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The gangue minerals are largely pyrite and quartz containing small
amounts of carbonate minerals and hematite. -

Some oxidation of the vein occurred before the local deposition of
conglomerate and volcanic rocks in the middle Tertiary. Ore above
the 900 level has been enriched by supergene processes, but such en-
richment generally is unimportant.- ' '

The bulk of the ore in the vein is in large shoots that {)lunge steeply
westward ; these are sporadically connected by irregular ore shoots
that dip gently eastward. The chief controls favoring ore deposition
were zones of permeable rocks adjacent to transverse faults. The “Main
ore body” has been stoped continuously from near the surface to the
4900 level. To the east, the “Central ore bodies” are discontinuous ore
shoots that plunge ’stee‘ply westward parallel to the plunge of the
“Main ore body.” The “Central ore bodies” have been mined discon-
tinuously from the 1600 level to the 4800 level. In contrast to the Old:
Dominion vein, diabase is a favorable host rock in the Magma vein
(Hammer and Peterson, 1968). - ' , )

Below the 2000 level in the Magma mine, replacement ore bodies
occur in the Martin Limestone (Devonian). Chalcopyrite is the dom-
inant ore mineral, with a little bornite, specular hematite, pyrite,
quartz, barite, and calcite. The Martin Limestone has been recrystal-
lized, and locally is vuggy and porous. The ore bodies in the Martin
Limestone are large taﬁular masses that are elongated eastward and

lunge about 30 degrees down the dip of the beds to below the 3600
evel. Drilling has also revealed the occurrence of replacement de-
posits in the Escabrosa Limestone (Mississippian) (Hammer and
Peterson, 1968). .
Breccia Prees

Breccia pipes are generally crudely circular to elliptical pipelike
masses of broken rock fragments, which were derived in large part
from the host rock, but, in some examples, partly from foreign rocks.
Some pipes are tightly packed, whereas others have openings between
fragments that are partly filled with quartz and sulfide minerals. Many
brecoia pipes in Arizona are spatially associated with Laramide stocks
and it is assumed that the pipes are related to the igneous intrusion
and the accompanying mineralization: . T .

Mineralized brecoia pipes are important economically at Cananea,
in northern Sonora, and much interest has been shown in searching
for similar pipes in Arizona. In the Copper Creek area ‘(fig. 18, No.
11), the Childs-Aldwinkle pipe from 1933 to 1938, produced 70 mil-
lion pounds of molybdenite, 3,000 tons of copper, 700 ounces of gold,
and 27,000 ounces of silver. In this same area, the Copper Prince pipe
produced 600 tons of copper between 1926 and 1939 (Kuhn, 1941).

A cluster of breccia pipes occur in Copper Basin west of Prescott
(fig. 18, No. 6), in a complex of Precambrian metamorphic and granitic
rocks, where Johnston and Lowell (1961) report that 25 mineralized
pipes are associated with a Laramide stock. The Commercial, Copper
Hill, and Loma Prieta mines have explored three pipes to depths rang-
ing from 300 to 600 feet. Incomplete data to 1955 indicate that more
than 150,000 tons of high-silica copper oxide ore was produced from
the upper levels of the Commercial mine.
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The mineralized breccia pipes are roughly cylindrical, and the cen-
tral core is composed of heterogeneous, rotated, angular to rounded
rock fragments surrounded by a zone of nonrotated “crackle breccia,”
The fragments are cemented by quartz, pyrite, chalcopyrite, and
molybdenite (Johnston and Lowell, 1961). These mineralized breccia
pipes are potential sources of copper and molybdenite.

Massive Surripe DerosrTs

Lenses and pipelike masses of solid sulfide minerals are classified as
massive sulfide deposits. In Arizona they are found largely in Mohave
and Yavapai Counties in metamorphic rocks of Precambrian age. In
general, the mineralogy is simple, consisting of pyrite, chalcopyrite,
sphalerite, and galena in variable ratios. A small amount of quartz
and carbonate minerals (calcite, dolomite, ankerite) occur between
the sulfide grains.

