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INTRODUCTION

Location

The Oatman mining district, centered near the town of Oatman in the Black
Mountains of Arizona, is about 32 km southwest of Kingman, Arizona, and 38 km
northeast of Needles, California (fig. 1; all figures and tables are at end of
report). In the past the district has been referred to as the Gold Road,
Vivian, Boundary Cone, and Oatman districts. The Union Pass or Katherine
district (Keith, Gest, and others, 1983; Keith, Schnabel, and others, 1983) is
20 km northwest of Oatman and contains deposits similar to those in the Oatman
district, but it will not be described in this report.

Historz

Gold was discovered in the Oatman and Union Pass districts in 1863 by
army personnel stationed along the Colorado River west of Oatman at Camp
Mohave (Schrader, 1909; Ransome, 1923). The first production from the Oatman
district was by John Moss from the Moss vein in 1863-1864. After a
nonproductive period beginning about 1870, gold was found in the Gold Road
vein during 1902-1903. 1In 1915 the rich orebody of the United Eastern mine on
the Tom Reed vein was located and produced gold ore until 1924 (Clifton and
others, 1980). Nearly all production from the Oatman district had ceased by
1943; only sporadic, small-scale leach operations and re—-processing of mine
tailings has continued to the present.

Production

Schrader (1909) and Ransome (1923) listed more than 85 mines in the
Oatman district. The largest and most famous of these have been the Gold
Road, Tom Reed, and United Eastern mines. Total production from the district,
based on data of Wilson and others (1967) and unpublished yearly totals, has
been estimated by Clifton and others (1980) at 3.8 million tons of ore that
yielded 2.2 million oz (troy) of gold and 0.8 million oz (troy) of silver.
Unpublished data from the Arizona Bureau of Geology and Mineral Technology
credits the Oatman district with 3.9 million tons of ore that yielded 1.98
million oz of gold and l1.15 million oz of silver. If production data from the
Union Pass district are included with those from the Oatman district, the
QOatman area has produced 4.5 million tons of ore containing 2,07 million oz of
gold and 1.51 million oz of silver. Only very minor amounts of base metals,
chiefly copper, have been recovered from the gold-silver deposits of the
Oatman district.

Reserves

Large-scale gold mining ceased in the Oatman area in 1943, due partly to
exhaustion of ore and partly to government restrictions on gold mining during
World War II. Despite past exploration in the area by numerous companies, no
major production has come from the Oatman or Union Pass districts since
1943, However, reserves calculated from drill hole data are 200,000 tons
averaging 0.2 oz per ton gold at the United Eastern mine in the Oatman
district, and 300,000 tons averaging 0.l oz per ton gold at the Tyro mine and
20,000 tons averaging 0.2 oz per ton gold at the Frisco mine in the Union Pass
district (P. W. Durning (Fischer-Watt Mining Co.) and L. H. Knight (Hecla
Mining Co., written commuun,, 1983).



Similar Deposits

The ore deposits of the Oatman area are gold-bearing quartz—calcite veins
which occupy fault fissures in Tertiary volcanic rocks. The vein mineralogy
(Lausen, 1931), temperatures of formation (Clifton and others, 1980; Smith,
1984), and restricted vertical range of the ore bodies suggest that they are
epithermal in nature and are similar to Tertiary epithermal gold-bearing
deposits at Tonopah, Nevada, Guanajuato, Pachuca Real del Monte, and
Tayoltita, Mexico, and Cripple Creek and Creede, Colorado. Because of their
virtual lack of base-metal minerals, extremely low pyrite content, and simple
electrum mineralogy, the veins of the Oatman district most closely resemble
those at Goldfield and at Jarbidge, Nevada (Buchanan, 1981; Ashley, 1979).

GEOLOGIC SETTING

The gold-bearing veins of the Oatman district (fig.2) are localized in
mid-Tertiary volcanic rocks and associated hypabyssal stocks (Ransome, 1923;
Lausen, 1931). Most of the volcanic and plutonic rocks are of late Oligocene
to early Miocene age, about 30 to 15 Ma. Stratigraphic descriptions are from
Thorson (1971), slightly modified by Clifton and others (1980) and by this
study. Chemical data are from Ransome (1923), Wells (1937), Thorson (1971),
and Conoco Minerals Company (unpub. data, 1985). A summary of the major
element chemistry is presented in table 1.

Rock names used in this paper are based on the chemical classification of
De la Roche and others (1980) and are listed in table 2. Even though a rock
unit may have a formal name such as the Esperanza Trachyte (Ransome, 1923),
the Esperanza will be referred to as a quartz latite in the text because of
its major element chemistry and position on the De la Roche grid (fig. 3).

