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Gila County with the opening in.1921 of the Fort Apache and San
Carlos Indian Reservations to nonmetallic mining (Bromfield and
Shride, 1956). Production reached a peak in 1920 of 1,200 tons, a rate
not duplicated again until 1927-28 (Stewart, 1955, p. 4). A break
in the fiber market in 1921 and the depression of the 1930’s virtually
stopped ashestos mining in Arizona through the midpart of each dec-
ade. Mining increased in the late 1930's and by 1940 production again
reached 1,200 tons—a level since matched or exceeded in all but a few
years at the end of World War 1L,

The establishment by the General Services Administration in De-
cember 1952, of a depot at (lobe for the purchase of strategic grades of
chrysotile stimulated the local industry from the postwar decline. At
the peak of this stimulus at least 16 deposits were producing asbestos
or were being developed. Each year since 1962, when the purchase
program was terminated, mining has been limited between two and
four sites, With few exceptions since 1948 annual production has ex-
ceeded 2,000 tons and in several years has considerably exceeded
3,000 tons. Arizona asbestos production by 1966 apparently totaled at
least 75,000 short tons of all grades with a value, as of the time of
sale, of almost $17 million.

Though mills were built at several mines and used at. least. briefly
prior to 1941, all but a small part of the production to that date was
hand-cobbed fiber. Amounts of shorter fibers disapportionate to the
content inherent. in the ores were recovered in the 1940’ because much
of the production represents fiber milled from the backfill and mine
and mill dumps of earlier operations. As milling became standard to
all operations, progressively more of the shorter fibers were recovered,
and by the carly 1950's most of the recoverable fibers were being won
from the newly mined ores. With postwar improvement. of roads mill
plants have been concentrated at Globe, where power facilities are
adequate. Mills built since 1959 have improved greatly on prior clean-
ing and grading technology, so that recently a much greater variety
of grades—especially of the shorter fibers—have become available.

During the first 30 years of asbestos mining, some fairly large (by
Arizona standards) deposits of harsh fiber, were discovered. Because
the main market was for textile fibers, most of these deposits were
not exploited. At times since the early 1950’s, however, harsh and
semiharsh fibers from these deposits have been an appreciable part
of Arizona porduction. Much of this low-iron asbestos has been mar-
keted as a filter material.

ARrizoNa Derosits

The chrysotile-asbestos deposits of east-central Arizona occur in
the Mescal Limestone (Precambrian) and are genctically related to
small dikes and extensive sills of diabase that were intruded in Pre-
cambrian time—about 1.2 billion years ago. Although the Mescal
almost. everywhere was split by at least. one sill, and in some localities
was injected at three to five horizons by multiple sills, which range
from a few inches to more than 1,000 feet thick, strata generally re-
mained horizontal. As part of the alteration process that accompanied
diabase emplacement, the magnesia from the originally dolomitic
strata migrated to combine selectively with silica of chert nodules and
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layers to form aggregates of tremolite, diopside, tale, and serpentine
that are crudely pseudomorphie after the chert masses.

The asbestos occurs as cross-fiber veins in the thin tabular serpentine
layers that comprise the bulk of most silicate zones. Although both the
lower member (150-170 feet thick) and the overlying algal member
(40-130 feet thick) of the Mescal were largely converted to silitate-
bearing caleitic (dedolomitized) limestone wherever invaded by dia-
base, only some of the stratiform serpentine layers contain minable
amounts of asbestos. These are the layers that were abundantly
fractured where transacted by small-scale thrust and bedding plane
faults. Strata were fractured most widely in the vicinity ot small domes,
monoclines, and other folds, many so open and subtle in outline as to be
difficult of recognition. Such faults and folds were formed mainly
where strata drape across a discordant step in a sill boundary or where
shouldered aside adjacent to dikes. Thercfore few deposits are more
than 25 feet stratigraphieally above or below a diabase sill. The scanty
deposits in northern Arizona are similarly disposed in the Bass Time-
stone, which with diabase sills make up an equivalent Precambrian
terrane that is exposed through only a few square miles in the bottom
of the Grand Canyon.

Asbestos was mined from about 160 deposits and perhaps another
60-70 occurrences have been explored. Most of the deposits are in two
areas in northern Gila County (fig. 46) along the southern fringe of the
Colorado Platean where extensive remnants of the younger Precam-
brian strata are mostly flat lying. About 90 of these deposits are in
the Salt River-Chrysotile area, which covers about 100 square miles,
and is 25-35 miles northeast. of (Globe. There the Paleozoic and younger
rocks have been Jargely stripped away, and the mesa-forming Mescal
Limestone—everywhere intruded by sills—is intricately dissected and
extensively exposed along the Salt River and its tributaries in can-
yons 5 to 3 miles wide and as much as 1,800 feet deep. Another 80
deposits are known in the Cherry Creek-Rock House area, which
covers about 60 square miles and straddles the 34th parallel between
Cherry Creek and Canyon Creek (35-45 miles north of Globe, or 8-15
miles southeast of Young). About 20 occurrences are scattered along
rimrock exposures of the southern part of the precipitous Sierra
Ancha, where outcrops of the Mescal are narrow and the cover of
overlying formations in the intercanyon areas is thick so that little
of the Mescal, compared to that. in the two principal areas, is accessible
for prospecting. .

In the asbestos region south of the Colorado Plateau (fig. 46), dur-
ing Cenozoic time the younger Precambrian strata were much faulted,
tilted, and widely stripped away to expose. the older Precambrian
rocks; many of the decimated remnants are buried under Tertiary
voleanies and continental sediments. Because remnants of the Mescal
are sparse, ashestos occurrences are proportionally few in southern
Gila County and contignous areas. In these few occurrences much of
the asbestos has been deleteriously altered by weathering. )

Most of the minable asbestos-serpentine zones are 6-18 inches thick,
and contain asbestos veins aggregating at least 2 inches in thickness.
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If a large proportion of fiber is Crude No. 2 (longer than three-cighths
inch) a zone with veins aggregating as little as 115 inches can be mined
(Stewart, 1961). As previously noted, a high content of long fiber is
characteristic: Crudes Nos. 1 and 2 typically make up 20-35 percent
of the asbestos, and 50-85 percent of the fibers are longer than one-
eighth inch. In several deposits two zones oceur within a stratigraphic
interval of 4 to 6 feet, so both can be mined from one stope. Locally the
entire interval may be serpentinized and asbestos bearing.

The shapes and sizes of the deposits reflect the numbers and trends
of the folds in a given area. The typical Arizona deposit is mostly flat
lying and elliptical in plan; it is elongated parallel to a single fold or
along a belt of low-angle faults. Ore shoots of this simple setting oc-
cupy an area of 1,000 to 20,000 square feet and have a potential of 10 to
50 tons of recoverable ashestos; exceptionally such deposits yield a few
hundred tons, The most. extensive deposits occur where several folds re-
lated to diabase intrusions are closely spaced. In these deposits the
amplitudes of folds tend to be greater than elsewhere, and parts of the
ore bodies are inclined or even segmented and offset. where favorable
strata were displaced by discordant. intrusions. Deposits of this multi-
structural association yield a few hundred to several thousand tons
of asbestos; 10 such deposits have furnished more than 85 percent of
Arizona production. Typical dimensions are given in the following
enumerations of some of the larger deposits, selected to illustrate the

ariety of occurrences in the district, ‘

Ispeeially notable among the ocenrrences of the Salt River-Chryso-
tile area are tho deposits at Chrysotile (fig. 46, locality No. 10). There,
discordant steps in sills and dikelike connections between sills re-
peatedly truncated strata to provide a structural setting very favorable
to asbestos localization through an area of almost a square mile. The
discordant. steps and dikelike connections are avranged in parallel
along two trends, northeast and west-northwest, respectively, and
are unique to the district. The discordancies, spaced at intervals of
50 to 1,000 feet, are sites of elongate folds, several of amplitude more
than 25 feet, which is more than usual, and with limbs that loeally
dip as much as 20 degrees. At Chrysotile, asbestos has been mined at five
horizons in the upper 40 feet of the lower member of the Meseal and at
three horizons in the overlying algal member. Tn the two principal
mines, the Victory and Eldorado, ore shoots 300500 feet wide and as
much as 1,000 feet long have been mined at horizons that are one,
thirty-three, and thirty-nine feet below the contact hetween members.
The serpentine zones at these horizons are the ones that are most pro-
ductive throughout the region. There ave few other deposits in which
all three zones contain minable quantities of asbestos.

The Bear Canyon deposit (No. 11), an isolated occurrence 20 miles
southeast of Chrysotile, is in a similar structural setting, but the area
in which asbestos can occur is restricted to only a few acres beeause
host strata are isolated in a thick diabase sill.

The American Ores (Asbestos PPeak) deposit (No. 6), the largest
yet discovered in the Sierra Ancha, is similarly localized where sev-
eral small elongate folds—all of one trend—parallel discordant intru-
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sions of diabase. This and the Pinetop (Lucky Seven) deposit. (No. 9),
25 miles to the east, are the only known large deposits in the algal
member of the Mescal,

The Regal deposit (No. 7), another of the larger deposits, is in a
much simpler structural setting, one in part so subtly controlled that
much of the deposit was long overlooked. During the first 35 years,
asbestos was mined only from the north part of the deposit, where
it was localized along a belt of small-scale thrust faults where they
impinge on a dome about 400 feet in diameter. Where the strata
flattened away from the dome the asbestos content of the serpentine
zones diminished and further development seemed unwarranted. In
1953, drifts driven to prospect a poorly defined southward extension
of the thrust belt showed that the dome merged subtly with a south-
southeast-trending monocline, which proved to be the locus of an ore
shoot 200-300 feet wide and, at least report, more than 1,300 feet long
(Stewart, 1961). This ore body furnished a considerable part of
Arizona production in the years 1953-66,

Occurrences in beds in the interval 100-110 feet below the top of the
lower member of the Mescal Limestone yielded 15-20 percent of the
total asbestos produced in the district; thus, the half dozen deposits
in the interval have yielded a highly disproportionate part of the
district total. Two of these, the Grandview and the Ladder deposits
(No. 8), rank among the largest. They also are exceptional in that
they are not localized against folds but are in strata that were thicker
than usual and competent to sustain the localizing bedding faults over
broad areas. The main Grandview stope, for instance, is as much as
350 feet wide and is more than 600 feet long. These strata are hosts for
deposits only along the canyon of the Salt River; elsewhere in the
region the equivalent part of the Mescal Limestone is a massive brec-
cia, which is not a common host for diabase intrusions and was not
stracturally suitable for the localization of asbestos deposits. \

Nearly all deposits of the Cherry Creek-Canyon Creck area are in
a structurally simple setting that is adjacent to a single discordaney,
and are therefore of limited extent. In a few areas, as between Wilson
and Walnut Creeks (No. 3), along the upper reaches of Sloane Creek
(No. 4) and at Rockhouse (No. 5) several such deposits occur within
it small area. Some of these are among the largest of this type that
have been found, )

OurLook

The future of ashestos mining in Arizona will depend greatly
on the approach tuken in the search for undiscovered resources. To
the present, only a few thousand tons of asbestos have been blocked out
ahead of mining. Prior to 1940 such reserves were mainly in deposits
that had been developed because minable parts cropped out. Many
minable occurrences with only submarginal fringes exposed were ac-
corded desultory exploration and then bypassed. The reserves in these
deposits, and those in some deposits previously regarded as too remote
or otherwise uneconomic, were delineated during the surge of activity
in the 1950%, but in 1968 were largely depleted. As the deposits are
metamorphic features that occur wherever suitable strata have been
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deformed adjacent. to discordant. parts of the diabase intrusions,
which are virtually ubiquitous with those strata, a great many addi-
tional hidden deposits remain to be found. The bulk of future produe-
tion, if it is to be appreciable, must come from the hidden or “blind”
deposits, namely those that are nearest the outerop and most accessible
and most easily found.

These deposits probably are similar in distribution to the known de-
posits. Therr discovery will require the geologic guidance to favorable
settings as exploration targets. A fairly high percentage of the blind
targets—perhaps at least half of them—will coniain asbestos. Only
a small percentage of these, however, will be of suflicient size and grade
to sustain mining operations.

Minable resources of asbestos in “blind” bodies are probably about
equal to past production, or 75,000 tons. If controlling features at sev-
eral localities are widespread, the potential resources might be twice as
great. This estimate is based on an extrapolation of the geologic habits
of the known deposits, the controlling geologic features, depth of
burial, and the economic factors that may limit exploration and mining
efforts.

The Salt River-Chrysotile area is likely to contain more and larger
deposits than other parts of the region. The Cherry Creek-Rockhouse
aren, however, is more amenable to exploration, owing to the pattern
of canyon dissection and the generalfy shallow depths to favorable
strata. The rugged terrain and the adverse amount of cover will gen-
erally hamper the search for blind ore hodies in the Sierra Ancha.
Because remnants of the host limestone are sparsely distributed in the
southern part of the region, the odds for finding deposits there are
considerably less than in the other areas. ‘
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BARITE
(By D. A. Brobst, U.8. Geological Survey, Denver, Colo.)
InTrovbucTIoN

Barite (BaSQy) is a relatively soft, generally white to gray, heavy
crystalline mineral that has a specific gravity of 4.5. It occurs in vein,
replacement, bedded, and residual deposits either alone or more com-

312

monly in association with quartz, chert, jasper, fluorspar, celestite and
various carbonate and sulfide minerals (Brobst, 1958, p. 82).

The United States annually consumes between 1 and 2 million tons
of barite, of which about 1 million tons is produced domestically and
the remainder is imported from many parts of the world. Nearly 90
percent of the barite consumed is ground to minus 325 mesh for use as
mud in drilling deep oil wells. The heavy weight of the mud assists in
the drilling process and in confining high oil and gas pressures at
depth. The other 10 percent is used in a great variety of products or in
the preparation of barium compounds. Among these uses of barite are:
pigments (lithopone) ; filler in paper, textiles, linoleun, rubber and
asbestos products; heavy aggregate for concrete; paving material;
electronic equipment; and the manufacture of ceramics and glass.

The standards of quality vary by use. A barite product for drilling
mud must have a minimum specific gravity of 4.25 (about 92 percent
BaS0,) and at least 90 percent of the product must be minus 325 mesh.
Many other uses require a product that is 95 to 98 percent BaSO, with
not more than minor amounts of iron oxides, silica, and alumina
(Brobst, 1960, p. 63). In February 1968, crude mud-grade barite sold
for $12 to $16 per ton in carload lots f.o.b. the shipping point and
crude chemical grade barite in similar lots sold for about $20 per ton.

Propucrion

Arizona has produced only about 1 percent of the approximately
30 million tons of barite mined in the UUnited States since 1882. The
first commercial barite production in Arizona came from Cochise
County in 1925 (Stoll and Santmyers, 1928, p. 110). F'rom available
records, Steward and Pfister (1960, table 1, p. 4) estimate that Ari-
zona’s barite production between 1929 and 1955 amounted to only about.
317,000 tons. About 312,000 tons came from the veins of the Granite
Reef (Arizona Barite or Macco) mine, Maricopa County (fig. 47,
No. 1) between 1931 and 1955. Eight other mines in five counties yielded
the other 5,000 tons. Since 1955 there is no record of barite production
in Arizona.

Arizona Derosrrs

Available data on the geology of 75 barite prospects, claims, deposits,
and mines in nine counties of Xrizoxm have been summarized by Stew-
art and Pfister (1960). Their major groups of barite prospects and
mines are listed in table 26 and located in figure 47.

Nearly all of the barite deposits in Arizona occur in veins associated
with faults, breceins, and fracture zones. Most of these are in igneous
rocks, some are in sedimentary, and a few in metamorphic rocks. The
veins generally are only a few feet wide and have been traced for only
a few hundred feet in outerop. Even less is known about the extent of
the veins at depth. The barite in most deposits is associated with vari-
ous combinations of fluorspar, calcite, silica, and ore minerals of base
and precious metals.
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EXPLANATION
5@3
District, mine, or property with recorded barite production
perty
O2

Frqure 47.—DBarite in Arizona.

(Numbers refer to localities listed by counties in table 264)

Mine, prospect, deposit, or property with no recorded production
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TABLE 26.—BARITE PROSPECTS, CLAIMS, DEPOSITS, AND MINES IN ARIZONA
{Data from Stewart and Pfister, 1960)

Locality County and property Notes on barite production
No. in fig. 47
Cochise: |
1 Ramirez.. . - None reported
2 Hopeful clai 0,
3 Ground Hog mine. R Do, .
4 i Johnnie Boy No. 1. - Produced about 75 tons in 1932.
ila:
11 Gisela (Spook) deposit. -
2 Gilmore Spring prospec! B
3 Top Hat group Produced 112 tons near Payson in 1954.
4 Baronite grou
5 Grey Fox grou
6 Lene Pineclaim..... . ... ... - None reported
Graham:
1 Marcotte group and Graham prospect............ Do.
2 Barium King group_._. - Do.
3 Little Mule group. N Do.
4 LCororado group.... ... ... ... Do.
Maricopa: ) X X X
1 Granite Reel (Arizona Barite, Macco) mine. .. ... Yielded 312,000 tons in 1931-55.
2 Princess Ann (Fay L) deposit and White Rock Princess Ann produced 100 tons in 1930 and
(Bluebird) claims, 800 tons in 1950,
3 B and H claim No. 6. None reported.
4 Rawley mine_____ . Da.
1 Mohave: Rucker. ... i Yielded 90 tons.
Pima:
1 White Prince claim_____...__._..._ ... ... ... None reported.
2 Quijotoa mine.__. . Do.
3 Heavy Boy group.... De. .
1 Pinal: Gonzales Pass depo: Do.
Yavapai:
1 MGM clatms. . .. ooo e Do.
2 French Creek deposit. Do.
3 White Sparclaim._... ... ... ..., Do.
Yuma: L.
1 Bouse district...._....... ..., Black Mountain mine yielded 2,500 tons.
2 Keiser deposit. .._._. . Yielded 100 tons. i
3 Cottonwood Pass area. Ernest Hall property yielded 300 tons.
4 Sterling No. | claim. None reported.
5 Norps group.............. Do.
6 Nottbusch (Silver Prince) mine._ Do.
7 Renner deposit_...._....... Yielded 800 fons.
8 Silver Kingelaim. .. ... ... ... .. ........ None reported.

OurLoox -

Most of the barite deposits of Arizona cannot be exploited under the
economic conditions of 1968. Many of the deposits could yield barite
only as a coproduct and such sources are not generally attractive to
steady users of barite because the supplies are tied to fluctuating de-
mands for the other products. The preparation of marketable prod-
ucts from complex ores may require expensive bencficiation by flota-
tion, especially if fluorspar is present. Variation in the tenor of the
ove, even within deposits, Turther complicates problems of beneficia-
tion, The barite deposits of Arizona ave far from the markets and the
high cost of transportation further reduces their value.

The reserves of barite in the vein deposits of Arizona are small.
The resources are probably large, but they will not be utilized until
there is a considerable change in the economic conditions. Arizona
probably does not have extensive deposits of residual barite similar
to those in Missouri and the southeastern United States. Arizona
hias not heen thoroughly prospected for deposits of bedded barite
similar to those in Arkansas and Nevada.
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BASALT AND RELATED ROCKS
(By 8. B. Keith, Arizona Bureau of Mines, Tucson, Ariz.)

InTRODUCTION

In commercial usage, the terms “basalt” and “trap rock” generally
denote all types of dense, dark-colored, fine-grained, intrusive and
extrusive igneous rocks. Unfortunately, in actual practice and in pub-
lished reviews and production statistics, even this broad definition is
not followed. Basaltic rocks used for dimension stone, for example,
are classed as “black granite” and are included with granitic rocks;
textural varieties of basaltic rocks, such as voleanie scorin and cinders,
have been grouped with pumice; and some basaltic rock has been
classified under miscellancous stone. Thus, production and use statistics
on basalt and related rock can only be approximated.

Herein, basalt. and related rocl)(,s include the normally fine-grained,
dark-colored igneous rocks consisting mainly of caleic feldspar and
ferromagnesian minerals with little or no quartz and also the less
common gabbro and other nltramafic rocks, such as pyroxenite, which
although usually more coarsely crystalline, are closely related in most
physical characteristics. "This classification includes basalt and diabase
and also the dark-colored diorites and andesites as well as the various
textural varieties of all of the above rocks. Slags resulting from the
smelting of metallic ores are often similar, chemically and physically,
to voleanic scoria. Although not a natural mineral resource, an im-
portant quantity of slag is produced in Arizona at copper smelters
so it is briefly reviewed.

Dense basalts are relatively heavy, tough, and durable with colors
ranging from dull black to (K\rk gray, green, or purple. Weathering
and alteration produce shades of red and brown. Olivine and iron
oxides are commonly present. Basalts normally occur as widespread
extrusive masses, and exhibit smooth, wavy and ropy or rough, jagged,
and clinkerlike surfaces. The term “malpais” (bad land) is applied
to lava fields of the latter type. The upper parts of the flows and the
voleanic ejecta are commonly vesicular with the irregular open spaces
constituting as much as 50 percent of the volume. These voids may be
filled subsequently with quartz, caleite, chlorite, or zeolites. Vesicular
basaltic rock is called “voleanic scoria” or “volcanic slag.” Fragments
of scoria less than 1 inch in diameter are called “voleanic cinders.”
Intrusive basalt is mostly dense and commonly exhibits platy or
columnar jointing along which the rock breaks into blocks. Diabase is
similar to basalt in composition and mineralogy but is more coarsely
crystalline and granular in texture, It generally occurs as §ills or thick
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flows. Gabbro and ultramafic rocks are even more coarsely crystal-
line; they normally occur as intrustve masses or mafic segregations in
other igneous rocks. Intrusive diorite and extrusive andesite contain
some quartz and less calcic feldspar and thus may be somewhat lighter
in color. When they contain abundant ferromagnesian minerals, how-
ever, they are dark gray or green. Diorite also may occur as segrega-
tions in large granitic masses and andesite normally occurs in flows.