The United Verde deposit at Jerome (fig. 18, No. 7) is pipelike in
form and localized in a northwestward-plunging anticline of meta-
morphosed tuffaceous sedimentary rocks intruded by dikelike offshoots
of quartz porphyry. Pyrite is the dominant mineral, and the hanging-
wall (northwest) part of the pipe is largely pyritic, locally containing
appreciable sphalerite in thin layers or disseminated between pyrite.
Chalcopyrite is the major copper mineral that forms the copper ore
shoots, and in the pyritic pipe, chalcopyrite appears in veinlets of
varying width cutting massive pyrite. The largest and highest-grade
copper ore shoots are in the footwall (southeast) part of the pipe.
These ore shoots plunge more steeply than the pyritic pipe and extend
in depth into rocks enriched in chlorite, forming a rock that the miners
called “black schist.” The black schist ore consists of chalcopyrite and
pyrite in branching and intersecting veinlets in the chloritic host. In a

- few places, some ore shoots extended in depth to weakly chloritized

quartz porphyry, forming the smallest and lowest-grade ore shoots,
which are made up of chalcopyrite veinlets cutting the quartz
porphyry. )

The United Verde Extension deposit is buried beneath Paleozoic
and Tertiary rocks to the east of the Verde fault. This ore body is
lenticular and trends eastward. The host rocks are rhyolitic flows and
tuffs, a formation that is stratigraphically below the tuffaceous rocks
exposed in the United Verde mine., Much of the ore in the United
Verde Extension deposit was high-grade chaleocite formed by the
supergene enrichment of the original pyrite-chalcopyrite massive sul-
fide; this enrichment occurred prior to the deposition of the Cambrian
sandstone, proving the ore body is of Precambrian age. In lower levels,
primary massive sulfide copper ore was mined, similar in mineralogy
to the United Verde pyritic copper ore,

These two deposits at Jerome are largely mined out, but the Big
Hole Mining Co., operating under a lease from Phelps Dodge Corp., is
mining small ore shoots left in the south and western margins of the
open pit at the United Verde mine.

Several small lenses of massive pyrite have been mined for copper in
the Precambrian metamorphie rocks southeast of Prescott, but none
are active at present. During World War IT, enriched oxide ore was
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mined from near-surface workings from three mines for direct ship-
ment to smelters, . . :

South of the Bagdad mine in western Yavapai County, three mas-
sive sulfide deposits have produced copper in the past. These deposits
contain appreciable sphalerite, and smaller amounts of chalcopyrite,
galena, and pyrite. Two mines, Old Dick and Copper Queen (fig. 18,
No. 4), have been operated by-Cyprus Mines. The Copper Queen de-
posit 1s mined out, but underground development at the Old Dick mine
1s in progress to exploit in depth a newly found lens of massive sulfide
ore, Future production of copper from this mine is expected (Baker
and Clayton, 1968), ot ‘ : L

The Antler mine in Mohave County (fig. 18, No. 2) is a massive sul-
fide deposit in Precambrian metamorphic rocks. Sphalerite, chalco-
pyrite, and galena are the chief ore minerals, associated with pyr-
rhotite and rare bornite. Early production was largely oxidized ore,
averaging 5 to 12 percent copper. During and following World War
IT, the Arizona Antler Mining Co. produced more than 6,000 tons of
primary massive sulfide ore, averaging 8.38 percent zinc, 2.43 percent
copper, 0.69 percent lead and 0.95 ounces of silver and 0.009' ounces
of gold per ton (Romslo, 1948) ; and between 1948 and 1953, the Yucca
Mining and Milling Co. produced about 60,000 tons of ore, and from
October 1950 to April 1953, milled about 35,000 tons with an average
grade of 2.54 percent copper and 6.52 percent zinc. The Standard
Metals Corp. now owns the mine. Following surface diamond drilling
in 1966, the inclined shaft has been enlarged and deepened, and de-

-velopment work is in progress on the lowest level. If sufficient ore re-

serves are blocked out by this program, Standard Metals will construct
211 s;go;lern 250-ton-per-day flotation mill (A. R. Still, written commun.,
8). : '

DisseMINATED DrEPOSITS IN SANDSTONE

Disseminated copper minerals are found in some sandstones in the
northern part of Arizona in the Colorado Plateaus province. The
boundary of this province in figure 18 is drawn differently from the
map in the chapter on “Geology,” (see fig. 4) to emphasize the area
composed largely of sedimentary rocks, Two copper deposits in the
l()}o_loffado Plateaus province are of sufficient importance to describe

riefly. : o

Aty.Iacobs Lake (fig. 18, No. 28) copper carbonate minerals
(malachite and azurite) are the dominant minerals associated with
some chalcopyrite and chalcocite. The copper minerals occur.in cherty
and limy sandstone that forms interbeds in the Kaibab Limestone
(Permian). The deposits were discovered in the early part of this cen-
tury and several unsuccessful attempts were made to process the ore.
During World War IT more than 14,000 tons of ore; ranging from 5
to 7 percent:copper, were shipped from two properties to smelters.
The U.S. Bureau of Mines drilled 152 holes in 1944 on two groups of
claims; their assay returns reveal erratic distribution of the copper
(Tainter, 1947). A

In the White Mesa district (fig. 18, No. 29), malachite and copper
silicate occur in the matrix of the Navajo Sandstone (Jurassic and
Late Triassic(?) ). Some black copper oxide is present along the walls
of fissures, forming halos around disseminated chalcocite and bornite.
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The mineralized sandstone is friable but as the copper content in-
creases, the firmer the bond. The copper minerals, in general, are
spaced along the stratification planes of the sandstone, but locally cut
across these planes. Fracture intersections are favorable loci for copper
concentration.

