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Thg Argus and Slate Ranges, located at the margin of the southern
Sierra Nevada batholith, are traversed by the northwest tirending Argus
. Sterling thrust fault, part of a regional system of thrust faults that are
rooted in the batholithic complex. The thrust fault juxtaposes two plu-
tonic terranes that underlie the Argus Range: a westarn terrane of coales-
cing quartz monzonite intrusions, and an eastern terrane in which roof
pendants of Paleozoic and Mesozoic sedimentany and volcanic strata are in-
truded by epizonal plutons.

Pa1eozo1c strata of the eastern terrane include miogeosynclinal, car-
bonate rocks of Devonian through Permian age. Permo-Pennsylvanian units,
thicker and siltier than underlying 11mestones, indicate greater influx of
terrigenous clastic material, increased sub;idence,'and local deeper water
environments, Permian submarine debris-flow deposits of coarse limestone
conglomerate record local tectonic instability within the geosyncline.

Mesozoic deposits include metamorphic equivalents of impure limestone
and shale, interbedded with fe]dspatﬁic and tuffaceous sandstones of plu-
tonic and volcanic provenance. A Triassic age is probable for these strata,

which document initiation of a Mesozoic plutonic-volcanic arc, oblique to



the trend of the miogeosyncline. Overlying andesite flows and sedimentary
interbeds rich in volcanic detritus ind%cate emérgence and continued vol-
canism in Triassic to Jurassic time, ,

Potassium-argon dates of plutonic rocks in the Argus Range indicate
periods of intrusion at 165-170 m.y. and 140 m.y. (respectively Middle and
“latest Jurassic). Concordant dates from the pre;tectonic Hunter Mountain
quartz monzonite, exposed in the autochthonous terréne,together with the
latest Jurassic ages of plutons which cut the thrust, bracket the age of
thruét faulting in the Late Jurassic. This faulting event contrasts with
Late Triassic to Early Jurassic regional folding and thrust faulting epi-
sodes which preceded the iﬁitiation of widespread plutonism, The locatidq, -
deformational style, trend and timing of thrust faults of the Aréus and
Slate Ranges suggest a genetic structural relation to the eastern margin
of the Sierra Nevada Batholith, |

The Argus Sterling thrust resulted from compressional failure of the
crust near the batholithic margfn, with relati#e uplift and eastward trans-
port of the wegtern granitic terrane. Slabs of Paleozoic limestone and
Mesozoic volcanic rocks vere sliced from subjacent roof pendants during
emplacement of the overriding granitic plate, and were dynamically meta-
morphosed to tectonite marble and phyllitic mylonite. Variations in thrust
zone lithologies, in the attitudes of thrust surfaces, and in the thick-
ness of deformed zones occur along strike. Syntecton%c plutons Tocally
intrude the thrust plane. |

The Cenozoic record is limited to Miocene(?) and younger strata.
Fluvial gravels, landslide deposits from an éncestral Panamint Range, and
basaltic, andesitic and silicic volcanic deposits accumulated on a surface
of gentle relief. Late Pliocene and Pleistocene faulting, and eastward

tilting of the fault-bhounded blocks gave rise to the present Basin and



Range topography. The northwest-trending Mesozoic thrust fault system was
broken into segments during development of the north-south trending Basin
ranges. ) .

Thrust faults in other ranges, on strike with the Argus Sterjing
thrust, occur from the Mojave Desert tﬂ the Inyo Mountains, and display a
common structural setting and deformational style with Argus Range thruéts.
These structures form a co-linear system of moderate-angle thrust faults,
termed the Coso thrust system, with a strike length of at least 150 km.
The system may have orig{nated in a single major deformation in the Late
Jurassic, possibly coincident with Nevadan evénts in the western Sierra,
although addiéional data from the Slate and inyo.Ranges may reveal a more.

complex history.
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GEOLOGY -AND THRUST FAULT TECTONICS OF PARTS OF THE ARGUS
AND SLATE RANGES, INYO COUNTY, CALIFORNIA

Introduction

Geologic mapping of the central Argus Range was undertaken in.1972 to .
establish the geology and structure of an area which had,had prior recon-
- naissance-level examination only. The.early stages of mapping revealed a - - -
northwest-trending thrust system, which became iﬁé focus for study during
the remainder of the project. Thrust faults in the'area form an apparent
Tink between previously mapped thrusts in other areas, and define a thrust
system of regional extent. To document this relation, an area in the Slate
Range was also mapped. Plates I and II present results of mapping of the
Central Argus and northgrh Slate Ranges, Déscriptions of the Argus Sterl-
ing thrust fault, the depositional and intrusive rock units, results of
radiometric dating of four granitic intrusions, and an analysis of some
Tertiary structural features are presgnted in this report.

The Argus and Slate Ranges are approximately half way between the
Sierra Nevada and Death Valley, in the southwestern part of the Great Basin
physiographic province, Inyo County, California (Figure 1). Geographic
and geolog%c features referred to in the text are identified on Figures 2
and 3, The ranges join at Slate Range crossing, the divide between Pana-
mint and Searles Valleys, and diverge southward. Panamint Valley bounds
both ranges on the east, and the Argus Range is bounded on the west by

granitic mountains and alluviated high valleys of the Coso Range.
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North of Trona, a county highway crosses Searles and Panamint Valleys,
and gives access via side roads to most of the area.” Access to the western
slope of the Argus Range is restrictedjand clearance must be obtained
through the Maval Weapons Center (NWC), China Lake, California.

Approximately 120 days in the Fall, 1972, Spring, 1973, and Winfer and
Spring, 1974 were spent in the field and in regional reconnaissance. Parts
of the Maturango Peak, Coso Peak, Trona and Manly Peak 15-minute quadran-
gles were mapped, using enlarged base maps (scale 1:24,000) and U.S.G.S..
'aerial photographs (series CQ). Thin sections and slabs of approximately
250 rock samples were examined, Modal determinétions of granitic rocks
were made by 500-point counts of stained sections and polished, stained
slabs. Potassium-argon dates on seven m1nera1 separates from four samples
of intrusive rock from the Argus Range were determined in the geochronology
)aboratories of the University of British Columbia in 1974, with the aid
of R. L. Armstrong and J. E. Harakal (Moore and Harakal, 1976). '

Conventional boundarfes of Mesozoic periods, varticularly the Triassic
and Jurassic, requike modification, according to studies by Armstrong and
others (see Armstrong and Suppe, 1973). The base of the Jurassic recog-
nized here is 210 m.y., rather than 180-192 m.y. {(e.g., Harland and others, ‘
1964). Consequently, the "Late Triassic" and "Early Jurassic” of several
referenéed pub]ications are respectivé]y Early and Middle Jurassic in this
report.

Previous bedrock mapping studies of surrounding areas include: Darwin
and Panamint Butte quadrangles (Hall and MacKevett, 1962; Hall, 1971);
reconnaissance géo1ogy of the Slate Rgnge (Smith and others, 1968); and
the structure of part of the southern Argus Range (von Heune, 1960). Much

of the area of Plate II was mapped in reconnaissance by Smith and others
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6
(1968). The northern Argus Range between Bendire and Stone Canyons, in-
cluding part of the area of Plate I, was mapped by K. Holden, California
State University, San Jose, concurrenﬂy with this project.

Published reports based on this study are: Moore, 1974; and Moore
and Harakal, 1976.

Geologic Framework

The mapped a#ea is located in the southern part of the Cordilleran
miogeosyncline,'and was a site of thick accumulation of shallow marine,
carbonate sediments'during the Paleozoic. Volumetrically minor terrigenous
c]a;tic material was mostly from the craton to the southeast. To the
northvest, deeper water deposition occurred at intervals dﬁring Paleozoic
time. The subsident miogeosynclinal shelf became emergent in the Middle
Triassic with the initiation of volcanism throughout the area from western
Nevada to the Mojave Desert.

Triassic-durassic volcanism reflects the onset of batholithic intru-
sion, which altered the crustal structure of eastern California in the
Mesozoic. Regional deforﬁation began as early as Late Triassic and was
active through much of the Mesozoic. Late Triassic to Early Jurassic folds
and thrust faults developed in the sedimentary pile within the area of
Figure 1, mostly preceding the intrusion of batholithic masses exposed
between the Inyo and State Ranges. The Argus and Slate Ranges are located
at the eastern margin of the Sierra Nevada batholith, near the eastern
Timit of the occurrence of Mesozoic volcanic rocks, and at the western edge
of Precambrian basement exposure.

These ranges are composed of roof pendants of Paleozoic carbonate

rocks and minor early Mesozoic sedimentary and volcanic rocks. The Argus
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Sterling thrust fault, part of a northwest-trending sysfem of thrust faults,
is exposed in the Argus Range, where it Jjuxtaposes contrasting plutonic
terranes.
A Cretaceous and early Tertiary record is regionally lacking. Late
Tertiary volcanism on a topography of gentle relief was interrupted in the
latest Tertiary by Basin-and-Range fault block development, which in this

area is reflected by eastward tilting of uplifted ranges and of downwarped

valley floors,
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I. STRATIGRAPHY
A. Paleozoic Rock Units

'Paleozdic sedimentary rocks, predominantly carbonates, are gxposed'in
the central Argus Range in faulted, homoclinal, and foned bloéks intruded
. by Mesozoic granitic rocks. Late Paleozoic strata crop out along the range
crest north of Maturango Peak. Devonian through Permian beds are present
in two roof pendants east and sputheast of Maturango ﬁeak, referred to here
as -the Knight Canyon and Bendire peﬁdants (Figure 2). Late Paleozoic rocks,’
partly mantled by Tertiary volcanic rocks, are also Present at Water Canyon,
at Slate Range crossing, along the western front of the northern Slate

Range, and as foundered blocks in diorite south of Fish Canyon in the Slate

Range, -

The Paleozoi€'section‘resemb1es that described from'the Panamint Butte
Quadrangle (Hall, 1971). Early Devonian strata are dolomitic; Middle
Devonian through Early Pennsylvanian units are predominantly limestone; and
Middle Pennsylvanian to Permian rocks are mostly silty and clastic 1ime-
stones. In the central Argu§ Range, the total thickness of exposed Paleo~
zoic strata is about 2750 m (9000 ft). The units and their approximate
thicknesses are summarized in Figure 4, Contact metamorphism has affected
most of the Paleozoic rocks in iﬁe area causing marmorization and local
dolomiFization of limestones, a§ well as widespread formation of fine-
grained calc-silicate hornfels from silty limestone.

Devonian through Middle Pennsylvaniaﬁ carbonates were formed in a
shallow marine environment on a broad, slowly subsiding shelf. Terrigenous

material, other than thin beds of multicycle quartz sand, is scarce. A
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Figure 4 PALEOZOIC ROCK UNITS, .ARGUS RANGE
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change in the sedimentation pattern occurred in the ﬁiddle Pennsylvanian,
as recorded by an influx of quartz silt in Permo-Pennsylvanian beds, lenses
of coarse conglomerate and sahdstone, and more prohounced lateral changes
in 1ithology. Local areas of deeper water, moderate currents, and inclined.

and uplifted shelf areas contributed to the variability of sediments in

the late Paleozoic.

‘Devonian System

Hidden Valley Dolomite

The Hidden Valley Dolomite was named by McAllister (1952) for expo-
surés of 1ight colored dolomite in the Quartz Spring area, northern Pana-
mint Range, where the unit ranges in age from Silurian to Early Devonian.
In the central Argus Range, only the upper 150 m (500 ft) of this unit are
exposed beneath the Devonian Lost Burro Formation at the eastern edge of
the Knight Canyon Pendant.

The unit coﬁsists of light gray and tan dolomite, commonly fetid, with
a few meter-thick beds of medium or dark gray dolomite. Alternation of
intergradational light gray and tan beds occurs at meter-thick intervals.
Locally, beds of dark, fetid or tan dolomite contain large angular dolo-

mitic clasts and sand sized grains, indicative of sediment reworking in a

shallow to marginal marine environment.

Lost Burro Formation

A conspicuously striped dolomite unit was named the Lost Burro Forma-
tion by McAllister (1952) in the northern Panamint Rangg. In the Argus

Range, the formation, exposed in the Knight Canyon pendant, consists
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largely of alternating beds of white and light to dark gray limestone, with
local coarse-grained, light-colored marble. The unit has a pronounced
striped appearance when viewed from a distance. Bedding thickness is com-
monly 0.5 to 2 m, The Lost Burro Formation is roughly 370 m (1200 ft)
thick. The base is gradational and placed at the inception of alternating
1ight and dark limestone beds interbedded with subordinate dolomite. The
upper 1imit of dolomite interbeds resembling the Hidden Valley Formation is
irregular. Dolomite locally transecting bedding is probably related to
fluids introduced during intrusive episodes.

