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PREFACE.

By F. L. RaNsoME.

In the summer of 1912 Adolph Knopf was
instructed by Waldemar Lindgren, then chief
geologist and in charge of the section of metal-
liferous deposits of the United States Geologi-
cal Survey, to investigate the geology and
mineral resources of the Inyo Range, and to
give particular attention to the mining dis-
tricts. As Walcott and others had shown that
the range contained a full representation of
Paleozoic sedimentary rocks, Edwin XKirk,
paleontologist, was assigned to assist Mr.
Knopf in the study of the stratigraphy of
these beds.

The field work, so far as it related to the
mineral deposits, was completed in 1912, and a
report ! on the economic geology of the region
examined was published in 1913. The work
might have stopped: at this point, but in view
of the unusual geologic interest of the region,
which includes a section of the fault zone which
divides the Sierra Nevada from the Great Basin
and along which movement has taken place up

to very recent time, Mr. Knopf, assisted by F. H.

Lahee, was instructed to continue studies in the
same region in 1913 and to give special atten-
tien to problems connected with the: geologic
history of the Sierra Nevada and with the
structural relation of that range to the lower
arid country on the east. The work accord-
ingly was extended across Owens Valley to
include part of the steep eastern front and a
scction of the summit region of the range.
Modern geologic knowledge of the southern
Sierra Nevada may be said to begin with the
publication of A. C. Lawson’s paper on the
geomorphogeny of the upper Kern basin.? The

1 Knopf, Adolph, Mineral resources of the Inyo and White

mountains, Cal. : U.S. Geol. Survey Bull. 540,.pp. 81-120, 1914,

¢ California Unlv. Dept. Geology Bull,, vol, 3, pp. 201-376,
1904.
o

\

area studied by Mr. Knopf overlaps in part
that studied by Prof. Lawson, whose work is to
some extent thus supplemented by that of Mr.
Knopf. The more recent study, however, has
led to the conclusion that glaciers had a larger
share in shaping the canyons than is accorded
to them by Prof. Lawson. Mr. Knopf, more-
over, differs from his predecessor in assigning
the second and major uplift of the Sierra Ne-
vada to early ‘Quaternary rather than to late
Quaternary time. Additional light on these
questions should be afforded by the results of
the detailed work now being done in the Yo-
semite region by F. E. Matthes and F. C.
Calkins. Mr.Knopf differs from Prof. Lawson
also in his interpretation of the “ Summit
Plateau,” which Prof. Lawson regarded as a
surface approximately coincident with the
original top of the Sierra Nevada batholith.
The present report offers convincing evidence
not only that the batholith is a composite in-
trusive mass, offering a fine subject for petro-
logic study, but that the overlying rock cover,
as shown by parts of it not yet wholly stripped
away, was exceedingly irregular and affords
fine examples of long roof pendants. Accord-
ing to Mr. Knopf the peaks that Prof. Lawson
supposed to be remnants of the Summit Pla-
teau are merely projections of resistant rock
left in relief during the erosion of the Sub-
summit Plateau and are remnants neither of
the top of a batholith nor of an old erosion
surface.

The evidence for two epochs of Quaternary
glaciation is convincingly set forth, and the
careful observations of the results of glacial
action recorded will be of great value in fur-
ther studies of the later geologic history of the
Sierra Nevada.
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.~ OUTLINE OF REPORT.

GENERAL GEOLOGY.

The region described in this report com-
prises Owens Valley, in eastern California,
and the portions of the Inyo Range and the
Sierra Nevada between which it lies. (See
Pls. I and II, in pocket.) The Sierra Nevada,
- bordering the valley on the west, here attains
‘its loftiest height, culminating in Mount Whit-
ney, which rises 14,501 feet above sea level;
and here also it attains its greatest relief, ris-
ing abruptly 8,000 feet above Owens Valley.
The Inyo Range, bordering the valley on the
east, averages 10,000 feet in altitude—some-
what less than the Sierra Nevada. It is a
typical Great Basin range, which rises above
the valley in a steep scarp that is less rugged
than that of the Sierra Nevada.

Owens Valley, lying between these two
mountain masses like a deep trough, ranges in
width from 2 to 8 miles. A few isolated
groups of hills project through the alluvial
floor of the valley, but they are dwarfed into
insignificance by the lofty bordering ranges.
The highest of these hills is €rater Mountain,
so named from the basaltic cinder cone form-
ing its summit, which stands 2,000 feet above
the floor of the valley.

. The drainage of the region is derived almost

wholly from the Sierra Nevada. The prin-
cipal stream is Owens River, which empties
into Owens Lake, at the south end of the
valley. :

The sedimentary rocks of the Inyo Mountains
are more than 36,000 feet thick .and range in
age from pre-Cambrian to Triassic. The Si-
lurian is the only Paleozoic system not repre-
sented. Although the rocks of the successive
systems are as a rule separated by unconformi-
ties, the strata, from the base to the top of the
stratigraphic column, are without conspicuous
angular discordances. However, in post-Tri-
assic time, probably late in the Jurassic period,

the beds were faulted and folded and the
region was then invaded by great masses of
quartz monzonite and allied rocks.. During
this ‘revolution the Inyo Range acquired the
major portion of its complex internal estruc-
ture, but it acquired its present topographic
form by profound faulting that occurred at
the end of Tertiary ¢ime. During this faulting
the range was blocked out diagonally to the
structural axes established by the earlier de-
formation. _ :

Underlying the lowest beds of the Cambrian
system and separated from them by a pro-
nounced erosional unconformity is a great
thickness of sandstone and dolomite which is
regarded as of pre-Cambrian age. These
rocks may be subdivided into three lithologic
units—a- series of sandstones and thin-bedded
impure dolomites at the bottom, the Reed dolo-
mite above these, and, locally, the Deep Spring
formation at the top. The Reed dolomite is
well exposed in the northern part of the
Bishop quadrangle, and is best known on Wy-
man Creek, in whose gorge it is exposed to a
thickness of 2,000 feet. The Deep Spring for-
mation consists of 1,600 feet of sandstone and
dolomitic limestones. In places it appears to
have been completely removed by erosion be-
fore the overlying Cambrian strata were de-
posited. '

‘The Cambrian system has an aggregate
thickness of more than 12,000 feet, represent-
ing Lower, Middle, and Upper Cambrian time.
Lower Cambrian rocks predominate, having a
thickness of at least 10,200 feet. They are sub-
divided into the Campito sandstone, which
forms the base of the system, and the overlying
Silver Peak group. The Campito sandstone,.
3,200 feet thick, consists chiefly of dark fine-
grained feldspathic quartzite with many thin

.argillitic or phyllitic partings. Cross-bedding

and ripple-marked surfaces are characteristic
o 9
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of the formation. No fossils have been found in

it. Toward the top it grades into the Silver:

- Peak group, and because of this gradation, as
well as the occurrence of sandstone at some
horizons in it similar to that in the Silver Peak,
it has been placed in the Cambrian system.
The Silver Peak group, 7,000 feet thick, con-
sists largely of calcareous shales, sandstones,
and limestones. Fossils occur in sediments of
all three types. The Middle Cambrian, which
has not heretofore been recognized in this
region, is represented by 900 feet of calcareous
sandstone and . limestone. Above these are
about 1,000 feet of arenaceous limestones and
shales of Upper Cambrian age. '

+ Ordovician rocks are widely exposed through-
out the Inyo Range. They overlie the Cam-

. brian conformably. The basal series, which

consists of heavy-bedded limestones aggregat-

ing 3,800 feet in ‘thickness, is correlated with:
the Pogonip limestone of the Eureka section-

and is therefore of Lower Ordovician (chleﬁy
Beekmantown) age. - Above this lies a series of

argillaceous limestones, 500 feet thick,-also of

Lower Ordovician (Chazy) age; and resting
on this is a series of arenaceous shales, 750 feet
thick, also of Lower Ordovician (Normanskill)
age.

Above the Ordovician rocks. are 1,400 feet of
impure thin-bedded limestones of Devonian
age, which are correlated with the Nevada
limestone.  They are best exposed in the foot-
hills east of Kearsarge (formerly called Cit-
. rus), where they are exposed from the Ordo-

vician to the Mississippian.

The Carboniferous system is represented by
Mississippian, Pennsylvanlan and Permian
strata, aggregating in thickness at least 8,000
feet. The Mississippian is represented by the
White Pine shale, 1,000 feet thick. Its base is
marked by a 5-foot bed of conglomerate, indi-
cating an unconformity, but the formation
rests in angular accordance on the subjacent
Devonian. The Pennsylvanian comprises, in
‘ascending order, 500 to 1,000 feet of limestones,
overlain by the Diamond Peak quartzite, 3,500
feét thick, by later Pennsylvanian limestone
and shale 3 ,000_feet thick, and by the Reward
conglomerate, 250 feet thlck The Diamond
Peak quartzite appears to rest unconformably
upon the underlying basal Pennsylvanian lime-
_stones. The later Pennsylvaman hmestone 1s

GEOLOGIC RECONNAISSANCE OF INYO RANGE.

well exposed southwest of Cerro Gordo where

it consists of an assemblage of beds of lime-

stone generally ranging in thickness from 6

inches to 2 feet. These beds weather in bril-

liant tints and closely resemble the overlying

Triassic rocks from which, however, they are

readily distinguished by the presence of Fusu-

lina. The Reward conglomerate is a notable’
member of the Carboniferous. At the type lo-

cality it is highly lithified and consists largely

of chert pebbles; farther south it contains, at

several horizons, well-defined potholes as much ’
as 2} feet in diameter, whose inner surfaces
are polished, indicating that it is of fluvial
origin.

The Permian is represented by the Owenyo' :
limestone, which is 125 feet thick and carries
Qbundant marine fossils of Spiriferina pulchra
fauna. Both the base and the top of the for-
mation are exposed The top of the hmestone
is weathered and irregular.

The Triassic rests on the weathered Per- -
mian in sharply defined and clearly marked
unconformity. Its basal member is a calcare-
cus sandstone, inclosing conglomeratic lenses
and capped by mud-cracked limestone and at-
tains a maximum thickness of 12 feet. The .
typical Triassic commences sharply above the
basal bed. It consists of calcareous shales and
thin-bedded arenaceous limestone. In . the
higher part of the section andesitic tuffs and
breccias predominate. Because of the complex
folding and faulting, the thickness could not
well be determinegl, but it is thought to exceed
6,000 feet.

The Tertiary and Quaternary systems are
represented by detached areas of lake beds and
by alluvial cones of great height and wide
areal extent. The lake beds of the different
areas can not well be correlated, as some con-
tain fresh-water gastropods, others fresh-
water diatom‘s, and still others brackish-water
or marine (?) ostracodes. The largest area of
lake beds occupies the broad depression betwéeen
the Inyo and Coso mountains; they consist of
arkose, shale, calcareous sandstone, and rhyolite
breccias and tuffs. They carry minute ostra-
codes, which, according, to Ulrich, indicate
bracklsh-water or even marine condltlons, but
the probability that they are of marine origin
appearsto besmall.  After they were deposited

they were partly covered by. basalt_ and subse-



OUTLINE OF REPORT.

quently the Inyo Range was blocked out by
step faulting. ' "

The great alluvial cones that flank the
mountains between which Owens Valley lies
constitute one of the most striking features of
the region. Their development differs notably
¢n the two sides of the valley ; along the Sierra
Nevada they overlap and form a continuous
zlluvial slope that merges almost imperceptibly
into the valley floor, but along the Inyo Range
they occur only at the mouths of the canyons
and are distinct topographic units which stand
out in bold contrast to the level floor of the
valley.

The alluvial slope that flanks the Sierra
Nevada is 1 to 7 miles wide. The apexes of
the cones stand 1,000 to 2,000 feet above the
valley, but it by no means follows that any of
the alluvial cones are 2,000 feet or more thick.
The average inclination of the alluvial slope is
between 6° and 7°.

Alluvial cones of two ages occur along both
flanks of the Inyo Range, but they are espe-
cially prominent along the western. The older
cones stand 2,600 feet above the floor of Owens
Valley, and, unlike those flanking the Sierra
Nevada, extend well back into the canyons
from which their material was derived. They

“difter also from those along the base of the
Sierra in that they are deeply dissected and
eroded, some of them to a depth of 500 feet.
Their partial destruction has yielded the al-
luvium’ which makes up the great cones that
project so conspicuously into Owens Valley.
Their erosion was begun by a renewal of fault-
ing along the base of the Inyo Range and ap-
pears to have been accelerated by the advent of
the more humid conditions of the first glacial
epoch. The later history of the alluvial de-
posits indicates a succession of climatic condi-

_ tions similar to those recorded by the gla- |

cial deposits on the-east slope of the Sierra
Nevada.

Igneous rocks are widely distributed in the
region. The oldest whose age is definitely
known are a series of andesitic lavas and brec-

cias of Middle Triassic age, which are best:

shown in the Inyo Range, where they are at
least 4,500 feet thick.

Owens Valley and form roof pendants in the
batholithic masses of the Sierra. In these de-

( Rocks presumably of‘_
the same age make up the Alabama Hills in

11

posits considerable rhyolite is associated with
the andesite. \
The extrusion of these rocks was followed
by intense folding, after which, probably in
late Jurassic or early Cretaceous time, there
were great intrusions of granitic rocks. The
escarpment of the Sierra is composed domi-
nantly of such rocks, which are exposed on
Lone Pine Creek through a vertical range of
8,000 feet, probably unduplicated by faulting.
Quartz monzonite is the predominant rock, and
is represented by two varieties—a normally
granular quartz monzonite and a porphyritic
variety containing large crystals of orthoclase.
These two varieties grade into each other, but
the zone of transition is narrow. In the Mount
Whitney region, where the relation between
thein is best displayed, the normal quartz mon-
zonite lies below the porphyritic variety, which
makes up the summit region of the range.

.The porphyritic quartz monzonite persists with

little change of composition or texture over a

. wide area and forms the largest homogeneous

mass of granitic rock in this part of the Sierra..
Its smaller specific gravity, coupled with its
occurrence in the topmost part of the range,
suggests that it is a gravity differentiate, in
which. the prevalence of phenocrysts of ortho-

‘clase is due to the flotation of crystals of or-

thoclase from the lower parts of the magmatic
chamber. Chemical analysis, however, fails to
show the enrichinent in potash demanded by
this explanation, and the petrographic data
suggest that the porphyritic development of
the orthoclase is more probably due to its more
rapid crystallization, starting from a few cen-
ters of crystallization. The possibility that
gravity has controlled the differentiation of

‘the other constituents is not, -however, ruled
-out. '

A younger rock than these quartz monzo-
nites is a coarse light-colored granite, which is
practically barren of dark minerals. It is
composed of albite, quartz, and orthoclase, in
the order named, with about 1 per cent of bio-
tite. This granite forms large areas of homo-
geneous rock throughout this part of "the
Sierra. S

Diorite and hornblende gabbro’ occur in
minor amounts. A notable feature of the es-
carpment is the extraordinary development of
plutonic complexes consisting' of hornblende
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gabbro, quartz diorite, porphyritic: and non-
porphyritic quartz monzonite, granite, aplite,
and -diorite porphyry of lamprophyric affini-
ties: The ramification of the darker rocks by
intrusions of light-colored granite and aplite
on a grand scale is well displayed-on the east
flank of Olancha Peak.

All the plutonic rocks except, perhaps, the
orthoclase-albite granite are cut by aplite dikes.
In places these dikes, which extend from the
alluvial slope at the foot of .the range to its
. highest summit, are so abundant and lie so
nearly parallel as to give the Sierra escarp-
ment a strlped appearance. Aplite also occurs

abundantly in larger masses along the crest of
the range from Mount Whitney southward to
Cirque Peak. Local pegmatite dikes are com-
mon but are mainly restricted to roof pendants
and the adjacent plutonic rocks.

" . Remnants of the pregranitic rocks that once
formed a roof over the intrusions-occur at a
‘number of places in the Sierra, especially in
the headwater region of Bishop Creek. These

rocks are highly metamorphosed and are cut by,

numerous dikes. . The space relations of these
detached fragments of the batholithic roof are
excellently revealed in the great canyons and
cirques of the upper part of the range, where
it can be seen that they project downward deep
into the granite masses, affording notable ex-
amples of the “roof pendants” of Daly. One

on Bishop Creek extends at least 2,500 feet

-downward into the granite. The essentially
~ undisturbed character of such long, narrow
roof pendants indicates that the granite was
emplaced without great téctonic disturbance.
- The sequence of intrusion for the quartz
monzonite and granite was in the order of in-
creasing silicity, but the -evidence as to the
relation of the more basic rocks to the others is
somewhat contradictory.

Volcanic activity was widely . prevalent in
Tertiary and Quaternary time, rhyolite, latite,
and basalt being erupted. Rhyolite was the
earliest, and it is perhaps most abundant in the
lake beds at Haiwee and north of Owens River,
where it consists generally of pumice, although
flows of obsidian occur at one place. Latite
occurs at Monachee and Templeton mountains,
on the summit of the Sierra. Basalt, which is
by far the most abundant volcanic rock, was ex-
truded at three separate times at least. In the

‘that indent the eastern slope.