The volcanic and plutonic rocks at Oatman, with the exception of the
youngest basalt flows, appear to be a cogenetic suite characterized by a
distinct chemistry. All units are metaluminous (Shand, 1927) except for a few
rocks from the Antelope Quartz Latite and the Alcyone Formation. Considered
together, the units form an alkali-calcic suite with a Peacock (1931) index of
§i0y = 55-58. In terms of combined Naj0 + K90 (fig. 4A) the suite straddles
the alkalic/subalkalic boundary used by Anderson (1983). All the units except
the youngest basalt are high—-K rocks (Peccerillo and Taylor, 1976) as shown in
figure 4B and resemble shoshonites as defined by Morrison (1980). Most of the
subalkalic units have Fe/Fe+Mg typical of magnesium-rich suites (Miyashiro,
1974), and most alkalic units have Fe/Fet+Mg typical of iron-rich suites
(table 2).

Volcanic and volcaniclastic rocks

The oldest volcanic rocks of the Oatman area (fig. 2) are unnamed basalt
flows and basaltic volcaniclastic rocks that unconformably overlie
metasedimentary schist and metaplutonic gneiss of Precambrian X age and
younger coarse-grained Katherine granite of Precambrian X or Y age.

The Alcyone Formation, a succession of tuffs, flows, sedimentary tuff
breccias, welded tuffs, and landslide breccias, unconformably overlies the
unnamed basaltic units and is present throughout the western part of the
Oatman area. The lower and middle welded tuffs are iron-rich alkalic quartz
trachyte (De la Roche and others, 1980) that have low calcium and high
potassium contents, whereas the upper lava flows and plugs are subalkalic
quartz latite. The tuffs and flows form distinctly bimodal groups on plots of
major element chemistry (figs. 3, 4A and B) and trace element chemistry (figs.




5A and B). Welded tuffs and flows consist of 65 percent groundmass and 35
percent phenocrysts of sanidine, plagioclase, biotite, and minor pyroxene and
quartz., The Alcyone is 450 to 730 m thick and shows local thickening in an
inferred volcanic depression centered about 8 km northwest of Oatman.

A group of three units, the “middle volcanics” of Thorson (1971),
unconformably overlies the Alcyone Formation. From bottom to top, these units
are the Esperanza Trachyte, Oatman Latite, and Gold Road Latite. The
Esperanza is an alkalic quartz latite lava flow, or flows, that contains an
average of 10 percent phenocrysts, predominantly plagioclase and biotite. The
Esperanza is found only to the south of Oatman, from near the ghost town of
01d Trails to south of Boundary Cone, (fig. 2) and ranges in thickness from 60
to 300 m.

The Oatman Latite is perhaps the most well-known rock unit in the area,
as it hosts many of the gold-bearing veins of the district. The Oatman ranges
in composition from a dacite to an andesitic basalt (fig. 3), but averages a
subalkalic latitic andesite (table 2). It has been variously referred to as a
latite (Thorson, 1971) or an andesite (Ransome, 1923; Lausen, 1931). The unit
is composed of flows, tuffs, and flow breccias. A typical rock consists of 55
percent groundmass and 45 percent phenocrysts of plagioclase (Ang,_47),
orthopyroxene, and clinopyroxene. The Oatman overlies the Alcyone north of
Old Trails, and thins markedly to the south away from the Tom Reed and Gold
Road mines (fig. 2), where it is estimated to be 300 m thick (Clifton and
others, 1980).

The Gold Road Latite conformably overlies the Oatman Latite and is
composed of lithic ash beds, vent breccias, and flows. Most of the productive
mines that are not in the Oatman Latite are in the Gold Road Latite. The Gold
Road ranges from subalkalic to alkalic dacite. The lower part contains 30
percent phenocrysts of plagioclase (An4p_47), clinopyroxene, orthopyroxene,
and minor amounts of quartz, biotite, and potassium feldspar; the upper part
averages 40 percent of the same phenocrysts, but no quartz is present. The
Gold Road attains a maximum thickness of 240 m, although Thorson (1971)
suggested that it may have been as much as 900 m thick before erosion and
deposition of the upper volcanics.

Considered as a co-magmatic group, the middle volcanics have a Peacock
index of 57 and are magnesium~rich (table 2). They have anomalously high
strontium and rubidium concentrations (fig. 5) as compared to high-K, calec-
alkalic andesites and dacites (Gill, 1981).

The upper volcanics of Thorson (1971) unconformably overlie the middle
volcanics and contain vein and fault-vein systems similar to the middle
volcanics, but do not host any gold deposits in the Oatman area. From bottom
to top, the upper volcanics consist of the dominantly volcanic Antelope Quartz
Latite, Cottonwood Formation, Flag Spring Trachyte, and Meadow Creek Trachyte,
and the dominantly volcaniclastic Sitgreaves Tuff, which is temporally
equivalent to all the upper volcanic units.

The Antelope Quartz Latite and Cottonwood Formation are flows and domes
of subalkalic rhyodacite to rhyolite, and rhyolite to alkali rhyolite,
respectively (fig. 3). Both the Antelope and Cottonwood contain approximately
70 percent groundmass and 30 percent phenocrysts, the phenocrysts being
dominantly plagioclase (An29_34 in Antelope), biotite, potassium feldspar,
quartz, hornblende, and minor clinopyroxene and orthopyroxene. Both units
have high rubidium contents; the Cottonwood has anomalously high strontium
contents (fig. 5).