Basaltic type rocks are not used extensively for dimension stone
heeause of the dark and somber appearance, the difficulty in making
finished products from them, and because of the irregular texture. The
tonghness of basalt and diabase make the extraction of large blocks
diflicult except where well-spaced jointing or planes of weakness,
known as “rift,” are present. Weathered boulders of basalt and diabase
are used in wall construction and for decoration and landseaping and,
in tho past, they were widely used for paving blocks. Some gabbro and
ultramalic rocks are prized as dimension stone because of their pleas-
ing color or textural pattern and the ease with which they can be cut
or shaped. In recent years, large blocks and panels of basaltic rocks
have gained increasing use as bases for high precision optical and
electronic equipment. Such blocks permit exacting standards of ac-
curacy in finishing and resist chemical attack and deformation from
stress and temperature changes.

Crushed and broken basaltic rocks, volcanic scoria, and volcanic
cinders account for almost all the production and use of this class of
rock. Where readily available they are important sources of concrete
aggregate, roadstone, railroad ballast, riprap, road metal, and cinder
blocks. To less extent, they are used in cement manufacture, for road
base filtration and filler, and in making rock wool. Voleanie scoria and
cinders compete with sand and gravel as construction aggregate,
Fused, cast basaltic lining and floor blocks, produced by controlled
melting, moulding, and annealing of high-a]]m]i basalt, are finding
favor where exceptional resistance to corrosion and abrasion is re-
quired. Artificial slag, particularly from iron blast furnaces, is used
for the same purposes. Slag from copper and lead smelting is less
favored beeause of its dark color which results from its higher iron
content.

Provucrion anp Use

Production and use of basalt and related rocks in the United States
have increased in recent years, reaching a reported 88.6 million short
tons and a value of $147.6 million in 1966 (10.S. Bur. Mines, 1967,
p. A77). Beeause some basaltic rocks are included with granite, pumice,
and miscellancous stone, the actual production of basaltic rocks is
several million tons greater than reported, accounting for more than
10 percent of the total U.S. stone output. Arizona’s reported produe-
tion and use of basaltic rocks also is misleading for the same reason.
Field observations and reclassification of available data indicate that
there has been a growing production and consumption in the past 10
years. Production for 1966 is estimated to exceed 1 million short tons,
with a value of more than $1.6 million.

There is little or no interstate commetrce in basaltic rocks. Transpor-
tation costs are high in comparison with the value of these materials,
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so they are seldom quarried and prepared for use without assured
markets being within short shipping distances. Thus, production is
limited to areas around population and industrial centers, near high-
way construction projects, and along major railroad lines where bulk
shipments to places of use are economically feasible,

Table 27 lists the reported producers and uses of basalt and related
rocks in Arizona in 1966 and the principal source areas and quarries
are shown in figure 48, Coconino County supplied about 48 percent of
the total with the Santa Fe Railway accounting for nearly three-
quarters of that amount. Apache County contributed about. 12 percent
and the remaining 4 pereent came from Yavapai, Navajo, and Graham
Countics, Commereial operators, including the Santa Fe Railway, pro-
duced about 821,000 short tons which was used muainly for concrete
aggregate, cinder block, and railroad ballast. Federal and county high-
way agencies produced about 21-H000 short tons which were used in
road construction and maintenance; as this material was not marketed
it is indieated as noncommercial in table 27. Roughly 86 percent of
this production was represented by voleanic cinder and most of the
balance by scoria. An insignificant amount of basaltic blocks and
boulders were produced and used for construction, decorative, and
landscaping purposes.

TABLE 27.—PRODUCTION AND USE OF BASALT AND RELATED ROCKS IN ARIZONA [N 1966

County and area Producer Type of material Use
Apache:
Several__ ..... Contractors for U.S. Bureau Crushed basall and scoria.. Noncommercial; concrele aggregale
of Indian Affairs, and road metal.
Springerville.... Apache County Highway Crude voleanic cinders. . ... Noncommercial; road material.
X Department.
Coconino: !
Winona_ ... ... Atchison, Topeka & Prepared volcanic cinders.. Railroad ballast; also sold for ballast,
Santa Fe Railway Co. g?nc&ele aggregate, and cinder
ock.
Flagstaff__..... Thomas N. Burns......_... Crude and prepared Crude sold for road construction and
volcanic cinders. prepared for concrete aggregate

R . and cinder block. X
Cocenino County Highway  Prepared volcanic cinders.. Noncommercial; road material.

Department.
Supeilite Builders Supply, Crushed basalt scoria. ..... Sold for concrete aggregate.
ne.
Paul Zanzucehi..... ...... Crude volcanic cinders..... Sold for concrete aggregate and
cinder block
Graham: Safford. . .. Gila Valley Block Co__.__.. Prepared volcanic cinders. . Mainly cinder block.
Navajo; Several... .. Navajo County Highway Prepared basalt scoria.. ... Noncommercial; concrele aggregate
X Department, and road metal.
Yavapai: Ashfork. .. Yavapai Block Co..._._.... Crushed basalt scoria. ... . Concrete aggregate and cinder block.

Sourcrs or SurrLy

The major center of commercial production of basaltie rocks has
been from cinder cones around Flagstaff, Coconino County. The
largest producer, the Santa Fe Railway, quarries and stocks voleanic
cinders at Winona (fig. 48, No. 1) for its own use as railroad ballast.
and for rail shipment. to other users thronghout the State as ballast,
aggregate for concrete, and for cinder blocks. Sporadically, smaller
commercial amounts have been produced in other counties from north
of Phoenix, west and southwest of Tuecson, and from areas around
Kingman, Ashfork, and Williams. The stone walls around the Uni-
versity of Arizona in Tucson were made with boulders of basaltic
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scoria obtained locally. Until the railroad line northeast of Douglas
was removed, voleanic cinders were quarried and shipped from a cone
near the western cdge of the large Quaternary basalt lava field in
southeastern Cochise County (fig. 48, No. 2). Federal, State, county,
and municipal agencies and their contractors have long used basaltic
scoria and cinders, where locally available, for highway construction
and concrete aggregate. Also, large amounts are being used in the con-
struction of Interstate TTighway 40 across northern Arizona. For spe-
cific sources of cinders in the Navajo country (see Haff and Kiersch,
1955, pp. 16-27).

The only slags being produced in Arizona are from copper smelters
and, though figures on the output are not available, at least several
Inmndred thousand short tons a year are being produced. Only a small
fraction of this slag has heen used for local road construction, railroad
ballast, cement additive, and slag wool. A few hundred tons of slag
are purchased yearly by the Arizona Portland Cement Co. of Rillito,
Pima County, from the copper smelter at Douglas, Cochise County, as
a source of iron for manufacturing portland cement. For a fow years in
the 1940’s, the Paul Lime Plant at Paul Spur, west of Douglas, pro-
duced as much as 400 tons of slag wool a month using the Douglas
smelter slag, along with locally mined silica, and coke. Reportedly the
cost of coke made the operation uneconomic (Wilson and Roseveare,
1949). The Sun Valley Manufacturing Co. of Phoenix produced gran-
ulated slag wool in the late 1940’ from smelter slag from Superior,
Pinal County, basalt from north of Phoenix, and imported coke (Wil-
son and Roseveare, 1949) ; there is no known production at present.
The old slag dumps at Clarkdale, Yavapai County, have been investi-
gated by several private companies as a source of iron and other metals
to be won through novel processes but so far these efforts have been
unsuccessful. Varying according to the smelter feeds and flux addi-
tives, the slags contain as much as 35 percent iron, 38 percent silica, 10
percent caleium, 8 percent alumina, 3 percent zinc, and a few tenth’s
of a percent combined copper, lead, and sulfur.

Resource QutLook

Arizona has bountiful resources of basaltic rocks as indicated in
figure 48. A major part of them is in large, generally scoriaceous, Ceno-
zoic, lava flows w}lich cover extensive areas in @ belt across central
Arizona, and in the southwestern part of the State (Ariz. Bur. Mines,
1962a, 1962¢). Individual flows range from a few hundred fect to
many miles in areal extent and from a few feet to several tens of
feet 1n thickness. Many of these basaltic masses consist of several irreg-
ular and uneven coalescing flows that vary from place to place min-
eralogically and texturally and locally contain interbedded voleanic
ash, tufl, agglomerate, and erosional debris. Volcanic necks or plugs
are locally prominent and the Quaternary basaltic areas are dotted
with numerous cinder cones. Large and small, simple and compound
sills and dikes of upper Precambrian diabase occur over a wide area
in east-central Avizona (Ariz. Bur. Mines, 1962h). Gabbro and ultra-
mafic rocks are rare in the State, but dark diorite and andesite, Cre-
taccous to Tertiary in age, are relatively common throughout the
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Copper smelter slags are produced at the Phelps Dodge Corp. opera-
tions at Douglas, Cochise County; Ajo, Pima County; and Morenci,
Greenlee County. American Smelting and Refining Co. and Kennecott
Copper Corp. have smelters at Hayden, Pinal County; Magma Copper
Co. operates smelters at San Manuel and Superior, Pinal County; and
Inspiration Consolidated Copper Co. has a smelter at Inspiration, Gila
County. Millions of tons of slag resulting from smelter operations at
the United Verde and United Verde Txtension properties, occur near
Clarkdale, Yavapai County.
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BRUCITE AND MAGNESITE
(By George E. Erlicksen, U.S, Geological Survey, Washington, D.C.)

InTrRODUCTION

Brucite, Mg (OII)., and magnesite, MgCO;, are found in commer-
cial-size doposits at only a few places in the United States. The prin-
cipal magnesite deposits are those in the vicinities of Gabbs, Nev. and
Chewelah, Wash. Many smaller deposits are in central to southern
Californin and ecastern and southern Nevada. In his summary of
magnesite and brucite, deposits of the United States, Gilderslecve
(1962) lists 62 magnesite occurrences or districts, of which only 7 are
outside California, Nevada, and Washington, None is in Arizona.
Brucite is much less abundant than magnesite, occurrinig in only a few
commercial deposits in the world. The largest brucite deposit in the
United States is at Gabbs, Nev., and is associated with magnesite
deposits, This deposit has been mined almost continually since 1935.
Gildersleeve (1962) lists only five other occurrences of brucite in the
United States, of which only the deposits in the vicinity of Oatman,
Mohave County, Ariz. (locality No. 6, fig. 43) were estimated to have
total reserves grenter than 10,000 tons,

The deposits in the Oatman district are the only ones in Arizona
that contain potentially commercial amounts of brucite and are the
only ones discussed in this report. They contain much less brucite than
the Gabbs deposit and are of lower grade. They also contain small
amounts of hydromagnesite, Mg, (OII,(CO;),-3H.OQ and magnesite
(Galbraith and Brennan, 1959, p. 36; Ian Campbell, unpub. report,
1944). Galbraith and Brennan (1959, p. 36) also reported sparse mag-
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nesite in the Longfellow Limestone in Greenlee County, southeastern
Avizona. Seemingly, this occurrence is of mineralogic al interest only.

Magnesite and Drucite are used to produce magnesia, MgQ), 1()1'
refractory and other purposes, including manufacture of cm'.unu-s,
{extiles, fertilizers, rubber, pigments, “‘]d%%, chemicals, pharmacenti-
eals, and paper. ])m'mg World War 11, magnesite from Gabbs, Nev.
was used for the manufacture of nmgncsium metal at a plant at Hen-
derson, Nev. The brucite from Gabbs has been used chiefly in the
manufacture of refractories,

Oaraan Disrricr Brucrrr

The geology and ore deposits of the Oatman mining district have
been described by several reports among which the most. comprehen-
sive are those of Schrader (1909), Ransome (1923), and Lausen
(1931). The brucite was not 10(-0gm/e(l until 1943 so the pre-1943 re-
ports do not. discuss it. In August. 1943 the hrueite deposits were studied
as part of the U.S. Geological Survey’s evaluation of magnesium re-
sources of the United States. The results of the examin mon, which
are on file with the U.S. Geological Survey, Washington, D.C. (Ian
Campbell, unpub. report, 1944) “contain the only geologic descuptmu
of the brucite deposits, and are the source of the information used in
this report. The deposits were mentioned by Wilson and Roseveare
(1949, p. 42) who included some historieal information.

The Oatman mining district, well known for its gold (lLl)()Slts, 19
on the west side of the Black Mount«une in western Arizonn (fig. 4
No. 6). Gold was first discovered here in 1863 (Lausen, 1931, p. 12 )
The brucite deposits were explored in 1943 and again in 1953 when a
small amount of brucite-bearing material was mined. ITowever, the
grade of this material proved to be too low for shipment to market
areas on the west coast, and the operation was abandoned (U.S.
Bur, Mines, 1956, p. 116). There is no record of further exploration or
mining of brucite in the Oatman district since 1953,

Voleanic rocks of Tertiary age crop out extensively in the Oatman
district. Wilson (1962, p. 53) reported these rocks to consist of a lower
sequence of andesite and trachyte about 5,000 feet thick and associated
latite, andesite, and siliceous voleanic flows about 1 ,600 feet thick.
'These rocks are unconformably overlain by a sequence of r hyolite flows
and tufls, 1,500 feet or more 1n thickness, The Black Mountains are
in a tilted fault block in which the voleanie rocks strike northward and
dip eastward; at Qatman the voleanie rocks dip about 12° L., but to
the west they dip more steeply (Lausen, 1931, p. 50-52).

The following summarization of the brucite deposits of the Oatman
district is abstracted from Ian Campbell (unpub. report, 1944).

The brucite deposits oceur at several places in a northwest-tr ending
helt. extending from about 1 to 6 miles northwest of the settlement of
Oatman (fig. 40) and in the following claims and locations:

Mag group oo See. 8, TU19 N, RO20W,
Whitehouse gronp. o ____ SEes. 17,18, 20, T 19 N, IR 20 \W.
Midnight group e oo SEC. 8, T, 19 N, R. 20 W,

Pioneer elime oo Sec, 16, . 19 N, R 20 W,

Moss Wash group oo SEC 20, T 20 N, R 21 W,



323

Table 28 lists chemical analyses of brucite-bearing material from
these deposits. From the analyses it is apparent that the deposits con-
tain considerable amounts of ealeite (CaCO,) and dolomite (CaMg-
(C'0,) 4, or magnesite, in addition to brucite, Campbell reported the
material from the North Star claim to be an impure limestone, and
that from the Pioncer claim to be a magnesium marl containing little
hrucite.

The brucite deposits ave layers, as much as 30 feet thick, resting on
the Aleyone Trachyte, the oldest unit of the sequence of middle and
upper Tertiary voleanic rocks. They generally are overlain by Oatman
Andesite, but at several places the brucite layers appear to be within
the andesite. Lausen (1931, p. 41-42) discussed alteration of the
Aleyone Trachyte, without recognizing the presence of brucite. Evi-
dently he considered the white brucite layers to be kaolinized or
serpentinized voleanie rock resulting from fumarolic activity in the
newly formed voleanic flows,

The brucite layers show diverse attitudes ranging from near hori-
zontal to dips as high as 70 degrees, but parallel to the enclosing vol-

TABLE 28 —Chemical analysis of brucite-bearing material, Oatman district,
) Arizona

[Analyses from lan Campbell, unpublished data, 1944)

Composition (wefght percent)

nrifl-
Locatfon Sample type core in-
terval Insol-
(feet) Man (<14 ubles RIOJ i1gnition loss
Mag claimn Prill core 0,0- 3,0 49,41 8,90 B.86 2.12 29.50
{hole No. 1)
Do, do, J.0- 7.1 56,17 3.0 4.23 1.19 33,59
Do, ' do. 7,1-11.7 60,75 2,30 3.90 .27 33.15
Do, do. 11.7-13.5 64,95 +60 2.18 <45 32,78
ho. do, 13,5-16.6 59,82 6.90 1.45 1.4 29,65
Do. do., 16,6-23,0 67,99 2,30 4,00 1,22 29,90
Do, do, 23.0-29.0 50,79 6.00 10.5) 3.9 28,84
510, AlyNy+Fes03 €O, o
+ 105°c)
Whitehouse claims  CGrab 47.10 9.40 .17 1.1 22.30 15,83
Do, do, 18.57  29.29  16.8) 3.08 27.32 4,30
Do, da, 18,10 231,35  16.67 4.08 23.16 4,22
Midnight clalms do.  memm——mee 23,90 19.73 30,62 7.98 14,24 3.08
Po. do, = ememeeeae 36,90 16,46 8,65 73 29.04 6,04
Do, do, eremm—eee 36,62 7.82 16,21 W74 11.69 5.08
Do. dn,  eememee—- 20,47 22,69 21.89 2,14 29.53 2,12
North Star claim da,  emmmeeee- 36.87 10.18 1.08 25 - 47.92 +16
Ploneer claim do, 3.86 19.78  48.30 9.22 13,35 1.54
Hoss Wash claims do,  eemmeee— 35,60 12,91 &.00 W37 24,92 21,68
No, do,  mmemeeae- 24,30 25,78 13.22 4.18 29,64 1.21
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canic rocks. The principal deposits of the district, at the Mag claims
in the Times Gulch area, trend north and dip as much as 70° E.

Fresh brucite ranges from serpentine green to lighter shades of gray
green to light gray and almost white. The brucite is cryptocrystalline
and dense, breaking with a subconchoidal fracture. The weathered
surface is conted with powdery hydromagnesite and is a brilliant
white. Weathered surfaces are pitted and cavernous,

Some of the massive brucite layers are as much as 4 or 5 feet thick
but most abundant is a thinly laminated material of alternating bands
of contrasting shades of green, gray, yellow, and white. This laminated
material resembles marl, but. it is commonly high-grade brucite.

The grade of brucite-bearing material varies considerably, from
place to place, as shown in table 28. The highest-grade and thickest
material was encountered in diamond-drill holes in the Mag claims in
Times Gulch, about 3 miles northwest of Oatman. Some core segments
were nearly pure hrucite (MgO 69.12 percent). Deposits in other claim
areas are generally thinner and lower in grade than those in Times
Gulch.

Campbell estimated that about 40,000 tons of brucite-bearing ma-
terial was present in the Mag group claims. None of the other claim
areas contains deposits of comparable size or grade.

The brucite deposits in the Qatman district are too small and too low
in grade to be mied now or in the foresecable future.
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CLAY
(By Sam H. Patterson, U.S, Geological Survey, Beltsville, Md.)

INntrODUCTION

Clay, when considered as a mineral resource, includes many dif-
ferent types of fine-grained minerals and rocks. The most common
use of the term “clay” is for a natural, earthy, fine-grained material
which develops plasticity when mixed with a Iimited amount of water.
The term is also used in referring to a definite group of silicate min-
erals most of which are aluminous, to grain or particle sizes (either
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less than 2 or less than 4 microns), and it is also applied to some fine-
grained rocks which do not become plastic when wet. Clay resources
mclude such diverse materials as bentonite consisting chiefly of one
clay mineral, miscellancous clays and shales composed of mixtures of
clay and nonclay minerals, and the muds used for adobe which may
be any of several ditfferent types of soil and surficial earthy materials
and may contain only minor (uantities of clay minerals, Also included
in this section is a brief discussion of pyrophyllite, and diopside is
mentioned. Neither mineral, as they oceur in Arizona, can be considered
a clay in the strict sense, but diopside is used in ceramies and, there-
fore, related to elay with respect to use; and pyrophyllite oceurs in
clay in other states, and its possible uses are the same as those for
which certain types of elay are now produced.

Clays have heen mined in Arizona for many centuries and for many

purposes. Arizona Indians dug clay for pottery from about A.D.
1000 (Wilson, 1962, p. 100) and were using a red claylike material
from near Del Rio (Bartlett, 1939), which is similar to the Minnesota
-atlinite nsed for pipestone. They also were making crude adobe block
and using earthy materials for mortar prior to the arrival of the
Spanish settlers. Adobe was the most common building material under
the Spanish influence and for decades following the Gadsden Purehase
in 1853, and it is still used for new construction, particularly in rural
arens. Brick was made at several places in Arizona in the late 1800,
and by 1915 miscellancous clay was dug for this purpose at Benson,
Douglas, and Naco, Cochise County; Willinms and Flagstaft, Coco-
nino County; Alhambra and Tempe, Maricopa County; Snowflake,
Navajo County; Tucson, Pima County; Florence, Pinal County;
Nogales, Santa Cruz County ; and Mayer and Prescott, Yavapai Coun-
ty (Willis, 1915, p. 6). Clay used for brick has also been dug north
of Safford, Graham County, and east of Clarkdale, Yavapai County
(8. B. Keith, written commun., 1967). In 1949, six brick plants were
operating in Arizona, of which three plants were located in Tucson,
two in Phoenix, and one at Eager (Wilson and Roseveare, 1949, p.
15). In 1967 the Grabe Brick Co. and the Tueson Pressed Brick Co.
were making brick at Tueson, the Phoenix Brick Yard and Wallapai
Brick and Clay Products Co. were aetive at Phoenix, and the Grabe
Brick Co. was constructing a plant southeast of ‘Tucson,

Bentonite was first mined in Arizona in 1925 when a carload from
the Cheto deposits near Sanders was shipped to New York for usoe in
beauty preparations (Wilson and Roseveare, 1949, p. 15). It has since
been mined at three other localities and used for several purposes. Some
of the purposes for which bentonite is used include the decolorizing of
mineral and edible oils and for other purposes for which it can be
classed as bleaching clay or fuller’s earth. Though not all bleaching
clays and fuller’s earths are bentonitic, all those produced in Arizona
are bentonite, and the terms “bleaching clay” and “fuller’s earth” will
not be used for classes of clay in this report.