Beds of ca]careoﬁs quartz Sandstone 5cm to 0.6 m thick are inter-
bedded in gray and white limestone 15 to 30 m above the base of the forma-
tion. They weather brown and contain vitreous quartz sand and angular,
flat chips of white limestone. These beds represent the Lippincott quartz-

ite member of McAllister (1955), which thins and becomes less sandy south

Figure 5. Paleozoic strata of the Knight Canyon
pendant, eastern flank of Argus Range. Rock units
visible are the Lost Burro Formation (far right),
dark gray Tin Mtn. Limestone, brown-weathering
Perdido Formation, white and gray Lee Flat marble,
?ng dark basal Keeler Canyon beds capping ridge at
eft.
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and east of the type area in the Ubehebe Peak quadraﬁg]e. The correspond-
ing horizon'is represented by 20 m of sandy and quartzitic rocks in the
Darwin quadrangle (Hall and MacKevett, 1962)ibut only 1 m of quartzite in
the Panamint Butte quadrangle (Hall, 1971). Quartzite and sandy limestone
near the top of the formation in other areas (McAl1lister, 1955; Hall and
MacKevett, 1962; Hunt and Mabey, 1966) are apparently absent in the Argus
Range,

Fossiliferous beds 2-4 m thick occur from 30 to 60 m above the base
of the unit and contain silicified or calcitic remains of solitary and sy-
ringoporoid';orals, stromatoporoids, gastropods; bryozoa(?), and pelmato-
zoa. Similar biostromes indicate a Middle Devonian age for lower Lost Bur-

ro strata in the Panamint Range (Hunt and Mabey, 1966).

Quartzite of uncertain age

A Q.h (30 ft)-thick sliver of light gray quartzite underlies foliated
carbonate rocks in the Argus Sterling thrust zone east of Maturango Peak in
Sec. 9 (T21S, R42E). Spherical grains of quartz are undulose and were
broken by penetrative deformation duriné thrusting, Clots of a carbonate
mineral (dolomite?) occur in the matrix. It is uncertain whether the
quartzite is entirely allocthonous in the enclosing marble or is inter-
bedded with it, |

Relatively pure orthoquartzite occurs regionally in the Eureka Quartz-
ite (Ordovician), Hidden Valley Dolomite, and the Lost Burro Formation.

In the Knight Canyon pendant, and in the Panamint Butte quadrangle (Hall,
1971), only very thin beds of quartzite are present in the two younger
units. On this basis, an Ordovician age may be possible, Derivation from

the Hidden Valley or Lost Burro Formations cannot be ruled out, however,
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as these units become sandier to the west and north. In the Darwin quad-

rangle, for example, these formations contain quartzite beds respectively

6 mand 7.5 m thick.

Mississippian System

Tin Mountain Limestone

The Tin Mtn. Limestone was name?_by McAllister (1952) for dark gray,
fossiliferous 1imestone of Early Mississippian age in the northern Pana-
mint Range. In the central Argus Range it is exposed along the length of
the Knight Canyon pendant, and in the fault-bounded core of a southward-
plunging anticline in the Bendire pendant. The formation sharply overlies
the Lost Burro Formation and is overlain by interbedded chert and g}ay
‘limestone of the Perdido Formation.

The unit consists of meﬁium to dark gray fine-grained limestone and
bioclastic calcarenitic limestone, commonly fossiliferous, with brown
chert nodules and lenticles. Contact metamorphism has marmorized the

limestone in the Knight Canyon pendant, The following section was measured

north of the mouth of Knight Canyon.

Marble, medium to dark gray, including bioclastic calcarenite 88 m
and beds with abundant brown chert nodules. Some beds with
abundant silicified fossils, including solitary corals and
pelmatozoan columnals. WYollastonite.
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Marble, light to medium gray with a slight flow foliation 79 m
parallel to bedding. Thick-bedded to massive with laminae
that mark relict bedding, A few cherty interbeds with
brown chert nodules. White calcitic ghosts of large
solitary corals. Local scour structures filled with bio-
clastic trash.
Total 167 m
(550 ft)
As this section has undergone folding and marmorization, this thickness is
approximate, .
A biostromal lens 12 m thick is present in Sec. 12 (T21S, R42E),
about 50 m below the top of the formation. Assemb]ages of silicified
large solitary corals, pelmatozoan fragments, colonial corals, Syringopora,

and small gastropods occur in dark gray, cherty limestone.

.

Perdido Formation

The Perdido Formation was named by Mqu]ister (1952) for a hetero-
geneous sequence of cherty liméstone, sandy and silty limestone, siltstone
and shale. In the Darwin area, Hall and MacKevett (1962) designated as
Perdido'Formation a sequence of interbedded chert and limestone that over-
lies the Tin Mountain Formation and is lithologically similar to the mostly
non-clastic lower unif of the type Perdido.

-The Perdido Formgtion in the central Argus Range is non-c]asfﬁc, and
similar to exposures in the Darwin and Panamint Butte quadrangles. The
Perdido is exposed in the Bendire and Knight Canyon pendants. Brown-
weathering chert beds and lenticles 1-10 cm thick are interbedded with

, {
medium gray limestone in 2-20 cm thick beds. The upper and lower contacts
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are gradational and apparently conformable. Crinoid fragments are sparing-
ly present in the limestone interbeds, A section measured in NE 1/4, Sec.
13 (T21S, R42E) is approximately 160 m (525 ft) thick. From a disténce,
the formation has a brown appearance.

Contact metamorphism has caused the growth of wollastonite éf inter-
faces between chert and limestone. Small folds are locally well developed
in this formation, and tightly folded anﬂ broken beds occupy the core of
the Bendire Canyon anticline.

No diagnostic fossils were found in the Perdido Formation. Its age

is assumed to be.Mississippian on the basis df stratigraphic position.

Lee'Flat Limestone

The Lee Flat Limestone was named by Hall and MacKevett (1962) for ex-
posures of gray-limestone of Mississippian to Pennsylvanian age in the Dar-
win quadrangle. The unit is a non-clastic equivalent of the clastic upper
Perdido Formation and/or Pennsylvanian Rest Spring Shale of the Ubehebe ,
Peak quadrangle and Inyo Mountains area (Ha11 and MacKevett, 19625 It
occurs in roof pendants in the central Argus Range and crops out in upper
Stone Canyon at the northern end of the mapped area. At the Westend lime
quarry in the northern Slate Range, Lee Flat marble overlies a west-dipping
fault. Tﬁe Lee Flat gradationally overlies the Perdido and is abruptly
overlain by gray calcarenite of the Keeler Canyon Formation. A paced sec-
tion north of Knight Canyon is 270 m (890 ft) thick.

White and.light to medium gray marble make up the Lee Flat Limestone,
which in the Argus Range has been recrystallized by Mesozoic intrusions.
Bedding, though mostly obscured by marmorization, is reflected by color

changes where bleaching has not obliterated the original compositional



16
differences., A streaky foliation parallel to bedding is common., The
light color of the marble in contrast to the gray limestone of the type
area may be Targely due to volatilization of carbon during métamorphism.
In the Knight Canyon pendant, the Lee Flat is mostly white marble and tan,
hydrotherma]]y dolomitized marble. In the Bendire pendant, a lower gray
marble and an upper light gray and white @arble can be distinguished. Gray'
beds contain bioclastic calcarenite with abundant white ca{citic crinoidal
remains. Large crinoid columnals to 3 cm in diameter are common in some
‘beds of the Lee Flat and seem to be characteristic of this unit.. Thin
chért stringers are present 1ocaf1y.

.Light tq dark gray Lee Flat marble, tﬁick bedded and slightly to
strongly foliated, are present at the Westend 1ime quarry in the Slate
Range. Large crinoid columnals to 2 cm occur in bioclastic beds. Masses
of silicified Timestone, browﬁ-weathering chert, and tan dolomite are com-
mon, Si]iéa replaces carbonate along closely spaced bedding or foliation
plane§ north of the quarry, yielding a cherty marble similar to the Per-
dido Formation, but siliceous lenses and layers are at least partly post-
teétonic and therefore secondary.

No diagnostic fossils were observed in the Lee Flat Limestone. As it
underlies Middle Pennsylvanian beds of the basal Keeler Canyon Formation
and is in part equivalent to the clastic upper Perdido Formation of the
Ubehebe Peak quadrangle, Hall and MacKevett (1962) assign it to the Mis-

sissippian and Early Pennsylvanian.
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Pennsylvanian and Permian Systems

Keeler Canyon Formation

The Keeler Canyon Formation was named by Merriam and Hall (1957) for
a prominently bedded, gray clastic limestone sequencé in the southern Inyo
Mountains. In the Argus Range it is best exposed in the Bendire pen@ant,
where it overlies the Lee Flat Limestone with a sharp contact. At this
locality, the formation top is placed at the base of a thick lenticular
conglomérate, assigned to the Owens Valley Formation. As this distinctive
bed is lacking elsewhere, the upper contact of:the Keeler Canyon is grada-
tional and its location is uncertain. In the central Arjﬂs Range the for-
mation is 600-700 m thick.

The Keeler Canyon Formation consists of two main lithologies: . gray
Timestone in thick beds, commonly calcarenitic with sand and ﬁebble-sized
calcitic fragments of biogenic origin; and laminated silty limestone,
light gray or orange-weathering, with laminae spaced at a few millimeters
that reflect varying silt content. Contact metamorphism of silty lime-
stones yielded calc-silicate hornfelses in which the bedding and sedfmen-
tary structures are obliterated or altered. Marmorized, thick gray cal-
carenite and limestone beds stand out in relief as promiﬁent gray ribs
separating sequences of lighter-colored silty limestone or calc-hornfels,

The lower 180 m (600 ft) of the formation at Bendire Canyon comprise
the "golfball horizon" member of Merriam and Hall (1957); it is thicker
here than in the Inyo Mountains (60 m). Gray limestone beds of this lower

member contain nodules of gray chert ("golfballs"), which are spherical
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and 1-3 cm in diameter. Irregularly shaped nodules and lenses are also
common. While this association appears regionally characteristic of the
lower Keeler Canyon Formation, scarce spherical chert nodules also occur
in gray limestone of the Owens Valley Formation in Water anyon. |

Calcarenite and fairly pure gray limestone comprise about half of the
formation south of Bendire Canyon where the section described below was
measured. The former presence of small amounts of siit is manifested by
variable amounts of tremolite needles in metamorphosed rocks. Dark gray
1imestones are locally very carbonaceous and fetid. Bioclastic beds con-
tain fusulinids, bryozoa, crinoids, and pebble-sized 1imestone fragments,
Thin, lenticular beds of conglomerate with rounded or angular carbonate
and.chert clasts of pebble to cobble size occur locally with calcarenite
beds. Beds of calcarenite with a scoured base and internal grading occur
rarely. . ) ' .

Silty limestones, making up the remainder of the unit, display closely
spaced, planar and locally wavy laminae. Current ripple cross-lamination
and low angle cross-lamination occur locally. A conspicuous feature of
the silty limestones is the presence of oblate nodular structure§ composed
of pure limestone in a silty limestone matrix. They are probably of algal
origin, They range in size from a few centimeters to more than 0.5 m, and
may occur singly, or in closely spaced clusters.

A measured section south of Bendire Canyon (Sections 22, 27, T21S,

R42E) is approximately 700 m thick:

) Thifk?ess
m
Owens Valley Formation (hornfelsic silty limestone. )

above the horizon of pinch-out of conglomerate
in Section 27)
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Keeler Canyon Formation:

Limestone, medium gray, crinoidal, calcarenitic; 133
massive bedding with a slight foliation. 1 m
thick bed with abundant fusulinids contains
Pseudoschwagerina sp. and Schwagerina sp.,

o6 m above base

Limestone, medium gray (section offset across small 30
fault) approx.
Silty limestone, hornfels and gray Timestone, thin 114

to medium-bedded

Limestone, calcarenitic, with pebble-sized, angular 20
gray limestone clasts. Some rounded coarse cal-
cite sand; crinoids and poorly preserved fusulinids .-

Silty limestone hornfels, laminated and thin-bedded, 32
"light gray or orange weathering

Pebble conglomerate, partly bioclastic, with clasts of 1.5
limestone, crinoids, anq minor dark gray chert

Silty limestone hornfels, laminated and thin-bedded, 20
orange or.light-gray weathering

Limestone, medium gray, irregularly bedded with crinoidal n
bioclastic lenses containing abundant silicified
fusulinids including Triticites? sp.; flow folds
in silty beds

Small fault in section

Silty limestone hornfels, laminated and thin-bedded, 163
orange or light gray weathering, with a few gray
limestone beds. Chert nodules near base, decreas-
" ing in amount upward. Closely spaced laminae in
silty beds, but some massive hornfels present.
Light gray algal structures in silty limestone matrix.

Limestone, medium gray, slightly foliated massive -bed, - 4.5
with chert stringers and a few golfball nodules :

Limestone, medium gray, and light gray laminated silty 32
limestone, partly hornfelsic

Calcarenite limestone, medium gray, finely foliated, 18
with chert lenses and nodules. Dark gray limestone
inclusions, marginally silicified, may be of algal
origin. Spherical chert nodules from 0.5 cm to
3 cm. Yell-rounded calcite sand present. Bioclastic
lenses contain crinoid remains, solitary corals, bryo-
zoa, brachiopods, and fusulinids, including Fusuli-
nella sp.
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Silty limestone, 1ight and medium gray, thin-bedded 15
and laminated, with variable silt content. Some
chert beds and golfball nodules )

Limestone, slight silty, medium to dark gray, with orange 14
cherty nodules and irregular lenses. Golfball nodules
2 cm in diameter. Thin chert beds and lenses. A gray
calcarenite bed contains fusulinids, bryozoa and bio-
clastic debris; Fusulinella sp.