The Flag Spring Trachyte and Meadow Creek Trachyte are iron-rich, alkalic
to subalkalic quartz latite flows, agglomerates, and flow breccias that
compositionally resemble the Esperanza Trachyte (figs. 3, 4A and B). Both
units contain 15 to 25 percent phenocrysts of plagioclase, biotite, and minor
hornblende. Both units have very high strontium contents and appear to be
transitional in chemistry between the middle volcanics and the Antelope and
Cottonwood.,

The Sitgreaves tuff is one of the few dominantly volcaniclastic units in
the area. It contains much conglomerate and air-fall tuff, and many lithic
fragments from the upper volcanics.

The upper volcanics are unconformably overlain by flat-lying to very
gently east-dipping basalt flows and interbedded white conglomerate and
rhyolitic ash. The entire sequence is as thick as 300 m. Phenocrysts in the
basalt are plagioclase, olivine, and clinopyroxene. The basalt and rhyolite
belong to a low-K suite that is probably younger and unrelated to the
underlying high-K suite.

Regional Correlations

Thorson (1971) correlated the middle and pre-middle volcanic rocks in the
Oatman area to the Patsy mine Volcanics (Longwell, 1963) in the Eldorado
Mountains of Nevada, 85 km northwest of QOatman., The upper volcanics were
correlated to the Golden Door Volcanics of Longwell (1963) in the Eldorado
Mountains, and the capping olivine basalt was correlated to the Fortification
basalt near Lake Mead (Thorson, 1971). Anderson (1978) slightly modified the
correlations and suggested that the middle and pre-middle volcanic rocks in
the Oatman area may be temporally equivalent to the lower part of the Patsy
mine Volcanics, and that the upper volcanics were temporal equivalents of the
middle part of the Patsy mine Volcanics. Anderson and others (1972) and
Anderson (1978) suggested that the two areas contain no truly correlative rock
units, inasmuch as the volcanic suites in the two areas, although
chronologically and chemically similar, may have evolved separately. Tertiary
volcanic rocks of similar chemistry were noted by Otton (1982) in the Date
Creek basin, 130 km southeast of Qatman.

Intrusive Rocks

Two small stocks and a series of dikes intrude the volcanic rocks in the
Oatman area. The Moss Porphyry is a north-northwest-elongate stock, 3 by 6
km, that intrudes the Alcyone Formation, Gold Road Latite, and Oatman Latite
north of Silver Creek (fig. 2). The Times Porphyry is a roughly triangular-—
shaped laccolith that intrudes the Alcyone and is in fault contact with the
Oatman south of Silver Creek and northwest of Oatman. Rhyolite and rhyolite
porphyry dikes and small plugs intrude volcanic units as young as the upper
flows in the Cottonwood; in the Oatman area they are localized along the same
fractures as the northwest-trending gold-bearing veins and fault-veins.
Boundary Cone and Elephant”s Tooth (fig. 2), two prominent landmarks in the
Oatman area, are volcanic necks composed of rhyolite porphyry.

The Moss Porphyry is a concentrically zoned stock with an outer
monzodiorite border, an inner porphyritic tonalite to quartz monzonite margin,
and a central tonalite-granodiorite core. The modal average (Streckeisen,
1973) of the core phase is monzogranite (table 2). Both porphyritic margin
and core have the same mineralogy and are composed of plagioclase (An29_32 and
Angg_5q respectively), potassium feldspar, quartz, biotite, and minor amounts
of clinopyroxene and orthopyroxene. The Moss Porphyry is subalkalic to




slightly alkalie, and, in terms of Fe/Fe+Mg, is magnesium~rich. By virtue of
its major element composition, the Moss most closely resembles the Gold Road
Latite; its rubidium and strontium contents are intermediate between the
middle volcanics and the upper volcanics.

The Times Porphyry is a reversely zoned granophyric laccolith with a
highly siliceous border and a less siliceous core. Both border and core are
subalkalic granite—alkali granite that have a similar mineralogy of potassium
feldspar, quartz, plagioclase (Any;), biotite, and minor hornblende. Modal
averages indicate the Times is a syenogranite (fig. 2). The Times most
closely resembles alkali rhyolite of the Cottonwood in both major and minor
element chemistry.

The rhyolite and rhyolite porphyry dikes, sills, and necks such as
Boundary Cone and Elephant”s Tooth have compositions similar to the Times
Porphyry, but with extremely high Ky0 contents (7-9 percent). This K50
enrichment is probably the result of hydrothermal alteration associated with
quartz-calcite-adularia veins which parallel the rhyolite bodies and locally
cut them.

Initial strontium isotope ratios have been determined for the Oatman
La ite nd the Moss Porphyry (table 3). Both units have high initial ratios

Sr/ Sro) that average 0.7106, indicating a crustal contaminant in the
magmas or derivation of the magmas from Proterozoic crustal material. This
contamination or derivation from a source region in the crust is consistent
with the shoshonitic geochemistry of the Tertiary volcanic and plutonic rocks.