Fireclay has been mined at a few localities and used mainly in re-
fractory linings of converters in copper smelters and for making light-
colored brick. Firveclay is also used in making tile and pots. For the
Iatter use, it can be classified as pottery clay; however, pottery clay
includes a wide variety of earthy materials used by the Indians in
making artistic objects, principally for sale to tourists.
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The suitability of clays for various uses is controlled by physical and
chemieal properties which ave related to the mineral composition, Most
clay minerals ave chiefly hydrous aluminum silicates, hut they com-
monly contain iron, magnesium, potassivm, sodium, ealeinm, and other
ions. The clay minerals that are most common in Arizona include illite,
montmorillonite, and mixed-layer minerals; kaolinite, halloysite, sepio-
lite, and other clay minerals are common locally, All elays contain non-
clay mineral impurities; and quartz, cristobalite, feldspar, titaninm
minerals, carbonate minerals, and mica are common in many clays; and
gypsum and organic matter are abundant in others. The value of clays
for most, uses varies directly with the purity of the clay mineral pres-
ent; however, for some products nonclay minerals or organic matter
having certain properties are important. Physical properties of clays,
one or more of which make them suitable for different uses, include
plasticity, bonding strength, color, vitrification range, deformation

with drying and firing, resistance to high temperatures, gelation, wall-
building properties, viscosity of shuries, swelling capacity, ion-
exchange eapacity, adsorbent. properties, and so on. The chemical com-
position, mineral structure, methods of identification, and testing of
various clays for different uses have been summarized by Murray
(1960). Books by Grim (1953, 1962) contain detailed information on
these subjects, and a report. by Klinefelter and Hamlin (1957) outlines
many of the laboratory procedures used in evaluating clays.

Provbucrion

The total value of miscellaneous clays and shale produced in the
State from 1894 through 1961 was $1,725,000, and the fired products
made from them during this period were valued at about $11 million
(Wilson, 1962, 1. 108). During the years 1962 through 1965, the total
miscellaneous elay produced in Arizona amounted to 599,000 tons val-
ued at $764,000 (Larson, 1963, p. 102 and 1964, p. 100; Larson and

Biggs, 1965, p. 106; Larson and Henkes, 1967, p. 88). During this

period, the highest yearly production was attained in 1964 wlien
168,000 tons valued at $213,000 was produced. In that year, the popu-
lous neighboring state of California produced over 3.6 million tons
of clay valued at more than $8 million.

The total value of bentonite produced in Arizona from 1925 through
1961 was $24.5 million (Wilson, 1962, p. 108) ; figures for more recent.
vears have not been released. This total value for the hentonite pro-
duced, chiefly from the Sanders-Cheto district, is clearly more than
twice the value of all other elays, exclusive of adobe, and the totals for
the other clays are for a period approximately twice that of the ben-
tonite mining. Also, most of the hentonite produced has been shipped
to distant markets, and most other c¢lays have been used for products
consumed locally.

Anonr

Adobe consists of a mixture of clayey earthy materials, straw, and
water, which e¢an be formed into blocks and when sun dried becomes
hard and durable. The material used in adebe consists of various sur-
licial fine-grained unconsolidated rocks, alluvium, soil, and lake depos-
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its, some of which is ealeareous or rich in alkali. The chief requirement
for adoba is that suflicient. ¢lay-size particles be present. to forma work-
ablo material when wet, and some adobe contains much more sand
and silt-size particles than it does elay. Also, too much clay of certain
types causes undesirablo warping and eracking with drying, and is
unsuitable for use in adobe. Adobe dwellings have a reputation of
being cool in smmer and warm in winter, beeause they have excep-
tionally thick walls, and the heat transfer of this material is less than
that of other types of building materials. Methods of building con-
struetion using adobe have been deseribed by Miller (1949) and
Neubauer (1955), and attractive buildings are made from adobe.

A building product consisting of irregular adobe or mud blocks
that. have been fired or burned has been shipped into Arizona from
Mexico in recent years. IFired adobe is used chiefly in construction of
hontes and other small buildings in Tueson and elsewhere in the State.

Cement. and asphalt-bonded adobe have been nsed on a small scale
in some southwestern states. Low cost adobe blocks stabilized with
cement. have been used in home construction at Sacaton, Ariz. (Wil-
son, 1963, p. 28), but the author knows of no usc of asphalt-bonded
adobe in the State.

BenTONITE

Bentonite is a clay that has altered from volcanic ash or tuff, and it
is ordinarily composed chiefly of montmorillonite. One kind of ben-
tonite known as “swelling,” “Wyoming,” or “sodium” type has very
high swelling capacity, extremely fine particle size, and other proper-
ties that make it valuable for use in drilling mud; as a bonding material
for foundry sands and pelletizing fine-grained iron ores, where high
dry strengths are required; as a relatively impervious lining for res-
ervoirs, irrigation ditches, and stock tanks; and for many other uses.
The swelling-type bentonite includes a variety referred to as “hectorite”
that containg magnesium and lithium. This type of bentonite is now
mined in San Bernardino County, Calif., for use in clarifying wines
and other beverages, drilling muds, making preservatives for rope,
and for other purposes. A second kind of bentonite called “cal-
cium,” “southern,” or “nonswelling” type is mineralogically similar to
the “swelling” type but has different physical properties and is suitable
for different uses, Nonswelling bentonites are ordmarily not as efficient
in drilling muds as the swelling type but they are more suitable for
bonding materials requiring high green strengths, catalysts used in re-
fining petroleum, bleaching clays, and for other purposes.

Bentonite has been mined in five districts in Arizona (Galbraith
and Brennan, 1959, p. 109). Low swelling bentonite has been mined
near Sanders and Cheto (fig. 50, No. 1), Apache County, since 1925,
and more than 90 percent of the total bentonite that has been pro-
duced in the State has been mined in this district. It has been used in
making beauty preparations, refining and decolorizing mineral and
edible oils, clay-pack filters, coating seeds, DDT powders (Wilson and
Roseveare, 1949, p. 15), and for cleansing wool. The principal uses of
this clay in recent years have been in making catalysts for refining
petrolenm and in desiceants, It is shipped to plants in California and
Mississippi for processing for catalysts and bleaching clay. A plant
processing the bentonite for desiceant use is located at Gallup, N. Mex.
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Bentonite from the Sanders-Cheto district, after processing for use
as catalysts and bleaching clay at Los Angeles, Calif,, sold for $45 to
$165 per ton in 1955, and unprocessed bentonite at the same shipping
point was priced at $20 to $25 per ton (Kiersch and Keller, 1955,
p- 471). Bentonite has been mined by the Arizona Gypsum Corp. 4
miles southeast of Camp Verde (No. 2), Yavapai County, In recent
years for use in bonding ore pellets and in sealing reservoirs, stock
ponds, and irrigation ditches (Larson and Henkes, 1967, p. 113). A
small quantity of bentonite used for sealing has also been dug from
the Lyles deposit (No. 3), 8 miles east of Yava, Yavapai County
(Norton, 1965, p. D164). A few hundred tons of bentonite has been
mined east of Bouse (No. 5), Yuma County (Wilson and Roseveare,
1949, p. 15). The Bouse bentonite was used 1n drilling mnud, which
suggests that it is of the swelling type. Bentonite has also been mined
on a small scale by the Udylite Corp. along Burro Creek (No. 4) near
the Mohave-Yavapai County boundary, at a point 8 miles due west of
Bagdad (Funnell and Wolfe, 1964, p. 65). ) )

The bentonite deposits in the Sanders-Cheto district are in the Bida-
hochi Formation of Pliocene age. The bentonite occurs in lenses, dis-
continuous beds, and channel-fill deposits. The bentonite has formed
by the alteration of vitric ash of latite composition (Sloane and Guil-
bert, 1967, p. 1). A few “horses” or moundlike masses of unaltered
or partinlly altered ash or tuff occur within the clay locally. Most of
the bentonite mined ranges in thickness from 3 to 5 feet, but in places
it is as much as 9 feet thick (Kiersch and Keller, 1955, p. 479). Though
underground mining methods have been used in the Sanders-Cheto
district, most mining has been by stripping methods, In 1949, the thick-
ness of overburden removed to mine bentonite 6 feet thick was 70 to
85 feet. (Wilson and Roseveare, 1949, p. 15). The depletion of clay
under thin cover has brought about a less favorable overburden to
clay ratio, and in recent years overburden nearly 100 feet thick has
heen removed in several places.

The bentonite mined near Camp Verde is in the Verde Formation
of Tertiary or Quaternary age; the Lyles deposit oceurs in Iake beds
of -Cenozoic age; and the deposits along Burro Creek and east of
Bouse probably are similar to the Lyles deposit in occurrence. The
bentonite along Burro Creek is associated with and developed from
rhyolite tuff (Funnell and Wolfe, 1964, p. 65). The origins of the Lyles
deposit. and those near Camp Verde and east of Bouse haven’t been
Idetermined, but they may also have been altered from tuffaceous lake
reds. ' ' -

The bentonite in the Sanders-Cheto district is chiefly calcium mont-
morillonite, and it contains only minor quantities of quartz and feld-
spar impurities (Sloane and Guilbert, 1967, p. 37). Bentonite in the
Liyles deposit consists chiefly of montmorillonite containing magnesium
and lithium (Norton, 1965). It, therefore, is probably closely related
in mineralogy and chemical composition to the hectorite in California,
and it may be found to possess the physical properties that make
hectorite valuable. No published information on the type of bentonite
in the other deposits that have been mined is available,

In addition to the localities where bentonite has been mined in Ari-
zona, undeveloped deposits occur in several areas (fig. 50). Bentonite is
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reported to occur hoth north and south of Bouse, Yuma County ; east
of Elgin and £ miles south of Benton, Cochise County; and 3 miles
north of Thatcher, Graham County (Olson and Long, 1957, p. 4).
Galbraith and Brennan (1959, p. 109) note bentonite occurs 2 miles
northeast. of Wickenburg and near Phoenix, Maricopa County; east
of the Big Sandy River in southern Mohave County; near Welton,
Yuma County; and near Ray and Supevior, Pinal County, Bentonite
deposits also crop out near Wagoner, Yavapai County, and south-
west of Salome, Yuma County (Funnell and Wolfe, 1964, p. 299, 308).
The oceurrence of extensive deposits of bentonite in the Chinle Forma-
tion of Triassic age was first noted by Allen (1930), and this bentonite
was later investigated by R. L. Wilson and W. D. Keller (Kiersch,
19454, p. 21-40) . Deposits in the Petrified Forest Member of the Chinle
Formation in the Lees Ferry area, Coconino County, have also been
described briefly by Phoenix (1963, p. 60).

The resources of hentonite in Arizona are undoubtedly very large,
but little is known about the size and grade of individual deposits. The
only deposits for which reserve estimates are available are those along
Burro Creek, where 1 million tons are thought to be present on claims
covering 500 acres (I'unnell and Wolfe, 1964, p. 65). The reserves in
the Sanders-Cheto district, the State’s leading producer, are probably
adequate to sustain mining at the present rate for several years. ITow-
ever, reserves in this district are limited, as is indicated by the great
thickness of overburden now stripped and the marked thinning of the
bed north and northwest of the mines noted by Kiersch and Keller
(1955, p. 494). Areas that are favorable for the discovery of valuable
bentonite include those where it has been mined and undeveloped de-
posits are known to occur. Extensive deposits probably occur in the
vicinity of Camp Verde, inasmuch as bentonite crops out nearly 5 miles
south of the active mine (Twenter and Metzger, 1963, p. 96). Scattered
bentonite deposits in the Bidahochi Formation, which contains the ben-
tonite mined in the Sanders-Cheto district, occur in the country north
of the district (Iiersch, 1955a, fig. 12), und some of these may be of
sufficient size and purity to be mined profitably. Also, bentonitic tufls
are known to be present in recently recognized lake deposits believed
to be equivalent to the Bidahochi Formation near Tonalea (Red Lake)
‘Trading Post and Cow Springs (J. C. Wright, oral commun., 1967).
This area is approximately 125 miles northwest of the Sanders-Cheto
distriet.

Thick beds of bentonitic material are known to occur in the Chinle
Formation at several places, and the total, if it could be estimated,
would probably be expressed in billions of tons. Most of this material
1s so impure that it might be considered a bentonitic shale, and much
of it is far from railroads and highways, and, therefore, it has vir-
tually no value. A few tests of the purer beds (Kiersch, 19552, p. 40),
however, indicate that some of the Chinle bentonite does have desirable
properties, and valuable deposits may some day be found in this
formation.

Rrerracrory Cray anp Kaorin

Refractory clay, which is commonly referred to as fireclay, and
kaolin are types of clay ordinarily consisting chiefly of kaolinite,
Al (51,05) (OH) 4. Refractory elay has been mined intermittently on a
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small scale in Arizona for a Jong time. Kaolin probably has been dug
at several places, but there is no record of significant production in the
State. Refractory clay used for lining converters in copper smelters has
been mined in the Copper Queen mine, Bisbee district (Ransome, 1904,
p- 17) and the Longfellow mine, Clifton-Morenci district (Willis, 1915,
p. 10). Fireclay dug locally is also reported to have been used many
years ago at the Old Dominion smelter at Globe (N. P. Peterson, writ-
ten commun., 1967). A graphitic fireclay, which burned white and was
used in converter linings and in making pressed brick, was mined in
the Whetstone Mountains near Benson (Willis, 1915, p. 6).

The only fireclay produced in Arizona in recent years (Larson and
Henkes, 1967, p. 106) was mined from the Weary Lode No. 2 near
Globe. This clay was formed by the alteration of granitic rocks; it
occurs along the eastward limb of the Miami fault (N. P. Peterson,
written commun., 1967). It is used by the McKusick Mosaic Co. in
making tile and art objects, and it also fms been mined recently for lin-
Ing ponds to prevent loss of copper-leaching solutions.

Refractory clay and kaolin occur in several types of rocks in Arizona,
and a few deposits have been investigated sufficiently to determine their
origins. The deposits in the Morenc1 district are known to be of hydro-
thermal origin (S. B. Keith, written commun., 1968), and they may
contain the best quality kaolin in the State. The deposits mined in the
Copper Queen, Longfellow, and Weary Lode No. 2 mines are in metal-
lic mineral mining districts, and probably are of hydrothermal origin,
Other deposits of refractory clay or kaolin that are also presumably
of hydrothermal origin occur in the Tombstone and Turquoise dis-
tricts, Cochise County, and in the wall rock on the upper levels of the
El Tiro mine, Pima County (Galbraith and Brennan, 1959, p. 108).
A large deposit of refractory material consisting of kaolinite, cristo-
balite, and quartz, occurring 6 miles north of the Santa Fe Railway’s
Franconia siding in western Mohave County (Funnell and Wolfe,
1964, p. 82), also may be chiefly a product of volcanic activity and re-
lated hydrothermal alteration. Extensive deposits of impure kaolin
formed by weathering of aluminous rocks during a Jurassic-Creta-
ceous interval (Leopold, 1943) occur at several places in northeastern
Arizona. Beds in weathered parts of the Cow Springs Sandstone, West-
water Canyon Member of the Morrison Formation, and Mesaverde
Group on_the Navajo-Hopi Reservations contain 13 to 25.5 percent
kaolin (Kiersch, 1955a, p. 73). Other deposits that are probably
weathered products of okllm' rocks occur in sandstone and shale of
Cr;&ng;;‘o)ns age on the Fort Apache Indian Reservation (Moore, 1967,
p. 75-76). ,

In addition to the deposits previously noted, some of tho places where
kaolin or refractory clay deposits have been reported to occur in Ari-
zona are as follows. A nonplastic kaolin crops out along the Santa Te
Railroad south of Wickenburg, Maricopa County, and kaolinitic clay
was penetrated by wells in the Safford Valley (Olson and Long. 1957,
p- 8). .\ large deposit about 3 miles southeast of Pine, Gila County, was
mvestigated by one company and reportedly it has some valuable prop-
erties but contains fine-grained calcite (S. B. Keith, written commun.,
1967). Kaolin deposits are also reported to be present near Cave Creek,
Maricopa County ; 20 miles north of Winslow, Navajo County; in the
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Vekol mines, Pinal County ; near Skull Valley and Chalk Mountain,
Yavapai County; and southwest of Salome, Yuma County (Funnell
and Wolfe, 1964, p. 69-71).

MisceLLaneous Cray

Miscellaneous clay includes several types of fine-grained materinls
used chiefly in Arizona for making brick and other structural clay
products, and some is used in portland cement. Most of this material is
clay and shale, and it is dug chiefly from sedimentary beds of Tertiary
or Quaternary age that were deposited in Iakes or local basins., Most
of the miscellaneous clay now used in brick is dug near Pantano in
castern Pima County (8. B. Keith, written commun., 1967). The mate-
rial used is slightly indurated dark gray shale. This shale occurs in a
basin about 3 miles long and a mile wide. Some miscellaneous clay
used for brick in Phoenix is dug near Tolleson. Both clay and shale
are dug from the Verde Formation of Tertiary or Quaternary age
north of Clarkdale and used by the Phoenix Cement Co. in making
portland cement. Miscellaneous clay in this same formation was the
raw material used for brick of which many of the buildings in Clark-
dale are constructed.

Only a few clay materials in Arizona have been tested sufficiently
to determine whether or not they are suitable for use in lightweight
aggregate, o product now made from miscellancous clays in several
other states. Much of the reason for this is that Arizona has adequate
resources of natural lightweight aggregate, such as scoria, pumice, vol-
canic cinder (p. 407), tuff, and perlite (p. 403), so no appreciable de-
mand for artificially bloated clay has developed. The materials that
have been tested and may be suitable for use in making lightweight ag-
gregate include the following : (1) a bentonitic bed in the Petrified For-
est Member of the Chinle Formation in northeastern Arizona (I{iersch,
1955b, p. 553) 5 (2) sediment deposits in Lake Mead (Gould, 1960, p.
199); (3) clays on the Gila River Indian Reservation, consisting
chiefly of illite (Wilson, 1963, p. 28) ; and (4) miscellaneous clay near
Roll, Yuma County (Funnell and Wolfe, 1964, p. 83). The bentonitic
clay in the Chinle Formation expands 530 percent when heated to
1,050° G, and after heating at approximately 1,150° C, the Lake Mead
sediment ranges in weight from 19 to 24 pounds per cubic foot.

Diopside, CaMgSi,Os, though not a clay mineral, has been mined
on a small seale in Arizona in recent years at the Yellow Flower mine,
20 miles southwest of Aguila, Yuma County (Funnell and Wolfe, 1964,
p. 98). This diopside is shipped to California for use in ceramics
(Davis, 1967, p. 148), which 1s the only recorded use of diopside in
ceramices, a field ordinarily dominated by clays. It is noted here merely
{o complete the record of mineral production in Arizona.

Porrery Cray

The only clay mined in Arizona for pottery reported in recent years
(Larson and Biggs, 1965, p. 126) is the fireclay used by the McKusick
Mosaie Co., Globe. Small quantities of miscellaneous clay ave dug at
several places and used by the Indians in making artistic pottery pri-
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marily for sale to tourists, and a few people active in ceramic hobbies
obtain some raw material locally. Several of the refractory clay and
kaolin deposits in the State would probably be suitable for use in
pottery, if local demands for pottery clay develop.

PyrornyLuiTe

Pyrophyllite is a hydrous aluminum silicate, A1,0,4Si0.11,0, that
is now mined in North Carolina and California. It is or has been
used in making pencils or erayons, ceramics, refractories, fillers, paints,
wallboard, soap, textiles, cosmetics, rubber, battery boxes, welding rod
coatings, insecticides, and fireplace hearths. Probably many more uses
for it will be found in the future.

According to Galbraith and Brennan (1959, p. 109), pyrophyllite
occurs in Arizona near the Alamo crossing of the Bill Williams River
and southeast of Yucea, Mohave County; and near Quartzsite and
Alamo Springs, 27 miles southeast of Quartzsite; and Bouse, Yuma
(C'ounty. The deposits near Quartzsite occur in schist and are associated
with dumortierite (Wilson, 1929). The deposits southeast of Yucea are
reported to be large, and those near Alamo Springs are 8 fect wide and
extend for 3,000 feet.

SeproniTE (MEERSCHAUM)

Sepiolite is a fibrous hydrous magnesium silicate, which, when
occurring in masses, is a lightweight material known as meerschaum
(German word for sea-foam). Meerschaum has been used for nearly
200 years in making pipes and other articles for smokers, and small
quantities have been used for several other purposes including an
absorbent for nitroglycerine. All meerschaum consumed in the United
States for many years has been imported from several countries, either
in raw form or as finished products. However, a small tonnage of
meerschaum was mined in New Mexico in the early 1900’s.

Sepiolite occurs in a few places in Arizona as an alteration product
of magnesian rocks, and ordinarily it is associated with serpentine or
magnesite. Sepiolite has been reported from a locality 42 miles north of
Phoenix and 2 miles east of Arizona Highway 69, Maricopa County,
and in the Santa Maria River basin west of the McCloud Mountains,
Yavapai County (Galbraith and Brennan, 1959, p. 107). The deposits

in Yavapai County were prospected by the R. T, Vanderbilt Co., N.Y.,.

but they were found to be too small for commercial production (Kauff-
man, 1943, p. 512).

Resource PoTENTIAL AND FUTUrRe Prospects

Only a few generalized inferences can be made about future use of
Arizona’s clay resources, chiefly because geologic investigations made
to date are inadequate for meaningful appraisals, With the exception
of bentonite, no large deposits of “high-value” elays are known to occur
in the State; however, large areas are still unexplored for clay. De-
mands for several types of clay for many uses are destined to increase
with the population and economic growth and will, no doubt, increase
prospecting activity that could lead to the discovery of clay deposits in
several parts of Arizona.
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The resources of miscellaneous clay suitable for brick and tile and
other structural clay products and cement are more than adequate to
meet Arizona’s needs. Arizona companies will probably continue to
rely on their present sources of these materials, but may be foreed to
seek other deposits as markets develop for new produets. The supplies
of earthy materials for adobe are virtually inexhaustible, because so
many types of fine-grained deposits can be used.

