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INTRODUCTION -

The Granite Wash Mountains are one of the most structurally complicated
mountain ranges in Arizona. The northern part of the range is composed of an
imbricate stack of structurally interleaved Mesozoic sedimentary and volcanic
rocks, Paleozoic strata, and Precambrian crystalline rocks. As part of the
1983 AGS Fall field tripo, we will briefly examine the lithologies,
structures, and mineralization in the northern part of the range. The
geology and mineral deposits of the Granite Wash Mountains are currently
being studied as part of an Arizona Bureau of Geology and Mineral Technology
geological mapping project in the Phoenix 1x2 degree sheet. Geologic
research in the range is not yet finished, so all conclusions and opinions
discussed in this field trip guide must be considered PRELIMINARY.

With the exception of a thesis by Ciancanelli(1965), previous geologic
research in the area is limited to reconnaissance studies (Wilson, 1960;
Marshak, 1979; Rehrig and Reynolds, 1980; Reynolds, 1980, 1982) and somewhat

cursory examinations of gold mines of the area (see references in Keith,
1978).

REGIONAL GEOLOGIC SETTING

The Granite Wash Mountains are located in west~central Arizona, a
geologically complex and poorly understood part of the southern Basin and
Range Province. The region is situated northeast of the Mesozoic batholith
belt and southwest of the relatively stable Colorado Plateau, and has
geologic characteristics intermediate between those of the two flanking
areas. Precambrian crystalline rocks are widely exposed in this medial belt,
whereas they have been largely obliterated by plutonism in the batholith belt
and are covered by flat-lying Paleozoic and Mesozoic strata in the Colorado
Plateau. Consistent with this medial position, west-central Arizona was the
site of scattered Mesozolc-Cenozoic plutonism and metamorphism. The region
also experienced multiple episodes of post-Paleozoic thrusting and
deformation. The Paleozoic stratigraphy of the region is thin and cratonic,
and Precambrian crystalline rocks are clearly involved in thrusting.

West-central Arizona can be subdivided into three lithologically distinct
tectonic terranes whose boundaries are zones of intense deformation (Harding
and others,1983). The northernmost terrane, consisting of Precambrian
crystalline rocks with an overlying cover of cratonic Paleozoic strata and
Mesozoic volcanic and sedimentary rocks, represents the southwestern limit of
unequivocal North American craton. In at least two mountain ranges, this
terrane has been thrust southward over Mesozoic wvolcanic and sedimentary
rocks of the McCoy terrane. On its southern margin, the McCoy terrane has
been overthrust by the composite San Gabriel-Joshua Tree terrane along the
north- to northeast-vergent Mule Mountains Thrust and related structures
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INTRODOCTION

The Granite Wash Mountains are one o

mountain ranges in Arizona. The northern part of the range is composed of an
imbricate stack of structurally interleaved Mesozoic sedimentary and volcanic
rocks, Paleozoic strata, and Precambrian crystalline rocks. As part of the
1983 AGS Fall field trin, we will briefly examine the lithologies,
structures, and mineralization in the northern part of the range. The
geology and mineral deposits of the Granite Wash Mountains are currently
being studied as part of an Arizona Bureau of Geology and Mineral Technology
geological mapping project {in the Phoenix 1x2 degree sheet. Geologic
research in the range is not yet finished, so all conclusions and opinions
discussed in this fleld trip quide must be considered PRELIMINARY,

f the most structurally'éomplicated

With the exception of a thesis by Ciancanelli(1965),
research {n the area is limited to reconnaissance studies (Wilson, 1960;
Marshak, 1979; Rehrig and Reynolds, 1980; Reynolds, 1980,

1982) and somewhat
cursory examinations of gold mines of the area (see references in Keith,
1978) .

previous geologic

REGIONAL GEOLOGIC SETTING

The Granite Wash Mountains are located 1in

geologically complex and poorly understood part of the southern Basin and
Range Province. The region is situated northeast of the Mesozoic batholith
belt and southwest of the relatively stable Colorado Plateau, and has
geologic characteristics intermediate between those of the two flanking
areas. Precambrian crystalline rocks are widely exposed in this medial belt,
whereas they have been largely obliterated by plutonism in the batholith belt
and are covered by flat-lying Paleozolc and Mesozoic strata in the Colorado
Plateau. Consistent with this medial position, west-central Arizona was the
site of Scattered Mesozoic-Cenozoic plutonism and metamorphism. The region
also experienced multiple episodes of post-Paleozoic thrusting and
deformation. The Paleozoic stratigraphy of the region is thin and cratonic,
and Precambrian crystalline rocks are clearly involved in thrusting.

west-central Arizona, a

West-central Arizona can be subdivided into three lithologically distinet
tectonic terranes whose boundaries are zones of intense deformation (Harding
and others,1983). The northernmost terrane, consisting of Precambrian
crystalline rocks with an overlying cover of cratonic Paleozoic strata and
Mesozoic volcanic and sedimentary rocks, represents the southwestern limit of
unequivocal North American craton. In at least two mountain ranges, this
tecrane has been thrust southward over Mesozoic volcanic and sedimentary
rocks of the McCoy terrane. On its southern margin, the McCoy terrane has
been overthrust by the composite San Gabriel-Joshua Tree terrane along the
north- to northeast-vergent Mule Mountains Thrust and related structures
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(Tosdal,1982; Harding, 1982). The San Gabriel-J
composed of Precambrian crystalline
America (Powell, 1981),.

oshua Tree terrane is largely
rocks of uncertain affinity to North

The Granite Wash Mountains lie near or on the tectonic boundary between
cratonic North America and the McCoy terrane. Regionally, this boundary is
marked by a gently to moderately dipping thrust fault that separates two
fundamentally distinct lithologic assemblages. The pre-Cenozoic
stratigraphic sequence of the North American block includes: 1) a basement of
Precambrian metamorphic and granitic rocks; 2) a 1-1.5 km-thick sequence of
cratonic Paleozoic strata; 3) up to 2 km of intermediate to felsic volcanics
of probable Jurassic age; and 4) a clastic unit of Jurassic or Cretaceous age
that is nowhere more than 3 km thick. In contrast, the McCoy terrane is
composed entirely of Mesozoic rocks, consisting of a thick lower unit of
volcanic rocks whose base is not exposed, and an upper clastic sequence that
{s locally in excess of 7 km thick. The upper clastic sequences of the McCoy
and North American terranes, although in similar stratigraphic positions, are
stratigraphically and petrographically distinct (Harding, 1982). The name
McCoy Mountains Formation is applied to the thick clastic sequences in the
McCoy terrane, whereas the thinner sequences of the North American block are
referred to as Apache Wash Formation (Harding, 1982). Both terranes and their
mutual tectonic boundary have been locally intruded by 1late Mesozoic

granitoids and depositionally overlapped by mid-Cenozoic volcanic and
sedimentary rocks.

GEOLOGY OF THE GRANITE WASH MOUNTAINS

The Granite Wash Mountains are primarily composed of Mesozoic sedimentary,
volcanic, and granitic rocks (Figures 1 and 2). The most widely exposed
lithologic unit is an interlayered Sequence of immature clastic rocks and
intermediate to felsic volcanic rocks. The clastic lithologies include
quartzofeldspathic and 1lithic sandstone, siltstone, and conglomerate. The
volcanic rocks include andesitic flows and subvolcanic intrusions, quartz
porphyry (ash-flow tuffs(?)), and bedded tuffs. The clastic and volcanic
rocks are more highly metamorphosed in the eastern, structurally highest
parts of the range. At present, it is unknown whether these Mesozolc rocks
are correlative with 1) the McCoy Mountains Formation of the McCoy terrane,

2) the Apache Wash Formation of the North American block, or 3) some other
Mesozoic unit.