Limestone, medium gray, and calcarenite, poorly bedded, 29
Bioclastic lenses with black calcite crinoidal remains

Calcarenite 1imestone, dark gray (non-fetid) with cri- 61
noidal bioclastic lenses. Black and white calcitic
crinoid material pebble-sized to 3 cm. Marmorized
and slightly foliated. A few light gray chert nodules

Lee Flat Liméstone'(massive Tight gray and white coarse, bio-
clastic marble)

Total thickness . 698 m
(2290 ft) .

Sections of the Keeler Canyon Formation in the Knight Canyon pendant
and upper Stone Canyon are complete, and similar to that above, but horn-
felsic rocks are common and fossi]§ have been destroyed by recrystalliza-
tion. North of Knight Canyon, matrix-supported conglomeratic limestones
up to 10 m tﬁick. with angular clasts of marble and dark gray cﬁert. are
- present near the top of the unit.

Iﬁ the Slate Range, Keeler Canyon strata occur in twd thrust lenses
near Westend 1ime quarry. The structurally lower lens contains 1itho-
logically uniform, medium gray limestone and pervasively foliated tremo-
litic, silty limestone. Similar gray limestone in a small klippe northeast
of the main lens contains crinoids and chert nodules 1-2 cm in diameter.
The nodules suggest correlation of these rocks with the "go1fball member
of the lower Keeler Canyon Format%on. A structurally higher thrust lens
contains a foliated and partially overturned section of Keeler Canyon beds

overlying Lee Flat marble. Calcarenites, locally with graded beds, and
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golfball nodules are present in these strata. Pebble and cobble conglomer-
ates occur 120 m above the formation base, and.poorly preserved fusulinids .
150 m above the base, |
The age of the Keeler Canyon Formation in the }nyo Mountains is Middle
Pennsylvanian (Atoka or Desmoines) to Early Permian (Wolfcamp) (Merriam and
Hall, 1957). Five fusulinid collections from the central Argus Range were

examined by C. H. Stevens. Fusulinella and Tricites? sp. in the lower and

middle parts of the unit correspond to faunal zones established for the

type section. Pseudoschwagerina, which occurs in upper Keeler Canyon strata
in the Bendire pendant, first appears in the lower Owens Formation in the
Inyo Range. In the latter area, an unconformity separates the two units.

Therefore, either the Wolfcampian Pseudoschwagerina-bearing strata in upper-

most Keeler Canyon beds were locally removed prior to Owens Valley deposi-
tion, or the formational contact is time-transgressive. Hall (1971) also

noted that in the northern Argus Range, Pseudoschwagerina questionably

occurs in upper Keeler Canyon strata. Schwagerina is common in upper Keeler
Canyon strata and occurs with Eoparafusulina? sp. north of Bendire Canyon

(Section 15, T21S, R42E).

Keeler Canyon deposition represents a change from the pre-Middle Penn-
sylvanian shallow carbonate shelf environments, although the latter per-
sisted to the southeast, toward the craton. The presence of a terrigenous
silt fraction and abundant allogenic bioclastic material in carbonate are- .
nite sheet§ suggest a moderate-energy environment, offshore from a low-
energy carbonate shelf. The carbonate sand was transportéd and winnowed
by marine currents, Lenticular conglomerate beds with limestone and chert
fragments may be storm lag deposits. The occurrence of coarse clastic
material implies subaerial grosion of local uplifted areas. Shallow-water

fauna in the lower part of the formation and algal nodules in the finer-



22

grained interbeds put limits on water dépth, but Tocal moderate topographic
relief of the sea floor is suggested by rare turbidite-1ike, graded calcare- |
nite beds with a scdured base, and convolute loading structures., Elayer
(1974) noted that the Keeler Canyon Formation in the southern Inyo Moun-
tains contains a thick section of interbeQded calcarenite turbidites and
siliceous pelagic sediments, which may represent deep-water deposition.
The Argus Range, and areas along depositionalvstrike to the northeast, may

therefore be transitional between near-shore and basinal deep-water facies.

‘Owens Valley Formation

A Permian sequence of silty limestone, calcarenite; limestone, shale
and'conglomerate in the southern Inyo Mountains was named the Owens Valley
Formation by Merriam and Hall (1957). Rocks assigned to this unit, common-
1y metamorphosed, are widely exposed in roof pendants‘in the Argus and
northern Slate Ranges, The formation is lithologically variable both ver-
tically and laterally across this area. In contrast to the type area,
where the Owens Valley rests locally on an unconformity, the formation is
gradational and apparently conformable with the under]yin§ Keeler Canyon
Formation. The contact is thus arbifrary, but would not be placed any
lower than shown in Figure 4, In the Bendire Canyon pendant, a lenticular
conglomerate is chosen as a convenient basal stratum for the unit. The top
of the formation is not exposed. Faulting and contact alteration near in-
trusions prevent an accurate estimate of thickness, which exceeds 900 m
(3000').

In the northern Argus Rangé and areas farther north énd west the Owens
Formation can be distinguished from the Keeler.Canyon by a basal 130 m-thick

calcareous siltstone bed (Hall, 1971); a greater proportion of pure
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lenticular limestone beds, and laminated siltstone and silty limestone,
and current-bedding structures. West of upper Stone Canyon and along the
range crest north of Maturango Peak, the basal siltstone is absent and
_these 1ithologic changes are gradationally observable over a few hundred
meters of section. The main rock tyﬁes are calcarenite, lime- '
stone pebble conglomerate, and 1imestone interbeddgd with laminated silty
limestone. Current ripple cross-lamination, 1bw-angle cross-stratifiqation
and alga]_nddu1es occur ih the silty carbonates, scour and loading features
occﬁr locally beneath pebbly calcarenites, and flame structure is present
rarely in si]tstohe‘béds. Poorly preserved corals and fusulinids are pres- --
ent in bioclastic béds.. In the Knight Canyon pendént. similar rock types
are present, although metamorphic alteration is more intense. At these
localjties the base of the formation is placed above several rib-forming
gray limestone or calcarenite beds, locally cong}omeratic. that resemble a
sequence of such beds near the top of the measured Keeler Canyon section in
the Bendire pendant,

South of Bendire Canyon, distinctive beds of limestone conglomerate
and breccia, and rusfy-weathering siltstone, separated by -silty limestone
hornfels, are mapped separately on Plate I. The 100 m thick siltstone bed
forms rounded, rubbly slopes, and is a noticeable dark band on aerial photos.
It may be equivalent to the siltstone bed at the base of the Owens Valley
in the northern Argus Range, but in the Bendire pendant, the formation base
is placed beneath the underlying conglomerate. This lenticular rdck body,
with a maximum thickness of 180 m (600'), contains mostly angular, poorly
sorted clasts of chert and limestone, commonly 2-25 cm in size (Figure 6).
Moderately sorted pebble conglomerates, with interbedded laminated silty

limestones, alternate with coarse, unbedded sedimentary breccias. Higher



— Figure 6. Cliff-forming beds on ridge top dre basal

Owens Valley conglomerate and breccia, which thicken to

180 m in the valley at right rear. Hunter Mountain

quartz monzonite is in the middle distance, and down-

faulted Tertiary volcanic rocks occupy the foreground,
strata in the Bendire pendant include hornfelsic laminated s%]ty limestone
and beds of marble, including a thick white marble bed that caps prominent
hills south of the Millspaugh fault. Metamorphic alteration increases
toward the western exposed edge of the pendant, It is intense also in ex-
posures of Owens Va]léy hornfels near the Onyx Mine.

Silty limestone, metamorphosed to fractured, monotonous fine-grained
calc-hornfels, underlies the area north of Slate Range Crossing and is ex-
posed beneath Tertiary volcanic rocks to the east, Bedding laminations and
primary sedimentary features have been mostly obliterated. These rocks
are assigned to the Owens Valley Formation, as other units Iack/thick se~
quénces of silty Timestone which could yield a metamorphic equivalent that
is uniform throughout, Near the faulted top of the sequence, north of the
mouth of Water Canyon, a 50 m-thick bed of conglomerate and an overlying
15 m gray marble bed are interbedded with hornfelsic silty limestone. The
conglomerate contains angu}ar clasts up to 0.5 m, but commonly 2-4 cm in

diameter, of gray and white chert, silty limestone, and fine-grained
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sandstone and laminated quartzite. Lenticular interbeds of quartz sand-
stone are also present,

Fossiliferous Owens Valley strata occur in a fault-bounded thrust
slice spanning Water Canyon, here referred to as the Aquarius Mine block
(Figure 3).' A rock type not present elsewhere is fissile, light yellow- -
brown to pinkish-brown siltstope. locally laminated. Interbeds of brown-
weathering, mature quartz and chert-grain sandstone, with small-scale
cross-lamination, are present. Conglomerate to 3 m thick, with well-
rounded chert and'limestone clasts 2-5 cm in diameter, occurs locally near
the base of the sequence. Fusulinid limestone composed of packed Schwager-
ina skeletons occurs west of Slate Rangé Crossing in a lens 0.6 m thick, -
enclosed in tan flaggy siltstone. Siltstone str;ta in the Aquarius Mine
block are overlain by medium gray, cherty, thick-bedded 1imestone, with
common fusulinid-bearing bioclastic beds.

‘ Altered and deformed carbonate rocks exposed in the northern Slate .
Range include gray marble, locally with chert stringers, brown-weathering
tremolitic marble, gray laminated silty lim;stone and its hornfelsic equiva-
lent, marmorized pebble conglomerate, and coarse 1imestone clast conglomer-
ate, MNo diagnostic fossils were observed because of the advanced recry-
stallization of these rocks. Pebbly, bioclastic conglomerates are diffi-
cult to recognize, as the clasts have been stretched and smeared out into
calcite streaks. These strata are assigned to the Owens Valley Formation,
as they resemble no unit older than Permian. Blocks of tremolitic marble
engulfed in intrusive rocks near Manly Pass are also questionably.assigned
to the Permian. The uniform gray color of the Slate Range exposure, and an
apparent decrease in silt content of the carbonate strata, suggest a change

in-Permian lithofacies southeastward, toward the craton. Permian rocks
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southeast of the Argus Range, also inclhding the “AnQil Spring Formation"
of Johnson (1957) in the southern Panamint Range, appear to more closely
resemble shallow-marine shelf limestones of the Permian upper Bird Spring
Group than the Owens Valley Formation with its terrigenous silt fraction
and variable facies.

Near Ophir Mine in the Slate Range, deformed strata of probable Per-
mian age occur both above and below the Ophir thrust fault and are overlain
by metamorphic rocks of Permian or Triassic age. Liméstpne with thin chert

beds, interbedded with calc-silicate hornfels, is overlain albng the thrust

surface by a massive lens of tan marble, containing pentagonal pelmatozoan . .-

columnals, which are probably Permian in age (C. H,-Stevens, personal com- -. -:

munication). ) '
The Owens Valley Formation is Molfcampian and younger Permian in age.
Fusulinids from the Aquarius Mine block were identified by C. H. Stevens.

They include: Schwagerina sp., from gray bioclastic 1imestone; and Schwag-

erina garlockensis (Ross and Sabins) and Eoparafusulina n. sp. (lower

Leonard? age) from fusulinid limestone. The position of these strata
within the Owens Valley section is unknown.

Owens Valley depositional environments are in part a continuation of
those of Keeler Canyon time. Carbonate arenites alternating with laminated
silty limestone lacking bioturbation may reflect periodic moderate energy
conditions in offshore areas. Low-energy shelf conditions are indicated
by the abundant shallow water faqnas and biostromes reported from other
areas, and by maﬁsive lenses of relatively'pure fossiliferous limestone.

Local abrupt topographic relief, and perhaps &eeper water environments,
are indicated by accumulations of coarse, intra-geosynclinal detritus. The

occurrence of coarse marine conglomerates like that in the Bendire pendant
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is a prominent regional feature of Permian sedimentation, Pebble beds,
crudely sorted by currents, and coarse, unsorted debris flow deposits inter-
finger laterally with fine-grained, silty carbonate sediments. The shape
of the conglomerate body may be fan-like, and it was probably fed by a sub-
marine channel, ' |

Conglomerate and breccia exposed jn the Bendire pendant is of Early
Permian (Wolfcamp) age. Similar deposits have been reported in nearby
areas. A conglomeratic sequence 900 m thick is exposed in Tucki Mountain
in the Panamint Range (Hunt and Mabey, 1966) and appears from included
fauna to be Late Pennsylvanian(?) to Early #efmién in age; clasts of Mis-
siésibpian and Pennsylvanian age are present in this deposit. Lenticular
limestone breccias with clasts to 1 m also oéqur at the base of the Owens
Valley Formation in the Inyo Range, where they overlie Keeler Canyon strata
discordantly. Younger conglomerates occur in the southern Inyo Mountains,’
where chert, limestone and quartzite-clast conglomerates and interfingering
sandstones are of Middle Permian age (Merriam and Hall, 1957).