Miscellancous clays suitable for bloating into lightweight aggregate
almost certainly exist in several areas other than those now known, and
deposits nearer the population centers may be used for this purpose in
the not too distant future. The possible value of the Lake Mead sedi-
ment and the bentonitie elay on the Navajo-Topi Reservations suitable
for this purpose is reduced heeanse both are remote from major market
areas. The Lake Mead sediment has the advantages of heing a renew-
able deposit and any significant use of it would also serve to reduce the
loss of water storage resulting from sediment fill; however, these fac-
tors are not likely to offset the costs of shipping a product made from
this sediment to distant markets.

The prospects for continued growth of the bentonite industry in
Arizonn are bright. Though the bentonite resources in the State are
now inadequately known and appraised for uses, that large deposits
having diverse physical properties exist seems almost a certainty. De-
mands for bentonite in prodlu('ts for which it is now mined are likely
to continue and several new uses may be found. The lithium-bearing
hentonite in the Lyles deposit and probably in others, where it is yet
to be identified, may be suitable for several “high-value” products,
such as those for which California hectorite is now sold. Several new
applications of lithium and other types of hentonite ave likely to he
developed by research on ways of improving products and raw ma-
ferials in the construction, chemical, petroleum, metallurgical, and
other industries.

As no large deposits of high-grade kaolin have been found in Ari-
zona (Wilson and Roseveare, 1949, p. 16), the prospects for major
use of this type of clay are limited. Kaolin and refractory clay are
known to ocenr at several places, and suflicient quantities probably
exist to fulfill the State’s needs for such products as low-heat-duty
firebrick of the type used in fireplaces and light-colored facebrick.
The possibility that high-grade kaolin, such as that now mined for
paper coating in Georgia, does exist in Arizona also cannot be ruled
out, and some of the impure kaolin in weathered sandstone and other
deposits might be marketable, if a cheap way to beneficiate it could be
found.

Other ¢lays in Arizona that would have appreciable value for sev-
eral uses, if large high-grade deposits are found, include pyrophyllite,
sepiolite, and halloysite. The prospects for finding valuable deposits
of pyrophyllite are reasonably good, because large deposits of pre-
sumably low grade are reported near Yueea and Alamo Springs, and
undiscovered high-grade deposits may exist in these and other areas.
The prospects for inding large deposits of sepiolite are less favorable,
imasmuch as all known deposits are both small and of low grade.
Ialloysite, » variety of kaolin, is known to ocenr, in specimen size,
in several mines, and large deposits could remain undiscovered or by-
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passed by prospectors searching for metallic minerals. Large high-
grade halloysite deposits, if found, would have appreciable value for
use in making petroleum refining catalysts, a use for which this clay
has been mined for several years near Eureka, Utah.,
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CORUNDUM
(By D. M, Larrabee, U.S. Geological Survey, Washington, D.C.)

INTRODUCTION

Corundum is a very hard natural aluminum oxide having t wo uses—
abrasives and gemstones of precious or semiprecious nature. Emery,
another abrasive, is a naturally occurring mixture of corundum, mag-
netite, and other minerals. Corundum occurs in some igneous and
metamorphie rocks, and placer deposits resulting from the disintegra-
tion of certain of these rocks have been mined throughout the world.
In the United States, such placers are especially well known for minor
production of gemstones in North Carolina and Montana.

Domestic corundum has not been mined since World War 11, when a
negligible amount was produced. The present small domestic demand
for natural abrasive corundum is met from production in Africa.
Artificial substitutes are harder, more uniform, and ultimately more
economic for most uses than the natural product. Gemstones, too, are
synthesized, and many are in demand. A small sporadic domestic pro-
duction of sapphire and ruby semiprecious gemstones has come from
North Carolina and Montana. No presently commercial deposits of
corundum are known in the Western Hemisphere (Ambrose, 1965,
p. 801).

ARr1zona OCCURRENCES

In Arizona corundum has been reported at an unknown source in
northwestern Pinal County. This source may be the deposit in the
SEY see. 12, T, 5 S, R. § K. that consists of crystalline corundum and
associated rutile and quartz, These minerals form irregular masses, as
much as several inches in diameter, in felsite dikes that cut granite
(Wilson, 1963, p. 19-20). Galbraith and Brennan (1959) reported the
presence of red, blue, and white corundum associated with andalusite
in a pegmatite dike in the Red Lake area, Mohave Clounty. They also
reported corundum from a source rock on the Papago Indian Reserva-
tion in Maricopa County. This latter occurrence may be a mistaken
locut)ion for the one referred to above (R. T. Moore, written commun.,
1068).
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In general, ultramafic rocks and placers derived from th‘e.re o‘{f‘cr t.hci
best sources for prospecting for corundum. Any future ]-)l.()du;\f ion o.
abrasive quality corundum from the United States, :mq_{u))m } lzoelzg
in particular appears practically nil. Ilowever, sp.gumcns of ge
(largely semiprecious) quality might be found in Arizona.
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DIATOMITE

(By H. Wesley Peirce, Arizona Bureau of Mines, Tucson, Ariz.)
INTRODUCTION

Diatomite, or diatomaceous earth, is a sedimentary rock composefl
of a high proportion of the mx(-.rogcoplc-snz‘ed shells of minute w‘at‘el‘-
dwelling plants, or algae, called diatoms. The frustules, or shells, .1(1‘1?
siliceous, opallike skeletons containing pores ,n‘nd channelways tmf
give them internal porosity and permeability. T'here are thousands o :
species that are distingnished by the frustule characteristics. Diatoms
thrive in both ocean and fresh waters that are physically and chemi-
cally suited to their growth. In calm waters a constant rain of expired
diatoms can result in the accumulation of sedimentary deposits com-
posed of high percentages of their skeletons. ) _

Tt is estimated that nearly 600,000 short tons of diatomite, ralued _a.t
over $30 million, was produced in the \Vestern‘ United States in 1966,
approximately 80 percent of which came from California while Nevada
and Washington produced smaller amounts and Arizona, with one op-
erating property, contributed less than half a percent of the total v .11\]10..
Major uses were for filtration (46 percent), fillers (20 persent), insula-
tion (5 percent), and miscellaneous uses (29 percent) (U.S. Bur. Mines,
1967, p. 469). Hundreds of miscellaneous uses include: absorbents,
pesticide carriers, lightweight aggregate, pozzolan, ceramics, floor-
sweep, anticaking agents, ete. ) .

Although occurrences of diatomaceous sedimentary rocks in the
Western United States are numerous, only selected d'e].)o_sn.ls are ex-
ploited. Economic evaluation of the commercial possibilities of any
sedimentary sequence containing diatomite 1s a demanding task that
requires the application of technical knowledge. Because of variability
of diatomites the suitability of any given deposit for particular uses
can be determined only after extensive testing. Diatomite deposits can
differ in many ways, including: the distribution of diatom species
which control particulate shapes, the nature and distribution of im-
purities (voleanic ash, sand, silt, clay, chert, carbonates, moisture, and

various oxides), and the bulk density, color absorption capacity, ete.
Physical setting affects amenability to mining and geographic factors
control position with respect to transportation, energy sources, and
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markets. Diatomite is never “pure” so it is necessary to subject crude
material to milling processes to remove impurities. Mills, usually
designed to produce a variety of commercial products, involve schemes
for crushing, grinding, drying, air classifying, packaging, and waste
disposal and, in addition, certain higher use products may require
aleining or flux-caleining.

Anizona OCCURRENCES

Diatomaceous occurrences in Arizona are associated with sedimen-
tary sequences that accumulated in lacustrine and related environments
that, at least locally, prevailed in late Cenozoic time. Concurrent vol-
anic activity is indicated by the close association between diatoma-
ceous materials and voleanic glass particles (ash). The silica needed
for skeletal growth was most likely provided by nearby voleanic ac-
tivity. A1l but. one of the 12 occurrences shown in figure 51 oceur in
valleys within the Basin and Range province where they are exposed
along canyons and washes tributary to the northwesterly trending
main drainage lines.

The Mammoth or White Cliffs occurrence located on the east bank
of the San Pedro River in all or parts of secs. 13 and 24, T. 9 S., R. 17
L%, and sees. 17-20, 29, and 30, T. 9 S, R. 18 E., in Pinal County (sce
fig. 51, loeality No. 1), is of principal interest because it is the only
Arizona deposit with a significant production history. Wilson and
Roseveare (1949, p. 18) indicate that production took place in the
1920’s, and intermittent production efforts have continued to the pres-
ent time. Although there is no reliable figure for total cumulative pro-
duction, the Arizona Bureau of Mines estimates that it is about 15,000
short tons. In 1966, the Arizona Gypsum Corp. produced 1,353 short
tons of product that was valued at about $135,000 (Larson and ITenkes,

1967, p. 89), and indications ave that the output increased in 1967..

Crude diatomite was processed in a mill capable of producing 4 to 6
tons per day. Products are made by various combinations of grinding
and air separation procedures. Important local uses for diatomite prod-
ucts have been as a earrier for insecticides, an additive to cement, and
as an anticaking agent in ammonium nitrate fertilizers.

Blake (1903) called attention to this locality and noted that the
white cliffs contained both ash-bearing and diatomaceous sedimentary
units. Trischka (1929, p. 13) and Olson and Long (1957, p. 9) have
also provided brief preliminary comments about this locality, but a
thorough study of the occurrence has not been made. Stratigraphically,
Meindl (1963, p. 21) places the diatomaceous sedimentary rocks in the
Quiburis Formation of Pliocene and Pleistocene age. Recent prelimi-
nary examinations by the Arizona Bureau of Mines indicate that the
exposed white to light-colored sedimentary sequence is at least 140 feet
thick and that, as pointed out by Blake (1903), the sequence consists
only partly of diatomite. Crude diatomite of varying quality is inter-
bedded with mudstones, siltstones, and tuffaceous materials. These
strata have been subjected to some faulting and folding and are tilted
a few degrees to the northeast and truncated at the top by an erosion
surface that cuts out older units to the southwest. Prospecting has been
done by examining and sampling natural exposures, trench and tunnel
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Minor occurrence

(Numbers refer to localities listed below and referred to in text)

1 Hammoth or White Cliffs
2 San Carlos Reservation
3 Solomon

4 Whitiock Hills

5 Duncan

6 Willcox

7 Post Ranch

B Curtiss

9 Huachuca

10 Lake Pleasant
11 Yerde

12 Concho

Fiaure §1.—Diatomite in Arizona.
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exposures, and by developing small quarries which have been opened
in several places on the property. However, considering the large size
of the area that is underlain by diatomaceous materials, additional
detailed exploration will be required before the distribution of the
thickness and grade of crude diatomite will be determined with confi-
dence. Also, determination of appropriate uses and potential markets
will require a continued study.

The diatomaceous sedimentary rocks of Cenozoic age that crop out
on the San Carlos Indian Reservation between Peridot and Bylas
along State Highway 70 in Graham County (No. 2) have been gen-
erally described by Bromfield and Shride (1956, p. 683) and Long
and Olson (1956, p. 14). The strata have been disturbed by faulting
and are covered by overburden, the amount generally increasing north-
ward toward the Gila Mountains. Again, it is emphasized that all
white material is not diatomite as the diatomaceous units are inter-
bedded with light-buff to white limestone beds. There is no recorded
commercial production from this area.

Trischka (1929, p. 13) and Olson and Long (1957, p. 17) report that
diatomaceous strata crop out about 10 miles north of Solomon and
north of the Gila River in Graham County (No. 3). This occurrence is
limited in extent, and has not been commercially exploited.

Further to the southeast diatomaceous strata crop out immediately
northwest of the Whitlock Hills in secs. 21-23 and 26-28, T. 8 S,,
R. 28 E., and also in Graham County (No. 4). Knechtel (1938, p. 196),
Van Horn (1957), Mathias (1960, p. 13), Olson and Long (1957),
p. 19), and Seff (1962) have commented on this occurrence. Seff
studied the stratigraphic sequence in ‘detail and suggests that the
diatomites contain considerable impurity and that individual
diatomaceous units change character laterally. Although there is a
relatively large area underlain by strata that contain diatomaceous
materials, surface exposures do not offer strong encourgement for the
development of high quality crude diatomite. An exploration program
involving drilling and trenching would be required to further evaluate
the subsurface potential,

Olson and Long (1957, p. 21) and Heindl (1958, p. 233) record the
occurrence of diatomaceous strata on the north side of the Gila River
just north of Duncan in Greenlee County (No. 5) where light-colored
diatomaceous strata crop out in low cliffs. Apparently these materials
are not of suflicient quality to stimulate development.

Other occurrences of diatomaceous materials have been reported but
details are not known, Although McCrory and O’Haire Sl%l) show
an oceurrence of dintomite near Willcox 1n northern Cochise County
(No. 6) information about it is lacking. Gray (1965, p. 128) measured
a stratigraphic section on the Post ranch in see. 27, T\ 17 S, RR. 20 E.,
Cochise County (No. 7) that includes a diatomaceous unit 5 feet thick.
This unit, according to Gray, has been quarried for lightweight, build-
ing block and for scouring powder for local use. Trischka (1929, p.

14) reported a deposit near Curtiss, in Cochise County, 3 or 4 miles

west of the San Pedro River (No. 8). He characterized the material as
heing 4 to 8 feet thick and of “excellent quality.” Trischka also reports
an occurrence of dintomaceous material in the northwestern foothills
of the Huachuca Mountains, Santa Cruz County (No. 9). However, he
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concludes that the deposit is too “impure” to be considered of “present”
(1929) value. )

Larson and Biggs (1965, p. 127) reported that a sinall quantity of
diatomite was produced in 1964 from near Lake Pleasant in northern
Maricopa County (No. 10). Apparently the occurrence is associated
with local exposures of Cenozoie lake beds (Wilson and others, 1957).

Diatomaceous strata have been reported from the Verde Formation
which occupies the floor of the Verde Valley in Yavapai County (No.
11 (Olson and Long 1957, p. 25). They report that the diatom-bearing
strata crop out south of Camp Verde and are intimately associated
with caleium carbonate. Apparently the diatomaceous material is not
of desirable quality for development. In the Colorado Plateaus prov-
ince diatomite is present in remnant exposures of Tertiary strata
exposed along Concho Creek south of Concho in Apache County (No.
12). Approximately a 6-foot thickness of diatomite is exposed but it
is capped by basaltic rocks that obscure the lateral continuity away
from the exposure, Published statements, such as in Wilson (1940, p.
1), have suggested that Blake (1903) reported a separate diatomite
locality near Reddington, Pinal County. This was not Blake’s intent.
and the error stems from a misinterpretation of Blake’s description of
the location of the Mammoth or White Cliffs deposit (No. 1).

OvuTLook

Diatomite is a potentially valuable mineral resource that is cur-
rently being produced in Arizona in a small way. The peculiar and
unique properties of diatomite products have been utilized in a multi-
tude of ways by industry. Expansion of diatomite production in Ari-
zona is contingent upon mcreased industralization, a continuing search
for new markets, the development of a wide range of marketable prod-
ucts, and exploration designed to locate and evaluate the best avail-
able deposits of crude diatomite. Diatomite-based products are pro-
duced in the West and consumed by eastern U.S. industry. Arizona
is in a competitively favorable geographic position, but thus far the
State's dirtomaceous material has not been proven to be able quantita-
tively or qualitatively to support the large-scale production of a wide
ange of competitive products. It is likely, however, that Arizona
deposits, especially in the Mammoth region, will eventually be sub-
jected to more detailed exploration and evaluation, which could lead to
expanded diatomite production.
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FELDSPAR

(By 8. B, Keith, Arizona Bureau of Mines, Tucson, Ariz.)
INTRODUCTION

The feldspar minerals form a_group of anhydrous aluminum sili-
cates of potassium, sodium, and calcium. The potassium feldspars,
orthoclase and microcline, have a composition of KA1Si,0, but dif-
ferent crystal habits, Sodium may replace as much as half of the potas-
sium in orthoclase and more than half in a type of microcline ealled
“anorthoclase.” Both orthoclase and mierocline have a vitreous luster,
a hardness of 6, and a specific gravity of about 2.57. Colors range from
white to shades of gray, yellow, and red. The sodium and caleium feld-
spars, called plagioclase, form an isomorphic series ranging from
albite (NaAlS1,04) at one end to anorthite (CaAl,Si,0,) at the other.
The intermediate members oligoclase, andesine, lnbradorite, and by-
townite, are arbitrarily defined by the proportions of contained albite
and anorthite, Potassium usually replaces some sodivm near the albite
end of the series. Plagioclase feldspars arve vitreous to pearly and have
a hardness of 6. Their specific gravity ranges from 2.62 for albite to
2.76 for anorthite. They may be colorless, white, gray, or shades of
green, yellow or pink. The potassic and sodic feldspars usually contain
admixtures of each other and often small amounts of free quartz.
(Graphic granite is an intimate intergrowth of orthoclase and quartz.
Perthite is an irregular intergrowth consisting of alternating bands of
albite and microcline,

The feldspars are the most abundant and conumon minerals in
igneous rocks and also in some metamorphic rocks, such as gneiss. The
potassium feldspars occur mainly in granite, syenite, and their effusive
cquivalents. Feldspars may compose as much as 60 percent of the min-
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cral content in those rocks. The sodic feldspars are the predominate
type in granodiorite, diorite, dacite, and andesite. Basalt, gabbro, an-
orthosite, and norite characteristically contain the more calcic feld-
spars. In some rocks, the feldspars are fine grained and intimately
intergrown with other rock-forming minerals. In others, some of the
feldspars oceur as phenocrysts. More rarely, in cerfain igneous masses
and dikes, the feldspar and other minerals attain larger than normal
size. Such rocks, called “pegmatites™, are a principal source of feld-
spar.

Aplites are fine-grained, mineralogical equivalents of pegmatites.
Alaskite is a term used for erystalline rock consisting main,y of ortho-
clase and microcline with subordinate quartz. Another mineral family,
the feldspathoid group, forms in place of feldspar in certain rocks rich
in potassium, sodium or caleium but deficient. 1n silica. The most com-
mon mineral of this group, nepheline (Na,KK) AlISiQ,, along with the
potassium and sodium varieties of feldspar, are the most important
commercially. They are used with other materials in the manufacture of
glass, pottery, enamel, tile and other ceramic products where they
promote flusion during firing and impart strength, toughness, and
durability to the finished products. Ground feldspar is used also as a
mild abrasive in scouring powders, soaps, and sweeping compounds; as
-« binder and filler in hard abrasive products; and in high-temperature
coatings and cements.

Feldspar has been used in the manufacture of vitrified products for
many centuries throughout the world. It was mined in the eastern
United States before 1800 and was being processed for use in this coun-
try by 1850. The feldspar industry has grown quite steadily since that
time and its use has increased in a variety of products. Early produc-
tion was from selected, hand-cobbed, pegmatite material, but with the
development of new processing methods, such as flotation and electro-
static separation, good recovery of feldspar from finer-grained and less
well-segregated material was made possible. At the same time, tech-
nological developments in the uses of feldspar permitted the substitu-
tion of nephaline-rich rocks from eastern Canada, feldspar-rich mix-
tures associated with quartz in aplites and graphic granites, and even
fines derived from processing granites. There are some large mining
operations by major producers but many small pegmatite operators
contribute to the total output. The largest share of the feldspar indus-
try is still centered in the eastern United States, but since feldspar is
a relatively low value mineral, and transportation costs limit the dis-
tances it can be economically shipped, users on the Pacific Coast depend
largely on production from the Rocky Mountain region and California.

Prooucrion

In 1966, United States production of crude feldspar was about 686,-
000 long tons valued at a little over $7 million. Two-thirds of this
amount came from flotation concentrates and the balance was obtained
about equally from hand-cobbed and from milled feldspar-silica
mixtures. Glass and ceramic products consumed 89 percent.

Arizona has had only one consistently productive feldspar opera-
tion. G. I. Taylor started shipping erude feldspar in 1923 from a peg-
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matite deposit, on the east side of the Cerbat Mountains, north of King-
man. In 1924, the deposit was sold to the Kingman Feldspar Co. which
increased production to several thousand tons per year. The Consoli-
dated Feldspar Corp., subsequently taken over by International Min-
erals and Chemical Corp., built a grinding and processing mill 1 mile
east of Kingman in 1931 and acquired ownership of the mine. Pro-
duction has been continuous since that time. Arizona’s output of feld-
spar has not been disclosed hut. Wilson and Roseveare (1949) estimated
about 100,000 short. tons of crude and, or, ground feldspar, valued at
$1,850,000 were sold prior to 1945. Since that time, production has re-
mained remarkably steady and the amount of ground feldspar sold
is estimated to be over 250,000 short tons with a value of more than
$6 million. The feldspar has gone mainly to California for pottery
ware with only minor amounts shipped to the Midwest and foreign
markets. Arizona’s annual production is less than 2 percent of total
U.S. production.
ArizoNna Derosirs

Pegmatites are the only known commercial source of feldspar in
Arizona. They occur in many parts of the State but mainly in the
older crystalline rocks exposed within an irregular, southeastward
curving belt extending from Lake Mead, Mohave County, to Cochise
County. Many of the pegmatites within this belt have been studied or
prospected but few have warranted development and testing for pos-
sible commercial feldspar production.