The Mesozoic rocks described above are in tectonic contact with Paleozoic
metasedimentary rocks and Precamhrian (?) crystalline rocks. The Paleozoic
metasedimentary rocks are correlative with lithologically similar middle and
upper Paleozoic formations of the region, including (from bottom to top)
Devonian Martin Formation, Mississippian Redwall Limestone,
Pennsylvanian-Permian Supai(?) Formation, Permian Coconino Sandstone, and
Permian Kaibab Formation. We emphasize that these correlations are based
soley on 1lithology and stratigraphic succession, not on any paleontologic
data. Precambrian crystalline rocks of the area include 1) high-grade,
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SIMPLIFIED GEOLOGIC MAP OF THE GRANITE WASH MTNS.
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CORRELATION OF MAP UNITS

Qo }QUATERNARY }CENOZOIC
Kg
CRETACEOUS
Kt MESOZOIC
Ms Mv Mi Ma
Pz }PALEOZOIC
p€ }PRECAMBRIAN

DESCRIPTION OF MAP UNITS

Qo Qu.fernqr/ alluvium

Kg Granite Wash Granodiorite = Medium-grained, ezu:.',ranu/ar, hornblende-brotite
jmncc(mnf‘c with dioritic border phase. Dafed af 65 and 69 my.
(k Ar 5/°f//'¢) Damon, (163, Eéer/y and Sf‘nn/ey,/?78)

Kt Tank Pass Granite- Medium- 1o f;'ne-jrm‘»ua/, lewcocratic, brotrte jram'/‘c,
Dated af = 95 m.y. (3.’,,-,12‘ Rb-Spr isochron, s. T K.ym,{,{,l “ﬂ/uéllk/lea/
dafa).

Ms Mesozore meTasedI}nenfaf/ rocks = Primarily poorly-to very poorly - sorted litho —/5//5/-7%'9
sandsfone and /ou//] inlerbedded /A////ﬁ and Co;y/ongmfl.

Mv Mesozorc volcanic and /;]/qé/rsa/ rocks = /rl'onnr/'// massive Flows [-30 m Thick of
Aok a,o/um'f/i meTavolcame rocks and associaled ghe—jrmhe‘/ hornblende

drorife ) A/,oa‘/v:fa/ infrusives.

Mi Mesotorc igneous rocks - Pocphyritic, /1//46/;}«/(?) inteusive with abundtan? 3
3 cm  AKspar /écnocr/ré in dark, m;'crocr/xﬁ///ha ground mass.

Ma Mesozorc alaskite - Fine-graimed, leucocratic, alfered, 5mm‘7‘l}- inTrusives.

Pz Paleoroic mcﬁuea‘/mwﬁvy rocks - Rcc—o.gn/zeJ formations includa Mar‘fl'n, Redwall,
Coconino, 5u,0m /faréab ond eva/w-lf'e; al HAa 7"/ ¢7r'/14 Karbab.

p€

Precambrian 3rqm‘f'¢,-jn¢|'s;— Includes medium- and Hh"j"‘""’dJ ¢2u13fuvu/l\r

and /or,o/ym'h:, brotitic jram'ﬁ'a and gnerssic rocks,
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compositionally layered, quartzofeldspathic gneiss; 2) locally porphyritic,
medium- to coarse—~grained granitic gneiss; and 3) equigranular,
medium-grained, foliated granitoid rocks. We have not, as yet, recognized

any depositional contacts between Precambrian, Paleozoic, and Mesozoic
rocks.

The structure of the Granite Wash Moutains is very complex. The Mesozoic
rocks are multiply deformed and weakly to strongly me tamorphosed. The
dominant structural fabrics are a steep, northwest-striking fracture cleavage
and a well-developed subhorizontal cleavage or schistosity that contains a
northeast-trending lineation. Refolded folds are locally common. Lithologic
units in the Mesozoic section are commonly lenticular and erratic in
distribution, possibly due to isoclinal folding. 1In addition, the Paleozoic
section {s locally attenuated and interfolded on a fine scale within the
Mesozoic units. Many Paleozoic-Mesozoic contacts are faults and ductile
shear zones, probably with significant amounts of tectonic transport. Other
contacts may represent attenuated limbs of large-scale isoclinal folds and
nappes. Isolated fault slivers and tectonic "fish" of
crystalline rocks occur along some Paleozoic~Mesozoic contacts.
preliminary mapping suggests the Presence of a major

Precambrian crystalline rocks over all Mesozoic and Pale
range,

Precambrian(?)

In addition,
thrust that places
ozoic rocks in the

The youngest pre-Cenozoic rocks in the range are two Upper Cretaceous
plutons, the Tank Pass Granite and Granite Wash Granodiorite (Rehrig and
Reynolds, 1980). Both plutons appear to intrude discordantly across all
structures in the range, including the suggested major thrust. The ages of
the Tank Pass Granite and Granite Wash Granodiorite are both constrained to

85-70 m.y.B.P. by published and unpublished K-Ar and Rb-Sr dates (Reynolds,
1982).

Cenozoic rocks in the range are limited to 1) numerous, northwest-trending
dikes; 2) gently dipping, intermediate to mafic flows and pyroclastic

deposits exposed on the western flank of the range; and 3) various
generations of gravels.

Mineralization in the range consists mostly of (Keith, 1978j:

1) Scheelite in quartz veins and pockets in metamorphosed Paleozoic and

Mesozoic rocks adjacent to the Tank Pass Granite and Granite Wash
Granodiorite; and

2) gold- and copper-bearin
in Mesozoic, Paleozoic, and P
felsic dikes.

g veins (locally accompanied by lead and silver)
recambrian rocks, commonly near intermediate to

FIELD TRIP STOPS

The main emphasis of the Granite Wash segment of the field trip is to
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present a broad overview of the rock units,
the range. We will examine the litholoqv ard structure of the Mesozoic
sedimentary and volcanic crocks in both weakly and moderately metamorphosed
conditions. Depending on the difficulty of access (due to the great flood of
83), we will also examine the tectonic interleaving of Paleozoic and
Precambrian rocks within the Mesozoic section. If roads permit, we will do
the latter at the Yuma Mine, a site of copper-silver-gold mineralization.
The mineralization, including copper oxides and carbonates, is localized in
strongly deformed Paleozoic carbonates that occur as tectonic lenses
completely enclosed by Mesozoic metasedimentary rocks. Crystalline rocks,
such as augen gneliss, locally occur along the Paleozoic-Mesozoic contact.

structure, and mineralization of
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Sediments of the 1lowest mid-Tertiary unit of Eberly and Stanley (1978)
and Scarborough and Wilt (1979) include algal limestones. Sediments which
are interbedded with volcanics of the middle unit include lacustrine deposits
with local organic-rich facies as well as algal limestones. Mudstones of the
upper unit are reported to contain fresh water ostracods in other parts of

Arizona. Late Tertiary sediments, comprised of poorly consolidated
fanglomerate plus sandstone and siltstone of fluvial lacustrine origin, are
not known to contain fossils. Mid- and late Tertiary rocks which may contain
some of the above-mentioned sediments and fossils crop out in all the WSAs
except the Needles Eastern Extension (050-0058) WSA. The Pliocene Bouse
Formation, a marine unit with foramfnifers, mollusks, ostracods, charophytes,
and barnacles, crops out near the Gibraltar Mounain (050-012) WSA.

Late Tertiary and Quaternary fanglomerates and alluvium are not known to
contain fossils. These sediments occur in all the WSAs except the Needles

Eastern Addition (050-005B) WSA.

ENERGY AND MINERAL RESOURCES

Known Mineral Deposits, Mines or Prospects with Recorded Production

1. Planet Mine
" Location: 34°10'00"N, 113%51'40"W
- Center sec. 31, TI1ON, R15W
Commodities: Pb, Cu, Fe
~Production: Produced about 3 tons of lead, 1936-1940.
References: USGS, CRIB Mineral Resources File 12, Record 2648,
p. 6749; Arizona Bureau of Mines Bulletin 180.

3. Cienga

Location: 34°15'20"N, 114°07'30"W
NW 1/4 sec. 34, T1IN, R18W
location derived from Arizona Bureau of Mines
Bulletin 180

. Commodity: Au

Ore Materials: Gold present in base-metal sulfide minerals.

Deposit description and geology:
Base-metal sulfides replace limestone.

Production: More than 10,000 oz. Au produced.

References: USGS, CRIB Mineral Resources File 12, Record 2660,
p. 6761; Arizona Bureau of Mines Bulletin 180.
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12.

~Location:
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Dutchman Mine

Other Names: F1 xing Dutchman

Location: 33°57'17"N, 114 %04'32"w
Sec. 7 and 18, T7/N, R17W

Commodities: Au (major product); Cu, Ag (minor products); Fe
(occurrence).

Ore Materials: Gold, hematite, Cu-stain.

Deposit description:
Small vein. Workings: shaft.