The conglomerates reflect erosional stripping of local highs within
the geosyncline, Strata as old as Early Mississippian were removed from the
uplifted areas, transported laterally by marine currents, and channeled
into adjacent areas of deeper water. Elayer (1974) interpreted a regional
basin-to-shelf transition in the upper Owens Valley Formation in the south-
ern Inyo Mountains. The lateral variability of the formation appears re-
lated to such regional bathymetric gradients and locally to pronounced re-
lief of the sea floor. Vertical transitions in depositional environments

and sediment types reflect the increased dynamism of uplift and subsidence

in the geosyncline in the Permian.
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Tectonite marble of mostly late Paleozoic age

Allocthonous lenses of foliated, isoclinally folded marblé occur along
the Argus Sterling thrust zone. The lenses are composed of relatively pure .
calcite marble, impure from Devonian through Permian formations. The major
occurrences of marble lenses are: along the trace of the thrust zone from
Argus Sterling Mine to 5 km east of Maturango Peak; a 4 km-long exposure
in the Shepherd Canyon area; and small outcrops near the highway west of
the Westgnd Timestone quarry in the nbrthern Slate Range.

Lenses ﬁear the Argus Sterling miﬁe consist of gray and white fine-
grained marble with a well-developed, and locally folded, flow foliation
(Figure éZa). In color and purity the marble resembles Lee Flat Limestone,
but it might inc]pde other Mississippian limestone. Dark gray marble‘with
chert nodules may be either Mississippian or Pennsylvanian. Tan dolomite
replaces streaky gray marble south of Argus Sterling Mine. Lenses north-
east of Maturango Peak, from north to south, consist of medium gray and
white flow-laminated marble (Lee Flat?); white to pale pink-weathering -
marble with gray flow laminations (Lost Burro?, or Lee Flat?); and gray
marble with white laminations and chert lenses (Keeler Canyon?).

' Tectonite marble occupies a trough-shaped depression in autochthonous
focks at the northern end of the Bendire pendant. From east to west, in
ascehding structural order, west-dipping slabs of light gray marble, mas-
sive tan and 1light gray coarse dolomite, and streaky white and gray marble
overlie autochthonous granitic and Mississippian to Pennsylvanian carbonate
rocks. Much of the marble appeafs to be isoclinally folded Lee Flat lime-
stone, with infolded Perdido at the west end of the mass. Dolomitization

of calcite marble occurred later, obliterating the foliation. Dolomite
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and gray marble east of recognizable Lee Flat marble have been mapped as
questionable Lee Flat, although other late Paleozoic units may be repre-
sented.

A 4 km-wide marble lens near Shepherd Canyon contains medium gray, tan
and white, fine-grained marble that is foliated and isoclinally folded. 1In
contrast to purer marble lenses farther north, much of the marble appears
to have been derived from silty limestone and may be Permian in age, assign-
able to the Keeler Canyon or Owens Valley Formations. The impure carbonate
composition, presence of autochthonous Permian rocks north and south of the
lens, and the presence of Triassic rocks tectonically emplaced above the
lens make a Permian age plausible.

Light tan and 1ight gray foliated marble forms three outcrops along "~~~
the base of the hills west of the Westend quarry, Underl&ing Keeler Canyon
beds lack the strong foliation of the marble, which is atypical of Keeler
Canyon 1ithology and appears to be a highly deformed lens of middle or late

Paleozoic limestone.
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B. Mesozoic Sedimentary and Volcanic Rocks

Altered and deformed Triassic and Jurassic rocks, including carbonate,
clastic and tuffaceous sediments and volcanic flows, occur as parautoch-
thonous lenticular masses along the Arqus Sterling thrust zone near Shepherd
and Water Canyons. Similar metamorphic rocks crop out near the Ophir Mine,
and include impure carbonate rocks interbedded with fine-grained clastic
and tuffaceous rocks which were foliated during thrust faulting in the
Slate Range. Mesozoic volcanic rocks which have not been transported a1ong
fault zones occur only near Shepherd Canyon, ‘where an elongate roof pendant
of tuffaceous volcanic rocks is present,

Rocks of these areas resemble sections of Mesozoic rocks in the;Inyo
Mtns, (Kelley, 1973; Elayer, 1974) and in the southern Panamint Range
(Johnson, 1957), where volcanic ‘rocks of presumed Triassic and Jurassic age
overlie impure carbonate rocks of Early to Middle Triassic age. Elayer
(1974) noted tuffaceous interbeds in Triassic limestone. Regional initia-
tion of magmatic activity in the Triassic is supported both by stratigraphic
evidence, and by thé'earliest determined ages on plutons (e.g., Armstrong -
and Suppe, 1973). Volcanic strata are absent in the Paleozoic section of
this area and évidently indicate a Mesozoic age. The presence of oncanic
clasts, plagioclase feldspar of plutonic or volcanic origin, or tuffaceous
detritus in sedimentary strata similarly indicates a Mesozoic age, Where
such strata are interbedded with carbona;e rocks, a Triassic_age is likely.
Some uncertainty in age designation is due to the resemblance between meta-

morphosed impure carbonate rocks of late Paleozoic and presumed Triassic

age,
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Triassic carbonate and fine-grained clastic sedimentary rocks

Altered, epidote-rich metasedimentary rocks occupy tributary valleys
north and south of Water Canyon (Figure 7). Rock types include metamor-
phosed silty limestone, calcareous quartz siltstone and sandstone, feld-
spathic sandstone, brown and purple shale, limestone, and tuffaceous sand-

stone and calcareous siltstone. These sediments occur ﬁn a tectonic lens
7 .

. Figure 7. View south, toward Hater Canyon.

Altered, epidote-rich calc-hornfels and clastic sediments

of Triassic age crop out in valley in foreground, over-

lying silicified Permian rocks at left. Dark outcrops

at right are Mesozoic meta-andesite.
that pinches out southward, and is truncated northward by fine-grained in-
trusive diorite. A lens of epidote hornfels, with thin interbeds of mylon-
itic, feldspathic sandstone,.is also present along the thrust zone between
Water and Shepherd Canyons.

Silty limestone and fine calcareous sandstone are the most common pre-

metamorphic rock types. The grain size of sandstones ranges from 0.1 mm
to greater than 1.0 mm. Quartz g?ains are generally angular and locally

poorly sorted, Sandstones also contain common plagioclase, and less
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commonly, grains of chert, albite, orthoclase, fine-grained diorite, and
siltstone. A few sandstones also display phyllosilicate lenses or wisps
.that are relict pumice fragments, occurring with common white and pink fé1d-
spar grains, .

The clastic material was deposited in a 1imy, shallow marine envirdn-
ment. A provenance in part plutonic or volcanic is apparent, The feld-
spathic component of sandstones may have been contributed by local volcan-
ism or by unroofing of the earliest Mesozoic intrusions.

These sedimentary rocks were deformed during movement along the Argu;
Sterling thrust zone, as manifested in the phyllitic foliation of fine-
grained rocks, strained and sfretched quartz grains in sandstones, dishar-
monic folds in thinly bedded, shaly limestone, and boudinage of thick car-
bonate beds and basaltic sills. Following deformation, the section was
contact metamorphosed, yielding calc-hornfels from the Silty Vimestones,

An episode of hydrothermal alteration produced an abundance of epidote in
most rocks. Garnet, actinolite, chlorite and sericite are also present in
metacarbonates, The calc-hornfelses are locally friable, green-spotted
rocks, with epidbte-rimmed "eyes" of garnet, actinolite, quartz and calcite.

The metasedimentary ro;ks are overlain by Triassic-Jurassic lava flows.
Although the contact is tectonic, it may be a faulted depositional contact,
since fine-grained diorite of Mesozoic age (Trdi) intrudes both the meta-
sediments and volcanic flows, suggesting pre-tectonic proximity of the two
units,

The evidence for a Triassic age of these rocks is:

1. The presence of tuffaceous material and plutonic or
volcanic feldspars;

2. Analogous stratigraphic relations in the Inyo Mtns. and
Panamint Range, where Triassic carbonate, and locally
tuffaceous, rocks underlie thick Triassic to Jurassic
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volcanic sequences.

Permian(?) and Triassic rocks of the Ophir complex

Smith and others (1967) assigned metasedimentary and plutonic rocks
near the Ophir Mine to the Precambrian. The present study does not support
this assignation. Marble, calc-silicate hornfels, and schistone clastic
and tuffaceous sediments (Figure 8) tectonically overlie strata of the

Owens yalley Formation. Faulting, post-tectonic plutons, and alluvium have
8

Figure 8. Southward view of metamorphic rocks of the
*Ophir complex. In foreground is blocky green and orange
“hornfels of Permian or Triassic age, It is overlain by

micaceous metatuff with an intercalated marble band (tan

color). Darker rocks at top of sequence include sheared
alaskite of Goldbottom Mine. Searles Lake and Trona in
background,

isolated this rock mass, here referred to as the Ophir.complex, from corre-
lative rock units. However, similarity to Triassic rocks of Water Canyon

and to regional Mesozoic sections suggest that part of the complex is Tri-

assic. Metamorphosed silty limestones of the Owens Valley Formation may

.

also be present,

The following rock units near Ophir Mine have been differentiated on
Plate 11:
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1. PmTrh: Dense green and orange-weathering hornfels with a southwest-
dipping, blocky'foliation overlies Owens Valley(?) tectonite marble. The
unit is approximately 340 m (1100 ft) thick. The structurally lower two-
thirds of the unit is dark green epidote and actinolite-rich calc-hornfels,
Thesé metamorphic rocks resemble metavolcanic greenstones owing to a high
calcium, alumina and iron content, but are derived from impure carbonate
rocks. The overlying orange-weathering hornfels is composed of quartz,
diopside and garnet, replaced by calcite and fibrous amphibole. Bedding
has been largely obliterated. '

The hornfels is intruded by sheared alaskitic sills correlatedeith
the alaskite of Goldbottom Mine, and by metabasaltic, slightly amygdaloidal
sills which have been boudinaged during deformation.

2. Trts: Schistose clastic and tqffaceous sediments, with a 5 m thick
bed of tectonite marble, sharply overlie the hornfels (Figure 8). The con-
tact is probably a sheared sedimentary contact. Below the marble band,
gray and green mylonitic tuffaceous rocks occur, with a well developed
foliation defined by muscovite. Porphyroclastic grains of plagioclase, K-
feldspar and quartz in a matrix of recrystallized mortar suggest a rhyoda-
cite crystal tuff as a parent rock. Some clastic sediments may be inter-
calated with the tuffaceous volcanic rocks, and the interbedded marble sug-
gests a lacustrine or marginal marine environment. Above and below the
marble, pale green and white quartz-muscovite schists may have been derived
from siliceous microcrystalline volcanic ash (Figure 9). Quartz lenticles
may be relict clasts from a tuffaceous parent rock. Darker interbeds con-
tain distinctive pale green, micaéeous lenses, which are probably recry-
stallized lapii1ar clasts. The original textures of these rocks are mostly

obliterated, but the mineralogy and composition indicate a volcanic parent.



Figure 9. Metavolcanic mica schist outcrops near the
right margin of Figure 8; Ophir complex. The west-
dipping foliation is strikingly kinked.
3. Trh: Calc-hornfels, both foliated and blocky, crops out above the

schists. Epidote-rich, orange-weathering hornfels resembles rocks of unit

1, but may be younger as it is apparently interbedded with the clastic rocks.

The interbedded carbonate and clastic rock sequence with included vol-
vanic material is similar to regional sections of Triassic rocks. If it
includes no major tectonic discontinuity, its position above probable Per-
mian rocks suggests that it may be a Permian and Triassic section. The
Towermost hornfels unit may include both Owens Valley and Triassic carbon-
ate rocks, whereas units 2 and 3 are probably Triassic.

Calc-hornfels with a crude cleavage and interleaved white and gray
tectonite marble near Goldbottom Mine are mapped as Permian or Triassic.

The dark green hornfels is shattered and cut by numerous veinlets, and is
similar to other hornfelses in the area. The cleavage is locally discordant
to bedding, where the latter is preserved. The tectonite marble is strongly

foliated and displays flow folds with eastward overturning.
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Volcanic rocks of Triassic or Jurassic age

A continuous lens of Mesozoic volcanic rocks intruded by fine-grained
diorite (see below) extends from the Millspaugh fault to Water Canyon. 1In
the northern secfion of this lenticular mass, mostly andesitic rocks have
been penetratively deformed, yie]d%ng slaty or phyllitic, dark green mylon-
ites. Farther south the Yens thickens and deformation has been non-pene-
trative, preserving some primary volcanic features.

Most of these rocks are uniformly dark green meta-andesites that
appear aphanitic or fine]y crystalline in outcrop. In thin section, they
show fine-grained, saussuritized plagioclase phenocrysts in an altered,
plagioclase-lath matrix. Pyroxene or other mafic minerals have been al-
tered to epidote, chlorite and other phyllosilicates. Two to five percent
quartz occurs as small interstitial grains that are probably due to ground-
mass recrystallization. The matrix of a few rocks has been replaced by .
hematite.