Two metallurgical processes, leaching and dry concentration, have
been used at White Mlésa in attempts to process the ores. The leaching
tests recovered more than 90 percent of the copper, whereas the dry
concentration tests recovered only 66 to 72 percent of the copper. The
shortage of water poses a problem for the leaching process. Mayo
(1955) has suggested that there are 2 million tons of copper-bearing
material at White Mesa with a probable grade of 0.75 percent copper.

REeserveEs AND PoTENTIAL RESOURCES

The term “reserves” designates the material that can be quantita-
tively estimated and is considered to be economically exploitable at the
time of the estimate. The term “ore reserves” is applied to deposits
being mined or known to be of such size and grade that they may be
mined profitably. Several factors must be considered in the determina-
tion of ore reserves, including the price of the metal, amount of metal
in the ore, and the cost of mining and beneficiation. As was pointed out
in the history of the Miami mine, lowering of mining and milling costs
by improved technology made it possible to convert large tonnages of
low-grade copper-bearing rock to ore. Thus, the reserves at any given
time depend on the ratio between the selling price and the cost of pro-
ducing a particular metal or metals. .

Many mining companies do not publish reserve figures for individual
mines, and it is impossible to forecast accurately the ratio between
metal prices and costs of production, so it is difficult to give a meaning-
ful figure on copper reserves in Arizona in 1968,

Nevertheless, by conservative estimate, Arizona’s copper resources
probably total about 60 million tons. Of this amount, about 30 million
tons are reserves and about 30 million tons are undiscovered, or poten-
tial, resources. The reserves are based on an analysis of the producing
mines and on the expectation that the ratio of the price of copper to the
cost of production will continue to permit a profit. The potential re-
sources are predicted on the basis of a discovery rate that is expected to
continue about as it has in the past and on expected technologic devel-
opments that will permit continued favorable cost-price ratios. At the
1968 production rate of about 700,000 tons of copper per year, the
reserves should maintain an adequate supply for the next 40 years and
the predicted resources should be adequate to sustain operations for an
additional 35-40 years. . )

Several factors, however, indicate that there will be an increase in
annual production of copper in Arizona. For example, Kennecott
Copper Corp. explored a disseminated deposit near Safford (fig. 18,
No. 26) that comprises about 2 billion tons of mineralized rock con-
taining an average of 0.41 percent copper. This mineralized rock
contains oxide copper, sulfide, and mixed oxide-sulfide minerals.
Studies are under way by the Atomic Energy Commission, U.S. Bu-
reau of Mines, and Lawrence Radiation Laboratory for a joint pro-
gram, costing $13 million, to set off a deep underground nuclear blast
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to be followed by an experiment in solution mining. If this program
is suctessful in terms of a favorable cost ratio, a large mass of min-
eralized rock will become an “ore reserve” and eventually will add to
the production of copper (Eng. Mining Jour., no. 11, 1967)..

The General “Services Administration is making agreements to
purchase future deliveries of copper for the national stockpile at
a fixed price and to advance funds to hel}i{develop newly discovered
disseminated copper deposits in Arizona. Moreover, many companies
have exploration geologists and geophysicists headquartered in Ari-
zona who are making intensive efforts to discover new deposits, par-
ticularly of the copper porphyry type. .

All of Arizona is a potentia::f' area for the discovery of new copper
deposits, but the greatest potential is in the Basin and Range province.
The largest concentration of known copper deposits is in the south-
eastern part of the Basin and Range province where there is a ton-
centration of intrusive igneous rocks of Late Cretaceous to early
Tertiary age (fig. 18). The evidence is compelling that a relationship
exists between many of the copper deposits and these intrusive rocks.
Known copper deposits also exist in the southwestern and northweéstern
parts of the Basin and Range province, where there are many out-
" crops and expected hidden %ocﬁes of Upper Cretaceous and lower
Tertiary intrusive rocks, Some of the future exploration in this area
will be costly because of a widespread cover of younger rocks over the
favorable potential copper-bearing rocks. A variety of skills will be
needed to find the deposits—geologic mapping, geochemical prospect-
ing, and various geophysical techniques.