Geology: Mineralization is along a steeply dipping fault zone
in Cretaceous shales that have been intruded by
granite porphyry.

Production: 1050 tons up to 1941, 0.802 oz Au/T, 1% Cu, 0.1 oz
Ag/T
Reference: USGS CRIB Mineral Resources File 12, Record 2778, p.

7084-7086; Keith, 1978.

01d Maid Mine

Location: E center sec. 13, TIN, RI8W

Commodities: Au, Ag, Cu, Fe

Ore Materials: Gold, hematite oxidized copper minerals.

Deposit Description:
Vein wish maximum thickness of 3 feet, trends N and
dips 60"W. Workings: underground.

Geology: MineraIization is in a complexly faulted vein in

Cretaceous shales which have been intruded by
granite porphyry.

Production: 150 tons in the early 1900's-1938, 2.6 oz Au/T, 0.6
oz Ag/T and 0.1% Cu.
References: USGS CRIB Mineral Resources File 12, Record 2779, p.

7087-7089; Keith, 1978.

Mammoth Prospect

Synonym name: Cosona Copper C8mpanv

Location: 4703'38"N, 113746'13"W
Sec. 1, 12 and 13, T8N, R15W

Commodities: Cu (major product); Au, Ag (minor products); Fe, Ba,
F (occurrences).

Ore materials: Cu-silicate, Fe-oxide, barite, fluorite.

Deposit description:
Yes, 1890's and early 1900's, 16% Cu, 0.8 oz Au/T,
1.3 oz Ag/T.

References: USGS CRIB Mineral Resources File 12, record 2788, p.
7113-7115; Keith, 1978.

Copper Glance Mine

Synonym names: Cosona Copper Cgmgany, Mammoth Group
4703'10"N, 113°45'28"W

Sec. 12, T8N, R15W

Commodities: Cu (major product), Au, Ag (minor products); Ba, Fe
(occurrences).

Ore Materials: Chalcopyrite, Cu-silicate, hematite, magnetite,
gold, silver, barite.

Deposit description:
Stringers of 4 inch maximum width, trend N52%
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~Location:
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and dipping 60°NE . Workings: inclined shaft.
Geology: Stringers occupy a shear zone in gneiss and schist

of the metamorphic core complex which has been

intruded by Tertiary pegmatite/aplite dikes.

Production: Yes, small amount.
References: USGS CRIB Mineral Resources File 12, record 2789, p.
7116-7118.

Chicago Prospect

Other Names: Cosona Copper CQ., Mammoth Group
34°03'13"N, 113747'03"W

Sec. 12 and 13, T8N, R15W

Commodities: Cu (major product); Ag, Au (minor products); Ba, Fe
(occurrences).

Ore materials: Chrysocolla, gold, silver, barite, iron.

Deposit description:

Small vein (max. width 4 inches) trends N35W and
dips 80°NE. Ore is present as irregular masses
and vug fillings. Workings: underground.

Geology: Mineralization is along a fault plane in gneiss of
the metamorphic core complex which has been cut by
pegmatite and aplite dikes. The rock is brecciated,
with thin film of barite coating fragments.

Production: Yes, small amount
References: USGS CRIB Mineral Resources File 12, Record 2790, p.
7119-7121.

Moro Mine Group

Synonym name: Bis Horn

Location: 34°09'02"N, 113%9'00"W
W 1/2 sec. 3, TIN, R15W

Commodities: Cu (major producer); Au, Ag (minor products); Fe
(occurrence)

Ore materials: Cu-carbonate, Cu-silicate, leaf gold, specularite,
Cu glance, Fe-oxide.

Deposit description:
Small, irregularly shaped deposit. Workings:

underground.
Geology: Deposit occurs in conglomerate overlying gneiss.
Production: 2300 tons averaging 3% Cu, minor Au and Ag.

References: USGS CRIB Mineral Resources File 12, record 2798, p.
7141-7143; Keith, 1978.

Pride Mine

Other name: Arazona Pride

Location: 34°09'14"N, 114%2'15"W
NW 1/4 sec. 4, TIN, R17W

Commodities: Au (major product); Ag, Cu (minor products); Fe
(occurrence).

Ore Materials: Cu-silicate, azurite, malachite, chalcopyrite,
hematite.

Deposit description:
Small replacement bodies. Workings: shaft and
several adits.

Geology: Deposit is in thin marble beds at or near
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Deposit Description:

Sma)l, irregular, tabular shaped vein/replacement,
S30"W-trending. Workings: wunderground, adit
tunne! and an inclined shaft.

Geology: Mineralization in Precambrian quartz-mica and
amphibolitic schists associated with Tertiary tuff
and olivine basalt.

Production: 800 tons.

References: USGS CRIB Mineral Resources File 12, Record 2815, p.
7185-7187; Keith, 1978.

Sue Manganese Mine

Other name: Sus Mine

Location: 34°11'36"N, 114%12'42"W
Sec. 23, TION, R19W

Commodities: Mn, Cu, Au, Ag

Ore materials: Chrysocolla, malachite and manganese

Deposit description:

Small N25%-trending, 80°SW dipping,
irregularly shaped vein/shear zone. Workings:
underground.

Geology: Mineralization in brecciated zone cutting silicified
and metamorphosed Paleozoic limestone and
metamorphosed Precambrian rocks.

Production: 400 tons at 3.5% Cu, 0.2 oz Au/T, 0.1 oz Ag/T.

References: USGS CRIB Mineral Resources File 12, Record 2816, p.
7188-7190; Keith, 1978.

Billy Mack Mine

Other name: Rusy

Location: 34°11'19"N, 11wa%11'27"W
Sec. 24, TION, R19W

Commodities: Cu, Au (major products); Ag (minor product).

Ore Materials: Malachite, chrysocolla, gold and specularite.

Deposit Description:

Small, NE trending, 45°NW dipping irregqular

bunches discontinuous pockets. Iregular replacement
of hematite and l1imonite containing small pockets
and masses of malachite and chrysocolla, threads and
disseminations of gold in quartz.

Geology: Mineralization controlled by fracture intersections
in metamorphosed Paleozoic 1imestone along a steeply
dipping thrust fault of Precambrian metamorphics
over the sediments.

Production: Some 3000 tons between 1909-1919 and 1943-1960.

References: USGS CRIB Mineral Resources File 12, Record 2817, p.
7191-7193; Keith, 1978.

Lion Hi11 Mine
Other names: Glgry Group, Riso
Location: 34710'58"w, 114°11'18"wW,
Sec. 25, T1ON, R19W. )
Commodities: Au (major product); Cu, Ag (minor products).
Ore materials: Gold, silver, chrysocolla, malachite, 1imonite and
specularite.
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Geology: Mineralization in fault zone. Wall rock brecciated
Paleozoic limestone and shale, with gouge, quartz,
calcite and feldspar above Precambrian metamorphics.

Production: Worked sporadically from 1863 to 1937, 60,000 tons
at 10% Cu, minor Au, Ag.

References: USGS CRIB Mineral Resources File 12, Record 2835, p.
7242-7244; Keith, 1978.

Midway Mining Disrict

Location: TON, R16W (south-central Buckskin Mountains).

Commodities: Cu, Au, Ag, Fe, marble, Ba, F.

Ore Materials: Oxidized copper minerals, sulfides, hematite,
barite, fluorite.

Deposit description:

Spotty oxidized, copper mineralization with minor
sulfides, usually associated with hematite or with
quartz, barite, and fluorite along fracture or fault

zones.

Geology: Mineralization in Precambrian schist and Mesozoic
sediments or as limestone replacements.

Production: Small prospects and mines worked intermittently

since the early 1900's. Total production would be
some 212 tons of ore containing about 4-5 tons of
copper, 45 ounces of gold, and 35 ounces of silver.
No commercial production of marble has been

reported.
Reference: Keith, 1978.
Note: District boundary line is approximate.
Cienega Mining District
Location: TON, R17W, T1IN, R19W (west end of Buckskin
Mountains).

Commodities: Cu, Au, Ag, Pb, Hg, W, Ba.

' Ore materials: Copper silicates, carbonates, oxides, sulfides,

gold.

Deposit description:

Small, pockety replacement bodies, usually closely
associated with faults, fractures and shear zones.
Some high grade pockets, and reportedly, cupriferous
pyrite and copper sulfides at depth.