These rocks are volcanic flows, although alteration is too extensive
to recognize flow tops or bottoms. Volcanic breccia interbeds with meta-
andesite clasts in a plagiocIasg-rich matrix occur locally. The lavas are
overlain by tuffaceous and clastic rocks, and interbeds of tuff and quartz
sandstone are present within the flow sequence. One basalt flow inter-
bedded with andesite contains flattened, chlorite-filled amygdules. Such
textures, and the présence of clastic interbeds, document a subaerial en-
vironment, but small intrusions of hypabyssal rock, such as monzonite por-
phyry, occur in the volcanic section, and are difficult to distinguish
from flow rock in the field.

Quartz siltstone and sandstone interbeds are present south of Shepherd
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Canyon and north of Water Canyon, The siltstone contains angular quartz
grains 0.1-0.2 mm in diameter in a sericite matrix, with widely scattered,
round 1 mm quartz grains. Tuffaceous interbeds just north of Shepherd
Canyon are phyliitic mylonites with porphyroclasts of plagioclase and su-
tured quartz, and with quartz-feldspar lenses that are probably relict
clasts.

Spanning Shepherd Canyon, an elongate roof pendant of hornfelsic sili-
ceous tuff is intruded by quartz monzonite. Rock types within the pendant
include metamorphosed vitrophyric airfall(?) tuff, pumiceous welded tuff,
and local interbeds of tuff-breccia and volcanic breccia near Shepherd
Canyon; and porphyritic andesite west of Anthony Mi1l. Relict textures
in wefded tuff are locally well preserved and include compacted pumice
fragments, which consist of axiolitic and spherulitic quartz-feldspar inter-
growths around quartz lenses iq a devitrified matrix (Figure 10). Frag-
ments.of porphyritic volcanic rock to 5 cm are present in beds of breccia.
The bedding and compaction foliation in fhese rocks dip gently.

These volcanic rocks have.been baked to blocky, dense, light or brown-
veathering hornfels, and are tourmannized near Shepherd Canyon. In the
southern end of the pendant, volcanic rocks have been bleached, pyritized
and silicified, making différentiatfon from fine-grained granitic facies
difficult.

The age of these volcanic rocks is bracketed by the underlying strata
of probable Triassic age aqd the Middle Jurassic Hunfér Mountain quartz

monzonite, which intrudes the siliceous tuff.



Figure 10, Hornfelsic welded tuff of Triassic or
Jurassic age near Shepherd Canyon, with compacted pumice
fragments and volcanic clasts in a vitrophyric matrix,

Coarse-grained clastic sedimentary rocks and tuff of Triassic or Jurassic age

§edimentany and tuffaceous rocks which overlie or are interbedded with
andesitic volcanic rocks at Water Canyon include: volcanic and chert clast
conglomerate; quartz and feldspathic sandstoné; volcanic and chert sand-
stone; pumiceous sandstone; volcanic breccia, and phyllitic.tuff.

Volcanic conglomerates contain poorly sorted, angular clasts commonly
2 cm to 25 cm in diameter, A few beds with rounded clasts aré present.,
Pebbles of chert are abundant, as well as aphanitic or porphyritic volcanic
clagks with pale green or violet coloration. The matrix consists of small
angular pebbles and coarse sand. Coarse-grained sandstone and granule sand-
stone contain closely packed fragments of éhert and volcanic rock, with
plagioclase and potassium feldspar, and some smaller grains of plagioclase
and quartz. One sample contained plutonic microcline. South pf Water Can-
yon, conglomerate and granule sanqgtone have been mylonitized and possess
a phyilitic fb]iétion due to growth of muscovite along shear planes;

stretched clasts are also present. Where preserved, bedding in the sedi-

mentary rocks approximately parallels the foliation. .
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As it is more structurally isotropic, it is less
penetratively deformed than the volcanics and less
commonly foliated, Widely-spaced, west-dipping shear
planes or blocky fracture are present locally;

Limonitic zones are present locally near intrusive
contacts with volcanic and sedimentary rocks;

Texturally the diorite is more uniform than the vol-
canics, and it is moderately to slightly coarser in
grain size;

It lacks amygdules and sedimentary interbeds.

The diorite body is apparently offset slightly by the reverse fault

separating Triassic metasediments from overlying Triassic and Jurassic vol-

canic.iocks north of Water Canyon. This fault appears to die out within

the dior{fe, which cuts both pre-intrusive units. It is younger than the

volcanic rocks and appears to truncate the rhyolite porphyry, and it is

older than the Argus Sterling thrust.
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C. Hesozoic Intrusive Rocks

In the Argus and Slate Ranges, roof pendants of Paleozoic and Mesozoic
rocks are intruded by generally medium-grained, moderately silicic granitic
rocks. The most cormon rock type is quartz monzonite, containing hornblende
and biotite, with 10 to 30 percent quartz, and plagioclase (oligoclase to
andesine) in slightly greater amount than potassium feldspar. Rocks with
compositions from diorite to alaskite are also present. Alaskite, defined
as leucocratic granite or quartz monzonite with a color index less than 5,
makes up three intrusive masses and several smaller bodies.

Ages determined for granitic rocks in the Argus Range define two epi-
sodes of intrusion and cooling: 165-170 m.y. (Middle Jprassic) and 140
m.y. (latest Jurassic). Similar ages are reported by Ross (1969) for in-
trusive rocks of the southern Inyo Range. These dates span a period of
time in the Jurassic during which fairly localized Early to ﬁiddIe Jurassic
intrusion of granitic magmas in the Inyo Mountains region was succeeded
during the Late Jurassic by regional plutonism in the Sierra Nevada and
Great Basin (Armstrong and Suppe, 1973). This intrusive event preceded the
Late Cretaceous event that characterizes much of the Sierra Nevada, but
which appears to be unrepresented in the Argus Range area.

The presence of the Argus Sterling thrust permits a division of Argus
Range graqitic rocks into pre- and post-tectonic. Two granitic complexes,
tho;e of Hunter Mountdin and Maturango Peak, are juxtaposed by the thrust,
whiﬁh is in turn cut by post-tectonic plutons. K-Ar dating of these units
brackets the age of the thrust within the Late Jurassic (Moofe and Harakal,
1976). A cataclastic foliation in small alaskite bodies along the thrust

implies syntectonic intrusion of small volumes of silicic magma.



TABLE 1: K=-Ar AGES OF INTRUSIVE ROCKS, ARGUS RANGE

‘Constants: K¥O/K = 1.19 x 107%; Ac= 0.585 x 10710 5, = 4.72 x 10710
» . . 40 b0 ,, Lo
Unit Location Mineral K (%) *Ar (mol/g) #Ar “/Ar “tot. Age (m.y.)
Hunter Mountain 36°8'12"N;  hbl 0.39 1.209 x 1020  72.2% 169 + 6
quartz monzonite 117 26'l5"W  biot 6.74 2.033 x 10 80.9% 166 + 6
Quartz monzonite of 36°§'14"N;  hbl 1.00 2.989 x 1072°  86.3% 165 + 5§
Maturango Peak 117°30'15"W  diot 7.11 1.661 x 10 85.6% 132 ¥ 5
Alaskité of Bendire 36°§'32"N;  biot  6.89 1.739 x 1077 87.7% 140 + 6
Ccanyon - 1177277 :
Quartz monzonite of 36°8'56"N;  hbl 0.87 2.179 x 1073°  76.2% 139 +
the Argus Sterling 117 29'51"W  biot 6.68 1.291 x 10 81.5% 108 + L

Mine .

44
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" In the Slate Range, four main granitic units have been mapped. Three
post-date the deformation at Ophir Mine, which may correlate with the Argus
Sterling thrust (see Section II D), Further radiométric dating will be
necessary to fully clarify the relationship of Slate Range structures and
intrusions with those of the Argus.
The locations of granitic samples are shown in Figures 11 and 18.

Table I shows the results of K-Ar determinations of  four Argus Range units.
Pre-tectonic Intrusive Rocks

Hunter Mountain Quartz Monzonite

The Hunter Mountain quartz monzonite was named by McAllister (1956)
for a complex of heterogeneous quartz monzonitic rocks that crop out on
Hunter Mountain at the north end of Panamint Valley (Figures 1 and 37).
Quartz monzonite correlative with the type area has been described in the
Darwin and Panamint Butte Quadrangles (Hall and MacKevett, 1962; Hall, 1971)
and in the southern Inyo Mountains (Ross, 1969; Dunne, 1971). 1In tﬁe Argus
Range, rocks east of the Argus Sterling thrust that are correlative with
the Hunter Mountain quartz monzonite extend from Stone Canyon to north of
Water Canyon. A small sheared outcrop of granitic rock in the thrust zone
near Westend lime quarry is quesfionabiy assigned to this unit. Sample
HQM-3 from the Argus Range yielded concordant hornblende and Biotite Middle
Jurassic dates which agree vell with other reported dates (e.g., 165 and -
156 m.y.: Burchfiel and others, 1970; and 156, 163 and ]78 m.y.: Ross,
1969). )

. The composition of sixteen samples of quartz monzonite from the Argus

]
Range, plotted on Figure 12, averages 36.75% plagioclase, 28,75% K-feldspar,
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22,5% quartz, 7% hornblende, 4.25% biotite, with a color index of 12%. The
zoned plagioclase ranges in composition from calcic andesine to calcic oli-
goclase (Anso_zs). Accessory minerals include magnetite, sphene, apatite,
zircon, epidotg, orthite, and myremekite. .

The main facies of this unit is homogeneous, equigranular, medium-
grained quartz monzonite (Figure 13). Subhedral fine-grained plagi6c1ase
crystals are enclosed in an anhedral quartz-orthoclase matrix. The latter
displays cuneiform granophyric intergrowths in border rocks and sills.
Hornblende and biqtite occur in clusters, or may be enclosed in poikilitic
anhedral orthoclase. Large areas of quartz monzonite have been retrograded
and mafic minerals are replaced by chiorite and'epidote.

A dioritic or porphyritic border facies, commonly with a pyroxene
syenodiorite composition, occurs south of Bendire Canyon. A continuous
gradation from fine-grained quartz monzonite and granodiorite to porphyri-
tic syenodiorite is observable north of Anthony Mi11l. Phenocrysts of p]é-
gioclase and augite, with interstitial perthite, occur in a fine matrix;
hypersfhene and biotite are locally present, the latter in part rep]acing.
pyroxene, Intrusive breccia is locally present in this unit.

Hunter Mountain quartz monzonitg in the Argus Range is similar %n com-
position to the Pat Keves pluton, Inyo Mountains, as reported by Dunne
(19}1). but slightly richer in quartz than the average of rocks reported
'frgm the type area (McAllister, 1956; Hall, 1971). It is more homogeneous
texturally than in the type area (where composite intrusion may havé taken
place), and differs from areas farther north in lacking porphyritic K-
feldspar facies,

Structural adjustment of roof rocks took place during emplacement of

Hunter Mountain magmas into the folded Paleozoic cover. The Knight Canyon
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FIGURE 12
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pendant, rotated, steepened, and sharply truncated on the north, was in-
truded by sills along bedding, creating narrow septa which became separated
from the parent block, and locally broke into stoped masses of calc-
silicate hornfels. The Bendire pendant was uplifted several hundred meters
with respect to the Knight Canyon pendant by the intruding magma. Many of
the faults in these sedimentary blocks probably reflect differential stress-
es from underlying buoyant magmas, and were healed after cooling by zones
of jasperoid and silicified carbonate rock. Lateral shouldering and upward
raising of roof rocks appear to have been the dominant emplacement processes.

Zones of tactite and calc-hornfels occur marginal to many contacts.
Late Paleozoic silty limestones favored the formation over large areas of
impermeable fine-grained hornfels, consisting of intergrown grossularite,
idocrase, kollastonite, diopside, actinolite, and epidote. More permeable,
purer limestone favored formatiqn of tactite and calc-silicate marbles
adjacent to sills and small intrusfons in the Knight Canyon Pendant. The
following assemblages are common in tactites: id-gr-di, gr-wo-di, and
gr-qtz-ca. Retrogression of grossularitic garnet to idocrase, diopside and
calcite is common in most contact rocks. In calcitic and dolomitic marbles,
the following assemblages were observed: ca-qtz-di, dol-ca-di, id-ca, and

ol-ca (with olivine replaced by a serpentine mineral).

Quartz monzonite of Maturango'Peak

Quartz monzonite, generally porphyritic, is present Qest of the Argus
Sterling thrust and is named for the highest point in the Argus Range, The
sou;hern boundary of this unit occurs nortﬁ of Wéter Canyon. The unit
grades southward into diverse granitic rock types of the southern Argus

Range. No clearly intrusive Eontacts with country rock occur within the
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Figure 13, HNatural and stained slabs of quartz monzonite
of Maturango Peak (L) and Hunter Mountain quartz monzonite
(R). At right is a cut slab of fine-grained diorite, a
marginal facies of the Hunter Mountain unit.

area mapped,

The Maturango Peak unit is part of the extensive granitic Coso terrane
that includes the intrusive rocks of the Coso Range and southern Argus
Range and extends westward to Owens Valley, with an undefined southern
limit. MNon-porphyritic quartz monzonite in thé Argus Range, partly coeval
with quartz monzonite of Maturango Peak, and in part probably younger, is
mapped as undivided rocks of the Coso terrane,

A Middle Jurassic K-Ar age on hornblende from this unit suggests that
it is roughly contemporaneous with the Hunter Mountain quartz monzonite
(Table I). The discordance of the biotite is probably due to the proximity
of the sample to younger intrusions.