GEOLOGIC RECONNAISSANCE OF INYO RANGE.

oldest extrusions the basalts forming the pla-
teaus at the south end of the Inyo Range were

-erupted. Subsequently, when the range was -

blocked out, the superposed sheets of basalt
were faulted in a succession of steps and now

-afford valuable data on the orogenic history of

the range. - After the alluvial cones flanking
the Sierra Nevada had attained their present

-heights, small flows of basalt were emitted. At

one-locality the basalt of this epoch accom-
plished the remarkable feat of rendering co-
lumnar the granite through which it was
erupted. Basalt was again erupted in late
Quaternary time, in the interval between the
two epochs of glaciation recognized in the
region. At this time the striking group of
cinder cones that stands on the alluvial slope
between Big Pine and Independence- was
formed. Some of these cones stand upon fault

lines miarked by fresh alluvial scarps, and one

of them has been cut in two by a fault malked
by an alluvial scarp 80 feet high.

The east slope of the Sierra Nevada is a great
fault escarpment. It attains its greatest and
most abrupt relief west of Owens Valley, rising
from an altitude of 3,600 feet on Owens Lake
to 14,500 feet on Mount Whitney. The long
alluvial slope at the base of the range extends
up to altitudes of 5,000 to 6,500 feet, however, ~

‘and the spurs are markedly oversteepened only

below the 10,000-foot level. The predominant
element of the escarpment is therefore the steep-
granite wall that rises abruptly from the pied-
mont alluvial slope and ranges from 4,000 to
5,000 feet in height. This great wall seenis to
tower almost vertically above Owens. Valley,
but in reality its inclination nowhere exceeds
28°. Triangular facets of extraordinarily im-
pressive dimensions have been cut by displace-
ment upon the spurs between the deep canyons
In general, the
displacement appearstohavetaken place mainly
along a single fault surface, but in places dis-
tributive faulting has occurred, producing ter- .
race-like forms. Faulting is still in progress,
the last notable dislocation having taken place
during the memorable earthquake of 1872. . A

considerable number of fault scarps of late
Quaternary age were discovered and mapped
during the present reconnaissance. They occur
not only at the edge of the piedmont alluvial
slope of the Sierra, as noted by Whitney and
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Gilbert, but at intervals on this siope and also
on the bedrock slope of the range itself. Some

alluvial scarps of late Quaternary age, 80

feet in height, were measured.

Extensive remnants of topographies that
antedate existing land forms are preserved
west of the crest line of the Sierra Nevada,
west and south of Mount Whitney, and east of
the crest south of Bishop Creek. They throw

light on the orogenic history of the range dur-

ing the later Cenozoic, showing that the Sierra
_ attained its present altitude, as first pointed
out by Lawson, by at least two uplifts, which

were separated by a protracted halt.: The’

earlier uplift, amounting to about 2,500 feet,
led to the carving of a system of broad val-
leys in an old surface of erosion that is corre-
lated with the peneplain on which the early
Tertiary auriferous gravels accamulated. This
uplift was epeirogenic, lifting not only the
Sierra Nevada but also at least a portion of
the Great Basin east of the Sierra. During
the halt between this and the later uplift cer-
tain eastward-flowing streams eroded suffi-
ciently far back to capture some of the head-

water tributaries of the westerly drainage.

The second and major- uplift, which probably
took place at the beginning of the Quaternary
‘period, raised the range to its present altitude,
produced a scarp about 6,000 feet high west of
‘Owens Lake, and gave the streams of the east-
ern slope great erosive powers, though none of
them have yet succeeded in capturing more
of the headwater branches of the westward:
flowing drainage.

The Inyo Range, bounding Owens Valley on
the east, is delimited by faults along both
flanks; it is a fault-block range of the “horst *
type. The evidence of faulting is both physio-
graphic and stratigraphic, but the stratigraphic
is perhaps the more impressive. The south
end of the range shows a series of basalt sheets,
which rest horizontally on vertical strata of
Carboniferous and Triassic age and form the
plateau summit of the range. The western
flank consists of a series of steps capped with
basalt and representing segments faulted from
the main basalt-capped mass. The structure is
revealed with diagrammatic -clearness in the
deep gorge extending back into the plateau
southeast of Keeler, where it is manifest to the
most casual observer.

- region.
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Owens Valley is a deep trough of tectonic
origin. Most of its bedrock is deeply buried
under extensive alluvial deposits, but in places,
as, for example, west of Lone Pine, the allu- -
vium is merely a veneer over the bedrock
granite. The basin in which Owens Lake lies

‘appears to be due to comparatively recent dif-

ferential displacement along the old fault lines.
The notable oversteepening of the basal slopes
of the spurs overlooking the lake on the west
points strongly to this probability. A number
of ancient strand lines encircle the lake, the
highest standing somewhat over 200 feet above
the present lake level.

The canyons of the east slope of the Sierra

were occupied by ice during two widely sepa-

rated times. The earlier ice streams were at
least twice as thick as the later and descended
to altitudes as low as 4,500 feet. Those of the
last glaciation did extend lower than 6,300 feet.
The older moraines are many times larger than
the younger. That considerable time elapsed
between the two epochs of glaciation is shown
by the deep dissection of the older moraines.
Gulches several hundred feet deep have been
eroded into them and reveal the widespread
and thorough disintegration of older glacial
deposits. Many boulders, some of them 5 feet
in diameter, are so deeply disintegrated that
they crumble under slight pressure. The mo-
raines of the younger glaciation, on the other
hand,. are intact and the granite blocks they
contain are brilliantly fresh. During the in-
terval between the two glacial epochs a mass
of basalt, accompanied by cinders, was erupted
into Sawmill Canyon. The interglacial epoch
was probably three to five times as long as
the time that has elapsed since the maximum
stage of the last ice advance.

The sculpture of the glaciated region points
to great ice erosion. The striking contrast be-
tween the unglaciated and the glaciated parts
of the canyons scoring the Sierra escarpment
is one of the more remarkable features of the
The glaciated canyons have been
transformed on an unrivaled scale into what
Russell calls cyclopean stairways. The high
hanging valleys and the diversion of the drain-
age of Charlotte Creek by glacial capture also
afford clear evidence of the efficiency of ice
erosion. The notable control that jointing has
exerted on the development of the cirques and
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the quantitative equivalence of the moraines
northwest of Baker Creek with the cirques
from which they were derived, suggest that in
this part of the Sierra Nevada glacial erosion
took place largely by the plucking and re-
moval of joint-blocks.

MINERAL RESOURCES.

" The principal mineral resources of the re-
gion are silver, lead, zinc, tungsten, gold, cop-

per, and marble, which are largely confined to

the Inyo Mountains, and sodium carbonate,
which is derived from Owens Lake. In the
Sierra Nevada the only ore body under de-
velopment in recent years is that of the Bishop
Creek gold mine, on Middle Fork of Bishop
Creek, at an alt.ltude of 8,500 feet. The deposit,
which consists of a quartzite band carrying
auriferous pyrrhotite and arsenopyrite, forms
part of a sedimentary roof pendant that pro-
jects deep into the granitic masses of the range.
Recently large deposits of contact-metamorphic
tungsten ore have been found west of Bishop.
The premier producing mine in the Inyo
Mountains is now, as it has been in the past,
the Cerro Gordo. It has yielded more silver-
bearing lead ore than any other mine in Cali-
fornia, having produced between 1869 and
1877 base bullion to the value of $7,000,000.
In' 1911 large bodies of zinc carbonate, long
were discovered in the old mine
and led to its rehabilitation. Further explora-
tion led to the discovery of rich shoots of sil-
‘vér-bearing lead ore, and in consequence the

mine has entered upon a new era of prosperity.

The lead ore bodies of Cerro Gordo consist
of lenticular masses distributed through a zone
1,500 feet long and several hundred feet wide.
The predominant rock of the zone is a white,
finely saccharoidal marble, essentially a pure
~ calcite rock, of Carboniferous age. Some in-
terstratified slate and dikes of monzonite por-
phyry, quartz diorite porphyry, and diabase

also occur in the ore-bearing zone, but the ore

bodies, with one notable exception, are inclosed
in the marble. The primary ore is galena,
with which is associated .tetrahedrite, zinc
blende, and pyrite. The most productive shoot

of argentiferous lead ore mined in late years; |
constituting the notable exception referred to

above, occurs in a much-sheared port1on of a
narrow diabase sill.

GEOLOGIC RECONNAISSANCE OF INYO RANGE.

The zinc ore, to whose discovery the revival
of Cerro Gordo is due, forms irregular masses
and pipes in the limestone walls of the old
lead stopes, principally in the footwall. Near
the old stopes the zinc ore consists largely of
limonite mixed with bodies of pure white hal-

- | loysite, but with increasing distance from the

stopes the zinc ore becomes progressively
purer—Ilocally, indeed, it is theoretically almost
pure. It consists eSsentially of the carbonate
smithsonite, the main impurities being limo-
nite and’ calcite. It is fine grained and is .
characteristically banded or laminated - in.
places in a very remarkable convolute fashion.

As the smithsonite has resulted from the re-

placement of a fine-grained structureless mar-

ble the lamination is strongly suggestive of

rhythmic precipitation. The most notable fea-

ture of the ore deposits of Cerro Gordo is

probably the localization of the zinc as cax-

bonate in large bodies of high-grade ore in

comparison with the small proportion of zine

blende in the primary ore. The zinc carbon-

ate was derived from the blende by a process

involving oxidation, solution, migration, and

precipitation—a rather complex process that

apparently afforded numerous chances for the

dispersal of the zinc; but although the pro-

portion of blende in the unoxidized lead ore is
extremely small, certainly not exceeding 1 or

2 per cent, the zinc has been concentrated to a

remarkable extent.

The primary ores are probably related ge-
netically to the granitic intrusions common in
the Inyo Range. This relation, however, is
less obvious here than it is in the Darwin dis-
trict, 25 miles southeast of Cerro Gordo, where
the lead ore bodies range from contact-meta-
morphic deposits, consisting of galena inter-
grown with andradite garnet, to fissure veins
having the normal character of hydrothermal
deposits.

The gold deposits of the Inyo Range are

.mainly small, narrow quartz veins that occur

either in the borders of the granite intrusions.
or in the surrounding country rock at no great
distance from the granite. Some of the more:
notable veins, such as the Reward, differ from
the normal California type of gold quartz vein
in that the principal sulphide is galena, appar-
ently in response to their occurrence in a metal-
logenetic province in which lead is the domi-
nant metal. -
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FIELD WORK AND ACKNOWLEDGMENTS.

The field work on which this report is‘based
covered parts of the seasons of 1912 and 1913.
The part of the Inyo Range that lies within
the Bishop, Mount Whitney, and Ballarat
quadrangles was mapped between July 6 and
October 18, 1912, special attention being given
to the economic geology. In this work the
writer was efficiently assisted by Mr. Edwin
Kirk, who studied principally thenstmtlgmphy
and paleontology of the range. (See pp. 19—
48.) The east flank of the Sierra Nevada was
mapped between June 1 and August 14, 1913.
In this work Prof. Frederic H. Lahee, of the
Massachusetts Institute of Technology, ren-
dered able' assistance, and to him must be
credited a large share of the results of the
reconnaissance of this part of the region. " The
geologic reconnaissance maps in’ this report
(Pls. I and II, in pocket) show the stratig-
raphy of the region as thus determined.

It is also a pleasure to acknowledge here the
hospitality of Mr. L. D. Gordon and to thank
him for his generous aid in facilitating the
study of the region around Cerro Gordo, in
the Inyo Mountains. .
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GEOGRAPHY.

LOCATION AND GENERAL FEATURES OF THE
REGION.

The region described in. this report is a
rectangular area in eastern California whose
western boundary coincides in general with the
main divide of the Sierra Nevada and whose
eastern’ boundary lies along. the eastern base’
of the Inyo Range—the first range east of
the Sierra Nevada. Between these two ranges
lies the deep depression known as Owens Val-
ley, at whose south end is the saline sea called
Owens Lake. The area extends from the south
end of Owens Valley northwestward for 100
miles to the great bend of Owens River. It is
wholly in Inyo County, which contains the
lowest and highest points in the United
States—Death Valley and Mount Whitney.

Two railroads enter Owens Valley, one from
the north and the other from the south. The
Nevada & California (formerly the Carson &
Colorado), a narrow-gage line, now a part of
the Southern Pacific system, passes along the
east side of Owens River. It connects with the
Tonopah branch at Mina, Nev., and its south-
ern terminus is’ Keeler, on Owens Lake. A
broad-gage branch of the Southern Pacific has
recently been built northward into the valley
from Mohave, primarily to facilitate the con-
struction of the Los Angeles Aqueduct, and
connects with the, narrow-gage line at Owenyo.
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Whitney, writing in 1872, said that Owens
Valley was terra incognita; and this charac-
terization has remained essentially true until
recent times. Because of its remoteness the
valley remained dormant until about 1900,
when the establishment of Tonopah and nu-
merous other mining camps in adjacent parts
of Nevada created a demand for its products.
More vital to its prosperity than this, how-
ever, was the construction of the railroad from
Mohave, which by making Los Angeles an
easily accessible market for its ploducts ledl
to its healthy agricultural growth.

It is highly probfmble that when its roads and

railway facilities are improved Owens Valley |

will become famed for its magnificent scenic
attractions. The Sierra Nevada forms the west
wall of the valley, and here the range displays
its loftiness more impressively than anywhere
clse along its whole course; in fact the greatest
relief within the United States is that along
the eastern flank of the Sierra Nevada, in the

region of Mount Whitney. ' The accessibility |
of the higher parts of the range by trails that

diverge from the small towns in the valley—
Lone  Pine, Independence, Big Pine, and
Bishop—is another attractive feature. From
Bishop one may travel by automobile in a few
hours to the headwaters of Bishop Creek,
whose profoundly glaciated canyons and spa-
clous cirques are among the most impressive
in the whole range.

TOPOGRAPHY.

OWENS VALLEY.

Owens Valley is a long, narrow depression
lying between the Inyo Range on the east and
the Sierra Nevada on the west. Its floor is
2 to 8 miles wide and the distance from crest
to crest of the confining mountain chains ranges
from 40 miles at the north end to 25 miles at
Owens Lake, near the south end, the minimum
distance, which is found in the part of' the
- valley between Bishop and Big Pine, being 15
miles. The floor; which is notably even, slopes
southward at the rate of 7 feet to the mile—
from about 8,000 feet above sea level at the
north end to 3,600 feet at IKeeler, on Owens
Lake, the lowest point in the valley. A broad

alluvial divide, whose lowest point is 3,760.

16945°—18——=2

.granite scarp is visible for many miles.
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feet above sea level, separates the valley from
Rose Valley on the south.

A few isolated groups of hills—Poverty, *
Tungsten, and” Alabama Hills—rise above the
general level of the valley, but they are dwarfed
by the great bordering’ mountain ranges. A
volcanic field lies souithwest of Big Pine, and
its finely preserved cinder cones and lava flows
are notable features of Owens Valley. The
highest of the extinct volcanoes is Crater Moun-
tain, which rises 2,000 feet above the valley
floor and is composed largely of black basalt
flows capped by a cinder cone w1th a crater in
its top.

THE INYO, RANGE.

The Inyo ‘md Whlte mountains form the
east wall of- Owens Valley. Together they
make a single continuous chain 110 miles long,
the Inyo Mountains forming the southern por-
tion and the White Mountains the northern
portion. The line of demarkation has usually
been placed -along the Saline Valley road,
which crosses the range east of Big Pine. The
arbitrary character of this division was recog-
nized by J. D. Whitney,® and his opinion has
been concurred in by all subsequent observers.
H. W. Turner has contended that the whole
chain should be known by a single name, and
fittingly called it the Inyo Range, a native
name that has the merit of distinctiveness.

J. E. Spurr, however, called it, for conveni-

ence, the White Mountain Rfmcre, and local
usage in recent years has tended to sanction the
employment of “ White Mountains ” as a name
for the entire range, although the extreme
southern part is still often referred to as the
Inyo Mountains. In this report “Inyo
Range ” is adopted for the whole chain.
The range trends northwestward. On the

- south it is separ ated from the Coso Mountains

by a broad depression and on the north it ter-
minates in Mount Montgomery, whose white
The
average elevation of the range s 10,000 feet.
Its western face slopes off abruptly toward -
Owens Valley, and is but little less precipitous
than that of the Sierra Nevada on the opposite

1 California, Geol. Survey, vol. 1, p.-546, 1865.
2 Spurr, J. E., Descriptive ;..eolo y of Nevada south of the
fortieth pamllel and adjacent parts of California U. S..
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side of the valley. Its western border is thus
determined by the floor of Owens. Valley and
as a whole is remarkably stmlght Its eastern
border is not so sharply marked: In its north-
ern-part it is marked by Fish Lake Valley, but
between this valley and Saline Valley to the
south there is an irregular mountainous area
that is not clearly separated from the Inyo
Range on the west nor from the ranges.on
the east. Still farther south the deep elliptical
depression known as Saline Valley, whose floor
is 2,500 feet lower than that of Owens Valley,
separates the Inyo Range from the Ubehebe
Range on the east. The flank of the Inyo
Range is here exceedingly steep and rugged—
in fact, it is fully comparable in height and
precipitousness ' with the great escarpment of
the Sierra Nevada. .

Deep canyons penetrate the western slope of
the Inyo Range, and great “ washes” or allu-
vial cones extend from the mouths of the can-
" yons far out into the valley. '

THE SIERRA NEVADA.

