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ELLSWORTH DISTRICT
Location:

In La Paz County, this district arbitrarily takes in the broad zone of metal

- occurrences in the Granite Wash Mountains bordering the McMullen Valley on
the west (Plate 1). This northwest-trending range joins the predominant NE-
elongate Harcuvar Mountains at their extreme western end. U.S. Highway 60
passes through the Granite Wash Mountains at Granite Wash Pass between the
small town of Salome and the Vicksburg road junction at Hope. The Ellsworth
district area is mapped along the west margin of the Salome 15' quadrangle,
the east margin of the Utting 15' sheet and a small, northwest portion of the
Hope quadrangle.

Geology and History:

The regional geologic setting of the district is its position along the western
margin of the Harcuvar metamorphic core complex. This margin is generally one
of a rapidly prograded metamorphic front which increases eastward toward the
Hercules thrust fault and affects Mesozoic and Paleozoic supracrustal rocks
(Rehrig and Reynolds, 1980; Reynolds, 1980; Reynolds, 1985, personal commun.).
Metamorphism varies from lower greenschist facies on the southwest to amphibo-
lite facies at the northeast. Large scale thrusting has been recently proposed
for complex, tectonically interleaved sequences of Paleozoic metasediments,
Mesozoic clastic and volcanic sequences, and Precambrian gneisses and foliated
granitoid rocks (Reynolds and others, 1983). The major thrust structure
appears to be equivalent to the Hercules fault in the Little Harquahala-western
Harquahala Mountain areas which places Precambrian basement on top of Mesozoic
and Paleozoic metasedimentary rocks. The Hercules fault has recently been
mapped through the southern Granite Wash Mountains where it places Precambrian
rocks along the easternmost fringe of the range on top of an internally deformed
- and partially metamorphosed Mesozoic sedimentary section (Reynolds, 1985,
personal commun.). Large plutons of mid-Cretaceous and early Laramide ages
(Tank Pass granite, 87 m.y. and Granite Wash granodiorite, 65-70 m.y.) dis-
cordantly intrude the thrusts and deformed layered sequences. Tertiary rocks
in the Granite Wash area consist of abundant NW-trending dikes and gently
dipping basaltic rocks exposed along the west flank of the range.

Mineral occurrences in the Ellsworth district were discovered in the 1860's, but

Tittle production was recorded until the earliest 1900's when the Parker cut-off

~of the Arizona & California Railroad was built. Earliest production and ex-
panded exploration resulted in some "spectacular" free gold occurrences (i.e.
Glory Hole mine near Salome, 1909) and copper discoveries around Harcuvar Peak
in the Harcuvar range. Total tonnages produced from the district are small and
estimated at 14,000 tons from which were recovered 386 tons Cu; 14,700 oz Ag;
2,400 oz Au; 12 tons Pb; and 4.5 tons Zn (Keith, 1978). Tungsten occurs in
the district but was not mined until the 1950's when some 1,000 short ton units
. of W0; was produced through 1974. A few carloads of hand picked barite are also
reported for the district. ’
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With the exception of a few quartz-siderite-hematite-copper-gold (+ fluorite)
veins associated with Tertiary diking that cuts gneiss and foliated granitic
rocks in the westernmost Harcuvar Mountains (Cottonwood and Tank Pass areas),
mineralization in the Granite Wash Mountains is somewhat variable as to type.
From an assessment of literature descriptions and our own field observations,
we recognize the following deposit types:

1. Veins, fracture fillings and lenses cutting silicified Paleozoic (?)
carbonate, Mesozoic (?) schists, and Mesozoic granite carrying an assemblage of
quartz-scheelite-siderite-barite and minor zinc and copper. Thrust faulting
may have exerted some control on the mineralization.

2. Contact metasomatic or replacement mineralization of Cu-Fe (with or
without Au-Ag) in favorable Paleozoic or Mesozoic metasedimentary horizons.
Possible structural control by thrust faults or low-angle shear zones.

3. Quartz-carbonate-copper-gold fissure and fault veins similar to those
in the Cunningham Pass district which appear associated with mafic or acidic (?)
Tertiary diking that cuts all pre-Tertiary rocks.