The average of 11 porphyritic and 5 non-porphyritic samples, shown in
Figure 14, is 41.5% plagioclase, 24% K-feldspar, 16% quartz, and 18,5%
mafic minerals. Many samples fall within the granodiorite field, Associ-
ated with the relatively homogenedus_quartz mohzonite are small bodies of

syenodiorite and aplite, and south of the Millspaugh Fault, numerous
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northwest-trending dikes. The rock typically contains anhedral to sub-
hedral, pale pink or purple perthite phenocrysts, 1-2 cm in length, in a
matrix of finer plagioclase (Figure 13), The phenocrysts may contain small
oriented crystals of plagioclase or biotite, and may be rimmed by oligo-
clase, yielding a rapakivi texture, .Quartz occupies small pockets in the
interstices of feldspar crystals. Plagioclase is subhedral and veakly
Zoned, consisting of sodic andesine locally rimmed by calcic oligoclase;
compositions in thg range An38_30 are typical. Matrix orthoclase is vari-
ably microclinic or wavy and twinned. Either biotite or hornbiende may be
dominant iﬁ given specimens, Accessory minerals include apatite, sphene.'
magnetite and zircon. Partial alteration of biotite to chlorite pervades
much of the unit,

Tvwio blocks of hornfelsed impure carbonate rock northwest of Maturango
Peak comprise all that can be inferred of the wall rock of this intrusion.
The rarity of stoped blocks, and the presence of flow foliations and
stretched cognate inclusions imply that these rocks were emplaced ét great-
er depth than those of the eastern granitic terrane. The unit was Juxta-
posed against the epizﬂnal terrane of the Hunter Mountain quaftz monzonite
by later major reverse slip along the Argus Sterling thrust.

Similarity in age, composition, low quartz content, and porphyritic
textures between the Maturango Peak quartz monzonité and the Hunter Moun-
taiﬁ quartz monzonite (here including rocks of the type area) sugge;t that
the two units may be equivalept, but are exposed at different intrusive
levels across the thrust. Further study of the Coso terrane and its rela-

tion to the Hunter Mountain unit is needed before correlations across the

thrust will be possible.
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Alaskite of Goldbottom Mine

Medium-grained alaskitic rocks containing sub-equal amounts of quartz,
orthoclase and plagioclase intrude schistose and hornfelsed rocks near
Ophir and Goldbottom Mines in the Slate Range. The alaskite is strongly
sheared and displays crude cataclastic foliation which dips vest or defines
broad open antiforms. In the southwestern part of the outcrop, however,
deformation of the rock is largely limited to shearing of included mafic
dikes. .Sericitization has obliterated the original ferromagnesian minerals k
and has clouded the plagioclase. Strained quartz and mortar zones reflect
penetrative deformation.

The alaskite intrudes rocks of inferred Triassic age. The sills and
apophyses ﬁhich cut the latter are still abparent after deformation and
tectonic transport of the entire block of intrusive and country rock, If
this deformation can be correlated with the Argus Sterling thrust, the age

alaskite is pre-Late Jurassic.
Syntectonic Plutons

At three locations along the Argus Sterling thrust, small bodies of
aplite or fine-grained alaskite have been cataclastically foliated by mo-
tion on the thrust, and were therefore introduced into the thrust zone dur-
ing deformation in the Late Jurassic. Associated with the foliated rocks
are small bodies of undeformed aplite and quartz monzonite, suggesttng that
intrusion took place during the waning stages of movement

North of the Millspaugh fault, a pluton of mylonitic aplite truncates
the trace of the thrust and intrudes discordantly into mylonitic and
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lineated quartz monzonite of the upper plate (Figure 23). Foliation in the
aplite is marked by elongate stringers and mortar trails of fine-grained
quartz and feldspar, Crystallization of the leucocratic magma was followed
by cataclasis, producing 2 mm porphyrociasts of quartz, orthoclase and sodic
plagioclase in a sutured matrix of orthoclase and quartz (Figure 15).
Matrix quartz is broken into po]&gonal strained domains, and perthitic or-
thoclase is incipiently microclinized. Sericite has grown parallel to the

foliation, and secondary yellow-brown biotite is présent.

Figure 15, - Photomicrograph of- syntectonic -alaskite,
mylonitized by movement on the Argus Sterling thrust.
Porphyroclasts of orthoclase (gray) are set in a matrix
of quartz.lenticles (white) and granulated feldspar.
10X. :

Quartz-rich alaskite, locally displaying “chessboard" albitized ortho-
clase has intruded the thrust zone northeast of, and structurally below,
the body referred to above. This mass has been microbrecciated by movement
on the thrust and displays partially anncaled cataclastic textures, bent
albite lamellae, strained quaftz, and sericitic mortar zones.

A third mass of alaskite spans Water Canyon. It intruded the fault
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surface separating upper plate quartz monzonite from underlying Mesozoic
sedimentary and volcanic rocks, A steep foliation defined by elongate
mineral grains and mortar zones in fine-grained mylonite is present north
of the canyon, Westward from the east contact of this body, a crude frac-
ture in the alaskite and shearing in-dioritic dikes reflect decreasing de-

formation above the basal plane of movement.
Post-tectonic Intrusions of the Argus Range

Alaskite of Bendire Canyon

Coarse-grained alaskite occurs in an elongate pluton along the Argus
Sterling thrust northeast of Maturango Peak. Guided by the west-dipping
plane of the thrust, the buoyant magma forced apart the juxtaposed fault
blocks. In the area where Bendire Canyon turns eastward (Figure 16), the

alaskite intruded the lower plate sedimentary rocks discordantly.

Figure 16. Alaskite of Bendire Canyon, Tooking north
across the canyon. The pluton intrudes Lee Flat marble
at right and beds of the Keeler Canyon Formation at left.

?a;k, garnet-rich skarn marks the intrusive contact at
eft,
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Biotite from this pluton gave a K-Ar age of 140 m.y. (latest Jurassic).
Apparently the major motion on the thrust had ceased by this time. WMinor
late movement, howevef, is indicated by cataclasis within the southern apo-
physis of the pluton, whi?h intrudes the thrust plane; Quartz is perva-
sively strained throughout the body. Intrusion may therefore have closely
followed the major movement along the thrust, .

Intergroun coarse anhedral grains of sodic plagioclase, perthite and
quartz occur in approximately equal proportion, and about 3 percent biotite
in euhedral books 0.5 cm in diameter is present (Figure 17).. Saussuritized
and weathered plagioclase (oligoclase?) crystals 0.4 cm ldng display weak
zoning and albite twinning. Deformation twins and bent crystals are common.
Coarse perthitic orthoclase or microcline in 1 cm wide grains is purplish
pink to salmon pink, and is locally altered to chessboard albite. Small
‘euhedral plagioclase inclusions.occur in the perthite, |

A chilled border phase occurs at the southeast end of the pluton,
where phenocrysts up to 0.5 cm in length include euhedral orthoclase, sub-
hedral plagioclase, and embayed quartz in.a fine matrix of K-feldspar and
quartz, Thin tactite zones are developed where the pluton intruded the
Lee Flat and Keeler Canyon limestones (Figure 16). These zones are 5-10 m
thick with a sharp outer contact and contain green garnet or {docrase,

brown grossularite, and dodecahedral hematite, pseudomorphic after magne-
tite.

Quartz monzonite of the Argus Sterling Mine »

A small pluton which intrudes the thrust zone near the Argus Sterling
Mine consists of fine to medium-grained equigranular quartz monzonite;

biotite exceeds hornblende. The pluton is concentrically chloritized, .
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the central, medium-grained rocks displaying the best preservation,

This pluton is younger than and intrudes the g]askite of Bendire Can- -
yon, as shown by the concentric pattern of alteration and finer grain size
along the contact with the latter. Coarse-grained blocks of alaskite are
included near the margins of the quartz monzonite. Sample ASM-5 yie]ded
hornblende and biotite ages of 139 m.y. (latest Jurassic) and 108 m.y.,
respectively. The hornblende age is probably near the true age and indi-
cates intrusion closely fbllowing the Bendire pluton. The biotite discord-
ance may be relafed to chloritization or a later thermal event along the
thrust zone.

This rock is typical non-porphyritic quartz monzonite, with anhedral,
locally microclinic perthite; subhedral, twinned andesine to oligoclase
p1agi9clase; subhedral mafic minerals in clusters or as small euhedra in

quartz or K-feldspar; and magnetite, zircon, apatite, sphene, and myrmekite.

Quartz monzonite of Anthony Mill °

Parts of a post-tectonic pluton of quartz m&nzonite with pink potassium
féldépar Phenocrysts are exposed near Anthony Mi1l and north of the mouth
of Water Canyon, where fresh quar?z monzonite intrudes sheared and mineral-
ized dioritic rocks of the border facies of the Hunter Mountain quartz mon-
zonite. Similar rocks exposed beneath Tertiary volcanic cover.in the nor-
thern Slate Range are correlated witﬁ this unit. Much of the area of the
intprusion lies beneath a]luvium north of Slate Range Crossing, The age of
the pluton is probably Cretaceous.

The distinguishing feature of this unit is the abundance of anhedfal,
rounded perthite phenocrysts commonly 1 cm in length, Biotite and horn-

blende in roughly equal proportions are mostly enclosed by feldspar. The
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composition is similar to other quartz monzonite units of the area (Figure
17).

Post-tectonic Intrusions of the Slate Range

Diorite of Stockwell Mine

Hornblende diorite crops out at Stockwell Mine; south of Manly Pass,
and makes up much of the uplifted block east of the Manly Pass fault. The
vall rock of.this intrusion is exposed only on the northeast flank of the -
range, where pendants and blocks of highly recrystallized Permian carbonate
rocks have been intruded and dismembered by the diorite. Elsewhere, later
intrusions of quartz monzoni}e and alaskite truncate the diorite.

The diorite has_not been dated in the Slate Range. However, biotite-
bearing hornblende diorite in Coyote Canyon, Panamint Range, 4 km east of
diorite exposures in the Slate Range, yielded a 145 m.y. biotite age (Lafe
Jurassic) (Armstrong and Suppe, 1973; Supplementary NAPS data). The unit
‘appears to post-date the deformation at Ophir Mine, as small bodies of dio-
rite intrude the deformed Owens Valley carbonate rocks north of Bundy Can-

"yon mouth. -

In contrast to most intrusive rocks of the area, this unit lacks po-
tassium feldspar and contains very little quartz. The diorite is textur-
~ally énd compositionally variable. Grain size varies from fine to medium,

and coarse pﬁckets are present locally, Darker varieties contain calcic
plagioé]ase, elongate crystals of hornblende, and some biotite, with a
color index commonly near 40 percent, Lighter segregations are plagioclase-

rich diorites which contain minor quartz and only minor hornblende, and 10-
15% biotite (Figure 19).
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Chlorite and epidote have commonly replaced the mafic minerals causing

the dark green to gray appearance of outcrops as viewed from a distance.

Quartz monzonite of Isham Canyon

Light gray, medium-grained, equigranular quartz monzonite intrudes the
diorite at Manly Pass and Isham Canyon, and near the January Jones Mine on
the east side of the range. In some areas, diorite is intrgded by numerous
small bodies of the gray quartz monzonite and the mutual cdntacts are diffi-
cult to discern. West and southhest of Manly Pass, numerous stoped blocks
of diorite and later intrusions of alaskite account for a large volume of
the quartz monzonite. Equigranular rock exposed in an erosional window
north of Manly Pass is included with this unit.

Petrographica!ly and compositionally, the quartz monzonite resembles
-rocks of the Hunter Mouﬁtain or Argus Sterling Mine quartz monzonite units,
with equigranular subhedral plagioclase, interstitial perthite and quartz,
and variable amounts of hornblende and biotite (Figure 19). Its age is un-
known, but Armstrong and Suppe (1973: MAPS data) obtained an age for horn-
blende-biotite quartz monzonite at Manly Peak in the Panamint Range, 6 km
east of exposures in the Slate Range, of 137 m.y. (biotite). The unit
post-dates deformation of rocks of the Ophir complex, and ﬁrecedes intru-

sion of the alaskite of Copper Queen Canyon.

Alaskite of Copper Queen Canyon

Coarse-grained, pink alaskite, intruding all earlier units is present
north of Manly Pass, east of Goldbottom Mine in Copper Queen Canyon, and on

the crest of the range south of the diorite exposure. The alaskite is also
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exposed in erosional windows north of Manly Pass, as irregular masses on
the east flank of the range, and as small bodies in diorite or quartz mon-
zonite south of Manly Pass.