Some additional disseminated deposits in sandstone may be found
within the Colorado Plateaus province in the Kaibab and Navajo
Formations. Such deposits will only constitute.a small part of Ari-
zona’s copper resources, but may make a significant contribution
to the local economy. ‘ L

The fact that Arizona is the leading producer of copper in the
United States is a tribute to the mining industry. It has invested
large sums of money to search for, develop, mine, and treat large
volumes of mineralized rock that contains an average of only 14 to
15 pounds of copper per ton. In some deposits costly removal of thick
overburden is necessary to expose the copper-bearing rocks for min-
ing. In other deposits, the copper-bearing rocks are so deep that costly
underground development on a large scale is required for economic
block caving. The willingness of the mining industry to invest large
sums of money and the industry’s high order of technical competence
has converted large bodies of low-grade mineralized rock to ore. Be-
cause of such willingness and competence, the future of Arizona’s
copper industry appears bright.

SELECTED REFERENCES

American Smelting and Refining Company, 1964, ASARCO Annual Report: New
York, Am. Smelting Ref. Co., 32 p.

Anderson, C. A., 1968, Arizona and adjacent New Mexico, in Ridge, J. D., ed.,
Ore deposits of the United States, 1933-1965: Am. Inst. Mining Metall. Engi-
neers, Graton-Sales Volume, v. 1, p. 1163-1190,

Anderson, C. A., Scholz, BE. A., and Strobell, J. D., Jr., 1955, Geology and ore de-
posity of the Bagdad area, Yavapai County, Arizona: U.8. Geol. Survey Prof.
Paper 278, 103 p.

154

Anderson, O. A., and Creasey, 8. 0., 1958, Geology and ore deposits of the Jerome
area, Yavapai County, Arizona: U.S. Geol. Survey Prof. Paper 308, 185 p.
Argall, G. O., Jr, ed., 1962, ASARCO’s Mission eopper: Mining World, no. 1, p.

19-42,

Arizona Star, 1959 (untitled item) : Arizona Star (daily), Nov. 24, Tucson.

Arizona Bureau of Mines, 1962, Map of outcrops of Laramide (Cretaceous-
Tertiary) rocks in Arizona: Arizona Bur. Mines (scale 1:1,000,000).

Baker, Arthur, 3d., and Clayton, R. L., 1968, Massive sulfide deposits of the
Bagdad district, Yavapai County, Arizona, in Ridge, J. D., ed., Ore deposits
of the United States, 1933-1965: Am. Inst. Mining Metall. Engineers, Graton-
Sales Volume, v. 2, p. 1311--1327.

Beall, J. V., 1965, Southwest copper—a position survey: Mining Eng., v. 17, no.
10, p. 77-92,

Bowman, A. B., 1963, History growth and development of a small mining
company : Mining Eng., v. 15, no. 6, p. 4249, .

Bryant, D. G., and Metz, H. E.,, 1966, Geology and ore deposits of the Warren
mining district, in Titley, S. R., and Hicks, C. L., eds., Geology of the porphyry
copper deposits, southwestern North America: Arizona Univ. (Tucson), p.
189-203.

Citizen, 1964 (untitled item) : Citizen (daily), Apr. 15, Tueson.

Cooper, J. R., and Silver, L. T., 1964, Geology and ore deposits of the Dragoon
quadrangle, Cochise County, Arizona : U.8. Geol. Survey Prof. Paper 416, 196 p.

Creasey, 8. C., 1965, Geology of the San Manuel area, Pinal County, Arizona : U.S.
Geol. Survey Prof, Paper 471, 64 p.

Creasey, 8. C., 1966, Hydrothermal alteration, in Titley, S. R., and Hicks, C. L.,
eds., Geology of the porphyry copper deposits, southwestern North America ;
Arizona Univ. (Tucson), p. 51~74.

Creasey, 8. C., and Quick, G, L., 1955, Copper deposits of part of Helvetia mining
district, Pima County, Arizona: U.8. Geol. Survey Bull, 1027-F., p. 301-323.

Dixon, D. W., 1966, Geology of the New Cornelia mine, Ajo, Arizona, in Titley,
S. R., and Hicks, C. L., eds., Geology of the porphyry copper deposits, south-
western North America : Arizona Univ, (Tueson), p. 123-132.

Dunning, C. H., and Peplow, E. H,, Jr., 1959, Rocks to riches: Southwest Pub-
lishing Co., Phoenix, 406 p.

Eastlick, J. T., 1968, Geology of the Christmas mine and vicinity, Banner mining
district, Arizona, in Ridge, J. D., ed., Ore deposits of the United States, 1933—
19?5: Am, Inst. Mining Metall. Engineers, Graton-Sales Volume, v. 2, p. 1191~
1210.