Age of the Stratified and Intrusive Units

Conventional K-Ar dates (Thorson, 1971) have been determined for two
units in the volcanic sequence, the Gold Road Latite and the Antelope Quartz
Latite (table 3). All dates have been recalculated with the decay constants
recommended by Steiger and Jaeger (1977). Biotite from the Gold Road yields a
date of 18.6 * 0.9 Ma and biotite from the Antelope is 19.2 * 0.9 Ma.
Conventional K-Ar dates have also been determined by Thorson for the Moss
Porphyry and Times Porphyry. Hornblende from the Times has a K-Ar date of
%8 .1 i 1 8 Ma (DeWitt, unpub. data, 1986, reanalyzed this hornblende using the

Ar/ Ar technique and obtained a plateau date of 18.8 £ 0.1 Ma) and biotite
from the Moss has a date of 10.7 £ 0.5 Ma.

The dates from the Gold Road and Antelope overlap within analytical
uncertainty and indicate that the volcanic units beneath the Antelope are
older than about 19 Ma. The Alcyone Formation is intruded by the Times
Porphyry and therefore must be older than about 18.8 Ma. Basalt flows beneath
the Alcyone are undated, but are presumed to be of Miocene-Oligocene age. The
10.7 Ma biotite date from the Moss Porphyry should be interpreted only as a
m1n1mum age for the Moss, as the retention temperature of argon in biotite
(~225° C) is much lower than the emplacement temperature of the pluton. If
the Moss is temporally related to the Gold Road Latite, as its major and minor
element chemistry suggests, the age of the pluton is probably about 20 Ma.

In order to more precisely determine the age of the volcanic and plutonic
rocks, zircon from the Times and Moss Porphyries was dated by the U-Th-Pb
method (table 4). Three nonmagnetic zircon fractions from the Moss have
discordant dates and define a discordia with a lower intercept of 18.6 £ 4 Ma
and an upper intercept of 1673 + 36 Ma (York, Model 1 solution; uncertainties
are 95% confidence limits). The analyzed zircon contain minute inclusions of
dark, rounded zircon of presumed Proterozoic age. The discordia is thus
interpreted as a mixing line between inherited Proterozoic zircon and new




Early Miocene zircon that crystallized during emplacement of the Moss
Porphyry. The 18.6 t 4 Ma csgstallization age of the Moss is further
substantiated by the 2 Th/ Pb date of 20.9 Ma for the -400 mesh size
fraction. Zircon from this size fraction is very thorium rich (U/Th ratio
about 0.5) as compared to most zircon (U/Th about 2-4). Therefore the young
thorogenic lead overwhelms the inherited Proterozoic thorogenic lead and the
Th-Pb date is approximately the same as that derived from the lower intercept
with concordia.

Dates of the finest—-grained zircon available from the Times Porphyry are
much more discordant than those from the Moss Porphyry, and hence a lower
intercept defined by more than one point was not attempted. If the 1670 Ma
upper intercept date of the Moss is used and a discordia is projected through
the zircon from the Times, the lower intercept is about 18 Ma.

Ransome (1923) and Lausen (1931) considered the Moss to be older than the
Times. Thorson (1971) cited intrusive relations and chemical trends as
evidence that the Times was genetically related to the Alcyone Formation and
was oldez thag the Moss. The U-Th-Pb dating of the Moss and Times porphyries
and the ‘Oar/?9Ar dating of the Times reported above indicates that both are
about 18 to 19 Ma. The large component of Proterozoic zircon (and hence,
radiogenic lead) in both porphyries and the saddle-shaped spectra of the
reanalyzed hornblende of the Times Porphyry suggests that small amounts of
excess argon (inherited from Proterozoic source material) are present in the
amphibole dated as 23.1 £ 1.8 Ma by Thorson (1971). Whether or not the Times
Porphyry is younger than the Moss Porphyry is not completely resolved.

Major and minor element chemistry, K-Ar dates, and field relations
suggest four major volcanic-plutonic episodes: 1) eruption of the subalkalic
to alkalic lavas of the Alcyone Formation in a volcanic depression; 2)
eruption of the alkalic to subalkalic lavas of the Esperanza, Oatman, and Gold
Road, and their intrusion by the comagmatic Moss Porphyry; 3) eruption of the
subalkalic lavas of the Antelope and Cottonwood, intrusion of the Times
Porphyry, and late emplacement of rhyolite dikes, plugs, and necks. The
spatially associated Meadow Creek and Flag Spring Trachytes have chemical
affinities to the Esperanza Trachyte of the older volcanic units and are
interpreted as the last activity of the second episode. Ore deposition
appears to have been a late feature associated with the third episode,
especially the emplacement of rhyolite dikes and plugs; 4) late covering of
all older units by olivine basalt and local rhyolite tuff units.