Table 29 lists and figure 52 shows the location of reported occur-
rences of feldspar that ave considered as possible resources. Tenney
(1928, 1930) ; Hewett, Callaghan, Moore, Nolan, Rubey, and Schaller
(1936) ; Jahns (1952); Heinrich (1960); and Olson and Hinrichs
(1960) have noted or described some of the larger feldspar-hearing
pegmatite deposits in the norvthwestern part of this belt. Wilson
(1963) described intergrown feldspar and quartz in pegmatites in the
Sierra Istrella area of the (3ila River Indian Reservation but did not
consider the feldspar to be commercially important. Olson and Long
(1957) and Tenney (1936) noted occurrences of feldspar in various
locations in Gila, Maricopa, and Yavapai Counties and Funnell and
Wolfe (1964) cited occurrences in Yavapai County. Larson (1963,
p. 117) reported that feldspar-silica mixtures, containing 70 percent
feldspar, were mined from the San Antonio mine, near Ajo, western
I’ima County. No details arc given or known on most of these reported
feldspar occurrences and many of them may not be of the pegmatite
type. ,

!l‘he only deposits that appear to be of commercial interest are the
Taylor deposit. near Kingman and the ones in the White Picacho dis-
trict. (fig. 52, Tocalities Nos. 1 and 2), which are deseribed below.

The Taylor deposit is in a pegmatite body, which trends northeaster-
ly, is at least 1,500 feet long, and in places is more than 200 feet wide.
The pegmatite dips steeply east and has been mined to a depth of about.
100 feet. without noticeable change. Tt was intruded into a medium-
grained granite that is locally gneissie and porphyritic. A flat-lying di-
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TABLE 29 —Feldspar occurrences in Arizona

ocallt
LNo. ‘ny Pacrice, mine, location Nescription and remarks Referénces
f1g, 52 or area
1 Taylor mine Sec, 26, T, 22 N,, See gext, Conatant producer Hetnrich, 1960, p,
R, 17 W,, Mohave of feldspar and quartx since 5-7; Olson and
County, 5 mi, 1923, Hiinrichs, 1960,
N. of Kingman, p. 194-1906; Ariz,
Bur, Minea, ftle
data.

2 White Picacho Tps. 6, 7, and See text, Partly developed and Jahax, 1952,

dintrice 8 N., Rs, 2 and nined but no commercial sale
3 W,, Maricopa of feldnpar,
and Yavapa{
Counties, F. of
Wickenburg,
3 Pinal Mts, Approx. Tps, 1-2 No data, Undeveloped, Olson and Leng,
S., Re. 14-15 {19571, p. 12-13,
E., Gila fCounty,
SH, of Globe,
4 Aguila Approx, T, 7 N., No data. Undeveloped, Do
R, 7 H,, Hari-
capa County,
5 Hualpai Mcs, T, 20 N, Pegmatite dikes in Precambrian Tenney, 1930, p, 105;
Rs, 14=15W,, granite gneiss, Small amount Moore, 1936,
Hohave County, hand sorted by Consolidated p. 170,
SE. of Kingman Feldapar Co. and shipped to
on NE. mlone of Los Angeles.
mountaine .
6 Painted T, 30 N., Abundant feldspar in 1-3- Olson and Hinrichs,
Desert R, 22 W,, Hohave ft-thick pegmatite dike {n 1960, p. 192-193,
founty, About & Precanhrian granite gneiss,
ai F, of Hoover Prospected but no commercial
Dam, production,
? M and P T. 28 N., Irregular pegmatite, 200 fr long Olson and Hinrichs,
claime R, 17 ¥,, Mohave by 60 ft wide, with coarse- 1960, p. 193-194,
County. Above grained potassiun (eldspar,
Hackherry Hash perthite, quartz, muscovite,
at base of far- Rarnet, biotite, and hematite
net Mtn. in Precambrian granite gneins,
Hined for sheet mica, 1943-45,
No feldapar productton,
8 Cerbat Mts, T. 22 N, Feldspar-rich pegmatite dikes in  Oleon and Hinrichs,
R, 17 W,, Mchave Precambrian granite gneiss. 1960, p, 196,
County, 5 mi, e dike over 225 ft long and
NW, of Kingman 40 ft wide with at least a 40
on SY. nide of percent potassium feldspar
mountaing, content, Prospected but net
mined,
9 Sierra Estrella Secs., 6, 7, and 8, Intergrown potassium feldspar Wilson, 1963,
area T. 4 8., and quarty with mica fn seve
R, 2 E,, Pinal eral small pegmatite bodies
County, In Gila in Precambrian achist,
River Indian Largest body about 100 ft
Reaervation. long and 40 ftr wide. Pros-
pected but not mined,

10 S{lver T. 12 N, R, 1 E,, Ho data. Funnell and Wolfe,
Christmas Yavapai County,. 1964, p. 200,
rines Near Mayer,

11 White Spar T. 13 Noy R, 2 W,, No data. Do,

Yavapal County
on White Spar
road S, of
Prescott,

12 San Antonio T. 13 S., R, 7 W., Pegnmatite in Mesozoic granitic Laraon, 1963, p,

uine Pima County, intrusive, Produced feldspar- pe 117,

SH, of Afo,

silica mixture with 70 percent
feldapar tn 1962,
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TABLE 29,—Feldspar occurrences in Arizona—Continued

Localtty
No, in Ptatrice, mine, Locatton Deseription and remarls References
fig. 52 or area
13 Rare Metals Sec. 21, T. 17 i., Irrepular pegmatite bodv, 60D ft Hetnrich, 1960,
mine R, 12 W, lonp bv as nuch as 40 ft uide, n. 12-14,
Yavapat Countv, in Precanbrian sranite, Hell
On 1, mfde of zoned with marginal microcline
Hig Sandy Wash,. masses. Mo feldspar pro-
duction,
14 Florence 25 mi NW, of %o data, Mson and long,
Florence, Minal f1957, p. 12-113,
County, Tossi-
blv on Santan
Mtn,
15 Cleator T, 106 %, 7, ) U, No data, ha,

Yavapal Countv,
Kear Cleator,

abase dike, as much as 5 feet thick, cuts across the pegmatite body at
moderate depth in the northern part. The contacts hetween granite and
pegmatite are normally quite siuu‘p but some irregular bulges occur
along the walls. Mineralogic and textural zoning are clearly defined.
The irregular central core, which in places extends to ahmost the full
width of the pegmatite body, is composed of large grayish-white muasses
of microcline with subordinate gray quartz pods, veins, and stringers.
An intermediate thinner wall zone shows medium-grained, connmonly
streaked or gneissoidal, aggregates of gray quartz, grayish-white feld-
spar, some biotite and locally muscovite, garnet, magnetite, allanite,
and graphic granite. This zone also is cut by quartz veinlets. The outer
thin border zone consists of fine-grained, white, aplitic quartz and feld-
spar. The predominant feldspar is microcline, which is selectively
mined and hand-cobbed to yield a high quality product that is ex-
ceptionally low in iron, and free of quartz and other impurities.

Jahns (1952) has described in detail the numerous pegmatites that.
oceur principally in a curving belt 10 miles long by 14 to 3 miles wide
in the White Picacho district (see fig. 52). These pegmatites form
dikes, sills, pods, and generally lenticular masses of various sizes, some
as much as 1,000 feet long. The wall rocks are mainly Precambrian
schist and granite with the schist favored for the best developed peg-
matites, Contacts are highly irregular and mostly discordant. to the
schistosity, but the walls are well defined. Three general types of peg-
matites are present. The most abundant are simple pegmatites consist-
ing of quartz, potash feldspar, subordinate plagioclase, and muscovite
mineral assemblages with graphic granite and minor accessory min-
erals. The second type contains segregations a very coarse-grained
quartz and potash feldspar and a varied assortment of accessory min-
erals. The third type containg coneentrations of lithtum minerals. Al-
most all the pegmatites comprise two or more zones. The potash feld-
spar is mainly microcline, and to a large extent, is perthitic. Quartz
commonly is present in a graphiclike orientation. Tn some pegmatites,
coarse perthite masses totaling as much as 80 long tons are known.
Many of the pegmatites have been explored and partly developed and,
reportedly, several large lots of feldspar have been hand cobbed for
testing. However, there is no recorded commercial production.
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REesources

The commercial reserves and resources of potash and sodium feld-
spar in Arizona are estimated to total several hundred thousand long
tons and are considered adequate to supply the present-scale demands
for many years. Future of feldspar production in the State will depend
largely on the rate of growth of the Pacific Coast market and on the
development of industrial uses within the Stafe,
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FLUORSPAR

(By R. E. Van Alstine, U.S. Geological Survey, Washington, D.C., and R. T.
Moore, Arizona Bureau of Mines, Tucson, Ariz.)

INTRODUCTION

Fluorspar is the commercial name generally applied to the mineral
fluorite (Cal,) and is the principal ore mineral of the very important
industrial clement, fluorine. The mineral commonly occurs as crystals
or in cleavable masses but also is found in massive form and as fine
to coarse granular material. Fluorite has a specific gravity of 3.18 and
displays a wide variety of colors, ranging from colorless and white to
shades of green, yellow, brown, blue, and purple.

As a source of fluorine, fluorspar is important in the manufacture of
hydrofluoric acid which, in turn, finds a large market in the chemical
industry and in the production of fluorides used in the electrolytic re-
duction of alumina to aluminumn metal. The second greatest usc of
fluorspar is as a flux in steelmaking. Appreciable quantities also are
used in the production of ceramic materials, in enameling metal uten-
sils, and in the manufacture of opalescent glass.
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PRODUCTION AND SOURCES OF SUPPLY

The United States for many years has been the major user of fluor-
spar in the world and in 1966 consumed more than one million tons,
about 32 percent of the world production (U.S. Bur. Mines, 1967, p.
475). Prior to 1952 domestic production supplied more than half of
our needs, but since then imports, prineipally from Mexico, have ex-
ceeded domestic output; in 1966, imports equaled nearly 83 percent of
the United States consumption. About 80 percent of the United States
production has come from vein and replacement deposits in Missis-
sippian sedimentary rocks in the IHinois-Kentucky district. '

The known fluorspar deposits of Arizona are widely seattered m
the southern half of the State, as shown in figure 53. Fifty-six fluor-
spar localities are indicated, including some mineralogic occurrences
representing types productive elsewhere, and brief deseriptions of most
of them are given in table 30. Production came from the nine centers
shown by the separate symbol on the locality map.

Fluorspar was first produced in Arizona in 1902, and the total
output through 1967 has amounted to about 21,500 short tons having
an estimated value of about $600,000. During 34 years of this 66-year
period no fluorspar shipments were made in Arizona, In 1902-17 the
entire fluorspar production of Arizona, 1,152 tons valued at $11,747,
came from the Castle Dome distriet (No. 4, fig. #3) as a byproduet
of lead mining (Wilson, 1950a, p. 2). Fluorspar mining began in the
Duncan district (No. 18) aud n the Sierrita Mountains (No. 33) in
1918; however, output was small through 1920 and ceased during
1921-35. Production from the Dunean distriet was resmmed in 1936
and continued wntil the end of 1944 during this period this district
vielded ahout 6,500 tons valued at $124,000. Some production eane also
from the Sierrita Mountains shortly after 1939 and from the Vulture
Mountains (No. 21) and ITarqualiala Mountains (No. 19) after 1942,
From 1946 through 1952 shipments were largely from the Lone Star
mine (No. 1). Also, during the 1940's a small amount of production
came from the Paradise avea in the Chiricahua Mountains (No. §).
In 1952 some production again came from the Duncan distriet, and in
1953 the largest amount (1,951 tons) of fluorspar produced in Arizona
in a single year was shipped from mines in the Duncan and Castle
Dome districts and from the Spar mine (No. 15). In 1958 small ship-
ments of fluorspar were made from the Packard elaims (No. 10) and
the Harquahala Mountains; in 1967 about. 10 tons came from the Lone
Star mine.

Fluorspar from the Castle Dome distriet was shipped mostly to
Riverside, Calif., for use as a flux in making cement elinker and for
potash recovery in cement manufacture (Wilson, 1950a, p. 11). Ore
from the Duncan district went largely to flotation mills at Lordshurg
and Deming, N. Mex., for the production of acid-grade fluorspar.
Metallurgical-grade fluorspar from the Lone Star mine was used in
steel plants at Pittsburgh, Penn., Chicago, Ill., and Fontana, Calif.

SuMmary oF Princiean Deposirs
The principal fluorspar deposits of Arizona are mainly epithermal

veing that fill fissures and brecciated zones along faults. At some de-
posits the fluorspar partly replaced earlier vein minerals and the wall
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Froune 53.—Fluorspar in Arizona.
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TABLE 30.—Known fluorspar occurrences in Arizona

Locallty

to, in
fig. 53

County and
locality name

Hanner

of occurrence

Referencen

Cochine

Whetstone Mta,,
Lone Star mine

and dense, vuggry
camhrian schist,
2-1/2 feet thick
long and 30 feet
A5 percent CaFg,

Cnarse-grained, banded, greenish fluorsapar

quartz {n vein in Pre-
Ore shoots, averaping
and s much as 25 feet
deep, contain more than
Arizona's most productive

2 Tomhatone din-
trict, Fmpire
mine

h) Government Drav

4 Capt Fluorspar
property

5 Chiricahua Hta.,
Paradise area

Fluorine {11
deponit

7 Little Dragnon
Mtw,, Cochine
(Johnson) dis-
trict

Gila
8 Pavaon district,
Ox Bow mine
9 Nuartz Ledge

prospect

10 Tonto Basin,
Packatd claims

11 Conway prospect

12 Castle Dome
copper mine

Graham

13 Stanley Butte
district

14 Aravaipa dis-
trict, Grand
Reef nine, and
Landsman group

fluorspar mine,

Green and purple fluorite lncally abundant tn’

atlicified areas {n limestone assoclated
vith lead; commonly cements breccisted and
fractured novaculite,

An small, purple crvstals in quartz veins In
1imestone,

No dJats,

Crystals and massive material {n quartz
veina., Minor production in 1940's.

Narrew carbonate veln with fluorite and
uranopbhnne or asutunite in silicified
rhvolite,

In quartz veins in quart: monzonite amsoci-
ated vith beryl, tungsten, copper, zinc,
and lend,

As veinlets associated vith epidote, gold,
and silver in a fiwsure vein in hornblende
diorite,

No data.

Med{um-grained, vhite to purple fluorite and
fuartz gangue in lenses in an east-
trending, ateeply dipping vein in granite,
Fxamined and eampled by U, S, Bur, Mines;
lennes averaging 2,8 feer thick contain '
ahout 72 percent CaFy and 20 percent Sl”z.
Minor production in 1958,

No data.

Fluorite, barite, and quartz crystals along
fracturea and vuge tn Mesorzoic (?) quartz
monzonite with chalcopyrite and other
sulfide minerals,

Veins of quartz, barite, fluorite with
copper, lead, and ailver minerals in latite
or andesite breccia at Silver Spar pros-~
pect, Veins of barite, fluorite, and cal=-
cite in trachyte at Barfum King claims,

Veins of quartz, fluorite, galena, sphaler-
{te, pvrite, chalcopyrite, and argentite
in rhvoltte porphvry and limeatone; con-
tact mcetamorphle deposita in limestone with
fluorite, harite, calcite, quartz, sili-
cates, and sulfide mineraln,

Wilson, 1950a, p, 9-10,

Butler and othera, 1938,
p. 56, 105,

Galhraith and Arennan,
1959, n. 43,

Arizona Nept, Mineral Re-
aourcesa, 19645 Seipp
and others, 1947,

Galhraith and Brennan,
1959, p. 43,

Granger and Raup, 1962,
e Al

Warner and others, 1959,
p. 99; Cooper and
Silver, 1964, p, 142,

Lsunen and Wilson, 1925,
p. 78,

Artzona Dept, Mineral Re-
sources, 1964,

Cummings, 1946,

Arizona Dept, Mineral Re-
sources, 1964,

Peterson and others,
1951, p. 93.

Ross, 1925, p. 109;
Stewart and Plister,
1960, p. 25-28.

Ross, 1925, p. 61-63, 66;
Wi{laon, 1950h, p, 62,
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TABLE 30.—I{nown fluorspar occurrcnccs in Arizona—Continued

Locality
No, in Countv and Manner of occurrence References
f1g. 53 locatity name
Graham-~Continued
15 Spar pronerty No data; reported 145 tons shipped to flota- Mining World, 1953,
. tion mill in Deming, N. Mex., In 193],
16 Fdith 1 and 2 No data. Arizona Dept, Hineral Re~
property sources, 1964,
17 Clark distriet, Veins of harite, fluorite, and calcite with Stewart and Pfiater,
Marcotte clatma gold and silver in volcanic agglomerate, 1960, p. 19-24,
Greenlee
18 Duncan (Steeple Medium~ to cosrse-gralned, colorlesn or green  Wilson, 1750a, p. 8-9;
Rock) dim- fluorite, an lenses in veins of dense, mas- Trace, 1947,
tricet aive to banded quartz cutting Tertiary rhy-
olite, andesite, and basalt, Ore shoots,
averaging 3-4 Feet thick, 50 Feet long, and
50 feet high, contain ahout 63 percent CaFp
and 25-30 percent Si0y, Arfzona's most
productive fluorapar district,
Maricopa
19 Harquahala Mta., Velns of fluorite, caleite, barite, and Nenton and Kumke, 1949:
Snowball, quartz in gneiss, schiat, limestone, vol~ Stevart and Pfister,
Princesa Ann, canic conglomerate, and basalt, FExamined 1960, p. 37-40.
and thite and sampled by Ui, S, Rur, Mines; trench
Rock depoaits samplen acrons hreccia zone {ndicate maxi-
mum geade and width of 4 feet of 72 per-
cent CuFZ and 12 feet of 36 percent CaF;
at Snowball depoait, Small production in
1958,
20 Big Horn Hts,, Veins of fluorite, bar{te, black calcfte, Hewett, 1964, p, 1450,
Valley View chalcedony, and manganese oxides {n an~
mine of Aguila destte flow,
district
21 Vulture Mtm, An lenses in veins asmocisted vith pegratite Hilson, 1950a, p. 63
and andes{te porphyry dikes in rhyolite and unpub, data, U, S,
basslt, Small production iIn early 1940's. Geol, Survey,
22 San Domingo dis-  No data, Arizona Dept, Mineral Re-
trict, Texas sources, 1964,
Queen property
23 White Tank Mts. No data, Schrader and others,
1917, p. 23,
24 Cave Creek dis- No data. Arizona Dept, Mineral Re-
trice, sources, 1964,
Amethynt
property
25 Pinnacle Penk Flunrite in the white qusrtz quarry on Galbraith and Brenoan,
area Pinnacle Penk, east of Paradise Valley, 1959, p. 43,
26 Granite Mtn., Fluorspar vein 1-4 feet thick in granite, McCrory and O'Haire,
Muskhog claims 1961; unpub, dats, U, S,
Geol, Survey,
27 Four Peaks No data, Arizona Dept, Mineral Re-

area, Ad~
venture
property

sources, 1964,




353

TABLE 30.—Known fluorspur occurrences in Arizona—Continued
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TanLe 30.—Known fluorspar occurrencics in Arizona—Continued

Hanner of oceurrence

References

Locality County and
No. 1n localitv name
f1g. 51
Hohave
28 Qatman district
29 Hackberry atea
30 Boriana mine
n Artillery Mts.,
Red Hille
prospect
Pima
32 Silver Bell Mes,
33 Sierrita Mes.,
Heptune,
Fluxore
properties
3% Black Dike
: deposit
35 Helvetia ares
36 Sure Fire No. 1
clalas
Pinat
37 Mammoth mine
38 Vekol Hts,
Santa Cruz
39 Patagonia Mte.,
Alta mine
40 Annie lLaurie
claima
Yavapal
41 Bagdad ares

As pale green and purple crystalline matertal
in quartz veins. In some placea associated
with gold, Apparently not abundant in the
districe,

No data,

Fluorite {n tungsten~bearing quartz veins in
granitic rocka; fluorite forms veinlets and
nearly 5 percent of mome velns.

Radioactive breccia of Artillery Formation,
prohably Focene, minerslized with harite,
fluorite, and mecondary copper wminerals,

Abundant vith sflver~lead near the Mammoth
mine, and with barite and galena {n lime~
stone at several other propertias,

White, purple, and green fluorite, calcite,
quartx, and harite veins in achiat,
granite, and aplite, Fluorspar shoots are
2~5 feet thick and perhaps 25 feet long
and 25 feet deep, Production small and
{otermittent,

Fluorite, pvrite, chalcopvrite, magnetite,
pitchhlende, and manganese oxide occur at
contact of gnelsaic granite and basalt (2?)
dtke where the zone is altered to garnet,
chlorite, and epidote,

Fluorite and quartz in fiseure veins carrv-~
ing argentiferous galena, minor copper-
hearing minerals, and some pold; chiefly in
granite,

Schist and gnetssic granite contain veinlets
of gquartz, calcite, fluorite, uranophane,
and autunite,

Microscopic crystals in veins, aasociated
with lead, zinc, and copper sulfides,
pyrite, quartez, and barite; in rhyolfte and
quartz monzonite,

No data,

Reddish fluorite with quartz as a gangue in
veins carrying argentiferous galena,
embolite, and pvrarpyrite; veins In quartz
diorite and rhyolite,

Caleite and quartz veins in granite, contain-
ing fluorite, sphalerite, galena, chalco-
pyrite, pyrite, and uraninfce,

White and purple fluorite associsted with
bismutite in Precambrian pegmatite dikes
and quartz veins} fluorite as alteration of
Precambrian granite and in quartz-
wolframite-beryl veins,

Lauaen, 1931, p, 62;
Ransome, 1923, p, 33,

MeCrory and O'Haire,
1961,

Hohba, 1944, p, 25,

Lasky and Webbher, 1949,
p. 334 Granger and
Raup, 1962, p. A22,

Galhraith and #rennan,
1959, p. 43,

Hilson, 195%0a, p. 11
Allen and Butler, 1921,
p. 1.