" The Sierra Nevada forms the west wall of
Owens Valley. It ranges from 11,000 to 14,501
feet in height, culminating in Mount Whitney,
the highest point in the United States outside
of Alaska. The main divide dlrectly over-
looks the valley. The full relief is attained
within a short horizontal distance and:is about
8,000 feet' in "the region of Mount' Whitney.
The east slope of the Sierra Nevada is there-
fore extremely abrupt and is tremendously
rugged. It is scored by a large number of
- great canyons, spaced at fairly equal intervals.
The dominating peak as seen from Owens
Valley is Mount Williamson (14,384 feet) ; it
is, in fact, the second highest peak in the range,
and its great height, its sharply serrated form,
and its position more than a mile east of the
main- divide give. it commanding eminence.
Mount Whitney is at the head of the deep can-
yon of Lone Pine Creek, and stands relatively
_far back of the main Sierra Nevada escarp-
ment, and is, in consequence, not visible from
Owens Valley, except within a rather small
section near Lone Pine.

From points southwest of Lone Pine three
“peaks,” much alike in general appearance,
with massive square-browed summits and

“River.

broad, gently westward-sloping tops, crown
great vertical eastward-facing walls and im-
press themselves upon the view. They. are,
named from north to south, Mount Whitney
(14,501 feet), Lone Pine Peak (12,951 feet),
and Mount Langley (14,042 feet). Of these
Lone Pine Peak, which stands more than 2
miles east of the main crest and rises directly
to its full height above the piedmont slope,
seems to be the highest. Mount Langley also
seems, because of its greater nearness, to be
higher than Mount Whitney. - The supremacy
of Mount Whitney is therefore nowhere ap-
parent from Owens Valley. It is this fact that
in part,-in 1871, led Clarence King, who had
discovered and named Mount Whitney in 1864,
to make the error of thinking he had. accom-
plished the ascent. of Mount Whitney from
Owens Valley, when in reality he had ascended
the summit now known as Mount Langley.
This error was discovered by W. A. Goodyear in
1873, who pointed out that the peak climbed by
King was not Mount Whitney but one that had
been named Sheep Mountain in 1864. Fortu-
nately, this banal name for one of the most
majestic summits in the whole Sierra Nevada
has since been changed to Langley, in honor of
one of America’s most distingnished men of
science. A

“ Between the level floor of Owens Valley and
the base of the Sierra is a barren boulder-
strewn belt of alluvial wash, which is 1 to 7
miles wide and attains a height of 1,000 to
2,500 feet above the valley floor. Unlike the
isolated alluvial cones built up at intervals

' along the front of the Inyo and White moun-
| tains on the east side of the valley, it forms a

continuous piedmont alluvial slope. It reaches
its greatest development in the area between
Independence and Owens Lake.

DRAINAGE.

The principal stream of the region is Owens
It rises in the Sierra Nevada near San
Joaquin Pass, and in its upper course it is a
turbulent stream, descending the east slope of

 the range and passing through a long canyon

cut 800 feet deep into the volcanic table-land
and north of Bishop before it enters Owens
Valley proper. Below the great bend of the
river it pursues a meandering course southeast-
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ward toward Owens Lake. Practically all its
tributaries enter from the west, and are fed
almost wholly by snows that accumulate just
east of the main Sierra divide.

Owens Lake, into which the river empties,
lies in an undrained depression at the south end
of the valley, and its inflow is probably dis-
- posed of wholly by evaporation. Its waters
are a strong solution of common salt, sodium
carbonate, potassium sulphate, borax, and other
salts. The recovery of sodium carbonate is an
important chemical industry established near
Keeler. The area of the lake in February,
1913, was 97 square miles and its greatest depth
29.6 feet. On account of the shallow shelving
shores of the lake on all sides except the west
small fluctuations of its water level are accom-
panied by large changes in its areal extent.

CLIMATE.

Because of the great range in the altitude of
the region the climate of different parts of it
is very diverse. In general the climate is
typical of the seuthern half of the Great Basin,
of which it is a part. In Owens Valley the
summer temperature often exceeds 100°, yet,
owing to the low humidity, it does not become
oppressive; but in the deep depressions that
are encircled by high mountains, such .as
Saline Valley, the -temperature is oppres-
sively hot from June to October, without much
intermission day or night. The winters are
comparatively mild in the valleys.

The average precipitation® ranges from 3
inches o year at Owens River to 40 inches on
the Sierra Nevada crest. The moisture-laden
winds from the Pacific Ocean are largely
robbed of theif moisture before reaching the
Inyo Range. This is notably true in the south-
ern part of the range, which is opposite the
highest part of the Sierra Nevada. North of
Bishop, however, the Inyo Range averages
nearly as high as the Sierra opposite it, and
sufficient snow falls to support several small
perennial streams.

1 Lee, C. 'I-I., An intensive study of the water resources of
a part of Owens Valley, Cal.: U. 8. Geol. Survey Water-
Supply laper 294, pp. 15-31, 1912,
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GEOLOGY.
STRATIGRAPHY OF THE INYO0 RANGE.
By Epwin Kirk.?

DIFFICULTIES OF THE PROBLEM.

The Inyo Range, in commen with many of
the Great Basin ranges, offers many obstacles
to satisfactory stratigraphic work, and par-
ticularly to reconnaissance work like that done
for this paper. It is true that exposures are
abundant and that few of the sections exam-
ined are covered with vegetation or talus, but
the range is exceedingly rugged, and in many
places it was hard to find good sections in the
time - available. - Information in regard to
many. areas that are of great interest was ob-
tained only in the course of travel from one
camp to another, so that but a brief time could
be devoted to detailed work. The necessity of
covering a large area in a short time made
rapid progress in the work essential, and it
was possible to revisit only two or three sec-

| tions. The strata have been greatly faulted

and folded and have been intruded by numer-
ous igneous masses. Fossils are generally rare,
and in many places the rocks have been so
much metamorphosed as to destroy all organic
remains. For these reasons the difficulties of
intensive stratigraphic work in this region are
.unusually great. It is to be hoped that a de-
rtajled examination of the sediments of the
‘region may at some time be made. The Car-
boniferous strata and the part of the strati-
graphic column between the top of the Lower
Cambrian and the base of the Devonian are
" particularly worthy of study. .

SKETCH OF THE STRUCTURE.
MAJOR FOLDS.

The structure of the Inyo Range is broadly
simpie, but has been made very complex in "’
detail by faulting, folding, and the intrusion
of large igneons masses, which have greatly
obscured and in places completely’ masked the

3 Mr. Kirk’s contribution ends with the description of the
Upper Triassic rocks on p. 48.
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primary structure. The dips and strikes are
extremely variable, -so that the great under-
lying structural features can be determined
only by considering the range in the mass.
The sedimentary rocks of the range are in-
volved in a broad, low anticline and a comple-
mental syncline lying west of it. The anticline
and syncline pitch steeply to the south. Their
: axes have a general northwesterly trend, which
does not coincide with the course of the rarge,
which trends more nearly northward. In the
northern part of the area here described the
anticline occupies most of the breidth of the
range, but in the southern part it-trepds diago-
nally across the range and finally passes out
on its east side. Farther south the syncline is
the dominant structural feature of the range.
The oldest sedimentary rocks are in the north-
ern part of the Bishop quadrangle; and, owing
to the southward pitch of the folds, younger
and younger sediments succeed one another to
the south. In the northern half of the Bishop
quadrangle, where the anticlinal structure is
best developed, the axis. is marked by the.re-
sistant and conspicuous Reed dolomite of pre-
Cambrian age. This dolomite disappears be-
neath the Campito sandstone not far north of
the Molly Gibson mine. Farther south the
anticline is not well shown, owing to extensive
faulting and to the fact that the sedimentary
masses involved are more or less homogeneous.
The eastern limb of the anticline passes out pf
the range along Deep Spring Valley, and its
axis may be considered as disappearing in the
general region of Waucoba Mountain. The
western limb of the anticline, which, of course,
forms the eastern limb of the syncline, contin-
ues to the south end of the range.

The syncline is best developed in the part of
the range that lies east of Keeler, and from
New York Butte south it is the dominant struc-
tural feature, though it is greatly faulted and

“scarcely recognizable as a syncline. The
trough of the syncline is filled with nonresist-
ant Triassic sediments, which are flanked on
both sides by resistant Carboniferous rocks, a

. fact that accounts in large measure for the

topographic features of this part of the range.

In the northern half of the Bishop quadrangle

a well-defined syncline, clearly shown in Silver
Canyon, lies west of the anticline. The Cam-

brian beds at the mouth of the canyon are
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repeated at its upper end, and much crumpled

‘beds of later age lie in the trough. The ar-

rangement thus outlined is largely -ideal, for
the original structure of the range has been

“greatly deformed by faulting and igneous in-

trusion. In the main, however, the relative
positions of the stratigraphic units and their
distribution in the range are determined by
the major features of the structure. .

The secondary deformation may be con-
veniently discussed under two heads—the in-
trusion of the igneous masses and the faulting
and the attendant minor folding. Of the two,

tthe intrusions have caused less displacement of

the sediments and are not here described in de-
tail, though a few examples are cited, merely

‘to give a general ides of the structural com-

plexity. o
DEFORMATION BY I\"l‘l‘l’U‘7 )

Only the lirger masses “of igmeous: rocks
could be shown on the map (Pls: I and 1L, in
pocket), but there. are many smaller masses
and: on the southwest side of Saline Valley
thin beds of sediments cover great intrusive
bodies, which are-exposéd only in-the canyons.
The relation of the large igneous masses to the
structure of the range is well shown by the

.great granitic intrusive mass that forms Wau-

coba Mountain and Squaw Flat. On the east
side of Waucoba Mountain the lower part of-
the Silver Peak group crops out instead of the
much higher Cambrian beds, which would
normally appear there. A part of the Lower
and all the Middle and Upper Cambrian that
fronts Squaw Flat on the north should nor-

:mally front it also on the south, but instead

the Ordovician strata alone appear. These
changes in the normal sequenee and similar
changes noted in other areas adjacent to great
intrusive masses are apparently due entirely to
intrusion. ‘The smaller igneous bodies, how-

ever, do not materially displacé the sedi-

mentary beds.

Besides actually displacing the sedimentary
beds the igneous masses have extensively meta-
morphosed  them.

‘ FAULTING.

The most notable modifications of the simple
folds are due to faulting, which in the Inyo
Mountains is exceedingly complex and has de-

termined in large part the major physiographic
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A. FACE OF INYO RANGE 5 MILES SOUTH OF MONTEZUMA MINE, BISHOP QUADRANGLE.

B. FAULTED AND FOLDED CAMBRIAN BEDS ON WEST SIDE OF DEEP SPRING VALLEY, BISHOP
QUADRANGLE.
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A. FOLDED CARBONIFEROUS AND TRIASSIC SEDIMENTS ALONG UBEHEBE TRAIL, 6 MILES SOUTH-
* EAST OF KEELER.

B. MINOR NORTH-SOUTH FAULT NORTH OF TOLLHOUSE ON DEEP SPRING VALLEY ROAD, BISHOP
QUADRANGLE.
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features of the range. The faults may be di-
vided into three groups—(1) those that are
roughly parallel to the trend of the range, (2)
those that are approximately at right angles
to the trend of the range, and (3) those that
follow intermediate directions. The faults of
the three series appear to have' no definite re-
lation in age. Apparently the greatest faults
run parallel to the range, and the next great-
est run diagonally to it. Conspicuous faults
that run at right angles to the range are rare.
This grouping of the faults is arbitrary ; prob-
ably certain faults that are assigned to groups

1 and 3 are more closely related as regards

origin or dyngmics than some faults that fall

within group 3 itself. Some of the faults
placed in group 3 could as well be referred to
group 1 or group 2. Atno place was there any
indication of thrust faulting. The faults of
group 1 determine the outline of the range.
The west front of the range, facing Owens
Valley, and its east front, along Saline Valley,
are determined by fault planes. Deep Spring
Valley and Cowhorn Valley are 1ntra,montane
valleys bounded by fault planes.

The throw of the faults bounding the range
must be very great. One of the large faults
that take part in the formation of Saline Val-
ley is estimated, from the sediments brought
into juxtaposition, to-have a throw of not less
than 8,000 feet. This fault passes down the
Saline Valley road, in the southwestern corner
of the Lida quadrangle, and continues south-
ward into the Ballarat quadrangle, where its
further course is concealed by basaltic flows
and detritus. It may run along the east side
of Saline Valley at the foot of the Ubehebe
Range or it may pass into the valley proper.
In the neighborhood of the Montezuma mine,

at the base of the west side of the range, there-

is a fault with a throw of at least 5,000 feet.
This appears to be only one of several step
faults that delimit the front of the range. (See
PL 111, 4.) ‘

Within the mountain mass itself there are
numerous faults which run parallel or nearly
parallel to the axis of the range. Among these
are the faults that bound the Triassic sedi-
ments in the synclinal trough east of Keeler.
(See P1. IV, A.) The throw of the fault on
the east side probably does not exceed 1,500
feet, but that of the one.on the west side is
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greater by perhaps 2,000 feet. Another fault of
fair dimensions lies north ‘of Andrews Moun-
tain in the Bishop quadrangle. Nearly on a
line with the west side of Deep Spring Valley
and perhaps continuous with the fault in that
valley there is a fault that extends southward
through the Cambrian sediments and that in-
volves the Campito sandstone and Silver Peak
group. . (See P1. I1I, B.) This fault must have
a throw of several thous'md feet. any simi-
lar faults might be mentioned.

Most of the faults of group 2 are indicated
by canyons that penetrate the range. The
Cambrian sediments that form the walls of Sil-
ver Canyon have been greatly folded, and the
‘beds on one side of the canyon have been
dropped with relation to those on the other.
This fault bifurcates at the head of the canyon.
Almost every other canyon in the range will
furnish similar evidence of faulting. Deep
Spring Valley is terminated at its south end by
an abrupt wall, some 2,000 feet high, which is
evidently a fault scarp. Many of these east-
ward-trending faults are considerably older:
than the latest great displacements along the
sides of the range, as is clearly shown along
the west side of Saline Valley. '

Group 3 is intended primarily to include
faults that cut diagonally across belts of sedi-
ments bounded by faults parallel to the axis of
the range. One such fault is well'shown east of
Keeler, where the Triassic sediments are
‘bounded on the east and the west by fault
planes.  About midway. between the .Saline
Valley Salt Co.s road and the road from
Keeler to the Cerro Gordo mine a fault crosses
diagonally -this belt of Triassic rocks. The
Triassic volcanic series is well developed north
of the fault but is gradually cut out on the
south, being replaced by Lower and Middle
Triassic sediments, and ultimately disappears
in the neighborhood of the Ubehebe trail. Sev-
eral such diagonal faults appear on thé west
side of the range between New York Butte and
Cerro Gordo. They, together with the faults
that follow the trend of the range, have thrown
the strata into great confusion.

In addition to the well-marked diagonal
faults, group 3 contains a great number of
faults that trend in every conceivable direc-
‘tion, though most of ‘them trend northward.
They vary in throw from a few feet to several
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thousand feet. Many sections show as mdny

as 10 to 15 minor faults in the space of a hun-:

Among the more notable ‘faults

dred yards.

of this group are those lying between the Deep

Spring Valley road and Marble Canyon, in
the Bishop quadrangle. (See Pl IV, B.)
The south face of Black Mountain shows a
number of faults, and Black Canyon marks
a well-defined fault plane. The road from
the Mollie Gibson mine south follows a fault
of considerable magnitude. The faults of
Cowhorn Valley, noted under group 1, really
fall in this class. In the Mount VVhltney
- quadrangle extensive faulting along Mazourka
Canyon greatly disturbs the strata.
crossing- the Union Wash is of importance in
that it cuts out the higher Carboniferous beds

and the basal Triassie, its throw being more

than 4,000 feet.
The beds along the front of the range in the
immediate neighborhood of the major fault
“planes are intensely disturbed. (See Pls. III

-and IV.) It is generally impossible to gain’

any conception of the nature and succession

of beds along the face of the range, because

they have been greatly disturbed, and there-
fore, in order to determine the stratigraphy,
it is necessary either to study the sections in
the canyons or to go well back in the range.
 Faulting occurred in at least two widely sep-
_arated geologic periods; the earlier movements

accompanied the folding of the rocks in the-

Jurassic or Cretaceous, and the later accom-
panied the late Cenozoic elevation of the range.
The displacements appear to have been great-

est along faults that originated at the time

the range was uplifted, and some of these
faults, as already noted, probably involve
throws of as much as 5,000 feet. The relation

between the earlier and later series of faults is |

most plainly shown at the south end of the
range, southeast of Keeler, where a series of
horizontal flow of basalt rests upon the eroded
edges of folded Carboniferous and Triassic
"sedimerts. The basalt is dislocated by a series
of step faults, and the underlying sediments
are traversed by faults that antedate the basalt
ﬂows

GENERAL STRATIGRAPHIC SECTION.,

The sedimentary rocks of the-Inyo Range

have an aggregate thickness of more than

A fault
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36,000 feet—about 7 miles—and range in age
from pre-Cambrian to Triassic. On eliminat-
ing the Triassic and pre-Cambrian, it is found
that the Paleozoic rocks have a thickness of
5 miles. - This figure becomes even more im-
pressive if it is remembered that the section
includes no beds that represent large parts of
the Paleozoic. The Middle and Upper Cam-

‘brian are not greatly developed; the Ordovi-

cian, except for strata of Beekmantown (Lower
Ordovician) age, is poorly represented; the
Silurian is absent ; the Devonian is represented
only by Middle Devonian sediments; the Mis-
sissippian is probably represented by only its
upper portion; and the Permian is thin. The
great thickness of the Paleozoic rocks is due to
the presence of large quantities of clastic sedi-
ments that accumulate rapidly under ffwomble
conditions. :
The following tabular section gives the ap-
prox1mate thlckness -of the stratigraphic umta

Genemlwed section in the Inyo Range, Cal.