Regional Structure

In general, the oldest Tertiary volcanic rocks in the Black Mountains are
exposed west of Oatman and successively younger rocks are exposed to the
east. However, the Oatman and Gold Road Latites may be exposed on the far
east side of the Black Mountains (fig. 2), indicating a synclinal structure
paralleling the range crest. All volcanic units have a regional N20°W strike,
with older units dipping 20- 35° east and the youngest units being virtually
flat-lying. Emplacement of the Times Porphyry has locally domed the Alcyone
Formation. Northwest- to north-northwest—-trending faults with moderate
displacement cut the volcanic units. These faults are closely spaced and
numerous in the Oatman area where they contain the gold-bearing vein
deposits. A caldera related to the Alcyone volcanism has been proposed by
Thorson (1971), but the vein deposits do not appear to be spatially or
temporally related to it. Radially and concentrically oriented fracture sets
in the Oatman area were noted by Clifton and others (1980), with the vein
deposits being restricted to the radial set.

6



ORE DEPOSITS

Structure

The gold-bearing ore bodies in the Oatman district are localized along
northwest—-trending veins, faults, and combinations of the two (fig. 6). The
ore bodies are located in dilatant zones of the vein—-fault system that have
formed by minor lateral slip along gently curving fault planes (Clifton and
others, 1980). The deposits vary from fissure quartz veins with definite
walls, through quartz-calcite stringer zones, and faulted and brecciated
quartz veins, to gouge zones with only minor quartz-calcite vein filling.
Veins in the Gold Road Latite commonly are more distinct, less sheared, and
thinner than those in the Oatman Latite which are commonly stockworks of veins
and country rock. The strikes of the veins and faults range from N75% to
NlSOW, and the dips range from SOONE to vertical, although dip reversals to
the southwest are noted on the northwest ends of many veins. Most of the
large mines are within a 10 by 6 km area approximately centered about Oatman,
but gold-bearing veins are noted from the Moss mine in the north to south of
Boundary Cone, a distance of 19 km (fig. 2). The vein and fault systems cut
all the volcanic and plutonic units with the exception of the youngest basalt,
but the majority of large mines are located in the Oatman and Gold Road units.,

Deposits in two major structures, the Tom Reed vein and the Gold Road
vein, have produced about 90 percent of the gold from the Oatman district.
Only 2 ore bodies were exposed at the surface, one on the Gold Road vein, and
one on the Tom Reed vein, but at least a dozen or more major ore bodies were
discovered 15-150 m below the surface (Clifton and others, 1980). The Tom
Reed vein occupies the Tom Reed fault, which has 120 m of normal displacement,
all within the Oatman Latite (Ransome, 1923). The vein extends for at least
4,5 km, but major production was from a 3.5 km~long segment centered near
Oatman. This segment contained 4 rather continuously-mineralized sections,
each separated by barren sections along the vein. From north to south, the
mineralized parts were 180 m, 730 m, 570 m, and 240 m long, indicating that
half of the 3.5 km—-long productive segment was of ore grade. Ore bodies
within these mineralized parts averaged 130 m along strike, but ranged from 60
to 570 m. The ore bodies varied from 1 to 14 m in width and averaged about
4,5 m. The mined vertical interval ranged from 45 to 390 m and averaged
175 m.,

The Gold Road fault is traceable for about 2.9 km, and has a maximum
normal displacement of 90 to 120 m at its northwest end (Lausen, 1931). The
fault is within Gold Road Latite at the surface, but juxtaposes Oatman Latite
and Gold Road Latite in the subsurface; the fault trends northwest and dips
80-85° NE. The mineralized part of the Gold Road vein was at least 2 km long,
and the ore-grade segment was nearly continuous for a distance of 1.6 km. Ore
bodies within the Gold Road Latite averaged 1-2 m wide, but those in the
Oatman Latite widened to nearly 7 m. Most of the ore bodies were exposed at
the surface and extended to less than 370 m depth; their average vertical
dimension was 190 m. The average strike length of ore bodies in the Gold Road
vein was 320 m, notably longer than those in the Tom Reed vein.

Clifton and others (1980) and Buchanan (1981) noted that gold
mineralization was restricted to a vertical dimension which is everywhere less
than 310 m, and commonly averages 180 m. On a district scale, both bottom and
top of this mineralized zone are concave downward. The center of this
inverted saucer-shaped zone is midway between the United Eastern and Gold Road
Mines (Clifton and others, 1980, figures 17, 18, and 19), and has a maximum



relief of 240 m on the top of the zone and 180 m on the bottom. Therefore the
maximum mineralized vertical dimension is greatest in the center of the zone
("350 m) and decreases outward to 120 m or less.

Wallrock Alteration

Ransome (1923) noted the alteration of feldspar to aggregates of calcite,
quartz, and sericite, of biotite to chlorite, and of augite to calcite, plus
the introduction of pyrite in wallrocks near many of the gold-bearing veins,
but did not study the alteration in detail. Lausen (1931) noted kaolin as an
alteration product of plagioclase, and calcite, quartz, and chlorite as
products of the general breakdown of the groundmass of many flow units. He
also remarked on the lack of secondary sericite next to many veins, suggesting
that potassium enrichment did not occur in the adjacent wallrocks. Clifton
and others (1980) studied alteration patterns in the Oatman district in detail
and indicated that propylitic alteration near vein systems was nearly
ubiquitous and consisted of the development of the assemblage chlorite-pyrite-
carbonate minerals-montmorillonite-illite. Propylitic alteration, however, is
not a useful guide to ore, as the alteration occurred over and adjacent to
both barren and productive veins. Silicification and minor introduction of
adularia and albite along vein walls are noted in ore-bearing veins. Presence
of adularia is suggested by Smith (1984) to be one of the better guides to
ore. Another alteration guide to ore is the low-pH assemblage of
illite-montmorillonite with or without sericite-kaolinite, which Buchanan
(1981) and Clifton and others (1980) reported to overlie all productive vein
systems in the Oatman area.