4. Pyritic (+ minor Cu or Au) mineralization suggestive of a stratiform
nature, and thought to be controlled by volcanic or sedimentary lithologies in
the Mesozoic section. Mineralization is believed to be augmented by thrusting
and metamorphic processes. Alumino-silicate alteration (hydrothermal and/or
metamorphicg which accompanies or hosts mineralization includes minerals such
as sericite (muscovite), actinolite, kyanite, andalucite, dumortierite, garnet,
tourmaline, epidote, amphibole, magnetite and scheelite.

The common association of tungsten with many of the occurrences through the
district is distinct. The metal is thought to be of various origins including
contact metasomatism by nearby Mesozoic intrusive bodies, metamorphic processes
within carbonate-rich Paleozoic or Mesozoic sequences or perhaps even of
exhalative derivation. In places the tungsten occurs with subordinate copper,
iron, zinc and gold. A number of small gold placers should be noted which
occur in terranes of Mesozoic metasediments which form a line from Vicksburg,
north to Salome Peak. Some 300 ounces of production from gravels in many small
washes is mentioned by Keith (1978).

Mines of Interest:

Desert mine: (TSN, R14W, Sec. 21) An area within arenaceous shales, argillites,
etc. of the Granite Wash Mesozoic section are cut by a "wide" zone of small,
discontinuous quartz and carbonate veins, stringers and masses of amorphous
silica carrying gold and copper with varying iron and manganese oxides. Veining
is roughly conformable to bedding or schistosity in the metasediments. A
prominent felsic dike (Laramide K-Ar date, Rehrig, unpubl. data) intrudes
the metasediments near the workings. The zone of quartz influx is thought to
be the source of fairly rich but localized gold placers in adjacent washes.
Depending on the extent, frequency and grade of the secondary quartz and car-

. bonate flooding, the Desert mine area might be an attractive exploration target.

AP?ut 700 tons of ore previously mined averaged 0.3 opt gold, 2% copper and 5 opt
silver.
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Three Musketeer - PeeWee - Jewel Anne mine group: (T6N, R15W, Secs. 24, 25)

is group of workings are known mainly Tor their tungsten production which
occurs as disseminations, pockets, discontinuous veins and stringers of
scheelite cutting silicifed Paleozoic (?) carbonate, granitic dikes and
Mesozoic schists. Quartz, siderite and barite accompany the tungsten. Minor
copper, zinc and iron oxides are also mentioned. Quartz veins up to 16 ft
thick trend northeast and dip only 30-45°E at the Three Musketeer property.
The mineralization appears concentrated along a wide shear zone or thrust
which separates Precambrian (?) metamorphic rocks from overlying Paleozoic
sediments (Reynolds, 1985, pers. commun.). As late as the 1970's, tonnages
were mined which ran from 0.5 to 0.7% W0,. Reserves at the Three Musketeer
mine were reported in 1977 to be about 3% million tons of 0.5 to 1% W0,. At
the Jewel Anne, veins range from 1" to 2.5' with scheelite reported in the
rocks through widths of from 1 to 15 ft for strike lengths up to 200 ft.
There have been unsubstantiated reports that the mineralization in places
carr;ed low-grade gold. This possibility should be checked by further
sampling. - :

Yuma mine: (T6N, R14W, Sec. 30) An early, fairly prominent producer (8,600 tons
averaging 2.3% Cu, 0.3 opt Ag, 0.03 opt Au) of mainly copper derived from
contact metasomatic mineralization in strongly tectonized carbonate beds that
are sandwiched between metamorphosed siltstone, shales and graywackes and cut
by numerous felsic and "post-mineral" mafic dikes. Over 7000 tons were produced
from. 1941 to 145. The main mass of the Cretaceous Tank Pass granite occurs
just northeast of the mine area. :

Mineralization appears to be roughly stratibound and is restricted to an unusual,
thinly banded carbonate sequence with metamorphic mineral assemblages which
include garnet, magnetite, scheelite, epidote, actinolite, and sericite (see
Figure . ). The favorable stratigraphic sequence is thought to be Paleozoic
rocks emplaced tectonically along major thrust faults (Reynolds, 1985; personal
commun.). These rocks extend out of the local Yuma mine area and can be traced
into adjacent canyons. Grades in gold at the mine are reported as high as