Triassic: PFeet.

Upper Triassic (‘llld Jurassic?) shales
interbedded with volcanic rocks con-
sisting chiefly of wqtelhud tufts 'md
breccias - _____ - ___ 5, 000

Lower and Middle Triassic calcareous
shales and thin-bedded arenaceous lime-

stones, with calcareous sandstone at _
base - -~ 1, 500
Permian: Owenyo limestone________________ 1254
Pennsylvanian:
Reward conglomerate__________________ 250

Later Pennsylvanian limestone and shale_ 3, 000

" Diamond Peak quartzite..__.___________ 3, 500+
Basal Pennsylvanian limestones_________ 1, 000
Mississippian: White Pine shale____________ 1, 000
Devonian: Middle Devonian limestone______ 1, 400
Ordovician: o
Arenaceous shale, probably of Normans-
kill age ___.__ e 750
Limestone containing Chazy fossils_____ 500
Limestone, probably of Beekmantown
A€ e 3, 500
Sandstone._ _____ . _________ 300
Upper Cambrian: Arenaceous limestone and
“shale oo 1,000+
Middle Cambrian: Calcareous sandstone and
. limestone . _______ ______ 9004
Lower Cambrian: )
Silver Peak group--._ - ____________ 7,000%
Campito sandstone____-_-______________ 3,200
Pre-Cambrian : ' :
Deep Spring formation . _____________ 1, 600
Reed dolomite 2, 000
Oldest sandstones and dolomites.______. (?)
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* PRE-CAMBRIAN ROCKS.,

GLl\hR:\] RELATION S

Underlying the lowest Cambrlan sedlments
in the Bishop quadrangle i is a great thlckneﬁs
of sandstone and dolomite. Spurr notes that
in the northeastern part of the Silver Reak
quadrangle, Nev., -below the lowest; foss1hfe1-
ous Cambrian 1101 izon, there are “ several thou-
sand feet of dolomitic hmestones and marble,

. quartzites, and green knotted schists.” These
he refers to the Cambrian. Turner,? referring
to these same beds, says that “it is quite pos-,
sible that they represent the base of the Cam-
brian ” but suggests also that they may be pre-:
Cambrian in age. The sediments exposed in
the northern part of the Bishop quadrangle
beneath the Reed dolomite were apparently not
seen in the Silver Peak quadrangle.

The basal delomite of Spurr and Turner is
doubtless to, be correlated with the Reed: dolo--
mite of the present report, but there is some,
question as to the correlation of the quartzites:
and schists of the section: In the Bishop.
quadrangle a series of beds with an observed
maximum thickness of 1,600 feet overlies the:

" Reed dolomite in one place and is practically
cut out in another place a few miles away.
The quartzites and schists of Spurr and Turner
may represent either this 1,600-foot series in.
_whole or part, or the overlying Campito sand-
stone, or both.

The pre-Campito sediments may be subd1-
vided, on lithologic grounds, into three units.
The,lowest is a series of sandstones and thin-
bedded impure dolomites of unknown thick-
ness, which because of its slight areal extent
and its unsatisfactory exposures has not been
named. Above comes the’ Reed dolomite,
which is locally overlain by the Deep Spung
formation. - The Campito sandstone on the
west side of Deep Spring Valley rests on the
Deep Spring formation, and at the head of
Wyman Creek on the Reed dolomite, with pos-
sibly a remnant of the Deep Spring formation
between. '

Walcott maintains that all the pre-Cambrian
sediments on the continent are nonmarine.

1Spurr, J. B., Ore deposits of the Silver Peak quadrangle,
Nev.: U. 8. Geol. Survey Prof. Paper 55, p. 18, 1906.

2 Turner, H. W,, Contribution to the geology of the Silver
Peak quadrangle, Nev.: Geol. Soc. America Bull, vol. 20, p.
238, 1909. )
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The pre-Cambrian  sediments in thé Inyo
Range.are certalnly shallow-water deposits, as
| shown by ripple marks, mud cracks, and litho-
logic features. ‘The:same arguments might be
adduced for their nonmarine origin as for that
of the pre-Cambrian sediments of the northérn
Rocky Mountain region. But there seems to
be no definite evidence one way or the other.

OLDEST SANDSTONES AND DOLOMITES.

The oldest sedimenta.r.y' rocks exposed'in the
area are found in the'extreme northern part of
the Bishop quadrangle. " In this area there are '

large intruded masses of igneous rocks and

much of the surface is covered ‘with extruded

basalts. In addition the structure of the region
is "“made ‘more complex by numerous faults,

some "of ‘which are of considerable magnltude '
The striictural complexity of the region, its in-

accessibility, and the short time available

made detailed work imipossible; but it appears

that the rocks under the Reed dolomite are ex-

posed immediately east of the range formed by

the Reed. dolomite and north of Wyman Creek.

It is probable also that a considerable series of

these beds forms the western and northern

faces of the mountain (elevation 10,121 feet)

that stands in the eastern anﬂle between

Wymar Creek canyon and the southward-

trending cinyon which'is traversed by the road

to Coldwater Spring. The rocks in the low
area north of Wyman Creek are greatly dis-
turbed by faulting and folding.

The beds 1mmedntely under the Reed dolo--
mite are well shown on the north side of
Wyman Creek canyon. The sediments here
consist of thin-bedded arenaceous slates which:
grade downward into more heavily bedded
sandstones. As only a few feet of the beds are .
exposed, it is not possible to determine whether
they are the initial deposits of the Reed or the
terminal deposits of the underlying series. In
general, .the series as seen at several points
scem to consist of thin beds of arenaceous
slate, some beds of impure dolomite, and thin
beds of sandstone. Most of the sandstones are
dark brownish black with reddish streaks. The
impure dolomitic limestones break down into
blocks that form white talus slopes somewhat

| similar to those of the Reed dolomite though

different in their smoother contours and smaller
blocks, and in the mixture of sandstone with
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the dolomite. The rocks are generally consid-
.erably metamorphosed-and many of them are
schistose. The sandstones are at many places
- cross-bedded. Ripple marks and- mud cracks
are abundant. .
- The only fossils seen were problematlc struc-
‘tures, 6 to 8 inches in diameter, that are pos-
sibly referable to Cryptozoa.

BEED DOLOMITE

The Reed dolomlte is “Qne 6f the most strik-
ing features in the northern part of the Bishop
quadrangle. It forms the axis of a southward-
pitching anticline and disappears. beneath the
-Campito sandstone in the region north of the
Mollie Gibson mine. It is also exposed along
Marble Canyon, on the west side of the range,
from a point below the mouth of Black Canyon
‘to about the point where the 6,200-foot contour
crosses - the. canyon. Along. the west side of
Deep Spring Valley it is exposed. by. faulting
at the heads of the canyons north of Antelope
Spring and on the crest of the range. Farther
south it. was not definitely recognized, but it
may be locally exposed by faulting. .

The Reed dolomite forms bold, forest- clad
mountains and a long white ridge that stands
.out sharply from the dark basal sandstones and
is cleftrly visible for miles., Blanco. Mountain,

which is practlc'tlly the, northern limit. of the.

.dolomite, is composed wholly of it. The con-
trast in topography and appearance of outcrop
between the Campito and Reed is strongly
marked. (See Pl. V, 4.) The Reed is well
forested, and the Campito is practically tree-
less.

The name of the dolomite is t‘lken from Reed
Flat, along whose eastern side it is prominently
exposed for several miles. The best section is
in the canyon at the head of Wyman Creek, in
sec. 7, T. 6 S., R. 35 E. "At the east end of the

. canyon, through which the road passes, the base

shows clearly in the north wall, and at the west
end the contact with the overlying sandstones

may be seen. The thickness of the dolomite as |
paced through this canyon is about 2,000 feet,"

- and, as no evidence of repetition by fflultmg is
apparent, this estimate is doubtless reasonably
accurate. ' ;

The dolomite is heavy bedded. Indeed, in
the Wyman Canyon section it was impossible

GEOLOGIC. RECONNAISSANCE OF INYO RANGE.
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to recognize bedding planes, and the dip could
be measured only at the base and top. The
dolomite is much jointed and breaks up into
large angular blocks that form rough talus
slopes. Lithologically it varies from almost
aphanitic to coarsely crystalline. ~ In fresh
fracture it is typically white or slightly bluish,

‘but on weathering it becomes slightly creamy

to buff. The talus as a whole appears white,
but many of the beds are mottled and speckled
by - stains caused by small partlcles of iron-
oxide. |

‘The only fossils found in the Reed dolomite
are poorly preserved ferms that strongly sug-
gest calcareous algae of the type of Girvanella.
In certain layers these algae were abundant.
None seen was larger than an inch in dmmetel

" DEEP SPRING FORMATION.

The Deep Spring formation derives its name
fromi Deep Spring Valley, along whose west
S1de, in the canyons north of Antelope Spring,
it is splendidly exposed. At the head of the
second canyon north of Antelope Spring about
1,600 feet of the sandstones and dolomitic

limestones of the formation, dipping 40°, un-
-conformably overlies the Reed dolomite, which
forms the main mass 6f the mountain, and is
-unconformably overlain by the Campito sand-

stone.- The.same series is apparently shown in
part on the lower portion of Wyman Creek
below the Roberts ranch, but the rocks there
are greatly disturbed, and any correlation must
of necessity be bfmsed on lithologic similarity
and be of uncertain value.

Along Reed Fiat and at the head of Wyman
Creek the Deep Spring formation is absent or
is at most represénted by a negligible remnant.

‘Near Goat Spring in Reed Flat the rocks im-

mediately above the Reed are poorly-exposed
for a thickness of approximately 175 feet.” The
surface material indicates that this interval is
represented by reddish-weathering sandstones,
which break down into small angular frag-
ments. Above these sandstones come the char-
acteristic dark purplish-red cross-bedded sand-
stones of the Campito, which break down into
large angular blocks. Lithologically thesebeds
do not resemble any in the Deep Spring forma-
tion, which, if represented at all on the western
side of the range, has a thickness of not more
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than 200 feet. In Marble Canyon the Campito
appears to rest directly on the Reed. ~

The following section of the Deep Spring
formation shows its lithologic character. The
formation rests unconformably: on-the Reed
dolomite, and is overlain unconformably by the
Campito, No organic remains were found
in it.

Scction of Deecp Spring formation in second canyon |

norih of Antelope Spring on west side of Deep
Spring Valley.

Feet.
‘Sandstone, massive, irregularly bedded, buff,
alcareous.. —— - X - 35
Sandstone, heavy, blue to gray, calcareous_.__. 170
Sundstones and arenaceous. slates, dark brown
in fresh fracture, weathering black__________ 150
Sandstone, massive, bluish and gray, caleareous._ 40
Limestone, bliif, with well-marked iron-stained
bands 120
Sandstone, massive, blue, quartzitic_____ A 10
Sandstone, thin bedded to massive, grayish
white, weathering platy; iron stained in
bands; near top distinctly banded in bluish
gray and white_ 70
Shales, arenaceous, with interbedded quartz-
itic sandstone . - 6
Sandstone, white, quartzitic, thinly bedded at . '
base, more massive above : 42
Sandstone, shaly, merging upward into overly-
ing blocky sandstone. .9
Sandstone, fairly massive, buff 25
Sandstone, bluish, platy, quartzitie, weathering
in blocky angular fragments; banded with
browns, reds, and grays._. 186
Sandstone, massive, fairly soft; grayish toward
base, buft above . 40
Sandstone, quartzitic; buff toward base, gray-
ish above; marked by. a very characteristic,
sharp, ribbon-like banding_________________ 100
Sandstones, quartzitic to fairly soft, thin to
heavy bedded; ranging in color from buff to -
dark gray_____ 8 - —— 139
Sandstone, white, massive; weathering slightly
buft - 30
Sandstone, quartzitic; irregula“lﬂ contact at base;
basal portion deeply iron stained, dark buff .
above : - 45
‘Limestone, very coarse, crystalline_.____-__._. .15
Limestone, heavy bedded, buff and white, sac-
charoidal, arenaceous; weathering readily___ 130
Limestone, dirty white —_—— 15
Sandstone, massive, coarse grained, banded, .
weathering buff - 25
Sandstone, thin bedded, greenish and buftf B
weathering, quartzitic 60

Limestone, heavy bedded, buff weathering_____ 5
. Sandstone, thin bedded, platy, grayish and buff,

quartzitic, in one or two fairly thick beds____ 47

25

Feet.

THIJZ INYO RANGE,

In part concealed. The greater part apparently
grayish, crystalline limestone. Some heavy,
white quartzite banded.with brown__________

Quartzite, thin banded, copper stained (lo-
cally ), brownish : : 8

81

1,603
UNCONFORBII;I‘Y AT BASE OF CAMPITO SANDSTONE.

It seems best to draw the base of the Cam-
brian in this region at the base of the Campito
sandstone. The Deep Spring formation and
the underlying rocks have little in common
lithologically with "what is here regarded”as
Lower Cambrian, and have much in common
with pre-Cambrian sediments found elsewhere
in the Western States. It is but natural to as-
sume that the first sediments deposited on the
floor of the Lower Cambrian sea which invaded
this area would have formed a sevies of sand-
stones, and this assumption is best met by the
Campito. The unconformity at-the base of
the Campito appears to be the most striking
of those noted in this region. It seems certain
that within a few miles, 1,500 feet or more of
the Deep Spring formation has been eroded
away, indicating erosion covering a long pe-
riod. The absence of any organic remains
other than calcareous algae and Cryptozoa (%)
in the rocks below the unconformity is néga-
tive evidence, to be sure, but is nevertheless im-
portant. The Campito likewise (so far as is
known) carries no fossils other than annelid
trails and trilobite (%) tracks, but its litho-
logic affinities are all with the overlying fos-
siliferous beds. The position of this great
series of sandstones and dolomites, here classed
as pre-Cambrian, beneath the lowest known
fossiliferous Lower Cambrian (the oldest
Lower Cambrian known in America) is in it-
self strongly suggestive of its pre-Cambrian
age.

CAMBRIAN SYSTEM.

GENERAL CHARACTER.
The first account o1 the Cambrian sediments

in the Inyo Range was that of Gilbert,! who
crossed the range from Deep Spring Valley to

1 Gilbert, G. K. Geology of portions of Nevada, Utah,
California, and Arizona: U. 8. Geog. and Geol. Surveys
W. 100th Mer. Rept., vol. 3, pt. 1, p. 169, 1875.



26

Owens Valley and measured the section given'
below. He expressed no opinion as to the age
of the beds seen and apparently collected no

fossils, although the richly coralline beds of |

this region are well shown along the road on
the west side of the range. According to Gil-
bert’s description it seems probable that the
beds measured by him are confined to the Sil-
ver Peak group. :

Rocks exposed on the edst fade of the Inyo Range at '
pass between Deep Spring “V(LUC’(I/' and: Owens Valley. |

Y
3,

Quartzite and siliceous ‘schist: ‘ ‘
Schist, greenish, siliceousi *blue-gray -
quartzite at base_.- R 500.-:
Quartzite, caleareous, pale gray______- 50
Schist, hard, pale green; bands of

Feet (estimated).

‘quartzite and limestone._________ C
) ‘ : — 750
Limestone, massive, blue ; veined with white - )
calcite - - - 75 |
Clay shale and calcareous quartzite:
Quartzite, yellow.___________________ 20
" Shale - e______ 200
Quartzite, yellow i . 20
Quartzite, umber brown__-___________ 50
— 290
oot 1,115

Not until the Cambrian sections of the Inyo
Range (White Mountains) had been studied by
Walcott was there any definite conception of
the age or approximate thickness of the Cam-
brian. The work of Turner and Spurr in the
Silver Peak quadrangle, Nev., northeast of the
Bishop quadrangle, although it threw some
light on the Cambrian of the region, was not "
sufficiently detailed to afford much definite
. information. -

The Cambrian sediments of the Inyo Range
have an aggregate thickness of more than
12,000 feet. Lower, Middle, and Upper Cam-
brian time are represented, but the Lower Cam- -
brian makes up the bulk of the deposits, hav-
ing a thickness of not less than 10,200 feet,
more than half-of which consists of clastic
sediments. The Lower Cambrian of this area
is not only notable for its great thickness, but
it contains the oldest Cambrian deposits known
on the continent. The Lower Cambrian is
here divided into the Campito sandstone at
the base and the Silver Peak group above.
The Middle Cambrian, which has not pre-

| Bishop quadrangle.

‘the Lower Cambrian in America.

GEOLOGIC RECONNAISSANCE- OF INYO RANGE.

s ) . e
viously been recorded from this area, comprises
some 900 feet of strata, most of which are
clastic’ sediments. The Upper Cambrian is
represented by 1,000 feet or more of calcareous
sandstones, impure limestones, and arenaceous
shales, which are doubtless equivalent to most

‘of the Emigrant formation of Turner.