Granger and Raup, 1962,
p. AZ5-A29,

Schrader, 1915, p, 94,

Granger and Raup, 1962,
po ANG-A3S,

Creasev, 1950, p, 79;
1967, p. H1,

McCrory and 0'Haire,
1961; Stipp and others,
1967,

Schrader, 1915, p. 272,

Granger and Paup, 1962,
p. A29-AL2,

Anderson and others,
1955, p. 21; Warner and
others, 1939, p, 107,

Locality
Ho, 1o County and Manner of occurrence References
fig. 53 locality name
Yavapai~-~Continued
42 HcCloud Mts., Ro data. Galbraith and Brennan,
near Leviathan 1959, p. 44,
wine
43 Hatton (Harris) Veinas of bartte, black calcite, fluorite, Farnham and Stewart,
nine wmanganese oxides, pyrite, galena, and 1958, p. 57-59; Hewert,
chalcopyrite in sandstone. 1964, p. 1449,
44 Congress Fluorite crystals in pegmatite dikes, Galbraith and Brennan,
Junction area 1959, p. 44,
45 Abe Lincoln Veins along contacts of basalt and Granger and Raup, 1962,
aine trachyte porphyry dikes in gneiss and p. AbL-ALL,
schist; veins contain quartz, calcite,
fluorite, aanidine, chalcopyrite,
chalcocite, pyrite, and secondsry uranfum
ninerals,
46 Swallow mine Fluorite as gangue constituent in vein Lindgren, 1926, p, 185,
containing oxidized copper ores, apecula-
rite, quartz, and calcite,
47 Springfield Purple fluorfte with quartz, chalcopyrite, l.indgren, 1926, p, 165,
shaft and pyrite in gash veins in quartz
diorite.
Yuna v
48 Trige Mte., Fluorite as vein material with quartz, cal- Wilson, 1933, p. 55;
Stlver dia- cite, harite, galena, and wulfenite, and Stewart and Pfister,
trict an crystalline to dense coatings on quartz; 1960, p. 88-89,
veins in andesite, rhvolite, and achiat,
49 Castle Dome Green, purple, and rose~colored fluorite Wilaon, 1933, p. 83;
discrict asnociated with calcite, harite, quartz, Burchard, 1933, p, 4-5,
galena, and wulfenite in veins in diorite
parphyry and Cretaceous shale, Veins gen-
erally less than § feet thick and locally
containing 40-60 percent CaF;, Fluorspar
recovered as a byproduct of lead-eilver
wining,
50 Kofa Mts., Fluorite, calcite, galena vein {n monzonite Jones, 1916, p. 164 and”
near King of porphyry dike near contact with Precambrian pl, 5.
Arizona mine achist.
51 Neveraweat dis- Veins of barite, fluarite, black caleite, Stewart and Pfister,
trict, gypsum, and argentiferous galena in schist 1960, p. B4-87,
Notthusch mine next to rhyolitic to andesitic {ntrusive
bodies.
52 Clanton Wall Green fluorite, galena, and wulfenite in Wilson, 1933, p. 146-147,
area, Yellow quartz vein in schist,
Breast pros-
pect
53 Ellevorth dis- Arizona Dept, Mineral Re-
trict, Fluor- sources, 1964,
8par property
54 Buckakin Mte,, Fluorite and barite associsted with quartz Bancroft, 1911, p. 121~
Chicago and in veins weaskly mineralized with chryso~- k22,
Hammoth dew colla; in gneiss and betwaen gneiss and
poaits granicic breccia,
55 Bouse (Plomowsa) Veins of bartte, fluorin,rc'alcue, and Stewart and Pfister,
district quartz in volcanic agglomerate; ore from 1960, p. 59~77; Bloom
Red Chief depoait, 13-47 percent CaF,, and others, 1963,
ylelds fluorspar and barite products in
flotation tests,
56 Planet area No data, McCrory and 0'Maire,1961;

Stipp and others, 1967,
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rocks next to the mineralized faults; however, no large replacement
bodies of fluorspar are known in Arizona.

Nearly half of the fluorspar deposits for which geologic information
is available are in coarse-grained intrusive rocks of various ages;
the host rocks at the other deposits are about equally divided between
sedimentary rocks, voleanic rocks, and metamorphic rocks (see table
30). The host rocks at. the centers of fluorspar production, however,
are chiefly schist and voleanic rocks.

At nine of the Joealities shown the deposits consist. predominantly
of flnorite: quartz and ealeite are the chicf gangue minerals, Galena
or barite have been of commereial interest at 14 other localities. An
investigation of 75 barite deposits of Avizona (Stewart and Pfister,
1960) showed that about half contain fluorite and range from less than
1 percent GaF', to 48.6 pereent Cal®y ; the eight deposits with analyses
showing a CaF', content, greater than 10 pereent are in fluorspar locali-
ties indicated in figure 53. Many of the other fluorspar localities in
Arizona are deposits that have heen worked at some time for copper,
manganese, tungsten, or gold. At six of the localities the fluorspar is
associated with uranium minerals, '

Wilson (1950a, p. 7-8) discussed the association of fluorspar with
many of the above vein minerals and metals; although the fluorspar
deposits are near districts that have been sources of various metals,
zonal relations were regarded as indefinite. According to Hewett. (1964,
p. 1450, 1460, 1467), however, fluorite and bavite deposits are found in
the Jower parts of the lomosa Mountains (Bouse district, No. b5),
helow a zone exploited for manganese oxides, and in the Aguila dis-
trict of Maricopa County (No. 20) they are marginal to a belt of
manganese oxide veins. Hewett (1964) suggests that manganese min-
erals, fluorite, barite, and minor metal sulfides formed during Tertiary
time in the higher and cooler zones of the base-metal districts of the
southwestern United States. , )

As shown in the accompanying table, the grade of productive fluor-
spar deposits in Arizona ranges from less than 50 percent, CaF, in the
lead-fluorspar mines of the Castle Dome district to more than 85 per-
cent Cal, in the Lone Star deposit. Large fliorspar deposits of such
grades have not been worked in Arizona, however: {luorspar shoots
along the mineralized structures deseribed are typically only 2 to 5
feet. thick, 25 to 50 feet long, and 25 to 50 feet deep.

OuTLoox

Additional flnorspar deposits may be found in Arizona avhen cco-
nomice conditions in the domestic fluorspar industry favor further ex-
ploration. Exploration probably would be divected most profitably to
the known centers of fluorspar mineralization and around the margins
of metalliferous deposits, especially lead and manganese deposits.
Mewett (1964, p. 1470) recommends drilling manganese oxide veins in
the southwestern Tnited States 500 to 1,000 feet below existing work-
ings to explore for barite, fluorite, precious metals, and base-metal
sulfide deposits that may have formed at successively lower depths.
Attention also should De given to mixed barite-fluorspar deposits
(Stewart and Pfister, 1960), for a metallurgical study of ore from the
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Bouse district, containing about 39 percent barite and 31 percent
fluorspar, has shown that barite and fluorspar products can be made
successfully by flotation (Bloom and others, 1963).
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_GEM MATERIALS

(By H. Wesley Peirce, Arizona Bureau of Mines, Tucson, Ariz.)
INTRODUCTION

As used here, “gem materials” include all of the rock and mineral
substances that owe their value to a natural beauty and atiractive-
ness or in which these qualities can be enhanced by tumbling, cutting
and polishing, faceting, cte. The qualities of durability, rarity of form
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and design, color, and perfection all influence their value and use. '
Arizona gem materials are limited to the so-called semiprecious vari- -
etics as none of the precious stones (diamond, sapphire, ruby, and [
emerald) are known to exist in exploitable form. Although Arizona s | !
is estimated to have produced $120,000 worth of gem materials in Tt~ i
1966 (Larson and Ilenkes, 1967, p. 89), the output 1s of minor signi- T~. i
ficance. The esthetic and recreational values t}mt are derived from # } !
their pursuit, however, are significant, 1t is well known that the activi- BREN '.
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ty of amateur collectors, many of whom collect, cut, and polish mate- EENg P
rials and manufacture Jewelry as a hobby or a small business, is a T S0 we TN ]' v
prineipal feature of Arizona's production of gem materials. e P
Gem materials occur in all of Avizona’s 14 counties where the dis-

tribution of each gem substance is controlled by the distribution and °’
extenl- of w particular geologic environment. FFor instance, gem mate- securrance
rials found wmong the copper minerals (turquoise, chrysocolla, and )
shattuckite) are Himited to the relatively localized sites of copper min-
eralization, ‘whereas, certain quartz family minerals (agafe, chal-
cedony, jasper, ete.), because of their association with common rocks,
are more widely distributed. An appreciation for the geologic environ-
ment of a given region can lead to a determination of the probable
types of gem materials to be found there.

EXPLANATIOK

Marekanite (Apache tears) P Peridot i
Chrysocolla Q Quartz material
Garnet § Shattuckite
Matachite T Turquoise

Onyx marble

(-3
EX oo

(Number refers to locality mentioned in text)

I"qure H4.—Gem materials in Arizona.
Anizona GEM MATERIALS

Arizona’s best known gem materials are: silicified wood, chalce- |
dony, agate, jasper, amethyst, and clear quartz crystal wmong the |
quartz family ; turquoise, chysocolla, malachite, and shattuckite among
the copper minerals; peridot; pyrope garnet; marekanite (Apache
tears) ; and onyx marble, Figure 54 shows the distribution of the
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principal occurrences of gem materials in Arizona. Only a few of the
better known localities of the most common occurrences, such as some
of the quartz family types, are shown. Each of these materials is de-
seribed below in alphabetical order.

* CHRYSOCOLLA

Chrysocolla, composed of copper, silica, and water, is a green to blue
substance commonly mistaken for turquoise. It is found in the upper
or oxidized parts of many of Arizona’s copper deposits. Because of a

rariable copper-silica ratio chrysocolla may not be a definite mineral
species. Technically it may be more correct to consider it a mineral gel.
In relatively rare cases, however, the proportion of silica is high
cnough that the hardness, color, and transparency render the material
of gem quality. Material of this nature from the Live Qak mine (see
fig. 54, locality No. 1) in the Globe-Miami district of Gila Clounty is

Inghly prized, exceptional material having sold for as much as $100

per pound (Switzer and Thomson, 1955, p. 434).

GARNET

The garnet group consists principally of the six subspecies, grossu-
larite, pyrope, almandite, spessartite, andradite, and uvarovite. All
are silicates but with different combinations of aluminum, magnesium,
1ron, manganese, caleinm, and chromium. When transparent, of pleas-
ing color, and relatively flawless, garnet is used as a semiprecious gemn-
stone. Arizona is well known for pyrope (“Arizona ruby”) occurrences
- on the Navajo Indian Reservation in Apache County. In addition,
andradite from the Stanley Butte area of Graham County has heen
described as gem quality (Sinkankas, 1959, p. 291). ’

Arizona’s most noted garnet locality is on Garnet Ridge (fig. 54, No.
2) about 5 miles west of Mexican Water just south of the Utah hound-
ary. Beautiful fragments of pyrope, derived from the weathering of
rocks brought to the surface by igneous activity, are abundant (Greg-
ory, 1916, p. 224). Garnets that will cut good gems over 3 carats 1n
weight are scarce, but those that will cut gems ranging from 1 to 2
carats are plentiful, and stones of less than 1 carat are abundant. (Ster-
rett, 1909, p. 826). Pyrope also occurs with peridot at Buell Park (fig.
54, No. 3), 10 miles north of Fort Defiance on the Navajo Reservation,
whero the individual garnets are smaller in average size than at Garnet
Ridge but. of good quality.

North of Stanley Butte, on the south slope of Quartzite Mountain
in Graham County (No. 4), about 10 miles southeast of Coolidge Dam,
andradito garnet 1s abundant. It occurs with other silicate minerals in
a zone of metamorphosed Paleozoic limestone near a granitic instrusive
of Laramide age. Some of the garnets have been tumbled into attrac-
tive chatoyant baroque gems and some have been faceted (Sinkankas,
1959, p. 291).

In addition to the few known occurrences of gein garnet in Arizona
there are numerous localities of common garnet (Galbraith and Bren-
nan, 1959, p. 94). Although common garnet is mined and processed in
tho northeastern United States for use as abrasives, Arizona common
garnet, for economic reasons, has not been considered suitable for com-
mercial recovery.
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MALACHITE

Malachite, a green copper carbonate, is common in the oxidized
parts of many copper deposits. Most occurrences are not. valued as gem
material. Those, however, at the Copper Queen mine (No. 5) at Bishee,
in Cochise County, have been noted as one of the outstanding Ameri-
can loealities of material suitable for cutting and polishing into decora-
tive items. Large and thick masses of material have been recovered of
which a notable example is displayed at the American Muscum of
Natural History in New York City (Sinkankas, 1959, p. 535).

MAREKANITE (APACIIE TEAR)

The popnlar name for marekanite is “Apache tear.” The “tears” ave
globules of structurally homogenous dark glass that occur in perlitic
voleanic rocks, They arve abundant in the perlite just west of Superior
(No. 6) in Pinal County, where, for a small fee, they can be collected
by the pound. After being twmbled and polished they are sold as
pendants or used in assorted silver jewelry. Production statisties are
not available, but it is probable that hundreds, if not, thousands, of
pounds are collected each year. In addition to the prineipal occurrence
near Superior, marckanite can be collected a short distance south of
Aguila (No. 7) in Maricopa County.

ONYX MARBLE

Onyx marble, sometimes called “Mexican onyx,” is composed of
banded caleite precipitated from spring waters. Timpurities such as
iron oxides add color, which, when added to intricate design, may result
in material suitable for fabrication into a wide variety of decorative
uses. An extensive deposit, exploited periodically since the 1920,
oceurs by State Highway 69 at Mayer (No. 8) in Yavapai County.
Deposits near Cave Creek (No. 9) in Maricopa County and 10 miles
southwest of Ashfork (No. 10) in Yavapai County, have also heen
worked.

PERIDOT

Peridot is the greenish-yellow gem variety of the green mineral
olivine, a silicate of magnesium and iron. In Arizona peridot occurs
in two principal localities, at Peridot, Mesa (No. 11) about 214 miles
southwest, of San Carlos, Gila County, and with pyrope in and around
Buell Park (No. 3), Apache County. Peridot Mesa has been deseribed
as the most productive peridot locality in North America (Sinkankas,
1959, p. 20h). There, peridots were eroded from basaltic rocks and
are gathered by local Indians who take them to collectors and stone-
cutters in (lobe or to local traders (Bromfield and Shride, 1956, p.
686). The Buell Park occurrence is associated with a plug-shaped com-
plex of ultramafic voleanic rocks of Cenozoic age that have been eroded
and weathered to release a large volume of peridots to the local soil
(Gregory, 1917, p. 146). At one time ant hills contained a high per-
centage of small peridot grains (Sterrett, 1909, p. 834) and later,
according to Allen and Ballke (1954, p. 23) ants were still actively
transporting peridot grains. Production data are incomplete, hat m
1963 Arizona produced about 1,500 pounds of peridot. valued at $4,000
(Petkof, 1964, p. 538), an average of about $3 a pound.
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QUARTZ

Quartz, the most common mineral in the earth’s crust, is composed
of silicon dioxide, or silica. Quartz varieties, originating in a multi-
tude of geologic environments, can be divided into two major cate-
gories: (1) coarsely crystalline and (2) finely crystalline varieties.
The first category includes all varieties whose fundamental unit, crys-
tal, or grain, is visible to the unaided eye and the second category
includes all varieties whose fundamental unit can be perceived only
with magnifieation (Frondel, 1962, p. 170).

The finely crystalline category includes silicified wood, agate, and
jasper, the most abundant as well as the most popular gem materials
in Arizona; the coarsely crystalline category is less abundant, of which
amethyst is the most notable variety.

Silicified wood, which generally 1s associated with sedimentary rocks
of the Chinle Formation (Triassic), is the most widely publicized and
collected gem material in Arizona. According to Sinkankas (1959, p.
368), the Petrified Forest National Park, embracing parts of both
Navajo and Apache Counties, contains the most colorful examples of
silicified logs in existence (No. 12). Because the host Chinle Forma-
tion is widespread and is exposed over a considerable area of north-
eastern Arizona, silicified wood also is widespread, as at Beautiful
Valley (No. 13) near Nazlini on the Navajo Reservation in central
Apacge County, and near Lees Ferry (No. 11) along the Colorado
River in northern Coconino County. There are no figures on the amount
of material removed each year, but it must amount to many tons and
be worth many thousands of dollars. In addition to the “in H)lace”
sources of silicified wood, “out of place” sources, such as gravels, de-
rived in part by erosion and accumulation of the more resistant mate-
rials from the Chinle Formation, provide excellent sources of silicified
wood and other finely crystalline varieties of quartz. The Tertiary
gravels that cap the higher surfaces in the vieinity of St. Johns
(No. 15), in Apache County, are productive of colorful material.

In addition to their occurrence in sedimentary rocks, finely crys-
tnlline varieties of quartz, such as agate, jasper, and chalecedony maybe
found in voleanic rocks. Much of the popular literature directed at
“rock hounds” emphasizes localities either in or close to mountains in
the Basin and Range provinee that contain basaltic to andesitic igneous
rocks. In these, gem materials inay occur as geodes, vug linings, or frac-
ture fillings. Gravel deposits derived, at least in part, from such rocks
are choice collecting localities because the material is loose and accessi-
ble. Of the many loealities known in which finely crystalline quartz
(other than silicified wood) occurs, only a selected few are shown in
figure 54, An orbicular jasper deposit (No. 16) along Camp Creck about
18 miles north of Cave Creek, in Maricopa County, is reputed by Sin-
kankas (1959, p. 375) to be one of the finest in the world. Agate and
other forms of chaleedony occur in the Peloncillo Mountains near
Highway 666 between Saflord and Clifton (No. 17) near the Graham-
Gireenlee Clounty line; in the andesitic voleanics at the northern end
of the Tueson Mountains (No. 18) in Pima County ; near Castle ITot
Springs (No. 19) at the southern tip of Yavapai County; in gravels
near the Colorado River north of Cibola (No. 20) in Yuma County;
and in gravels between Topock and Oatman (No. 21) in Mohave
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County. For more information on loealities see Ransom (1955) and
Johnson (1959).

Although coarsely crystalline quartz is abundant, gem quality ma-
terial is scarce in Arizona. Amethyst continues to be taken from a mine
in the Four Penks area (No. 22) of the Mazatzal Mountains, Maricopa
County, and is found in vugs or druses in the silicified wood of the
Petrified Forest region. Rock crystal (clear quartz erystal) has been
collected at Crystal Peak (No. 23) 10 miles southeast of Quartzsite in
the P’lomosa Mountains, Yuma County (Sinkankas, 1959, p. 375). 'The
Diamond Rim (No. 24) just north of the highway between Payson
and Kohl’s Ranch, in Gila County, owes its name to the abundant. clear

uartz crystals associated there with the Martin Formation
(}Devonian) .
SHATTUCKITE

Shattuckite, a hydrous copper silicate, is a scarce mineral found in
the oxidized parts of a few copper deposits. Tts deep blue color is at-
tractive and in its massive form it is much sought after for lapidary
(decorative) uses. The New Cornelia open-pit mine (No. 25) at Ajo,
in Pima County, is a notable locality for this mineral. A polished mass
from this locality is on display at the American Museum of Natural
History (Sinkanlkas, 1959, p. 536).

TURQUOISE

Turquoise, also frequently found in the oxidized or upper parts of
copper deposits, is an amorphous basic hydrous phosphate of copper
and aluminum. Its color, so important in determining quality, ranges
from greenish gray to sky blue, the latter being the most sought after.
The principal sources in Arizona are in the Turquoise district of
Cochise County, Wallapai district of Mohave County, Globe-Miami

district of Gila County, and the Morenei district of Greenlee County. -

The mining of turquoise in Arizona has been carried on for at least
the last 5,000 years, for records indicate exploitation in pre-Colombizn
time. Arizona production in the early 1960, ranked first in the United
States, and in 1962 totuled about 11,500 pounds valued at about $17,000
(TTartwell and Brett, 1963, p. 586).

In the Turquoise district the principul deposits, which were redis-
covered in 1890, oceur on the west, flank of Turquoise Ridge (No. 26)
three-fourths of a mile west of Courtland. Turquoise oceurs as stringers
and nuggets in both Bolsa Quartzite (Cambrian) and in a g‘l':\?li((‘.
that intrudes the quartzite. Tn the late 1920’ one occurrence yielded
80 pounds of material valued at, $8,000 to $9,000, an average of about
$100 per pound (Sinkankas, 1959, p. 220). Overall production is not
known but amounts to thousands of pounds.

The most extensive prehistoric turquoise workings in A rizona are in
the Wallapai mining district on the southwestern side of the Cerbat
Mowntains, 15 miles northwest of Kingman. Modern production dates
from about 1883, The turquoise oceurs in several deposits in and
around Ithaca Peale (No. 27), the site of Duval Corp.'s open-pit cop-
per mine. Turquoise occurs as seams, masses, and veins in altered and
mineralized granitic rock. Tt is estimated that lessees in 1967 will pro-
duce about 20,000 pounds of chalk (soft, light-colored inferior quality
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turquoise that requires special treatment) and 1,000 pounds of gem
material (Dean Lynch, oral commun., 1968). '

The Globe-Miami district is another important copper producing
area noted for the oceurrence of turquoise (Peterson, 1962, p. 76).
Turquoise has been produced from the oxidized part of the now aban-
doned (Tastle Dome opencut mine (No. 28), and it occurs similarly at
the currently operating Copper Cities open-pit mine (also called the
Sleeping Beauty mine) (No. 29). Production records are incomplete
but thousands of pounds of turquoise-bearing material probably have
been recovered from the district. i

Turquoise is also produced by a lessee from the Morenci open-pit
mine (No, 20) operated by the Phelps Dodge Corp. It is estimated
that thousands of pounds of turquoise are produced per year.