0.05 opt and 31 channel samples across 200 ft averaged 1%+ Cu, .04 opt Au (ADMR
file data). Chalcopyrite and bornite stockworks and low-angle veins up to 10 ft
thick are reported. A 1943 engineering report cites reserves of 10,000 tons
measured and 216,000 tons indicated; with assays running 1.8% Cu, 0.03 opt Au
and 0.30 opt Ag. - ,
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Although Yuma ores run lean in gold, the large extent to the productive
stratigraphic interval (~ 400,000 tons of potential reserves), unusual meta-
somatic mineral assemblages (including extensive magnetite, quartz, actinolite

at the nearby Iron Dyke workings), geochemically anomalous gold (i.e. > 0.05 ppm)
over a wide area constitute reasons for considering the mine and surrounding area
a prime exploration target. ‘

Daqdy mine group: (TSN, R14W, Sec. 6) Irregular, discontinuous fissure-quartz
~ Veins cut Mesozoic metasediments. Veins are gold-bearing with copper, silver,
lead and zinc. The small reported production (190 tons) averaged quite high in
- gold (0.6 opt) with 4 opt Ag and 3% Cu.
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Glory Hole mine: (TSN, R14W, Sec. 33) Multiple, discontinuous veins of quartz

containing gold and other metals occur in Mesozoic metasediments with gangue of
siderite, hematite and manganese oxides. A "wide" shear zone is mentioned.
Amphibolite horizons (metavolcanic ?) conformable to foliation in the meta-
graywacke section are described as is a dolomitic horizon which bears "beautiful
free gold" (Bancroft, 1911). Bancroft also alludes to bulk mining possibilities
for the mine area, based on the "frequent occurrence" of the small mineralized
gash veins.

True Blue mine group: (T5N, R14W) Quartz seams and lenses carrying gold, silver

and copper occur in a NW-striking breccia zone cutting Mesozoic sedimentary
rocks. No size is given for the zone but 200 tons of production averaged about
0.7 opt Au.

Big Dyke Copper prospect: (T5N, R14W--2 mi N of Vicksburg) In foliated schist
cut by thin dikes, lenses of quartz, generally quite thin and short in length,
occur with small amounts of Cu, Au and Ag. Work has been done in two principal
areas. The largest area has been explored by over 500 ft of lateral workings
and a 25 ft shaft. Here a large open cut above the tunnel showed mineralization.
0f five samples taken, the highest was 0.8 opt Ag, 0.10 opt Au and 1.37% Cu
across 124 ft. Lowest was 0.5 Ag, 0.02 Au and 0.91% Cu from 9 ft. At the other
mineralized area, assays were of about the same grade except for a cut from
which 15 tons of $131 ore had been taken. A sample at this locality, across

17 inches, assayed 5.1 opt Ag, 0.88 opt Au and 0.15% Cu. Property is old. A
small mill operated here about 20 years ago and from indications of the tailings
dump, m;;}ed about 1,000 tons of ore. Mine has been worked intermittently

since 1891. . ‘

Calcite mine: (T5N, R14W, Sec. 14) Numerous prospect pits, cuts and several
shallow shafts have explored a stratiform, quartz-sericite schist interval
within Mesozoic metamorphic rocks just beneath the Hercules thrust. The altered
stratigraphic sequence is moderately to strongly pyritic, iron-stained and bears
secondary quartz, alumino-silicate minerals (i.e. kyanite, pyrophyllite,
dumortierite) and anomalous gold. Tourmaline and andalucite horizons overlie
the pyrite-muscovite schist interval. Tungsten mineralization is also

reported. The mineralized stratigraphy is cross-cut by the later 65 to 70 m.y.
granodiorite of Granite Wash Pass. o

References:

Bancroft, 1911; Dale, 1959; Ciancanelli, 1965; Keith, 1978, Arizona Dept.
Mineral Resources, file data.
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TECTONICS OF AN ACTIVE FOLD-THRUST BELT °

LADUZINSKY, Dennis M.; SEAVER, Din B. and KELLER, Ne 102584

Edward A., Dept. of Geological Sciences, University of California,
Santa Barbara, CA 93106
The north flank of the San Emigdio Mountains located at the southern
end of the San Joaquin Valley is an active fold-thrust belt that has
migrated to the north approximately 5 km during the late Pleistocene.
The mid - to late Pleistocene range front is defined by the position
of the Pleito fault while the present range front is underlain by the
westward extension of the White Wolf - Wheeler Ridge fault. Alluvial
fans emerging from the present mountain front are being actively folded
and represent continued northward migration of the fold-thrust belt.