Geology: Mineralization associated with faults, fractures and
shear zones in thrust faulted blocks of partly
metamorphosed Paleozoic and Mesozoic limestones,
shales, and quartzites, lying unconformably on
Precambrian metamorphics, or in Precambrian
metamorphics thrusted over Paleozoic and Mesozoic
sediments.

Production: Numerous scattered tunnels, shafts and surface
workings, were mined sporadically from the late
1800's to 1969. Total estimated and recorded
production would be 19,000 tons of ore containing
about 917 tons of copper, 11,707 ounces of gold,
?,364 ounces of silver and a few hundred pounds of

ead.

Reference: Keith, 1978.
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Note: District boundary line is approximate.

Black Metal Copper Mine

Location: 34°15'22"N, 114%8'53"w,
Sec. 33, TLIN, RI18W.

Commodities: Au, Cu.

- Ore materials: Not reported.
- Deposit description:

Small fissures. Workings: underground.

'Production: Yes, small amount.

~ Reference: USGS, 1972, CRIB Mineral Resources File 12, record

36.

37.

38.

Location: 34

2836, p. 7245-7246.

Mesa Manganese Proépect o
16'54"N, 113750'44"W,
Sec. 20, 21, T11N, R15W.
Commodity: Mn
Ore materials: Psilomelane and pyrolusite.

Deposit description:

Small, N32%-trending, 90° dipping, nodlike
masses, seams and veinlets in a shear zone and
bedded. Workings: Surface and underground.

Geology: Mineralization in Paleocene limestones, and in
Tertiary sandstones and volcanics associated with
Quaternary basalts.

Production: Yes, small amount.

References: USGS, 1979, CRIB Mineral Resources file 12, Record

' 2394, p. 2393-2395.

~ Castaneda Group

Location: 34%22'27"N, 113%52'47"y,
Sec. 4, T12N, R16W.
Commodity: Mn

Ore materials: Psilomelane and manganite
Deposit description:

Small, N40%W-trending, 15°NE dipping

deposit, located in bedded and fracture zone.
Geology: Mineralization in Pliocene Artillery Sandstone.
Production: Yes, small amount.
References: USGS, 1979, CRIB Mineral Resources File 12, Record

' 908, p. 2419-2421.

- Pilot Rock Mine

Location: 34%24'35"N, 114°16'30" W,
Sec. 6, T12N, R19W.
Commodity: Mn

Ore Materials: Psilomelane and pyrolusite.

'fDeposit Description:

Small, N-trending, east dipping enechelon fractures
in veins and fracture zones. Workings: surface and
underground.

- Geology: Mineralization in Tertiary basalt and sandstones

associated with Precambrian granites.
Production: Yes, small amount.
References: USGS, 1979 CRIB Mineral Resources file 12, record




100.

102.

105.

- 55 -

Ore materials: Copper silicate and carbonate, hematite.

Deposit description:
Spotty copper silicate and carbonate with hematite
in irregular replacement bodies in 1imestone.

Geology: In folded and faulted Paleozoic 1imestone along
thrust fault zone bringing metamorphosed Precambrian
rocks over Paleozoic sediments.

Production: 175 tons in 1940-1941 and 1949-1950.
References: Stipp, Haiger, Alto and Sutherland, 1967; Keith,
1978.
Cienga District Placers
Location: T10N, R18W
Deposit description:
Placer.
Production: Some production in 1910.
Reference: Johnson, 1972.
Eagle Nest Mine
Location: W central sec. 16, TION, R18W.
Commodity: Cu, Au, Ag.

Ore material: Chrysocolla, malachite, azurite, gold, hematite.

Deposit description:

Spotty and irregular lenses and pods of chrysocolla,
malachite, and azurite, and hematite with gold
values in Paleozoic limestone.

Geology: Ore bodies closely associated with thrust fault zone
and sheared, faulted, fractured and brecciated
Paleozoic sediments and thrust faulted overlying
metamorphosed Precambrian rocks.

Production: 4000 tons.

"~ 'References: Stipp et al., 1967; Keith, 1978.

Arizona McGinnis Mine

Other name: Copper Queen
Location: Cen. sec. 9, NW 1/4 sec. 16, NE 1/4 sec. 17, TI1ON,
R18W.

- Commodities: Cu, Au, Ag.

Ore Materials: Cuprite, malachite, chrysocolla, gold.

Deposit description:
Spotty cuprite, malachite and chrysocolla in
stringers and replacement. Ore occurs in irregular
and shallow shoots with some rich gold pockets.
Workings: Shaft, tunnel and open cuts.

Geology: Mineralization in metamorphosed Paleozoic limestone
aI:?g and below thrust faulted Precambrian quartz
. schist.
~ Production: Sporadic workings, 170 tons of ore averaging 9% Cu,

006 OZ. AU/T, 0.1 02. Ag/T'

~ References: Keith, 1978.

109.

New Standard Mine

Location: SW 1/4 sec. 9, TON, R17W.

Commodities: Cu, Fe, Ag, Au.

Ore Material: Copper carbonate, chalcopyrite, bornite, hematite.
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Ore Materials: Barite, fluorite, copper staining.

Deposit description:

Fissure veins, voids and replacement. Workings:
, Open cut and shaft operations.

Geology: Barite with variable fluorite and copper staining,
mixed with wall rock in fissure veins, voids, and
replacement in strongly fractured Tertiary
agglomerate and tuff.

Production: Late 1940's 2500 tons of 75% Bas0, and 14%

CaF,.
References:  Stifp et al., 1967, Keith, 1978.

141. Bentonite Mine

Location: Sec. 25, T7N, R17W.

Commodities: Bentonitic clay.

Ore material: Bentonitic clay.

Deposit description:

Bentonitic clay in alluvium. Workings: shallow
surface.

Geology: Bentonitic clay in alluvium, probable old lake bed,
probable swelling type and derived from alteration
of tuffaceous sediments.

Production: Few hundred tons in 1940's.

References: Stipp et al., 1967; Keith, 1978.

145. Green Streak Mine

Location: NE 1/4 sec. 28, TIN, R16W.

Commodities: Cu, Au, Ag.

Ore Material: Oxidized copper mineralization.

Deposit description:

Spotty copper mineralization in a quartz vein.

.Geology: Mineralization in quartz vein cutting metamorphic
core complex (gneiss and schist).

Production: 200 tons of ore in 1953-1954 averaging 1.3% Cu, 0.2
oz Au/T and 0.1 oz Ag/T.

Reference: Keith, 1978.
146. Bullion Mine Group
Other name: Scotchman
Location: SE 1/4 sec. 12, TIN, RI18W.

Commoditieso: Cu, Au, Ba, Fe, Mn.

Ore Materials: Oxidized copper, chalcocite, barite, hematite,
manganese oxide.

Deposit description:

Spotty lenses and streaks of leached and oxidized
copper mineralization, local chalcocite enrichment.
Barite, quartz, calcite, hematite and manganese
oxides in gangue. '

Geology: Mineralization in fissure veins in metamorphosed
Mesozofic schist and 1imestone cut by diorite
porphyry dikes.

Production: 1915-1918 50 tons of ore averaging 11% Cu and 0.09

oz. Au/T. \ o

Reference: Keith, 1978.
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Angelus Mine

Location: SE 1/4 sec. 1, TION, R17w.

Commodities: Au, Ag, Fe.

Ore material: Gold, iron oxide.

Deposit description:
Finely divided particles of gold in irregular
streaks and small, discontinuous pockets of
brecciated to pulverized sugary quartz with abundant
iron oxide and sericite in a brecciated zone.

Geology: Mineralized breccia zone in siliceous Paleozoic
schistose quartzite.

Production: 100 tons averaging 1 oz Au/T and 0.2 oz. Ag/T.

Reference: Keith, 1978,

Argus and Maryland Mine Group

Location: N central sec. 6, TION, R16W.

Commodities: Cu, Fe, Au, Ag.

Ore material: Cupiferous hematite.

Deposit description:
Irregular lenses of cupiferous hematite in Paleozoic
carbonate rocks.

Geology: Mineralized carbonate rocks along or above the

' brecciated and schistose contact with underlying
Precambrian metamorphics.

Production: 250 tons of ore averaging 3% Cu, 0.4 oz. Au/T, 0.2
0z. Ag/T.

Reference: Keith, 1978.

Lucky Mine Group

Location: S central sec. 12, N central sec. 13, TION, R17W.