LOWER CAMBRIAN ROCKS.

GENERAL FEATURES. -

The Lower Cambrian rocks of the area here
considered lie almost entirely within' the
That part of the range
which lies north of the Saline Valley road con-

| tains no other sedimentary rocks. - The rocks-

south of that road,-on the west side of the
range, are higher Cambrian and Ordovician.
Iast of Waucoba Mountain the Lower Cam-
brian, which should be considerably beneath
the surface, has been exposed by the great up-
thrust .of igneous rock that forms Waucoba
Mountain. There is no place in this whole

1 area where an even reasonably complete section -

is to be had. The Campito sandstone is ex-
posed in all the canyons north of Black Can-
yon along the west side of the range and in
Deep Spring Valley, in the second canyon
north of Antelope Spring. Fine sections of
different parts of the formation may be seen in
Payson Canyon. The Silver Peak group is in-
volved in the folding along the west front
of the range from the northern limit of the
Bishop quadrangle to Squaw Flat. The best
section seen is along Andrews Mountain. The
formations here described extend northeast-
ward into the adjacent Silver Peak quadrangle,
which is-the type area of the Silver Peak
group. ‘ '
The Lower Cambrian section in the Inyo
Range is of exceptional interest. It is thicker
than any other known Lower Cambrian de-
posit in America and carries the oldest known
Cambrian fauna. Because of these facts Wal-
cott has chosen this area as the type area of
The term
Georgian applied in former days to the Lower
Cambrian series is preoccupied, so in place of
this term Walcott has proposed the name Wau-
coban series. His type section, in which the
Silver Peak group alone is represented, lies

| on the east side of Waucoba Mountain on the
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northwest side of Saline Valley. The section .

is incomplete in its upper and lower portions,
and the beds are somewhat disturbed, the

faulting and folding shown in the rocks here.

being doubtlcss due to the proximity of the
VVfLucoba Mountain intrusive mass. A better
section is exposed northeast of Waucoba Moun-
tain, along Andrews Mountain.
A.) The section here is complete except for
the basal sandstones (Campito) of the Cam-
brian, which are apparently not shown to ad-

anta(re south of Deep Spring Valley. Wal-.
cott,! indeed, notes the presence of a small mass.

of Lower Cambrian sediments west of Big
Pine, in the foothills of the Sierra Nevada, but

this probably represents some palt of the Sil-.

ver- Peak group.
CAMPITO SANDSTONE.

Distribution—The Campito sandstone,
which, next to the Silver Peak group, is the
most widely distributed Cambrian or pre-
Cambrian formation, is well exposed in the

canyons on the west side of the range in the

north half of the Bishop quadrangle. At the
head of Coldwater Canyon and on Campito
Mountain it is prominently displayed, though
perhaps not so well as-at some other places
which are unnamed and are therefore difficult
to cite. A particularly good section is afforded

in the canyon opening into Deep Spring Valley

about a mile north of Antelope Spunv A
photograph of a part of the series in Soldier
Canyon is given by Walcott.? The base of the
Campito may be seen in Black Canyon near
its mouth, along the east side of Reed Ilat at
different points, at the head of Wyman Creek,
and in the canyon on the west side of Deep
Spring Valley.

Relations—In Deep Spring Valley, where
typical basal Campito rests on the Deep Spring
formation, the contact is somewhat obscured
but appears to be one of well-defined uncon-
formity. Along the west side of the range the

. Reed’dolomite is overlain by a yellowish-brown |

cross-bedded sandstone 12 to 15 feet thick,
which is in turn overlain by nearly 175 feet of
soft reddish-brown sandstones that carry some

1 Walcott, C. D., Lower Cambrian rocks In eastern Cali-

fornia : Am. Jour. Sci., 3d ser., vol. 49, p. 141, 1895.
3 Walcott, C. D., Cambrian geology and paleontology
(No. §) ; Cambhrinn sections of the Cordilleran area: Smitb

sontan Misc. Coll., vol 53, pl. 18, 1908.

"(See PL v,
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thin beds of impure limestone. On the east
side of the range, on the other hand, at the
head of Wyman Creek, dark purplish-red sand-

“stones of the Campito type underlie the lime-

stone lenses. The exposures of this part of the
section are not good, for most of them are on
slopes which are largely covered with débris,
and for this reason it is difficult to say with
certainty whether the 200 feet or less of strata
overlying the Reed represents the base of the
Campito or the base of the Deep Spring forma-
tion. The writer is inclined to believe that the
Deep Spring formation has been eroded away
and that the Campito rests directly on the
Reed dolomite.

The upper limit of the Cmmplto is placed mt
the lowest horizon at which fissile calcareous

| shales. and .fairly pure masses. of limestone

appear. No good .exposures of this portion
of the section were seen, and it is not known
whether or not an unconformity exists be-
tween the Campito and the overlying Silver -
Peak group. The gradual- increase in shale
upward in the Campito and the presence in the
Silver Peak group of sandstones that resemble
those of the Campito indicate a close relation-
ship between the two. The marked lithologic
difference between the two groups of sediments
in the mass, however, and the essential unity
of character of each are sufficient justification
for giving the sandstone a name. Broadly
speaking, the difference between the two is that
the Campito represents deposition in shallow
water and the Silver Peak group deposition in
fairly deep water. '
Thickness—Walcott® estimated the thick-
ness of the Campito sandstone at 2,000 feet
from the exposures in Silver Canyon; but
careful estimates made by the writer at more
favorable -places along the west side of the
range show that it is not less than 8,000 feet:
"On the west side of Deep Spring Valley, where
the Campito is well exposed throughout its
mass, a paced measurement gave 3,200 feet.
Corrections were made for irregularities in the
course of the canyon, and the thickness as com-
puted should be fairly accurate. It is certainly
underestimated rather than overestimated.
Character—What might be called typical
Campito sandstone is on fresh fracture a dense,

3 Wafcott, C. D, I;ower Cambrian rocks in eastern Califor-
nia: Am. Jour. Sci.,, 3d ser., vol. 49, p. 143, 1895,



28
fine-grained grayish sandstone with conspicu-
-ous fine dark lines that indicate highly complex
cross-bedding. Under the microscope it is
seen to be composed largely of quartz and
plagioclase. The cement has recrystallized
chiefly to chlorite and sericite. Magnetite,
probably to the extent of 2 or 3 per cent, is
present, 4s are also minor amounts of detrital
tourmaline and zircon. On weathering the
sandstone becomes a reddish brown to dark
purplish red. With ‘sandstone of this type,
which constitutes the greater portion of the
mass, are associated some bands of very dense
lighter-colored quartzitic sandstone, separated
by thin layers of siliceous slate. The latter
occur as partings between ‘the layers of dense
sandstone. The beds in the upper third of the
series are somewhat more slaty and include
~zones that are curicusly and, near the top of
the series, very notably speckled by ferric
oxide. Throughout. the series flecks of chlorite
are abundant. Well-developed joints traverse
the beds and cause the sandstone to break
down in angular blocks.

The dark Campito sandstone exhibits re-
" markable cross-bedding at several horizons,
but especially in the lower part of the forma-
tion in Reed Flat and in the upper part near
the head of Soldier Canyon. The cross-bed-
ding is poorly shown on frésh fracture, but on
weathered surfaces it is plainly marked by
black lines that contrast sharply iith the red-
~ dish-brown quartzite. The bedding planes dip
‘at a low angle and are very complex. The
cross-bedding is on a small scale and is of a
kind that would probably be produced only in
shallow water or on tidal flats.
istic feature is the truncation of one set of
bedding planes by the superjacent series.

No fossils except annelid trails and trilo-

bite (?) tracks have been found in the Campito

sandstones.

Correlation.—The Campito formation is
probably to be correlated -with the Prospect
Mountain quartzite of eastern Nevada, which
at Prospect Peak, Eureka district, Nev., ac-
cording to Walcott, consists of about 1,500 feet
of gray and brown quartzitic sandstone. Its
only fossil remains are annelid trails and trilo-
bite tracks. It probably lies at the base of the
lower Cambrian section and extends westward

through Nevada, and may well have been laid

A character-
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down contemporaneously with the Campito.
The basal-quartzitic material, which is.of Cam-

brian age and attains a great thickness at many -

points in Nevada and Utah, may be well cor-
related, in part at least, with the Campito.
The evidence seems to indicate that the initial
Cambrian sea spread widely throughout this
general region and evelywhere deposited dense
quartzitic sandstones.

SILVER PEAK GROUP.

- The name Silver Peak was proposed by
Turner® and used by Walcott? for the fos-
siliferous. series of Lower Cambrian sediments
in western Nevada and eastern California.

Turner’s type area is in the Silver Peak quad-

rangle, northeast of the Bishop quadrangle.
The group apparently has the same lithologic

‘and faunal characters in both areas.
Distribution—The Silver Peak group is the -

most widely distributed of the Cambrian or

pre-Cambrian units in the Inyo Range, having:

been identified from Coldwater Canyon on the
north to Waucoba Mountain on the south.
Good- sections of parts of the group may be
found in any of the canyons on the west side
of the range as far south as Waucoba Canyon,
but in most of them the strata are greatly
faulted and folded. The two most. complete
sections are that north of Waucoba Springs on
the northwest side of Saline Valley, which was
measured by Walcott, and that along the north-
west face of Andrews Mount‘un, northwest of
Waucoba Mountain. (See Pl. V, B.) No
opportunity for studying the Waucoba Springs
section in detail was offered, but a fair idea
of it was gained and parts of it were roughly
correlated with the section along Andrews
Mountain.. _ .
Walcott’s - section (north -of Waucoba
Springs) does not show the Campito sandstone,
so it is evident that an unknown amount of the
basal portion of the Silver Peak is wanting;
and comparison of the section with the one

along Andrews Mountain northwest of "Wau-, .

coba Mountain shows that some of the upper
beds also are missing. The Andrews Moun-
tain section probably lacks more of the basal

1Turner, H. W, A sketch of the historical geology of
Esmeralda County, Nev.: Am. Geologist, vol. 29, pp. 264—
265, 1902,

z Waleott, C. D., Cambrian sections of the Cordilleran °

area: Smithsonian Misc. Coll., vol. 53, p. 185, 1908.

.

-
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portion than that at Waucoba Springs, but ac-
curate correlation of the two is difficult. The
basal portion of the Andrews Mountain sec-
tlon, however, is probably represented within
series 1 of Wfllcott s section.
Thickness.—More than half the section at
Andrews Mountain was carefully measured
and the rest estimated from the dip and the
width of the outcrop, the total amounting to
not less than 6,000 feet. In the portion esti-
mated there was no evidence of repetition by
faulting. The series as measured by Walcott.
at Waucoba Springs has a thickness of 5,670+
feet. Farther north, where the relations of
the Campito and Silver Peak are fairly well
shown, several hundred feet of shales, sand-
stones, and limestones (above the Campito)
underlie massive limestones like those at the
base of the section at Andrews Mountain. The
Silver Peak group in this region has therefore
a minimum thickness of 6,500 feet and a prob-
able thickness of 7,000 feet or more.
Character.—The Silver Peak group consists
in the main of calcareous shales, sandstones,
and limestones, all three of which are fossilif-
erous. The sandstones are generally calcareous
and those in the lower half of the group are
light in color but weather "buff to brown.
Those in the upper half on weathering break
down into fragments similar to but smaller

than those of the Campito, from which they-

may easily be distinguished when fresh by
their distinctly greenish cast. They have the
same fine black lining indicative of cross-bed-
ding. Many of the shale layers in the Silver
Peak are soft and most of them are distinctly
greenish. The.limestones are of several types,
all of which are massive and marine and carry
large numbers of corals at several horizons.
- Cross-bedded, bluish-gray, oolitic strata are
rare, and light-colored limestones weathering
buff are abundant. There are also crystalline
limestones, which weather gray and contain
large numbers of ‘'orbicular bodies of clear cal-
cite, as noted by Spurr, Turner, and Walcott.
These bodies are ev1dently ploducts of recrys-
tallization, but it is not known whether the
original spherules were of organic origin, for
no structure is now visible. The bodies range
from one-fourth to three-fourths of an inch
in diameter; those measuring half an inch are
very abundant.

The shales, sandstones, and
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shaly partings in the limestones are generally
highly micaceous. The characteristic differ-
ence of the Silver Peak group from the under-
lying sediments is that it contains calcareous
fissile shales and true marine limestones.

The following section of the Silver Peak
group as exposed on the northwest side of Sa-
line Valley just north of Waucoba Springs is

taken from Walcott.* The section as given. has
been somewhat abridged:

o

Section of Silver Peak group, Lower Cambrian, east of
Waucoba Sm rings, on the Saline Valley road, Cal.

Feet.

Bluish-gray compact limestone with ir-
regular, inosculating threads and
stringers of yellowish to buff magne-
sian limestone. Immense numbers of .
dark concretions one-fourth to 1 inch

" in diameter occur in the greater pro-
portion of the layers. The latter vary
from 6 inches to 2 feet in thickness.

Fauna: Sections of a caleareous
brachiopod and a large Orthotheca-
like shell occur about 50 feet from
the base —

Light bluish-gray limestone___________

Massive bedded dark bluish gray lime-

_'Stone. .

Lead-colored arenaceous limestone with
layers of sandstone 1 to 2" inches
thick in bands in lower portion, with
a band of cross-bedded buff calcare-

" ous sandstone about 50 feet from the
base. Layers of bluish-gray limestone,
banded dark and light gray limestone,

"~ and a few layers of brown quartzitic
sandstone occur at irregular inter-
vals. Fauna (105 feet from the base) :
Salterella, Holmia weeksi n. Sp.__...

525
115

60

1, 040

Dark siliceous indurated shales, shaly
sandstone, and quartzitic sandstone
in alternating layers. Fauna: An-
nelid trails, Cruzien®—_ . ________

Buff, drab, and bluish-gray tirenaceous
limestone, alternating in layers and
bands .

Gray and dirty-brown sandstones, with
bands of light-gray qumtzntlc sand-
stones ———

Gray limestone, becoming arenaceous
and passing into gray and dirty
brown sandstone. Fauna: Traces of
fragments of trilobites on the surface
-of the sandstone_—_________________ »

35

120

125

105

1 Walcott, C. .D., Cambrian sections of the Cordilleran
'area: Smithsonian Misc. Coll.,, vol. 53, pp. 185-188, 1908.
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Feet.

Gray and dirty-brown, -compact sand-
stone in layers from 2 inches to 2 or 3
feet in thickness. In the lower por-
tion of the strata are layers of mas-
sive-bedded: gray quartzitic sand-
stone. Small concretions 1 to 2 milli-
meters in diameter are very.abun-
dant in many of the upper layers___

Hard brown and gray shaly sandstones,
with an occasional irregular thin
‘layer of bluish-gray limestone_______

Bluish-gray arenaceous limestone in
thick layers

Greenish-colored arenaceous shale _____

Alternating bands of arenaceous shale
and massive-bedded gray quartzitic
sandstones. Fauna (50 feet from the
top) : Salterella, Olenellus (frag-
ments) ; Scolithus occurs abundantly
in many of the quartzitic sandstones_

Gray quartzitic sandstones in layers 8
inches to 3 feet in thickness, passing
below 35 feet into buff to yellowish
shale with greenish buff bands, with
some interbedded gray quartzitie
sandstones. Fauna (in quartzitic lay-

. ers) : Scolithus like 8. linearis
Haldeman; (in lower portion)
Obolella - sp. undet., Holmia rowei,

365

430 .

Gray and brownish-gray quartzitic
sandstones in layers 6 inches to 3
feet in thickness. Fauna: Annelid

trails on the surface of the layers___ 790

At summit a band of bluish-gray lime-
stone, with sandstones and occa-
sional layers of thin-bedded lime-
stone below. At 290 feet down a
band of arenaceous limestone 50 feet
thick occurs. Below this, brown
sandstone and sandy shales, with in-
terbedded thin layers of limestone in
the lower 100 feet. Fauna (430 feet
from base) : Numerous fragments of
Olenellus !

Argillaceous and sandy shale, with a
few thin beds of limestone. TFauna
(160 feet from base) : Obolelle sp.
undet., Trematobolus excelsis Wal-
cott_ :

Alternating arenaceous limestones,
shales, and dirty-brown sandstones
that ‘break into angular blocks and
fragments. Fauna (275 feet from
base) : Archaeocyathus is very abun-
dant _ - :

Shaly indurated sandstones, with a few
thicker layers of almost quartzitic
sandstone. Fauna (on west siope of
hill just east of the summit, where
the Saline Valley wagon road passes

650

200

575

23

Kt

5

5
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down .the slope toward Waucoba )
Springs) : Annelid trails, Cruziana,

" Trematobolus excelsis Walcott, Hol-
mia rowci, n. sp.; (on the east side
of the hill and in lower portion) ;
- Archaeocyathus, Bthmophyllum gra-
cile Meek, Mickwitzie occidens Wal-
‘cott, Obolelle sp. undet., Trematobolus
excelsis  Walcott,  Hyolithes sp.,
Holmia rowei, 0. SP———ee o

In this section the genus Olenellus ranges
through 4,900 feet of strata, and its lower limit
ig unknown

The following section gives the ch‘mracter of
the uppermost 557 feet of the Lower Cambrian
as exposed on the west end of Andrews Moun-
tain close to the. Buckhorn mine. The meas-
urements are approximate but fairly accurate.
None of the beds is apparently represented in
Walcott’s section. Above them is a 50-foot
ledge of quartzite that forms the crest of the
mountain and- is held to be the initial deposit
of the Middle Cambrian.