Eidel, J. J., Frost, J. B, and Clippinger, D. M., 1968, Copper molyhbdenum
mineralization at Mineral Park, Mohave County, Arizona, in Ridge, J. D., ed.,
Ore deposits of the United States, 1933-1965: Am. Inst. Mining Metall.
Engineers, Graton-Sales Volume, v. 2, p. 12581281, )

Engineering and Mining Journal, 1957 : Eng. Mining Jour., v. 158, no. 6.

1958 : Eng. Mining Jour., v. 159, no. 6.

1959, Duval Sulphur starts Esperanza open pit : Eng. Mining Jour., v. 160,

no. 4, p. 130.

1960, Arizona copper silicates respond to segregation: Eng. Mining Jour.,

v. 161, no. 11, p. 86-87.

1965 : Eng, Mining Jour,, v. 166, no, 11,

1966 : Eng. Mining Jour., v- 167, nos. 1, 7, 10, and 12.

1967 : Eng. Mining Jour., v. 168, nos. 4, 6, and 10-12."

Gilluly, James, 1946, The Ajo mining district, Arizona: U.S. Geol. Survey Prof.
Paper 209, 112 p.

Hammer, D. F,, and Peterson, D. W., 1968, Geology of the Magma mine area,
Arizona, in Ridee, J. D., ed., Ore deposits of the United States, 1983-1965: Am.
Inst. Mining Metall. Engineers, Graton-Sales Volume, v. 2, p. 1282-1310.

Hansen, 8. M., and Rabb. D. D., 1968, Seek profitability answer to nuelear in situ
copper leaching at Safford: World Mining, v. 4, no. 1, p. 24-27.




155

Johnston, W. P., and Lowell, J. D., 1961, Geology and origin of mineralized
breccia pipes in Copper Basin, Arizona: Econ. Geology, v. 56, p. 916-940.

Kinnison, J. B., 1966, The Mission copper deposit, Arizona, in Titley, 8. R., and
Hicks, C. L., eds.,, Geology of the porphyry copper deposits, southwestern
* North Amemca Arizona Univ, (Tucson), p. 281287,

Kirkemo, Harold, Anderson, C. A., and Greav,ey, 8. C., 1965, Investigations of
molybdenum deposits in the conterminous United States, 1942—60 U.S. Geol.
Survey Bull. 1182-E, 90 p.

Knoerr,- A. W.,, 1956, San Manuel—America’s newest large copper producer:
Eng. Mining Jour v. 157, no, 4, p. 76-100.

Komadina, G. A., 1967 Two -stage progrnm boosts Pima to 30, 000 TPD: Mining
Hng., v. 19, no. 11,p 68—72

Kuhm, T. H 1941, Pipe deposits of the Copper creek area, Arizona Econ.
Geology,v 36, p. 012—538

Kumke, C. A., 1947, Zonia copper mine, Yavapai County, Arizona: U.S. Bur.
Mines Rept. Inv. RI 4023, 6 p.

Larson, L. P.,, and Henkes, W. C., 1967, The mineral industry of Arizona, in
Minerals Yearbook, 1965, Volume II1: U.S. Bur. Mines, p. 87-113.

Lindgren, Waldemar, 1905, The copper deposits of the Clifton-Morenci district,
Arizona: U.S8. Geol. Survey Prof, Paper 43, 375 p.

1926, Ore deposits of the Jerome and Bradshaw Mountains quadrangles,
Arizona : U.S. Geol. Survey Bull. 782, 192 p.

Lowell, J. D., 1967, Discovery and exploration of the Kalamazoo ore body, San
Manuel district Arizona : Mining Eng., v. 19, no. 12, p. 41,

Lynch, D. W., 1966, The economic geology of the Esperanza mine and vicinity,
in Titley, 8. R., and Hicks, C. L., eds., Geology of the porphyry copper deposits,
southwestern North America : Arizona Univ, (Tucson), p. 267-279,

Mayo, E. B., 1955, Copper, in Metalliferous minerals and mineral fuels, v. 1 of
Mineral resources, Navajo-Hopi Indian Regservations, Arizona-Utah: Arizona
Univ. .(Tucson), p. 19-32.

McMahon, A. D., 1965, Copper, a materials survey: U.S. Bur. Mines Inf. Circ
10 8225, 340 p.

Metz, R. A., and Rose, A W., 1966, Geology of the Ray copper deposit, Ray,
Arizona in Titley, 8. R,, and Hicks, C. L., eds., Geology of the porphyry copper
deposntv southwestern North America : Arizona Univ. (Tucson) p. 176-188.

Moolick, R. T., and Durek, J. J., 1966, The Morenci district, in Titley, 8. R., and
Hicks, C. L eds., Geologv of the porphyry copper deposits, southwestern
North America Arizona Univ. (Tucson), p, 221-231.