Commodities: Mn, Fe.

Ore Materials: Manganese and iron oxides.

Deposit Description:
Manganese oxides mixed with iron oxides in irregular
replacement lenses in Paleozoic limestone and in
fractures, seams, veinlets, and irregular bunches.

Geology: Mineralized 1imestone beds underlain by sandstone
and Precambrian metamorphics.

Production: 275 tons of ore produced.

Reference: Keith, 1978.

Revenue Mine Group

Location: Central sec. 31, TION, R1SW.

Commodities: Cu, Fe, Ag, Au.

Ore material: Oxidized copper mineralization and hematite.

Deposit description:

: Oxidized copper mineralization in lensing hematite
replacement bodies in folded and faulted Paleozoic
1imestone.

Geology: Mineralized faulted Paleozoic limestone along a
fault contact with underlying Precambrian
metamorphic rocks. Granite nearby.

Production: 200 tons averaging 2% Cu and minor gold.
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Oxide and sulfide copper mineralization in
irregular, lensing and often massive iron oxide
replacement bodies in bedded, faulted, folded and
tilted Paleozoic 1imestone, marble, and dolomite and
in Precambrian schist, usually close to faulted and
brecciated contact of carbonate beds with
Precambrian gneiss and schist. Manganese oxides
associated with iron oxides occur in irregular
bodies along shear zones in Paleozoic quartzite and
Timestone and along Paleozoic limestone beds. Free
gold occurs in fractures in Paleozoic or Precambrian
quartzite.

Production: Several large scale open pit and shaft operations
and many smaller mines and prospects worked from the
1860's to recent times. Total estimated and
recorded mine production of base and precious metals
is some 1.4 million tons of ore containing 23
thousand tons of copper, 1008 ounces of gold, 35
thousand ounces of silver, 400 tons of manganese ore
and concentrates have been shipped.

Reference: Keith, 1978.

Note: District boundary line is approximate.

~ Known Prospects, Mineralized Areas, And Geothermal Resources

2.

with No Recorded Production

Buckskin Nountain-gineral HilNl

Location: 14'20"N, 113°59'30"w,
Nw 1/4 sec. 1, TION, R17w. Location was modified
from the CRIB location by use of the geologic
gggcriptions in Arizona Bureau of Mines Bulletin

Commodities: Fe, Sb, Cu.

Ore Materials: Hematite, copper minerals.

- Deposit description and geology:

5.

Specularite and associated copper minerals replace
beds of metamorphosed Paleozoic 1imestone.
Production: Unknown.

"fj References: USGS CRIB Mineral Resources File 12, Record 2657, p.

6758; Arizona Bureau of Mines Bul1etin 180.

Good Bet Prospect
- Other name: Bke .
Location: 3956 11N, 113955'29"y,

Sec. 21, T7N R16W.
Commodity: Fe.
Ore Material: Hematite.
Deposit Description:

Small replacement deposit.

Geology: Ore is in fractured Mesozoic granite and replaces
L ‘ ~ limestone.
~ Production: None. :

Reference:  USGS, CRIB Mineral Resources File 12, Record 2775,

p. 7076-7077.
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Bouse Gold-Copper Prospect
Location: 33%956'04"N, 114%04'43"y,
Sec. 19, TN, R17W, and sec. 24, TN, R18W.
Commodities: Au, Cu, Fe.
Ore materials: Hematite.
Deposit description:
300 feet long, 30 to 40 feet thick, irregularly
shaped replacement deposit. Workings: inclined

shaft.

Geology: Hematite replaces Precambrian(?) limestone which has
been intruded by Precambrian(?)biotite granite.

Production: Unknown.

Reference: USGS CRIB Mineral Resources File 12, Record 2780, p.
7090-7091.

Mineral No. 1 Prosgect

Location: 34°08'45"N, 114%04'42"W,
Sec. 6, TON, R17W.

Commodity: Au.

Ore material: Gold.

Deposit description: o
Small S50°E-trending, NE dipping, irregularly
shaped vein. Workings consist of shallow shaft and
surface cut.

Geology: Mineralization in Precambrian gneiss and schist
associated with Tertiary aplite, pegmatite and basic
dikes. Gangue is quartz.

Production: None.
Reference: USGS CRIB Mineral Resources File 12, Record 2800, p.
7147-7149,

Mail Pouch Prospect

Other name: Listle Golden o

Location: 34°08'08"N, 114°03'15",
Sec. 9, TIN, R17W.

Commodity: Au.

Ore material: Gold.

Deposit description: ° o
Small S20°E-trending, 40 N dip, irregularly
shaped vein, workings consist of a short shaft and
open cuts.

Geology: Mineralization in metamorphic core complex
(gneiss-schist), associated with Tertiary aplite,
pegmatite and basic dikes.

Production: None:
References: USGS CRIB Mineral Resources File 12, Record 2801, p.
7150-7151.

Mohave Chief and Ngrna Prospect

Location: 34%13'48"N, 114°00°37"W,
Sec. 10, 11, TION, R17W.

Commod{ity: Cu. :

Ore materials: Chrysocolla and brochantite.

Deposit description: -
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Geology:

Production:
References:
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Small N20°w-trend1ng, irregular shaped

replacement, surface and underground workings
consist of several open cuts and an adit.
Mineralization in Paleozoic limestone, shale and
quartz chlorite schist.

None.

USGS CRIB Mineral Resources File 12, Record 2812, p.
7177-7178.

Dome City Prospect

Location:

Commodities:

Ore material:

34%09'39"N, 114%04'44"w,

Sec. 31, T1ON, R17W, and sec. 36, T1ON, R18W.
Au (major product); Fe (minor product).
Specularite.

Deposit description:

Geology:

Production:
References:

Small, irregular shaped vein, surface and
underground workings which consist of shallow shafts
and open cuts.

Mineralization in Precambrian gneiss and schist
associated with Tertiary aplite, pegmatite and basic
None.

USGS CRIB Mineral Resources File 12, Record 2822, p.
7206-7208.

Unnamed Fluorspar Occurrence

“Location:

Commodity:

"Production:

Reference:

Sec. 21, T1ON, R17W.

F

Unknown.

McCrory and 0'Haire, 1965.

Unnamed Sand, Gravel and Crushed Rock Occurrence

Location:
Commodities:

Production:

Reference:

Sec. 36, TI1ON, R19W.

Sand, gravel and crushed rock.
Unknown

McCrory and 0'Haire, 1965.

Unnamed Sand, Gravel and Crushed Rock Occurrence

Location:
Commodities:
Production:
Reference:

Sec. 26, TION, R19W.1

Sand, gravel and crushed rock.
Unknown.

McCrory and 0'Haire, 1965.

Unnamed Sand, Gravel and Crushed Rock Occurrence

Location:
Commodities:

“Production:

References:

Sec. 1, TIN, R19W.

Sand, gravel and crushed rock.
Unknown.

McCrory and 0'Hafre, 1965.

Unnamed Barite Occurrence

Location:
Commodity:
Production:
References:

Sec. 17, TIN, R174.

Ba.

Unknown. ,

McCrory and O'Hatre, 1965.
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o SKYLINE LABS, INC.
parAEIER P.O. Box 50106 » 1700 West Grant Road

Sh | g | Ay Tucson, Arizona 85703
o A ﬁ (602) 622-4836
REPORT 0OF ANALYSIS

CORRECTED REPORT
JOB NO, UGH 008
July 27, 1982
Page 1 of 2

DEKALE MINING INCORPORATED
Attn.,: HMr., Gary A, Parkinson
2659~ Pan American Freeway, NE
Albuquerque, New Mexico 87107

fnalysis of 46 Rock Chip Samples

au0 033 £13. Sse G813 mmms erie Ge52 Secs SEID 00 CIe T4S3 SS0 GBS G0N0 Ge0 €530 SSN0 FS33 463 Geat SeR4 L3O besE €006 Sese ease €I6O S30O Saes GESe 4009 BETD SSES G0%S bess 534 GESO SEew Ca3D S300 B4 FSED NEIS SeSe S3N SEFD GOS0 SED 03D SNIE OFED SEU DOID GCED Fius €ES8 4FYD SN0 GETP GESe SO S0ES BIND ees Pai: aves

Au g W

ITEM  SAMPLE NO. ppM PP~ PR

. 1 1331 (.02 .2 2.

2 1352 .02 (.2 3.