Section of uppermos't part of Lower Cambrian on west
end of Andrews Mountain, Cal.
Fett.
Shale, greenish, with some sandstone layers
near base; higher up heavy sandstone ledges
up to 5 feet in thickness. Shales at base
are heavily bedded and arenaceous; above
they are fissile and weather down in small
thin fragments; fresh shale is olive-green,
weathering to reddish brown and to decided
red
Limestone, impure,
hole in this)
Sandstoune, fairly mussive, gieenish- brown,
calcareous, micaceous; annelid trails and
Arthrophycus-like structures _______________
Limestone, blue, with reddish-brown lamina-
tions_ i
Limestone, crystalline, weathering buff to red-
dish brown, spherulitic
Shale, greenish, lined with dfuker green_______
Limestone, grayish blue to nearly white, with
calcite veins; oolitic in places; spherulitic in
layers _ _ -
Sandstones, weathering brick-red. In fresh
fracture decidedly greenish.

200

brownish bhuff (prospect
10

80

23

15
50

200

Fossils—More complete faunal lists; than
those given in the Waucoba Springs section
are to be found in Walcott’s monograph on
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the Cambrian B1~achio'poda,.1 Some of these
follow :

Locality 7. Shaly beds about 1,000 feet above the
quartzitic beds, Silver Canyon, White Mountain
Runge, Inyo County, Cal. :

Kutorgina perugata.
Yorkin wanneri?

Loeality 8. Limestone in Tollgate Canyon, about 15

miles east of Big I’ine, White Mountain Range, Inyo
County, Cal,

Kutorgina sp.

Obolella  vermilionensis.

Wimanella inyoensis,

Locality 53. Sandstones in the lower portion of
third of the Waucoba Springs section, 1 mile east of
Suline Valley road, about 2.5 miles east-northeast of
Waucoba Springs, Inyo County, Cal.

Mickwitzia occidens.
Obolella vermilionensis,
Trematobolus excelsis.
Archaeocyathus.
Ethmophyllum gracile.
Hyolithes sp.
Wanneria gracile.
Locenlity 812. Sandstones of third [at bottom] of
the Waucoba Springs section, east of Saline Valley
road, east of Waucoba Springs, Inyo County, Cal.
Trematobolus excelsis.
Cruziana, -
Holmia rowei, .

Locality 176, Shales and interbedded limestones be-
tween massive limestone containing Archaeeocyathus,
at the south end of Deep Spring Valley, Inyo County,
Cal. .

Obolelln vermilionensis.
" Obolella ? sp.
Trematobolus excelsis.
Wanneria gracile.
Olenellus fremonti.

Locality 178a (slightly higher than 176 but same
loeality). .

Trematobolus excelsis,
Billingsella highlandensis?
Wanneria gracile.
Olenellus fremonti.

The coral faunas noted in the several lime-
stones are of considerable interest. In places
they are so abundant that they. suggest reef
structure, cccurring in richly coralline lime-
stone masses that appear to be lenticular and
to have a restricted areal distribution.

MIDDLE AND UPPER CAMBRIAN liOCKS.

Distribution.—In the Inyo Range the Mid-
dle Cambrian is represented by a series of cal-

1 Walcott, C. D., Cambrian Brachiopoda: U. S. Geol. Sur-
vey Mon. 51, pp. 170 et seq., 1912,
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careous sandstones and limestones 900 feet or
more thick, which are typically exposed on the
divide between Squaw and Harkless flats. The
basal quartzite of the series forms the crest of
the peak just west of the Buckhorn mine on
the west end of Andrews Mountain, and the
higher beds extend westward along the ridge
from this point. The rocks, so far as known,
have a very small areal distribution, having
been seen only on the ridge indicated and in
poor exposures along Harkless Flat.

The section as exposed is given below.” The
thicknesses are spproximate.

.

Section of Middle C(mnl}r'ian rocks.
Feet.
(?) Limestones, granular, fossiliferous________ 1004+
Quartzite, thin bedded, and calcareous sand-
stones 750
Quartzite, white; in beds from 6 to 8 feet in .
thickness g

50

900+

The only known exposure of the Upper Cam-
brian is on the divide between Harkless and
Squaw flats, west of the Middle Cambrian sec-
tion; and it was, unfortunately, impossible to
follow it westward to the Ordovician strata.
South of Squaw Flat the Upper Cambrian is
apparently not exposed. North of Squaw Flat
faulting has occurred, but the basty examina-
tion possible disclosed none that would mate-
rially affect the relative positions of the beds
or notably change their apparent thickness.

The shales of the series form the floor of the

| western portion of Harkless Flat and outcrop

at several places on the divide to the south, but
no good exposure of them was seen. Their .
thickness is estimated at about 1,000 feet.
Age.—The age of the granular limestones
overlying the sandstones is doubtful. The only
fossils found were identified by Dr. Charles D.
Walcott as Nisusia sp. (probably new) and
ITyolithes sp. TFrom this meager evidence he
concluded that the beds can not be younger
than Middle Cambrian. As a matter of fact,
the fossils suggest Lower Cambrian types. It
does not seem probable that there is a fault in
this part of the section, but only the most hasty
examination of the section could be made. -
There can be no question as to the age of the
apparently underlying sandstones, however, for
they carry characteristic Middle Cambrian
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- trilobites that were identified by Dr. Walcott
as Ogygopsis sp. near 0. klotzi.

A few fossils found near the base of the are-
naceous limestones of the Upper Cambrian
series were determined by Dr. Walcott as
Ptychoparia sp. and Obolus sp., which indicate
Upper Cambrian age. The beds seem mod-
erately fossiliferous, and a fair fauna could
doubtless be collected from them in a few
hours. ‘

Character—The basal 50 feet of the Middle
Cambrian consists of an exceedingly dense,
white quartzite in beds 6 to 8 feet thick. So
dense is the quartzite that prospectors have
taken- out claims on it, thinking it a quartz
ledge. It caps the peak above the Buckhorn
mine and runs northwestward, forming the
crest of an eastward-facing escarpment- for
about 24 miles.’

- The overlying sandstones are much less re-
sistant and form a distinct saddle in the ridge.
The main mass of these beds consists of thin-
bedded calcareous, somewhat micaceous sand-
stones that weather a dark reddish brown.

The limestones overlying the sandstones are
crystalline to oolitic in texture. When fresh
they are bluish gray, but on weathering they
develop small ocherous bodies that give them
a decidedly reddish-brown appearance. On

the knob west of Andrews Mountain (marked
9,115 feet on Pl. I) they are well exposed, and
it was here that fossils were collected.

Lying above the Middle Cambrian calcareous
sandstone- and. limestons are arenaceous lime-

stones and shales’ which are correlated with |

part of the Emigrant formation (Upper Cam-
brian).

The basal quarter or third of this series of
beds consists in the main of thin-bedded are-
naceous limestones, which break down in small,
irregular, angular fragments. In fresh frac-
ture the beds are as a rule gray, but all of them
weather to bright colors, some of them to
brick-red and others to buff and brown. Asso-
ciated with the limestones are greenish shales
like those higher in the formation.

The bulk of the series consists of greenish
fissile shales which break down into small
fragments and on weathering show bright-red
and buff coloration.
shales are sandstones and some impure lime-
stones, . Lithologically the beds agree very well

Interbedded with the |
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with Turner’s description of the Emigrant
formation.

Correlation.—Strata of Middle C‘unbnan
age have not heretofore been recognized in
this region. Middle Cambrian fossils were de-
termined by Walcott® from a locality near
Resting (Freshwater) Springs, on Amargosa
River, in the southeastern part of Inyo County.
It is possible that the Middle Cambrian is
present in the Silver Peak quadrangle, but it
was not recognized there by Turner, who may
have included it in his Emigrant formation.

In Emigrant Pass, in the northern part of
the Silver Peak Range, in the Silver Peak
quadrangle, Turner? found a series of thin-
bedded limestones and reddish slates with
some black chert, resting unconformably on
the Silver Peak (Lower Cambrian). This se-
ries of strata he named Emigrant formation
and assigned to the Upper Cambrian. If, as
seems probable, Turner included Middle Cam-
brian beds in his Emigrant formation, they
should be excluded and the name Emigrant
should, in the writer’s opinion, be applied only
to the Upper Cambrian strata. Turner re-
ports transitional beds with an admixture of
faunas between the Emigrant and overlying
Ordovician, but this observation will probably
be found to be incorrect.

The exact relations of the Middle Cambrian,
Upper Cambrian, and Ordovician sediments in
the Inyo Range were not determined.

ORDOVICIAN SYSTEM.

SUBDIVISION.

~ In the Inyo Range four subdivisions of the
Ordovician have been recognized. The lowest
is the basal sandstone, 300 feet thick. Over-
lying this is a great series of limestones, prob-
ably of Beekmantown age. Above these lime-
stones is a series of argillaceous limestones
which is equivalent to the upper part of the
Pogonip limestones of Hague and is of Chazy
age. Apparently above these argillaceous
limestones there is a series of arenaceous shales
which is probably equivalent, at least in part,
to the Palmetto formation of Turner.

1 Walcott, C. D., Cambrian Brachiopoda: U. S. Geol. Sur-
vey Mon. 51, p. 185, 1912,

2 Turner, H. W., A sketch of the historical geology of
Esmeralda County, Nev.: Am. Geologist, vol. 29, p. 265, 1902.
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It is possible that rocks of Richmond age
also occur in the range, constituting a fifth
unit. There is evidence of faulting wherever
the uppermost portion.of the Ordovician and
basal Devonian were examined. On the ridge
just north of Barrel Spring in Mazourka Can-
yon a much-faulted section apparently includes
a part of the Devonian and some of the higher
Ordovician. A small, poorly preserved fauna
found in the Ordovician rocks suggests late
Ordovician or Richmond—particularly a spe-
cies of Plectambonites whose affinities seem to
be closest to Richmond types. The informa-
tion in regard to this section is, however, too
indefinite to justify more than a suggestion
that rocks of late Ordovician age may be
plesent

CORRELATION,

Turner?® described graptolite-bearing shales
in the Silver Peak quadrangle to which he gave
the name Palmetto formation. According to
his and later determinations, the shales are
from two distinct geologic horizons, the Beek-
mantown and the Normanskill. All the mate-
rial collected by Turner appears to come from
the foothill country, from fault blocks whose
relations are uncertain. By far the greater
part of the fossils are of Normanskill age, only
one collection from a locality southwest of
Piper Peak being positively identifiable as of
Beekmantown age. The Normanskill grapto-
lites were, without exception, collected several
miles farther south and east. It is unfortu-
nate that Turner included the beds containing
Beekmantown fossils in his Palmetto forma-
tion, as the type locality in the Palmetto Moun-
tains apparently includes ornly post-Beekman-
‘town beds. Lithologically the two zones differ

widely in the Silver Peak quadrangle; and the

name Palmetto should, in the writer’s opinion,
be restricted to the beds of Normanskill age.. .
In his description of the Emigrant forma-
tion (Cambrian), Turner states that appar-
.ently there is a transition between this forma-
tion and the Palmetto. This -would indicate
that the shales carrying the Beekmantown
graptolite fauna immediately overlie the Up-
per Cambrian and probably hold the same
stratigraphic positiog,as the basal Ordovician

1Turner, H. W., A sketch of the historical geology of Es-
meralda County, Nev.: Am. Geologist, vol. 29, p. 265, 1902,
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sandstone and shaly beds in the Inyo Range.
If this is: true, the two graptolite zones are

‘widely separated stratigraphically, which is

possible, for Turner apparently nowhere found

his two zomes in the same area and grouped

them together simply because they both carried

He apparently did

not recognize the beds of Beekmantown age, -
which, if present in the Silver Peak quad-

rangle, he may have taken for Cambrian.

In his report on the Eurcka district, Nev.,
Hague? gives the following section of the
Ordovician as measured by Walcott at White
Pine, Nev.:

Section of Ordovician:rocks at White Pine, Nev.»

-

Trenton : Feet.
Evenly bedded, pure, bluish limestones____ 50
Dark, siliceous limestone in massive beds_. 500

-Eureka ;

Light, vitreous qusirtzite, ferruginous near
the base_. o 350

Pogonip:

Darl\ blue and black limestones, with nu-
merous shaly belts, characterized by the
fossils of the Upper Pogonip, as seen at_
Eureka - 900

Dark, evenly bedded limestones, with more
or less siliceous bands - 4 300

Ball® recognized the Pogonip limestone
with a thickness of 2,000 to 4,000 feet in the
Belted, Amargosa, and Panmmmt ranges,
which are not far east of the Inyo Range. He
also recognized the Eureka quartzite on strati-
graphic grounds. What he calls the Eureka
quartzite has a thickness of some 1,200 to 1,500
feet in the Kawich Range, in southwestern
Nevada, where, he says, it is “underlain by
interbedded quartzites, shales, and limestones,
transitional beds from the Pogonip limestone.”
These “transitional” beds are probably the
equivalent of the Palmetto formation of
Turner. ‘

DISTRIBUTION.

Ordovicianr ocks cover a large area in the Inyo
Range.” The lower series of massive limestones
are particularly prominent, forming bold topo-

" graphic features and apparently making up the

entire west front of the range north and west

2 Hague, Arnold, Geology of the Eureka district, Nev. :
Geol. Survey Mon. 20, p. 191, 1892,

3Ball, 8. H,, A geologic reconnaissance in southwestern
Nevada and eastern California: U. 8. Geol. Survey Bull. 308,
p: 28, 1907.

T. 8.
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.of Squaw Flat. The rocks along the trail from
the Montezuma mine to Harkless Flat are
greatly disturbed and metamorphosed. (See
Pl II1, 4, p. 20.) . Back from the faulted face
the limestones form bold light-colored hills.
The great mountain mass south of Waucoba
Canyon between the Mazourka Canyon and

Saline Valley is composed chiefly of these lime-.

stones. (See Pl. VI, 4.) The limestones on
-the west side of the range are cut out by fault-

ing in the neighborhod of Coyote Sprmg, but_

on its east side rocks of the same age appear in
“the low hills in.the northern part of Saline
Valley west and north of Rattlesnake Cabin
and they constitute the greater part of the
sediments north of Willow Spring. The mogt
favorable exposures for study are along Ma-
zourka Canyon and to the north, around
Badger Flat, in which the Bluebell mine is
situated. Along Mazourka Canyon the rocks

dip 45°-65° ‘'W. Farther east they ﬂatten out

and cover a great area.

The basal Ordovician sandstones were seen
only along the southern border of Squaw Flat,
where they rest against the intrusive granitic
mass. They probably show to better advantage
on the divide between Harkless and Squaw
flats, a locality that was not visited.

The shales overlying the limestones were 1
seen only at the head of Mazourka Canyon and :

in Badger Flat.
The limestones of the Ordovician fall into

~ two divisions, the thickest of which rests upon

the sandstones that immediately overlie the
Cambrian. Stratigraphically higher are argil-
laceous limestones carrying an abundant fauna
of Chazy age and having an estimated thick-
ness of not less than 500 feet. They were ex-
amined only along the road in Mazourka Can-
‘yon about, two-thirds of a mile south of the

point. where the Lead Canyon trail branches

off.
The shale series correlated with the Palmetto
" of Turner overlies the fossiliferous limestone.

Tt was seen cnly in Badger Flat and near the.

head of Mazourka Canyon. South of the Lead

Canyon trail, however, it has apparently been’

faulted out, for there the limestone of Chazy
age is apparently overlain by a massive, dense
quartzite 30 feet thick. The limestones lie on
the east of the road and the quartzite on the
west. Above the quartzite comes 90 feet of
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‘bluish limestone carrying a few crinoid colum-

nals, and upon this rests 35 feet of heavy-
bedded limestone carrying .a considerable
amount of black chert. Higher beds having a
thickness of about 30 feet are poorly shown,
above .which the section is cut off by a fault
which brmgs the black shales of the Carbon-
iferous in contact with the limestones. In
Badger Flat the Ordovician shale -series is
capped by 75 feet of quartzite, overlain by
bluish limestone and these by dark limestones
carrymg black chert, above which the section
is terminated by a fault. The succession of
beds and thelr lithologic character in the two

-localities appear to be identical. - In hoth places

the beds overlying the quartzite strongly re-
semble lithologically the basal beds of the De-
vonian east of Kearsarge (Citrus). If the
quartzite and limestones in Badger Flat and
Mazourka Canyon are identical, it is evident .
that the shale series has been eliminated by
faulting in Mazourka Canyon. The structure

of the area supports this assumption. '

LIMESTONES, PROBABLY OF BEEKMANTOWN AGE.

‘'The term “Pogonip” has been somewhat
loosely-used in Nevada. In its later usage,
however, it has come to be applied to the great
masses of limestones of Ordovician age that
are extensively developed in the State. The
main mass of the Pogonip exposed in the type
area is of Beekmantown age, as determined by
the faunal content, and to this mass the term
Pogonip should, in the writer’s oplmon be re-
stricted.” The upper part of the Pogonip lime-
stone of Walcott, which has a thickness of 900
feet at White Pine, carries a Chazy fauna. -
This same series is shown in the Inyo Range.
In Nevada the Pogonip beds of Beekmantown
age have a thickness ranging from 2,000 to
4,300 feet, according to published descriptions.