A late Pleistocene surface is broadly warped over the principal
strand of the Pleito fault, but Holocene deposits are not deformed.
Five kilometers to the north the late Pleistocene gravels at the
surface are steeply dipping but not faulted where they cross the buried
White Wolf - Wheeler Ridge fault zone. Stream terraces of Holocene age
are deformed at that point and suggest an uplift rate for the front of
approximately 2 mm/yr. Deformed alluvial fan surfaces over the Los
Lobos folds suggest an uplift rate there of about 1.6 mm/yr. Total
uplift at the present active front is therefore approximately 3.5 mm/yr.

Assuming that the uplift occurs during earthquakes, and assuming an
uplift per event of 1 m (as was the case for the Ms = 7.3, 1952
earthquake on the White Wolf - Wheeler Ridge fault), then the recv
interval for a 1952 type event is approximately 500 - 600 -years.

GEOMETRY OF MAP-SCALE STRUCTURES IN THE PINE MOUNTAIN - Ne 94575
OJAL AREA, WESTERN TRANSVERSE RANGES, CALIFORNIA =

LAIRD, Brien A., Dept. Geol. Sci., Univ. Nevada-Reno, Reno, NV 89557
The Pine Mountain - Ojai area, mapped at 1:24000 by T.W. Dibblee Jr.,
contains a thick sequence of upper Cretaceous and Cenozoic marine and
non-marine rocks that have been intensely folded and faulted by late
Cenozoic deformation. Structural elements include high-angle, oblique
(?) contraction faults and megascopic folds of complex character.
Aspects of fold geometry include: 1) concentric, chevron-like fold
styles with variable irterlimb angles, 2) strong lithologic control
upon fold styles, 3) inclined hinge surfaces closely related to nearby
faults, 4) general WNW-ESE to E-W trends, often comprising en echelon
or converging fold sets, and 5) generally subhorizontal eastward plung-
ing hingelines with restricted zones of moderate to steep eastward
plunge, defining monocline-like hingelines.

Mechanisms such as en echelon wrench folding, inhomogeneous crustal
shortening, displacement transfer, and syn- to post-tectonic eastward
tilting cannot explain the diversity of structural relationships. Data
are consistent with a pre-existing, N-S trending, east-vergent mono-
clinal fold which has been deformed by transverse E-W folds. This mono-
clinal structure can be traced southward from Sespe Creek to near Ojai,
where it is clearly expressed in vertically-dipping Eocene units. Since
the "monocline" involves rocks of Pliocene age but is folded by Plio-
Pleistocene folds it must be of Pliocene age. The location and orient-
ation of this structure may reflect the presence of a basement fault
beneath the "monocline".

The "monocline" crosses the Santa Ynez fault without. appreciable
offset, allowing only minor post-Pliocene strike-slip movement on this
fault. With this assumption, cross-sections are being constructed using
applied methods of balancing. Preliminary results indicate that this
portion of the Western Transverse Ranges microplate has undergone only
moderate amounts of shorteming (about 30%).

AN ASSESSMENT OF TRIBUTARY DEVELOPMENT Ne 102902
FLANKING IUS CHASMA, MARS

LAITY, Julie E., Geography Dept., Calif. State University

Northridge, Northridge,CA 91330; PIERI, David c.,
Jet Propulsion Laboratory, Pasadena,CA 91109