3 1353 .02 (.2 (2.

4 1354 .02 (.2 9.

S 1355 .02 (.2 10,

6 1356 .02 (.2 3.

7 1357 (.02 (.2 3.

8 1358 .02 .2 3.

? 1359 .02 .2 2.

10 1360 (.02 (.2 100,

11 1361 (.02 (.2 13,

12 1362 (.02 (.2 8.

13 1363 (.02 (.2 ?.

14 1364 (.02 (.2 2,

15 1365 (.02 (.2 4,

16 1366 .02 (.2 16.

17 1367 (.02 .2 {2,

18 1368 (.02 (.2 {2.

19 1349 (.02 (.2 (2.

20 1370 (.02 (.2 2,

21 1371 .02 .8 3.

22 1372 07 ?.46 150,

‘ 23 1373 .02 (.2 42,

24 1374 (.02 2 (2,

25 1375 (.02 (.2 (2,

Charles E. Th

Arizona Registered Asosr:y%??dr;. 9427 Arlzon;N FllleI:;aI;‘ell'-e.dL::sT)zfidko. 9425 Arizona R:galrsr;:rse: ;Agﬂsaa;telap No. 11122
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S SKYLINE LABS, INC.

P.O. Box 50106 » 1700 West Grant Road
Tucson, Arizona 85703
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(602) 622-4836
JOE NO, UGH 008
July 27, 1982
PAGE 2
Ay Ag W
ITEM SAMPLE NO, pPpM ppm pPp®
26 1376 (.02 Wb {2,
27 1377 03 2.0 3.
28 1378 .02 2 S
29 1379 (.02 (.2 3.
30 1380 12 (.2 ?.
31 1381 (.02 (.2 3.
32 1382 20 4 28,
33 1383 A8 . 4 1800,
O 34 1384 05 o2 185,
35 138% 5.20 e 42,
36 1386 (.02 2 4,
37 1387 (.02 (.2 (2,
38 1388 (.02 (.2 (2,
39 1389 (.02 2 {2,
40 13920 (.02 ) {2,
41 1391 .02 (.2 (2,
42 1392 {.,02 e (2.
43 1393 .02 (.2 (2,
44 1394 {.02 2 2.
45 1395 (.02 .2 (2,
46 13964 (.02 {.2 {2,
;
*NOTE: Corrected value. i
i
|
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Charles E. Thompson William L. Leh
Arizona Registered Assayer No. 9427 Arizona RegaI:t’ered Aessr:yt:(l:ﬂko. 9425 Arizona Fl‘o!galrs“tgrsett.iA kznsi;te'rn No. 11122
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northwest (southeast-directed subduction) if the chemical trends
reflect the approximate geometry of a paleosubduction zone. This zone
is on the opposite side of the arc from the position generally
assumed, indicating that the Jurassic plutonic rocks were not
generated in response to classical Andean-type convergent plate
margins. The magmatic arc probably formed in an intraocean enviroment
and subsequently was rafted northward and accreted to this part of the
northern Pacific rim during the late Mesozoic. Middle and Upper
Jurassic clastic sediments underlying Cook Inlet to the southeast, and
derived from the magmatic arc, are classified as backarc deposits
rather than an arc-trench gap sequence.

GEOCHRONOLOGY AND TECTONIC EVOLUTION OF THE PRIEST RIVER CRYSTALLINE/

METAMORPHIC COMPLEX OF NORTHEASTERN WASHINGTON AND NORTHERN IDAHO
REHRIG, William A., Geologic Studies Grp, Phillips Petr. Co.,

8055 Tufts Ave Pkwy, Dnv, CO 80237; REYNOLDS, Stephen J., Ariz. Bur.

Geol. & Mineral Tech., Tucson, AZ 85719; ARMSTRONG, Richard Lee, Dept.

of Geologic Sciences, Univ. of Vancouver, B.C., Canada V6T 2B4

The Priest River complex straddling the Idaho-Washington border
shares many similarities with the Kettle and Okanogan metamorphic core
complexes farther west. Continued regional work indicates that an
intricate sequence of plutonic, metamorphic and deformational events
ranging in age' from Precambrian to early Tertiary has affected the
Priest River terrain. Decifering the absolute chronology of this his-
tory is made difficult because of a widespread Eocene thermal event
which correlates with mylonization and cataclasis along the Newport
detachment fault. Recent study revealing progressively more brittle
mylonitic textures, slickensiding, and incipient chloritic breccia
(near Rathdrum) along the complex's eastern margin with the Purcell
Trench and Coeur d'Alene Lake suggest the presence of a detachment
fault analogous to the Newport structure.

Lineation in gently east-dipping mylonitic rocks along the east
edge of the Priest River complex trends N70-80°E. This deformational
fabric apparently has been superimposed upon an earlier (Cretaceous?)
metamorphic fabric with N50-60°E lineation. Isotopic and structural
evidence suggests that both low-angle foliations have resulted from
the transposition of high-angle, NE-trending, metamorphic fabrics in
pre-Belt gneisses. This ancestral structural grain remains adjacent
to the Newport fault on the west and southwest.

Results of new Rb-Sr and U-Pb dating on gneissic and intrusive
rocks critical to unraveling the sequence of metamorphic, intrusive
and mylonitic events will be discussed.

NAMING FOSSIL SOILS IN PALEOENVIRONMENTAL RECONSTRUCTIONS

RETALLACK, Greg J., Department of Geology, University of Oregon,

Eugene, OR 97403

Fossil soils (paleosols) have been extensively used for stratigraphic
correlation, and have usually been called "soils," and (perhaps more
appropriately) "geosols" or "pedoderms." In each of these cases the
named object was a traceable ancient land surface, with its catenae of
different kinds of soils varying laterally according to regional dif-
ferences in climate, organisms, parent material, topography and time of
formation. '

A different system of naming is required for the paleoenvironmental
interpretation of different kinds of fossil soils, either laterally
within an ancient land surface or on successive ancient land surfaces
within a stratigraphic section. I propose extending the standard soil
mapping units of the U.S. Department of Agriculture to the naming of
fossil soils. These units are named after localities, for example the
Avalon Series paleosols. Specific paleosols are named from the texture
of their A horizom, e.g. the Avalon silt loam paleosol, or named from
other features. These names are non-interpretative mapping units in-
dependent of genetic classifications of modern soils.

Named and described fossil soils are then open to interpretation.
The effects of diagenesis after burial of the soil must be carefully
considered. The remaining non-diagenetic features of fossil soils may
provide evidence for past climate, topographic position, depth to water
table and its chemistry, vegetation, fauna and rates of sedimentation,
subsidence and uplift.

Such a system of naming has proved useful for the paleoenvironmental
interpretation of Triassic paleosols from near Sydney, Australia, and
of Late Eocene and Oligocene paleosols from Badlands National Park,
South Dakota. These paleosols will be discussed as examples.

SUPERIMPOSED MESOZOIC AND CENOZOIC TECTONICS, WEST-CENTRAL ARIZONA

REYNOLDS, Stephen J., Arizona Bureau of Geology and Mineral

Technology, 845 N. Park Ave., Tucson, AZ 85719

untain ranges around Salome, Arizona contain evidence for a complex
superposition of Mesozoic and Cenozoic tectonism. The main tectonic
events are listed below in apparent chronologic order from oldest to
youngest: 1) Deposition of middle Mesozoic volcanic and volcaniclastic
rocks; 2) Deposition of thick sequences of Mesozoic clastic rocks; 3)
Formation of major northeast-trending, southeast-vergent folds that.
overturn much of the Paleozoic and Mesozoic section in the Little
Harquahala and western Harquahala Mountains; 4) Possible emplacement
of thrust sheets in the Granite Wash Mountains; 5) Late Cretaceous
plutonism, locally accompanied by high-grade metamorphism and north-
east-vergent ductile deformation in the Harcuvar and Harquahala Moun-
tains; 6) Major north-vergent thrusting that emplaced Precambrian
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crystalline basement over Paleozoic and Mesozoic rocks in the Little
Harquahala and Harquahala Mountains; 7) Intrusion of Eocene (?) mus-
covite granites discordantly across fabrics related to events 5 and 6,
accompanied by cooling of metamorphic and plutonic rocks in the west-
ern Harcuvar and Granite Wash Mountains; 8) Intense mylonitization
that produced a gently dipping foliation and conspicuous, east-north-
east trending lineation; 9) Intrusion of post-mylonitization micro-
diorite dikes at 25 m.y.B.P.; 10) East-northeast-directed detachment
faulting (from ? to 15 m.y.B.P.) accompanied by antithetic rotation
of upper-plate rocks, by uplift and cooling of lower-plate mylonitic
rocks, and possibly by formation of large east-northeast-trending
anticlines and synclines that define the present physiography of the
region; and 11) Formation of Basin and Range(?) high-angle faults.