In the Inyo Range there are some 3,500 feet
of massive limestones of undoubted post-Cam—
brian and pre:Chazy age. Determinable fos-
sils were not seen in this series, but they could:
doubtless be found by adequate search. Indis-
tinet hghL lines, seen only on weathered sur-
faces, in some of the beds probably represent

| organic remains and suggest types of gastro-
pods and cephalopods known in rocks of Beek-

mantown age. Comparison of the stratigraphic
position and lithologic character of the series
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with known sections to the east prove beyond
reasonable doubt that these strata represent the
lower part of the Pogonip limestone of Walcott
in the Eureka district and are of Beekman-
town age.

No accurate meagurement of this lower series
of Ordovician limestones was possible in the
course of the present work. An estimate based
on average dip and width of outcrop-gives the

series a thickness of 3,000 to 3,500 feet, the

latter being probably more nearly. correct.

At the base of the limestones, as shown at the
granite contact on the south margin of Squaw
Flat, lies a series of sandstones, apparently
interstratified with shaly layers, of which per-
haps 200 to 800 feet is poorly exposed. These
basal sandstones, as exposed, are more quartz-
itic in their basal portion and are softer and
more calcarecous above. At no place are they

massive, their outcrop consisting of relatively

thin platy fragments..

The overlying limestones apparently vary
in composition from dolomites to relatively
pure limestones. The basal portion weathers
blue-gray to dull lead-colored. The higher
beds are lighter in color in the mass, the hills
showing white to buff. No accurate descrip-
tion of the limestone is possible, for it was seen
only in part and only from a distance.

Walcott* says that the Lower Cambrian
occurs at the head of Mazourka Canyon, but
the material that was supposedly derived from
Mazourka Canyon, on which-he based his as-
sertion, is exactly like rock from Deep Spring
Valley. A fragment of sandstone in one lot
has impressions of 7'rematobolus; and a frag-
ment in the other lot has the original brachio-
pods which' made the impressions. The two
pieces of sandstone fit together perfectly.

ARGILLACEOUS LIMESTONES CONTAINING CHAZY FOSSILS.

The only good exposure seeh of the qrgilh-
ceous limestone containing thg azy fossils is
along the road in Mazourka Canyon about half
a mﬂe below the Lead Canyon trail, but it
doubtless outcrops at many points mlong the

east side of the canyon near the base of the |

mountain and in the low foothill country west
of the mouth of the canyon. This area is much

1 Walcott, C. D., Cambrian Brachiopoda: U. 8. Geol, Sur-
vey Mon. 51, pt. 1, p. 227, 1912,
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faulted and folded and contains numerous out-
crops of intrusive rocks.

The Mazourka Canyon section comprlces
about 500 feet of limestone, which, in the main,
is bluish to almost black and is crystalline, but
in places is somewhat argillaceous. Shaly beds
also occur. In certain zones the limestones are
highly fossiliferous, carrying.a rich molluscan
fauna.

In the White Pine district the upper part
of the Pogonip consists of 900 feet of dark-

“blue and black limestones with numerous shaly

belts. This upper Pogonip iS quite differ-
ent stratigraphically from the main mass of
the Pogonip, the great lower series being of
Beekmantown and the upper series of Chazy
age. The Chazy fauna is identical with that
found in the argillaceous limestone of Ma-
zourka Canyon and in the lower part of the
Simpson formation of Oklahoma.

The following fauna, collected from the Ma-
zourka Canyon locality, probably represents
only a small percentage of the total fauna of
the beds. No doubt all the upper Pogonip
species listed by Walcott? could be obtained
from the argillaceous limestone in .the Inyo
Range. TFew specific determinations are,pos-
sible, as the material is more or less imperfect
and many new species are represented.

Diplograptus Sp. ’
Orthis sp.
Triplesia n. sp.
Maclurea n. sp.
Liospira sp.
Hormotoma sp.
Fusispira sp.
Pleurotomaria ? ionensis Walcott:
Modiolopsis sp.
Ctenodonta sp.
. Endoceras sp.
Leperditia biva White.
Leperditella sp.
Nileus sp.,
Amplnon" nevadensis Walcott (pygidia identi-

cal with those referred to this species by
‘Walcott).

ARENACEOUS SHALES, PROBABLY OF NORMANSKILL AGE.

Turner’s Palmetto formation? included all
the graptolite shales seen by him within the
Silver Peak quadrangle. The name should,

© 2 Walcott, C. D., Paleontology of the Eureka district, Nev. :

U. S. Geol. Survey Mon. 8, pp. 270-272, 1884.
3 Turner, H. W., A sketch of the historical geology of Es-
meralda County, Nev.: Am. Geologist; vol. 29, p. 263, 1902.
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in the writer’s opinion, be restricted to the
higher series of shales of Normanskill age.
The Beekmantown graptolite zone may lie

above the series of massive limestones of the:

Inyo Range, but even were the beds of Chazy
age absent the two series of strata would be

easily separable by their lithologic characters.’

The Beekmantown graptolite zone, however,
was not seéen in the Inyo Range, and its exact
~ stratigraphic position is not known.

~ The shale series at the head of Mazourka
Canyon and in Badger Flat is very similar in
lithologic character to the Ordovician shale of
Normanskill age in the Silver Peak quadrangle
and in other portions of Nevada. No grapto-
lites were seen in the shale, which, however,
was examined in a most cursory way. The ap-
parent stratigraphic relations of the shale and
its lithologic character seem to point to its
correlation with the Palmetto formation of
Turner. The shale has a minimum estimated
thickness of approxmlately 750 feet.
posure as a whole is very poor, as it underlies
Badger Flat. Portions, are exposed along the
road near the head of Mazourka Canyon, but
give a poor conception of it as a whole. To
the south the shale is apparently cut out by
faulting.

The formation is predominantly shaly but
contains some bands of sandstone. -The shales
vary from thin and fissile to fairly heavy and
arenaceous. In color the series is prevailingly
light, ranging from green through several

shades of brown, according to the degree of |

weathering.
* Turner, in his descrlptlon of the Palmetto
formatlon notes the presence of dark cherts,

with which are interbedded felsitic rocks that,

he thinks, represent altered rhyolitic or dacitic
tuffs and lavas. This, he claims, is “certain
evidence that in Ordovician tlme there were
volcanic eruptions in the region.” No rocks of
‘this type were seen in the Ordovician of the
Inyo Range, but they might easily have been
missed or they may have been cut out by fault-
ing. It is not possible from Turner’s brief
statement to locate these beds in the section.

From the scant evidence at hand it seems
probable that the shale of Badger Flat lies
between the limestone containing Chazy fossils
and the Devonian and is to be correlated with
the Palmetto of Turner.

Its ex-:
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DEVONIAN SYSTEM.

Hague* has described 4,000 to 6,000 feet of
Devonian limestones from the Eureka district,
Nev., to which the name Nevada limestone has
been applied. Lithologically the Nevada in
the Eureka district consists of gray to dark
crystalline limestone, interspersed with shaly
beds and sandstones. In the Inyo Range about
1,500 feet of limestones, shales, and sandstones
of Devonian age are present, and unquestion-
ably should be correlated with the Nevada
limestone, probably with the lower portion of
that formation. ;

Rocks of Devonlan age were recognized
along the Inyo Range from the upper portion
of Mazourka Canyon to Cerro Gordo, and they
probably continue to the southern end of the
range, along the Keeler-Darwin road. They
may occur along the west front of the range
west and south of Harkless Flat, where they
have been brought up by faulting, but this
seems unlikely. They are also exposed along
the Big Pine-Saline Valley road in the south-
western corner of the Lida quadrangle;. and
they have been faulted up to form the long
ridge south of Marble Canyon, the mountain
to the west of the road consisting of Lower
Cambrian. The only complete section seen is
in the foothills about 3 miles east of Kearsarge
(Citrus), where the Devonian is exposed from
its contact with the Ordovician below to the
Mississippian above. Both north and south of
this locality it is progressively cut out by fault-
ing.. The section follows:

Section of Devonian rocks about 3 miles east of Kear-

sarge (Citrus); Inyo Range, Cal. Feet.’

Limestones, thin bedded, platy; with intercal-
ated beds of calcareous shale and some
calcareous sandstone. The limestones are
as a rule gray to black in color. Some

" beds are coarsely erystalline and crinoidal.
Bands and nodules of black chert are com-
mon. Fossils are abundant______________

Limestone, masswe, bluish, crystalline.
"Throughout at mtewfxls are irregular seams
and lumps of black chert. In the upper
portion are some layers of more thinly
bedded argillaceous limestones. Fossils are
rare - -

Quartnte heavily bedded, white; somewhat
iron stained

1,150

250

30+

1, 430+
U. 8.

T'Hague, Amold Geology of the Eureka dlstnct Nev.:
Geol. Survey Mon. 20, p 63, 1892,
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What is considered the basal bed of the De-
vonian is a quartzitic sandstone. The overly-
ing limestones may roughly be divided into a
lower part, 250, feet thick, of massive lime-
stones that are sparingly fossiliferous and an
upper part that is more thinly bedded and
somewhat argillaceous. Black cherts are char-
acteristic of the formation, one band in the
upper third of the lower part being 3 feet
thick. The main mass of the Devonian con-
sists of calcareous sediments that are predomi-
nantly thin bedded, intercalated with many
thin beds of bluish shale and with some beds of
calcareous sandstones. The limestones as a
rule are coarsely crystalline and crinoidal.
They carry large numbers of corals, which,
though reasonably plentiful, are badly weath-
ered as a rule at the outcrop. Well-preserved
fresh material is to be had in Mazourka Can-
yon a short distance north of Barrel Spring.
Brachiopods are rare. ’

Although fossils are abundant little time was
available to gather other than weathered speci-
mens, and as a result specific determinations
are as a rule doubtful and are for the most
part not given.

Stromatopora sp.

Cladopora, 2 species.
Heliolites sp.

Favosites ¢f. F. hemisphericus.
Favosites sp.

Alveolites sp.

Amplexus sp.

Diplophyllum fasciculum,
Syringopora cf. 8. perelegans.
Ptychophyllum infundibulum.
Phillipsastraea sp.

Atrypa reticularis.
Stropheodonta sp.

Othoceras sp. -

Dalmanites meeki.

Proetus sp. .

These forms are identical with material col-
lected in the Nevada limestone of the Eureka
and White ‘Pine districts, and they agree
very closely with the Devonian fauna of Ari-
zona, as found at Bisbee and in other areas.
On the whole, the affinities of the fauna seem
to lie with the Middle rather than with the
Lower Devonian. The later Devonian types
found by Walcott in Nevada are not repre-
sented in this region and it is probable that the
section as seen here represents only the lower
portion of the Eureka district section.
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CARBONIFEROUS SYSTEM,
' GENERAL FEATURES,

The Carboniferous rocks of the Inyo Range
inc¢lude Mississippian, Pennsylvanian, and
Permian. The most northern exposure of the
Carboniferous is along the west: front of the
range near the Montezuma mine in the south-
ern part of the Bishop quadrangle, where a
narrow strip of Carboniferous has been faulted
along- the base of the mountain, presumably
lying against the Ordovician. From nearly 5
miles north of Kearsarge (Citrus) to the south
end of the range the Carboniferous is very im-
portant, but at no place is a reasonably com-
plete section of it shown. In the great canyons
east of New York Butte there appear to be
good sections, presumably of the - Carbonifer-
ous, but these are mnearly inaccessible. The
Carboniferous is very thick, and it is impos-
sible without very detailed work to piece to-
gether the isolated fragments of sections. The
most that can be done at present is to discuss
the sediments and their supposed relations in
such manner as to be of aid to anyone who may
wish to work out the section at some time in the
future. ‘

The base of the Carboniferous and its con-
tact with the Devonian is exposed east of Kear-
sarge (see Pl. VI, B) and apparently also in
the neighborhood of the Cerro Gordo mine.
The best exposures of the overlying Mississip-
pian shales and limestones (White Pine shale)
for purposes of collecting fossils are along the
Cerro Gordo Spring trail north of " Cerro
Gordo. The shales in Mazourka Canyon and
south of it for a few miles are too highly meta-
morphosed to furnish fossils. The Pennsyl-
vanian limestones overlying the shales are ex-
posed north of Kearsarge, south of Coyote.
Spring, and at the top of the range from near
New York Butte southward. The great chert-
like quartzites (Diamond Peak) are most typi-
cally displayed in the canyons penetrating the -
range east of Keeler. The thin-bedded, platy,
arenaceous limestones and shales nex¢ succeed-
ing are well exposed on the side of the mountain
just east of the Estelle Mining Co.’s tunnel, on
the road from Keeler to the Cerro Gordo mine.
The Permian was seen only between the Re-
ward mine and Union Wash, the first large
canyon north of Owenyo.
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MISSISSIPPIAN SERIES,
WHITE PINE SHALE.

Hague! describes a great series of shales,
having a maximum thickness of approximately
2,000 feet, that overlie the Nevada limestone

. in the Eureka district, Nev. To these shales
" he gave the name White Pine and referred the
formation to the Devonian. Girty,? however,
correlates it with the Caney shale of Arkansas,
which he refers to the Mississippian. '

In the Inyo Range a shale occupying the
same relative stratigraphic position as the
‘White Pine carries the Caney fauna and with-
out doubt should be correlated with the White
Pine shale of eastern Nevada. The evidence
indicates, therefore, that Girty’s correlation is
valid.

As described by Hague, the White Pine shale
differs considerably in lithology in different
sections. It also differs considerably from
place to place in thickness, at White Pine
measuring only 600 feet and in the Eureka
district reaching 2,000 feet. From some sec-
tions it appears to be absent. From the nature

' of the deposits and the abundancé of the plant
remains that they contain Hague concludes
that the White Pine is a shallow-water de-
posit. In the Inyo Range the White Pine
shale carries some limestones but apparently
few of the sandstones noted by Hague-in the
Eureka district. Certain beds contain an
abundant marine fauna.

The White Pine shale is expos\,d at three
places in the Inyo Range. The most northern
exposure is along Mazourka Canyon, where it
forms the canyon floor for several miles.
beds here lie in the trough of a narrow syncline.
Farther south the contact of the White Pine

-shale and the top of the Devonian limestone |

may be seen east of Kearsarge, where a con-
siderable thickness of the beds is exposed.
Still farther south the shale is gradually cut
" out by faulting until it disappears near Coyote
Spring. In this general region the shale is
highly metamorphosed, containing innumera-
ble chiastolite crystals. No recognizable fos-
sils were seen. The third locality, and the only

1 Hlague, Arnold, Geology of the Eureka district, Nev.
Geol. Survey Mon. 20, p. 68, 1892,

2Girty, G. H., Relations of some Carboniferous faunas:
Washington Acad. Secl. Proc., vol. 7, pp. 11-12, 1905.

: U. 8.

"The

GEOLOGIC REC.ONNAISSANCE_ OF INYO RANGE.

good one for collecting fossils, is north of the
Cerro Gordo mine, where the beds are ex-
posed on a dip slope and are little altered.
The base of the Mississippian, which is well
exposed east of Kearsarge, consists of a 5-foot
conglomeratic bed of grayish limestone, weath-
ering buff, which carries irregular, mostly well
rounded, limestone pebbles 5 inches or less in
diameter. «(See Pl. VI, B.) TUpon the upper
surface of the conglomerate lies an 8 to 10 inch
seam of brownish-black, apparently phos-
phatic material, which is overlain by 12 feet
of sooty-black shale weathering gray. Above
these comes the subjoined section. The exact
sequence at the base is obscured by minor fault-

‘ing, but the stratum given is probably the low-

est bed of the Mississippian and is the one that
appears in the bottom of Mazourka Canyon
for several miles. Its thickness may be much
greater than that given. The higher beds of -
the section were measured a few hundred
yards to the south.

Section of White Pine .§hale in the Inyo Range east
of Kearsarge, Cal.

- . Feet.
Quartzite, white, weathering reddish__________ 25
Conglomerate ; matrix of highly siliceous lime-

stone ____ 50
Sandstone, impure, quartzitic, weathering in

large blocks; carries some intercalated len-

ticular masses of gray limestone____________ i)
Similar sandstone, weathering reddish brown

and breaking down in small, irregular blocks_ 50
Limestone, massive, gray, crystalline, crinoidal_ 3
Shale, black, calcareous, with some sandstone__ 15
Limestone, massive, gray, carrying small crin-

oid columnals i _ 100
Shale, black, fissile, weathering platy_____._____ 250

Sandstone, quartzitic, weathering in reddlsh-
brown angular blocks 25

Shale, arenaceous, weathering red and brown__ 150
Shale, brown, arenaceous, weathering in thin
plates 2 to 3 inches thick, filled with chiasto-
lite - 300
1,043

G. H. Gir ty, of the United States Geological
Survey, has examined three fossil collections
from the Mississippian, all made north of the
Cerro Gordo mine. In the black fissile shale,

~which is well exposed along the Cerro Gordo

Spring trail, about 14 miles north of the mine,
the following forms were found:

Solenomya ? sp.
Caneyella wapanuckensis.
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Caneyella n. sp. aff. C. richardsoni.
Orthoceras, several species.
Gastrioceras aff. G. richardsonianum,
Goniatites sp.
REumorphoceras bisulcatum"
Plant remains.