Olmstead, H. W., and Johnson, D. W., 1966, Inspiration geology, in Titley, S. R.,
and Hicks, C. L., eds., Geology of the porphyry copper deposits, northwestern
North America : Arizona Univ. (Tucson), p. 143-150.

Parsons, A. B,, 1933, The porphyry coppers: New York, Am. Inst. Mining Metall.
Engineers, v. 15, 581 p.

270 1957, The porphyry coppers in 1956 : Am. Inst. Mining Metall. Engineers,

p.

Peterson, N. 1962, Geology and ore deposits of the Globe-Miami district
Arizona : U, S Geol. Survey Prof. Paper 342,151 p.

Peterson, N. P,, Gilbert, C. M., and Quick, G L., 1951, Geology and ore deposits

: g:he Castle Dome area, Gila.County, Arizona: U.8. Geol. Survey Bull. 971,

D

Peterson, N. P., and Swanson, R. W., 1958, Geology of the Christmas copper mine,
Gila County, Arizona U.8. Geol. Survey Bull. 1027-H, p. 351-873.

Ransome, F. I., 1804, The geology and ore deposits of the Bisbee quadrangle,
Arizona : U.S. Geol. Survey Prof. Paper 21, 168 p.

1919, The copper deposits of Ray and Miami, Arizona: U.8. Geol. Survey

. Prof. Paper 115, 192 p.

Richard, Kenyon, and Courtright J. H,, 1966, Structure and mineralization at
Qilver Bell, Arizona, in Titley, 8. R., and Hicks, C. L., eds., Geology of the
porphyry copper deposits, outhwestern North America: Arizona Univ. (Tuc-
son), p. 157-163.

22-299 0—89——11

156

Robinson, R. F., and Cook, Annan, 1966, The Safford copper deposit, Lone Star
mining district, Graham County, Arizona, in Titley, S. R., and Hicks, C. L.,
eds., Geology of the porphyry copper deposits, southwestern North America :
Arizona Univ, (Tucson), p. 251266,

Romslo, T. M., 1948, Antler copper-zinc deposit, Mohave County, Arizona: U.S,
Bur. Mines Rept. Inv. RI 4214, 14 p.

Schwartz, G. M., 1953, Geology of the San Manuel copper deposit: U.8. Geol.
Survey Prof. Paper 256, 65 p.

Simmons, W, W, and Fowells, J. E., 1966, Geology of the Copper Cities mine, in
Titley, 8. R., and Hicks, C. L., eds., Geology of the porphyry copper deposits,
southwestern North America : Arizona Univ. (Tucson), p. 151-156.

Simons, F. 8., 1964, Geology of the Klondyke quadrangle, Graham and Pinal
Counties, Arizona ;: U.S. Geol. Survey Prof. Paper 461,173 p. .

Stephens, J. D, and Metz, R. A., 1967, Copper-bearing clay minerals in oxidized
portions of the disseminated copper deposit at Ray, Arizona : Geol. Soc. America
ann, mtg. {1967] program, New Orleans, La., p. 213,

Tainter, 8. L., 1947, Apex copper property, Coconino County, Arizona : U.S. Bur.
Mines Rept. Inv. RI 4013, 23 p.

Thomas, L. A., 1968, Geology of the San Manuel ore body, in Titley, S. R., and
Hicks, C. L., eds., Geology of the porphyry copper deposits, southwestern North
America ;: Arizona Univ, (Tucsorni), p. 133-142.

Thurmond, R. E., Heinrichs, W. E., Jr., and Spaulding, E. D., 1954, Geophysical
discovery and development of the Pima mine, Pima County, Arizona—a suc-
cessful exploration project: Mining Eng., v. 6, no. 2, p. 197-202; Am. Inst.
Mining Metall, Engineers, Trans., v. 199.

U.S. Bureau of Mines, 1927-34, Mineral Resources of the United States, 1924-31,
Part I [annual volumes for the years indicated].

1933—67 Minerals Yearbook, 1932-66 [annual voluimes for the years indi-

cated].

U.8. Geological Survey, 1885-94, 1901-07, Mineral Resources of the United
States, 1883-93, 1900-06 [annual volumes for the year indicated].

5 %%?5—1901, Annual Report, Sixteenth through Twenty-first [for years

1894-99]

1908-27, Mineral Resources of the United States, 1908-23, Part I [annual
volumes for the yedrs indicated].

‘Wideman, F. L., 19668, Copper, in Minerals Yearbook 1965, Volume III: U.S.
Bur, Mines, p. 353—3 8.

GOLD
(By Richard T. Moore, Arizona Bureau of Mines, Tucson, Ariz.)