LATE CRETACEOUS-EARLY TERTIARY PERALUMINOUS GRANITOIDS OF ARIZONA -
CALIFORNIA AND THEIR RELATED MINERAL DEPOSITS

REYNOLDS, Stephen J., Arizona Bureau of Geology and Mineral Technol-

~- ogy, 845 N. Park Ave., Tucson, AZ 85719; KEITH, Stanley B., 2748

E. 9th St., Tucson, AZ 85713; DEWITT, Ed, M.S. 905, U.S. Geolog-
ical Survey, Denver, CO 80225

Peraluminous granitoids of Late Cretaceous to early Tertiary age in Ar-
izona and southeastern California 1) contain primary muscovite and gar-
net; 2) have well-developed pegmatitic, alaskitic, and aplitic phases;
3) are highly silicic with Si0p >65%; and 4) postdate typical Laramide,
metaluminous plutons. They are markedly depleted in the lithophile el-
ements K, Rb, U, Th, and Li when compared to peraluminous, muscovite-~
bearing granitoids of Eurasia that commonly contain significant U, Sn,
W, Mo, Be, Li, and F mineralization. Most peraluminous granitoids of
Arizona and California are not associated with significant mineral de-
posits. Commercial W mineralization occurs in the wall rocks adjacent
to several plutons, and Mo, Be, and Li minerals occur locally, but are
not presently commercial. The Arizona-California granitoids, like their
world-wide counterparts, have relatively high Sr®//sr 6 initial ratios
(>.710), indicating that they contain a significant crustal component.
The regional variations in lithophile content of the granitoids may re-
flect differences in composition of the underlying crust. If so, deep
crustal materials beneath Arizona and southeastern California were
greatly depleted in most lithophile elements before the peraluminous
granitoids were produced. As we have suggested previously, the Arizona-
California lower crust may have been depleted by an episode of anatexis
that produced the voluminous 1.45 b.y.-old granites. Alternatively, the
chemical differences between the Arizona-California and Eurasian gran-
itoids may be partly a reflection of their different tectonic settings.
Specifically, the Arizona-California granitoids were produced during an
episode of low-angle subduction, whereas the Eurasian granitoids re-
sulted from continental collision.

STRUCTURE AND STRATIGRAPHY OF THE LITTLE HARQUAHALA MOUNTAINS, YUMA
COUNTY, ARIZONA

RICHARD, Stephen, M. Laboratory of Geotectonics, Department of

Geosciences, University of Arizona, Tucson, Arizona, 85721

A continuous Paleozoic to Mesozoic depositional sequence is exposed in
the southern Little Harquahala Mountains. The Paleozoic section is
approximately 1000 m thick and’ is correlative with the lower Paleozoic
Bolsa, Abrigo and Martin Formations of southeast Arizona, and the
upper Paleozoic Redwall, Supai, Coconino and Kaibab Formations of the
Colorado Plateau. This Paleozoic section is depositionally overlain by
a lithologically varied Mesozoic (?) section composed of up to 1000 m
of rhyodacitic volcanic and volcaniclastic rocks, capped by a minimum
of 1100 m of arkose. Dips within the section increase northward
(down-section) from 50°S to vertical and overturned. The large-and
small-scale structures indicate the presence of a major SSE-vergent
fold. Regional relationships suggest that the fold is cut off at its
base by sub-horizontal faults. North-dipping faults cut the Paleozoic
rocks and have northerly tectonic transport, locally placing Paleozoic
rocks over Precambrian granite. At the southern end of their exposure,
Mesozoic rocks overlie a complex assemblage of intrusive and metamor-
phic rocks along a low-angle fault. No tectonites or lineated rocks
are present in the lower plate. East-dipping faults associated with
intense brecciation cut all other low-angle faults in the Paleozoic
rocks. The youngest faults are north-to northwest-trending, oblique-
slip faults which locally involve Tertiary (?) gravel. Clockwise
oroclinal bending of the sedimentary rocks accompanied this faulting.
Structures in the Little Harquahala Mountains are apparently the
result of superimposed Mesozoic to Recent compressional, extensional
and wrench tectonics.

A MODEL FOR GAHNITE AND MAGNETITE FORMATION DURING METAMORPHISM
OF SULFIDE-RICH ROCKS

RIRIE, G. Todd, Union 0il Research, P.O. Box 76, Brea, CA 92621
Studies of four Precambrian Pb-Zn-Cu sulfide deposits from central
Colorado reveal that each contain the minerals gahnite (ZnA12Si04) and
magnetite. These deposits have been regionally metamorphosed to the
amphibolite facies with the ore minerals displaying recognizable meta-
morphic textures. This suggests that the sulfides formed early (pre-
metamorphic) within the host pelitic schists, probably originating as
disseminated sulfides within black shales. Many previous investi-
gators have evaluated these deposits as hydrothermal and magmatic in
origin.

Regional metamorphism to the amphibolite facies produced reactions,
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PROSPECT. THREFE_MISKETEERS . @ ’ COUNTY/STATE YUma, Arizona
. -
SAM- LOCATION coL- . RESULTS . _

_ PLE LEC- | DATE Au Ag As . Sb W . DESCRIPTION

' NO. [T[R|S|FNL | FEL | TOR (ppm) (epm) | (ppm) | (ppm) (ppm) S

| 1434|6N|154 29 4000 | 300 WSD 0.014 < 0.5 5860 From old workings, scheelite pods with

_ COpper staining, bleached CNLOrItiT

. . 3 ] 3 - Qa Hnm

! pseudos after pyrite.’

| 3438 " [ | " [3000 | 300 | " .| 0.007 1.0 1150 Dump of open cut. .

_ 36l " { " | "™ {3600 | 600 | " | 0.014 0.5 50 "Au-adit" on small vein quartz & scheelite

. , . in granitic rock. Good Au values Teported.

1437, " [ " | " |4000 | 900 | " 0.043 3.5 < 10 "Bull gquartz" extension of "Au-vein"(?)

_ ) minor iron and manganese staining.

1245 ss. | 6-25-81 | 0.030 | 7.0 1.2 15800 [Sample from prospect pit ob center hi.-
schist w/ about exposed 1n pit. No
quartz 4 i seminated Au
and W potential.

1246 " " 0.003 1200 . From face of N. side of N, hill. Testing

ﬁ . . ’ dliss . UX,, TIIUX

. A stained schist, No quartz,
1247 " 16-26-81 [£0.003 : 720 Sample of dump from 40' shaft into ande-
—Site dike? IlIow:? > 4o
. run .1 oz/tan
1248 WSD " 0.050 280. Specular hematite bearing limestone
249 " " 0.070 ‘ 240 Au hi-grade,Fe stained limestone lenses
hematite lenses in open cut.
1250 . " " <0.003 78 . ) Open cut in specular hematite-epidote

hb schist, hematite-rich
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Arizona's annual gold output will almost
double in 1988 as a result of production from
Cyprus Minerals Company's Copperstone
gold deposit in La Paz County, west-central
Arizona. During 6 years of expected mine life,
the deposit is predicted to yield approxi-
mately 510,000 troy ounces of gold worth
$230 million, based on a value of $450 per
ounce. Unlike many recent gold discoveries
in the Southwest, Copperstone is a new
discovery in an area not previously identified
as a mineral district. In this article, the
geology and regional setting of the Copper-
stone deposit are described. Although the
deposit is still not completely understood,
enough is known to warrant reassessment of
estimates of mineral-resource potential in
west-central Arizona.

Regional Geologic Setting

West-central Arizona and adjacent areas of
California and southern Nevada contain
some of the most spectacularly exposed
detachment faults in the world. The term
“detachment fault” is commonly applied to
large-displacement, gently dipping (inclined)
normal faults. In this region, hanging-wall
rocks, or rocks overlying the detachment
faults, were displaced northeastward relative
to footwall rocks, rocks that underlie the
faults. The faults originally dipped to the
northeast, but are now rotated and warped to
form undulating surfaces that are nearly
horizontal over large areas.

