrops on the claims, from a
welded tuff (mo. 1099) north of Deer Creek and from Hell Hole Conglomerate
(no. 1100) south of Deer Creek, and a panned concentrate (no. 1255) of stream
sediment was taken at the mouth of Deer Creek. The sample analyses showed no
significant values (table 4).

Western Aravaipa Canyon, Precambrian Porphyry

The Precambrian porphyry exposed in Aravaipa Canyon westward from a point
midway between Javalina and Virgus Canyons contains many thin quartz veins.
Mostly the veins are sinuous and erratic and terminate abruptly within the
porphyry. Other veins appear ladderlike in outcrop, plamar and parallel to
faint foliation planes in the porphyry, but also terminate over short
distances. Most veins are on the order of 3 inches (8 cm) thick; widest parts
of the wveins are about 10 inches (25 cm). The quartz is an opaque milky
white, with occasional patches of specular hematite. Four specimens
(nos. 1215 and 1235-1237) and four 3~ to 8-inch chip samples (nos. 1213 1214,
1238-1239) were taken across quartz veins at 6 locations and were assayed with
no significant results (table 4). A grab sample (no. 1227) east of Javalina
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Canyon taken at 3-foot- (0.9-m)-intervals across a 30- by 50-foot (9- by 15-m)
tongue of porphyry talus, containing occasional pieces of vein quartz with
hematite, was also assayed with no significant values (table 4).

CONRCLUSION -

No minable ore deposits are known in the Aravaipa Canyon inétant study
area. There has been no production of any mineral commodity.

A deposit of about 1,250,000 tons (1,130 000 mt) of the zeolite mineral
clinoptilolite appears to exist in the instant study area, west of Cave
Canyon, 1in the distal margin of the Aravaipa Member ash-flow tuff. An
additional undetermined amount of zeolite may occur in the air-fall tuff in
the Whitetail Conglomerate, and in the Hells Half Acre ash-flow tuff landslide
material. The presence of zeolite 1s further indicated, throughout the
western part of the instant study area, in the middle unit (ash-flow tuff) of
the Hells Half Acre Tuff Member.

Drilling on the plateaus north and south of the canyon would be necessary
to delineate the actual extent of the middle unit and to collect samples for
determination by X-ray diffraction and chemical analysis of the amount and
quality of zeolite in it and in the lower unit.

Although natural zeolite has great potential value, the zeolite in the
instant study area does not appear to constitute a significant resource,
because of mining costs that would probably be prohibitive compared with the
cost of mining other near-surface deposits elsewhere. The zeolite beds in
Cave Canyon and Aravaipa Canyon lie in inaccessible positions, in vertical
cliffs of canyonland topography, under large amounts of overburden. Although
an estimate of the cost of mining was not made, it could be many be many times
greater than the $8 to $20 per ton ($9 to $22 per mt) average mining cost for
other zeolite deposits.

The area appears to have low mineral potential for metallic minerals.
Since the 1latest known mineralization in the region was previous to the
deposition of the upper sequence of the Galiuro Volcanics, any possible ore
deposits would occur only below the upper sequence, at depths of at least
600 ft (180 m) in the vicinity of the single deep drill hole, and probably
greater elsewhere inside the instant study area. Only sporadic high values for
some base and precious metals were discovered in the course of this
investigation; the minor geochemical anomaly perceived in the vicinity of the
north-trending fault in the eastern part of the area may indicate leakage from
an undetermined mineralized area at unknown depth. However, no anomalous
values were observed in the only drill hole to penetrate the thickness of the
volcanics and sample the underlying Precambrian rocks.
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