Alteration intensity and type of alteration vary along and between veins
in the district. The Tom Reed-United Eastern vein system has a wide phyllic
zone that is most extensively developed near ore bodies. Within the Gold Road
vein system, alteration products are only poorly developed in the Gold Road
Latite, but are more abundant above and below the latite. Many post—-mineral
faults are characterized by argillic alteration minerals (Clifton and others,
1980).

Propylitically altered rocks from the Gold Road mine analyzed by Schrader
(1909) and from Boundary Cone reported by Wells (1937) indicate that major and
minor element exchange has taken place during alteration. S5iO;, Al;03,
Ferorals Mg0O, MnO, and TiO) in altered rocks are unchanged from the averages
reported by Thorson (1971) for fresh rocks, but Ca0, Naj0, Ky0, and Sr have
changed notably. K50 content has more than doubled, whereas Ca0 and Naj0 have
been reduced to less than half, and Sr to one-third, of their average original
values. Many of these changes probably have been accomplished by conversion
of plagioclase to adularia by potassium metasomatism.

Mineralogz

The ore and gangue mineralogy of the vein deposits is remarkably
simple. Virtually the only ore mineral is electrum which assays about 650
fineness. Shrader (1909) suggested telluride minerals occurred in minor
quantities. Trace amounts of pyrite, chalcopyrite, sphalerite, galena, and
marcasite(?) are noted. Hypogene gangue minerals are quartz, varicolored
calcite, adularia, chlorite, and minor fluorite. Pyrite is fairly common in
wallrocks adjacent to the veins, but is nearly absent in the veins. Fluorite
is noted only in small veins which cut the hypabyssal plutons and appears to
be absent in the larger vein deposits in the volcanic rocks. Calcite has
coarse—grained textures indicative of open-space filling during vein



formation. Adularia is normally microscopic and quartz is fine-grained.
Supergene gangue minerals include minor gypsum, pyrolusite, psilomelane,
hematite, limonite, wulfenite and possibly minium (Lausen, 1931). Silver is
known only in electrum, and wire gold has been reported only from minor
oxidized zones,

Electrum is seen only in high grade veins where it normally occurs within
quartz and less commonly in adularia or fluorite. Lausen (1931) found no
electrum within calcite, and very little gold in pyrite concentrates from
wallrocks adjacent to the veins. As much as 0.15 percent tellurium in
electrum is noted from samples in the Gold Road vein (Smith, 1984). Gold-
bearing quartz is characteristically a honey-yellow color and has an oily
luster (Ransome, 1923; Lausen, 1931); the color is due to minute inclusions of
chlorite (Lausen, 1931; Clifton and others, 1980), corrensite, and an
unidentified magnesium-rich mineral (Smith, 1984).

Lausen (1931) distinguished five stages of vein filling that are
determined by the color and texture of quartz and the ratio of gold to silver
in associated deposits. He suggested that early, colorless to yellow quartz
has Au:Ag of 1:6 to 2:3, and that late, pale green to honey-yellow quartz has
Au:Ag of 1:2 to 4:1 and contains more gold and silver than early quartz.

Smith (1984) determined that most of the commercially valuable ore was
deposited during the fourth of Lausen”s five stages, and was positively
correlated with the amount of adularia. Most of the samples from veins in the
Oatman area analyzed by Smith had Au:Ag of 1:2 to 1:6, but much lower ratios
(from 1:10 to 1:100) were noteds In a sample from the Gold Road vein
representing Lausen”s fourth or fifth stage and containing 35 discrete
mineralized bands, Smith determined that gold and silver concentrations
decreased and Au:Ag decreased from older to younger bands. These trends for
one stage of mineralization are opposite to the overall trends noted above for
the district.

Age of Mineralization

A mixture of adularia and quartz(?) from the Kokomo vein has a K—-Ar date
of 21.2 £ 2.1 Ma (table 3). Because the sample is impure (potassium content
of 2.56 percent), the date is only an approximation of the time of
mineralization, but it suggests that vein formation was partly coincident with
the age of emplacement of the middle and upper volcanic sequences and the
Times Porphry. Also, because veins cut the Moss Porphyry, which has a U-Pb
zircon date of 18.6 £ 4 Ma and a K-Ar cooling date of 10.7 + 0.5 Ma,
mineralization is restricted to the time interval of about 22 to 11 Ma.

Trace Elements

Few trace element studies have been made in the Oatman area, but Durning
(1980; written commun., 1982) states that, although a few anomalies do exist,
gold, silver, copper, lead, zinc, mercury, arsenic, antimony, and molybdenum
show no consistent patterns over the tops of productive ore shoots.