The Ius Chasma region, Valles Marineris, Mars is flanked by
deeply entrenched theater-headed valleys in networks that are
best developed on the southern rim. Ground-ice or ground=-
water sapping are among the mechanisms invoked for their
formation. If the valleys evolved from a non-flow process
such as ground-ice sapping, there remains the question of why
elongate networks are created. Problems in assessing the
possible role of groundwater include an inability to deter-
mine the limiting boundaries of subsurface groundwater
basins, lack of detailed topography, and masking of original
processes by subsequent activity such as mass movement.
Recent studies of Terrestrial sapping indicate that regional
groundwater flow produces valley networks that differ in
pattern and spatial and temporal evolution from surface
fluvial systems. Groundwater flow is sensitive to changes
in hydraulic gradient, to deep fractures that act as conduits
for lateral flow, and to permeability boundaries that form
erosional base levels. Several characteristics of the Ius
Chasma tributaries appear incompatible with formation by
groundwater sapping. These include 1) valley heads that
converge, 2) highly complex branching patterns suggesting no
relationship to regional groundwater flow, 3) networks that
cross or intersect others, 4) multiple stratigraphic levels
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for valley floors and variable profile steepness, and 5)
closed depressions along the profile length. Hence, theater-
headed morphology does not necessarily provide a unique

photogeologic criterion for groundwater sapping on Mars.

REVISED AGE FOR THE EMPEROR REVERSED POLARITY N° 100884
EVENT BASED ON K-AR AND PALEOMAGNETIC STUDIES

OF BASALT FLOWS IN IDAHO
LANPHERE, Marvin A., U.S. Geological Survey, M/S 937,
345 Middlefield Road, Menlo Park, CA 94025, CHAMPION,
Duane E., U.S. Geological Survey, M/S 937, 345
Middlefield Road, Menlo Park, CA 94025, and KUNTZ,
Mel A., U.S. Geological Survey, P.0. Box 25046, DFC,
M/S 913, Lakewood, CO 80225
K-Ar ages and paleomagnetic data for basalt samples from a
new corehole (site E) at the Idaho National Engineering
Laboratory (INEL) indicate that the age of the Emperor
reversed polarity event, as recorded in Snake River Plain
lavas is 565 + 30 ka (1000 yr) rather Lhan 465 + 50 ka
reported previously by Champion, Dalrymple, and Kuntz.
Nine flows are recognized in the site E corehole; eight
flows have normal polarity and one has reversed polarity.
K-Ar ages for six of the normal flows range from 218 + 49
ka to 641 + 55 ka and are in correct stratigraphic order.
The flows above and below the reversed flow have ages of
491 + 80 ka and 580 + 93 ka, respectively. The reversed
flow at site E was not suitable for dating. The
inclination of the paleomagnetic field direction of this
reversed flow is -40.8 + 2,7 degrees, which agrees with the
inclination of the second of four reversed polarity flows
in hole 77-1, located 10 miles SW of site E. Three samples
from the reversed-polarity flows in drill hole 77-1 yielded
a weighted mean age of 565 + 30 ka. The vent from which
these reversed lavas were erupted has not been identified.
THRUST-RELATED METAMORPHISM, GRANITE WASH MOUNTAINS, | N2 87009
WEST CENTRAL ARIZONA
LAUBACH, S.E., Geol. Sciences, Lehigh Univ., Bethlehem, PA;
REYNOLDS, S.J., SPENCER, J.E., Az. Bur. f;eol. & Min. Tech.,
Tucson, AZ; RICHARD, S.M., Univ. Calif., Santa Barbara, CA.
Two episodes of Mz metamorphism (Ml & M2) are recorded in the western
Granite Wash Mountains (WGWM) of Arizona. The M1 assemblage qtz+alb+
chl+musc developed in pelites during the forma:ion of slaty D1 cleavage
and S-vergent large-scale D1 folding. . Original mineralogy in
metabasites is partly overprinted by M1 chl. D2 deformation involved
SW-directed thrusting and mylonite formation (Hercules Thrust Zone-HTZ)
which emplaced crystalline basement on WGWM Mz and Pz metasediments.
M2 metamorphism is spatially associated with the HTZ, and prograde M2
assemblages are restricted to a 300 m thick zone below the lowest
mylonites of the HTZ, even though D2 deformation is distributed over a
wider zone. Preliminary evidence suggests grade of M2 metamorphism
increases upward within the zone of M2 metamorphism. Syn-thrusting M2
assemblages superimposed on M1l at a distance from the base of the
mylonite zone include bi+chl+qtz+olig in pelites; <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>