As this unit is very similar texturally and compositionally to the
alaskite of Bendire Canyon in the Arqus Range, and to other leucocratic
units in the Inyo Mountains, it is tempting to postulate a latest Jurassic
to Early Cretaceous age. B, C. Burchfiel {personal communication, 1975)
reports a Rb-Sr isochron date for alaskite near the Ophir Mine of 170 m.y., -
or Middle Jurassic. If correct,'this date has important implications for
the age of'deformation of the Ophir complex. However, several lines of
evidence make this age determination suspect. These include the similarity
to the Argus Range alaskites, and the possibility of latest Jurassic ages.
for the earlier Stockwell Mine and Isham Canyon units. Furthermore, struc-
: 'tures in the Slate Range along strike'of the Late Jurassic Argus Sterling
thrust are truncated by the alaskite (see Section II-D). I therefore favor
an Early Cretaceous~age for this unit,

The alaskite is composed of irregular coarse-grained mosaics of equal
proportions of feldspars and quartz, and very minor biotite (average 3%)
(Figure 19). Sodic plagioclase is subhedral to anhedral, and enclosed in
anhedral pink K-feldspar and quartz. Pink feldspar imparts the 1ight pink
color to distant exposures. A quartz monzonitic phase with apparently gra-
dational contacts is included in this unit. This light colored rock is
fine-grained and contains up to 10 percent biotite.

The contact relations of the alaskite of Copper Queen Canyon are highly
variable, The emplacement of numerous small Qiscrete bodies of alaskite
reflects control by numerous joints and fissures in the quartz monzonite

and diorite country rock. The alaskite overlies its quartz monzonitic wall
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rock north of Manly Pass.

A different style of intrusion has taken place southeast of Stockwell
Mine, where the alaskite contact dips northward beneath the dioritic country
rock. Gently-dipping slabs and large blocks of diorite have been stoped
off the roof of the alaskite magma chamber.

A peculiar marginal facies of fine-grained aplite occurs at the nor-
thern contact of the alaskite northwest of Manly Pass. In some areas, the
aplite contains abundant rounded fragments, from 2.5 cm to 0.5 m in diameter,
of diorite, porphyritic quartz monzonite, hornfelsed limestone, and of bio-
tite alaskite. This aplitic phase, broadly coeval with the alaskite, was
an earlier stage of intrusion at the exposed level, as large blocks of the

distinctive aplite-enclosed breccia have been broken up and engulfed by the

coarse alaskite,

Dikes

Several types and generations of dikes are present in the Argus and
Slate Ranges. Main groupings noted in mapping include the fbllowing:

1. Granitic dikes present in Paleozoic roof pendants are related to
emplacement of the Hunter Mountain quartz monzonite and later plutonic
units. Aplite and alaskite dikes relafed to intrusion of leucocratic mag-
mas are present in several areas of Both ranges.,

2, A swarm of quartz latite porphyry dikes trending WNW cuts across
the Argus Range west of Revenue Canyon and post-dates the Hunter Mountain
intrusion. The age of thesg dikes is not known. It may be Tertiary, how-
ever, as this trend is parallel to that of WNH-trending Tertiary fault zones,
including the Wilson Canyon fault in the southern Argus Range (von Heune,

1960), the Millspaugh fault, central Argus, and the Snow Canyon fault in the
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northern Argus Range (K. Holden, personal communication, 1974),

3. Altered green dikes of diorite or porphyritic andesite commonly
trend northwest within the quartz monzonite of Maturango Peak and related
rocks south of Millspaugh site. These dikes are probably related to NW-
trending regional dike swarms present in the region ffom the southern Argus
Range to the Inyo Mouhtains (Smith, 1962). As they parallel the Argus
Sterling thrust and other reverse faults in this area, they may post-date
. the thryst (post-Late Jurassic), since they are controlled by a fracture
system believed to have developed during this tectonic event. Several

aplite dikes of unknown relative age trend east-west in this area.
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D. Cenozoic Rocks

Volcanic rocks, fluvial gravels, and lake sediments were deposited on
a late Tertiary pediment or erosional surface. Llate Tertiary volcanism
was preceded by a period of external drainage, during which streams carved
a surface of low relief, remnants of which are preserved along the crests
and east flanks of the Argus and Slate Ranges (Section I1-E). Local relief
 was probably less than a few hundred meters. Low hills of resistant rock
were inundated by volcanic flows, breccias and tuffs. Small playa lakes
in the volcanic field were sites of carbonate deposition.

Basalts from the Argus and Panamint Ranges, preserved on remnants of
this surface, have been dated at 4-5 m.y..(Hall, 1971). Similar basalts
overlie volcanic, lacustrine and fluvial sediments in the central Argus and
- Slate Ranges. . Thus.the earliest sediments exposed, and the surface on
which they are deposited, are late Miocene(?) to Pliocene in age. Regional
Basin and-Range faulting which led to the breakup of this surface, forming
the présent physiography of the ranges. fbllowed basalt extrusion in the
late Pliocene and Quaternany. .

Significant topographic relief was locally present before the general
initiation of Basin and Range faulting in the latest Tertiany.. Early Plio-
cene faulting ié indicated by fanglomerates derived from early -Inyo and
. Panamint uplifts in the Darwjn and Panamint Butte quadrangles (Hall and
MacKevett, 1962; Hall, 1971). While thick fanglomerates are. lacking in the
Argus Range, lanqslide breccias, sfmi]ar to those interbedded in alluvial
fans in the Panamint Range, occur several kilometers west of fheir pre§umed

source in the ancestral Panamint Range, and underlie the late Miocene(?) to
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Pliocene volcanic rocks. Moderate topographic relief was also present in
the southern Argus Range, where the mass of resistant, leucocratic quartz

monzonite that makes up Argus Peak (west of Trona) stood as a monadnock

above the bevelled surface.

Late Miocene(?) to Pliocene Deposits

Fluvial gravels

Uncemented alluvial gravels of diverse 1ithology (Tsa) mantle the pre-
vo1canié surface and represent a lag deposit of stream-transported detritus -
from Tocal and distant areas of higher elevation. In the Argus Range, de-
posits to 15 m thick éontaip pebbles, cobbles, and boulders, generally well
rounded, of the following rock types: laminated, cross-bedded quartzites,
quartz-pebble conglomerate; tan dolomite; gray, dolomitic oolite; gray and
white marble; gray limestone and calcarenite, commonly crinoidal; silici-
fied Timestone breccia; diorite and porphyry; tan porous travertine; and
andesite and basalt, In the Slate Range, the'dominant constituent of these
deposits is rounded boulders and cobbles of orange-weathering cross-laminated
quartzite with chattermarked outer surfaces. Quartzite cobbles occur be-
neath volcanic rocks between Man}y Pass and Goldbottom Mine.. They reported--
ly also mantle the warped erosionaI.surface of the southern Slate Range
(Smith and others, 1968).

Quartzite and quartz-pebble conglomerate and dolomitic rocks are from
late Precambrian and Cambrian formations that are exposed in the Panamint
Range., These units are absent in the Argus and Slate Ranges; The high de-
gree of rounding and the chattermarked surface of the cobbles indicates that‘

they were transported by streams, probably from near the present Panamint
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Range westward over the area of the present Argus and Slate Ranges. Cal-
carenite and limestone breccia, intermixed with cobbles of Panamint Range
provenance, appear to be locally derived. These resistant rock types
probably formed low hills on the Pliocene surface of the present Argus
Range. Granitic clasts are generally lacking, except for fine-grained or
dioritic rocks, probably because deep weathering created low relief areas
on quartz monzonite exposures. However, granitic detritus is found in sig-
nificant amounts east of Hanly Pass, where thick grus derived locally from

outcrops of alaskite underlies basalt.

Landslide breccias

Deposits of brecciated quartzite are found south of Knight Canyon
mouth”and south of Bendire Canyon (center, Section 25) in the Argus Range.
Boulders of limestone and andesite breccia, and clasts of less common rock
typés, such as olive-green dolomife.breccia; are associated with the quartz-
ite, which is typically parallel or cross-laminated. The breccias were em-
placed by landslides frpm the ancestral Panamint Range. Rock masses derived
from oversteepened fault scarps were transported westward across a pgdiment
slope that today dips eastward beneath Panamint Valley. .The Panamint Valley .
fault zone, a possible ‘source of these deposits, is 18 km to the east,

‘In two aveas in the Argus Range, south of Bendire Canyon mouth (W 1/2,
Section 25), and 2 km W, of the Onyx Mine, large bou]ders‘associated with
" basal lag gravels underlying.andesite breccia are included in this unit.
Boulders to 6 m in diameter of Paleozoic carbonate rock, andesite breccia;,
and Tertiary limestone or travertiﬁe are most common, Large blocks may

have been deposited by several processes: landsliding, fluvial or sheet-

flood transport of landslide debris, or transport of large boulders from
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alluvial fan deposits and lake terraces by volcanic mudflows. Andesite
lahars, particularly the basal units in a thick sequence, contain large
blocks of travertine that were picked up from playa lake margins by the

turbulent, high velocity mudfiows and emplaced downslope from their site

of origin,

Basalt, andesite, and silicic pyroclastic deposits

Volcanic rocks overlie the erosion surfaces exposed on the east flanks
of both ranges, Basalt and andesite are commonly interbedded, and inter-
tongue in the northern Slate Range, where a north-dipping andesite section
is overlain and underlain by basalt, The thickest sections of volcanics are
south of Bendire Canyon, where a minimum thickness of 180 m of diverse vol-
canic rock types is exposed, and the east side of the Slate Range, vihere a
basaltic section to 100 m thick is present. Figure 20 schematically depicts
the volcanic-and sedimentary section south of Bendire Canyon, consisting of
andesite (flows and lahars), with lacustrine, fluvial and tuffaceous inter-
beds. In general basalt is most common in the Slate Range, and in the Argus
Range south of Water Canydn; and andesite predominates between Water and
Bendire Canyons. Silicic pyroclastic deposits are present beneath volcanic
flows near Slate Range Crossing, and locally elsewhere.

A dozen samples of basalt and eight.of andesite were sampled for thin
sectioning. Tﬁe mineralogy of the;basalts suggests an éffinity to the
alkali-olivine basalt suite. Two petrographic varieties of basalt can be
distinguished. Augite-olivine basalts, common in the Slate Range, contain
phenocrysts of augite in greater abundance thaﬁ olivine, Augite pheno-
crysts are commonly subhedral, twinned, cumulophyric, and pale green in

color, O0livines are generally euhedral with marginal or advanced alteration
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to red-brown “iddingsite", Labradoritic plagioclase microphenocrysts are
platy and pitted or corroded by glass, The matrix is gray or black glass
with felty microlites. Rocks of this type grade into basaltic andesite
with large plagioclase and augite phenocrysts in Fish Canyon. Rounded or
flattened vesicles are common in most basalts.

Olivine basalts, lacking pyroxene, occur at several localities in the
Argus Range. They range from older basalt at the base of the volcanic sec-
tion, to youngesp, probably Iaﬁe Pliocene basalts which are exposed east of
Etcheron Valley. The latter basalts, which rest on a granitic surface, may
have been deposited after the initial arching of the range, and the removal -
of previoﬁs volcanic deposits. Vesicular flow tops are easily identified,
and distinctive vesicle cylinders occur in several flows. These flows
are texturally distinct froﬁ other basalts, containing intersertal olivine,
oxides and minor glass with intergrown coarse plagioclase plates. Older
olivine basalts contain'p1aty, pitted plagioclase (labradorite) phenocrysts, -
and euhedral olivine in a matrix rich in dark glass, opaque oxides and
plagioclase microlites. Coarsely porphyritic basalt occurs in one flow
nortﬁwest of Anthony Mill.

Pink, brown and gray andesites, occurring as lava f10w§ or mudflow
breccias, lack olivine and contain coarse pitted phenocrysts of labradorite
and augite, and common euhedral grains of hornblende, biotité_and hyper-
sthene. Hornblende and biotite are invariably oxidized red-brown and rimmed
by magnetite. Mudflows tend to have an aphanitic glassy matrix, while
flows possess fine microlites in a gray glass matrix, .

Laharic (mudflow) breccias are common south of Bendire Canyon (Figure
20).  They are typically monolithologic with unsorted, rounded clasts of

biot{te-bearing andesite, but some breccias are distinctly polylithologic
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with angular clasts. Clasts picked up during turbulent emplacement are
observed locally, and include blocks from underlying flows, alluvial clasts
and travertine.

Columnar and platy-jointed to massive andesite lava flows are present
from south of the Onyx Mine to Hater'Cényon. Similar flows occur inter-
bedded with basalt at the northern end of the Slate Range. Remnants of
andesite flows occur also near Manly Pass. Flows contain fine irregular
vesicles or are poorly vesicular, in contrast Fo basalt flows.

White, pumiceous deposits of massive to Eédded'tuff (Tvp), resting on
pre-Tertiary basement, and overlain by andesite and basalt flows, reach a
maximum thickness of 90 m (300 ft.) east of Slate Range Crossing and occur
within a radius of 5 km from the crossing. Localized interbeds of silicic
lapilli-iuff are also common elsewhere in volcanic sections of the area.
Clasts are ‘commonly fine (0.5-2 cm), but may be as large as 5 cm. Clast
types near Slate Range Crossing include white aphanf;ic or biotite-bearing °
rhyolite(?), pumice, and glass. Near Bendire Canyon, larger clasts of
flow-laminated felsite occur in tuff beds (Figure 20). Beds of sorted
pumice clasts suggest an airfall origin for tuff deposits. A possible
source for the silicic tuff is a NE-tfending rhyodacite dike (Tvr), sur-
rounded by alluvium south of Bendire Canyon mouth, The dike is an elongate
hass of vertica]]y-flow-foiiated, chert-like rock, with phenocrysts of
oxidized biotite. The locality may have been a vent'for ash extrusion,

later plugged by degassed silicic magme.