Gold-Silver Zonation

Both gold grades of the district and Au/(Au+Ag) have a crude zonal
pattern characterized by a central high located over the Tom Reed vein system
and lows on either side of the vein (fig. 7A and B). Gold grades (Arizona
Bureau of Geology and Mineral Technology, unpub. data, 1982) along the Tom
Reed system range from 0.19 to 0.97 oz per ton and have a weighted average of
0.699 oz per ton. By comparison, the weighted average for the Gold Road vein,



northeast of the Tom Reed, is 0.307 oz per ton. The region of highest
Au/(AutAg) trends northwesterly through the center of the district and
approximately coincides with the high-grade zone, but it is not coincident
with the zone. Near the center, Au/(AutAg) averages more than 0.700 and
decrease on either side to less than 0.400 (less than 0.300 on the southwest;
fig., 7B). This regional pattern also was noted by Smith (1984) from samples
collected along various vein systems.

The coincidence of high gold grades and high Au/(AutAg) of a regional
scale is not true at the deposit level (fig. 8). The three largest mines in
the district, the Gold Road, Tom Reed, and United Eastern, have Au/(AutAg) of
0.628 to 0.658 , but range in gold grade from 0.307 to 0.912 oz per ton.
Individual mines in the Oatman district had very constant Au/(AutAg)
throughout their productive history, suggesting very little gold-silver
zonation in the ore bodies, either vertically or laterally. The Gold Road
mine during 22 years of production of greater than 1000 tons of ore a year had
Au/ (Aut+Ag) of 0.524 + 0.062, The Tom Reed for 23 years of production of
greater than 1000 tons of ore averaged 0.609 + 0.189. The United Eastern
during 8 years of production of greater than 1000 tons of ore had Au/(AutAg)
of 0.584 = 0,108,

Because electrum is the only gold-bearing mineral in the district, the
simple gold-silver zoning (fig. 7B) suggests a gold-rich central area flanked
by silver-rich margins. For individual ore bodies, gold grade is independent
of both Au/AutAg and tonnage mined. Because most of the ore bodies in the
district were not exposed at the surface, supergene enrichment is not believed
to have greatly affected the pattern of gold grade and Au/AutAg in figure 7.

Fluid Inclusion Thermometry and Gas Analyses

Fluid inclusions in quartz, calcite, and fluorite from the Tom Reed, Gold
Road, and Kokomo veins indicate temperatures of formation of ~200-240" C
(Clifton and others, 1980; Buchanan, 1981). Smith (1984) notes that primary
fluid inclusions in quartz and calcite have homogenization temperatures of
205-255° C, and secondary inclusions have a wider range, 175-335° C.
Homogenization temperatures for both types of inclusions are slightly higher
for samples from veins in the central part of the district than for samples
from peripheral veins. Inclusions from the Gold Road, Midnight, Kokomo, and
Ben Harrison vein systems have a wide range of homogenization temperatures,
suggestive of local boiling of the hydrothermal fluid. Salinities of the
inclusions average 1.47 + 0.03 wt % NaCl equivalent. All inclusions noted by
Smith (1984) contain liquid water and water vapor, with only minor amounts of
COy vapor. Expansion of the vapor bubble during crushing tests on a sample
from the Midnight vein indicates a minimum fluid inclusion trapping pressure
of 65 bars.

Gases (primarily species of carbon and sulfur) within the fluid
inclusions are both more reduced and have lower ratios of total carbon to
total sulfur than gases in inclusions from other epithermal gold—-quartz veins
for which there is data (Smith, 1984). 1In fact, most of the gas data from
Oatman samples more closely resemble data from porphyry copper deposits and
associated epithermal base-metal deposits in Arizona. In a sample containing
35 mineralized bands from the Gold Road vein, the ratio of the amount of
oxidized gases to reduced gases decreased from older to younger bands, which
was interpreted by Smith (1984) to indicate that boiling was strongest during
deposition of the older mineralized bands. On a district scale the ratio of
oxidized gases to reduced gases was highest in the center of the district,
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suggesting that boiling was more likely to have occurred in the center where
hydrothermal fluids were hottest and gold mineralization was most
concentrated.

CONCLUSIONS

Distinguishing Characteristics

The gold-bearing quartz veins of the Oatman district are, in many
respects, typical epithermal deposits associated with mid~Tertiary volcanic
rocks. However, they are unusual for such deposits in the western United
States because of their virtual lack of base—-metal minerals, extremely low
pyrite content, and low silver content. The district has an unusually high
Au/Ag ratio ("1.7), comparable only to Goldfield and Round Mountain, Nevada
(Buchanan, 1981).