Some excellent turquoise has come from Bisbee (No. 5) but ap-
pm"(;nt] y the material has been depleted (K. J. Coke, written: commun.,
1967). :

OUTI,dOI(

Arizona has and will continue to provide its share of the wealth,
héauty, and recreation associated with the world of gem materials.
Certain materials of limited occurrence and accessibility to the general

‘public will continue to be the most valuable, monetatily. Other ma-

terials of less monetary value, but which are widespread in occurence,
abundant, and generally accessible to the public will continue to be of
great esthetic value. Arizona is endowed with wide open spaces that
will continue to stimulate the pursuit, collection, and enjoyment of
these gem materials by the publie. New deposits to be found in both
old and new localities, coupled with established collecting sites, will
provide Arizona with a continuing supply of this valuable resource.
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GRANITIC ROCKS
(By 8. B. Keith, Arizona Burenu of Mines, Tueson, Ariz.)

INTRODUCTION

The term “granitic rock” as used here applies only to those rocks re-
sembling granite in appearance and composition, i.e., light-colored,
medium- to coarse-grained, igneous or metamorphic rocks composed
essentially of feldspars and quartz. Included are granite, grandiorite,
quartz monzonite, quartz diorite and quartz porphyry as well as syenite
(the silica-deficient equivalent of granite) and light-colored gneiss.
(ineiss is a medium- to coarse-grained metamorphic rock in which
layers or segregations of granular minerals alternate with layers of
schistose minerals. It is commonly granitic in composition and formed
by recrystallization of igneous or sedimentary rocks because of heat
and pressure within the earth’s crust. Some dark-colored, fine-grained
rocks are referred to commercially as “black granite”; such rocks are
discussed under “Basalt and related rocks” (p. 815).

Granitic rocks are widespread in the United States, occur in a wide
variety of colors and textures, and have been used extensively as dimen-
sion stone, and as crushed and broken stone. The granitic rocks of
Arizona are exposed mainly in the Basin and Range province, but only
a relatively few occurrences are of suitable quality or are so located
that they can be considered feasible for commercial exploitation.

For dimension stone, granitic rocks must break into large solid
blocks and the rock must be even grained, uniformly textured, and have
an attractive textural design and color. Nearly all granitic rocks are
jointed or have planes of weakness, called “rift” or “grain,” along
which the rock breaks or can be split most easily. The spacing of the
joints and rift or grain determine the size of the block that can be
extracted and how the block can be further split into the required
sizes and shapes. If the planes of weakness are closely spaced, the rock
is suitable only for crushed and broken stone. The presence of irregu-
Jar segregations of dark minerals; the occurrence of dikes, streaks,
veins, or bands in the rock; and the inclusion of minerals or substances
that can cause staining or deterioration are detrimental in dimension
or decorative stone. Durability under conditions of weathering and
abrasion is commonly an important requirement. The major use for
dimensional granitic rock, namely, rough or finished building stone,
paving blocks, curbing, and monuments, have decreased in recent years
because of the growing use of less expensive concrete and composition
stone. However, polished and unpolished large and thin slabs still are
in demand for special decorative exterior and interior wall facings 1n
public and private buildings and for memorial stone. The value of
granitic dimension stone sold or used by producers in the United States
in 1966 averaged about $54 per short ton, and ranged from $4.60 for
rubble to $192 for dressed monumental stone (U.S. Bur. Mines, 1967,
p. 578). :
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For use as crushed and broken stone, granitic rocks should be hard,
tough, dense, resistant to weathering and abrasion, chemically inert
and capable of being broken into equidimensional, blocky shapes. Most
granitic rocks make a high-quality crushed stone. However, weathered
and coarsely porphyritic granitic rock tend to disintegrate more
rapidly than fresh and equigranular rock. Sheeted rock breaks into
slabs and “flats” that are undesirable. Micaceous granitic rocks are
generally undesirable and rocks that have undergone chemical altera-
tion from mineralizing solutions may be weak, soft, and chemically
active, The major use of crushed and broken granitic rock is for con-
crete aggregate and roadstone. Lesser amounts are used for riprap,
railroad ballast, stone sand, poultry grit, fill, roofing gravel, and other
miscellancous purposes. The average value of crushed and broken
granitic rock, sold or used by producers in the United States in 1966,
was $1.45 per short ton and ranged from $0.52 per ton for fill to more
than $9 per ton for poultry grit (U.S. Bur. Mines, 1967, p. 584).

Propucrion, Usk, AND Sourcrs oF Surrry

Granitic rocks have been used in the United States since earliest
colonial times, particularly in the castern part of the country. The
production of granitic rock for dimension stone in 1966 totaled
626,000 short tons with a value of about $33.8 million, and was mostly
used as rough and dressed monumental stone, dressed architectural
stone for building, and as curbing and flagging. An unspecified amount
of “black granite” is included in those figures. In comparison for the
same year, more than 65 million short tons of crushed and broken
granitic rock, with a value of about $94.7 million, was reported sold
or used by producers, 84 percent having been used as concrete aggregate
and roadstone (U.S. Bur. Mines, 1967, p. 578, 584).

There was no reported production of granitic rock in Arizona in
1966, but since 1900, producers in the State have used or sold about
15,000 short tons of dimension and more than 4 million short tons
of crushed and broken granitic stone. All dimension stone was produced
prior to 1931, Burchard (1914, p. 1339) reported that gneissic granite
quarried about 7 miles south of Phoenix, Maricopa County, may have
been used in the first story of the State Capitol building. Large residual
boulders of granitic rock were quarried from a deposit 114 to 2 miles
northwest of Prescott and the dressed stone used in building the
Yavapai County Courthouse and other buildings in Prescott in the
1910’s (Burchard, 1914, p. 1339; Wilson and Roseveare, 1949, p. 47).
Also it was noted that, “The ABC Granite Company . . . operated a
quarry in Pinal County, 20 miles west of Casa Grande,” and that
“Some granite was quarried a few years ago from the Harcuvar Moun-
tains, about 6 miles northwest of Salome in [ Yuma County]” (Wilson
and Roseveare, 1949, p. 47). Some quarrying of granitic rocks for di-
mension stone undoubtedly also occurred in other localities. Kiersch
(1955, p. 33, 35) noted past production from an isolated granite oc-
currence near Hunter’s Point, Apache County, and Townsend (1962,
p. 31-32) reported some production from north of Morenci, Greenlee
County. In general, however, the granitic rocks of Arizona are either
unsuitable or too distant from markets to be competitive as dimension
stone.
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Irregular and sporadic amounts of crushed and broken granitic
rocks have been used and sold by producers in Arizona since about
1910, mainly for concrete aggregate, roadstone, and railroad ballast.
The highest annual production, in 1964, was 817,000 short tons
valued at $1.2 million. Burchard (1914, p. 1339) reported granite
quarry operations about 2 miles east of Dome, Yuma County, and
Wilson (1963) stated that two old granite quarries in the Gila River
Indian Reservation, Pinal County, furnished stone for railroad bal-
last. The production of this type of stone depends Iargely on the qual-
ity and availability of a supply close to place of use and on its ability
to compete commercially with other suitable rock types. Thus, granitic
stone operations within the State generally are small and designed for
short-term local use.

Granitie rocks occur in considerable quantities throughout the south-
western half of Arizona as indicated in figure 55. They can be sub-
divided into two main age groups; Precambrian, and Mesozoic and
Cenozoic “granitic” rocks. The Precambrian granitic intrusive and
granite gneiss bodies crop out in a wide band that extends from the
northwest to southeast corners of the State. The character and quality
of this stone is highly variable but in a few localities, such as south of
Phoenix and northwest of Prescott, dimensional stone has been pro-
duced and rock suitable for crushed and broken stone has been found
at many places. The Mesozoic granitic rocks crop out mainly in Cochise
and Yuma Counties. Some granitic gneiss has been quarried near Yuma
for dimension stone, and elsewhere some has been used locally as road-
stone. Total production has been small and mostly for governmental
agencies. Laramide (Cretaceous-early Tertiary age) granitic intrusives
and gneisses are scattered throughout much of the Basin and Range
province and consist of batholiths and stocks, or metamorphic masses
associated with the intrusives. Most of the larger bodies of granttic
rocks of this age group crop out in Pima and Santa Cruz Counties and
many have closely associated hydrothermal mineral deposits and thus
show considerable alteration which may make them unsuitable as com-
mercial stone. The youngest granitic intrusions are of Tertiary age and
they occur mainly in Cochise County. Some of this granite such as that
in the Dragoon Mountains, may be exploitable (Townsend 1962).

OvuTLoOK

Granitic rocks will continue to be a valuable Arizona resource,
particularly as a source of crushed and broken stone for concrete agere-
oate and roadstone. This material will be utilized as a substitute for the
diminishing supplies of good and readily available sand and gravel
near the population centers of the State. Migh-quality dimension
granitic rock is scarce in Arizona and extensive studies of the physical
and mineralogic character and the economic aspects of development,
quarrying, preparation, trunsportation, and use are needed to encour-
age greater exploitation. :
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GUANO, NITRATE, AND PHOSPHATE
{(By S. B. Keith, Arizona Bureau of Mines, Tucson, Ariz.)

IxTRODUCTION

Arizona does not appear to have appreciable resources of nitrates
and phosphates. Bat guano, which contains both these commodities, has
been exploited to a Iimited extent in the State and noncommercial oc-
currences of nitrate and phosphate have been reported. Nitrates and
phosphates are essential to plant and animal life and although Arizona
18 apparently deficient in commercial deposits of these commodities,
their occurrence and possibility of occurrence in the State are dis-
cussed briefly.

Guano

“Guano” is a term applied to deposits of the excrement of sea fowls,
bats, or other animal life found where dry climatic conditions exist
along sea coasts, such as bird guano along the west coast of South
America, or bat guano in caves or caverns. When comparatively fresh,
guano 1s a dry powdery mixture of organic nitrates, phosphates, and
carbonates with lime, ammonia, and other compounds in which calcium
phosphate, ammonium urate, oxalic acid and uric acid predominate.
After deposition, the more volatile and soluble compounds are slowly
eliminated and the deposit solidifies with the formation of new hydrous
phosphates, nitrates, and oxalates. The high content of phosphates and
nitrogenous matter make guano a high quality fertilizer. Bird guano
has been mined extensively from islands along the coast of Peru and
limited amounts of bat guano have been exploited throughout the
world. World reserves and resources of guano are insignificant with
respect to other sources of phosphate and nitrate and production of
guano is insignificant in the world market.

The only guano deposits of any commercial interest in Arizona are
those formed in caves and caverns fromn bat excrement. Since the
caves and caverns frequented by bats are usually limited in size and the
deposition of any sizable amount of guano requires a Jong period of
time, the tonnage in most deposits does not exceed a few hundred tons.
Bromfield and Shride (1956, p. 687) reported several bat guano de-
posits in caves on the San Carlos Indian Reservation. One of these,
about 10 miles northeast of San Carlos along the San Carlos River,
yielded about 63 short tons, valued at $15 a ton, in 1933-34. The U.S.
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Bureau of Mines (1959a, p. 126; 1959b, p. 112) reported production
of bat guano from Bat Cave in the south rim of the Grand Canyon,
60 miles north of Kingman, Mohave County. The tonnages extracted
and the value were not disclosed but appreciable amounts were shipped
to Xingman for packaging and distribution as » soil.conditioner and
Tertilizer. A guaranteed analysis of the prepared commercial product
shows: C :

Nitrogen : : : : Percent
NIt e e e 2. 00
Ammonic
Organic ____.____

Total o e e e

Phosphoric acid- (available)
Potash (water soluble) _.....

The bat guano resources of Arizona might total several thousand
tons but few, if any, of the individual deposits contain sufficient ton-
nage to be of commercial interest. -

NITRATES ' .

Nitrates are compounds of nitrogen with oxygen and other elements.
The most. common natural nitrates are those with sodium (NaNQ,)
and potassium (KNQ,). Nitrogen, a colorless, odorless, and generally
Inert guseous element, makes up 78 percent of the volume of common air
and is required for all forms of life. For commercial and industrial
use, the most important nitrogen-containing compounds are those
based on ammonia (NII,). Nitrogen compounds, mainly. the nitrates,
are used mostly in fertilizers but the largest. single industrial use is
for explosives. ‘ .

The reserves and resources of nitrogen in the atiosphere, coal de-
posits and nitrate deposits are sufficient to supply the world for all
time. Atmospheric nitrogen is the major source and is used to produce
dilute nitric acid, caleium cyanamide or ammonia from which other
mtrogenous products can be made.. Ammonia or ammonia compounds
are recovered from the gas resulting from the coking of coal. The only
large commercinl deposits of natural nitrates are the extensive deposits
m northern Chile which are estimated to contain as much as 1 billion
short tons (U.S. Bur. Mines, 1968, p. 105). There is no shortage of
nitrogen in the world from which to make nitrogen compounds, and
any deficiency is caused by a lack of production capacity.

The total nitrogen content of synthetic ammonia and natural nitrate
consumed in the United States in 1966 was 8.9 million short tons of
which only about 388,000 short tons, valued at $44 per ton, was natural
nitrate imported from Chile (U.S. Bur. Mines, 1968, p. 104). The U.S.
production of natural nitrate was negligible as are t{le U.S. resources
which are mainly in bat guano.

Extremely small occurrences of natural nitrate, additional to guano,
have been found in Arizona in several localities; these originated
largely from the leaching of guano or other organic deposits. The
nitrates occur as superficial encrustations, in seams in rock caverns or
in protected rock walls. Mansfield and Boardman (1932, p. 15-21)
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roviewed these occurrences in many parts of the State but none are con-
sidered to be of commercial interest. The numerous playas and basins
in Arizona appear to have extremely low nitrate contents as determined
from the numerous analyses of cores, cuttings, and water samples from
drill holes. Nitrogen is found with carbon dioxide and helium gas in
wells in northeastern Arizona (Picard, 1960) but it is considered a
waste product (see “Other associated gases,” p. 83). Arizona appar-
ently has no resources of natural nitrate, except guano, but could pro-
duce nitrogen and its products from the the atmosphere or from natural
gas if it became economically feasible,

ProsriraTe

Phosphate is a compound of phosphorus, an active element not found
in a free state in nature but combined with oxygen and other elements
in many minerals. The major primary occurrence is as fluorapatite
(CaF)Ca,(PO,), disseminated in igneous rocks. Weathering of such
rocks releases the phosphorus to be carried away by water, eventually
into the oceans where carbonate fluorapatite phosphate minerals are
precipitated through biological and chemical activity. Such precipita-
tion appears to be possible only under certain favorable marine condi-
tions including a restricted basin and a reducing environment in which
large amounts of organic material are preserved. These marine phos-
phate deposits, which are the most important commercial sources, are
composed of nodular phosphates, residual weathered phosphatic lime-
stones, and consolidated and unconsolidated phosphatic sediments. The
world’s major commercial reserves are in Florida, Tennessee and the
western phosphate field of Idaho, Montana, Utah, and Wyoming in
the United States; in Morocco; in the U.S.S.R.; m Tunisia; and in
Algeria. Smaller reserves and minor deposits oceur in many other
countries and some of these sources are also being exploited. Some
apatite-rich igneous and metamorphie rocks have been mined for phos-
phate but such production is small and such sources are economically
unfavorable. There is no shortage of phosphate to ineet world or U.S,
needs. The United States produced 39 million short tons of marketable
phosphate rock and apparently consumed 27 million short tons in 1966
(U.S. Bur. Mines, 1967, p. 527). Most, of the diflerence was exported.

Marine sedimentary conditions in Arizona during the geologic past
evidently were not favorable for phosphate deposition. Trace to a few
tenths of a percent phosphate have been detected in Permian and
some other Paleozoic marine shales and fossiliferous limestones but
there is no evidence that either original depositon or weathering has
produced any concentrations that could be considered of economic
interest. Apatite crystals have been noted in some igneous rocks of
the State (Galbraith and Brennan, 1959, p. 72) but not in commercial
amounts. B
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GYPSUM AND ANHYDRITE
(By S. B. Keith, Arizona Bureau of Mines, Tucson, Ariz.)

InrrODUCTION o

Gypsum, or hydrous caléium sulfate (CaS0,.2H,0), normally occurs
as a soft, compact, granular rock interbedded with limestone, shale,
dolomite, clay, and salts. Tt also occurs in a fine-grained, massive, and
sometimes translucent form called alabaster; -as sclenite, a well-
crystallized variety that may be split into clear, inflexible, transparent
sheets; as satin spar, a silky, fibrous type; and as gypsite, an earthy
mixture of gypsum erystals, clay, and silt. Gypsum may be colorless,
white, gray or hues of red, yellow, or brown. It has a hardness of 1.5
{0 2 (can'be scratched by the fingernail) and a specific gravity of 2.32.
When pure, gypsum contains 32.5 percent lime (CaQ), 46.6 percent.
sulfur trioxide (SO;) and 20.9 percent water (H,0). To be considered
commercialy, a gypsum deposit should contain not less than 80 per-
cent, gypsum and, for many purposes, not less than 90 percent. Gypsite
with as low as 50 percent gypsum may be used for some agricultural
purposes.

Anhydrite (CaSQ,) contains 41.19 percent CaQ and 58.81 percent
S0O;. Its haidness is 3 to 314 (harder than -the fingernail) and the
specific gravity is 2.89. Anhydrite is usually white or light gray, or
pale hues of blue or red. Normally it is translucent. ‘ ‘

Bedded deposits of gypsum and anhydrite result from the precipita-
tion of calcium sulfate from marine or other saline waters through
evaporation and concentration of salts within more or less restricted
hasins. ‘The deposits of caleium sulfate may be a few inches or hun-
dreds of feet in thickness, and may extend from a few to many square
miles in area. Most geologists agree that calcium sulfate was originally
deposited as anhydrite and altered to gypsum by hydration. In any
event, most gypsum deposits become anhydrite at depth. In humid
regions, gypsum may extend as far as 1,000 feet below the surface; in
semiarid and arid regions this depth is generally about 30 feet and
some isolated crystals or layers of anhydrite occur within gypsumn
beds at the surface. Gypsum beds are often thickened in the crests of
anticlines and thinned on the flanks, due to flowage to points of least
stress, (Gypsum and anhydrite, usually in minor amounts, are found
also in altered carbonate rocks and in hydrothermal and oxidized sul-
fide ore deposits where sulfuric acid-bearing waters have been active.

Uncalcined gypsum is an important ingredient that functions as
a retarder of the setting time of portland cement.; for this purpose 3
to 6 percent by weight of gypsum is mixed with the cement clinker
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in the final grinding stage of cement manufacture. Appreciable quan-
tities of gypsum and gypsite, called “land plaster,” are used in agricul-
ture in some areas of the United States where calcium and sulfur are
required or deemed beneficial as a soil additive. Anhydrite is used to
supply sulfur to such crops as peanuts. In Arizona, along with other
areas 1n the Southwest, land plaster has been used extensively to break
down the sodium content of “black alkali” soils that result from the
excessive accumulation of this element, particularly from irrigation
waters. The calcium from gypsum replaces the sodium adsorbed on
clays so that it can be leached away by heavy irrigation (Fuller, 1962;
Fuller and Ray, 1963). Alabaster has been used m sculpture and dec-
orative objects and large plates of transparent selenite were used as a
substitute for glass in windows by early settlers.

Plaster of paris, gypsum calcined at temperatures of 250° to 400° .,
is an important construction material. In calcining, three-fourths of
the water content is driven off, leaving a hemihydrate (2CaS0,.11,0)
which, when mixed with water, forms an easily worked plaster that
recrystallizes to gypsum. The plaster can be used for direct applica-
tion or it can be molded between sheets of heavy paper or other simi-
lar materials to form gypsum board (also called sheetrock or plaster-
board). Calcined gypsum is used also in making molds for industrial
machines, tools, and other objects; in crayons and chalk; in various
insulation materials; in medical, surgical, and dental plasters and
bandages; in briquetting granular materials; as a filler in paints, tex-
tiles, and papers; and as a chemical agent in brewing, making cal-
cium sulfide, and manufacturing glass. When calcined at 900°-1,000°
F., gypsum converts to anhydrite, called “dead-burned i;rypsum”
which, like natural anhydrite, is used as a desiccator and dehydrator
and in the manufacture of Keene’s cement. In Europe and Asia anhy-
drite is used in the manufacture of ammonium sulfate and sulfuric
acid.

The United States is the world’s largest producer and consumer of
gypsum; in 1966, domestic production was about 9.6 million short tons,
valued at about $35.7 million. In addition, about 5.5 million short tons
were imported to supply a large part of the requirements along the
coastal regions of the country (U.S. Bur. Mines, 1967).