Properries, Ust, AND MargeT CoNDITIONS

Gold, which is well known to most modern civilized peoples because
of the monetary importance it enjoys, has been sought for and prized
by man for many centuries. Artifacts unearthed in Egypt and other
parts of the eastern Mediterranean region show that the yellow metal
was in use at least as long ago as 4,000 B.C. (Rickard, 1932, p.
177-179).

Chemlcally, gold is rather inert. It does not readily combine with
any of the more common solvents or reagents occurring in nature,
so 1s frequently found as a native element. The specific a,v1ty of pure
gold is 19.3, but the presence of im (i)lll‘ltles, rincipally copper and
silver, which are commonly alloyed with the naturally occurring
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metal, usually lowers it to a range between 15 and 19. Because of its
high specific gravity, the native metal concentrates readily in placers
and such deposits probably were the source for the gold used by ancient
man, The early development of uses for gold in the fashioning:of
jewelry and simple tools and fastening devices can be directly at-
tributed to its softness, ductility, and malleability, which permitted
it to be worked easily by beating and rolling it into desired shapes.

Gold has been used as a medium of exchange since earliest civiliza-
tions and the greatest use of gold in modern society is still for mone-
tary purposes. After centuries of use in coinage for transactions
between individuals, growth in worldwide commerce and population
have'placed very heavy demands on the available supply of gold. At

resent most-gold is used to back other forms of money and to satisfy
International balances of payments. ‘ :

Unlike all other commodities, because of its monetary use the price
of gold was fixed at $35 per troy ounce from 1934 to early 1968. This
Erice is still maintained for settlement of balance of trade transactions,

ut the price of gold for industrial and other nonmonetary uses fluctu-
ates in response to demand. SR T

During the past 80 years several industrial uses for gold have been
develorpes. It 18 used in electronic equipment for transmission and
switching components where extreme reliability and resistance to cor-
rosion are required, as coatings-on aircraft engine shrouds and earth
satellites to provide protection against heat and corrosion, and it is now
" being used to coat metals and ceramics for architectural applications.
Appreciable quantities also are still used for goldleaf, jewelry, labora-
tory utensils, and for specialized items of glassware and cerainic ware
(Ryan, 1965, p. 390). In 1966, our industrial consumption was nearly
6.1 million ounces (U.S. Bur. Mines, 1967). : '

The problems created by the growing shortage of monetary gold in
the United States have been further complicated by these increasing
industrial demands, a demand: which apparently cannot be met by
domestic production. In most mines in this country where gold was the
principal metal produced, the costs of mining and treatment.have risen
above the level where the present (1968) price of gold will permit the
profitable extraction of the metal. -

The seriousness of these problems has prompted the Federal Govern-
ment to initiate several programs designed to help alleviate them, In
April 1966, the Heavy Metals program was started as a joint project
of the U.S. Geo]ogicaf'Survey and U.S. Bureau of Mines to stimulate
domestic production of a group of metals in short supply; during the
first 18 months of the program about 90 percent of the project effort
was expended on gold. In addition to the Heavy Metals program, as-
sistance is available to industry in the form of loans for gold explora-
tion projects, through the Oﬂ?ce of ‘Minerals Exploration. In March
1968, the Treasury De}})la,rtment, in an additional step to alleviate the
sitnation, announced that, under agreements made with other inter-
ested nations, it would no longer buy or sell gold in the private market.
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Under these agreements the $35 per ounce price for governmental gold
stocks would be retained, but the Treasury would no %onger supply gold
to the speculative markets. The effect these actions will have on the
domestic gold mining industry is not predictable.

Probucrion Axp HisTory

In 1966, domestic mine production was slightly more than 1.8 mil-
lion ounces, or only about 10 percent of our industrial consumption
plus net exports. Of that production, 58 percent came from dry and
siliceous ores, 37 percent from base-metal ores, and 5 percent from
placer deposits. Listed in the order of importance, just four states,
South Dakota, Utah, Nevada, and Arizona, produced a total of more
than 1.5 million ounces of gold in 1966, or about 86 percent of the
total domestic production for that year (U.S. Bur. Mines, 1967, p. 236).

Since 1945, Arizona has ranked seventh or higher among the states
in yearly production of gold, and since 1960 it has annually ranked
either third or fourth, In 1966, of the 25 leading gold-producing mines
in the United States, 7 were in Arizona and for the period 1858-1967,
the State’s total recorded production of gold is more than 13.7 million
ounces valued at almost $365.5 million (Elsing and Heineman, 1936
U.S. Bur. Mines, 1935-67; Larson and Henkes, 1968). Over 95 percent
of the gold produced in Arizona since 1950 has been derived as a by-
product of base-metal mining, with copper mining accounting for
about 80 percent and lead-zinc mining about 15 percent. Siliceous and
dry ores and placer production have not contributed more than 5 per-
cent to Arizona’s gold production since 1950. This is in marked con-
trast with the period before 1933 when the siliceous and dry ores and
placer deposits accounted for at least 50 percent of the production.