Lacustrine and terrace limestqne and travertine’

Playa lakes, which deveioped in small closed basins within the volcanic

field in the Argus Range, were sites of bedded limestone deposition. HNear-



N .
shore clastic material was incorporated in travertine in marginal lacustrine
terraces. Two units (Tsl and Tst) are differentiated on Plate I, based on
the content of clastic material.

Limestone occurs south of Bendire Canyon, at the Onyx Mine, south and
east of Millspaugh, and south and east of Shepherd Canyon. Beds of porous
limestone 5 cm to 0.5 m thick are white, tan, orange, or pink, and may con-
tain thin orange or brown-veathering chert lenticles. The saccharoidal,
porous texture of this limestone indicates some recrystallization by ground-
water. Locally, as a; the Onyx Mine, limestone has been replaced by silica
from overlying velcanic f]ows. Limestone and terrace travertine south and
i éast of Millspauéh site contain concentrically layered algal pisolites and
tube-shaped impressioﬁs of algae or other plant material; the latter are
0.5 cm in diameter and perpendicular to bedding. Gastropod impressions are
also common, '

Alluvial detritus of mostly local provenance, deposited near lake
shores, was cemented by travertine. Clasts in poorly stratified beds are

commonly angular and include granitic material, calc-hornfels, pumice, and

volcanic detritus.

Quaternary Deposits

Dissected fanglomerate of Pliocene to Pleistocene age near Manly Pass

Dissgcted, poorly sorted alluvial fan deposits (PQoa) dgriQed from up-
1ift along the Manly Pass fault occur in the Slate Range, mantling a pre-
uplift surface of andesite, basalt and granitic rocks. Clasts are all of
Tocal derivation, and include alaskite, diorite and Permian marble,

At Manly Pass, fan gravels unconformably overlie a fault that cuts



72
Pliocene(?) volcanic rocks. FEast of the Ophir complex, basalt is inter-
bedded with basal gravels of this unit. The unit is therefore mostly
younger than Miocené(?) to Pliocene volcanic episodes. These strata have
been elevated and tilted about 10° eastward during faulting west of the

Ophir complex. Their age is Pliocene to Pleistocene,

Pleistocene lake gravels

Pleistocene lake levels are recorded by gravel deposits at several
places along the margins of the Slate Range. A gravel deposit on Tertiary
volcanics at the northern tip of the Slate Range is a remnant of deltaic
deposits derived from Vater Canyon. The deposit contains moderately rounded
gravel and cobbles, mainly granitic. A compact pavement on the flat upper
surface of the gravel records a 2000' elevation of fluvial Lake Panamint.

Shoreline gravels west of the Ophir complex and south of Go]dbbttom
Mine record several levels of ancient Searles Lake. The locally derived,
moderately rounded gravels were worked by wavé action on the leeward shore
of the lake. A wave-cut bench at 2240°, marking the upper 1imit of gravels,
occurs in.outcrops of alaskite 1 km west of Goldbottom Mine. Several lower
lake levels are recorded by gravel terraces partly overlain by sand and
alluvium south of Goldbottom Mine, and by gravel terraces perched on steep

west slopes of the Ophir complex.



II. STRUCTURAL GEOLOGY

At least five deformational events, ranging from Permian to latest
Cenozoic, can be recognized or inferred in the Argus and northern Slate
Ranges.

A. Local uplifts in the Permian are implied by lenticular beds of
coarse clastic material in the Owens Valley Formation.

B. A Triassic or Early Jurassic folding event took place prior to in-
trusion of Jurassic granitic rocks. '

C. Faulting within roof pendants, related to the emplacement of large
masses of intrusive rock, occurred in the Middle Jurassic.

D. Development of the Argus Sterling thrust and related thrust faults
along strike occurred in the Late Jurassic, largely following the emplace-
ment of the Jurassic part of the southeastern Sierra Nevada batholith.

E. Basin-and-Range high-angle faulting, eastward tilting of fault

blocks, and broad warping modified by fau]ts,'characterize the late Ceno-

zoic.

A. Local Permian uplifts

Lenses of coarse conglomerate, consisting in part of unsorted, sub-
marine debris-flow breccia, occur in the Argus Range and surrounding areas.
Several conglbmerate beds in the lower Owens Valley Formation are Early
.Permian, but other episodes of conglomerate deposition within the Late Penn-
sylvanian to Middle Permian rangé'are‘known.

Clasts of chert and limestone derived from underlying units were de-

posited adjacent to local uplifted areas. The size, lack of sorting, and
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textural immaturity of clasts suggest a short distance of transport. It is
possible that the coarse detritus was shed from fault scarps bounding up-
lifted blocks within the geosyncline. Although Permian faults have not
been documented, local angular discordance is recorded by the sub-Ovens
Valley unconformity in the Inyo Mountains, and by an intra-formational un-
conformity in the Darwin area (Hall and MacKevett, 1963).

Marcantel (1975) noted that Upper Pennsylvanian to Lower Permian con-
glomerates in northeast Nevada, which texturally resemble those of the Owens
Valley Formation, may have been derived from an unstable highland and de-
pogited as marginal marine clastic wedges. The tectonic disturbance may be ’
related to the Sonoma orogeny, which influenced sedimentation throughout the
miogeosyncline in the Permian (cf. Bissell, 1974). The occurrence of these
conglomerates along depositional strike from those of the Owens Valley For-
mation suggests a correlative tect&nic episode and parallel depositional

environments in distant parts of the miogeosyncline.

B. Triassic to Early Jurassic folding

An episode of folding in the Argus Range is bracketed by the Permian
Owens Valley Formation and Middle Jurassic dates of the Hunter Mountain
quartz monzonite, which truncates northwest-trending folds. By analogy
with the Inyo Mountains area, folding in the Argus Range probably took
place in the Late Trwassic to Early Jurassic (Merriam, 1963; Ross, 1969).
The record of this event is largely obliterated by 1ntrus1on and dismember-
1ng of folded roof rocks.

A major fold in the Argus Raﬁge is the Bendire anticline, exposed in
the Bendire pendant. A broad, open fold to the south, the NNW-plunging

anticline tightens, plunges more steeply, and becomes overturned to the
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east near its northernmost exposure. Overturning may be due to later
tightening beneath the upper plate of the Argus Sterling thrust fault.
The fold is truncated on the north by a high-angle fault,

Other fbldé present in Paleozoic rocks of various roof pendants trend
N 15° W to N 25° W, Small N-trending open folds are exposed in the faulted
section of Permian rocks north of Maturango Peak. No large folds demon-

strably correlative with this event are present in the northern Slate Range.

C. Middle Jurassic faulting

Intrusion of'the Hunter Mountain quartz monzonite in the Argus Range
was accompanied by faulting of roof pendants and uplift of roof blocks.
Faults and bedding planes became sites of continued intrusion between
biocks, as in the Knight Canyon pendant, or served as channels for silica-
rich fluids. The Bendire pendant includes several NN¥ and E-H trending
faults. Fault zones are commonly healed with massive, brecciated, or

slickensided, dark jasperoid.

D. Argus’ Sterling thrust fault, Late Jurassic

R northwest-striking thrust fault separating two distincf p]utohic
terranes is exposed in the Argus Range between Argus Sterling Mine and the
Water Canyon area. This feature ié named the Argus Sterling thrust fault.
Maturango Peak quartz monzonite and related rocks of the Coso terrane vere
emplaced along a southwest-dipping surface over thé epizonal anter Moun-
tain quartz monzonite and-its dismembered Paleozoic roof rock (Moore, 1974).
Thé gr;nitic terranes juxtaposed by the thrust are of similar age but

contrasting intrusive levels, recording substantial relative uplift of the-

upper thrust plate. Thrust surfaces dip southwest at attitudes ranging
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from 15° to 80°, and averaging 30-40°. The thrust zone is marked either
by a single fracture, or by several imbricate shear surfaces which bound
lenses of varying lithologies.  Competent imbricate lenses or autochthonous
rock buttress and steepen the fault surface. The thickness of the deformed
zone varies from a few hundred meters to 1 km, generally increasing to the
south,

Mylonitization of granular rocks and attenuation and flow of carbon-
ates withfn the thrust zone characterize the deformational style. Linea-
tions and fold éxes in deformgd rocks indicate an east-northeast direction
of relative transport of the upber plate. A net slip of several kilometers
is estimated along a moderately dipping plane that deeply penetrates the
Sierra Nevada batholithic complex.

Quartz monzoﬁite is consistently mylonitic or protomylonitic through
a zone of at least 50 m above the base of the upper thrust plate. Beneath
the upper plate, a variety of rock types have been dragged off of subjacent
reof pendants and transported updip along the thrust zone, yielding diverse

deformational phenomena (Plate III). These variations are described below,

Argus Sterling Mine

Thick zones of mylonitic upper plate quartz monzonite are separated from
lower plate rocks by post-tectonic intrusions. Isoclinally folded, tecton-
ite marble sliced from middle or late Paleozoic rocks was transported up-
ward between the quartz monzonite and relatiVely undeformed, massive Per-
mian calc-silicate hornfels (Figure 21). Downdip-plunging folds and a per-
vasive flow foliation with variable dips are typical of marble lenses in
this area. The steep attitude of the marble lens near Argus Sterling Mine

is probably due to intrusion of the later plutons,
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L Figure 21. MNorthward view of thrust zone neﬁr Argus
Sterling Mine from Maturango Peak, West-dipping gray
and white tectonic marble slivers overlie Permian calc-
hornfels at rear. The thrust zone is intruded by post-
tectonic plutons in left foreground.

Northern Bendire pendant

Other marble lenses occur between Argus Sterling Mine and the north end of
the Bendire pendant, where anticlinal middle Paleozoic formations have been
overridden by the granitic thrust plate. The anticline was apparently
tightened and overturned to the east, and overridden by tectonitic Lee
Flat(?) marble'dragged upward from the west 1imb of the anticline. This
marble lens is roughly tongue-shaped, elongate eastward, and bounded on the
northwest and east by inward dipping shear surfaces. This may indicate a
general mullion-1ike shape for such marble lenses, which occupy trough-1like
corrugations parallel to dip beneath the sole of the thrust.

Beneath the tectonite marble lens, high-angle faults exhibit reverse
displacement ;ympathetic with thrust movement. The northwest-trending
fault which cuts the Bendire pendant'in Section 15 probably originated dur-
ing intrusion of the Hunter Mountain quartz monzonite. Near its northern

end, however, the fault dips to the west, Tin Mountain limestone occupying
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the hanging wall, and then merges northward into the trough-1ike surface
that bounds the tectonite marble lens. Tin Mountain limestone displays a
60° west-dipping foliation along which eringonora.masses have been

stretched. Beneath the moderate to gently-dipping fault surface, bedded

Keeler Canyon limestone has been contorted into tight folds, overturned to

the east[(Figgre 22), |

3
es

igure 22, Tectonite marbie, Lee Flat in part, occupying

L pidge crests, has been thrust over crumpled Keeler Canyon
beds, left, and over Hunter Mountain quartz monzonite,
exposed in foreground. View is to south.

North of Millspaugh fault

The thrust is marked by a single trace between the Millspaugh fault and the
Bendire Canyon pluton. It dips 35° west, concordant with bedding in the
underlying garnetized carbonate beds of the Owens Valley Formation.
Syntectonic and post-tectonic alaskite and aplite have intruded the
thrust. The body in Section 34 is crudely sheared, whereas that in Sec-
tions 3 and 4 has a fine mylonitic fo]iatipn, concordant with that in the
enveloping upper plate quartz monzonite (Figure 23). Mylonitic flow of the
quartz monzonite around these bodies is reflected by highly variable atti-

tudes of foliation and lineations.
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. 'L Figure 23, Northwest view of dioritic border, facies
-of Hunter Mountain quartz monzonite (hematitic), over-
lain along thrust by Maturango Peak quartz monzonite.
White masses near thrust are syntectonic alaskite in-
trusions. Hornfelsic Permian metasediments at far

right., The Millspaugh fault occupies hidden valley in
foreground.

Shepherd Canyon area

The crosscutting Millspaugh fault downdrops the thrust zone to the south.
South of the fault, imbricate lenses of Hunter Mountain quartz monzonite,
Mesozoic volcanic and sedimentary rocks, and Paleozoic marble occupy the
thrust zone. A roof pendant of Mesozoic volcanic rocks in the autochthon
suggests that these rocks have been detached from simf]ar_pendants in the
downdip subsurface. Several cross-faults with small offsets, and small
poét-tectonic alaskite bodies occur in this area.

' Immediately south of the Millspaugh fault a slab of sheared, parautoch-
thonous Hunter Mountain quartz monzoni te has been thrust over the volcanic
roéf pendant. It is overlain by metavolcanic rocks which display a well-
developed phyllitic cleavage (Figure 29). Foliation planes are healed
with post-tectonic muscovite.

South of Shepherd Canyon, tectonite marble crops out along the thrust

for 4 km. Small marble slivers are also present in the same structural