The north- to northeast-dipping Moon
Mountains detachment fault, exposed at the
northern tip of the eastern Moon Mountains,
separates two large, geologically distinct
areas: to the northeast lie numerous detach-
ment faults, such as those in the Buckskin,
Rawhide, and northern Plomosa Mountains;
to the south, in the Dome Rock, southern
Plomosa, and most of the Moon Mountains,
detachment faults are absent. The Copper-
stone gold deposit lies within the hanging
wall of the Moon Mountains detachment fault
and flanks the area of pervasive faulting.

The Copperstone Mine:
Arizona’s New Gold Producer

Miocene (5- to 24-million-year [m.y.}-old)
detachment faults in west-central Arizona are
associated with numerous copper, iron, and
gold deposits, especially in the Buckskin and
Rawhide Mountains, that have yielded metals
worth many millions of dollars (Figure 1;
Table 1; Wilkins and Heidrick, 1982; Spencer
and Welty, 1986). Copper-gold deposits
associated with detachment faults typically
lie along or within a few tens of meters of the
faults; a few, however, are hundreds of
meters above the faults. Detachment-fault
deposits contain fractures and thick, irregu-
lar zones that are commonly filled with the

minerals specular hematite, chrysocolla,
quartz, barite, fluorite, calcite, and manga-
nese oxides. Pyrite and chalcopyrite, which~
are commonly oxidized, are also present in
many deposits.

The northeastern tip of the Moon Moun-
tains is primarily composed of Mesozoic (63-
to 240-m.y.-old) granitic rocks that form the
footwall of the Moon Mountains detachment
fault. Hanging-wall rocks are mostly meta-
morphosed Jurassic (138- to 205-m.y.-old)
volcanic rocks. Older (Paleozoic; 240- to 570-
m.y.-old) metamorphosed sedimentary
rocks that are brecciated (composed of
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Figure 1. Map of part of west-central Arizona showing mineral districts where mineral deposits are known or
suspected to be related to detachment faults. Middle Tertiary and older rocks are divided into hanging wall and
footwall rocks, which lie above and below, respectively, regionally northeast-dipping detachment faults. Also shown
is the outline of the Cactus Plain and Cactus Plain East Wilderness Study Areas. Numbers refer to mineral districts

listed in Table 1.




QPs __ Surficial deposits (Quaternary and Pliocene?) - ! !
Tm Mafic volcanic rocks (Miocene) | -
Tx Sedimentary breccia (Miocene) 8 e
Ti Intermediate volcanic rocks (Miocene) / - AREA OF POSSIBLE
Ts  Sandstone (Miocene) Ry _ UNDERGROUND GOLD
v Metavolcanic rocks (Jurassic) / , ' DEPOSIT
Mzg  Granitic rocks (Mesozoic?) 860 - o . o
Mzm  Mafic intrusive rocks (Mesozoic?) / 11 LN 12 Ly ”
Pzc Carbonate rocks (Paleozoic) ~ 7 = 2
Pzq Quartzite (Paleozoic) 11 0 2 8
! / Prospe;ls ”n
wenn  Mafic dike (Miocene?) é " 0
13;1335 JV_‘ >y ) Onit a
#wun Intermediate dike (Miocene?) S Reole
~2° atitude of bedding Jem o
y° -~ OPEN PIT
'22 Attitude of mylonitic foliation and 2 I
trend of lineation within foliation (MAXIMUM SIZE)
’
e Detachment fault, dotted where L,
buried : : . S(l,!;’el 'i:asJ QPs _
.-~ Sedimentary or intrusive & 14 . ‘ 13 £
contact, dashed where 3 - o AN
approximately located 5 b,
ol N
i "
: = — ‘tﬂSG
| o o -
24 -
. o 9;5 . ’
.0 . .08 F - 1.0
— . —l . |
o | T LR T
(0] 0.5 1.0 e
B ©ongerr'zot

Figure 2. Geologic map of northeastern Moon Mountains showing location of Copperstone mine.

broken rock fragments) underlie Copper
Peak; steeply dipping, younger (Miocene)
volcanic and sedimentary rocks, including
sedimentary breccias derived from the
Jurassic volcanic rocks, are also present
adjacent to Copper Peak (Figure 2). The
copper-iron mineralization that characterizes
detachment-fault deposits elsewhere in west-
central Arizona is also evident in brecciated
rocks along the Moon Mountains detach-
ment fault at Copper Peak and at the edge of
the Colorado River Indian Reservation.

Geology

The Copperstone mine is approximately
1%2 miles northeast of exposed bedrock in
the northeastern Moon Mountains (Figure
2). Bedrock exposures in several very small
hills surrounded by alluvium contain evi-
dence of gold mineralization and led to the
discovery of the Copperstone deposit.
Mineral deposits are present above and
along a gently dipping contact that is
probably a fault; the contact separates
Jurassic metamorphosed volcanic rocks

and overlying sedimentary breccias derived
from them. The mineralized contact zone
dips approximately 30° to the northeast,
extends horizontally for 3,000 feet and at
least 1,000 feet down dip, and is generally
several tens of feet thick. The sedimentary
breccia and a volcanic rock that contains
vesicles (relict gas bubbles) are almost
certainly Miocene in age and are mineralized,
indicating that mineralization is Miocene or
younger.

Drill-core samples reveal that some brecci-
ation occurred after quartz veins were
formed; however, numerous northwest-
trending quartz-amethyst veins exposed in
the mine pit are not brecciated. Steeply
dipping, northwest-striking fractures and
narrow shear zones exposed in the mine pit
locally cut quartz-amethyst veins and contain
subhorizontal slickenside lineations, which
are smooth and polished striations that result
from friction along a fault plane.

Gold is present where quartz and specular
hematite are abundant in the breccia zone
and locally within veins in the metamor-

phosed volcanic rocks. Chrysocolla, barite,
earthy red hematite, and malachite are also
common in the gold-mineralized zone.
Fluorite, adularia, magnetite, calcite, chal-
copyrite, pyrite, and manganese oxides are
present in smaller quantities. Gold, however,
is rarely visible. The presence of quartz,
hematite, and chrysocollais a good indicator
of gold mineralization.

Fluid-Inclusion Characteristics

Fluid inclusions are bubbles of liquid and
gas that are commonly trapped inside
minerals during mineral formation. The
composition of fluid inclusions in mineral
deposits reflects the composition of the
aqueous fluids that formed the deposits. One
can determine the salinity of the inclusions
by determining the freezing temperature of
the fluid within them. The minimum temper-
ature of the fluid at the time it was trapped
can be determined by heating the sample
until the two phases (liquid and gas) in the
inclusion become one. Fluid inclusions in
quartz-amethyst from the Copperstone mine
contain between 16 and 22 percent sodium-
chloride equivalent (by weight) and were
trapped at minimum temperatures between
200° and 260° C. These characteristics are
similar to those of other mineral deposits
along Miocene detachment faults in west-
central Arizona, but are substantially different
from those of most other types of deposits,
such as epithermal-vein gold deposits
(Figure 3; Wilkins and others, 1986).

Origin

The following characteristics of the Cop-
perstone deposit suggest that it originated
from the same processes that formed
mineral deposits along numerous other
Miocene detachment faults: (1) fluid-
inclusion salinities and temperatures of
entrapment; (2) abundant specular hematite
with less abundant copper minerals such as
chrysocolla, malachite, and chalcopyrite; (3)
geographic proximity to a detachment fault;
and (4) probable Miocene age. Two charac-
teristics of the Copperstone deposit, how-
ever, differ from those of other detachment-
fault deposits: abundance of quartz-amethyst
veins and abundance of gold. These authors
believe that most evidence at the Copper-
stone deposit supports a relationship
between mineralization and detachment
faulting.

A working model for the origin of the
Copperstone deposit is as follows: hot, saline,
aqueous fluids containing dissolved gold,
copper, iron, and other elements moved up-
dip along the north- to northeast-dipping
Moon Mountain detachment fault. These
fluids encountered highly porous and perme-
able sedimentary breccias in the hanging
wall of the detachment fault and began
ascending through the breccia zone. As a
result of cooling or mixing with more oxygen-
rich, shallow-level ground water, largely
within the sedimentary breccias, gold and
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