The search for gold has played an important part in the development
of Arizona. The history of the early period of Arizona’s gold mining
industry has been well summarized by Wilson (1961), Wilson and
others (1984), and Heineman (1938), from which the following sketch
has been largely abstracted. ' .

The Spanish explorers, although more frequently identified with
the mining of silver, were, nonetheless, continually on the watch for
gold, and it is reported that a Castilian priest, Padre Lopez, had by
1774, extensively worked the placer deposits in the Quijotoa district
(fig. 21, No. 17). It was not until after the Gadsden Purchase, in 1853,
that Americans began entering the area to prospect, but within 10
years a large number of prospectors had arrived and several placer
deposits had been discovered. The Chemehuevis district (fig. 21, No.
13), near the confluence of Sacramento Wash with the Colorado River,
was found in 1857 ; the Gila City or Dome placers (fig. 21, No. 50), near
Yuma, were discovered in 1858; Capt. Pauline Weaver opened the
La Paz diggings (fig. 21, No. 43) in 1862; and several small but rich
gold placer deposits, such as those in the Liynx Creek (fig. 21, No. 27)
and Big Bug (No. 28) districts in the Bradshaw Mountains, near
Prescott, were being exploited in 1863. The districts containing these
and other placer deposits in Arizona are listed below in table 13.
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While the placer deposits were being developed, many lode deposits
also were found in adjacent areas, and between 1853 and 1863 several
mines were opened in what are now Maricopa, Mohave, Yavapai, and
Yuma Counties. Lode deposits in the Castle Dome district (fig. 22,
No. 95), near Yuma, and the Moss deposit in the Oatman district
(fig. 22, No. 34), Mohave County, were discovered in about 1860, and
the famous Vulture deposit in the Vulture district (fig. 22, No. 24),
near Wickenburg, Maricopa County, was found in 1863. Numerous
lode deposits were also found in the Prescott region, and in 1863 , ; . ,
Prescott was named the Capitol of the newly established Arizona ; e 0
Territory, largely on the strength of the mining developments in the i ‘ : 7 ’
vicinity. The districts containing the lode gold deposits in Arizona are
listed below in table 14. ]

By 1875, most of the placer deposits known in Arizona today had
been discovered, and by 1885 the bulk of the placer gold production
recorded for the State had been made. In the lode deposits most of the
free-milling gold was found to be superfitial and, with few exceptions,
the deposits were shortly aba,ndoneg and mining interests turned to
silver and the base metals, L . v
. A few large, rich gold deposits were still being found, however, and
in 1887, the Congress deposit in the Martinez district (fig. 22, No.
84), Yavapai County, was discovered, and in 1888, development work
on the Harquahala gold deposit in the Ellsworth district (fig. 22,
No. 91), Yuma County, was started. The demonetization of silver in
1893 was followed by a sharp business recession, and many prospec- : ! i L o
tors regained their interest in gold. The development of the cyanide ' BT e ) I (O A K ¢
process for the recovery of gold, in 1887, contributed greatly to the i
reestablishment of the gold mining industry because this made it pos-
sible to reopen many of the lode deposits in which the free-milling gold
had been exhausted, but in which gold remained in base-metal sulfides
orin very finely divided form.

During the next few years the gold industry in Arizona thrived, and : | s ) I
several large deposits were opened. In Yuma County, the Fortuna : s o2z ‘eolemise
deposit (fig. 22, No. 97) was discovered in 1895 and the King of T~ ox e
Arizona mine in the Kofa district (No. 94) was opened in 1896. Be- o ; ~ O i akhra cmuz
tween 1900 and 1917 several large gold lodes were discovered in the - T T TN feas] O e
Oatman-Katherine district (fig. 22, No. 34), Mohave County, includ-
ing the Gold Road in 1903, the Tom Reed in 1908, the United Eastern EXPLANATION
in 1915, and the Big Jim in 1916. During its years of peak production, o7
1917—23, this district pI'Odllced gOId valued at between $2.3 million Production mors than 1,000 troy ounces
and $2.8 million per year, (Wilson and others, 1934, facing p. 80), o
and its total production has exceeded 2.04 million ounces valued at Production 100 - 1,000 troy ounces
about {%6.9 million (Elsing and Heineman, 1936; U.S. Bur. Mines,
1935-67). .

After several years of moderately high gold production (see fig. 23)
the metals market began to collapse, and gold production drop:
from a high of nearly 300,000 ounces in 19