Hisrory ANp Propucrion

Tho occurrence of gypsum in Arizona was noted as early as 1873 by
Gilbert (1875, p. 160-161) and the occurrence of gypsum and selenite
wero noted by Reagan (1903) and Blake (1904). Gypsum has been
produced commercially 1 Arvizona since about 1880 but it did not
become an important mineral commodity until the mid-1950’s when
the local demands for its use in cement, in construction, and in agricul-
ture required a marked increase in production. Figure 56 illustrates the
annual tonnage of gypsum produced in Arizona from 1900 to 1966.
The sharp rises and falls in recent years mainly reflect the fluctuations
and economic status of Arizona’s construction industry. The apparent
consumption of gypsum in the manufacture of portland cement 1s
shown also to emphasize its importance in gypsum production. The
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F1ouRe 56.—Annual tonnage of gypsum produced in Arizona, 1900-66.

average dollar value per ton of raw gypsum produced in Arizona has
not always followed the national average and has fluctuated widely,
depending on the quality, major use, and local demand. Until recent
years production has been very irregular,

The first reported production of gypsum in Arizona was from a
small deposit in the western foothills of the Santa Catalina Mountains
north of Tucson. The gypsum was calcined for plaster, some of which
was used in interior decorations of a cathedral in Tueson (Blake, 1904).
Between 1909 and 1914, gypsum was mined from surface beds west of
Winslow along the Coconino-Navajo County line and the raw product
was shipped to California for cement additive and agricultural uses
(Stone, 1920). From 1908 to about 1932, gypsum and gypsite were
mined intermittently from the surface east of Douglas in Cochise
County. The products were calcined to produce plaster and used also
in the manufacture of gypsum blocks for local building construction
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(Stone, 1920). In 1945 surface mining began in the San Pedro Valley
gypsuin deposits in eastern Pinal County. Since that time, these depos-
its have provided the major share of Arizona’s production, being used
in the cement plant at Rillito in Pima County, calcined in Phoenix for
plaster and gypsum board, and sold as “land plaster.” Gypsum for
agricultural use first was mined from surface deposits near Camp
Verde, Yavapat County in 1957. Since 1959 this source also has sup-
plied the gypsum for the cement plant at Clarkdale. Relatively small
and intermittent production has come from other deposits in the State,
mostly for agricultural use.

ArnizoNa GypsuM aAND ANHYDRITE DErosrrs

Table 31 lists the principal gypsum mines and occurrences in Ari-
zona and figure 57 shows their location, The active and inactive mines
in 1966 are noted. Reported occurrences of anhydrite, except in deep
drill holes, are rare and are of no economic significance. Logs of deep
drill holes 1n the Willcox area of Cochise County, the Salt River Valley
area west of Phoenix in Maricopa County, the Hualapai Valley area
north of Kingman in Mohave County, and the Supai Basin area in
east-central Arizona, show gypsum and anhydrite beds at depthsrang-
ing from a few hundred to 2,000 feet. At these depths they arc not
exploitable but they mark gypsiferous zones that may 'be traced to
outcrops and thus can be of economic interest.

Three general times of gypsum-anhydrite deposition are recognized
in Arizona: late Paleozoic, early Mesozoic, and Cenozoic. The earliest
deposition occurred principally during the Permian Period when the
gypsum beds in the Empire (fig. 57, locality No. 14), southern Whet-
stone (No. 42), Sierrita (No. 17), and Santa Rita Mountains (No. 16)
of southeastern Arizona; the Iarquahala deposit (No. 5) in Yuma
County; those in the Holbrook Basin (No. 41) of east-central Arizona,
and the reported occurrences in the red beds of the Toroweap Forma-
tion and the Kaibab Limestone in northern Arizona (Nos. 9, 33, 34,
35, 36, and 37) were deposited. The second period of deposition was
during Triassic time when gypsum was deposited with nonmarine and
ma.ine sediments of the Moenkopi Formation in northern Arizona
(Nos. 8, 29, 30, 31, and 38). The gypsum associated with undifferen-
tiated sedimentary and metamorphic rocks at the Blue Moon deposit
(No. 25) in Yuma County may be related to this period. The third
and youngest period of deposition was during Cenozoic time in the
Basin and Range province. These deposits are mainly continental,
having been formed in lakes and playas in the basin areas which were
being filled principally with alluvium, limestone, voleanic debris and,
locally, evaporites. The gypsum beds are scattered irregularly within
the basin sediments; some have been exposed by erosion but most. are
buried and are only known from drill-hole samples and logs. Thoe San
Pedro Valley deposits (Nos. 1, 2, 3, 18, and 19) in eastern Pinal County
are the largest and best exposed deposits of this period. Also of this
period is the gypsum in the Verde Formation (Nos. 4,27, 928) in castern
Yavapai County. Other Cenozoic gypsum deposits shown in figure 57
and listed in table 31 are occurrences of more geologic than apparent
economic interest.
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TABLE 31.—Gypsum mines and occurences in Arizona—Continued

Locality Locali Locality 1
No, in cality or Location Description Reaarks References No. in Locality or Location Description Remarks References
fig. 57 mine nase fig. 57 mine name
1 National Sece, 26 and 35,  Zone at least 100 &t thick in Bench mining in  Blake, 1904, 5 Harquahala SW, part of An irregular, lensing, Underground Ariz, Bur,
Cypoum T. 6 5., some localities, containing 2 open pit, p. 100-101; gypaum .T. 5 N., R, white, crystalline bed mining. Raw Mines file
R, 16 E,, seties of 1-8-ft-thick, massive, Raw gypsum Stone, 1920, 11 W., Yuma of gypaum, 1-12 ft gypsum sold data.
Pinsl County, white to grayish white, granular shipped to p. 54=563 County. On thick, in folded Permi- for agricul~
n E, side of to microcrystafline, fat-lying company cal- Ariz, Bur, S, side an (7) limestone and tural use,
San Pedro rypsum beds separated by thin eining and Mines file Harquahala shale, Thickened by Active in
Valley, 6-7 layers of calcareons and gyp- gypsum board dsta, Kts, about 7 flowage in anticlinal 1966,
wi S, of ; shate and sl 'gr plant tn mi SE, of crest, Grade probably
Winkelman, srferous shite anc silt,  Creur Phoenix; some Weaden. about 90 percent gyp-
in Cenozuic fake sediments in sold for ag- . R
Gila Group,  May be areally um,  Reaerves and re-
4 Y ricultural sources probably small,
extensive.  Exposed near surfxe use, Active N
where mined, but buricd to S, in 1966, 6 Alamo Secs, 3 and 4, Several 1= 2-1/2-ft-thick Farliest re- Blske, 1904,
and E. and eroded away to W, Springs 1. 13 S., R. massive, light hrown to corded pro- p. 100-101;
and N, except in isolated res- area 14 E,, Pima vhite gypaum beds sepa- duction in Stone, 1920,
ual hills.  Grade varies but County. 1In rated by clay partings Ariz. p. 52=54;
mostly 490 percent of mure SW, foothills in Cenozoic clay, shale (1880°s); Galbraith,
gypsum. Rescrves and re. of Santa and sandstone, Proba- calcined for 1949,
sources nat estimated but prob- Catalina bly in small lake bed. plaster in
ably in multimillion-ton range. . Mts,, 8 mi Grade of gypaum fair to Tucson, In-
NE. of Tuc~ good but reserves and active in
son, rescurces believed to 1966,
be small,
N 7 Douglas area Secs, 2 and 11- Up to 6uft-thick, irregu- Surface mining Stone, 1920,
15, T. 24 S., lar, lenses of light by Ariz, Gvp= P, 49-513
R, 28 E., and buff to white gypsum and sum Plaster Galbraith,
N aeca, 2 and gypaite at aurface over— Co., Douglas 1949,
2 Arizona Secs. 25, 26, do. Shallow open- Do. 11, T. 23 5., lying Cenozoie clay and #lock and
Gypsum 34, and 35, pit mining. R. 28 E., shale, Deposited in Plaster Co.,
T. 6 5., Ground raw Cochise Coun- lake of unknown extent, and G, 0,
R, 16 E,, gypsum pold ty. About 5 Grade of Rypsum reported Bohannon, '2'
Pinal County. * to Ariz. mi E. and 8- to he 91-95 percent; bout 1908_31 '
On E. side of Portland Ce~ 1/2 mi NE, of apparently largely Largely cal-
San Pedro ment Co, at Nouglas. mined out, cined for
Valley, 7- R{llito, Pima plaster and
1/2 i §, of County, and use fn gypaum
Winkelman, also sold for hlocks. In-
agricultural active in
use, Active N 1966.
in 1966,
8 Winslow area  Secs, 15, 16, Extensive, irccgular, §72-4-ft- Hined by Acme Stone, 1920,
3 Carcla Secs, 10 and do, Surface mining. Do. and 21, T. 19 thick hal of flat-lying, almost Cement Plas= ps 51-52,
Cypsum 14, T. 7 8., Rav gypsum N., Re 15 E,y alabasterlike gypsum on sutface ter Co, and
R. 16 E., sold for ag- Coconino and Deposit undeslain by shale Navaio Gyp-
Pinsl County, ricultural Navajo Coun~ of Mocnkopi Formation of sum and Fer-
On E. side of use, Active ties, About Teiassiv age.  Grade and tilizer Co.,
San Pedro in 1966, 3 m W, of amount of resources unknown, about 1909~
Valley, 8- Winalow, 14, Shipped
1/2 mi N, of to Calif,
Hammoth, for cement,
plaster, and
4 Arizona Sec, 11. T. 13 Gypsiferous gone, possi- Surface mining, Twenter and agricultural
Cyspum H,, R S E., bly as much as 100 f¢ Ground raw Hetzger, use., In-
(Larson Yavapai thick locally, contsin- gypaum sold 1963, p. 53, - active {n
quarry) County., On ing a saries of nearly ta Phoenix 91, 102; - 1966,
E. side of pure, vhite, mansive, Cement Corp. Ariz, Sur,
Verde Valley, microcrystalline and at Clarkdale, Mines file 9 Mokiah Wash To 40 Noy R 12 Gypsum lenses in Permian red Intermittent f.arson and
4-1/2 mi SE, granular, flat-lying and zold for data, area W,, Mohave beds between massive limestonts open-pit Biggs, 1965,
of Camp gypsum beds in inter~ agricultural County. N. of of Kaibah amd Toroweap Fms. mining by p. 128,
Verde, beadded mudstona and use, Active Wolf Hole, Grade and amount of resources Sam Bowman, Ariz, Bur.
voleanic ash of the in 1966, ot determined. Rav gvpsum Mines file
mudstone faciae of the sold for ag- data,
Verde Fm. of Cenoxofc ricultural
age. Extent of lake use. In-
bed deposit probably . active in
covers saveral square L 1966,
miles. Reserves and
resources estimated in 10 Turkey Creek T, 18 S., R, 28 Praobably in local outcrop Undeveloped, Ariz, Bur,
n{llfons of tons most~ E., Cochise of Cenozoic lake bed Mines, 1965,
1y 90 percant or more County. Alomg deposit, Nn information
RYpsum, Turkey Cresk on extent or grade.
in Sulphur

Spring Valley.
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TAnte 81.—Gypsum mines and occurrences in Arizona—Continued TABLE 31—Gypsum mines and occurrences in Arizona—Continued
Locality
Lg;:l::y Locality or Location Description Remarks References No. in Locality or Location Description Remarks References
fig. 57 mine name fig. 57 mine name
11 Turkey Creek Sec, 4, T, 18 Crystaliine and fibrous,  Undeveloped. .Coats and 21 San Carlos Sec. 16, T, 1 Three to five, white, Mined on a Bromfield and
Ridge 5., R, 26 E,, white to reddish gyp~ Cushman, S., R. 18 E,, granular gypsum beds, emall scale Shride, 1956,
Cochise toun- sum, in beds up to 6~ 1955, p. 18, Gilas County, 2-10 ft thick, in 100- for local p. 6681-683,
ty, In Sul- 1/2 fr thick, in crude- 3Imi W, of 150-ft-thick exposure use,
phur Spring 1y bedded Cenozoic sed- San Carlos in of Cenozolc mudstone,
Valley, iments, Grade probably San Carlos siltstone and sand-
low and extent unknownj Indian Reser=- atone, GCypsum includes
generally very gritty, vation, seans and pockets of
clay; deposit covered
12 Land See, 19, T. 18 Up to 10-ft-thick bed of  ['ndeveloped. Stone, 1920, by variable thicknesses
$., R, 21 K., gypsun interbedded with Thick over- pe 49-51, of overburden, Crade
Cochise Coune clay in Cenozoic cali- burden limita fair to good. Cypsum
ty, 1 mt che, sandatone, and exploitation. beds may extend through
E, of land, gravel; under thick 9-acre area and contain
. overburden, Grade and 100,000 tons of availa-
extent unknown, ble gypsum,
13 Benson Secs, 21 and Cypsun lensea and agpre-  Undeveloped. Do 22 Black Gsp 7. 7 and 8 S,, Gypsus with sssociated Exanined as Phalen, 1914,
22, T. 17 8., gates of small, platy R, 5 W, celestite, (strontium source of p. 131-133;
R, 20 E,, selenite crystals in Maricopa sulfate) interbedded {n strontium, Moore, 1936,
Cochise Coun- red clay under outcrops County, 15 tuffs in 40-50-ft~thick p. 154,
ty, 2 mt §, of coarae Cenozoic mi S, of Cila zone in Cenoroic sand-
of Henson, sandstone, Grade prob= Bend on NW, stones and conglomer-
ably poor and extent slope of ates, Outcrop extends
Umited, Sauceda Mts, about 1 mi, Probably
low grade,
14 Empire Mts, Secn, 19, 28, Three zones of irregular, Undeveloped. Stone, 1920, » )
30, and 32, lenaing gypsum beds, Difftcult ac- pe 52-54; 23 Woliday T. 7 Ny R, 6 Probably in Cenozoic lake Undeveloped, Ariz. Dept.
T. 17 8., R, 16-60 ft thick and 1-2 cess and Galbraith, E., Haricopa bed deposit, Grade and Mineral Re-
17 E.; necs. mi long in Parmian ateep dip 1949, County, by extent unknown. sources,
4 and 8, T, marl, shale,and lime- limits ex~ Verde River. 1963,
18 S., R, 17 stone ahove Naco Fm, ploitation
E,, Pima Large resources of poasibili- 24 Cave Creek Approx. secs, do, do, Do,
County. high-grade gyspum, ties, 21 and 28, T,
8 N,, R, 6
15 vail T. 16 S,, R, 16 CGypaua and gypsite lensea Undeveloped. Galbraith, 1949, E., ﬁ.,uop.
E., Piza in Cenozolc mediments. County. Near
County, Grade, thickness, and Horseshoe
axtant unknown, Dam.,
16 Santa Rita Secs, 13 and Two aress contain faulted Undeveloped, Do. 25 Blue Moon Seca, 25 and Gypeum hed, several feet  Few tons sold Sancroft, 1911,
Hes. 14, T, 18 S,, sypsun beds, 50-60 ft Pifficult ac- 26, T. 6 N, thick, exposed for sev- for local ag- p. 91-92;
R. 15 E., thick and 600-1,800 ft cess and R,17 W, eral hundred feet in ricultural Ariz. Dept,
Pima County, long, in Permian marl, steep dip Yuma Cowunty, Permian limestone, use, Mineral Re-
Near shale, and linestone a- limits ex- 10 mi SW, of Grade and extent un~ sources,
Helvetia, bove Nsco Fm, Report- ploitation Bouse near known, 1963, -
edly good grade but possibili- Hudersback
limited extent, tiea, mine in
Plomosa Mts,
17 San Xavier-- Sec, 2, T, 17 Gypsum lenses, up to 60 Undeveloped, Do,
Mineral S., R 12 E,, £t thick and 1,500- 26 Adams Approx, T. 14 Probably local Cenoroic Undeveloped. Ariz, Dept,
hill Pima County. 2,000 ft long in Permi- Noy Ro 13 W, lake bed deposft, Mineral Re-
Mn NE. aide an limestone outliers, Mohave Coun- Grade and extent un- sources,
of Sierrita Fatr to good grade but ty, Nesr known, 1963,
Mes, limited extent, Wickieup in
) Big Sandy R.
18 Reddington See. 26, T, 10 Thick beds of gypsum in high Undeveloped, Stone, 1920, Valley.
s., R, 18 E,, blutt of sediments of Gila Group Thick over- pe 54=56,
Pinal County. (Cenozon ). Grade and ex- burden prob- 27 Wingfield Approx. sec, Probably in Veede Fm (Cenozoicy do, Do,
On E, side of tent unknawn. ably limits 22, T. 13 N, lake bed associated with other
San Pedro exploitation, R. 5 E., salings in mudstone.
Valley, 6 mi Yavapail Coun-
N, of ty. S, of
Reddingtom, Camp Verde,
19 Winkelman Seca, 2 and 11, Almost pure gypsum and a  Undeveloped. Ross, 1925, 28 Camp Verde Approx, T. 14 Gypsum beds probubly in ke do. McCrory and
T. 5 S., R 1itele calcite appar— pe 48, N., R, 6 E., beds of Verde Fornaoeon { Cenos 0'Hatre,
. 16 E., Pinal encly within andesite Yavapai Coun- 2oic). 1965,
County, 3-1/2 flovs, Grade and ex~ ty, 6wl P,
ui NE, of tent unkaown, of Camp
Vinkalman, Verde.
20 Clifeon= T &4 Soy Ro 29 Gypsum replacement of Not & commer- Lindgren, 1905, 29 Snowtlake T. 13 N, Rs. Probably local lake bed Reported de- Stone, 1920,
Morenci E,, Gresnles 1imentone associated cial source. pe 120, 21-22 E., gypsum daposit in veloped and p. 51-52,
County. vith oxidized sulfide Navajo Coun- Moenkopi Fm, of Trias- possibly ex-
deposits. ty, near sic age. ploited in
Snowflake, early 1900's,
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Locality
No, in Localfty or Location Description Remarka References
fig, 57 nine name
30 Woodruff T, 16 N., R, 22 Probably Iocal lake bed Porsihly mined Stone, 1920,
E., Navato gvpsum deposit in on small p. 51-52,
County, Moenkopi Fm, of Trias-~ scale {n ear-
sic age, 1y 1900's,
1 Rlack Falls Seca, 32 and Irregular gypsum lensea, tlndeveloped, Anthony and
33, T. 26 N, locally & fe thick, others, 1955,
R, 11 E., that crop out under p. 78-83,
Coconino area 14,500 by 4,500
County, Tn ft, in Moenkopl Fm, of
E. bank Lit- Triassfe age. uypsum
tle Colorado beds overlie thin gvp-
River, SE. of aite bed and are cover-
Blaek Falls ed by overburden of
Ford, varisble thickneas,
Estimated reserves
362,500 tons that aver—~
age 97.5 percent gvpsum,
32 Detrital T. 30 N,, R, 20 Gypsum lenses in Muddv do. Longwell, 1928,
Wash W., Mohave Creek Pn, of Terti- p. 93-96,
County, ary(?) age,
3 Hack Canyon T. 36 N,, R, & Gvpaum hedn {n red bedn do, Stone, 1920,
N W., Mohave assoc{ated with Kaihab p. 51; McKee,
County, and Toroweap Fms., of 1938, p, 17~
Permian age, Lenses of 22, 35, 50-
gypsum, 1-4 ft thick, 51, 121-126;
extend over wide areas; Withington,
RYpsum alao occurs in 1962, p. 2.
limestone breccias,
Gypsum ranges from
fine grained, hard and
vhite to coarse grained,
sugary, soft and nas-
sive; locslly contains
abundant quartz sand.
34 Toroveap T. 36 N,, R, 7 do, do, Do,
Canyon W,, Mohave
County,
35 Antelope Te 39 Ny, R, 5 do, do, Do,
Wash W., Mohmve
County,
36 Wolf Mole T. 3% N,, R, 12 do, do, Do,
W,, Mohave
County,
» Hurricane T. 40 N,, R, 10 do, do, Do,
cuire ., Mohave
County,
38 Black Rock T, 39 N,, R, 12 Gypsum lenses in Moenkopi do Withington,
Springsa W., Mohave Frn, of Triassic age, 1962, p, 2.
County,
39 Rock Canyon T. 41 N,, R, 12 do. do, Do,
W,, “ohave
County,
40 Beaver Dam Approx, secs, 3 Mined inter- Moore, R. T,,

20 290 0-0H— —

and 4, T, 41
N., R, O16 W,
Mohave Coun-
ty,

23

Gypsum lenses at top of Callulle

Limestine of Late Pennsylvanian
age,

mittently for
agricultural

use,

written
comaun, ,
1967,

Locality Locality or
rlilo. in nine name Location Deacription Remarks References
8. 57
41 Fort Apache Tps. 6-9 N,, Gypsum and gypsiferous Undeveloped, Peirce and
Reserva- Re, 20-22 E,, beds, 1~40 ft thick, Gerrard,
tion Gila and apsociated with red 1966; Moore,
Navajo Coun- clastics and ailtstone 1967,
ties, in upper and lower
parts of Supai Fm, of
Permian age, FExposed
in various localities
along southern edge of
Permian Holbrook Basin,
42 Southern Secs, 32 and Local gypsiferous zone do. Graybeal, 1962,
Whetstone 33, T, 19 8., and gypsum beds inter-
Mts, R, 19 E,, bedded with siltstone

Secs. 4, 5, and dolomite, in se-
9, 10, and quence 200-400 ft

15, T. 20 s,, thick, and associated
R, 19 E,, with Epitaph Dolomite

Cochise Coun- of Naco Group of Permi-

ty. an age, About 19 mfl-
1ion ton reserve of
more than 80 percent
gypsum estimated,

REesource QuTroox

Both reserves and resources of gypsum in Arizona are extensive
although detailed exploration data on which to make definitive esti-
mates are lacking. Certainly reserves and resources are sufficient to
supply Arizona’s requirements for the foreseeable future. Gypsum and
gypsum products are readily and economically available in most
parts of the United States and there is strong market competition
between producers. Gypsum products are bulky and heavy and trans-
portation costs limit most shipments to local markets. The average
value of raw gypsum in Arizona in 1966 was $5.25 per short ton but
the value actually received by the producer from sales varied con-
siderably with the quality of the product, the amount of processing
required, the end use and transportation costs. The present and future
production of gypsum apparently depends on the Jocal markets with-
in the State and to a large extent on the economic status of the con-
struction industry but the ample reserves and resources of gypsum
in Arizona may Ke called upon in the future to supply the require-
ments of southern California.
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