Ore Controls

Ore controls in the Oatman district appear to have been 1) curved fault
planes and resultant dilatant zones; 2) distance below the paleosurface of the
dilatant zones; and 3) fractured nature of wallrocks that controlled the
associated hydrothermal alteration. Clifton and others (1980) stressed the
importance of curved fault planes that formed during deformation and created
dilatant zones that filled with vein material. Ransome (1923) and Lausen
(1931) noted the restricted vertical dimension of ore bodies, and Clifton and
others (1980) pointed out the inverted saucer—shape of the ore horizon in the
veins as viewed on a district scale. All workers who have studied Oatman
noted the difference between low fracture density in the Gold Road Latite and
high fracture density in the Oatman Latite. This fracture density correlates
positively with the low gold grade of ore in the Gold Road Latite (Gold Road
vein, average 0,307 oz per ton), and high gold grade of ore in the Oatman
Latite (Tom Reed vein, average 0.699 oz per ton Au). A characteristic low-pH
alteration assemblage structurally overlies most ore bodies (Buchanan,

1981). Most gold-bearing veins contain trace to major amounts of adularia
(Smith, 1984), implying that the hydrothermal fluids moderately enriched in
potassium caused the alteration and deposition of precious metals.

The most important ore control may have been the chemistry of the
associated volcanic rocks rather than the factors cited above. As noted in
the section on stratigraphy, the volcanic rocks at Oatman are products of an
alkalic to subalkalic, high-K magma series and are similar in many respects to
shoshonitic rocks of continental margins (Morrison, 1980).
Characteristically, such volcanic rocks contain abnormally high amounts of
potassium, rubidium, strontium, and barium. Potassium metasomatism, in the
form of disseminated sericite and fine-grained adularia, noted in the veins of
the district, may have been facilitated by the high potassium content of the
magma series., Similar Tertiary epithermal gold-silver vein deposits at
Eldorado Canyon, Nevada (Hansen, 1962; Longwell and others, 1965) are
associated with subalkalic to alkalic, high-K volcanic rocks (Anderson,
1978). Gold-silver deposits at Round Mountain, Nevada are spatially
associated with subalkalic rhyolite that has anomalously high strontium and
barium contents and moderately elevated K0 contents (D. R. Shawe, written
commun., 1982) The gold veins at Goldfield, Nevada are likewise localized in
Tertiary volcanic rocks with elevated K,0 contents and anomalously high
strontium and barium contents (Ashley, 1979; written commun., 1982).
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Origin

The vein deposits of the Oatman district are a late-stage product of
early Miocene shoshonitic volcanism, and were formed during extensional
tectonism about 15-20 Ma. The veins are localized along northwest-trending
faults, many of which are subparallel to, or are occupied by late-stage
rhyolite dikes. The veins cut most of the dikes, but the heat and fluid
source for the veins is believed to have been genetically related to
emplacement of the rhyolite. The veins were filled by gold-bearing quartz,
calcite, and adularia at temperatures of 200—240o C as a response to local
fluid boiling and change in pH (Buchanan, 1981; Smith, 1984). The ore bodies
occupy restricted vertical intervals in the vein that were limited on the
bottom by the boiling interface and on the top by their depth below the
paleowater table (Clifton and others, 1980). Gold and silver are believed to
have been derived from the shoshonitic magma and concentrated in hydrothermal
fluids related to emplacement of late-stage rhyolite bodies. Many structural
features have controlled the localization of ore bodies within the vein
system, but the ultimate control and source of the gold and silver may been
the shoshonitic magma and derivative volcanic rocks.
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Figure 5A. Rb vs Sr plots of volcanic and plutonic rocks of the Oatman area,
Symbols as in figure 3.
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Figure 5B. Rb/Sr vs SiO, plots of volcanic and plutonic rocks of the
Oatman area. Symbo%s as in figure 3.
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Figure 7A. Contour map of gold grade, in oz per ton, of
individual deposits in the Oatman district.
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Table 3.-—K-Ar data and age calculations and Rb-Sr data for Tertiary volcanic
rocks and vein material of the Oatman area

Unit; mineral dated % K 4OAr*/40Art--1-/ Date (Ma) Reference

Moss Porphyry;

biotite 6.230 0.588 10.7 + 0.5 1
Antelope Quartz Latite;

biotite 6.430 0.175 19.2 + 0.9 1
Gold Road Latite;

biotite 6.53 U.615 18.6 + 0.9 1
Times Porphyry;

hornblende 0.822 0.122 23.1 + 1.8 1
Kokomo vein material;

adularia + quartz(?) 2,56 not reported 21.2 + 2.1 2
References

1, Thorson (1971), recalculated with decay constants in Steiger and
Jaeger (1977)
2, Conoco Minerals Company (unpub. data, 1982, 1983)

ljaOAr*/aoArt, ratio of radiogenic argon to total argon.

Unit Rb(ppm)  Sr(ppm) 875r/86sy  87Rp/86sy  875p /865,

Moss Porphyry 146 + 3 591 + 5 0.7109 + 0,0001 0,715  0.7107 + 0.0001

Oatman Latite 91 + 1 1052 + 8 0.7105 + 0.0001 0.250 0.7105 + 0.0001

87Sr/86Srm, measured strontium isotopic ratio;

87Sr/8 Srj, initial strontium isotopic ratio if rocks are assumed to be
22 Ma.
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