° Fish remains.

In regard to this fauna Mr. Girty says: “ The

latter is an interesting and peculiar fauna of
the Caney shale of Oklahoma, and the related
but less well-known fauna of the White Pine
shale of Nevada. These faunas I refer to the
upper Mississippian.”

From the sandstones that underlie the black
shale the following forms were 1dent1ﬁed by
Mr. Girty: '

Sponge? -

‘Derbya or Schuchertella.

Chonetes aff. C. illinoisensis.
Productus aff. P. burlingtonensis.
Productus aff. P. pileiformis.
Spiriferina? sp.

Pleurotomaria? sp. _

Comparing this fauna with that of the black
shale, Mr. Girty states that it “presents a
somewhat different facies, which may also be
called upper Mississippian. It may, however,
be lower Mississippian, but it does not show
the familiar facies of the Madison limestone
which is common in the lower Mississippian
horizon of the West.” From the stratigraphic
relations of the beds the writer would consider
them of very nearly the same age.

_ At another locahty about 2 miles farther
north two species of Zaphrentzs and two of
Productus were found in the limestones below
the black shale. These fossils were determined
as Mississippian by Mr. Girty.
o PENNSYLVANIAN SERIES.
) DISTRIBUTION.

Hague?® divides the Pennsylvanian rocks of
the Eureka district into four formations, as
follows:

General section of the Pcnnsylvamtm series in the
Bureka district, Nev.

Feet.
Upper Coal Measure limestone 500
‘Weber conglomerate. - - 2, 000
Lower Coal Measure limestone — 3, 800
Dinmond Peak quartzite_ -~ Z 8,000

1 Flague, Arnold, Geology of the Eurcka district, Nev.: U. 8.
Geol. Survey Mon, 20, p. 84, 1892.
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Probably each of these four divisions is pres-
ent in the Inyo Range. The exact relations of
the sections seen can, however, be only approxi-
mately determined, and no attempt has been
made to describe in detail any of the units ex-
cept the conglomerate and the overlying lime-
stones, which may or may not .be correlative
with the Weber conglomerate and Upper Coal
Measure limestone of Hague. The Pennsyl-

-vanian quartzite in the Inyo Range is consid-

ered- to be undoubtedly the Diamond Peak
quartzite, and it is so called. " The conglomerate
in the Inyo Range that may be correlative with
the Weber conglomerate of Hague is here given
the local name Reward conglomerate.

To the overlying. limestones of Permian age
in the Inyo Range the local name Owenyo
limestone is here applied. The basal Pennsyl-
vanian limestones (see below) and the later
Pennsylvanian limestone and shale of the Inyo
Range, neither of which has been carefully
studied, are not given geographic names.

In the Inyo Mountains the Pennsylvanian
rocks are exposed only in the Mount Whitney
and Ballarat qnadrangles. The rocks are much
faulted and folded and in many places con-
siderably metamorphosed. On the west side of
the range the most northern exposure of conse-
quence is a mass of limestones facing the valley
about 3 miles north of Kearsarge. This mass
is faulted on both sides and its stratigraphic
relations are not clear; it may overlie or under-
lie the Diamond Peak quartzite. From this
point southward the Pennsylvanian appears at
irregular intervals to the southern extremity of
the range. South of New York Butte the
Pennsylvanmn rocks form an important part
of the range, outcropping on both the east and
the west sides. This portion of the range is
the west limb of the great syncline, which
is flanked on both sides by Carboniferous
rocks and is filled with Triassic sediments. The
syncline is greatly broken by faults, and a rea-
sonably complete section of the Carboniferous
rocks is nowhere exposed. On the east side of
the range, in the canyons south of New York
Butte, some excellent sections are exposed, but
they are difficult of access and can not be closely
studied. East of the range proper, Carbonifer-
ous sediments appear in the low hills at the
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south end of Saline Valley and in the Ubehebe
Range, bordering Saline Valley on the éast.

BASAL PENNSYLVANIAN LIMESTONES.

" In the Inyo Range the lowest Pennsylvanian
strata seen are limestones which crop out along
the crest of the range south of New York
Butte, where they are unconformably sepa-
rated from the overlying Diamond Peak
quartzite. Other limestones exposed along the
west front of the range 24 miles north of
Kearsarge may have the same stratigraphic
position or may possibly overlie the Diamond
Peak. Limestones of the same character also
appear about three-fourths of a mile south . of
Coyote Spring. At the head of Union Wash
and north of the Cerro'Gordo mine Pennsyl-
vanian limestones- definitely underlie' the

~quartzite. These are the only localities where
the limestones were seen in a fairly undis-
turbed condition. In the exposures examined
the limestone has.a thickness of between 500
and 1,000 feet.- It consists in the main-of very
hard, fairly thin, siliceous limestones in which
silicified - fossils are fairly - abundant. Pro-
ductus, Zaphrentis, and Fusuling were identi-
fied. Owing to the hardness of the limestone

* the beds are very resistant to weathering.

DIAMOND PEAK QUARTZITE.

In the Eureka district the Diamond Peak
quartzite has an estirnated thickness of 3,000
feet and consists in the main of vitreous quartz-
ites (according to Hague). A limestone bed
about 500 feet above the base carries a Pennsyl-
vanian fauna. In the quartzite itself no fossils

were found. On stratigraphic . grounds and |

lithologic similarity a great mass of quartzites
in the Inyo Range has been correlated with
the Diamond Peak, and the name used by
Hague has been applied to it.

In the Inyo Range this quartzite unconform-

ably overlies the series of'basal Pennsylvanian

limestone. It is prominently developed on the
west side of the range from-Coyote Spring
south to well below Keeler. On the west side
of the Saline Valley it is excellently shown in
some of the canyons, as near the head of
Hunter Canyon.

No continuous section through the entlre'

mass of quartzite was seen. Near the head of

features. _ ‘
rugged and have precipitous walls.
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Union Wash, north of Owenyo, the contact
with the underlying limestones is well shown..
From here the quartzite extends westward
toward the Triassic, but a large part of its
upper portion is cut out by faulting. ‘In sev-
eral canyons east of Xeeler the Diamond Peak
is well shown (see Pl.-VII, 4), but nowhere
apparently is the entire formation present. On
the east side of the range a section of what

‘appeared to be nearly the entire mass was seen

at a distance, but it was very difficult of access
and, even if reached, could not be accurately-
measured. It is estimated, however, that the
quartzite has a minimum thickness of 38,000
feet.

Owing to its resistant character the Diamond
Peak quartzite forms falrly bold topographic
Canyons cut in it are extremely

The base of the Diamond Peak quartzite is

clearly shown near the head of Union Wash,

where the Saline Valley trail leaves the canyon
and starts up the side of the mountain. Its
contact with the underlying limestone is very -
irregular and marks an unconformity. The
basal beds are  somewhat argillaceous and
weather an intense red. Near the contact
are large amounts of iron pyrites. The forma-
tion consists in the main of very dense fine-
grained quartzites, which range in color from
pearl-gray to black on fresh fracture. As a
rule, the rock carries disseminated iron pyrites.
In some of the beds spherulitic structures 2 to
3 millimeters in diameter are abundant. On

‘weathering the quartzite breaks down in irreg-

ular fragments whose size varies according to
the portion of the formation from which they
are derived. When broken with a hammer the
fine-grained rock fractures like chert. The
weathered quartzite varies from gray to brown

‘or deep reddish-brown, its color depending on
the amount of iron present and its degree of

oxidation. Near the base of the quartzite and

at irregular intervals in the mass are layers

of black arenaceous shale from a fraction of
an inch to several inches in thickness, which.
weather red. The ﬁnest-gramed material when
examined under a microscope proves to have
almost the appearance and character of chert,
and not to be a quartzite in the strict sense of
that word. True quartzites are present, how-
ever, and the greater portion of the mass con-
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sists of beds intermediate in character between
quartzite and the chertlike rocks.

LATER PENNSYLVANIAN LIMESTONE AND SHALE.

Overlying the Diamond Peak quartzite in
the Eureka district are some 8,800 feet of lime-
stones, to which Hague applied the name
“Lower Coal Measure limestone.” Extensive
faunal lists are given by Walcott* and by
Hague.? On paleontologic evidence it appears
that a portion of these beds represents fresh-
water deposits. No detailed study of the cor-
relative limestones in the Inyo Range was pos-
sible, and subdividing the series or giving the
mass a distinctive name was not warranted.

Along the west side of the Inyo Range this
group of sediments may be seen to best advan-
tage from New York Butte to south of the
Cerro Gordo road, but the only good exposures
are on the eastern side of the anticline. A good
section of the upper part of the limestone may
be seen immediately east of the Estelle Mining
Co.’s plant, where the side of the mountain is
almost entirely made up of these beds between
the exposures of Diamond Peak quartzite and
the Triassic. Large masses of the limestone
are shown along both the Saline Valley Salt
Co.’s road from Swansea and the road from
IKeeler to the Cerro Gordo mine. All through
this area, however, the beds are greatly faulted.
It is probable that a less faulted section may be
seen near the crest of the range along the Ube-
hebe trail, east of Keeler. »

These sediments in the Inyo. Range consist
in greater part of calcareous shales and sand-
stones and of thin-bedded impure limestones.
Either in the bagsal portion of the series or in
the upper part of the Diamond Peak crystal-
line limestones of normal marine type appear,
associated with sandstones and shallow-water
deposits. The upper portion of the mass, as
shown in and above the Estelle Mining Co.’s
tunnel, consists of thin-bedded platy limestones
and shales, which are remarkable for the
brightness of their coloring on weathering,
lavender and magenta being common. Such
coloration is characteristic of portions of the
Triassic, but thisis the only place where it was
seen in the Carboniferous. Through these

1 Walcott, C. D., Palcontology of the Eureka district: U S.
Geol. Survey Mon 8, 1884,
3 Hague, Arnold, Geology of the Eureka district, Nev.; U. S

Geol Survey Mon. 20, pp. 89-91, 1892.

THE INYO RANGE. 41

thin-bedded limestones, at irregular intervals,
occur beds of conglomerate of small and well-
rounded pebbles. Some of the layers are ripple
marked. Throughout, the sediments as a rule
indicate shallow-water deposits. = Their esti-
mated thickness is about 3,000 feet.. The Penn-
sylvanian age of the beds is definitely estab-
lished by their stratigraphic- position and by
their contained fossils. o

It is possible that this series of calcareous

‘beds contains fresh-water deposits comparable

with those described by Hague.* Along the

Saline Valley Salt Co.s road from Swansea

to the summit, at an elevation of nearly 6,700
feet, are calca.leous shales and impure lime-
stones of unusual character. The only fossils
seen were great numbers of small gastropods,
which suggest fresh-water rather than marine
types. Owing to the faulting it is impossible
to- place the beds definitely, but they probably
occur in the lower half of the series. In one

.place there is evidence of an. erosional uncon-

formity of considerable magnitude, the signifi-
cance of which could not be. determined. It
lies some distance below the zone of possible
fresh-water origin and may mark the base of
the calcareous series. The fresh-water deposits
of the Eureka district lie near the base of this
series.

Fossils are not abundant in these Pennsyl-
vanian limestones and shales except in narrow
zones. In the upper thin-bedded portion, as
exposed east of the Estelle Mining Co.’s plant,
few were seen other than an occasional Fusu- .
lina. At the crest of the range about 1} miles
north of the Saline Valley Salt Co.’s tram a
limestone carrying. abundant fossils may lie
within the calcareous series or may belong with
the Diamond Peak group, whose upper part is
believed to carry intercalated layers of lime-
stone. This locahty lies in a wedge bounded
by fault planes, owing to which the exact rela-
tions of the limestone could not be determined.
On the whole, the evidence points to the post-
Diamond Peak age of the beds.

From this locality the fossils were collected
from limestones having an aggregate thick-
ness of about 50 feet. The forms were deter-
mined as follows by Mr. Girty:

Fusulina sp.
Lithostrotion? sp. a.

3 Hague, Arnold, op. cit., p. 87.
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Lithrostrotion? sp. b.
Polypora sp.
Fistulipora? sp.
Rhipidomelia nevadensis?
Enteletes hemiplicatus?
Meekella striaticostata?
Productus semireticulatus.
Productus -aff. P. inflatus.
Productus subhorridus?
Productus aff. P. mexicanus.
Productus cora?
Productus sp.
Pugnax rockymontanus?

© Spirifer cameratus? -
Pleurotomaria? sp. -
Orthoceras sp.
Nautilus? sp.

Just above the limestones is a calcareous sand-
stone from which a small fauna consisting
chiefly of pelecypods was collected. Mr. Girty
" "determined the following:

Lingula sp.

Myalina ? sp. )

Aviculipecten? 2 species.
" Schizodus? sp.

Naticopsis sp.

Both lots are of Pennsylvanian age.
REWARD CONGLOMERATE.,

In the Eureka district the “Lower Coal
Measure limestone ” is overlain by a series of
conglomerates and .sandstones having an esti-
mated thickness of 2,000 feet, to which Hague
applied the name Weber conglomerate, cor-
relating them with the Weber quartzite .of
Utah. This correlation, however, is open to
‘question. In the Inyo Range a much thinner
conglomerate apparently holds the same strati-,
ar apluc position as-the conglomerate in the
Eureka district, but it has seemed best to give
it a distinctive name, and the name Reward
conglomerate is here apphed to it, from the
Reward mine.

The most northern observed,exposure of this
conglomerate is in the.Inyo Range on an iso-
lated knob about a mile northeast of Kear-
sarge (Citrus), although better exposures are
to be had along the face of the range to the
south. South of Kearsarge the conglomerate
is shown in the west face of the hill just west

of Coyote Spring, whence it appears at ir-’

regular intervals southward to the Ubehebe
trail east of Keeler, south of which the sedi-
ments - are- covered by basaltic flows. Just
south of the Reward mine the conglomerate

stands out boldly. At the Union Wash it is
faulted out. At the Estelle Mining Co.’s tun-
nel east of Keeler it is faulted out, but re-
appears a short distance farther north on the
Cerro Gordo road. It is also exposed along
the Saline Valley Salt Co.’s road still farther
north. The conglomerate appears to have been
continuous, and its absence near the Carbon-
iferous-Triassic contact probably indicates a
fault.

Hague? says:

Conformably overlying the Lower Coal Measures

:comes the Weber conglomerate, one of the most per-

sistent and well-defined horizons over wide areas of
the Cordillera, stretching westward all the way from
the Front Range in Colorado to the Eureka Moun-
ains. It varies in the nature of the sediment with
every changing condition, but it is nearly everywhere
easily recognized as a siliceous formation between
two great masses of Carboniferous limestone. In
places it is' made up of an admixture of calcareous
and sandy beds; in others, of fine grits and shales;
and, again, of nearly pure siliceous sediment, varying
from fine to coarse grained, dependent largely upon
the distance from -any land area and depth of water
in which it was deposited. Here at Eureka the ma-
terial is exceptionally coarse, with abundant evidence

of shallow water deposition and the existénce of a
land surface not very far removed at the time the-

beds were laid down.

Hague says that in the Eureka district the
conglomerate is made up for the most part
“of coarse material of both angular and
rounded fragments of red, brown, and white
grits, together with jasper, brown hornstone,
and green cherty pebbles firmly held together
by a siliceous. cement.” This description ap-
plies exactly to the Reward conglomerate. In-
'terstratlﬁed with the conglomerate at Eureka

are “ occasional beds of fine yellow-white sand-

stone.”

The coarse phase of the conglomerate is well .

shown along the Saline Valley Salt Co.’s road
from Swansea to the summit. (See Pls. VII,
B,and VIII, A.) In thisexposure one boulder
more than 2 feet long was seen, but most of
the pebbles are small, few measuring more
than 2 inches. . An exposure north of Union
Wash shows the contact of the conglomerate

and Permian limestone and reveals another

lithologic phase of the conglomerate. Some of

the beds are of normal conglomerate type, with.
siliceous matrix; others are of white sandstone.

that weathers- buff and brown and that is

1 Hague, Arnold, op. cit), pp. 91-92.
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from place to place more or less conglomeratic.
A brownish-weathering sandstone with dark-
.brown patches and layers that forms the up-
permost bed of the Reward in this section may
be characteristic of the upper part of the Re-
ward but may in most places have been faulted

out. As measured elsewhere, the massive con-

glomerate apparently ranges in thickness from
100 to over 250 feet. If the sandstone is char-
acteristic of the upper portion, 100 feet or so
should be added to this total thickness. Owing
to the character of the conglomerate and the
obvious signs of erosion, it is evident that con-
siderable variation in thickness and lithologic
character may be expected.

. Just south of the Reward mine the conglom-
evate at different horizons contains well-defined
potholes (Pl. VIII, B), which penetrate the
strata vertically. ' One is 2} feet and another
14 inches in diameter. One hole, with an ori-
fice of 6 to 8 inches, is 18 inches deep. The
inner surface of each pothole is polished, as is
the old conglomerate surface.

That the potholes are of essentially contem- -

poraneous origin with the deposition of the
conglomerate seems clear. They penetrate usu-
ally dense and resistant rock. The beds just
south of the Reward mine are on the edge of
the valley but have been highly tilted since the
holes were formed, thus disposing of the possi-
bility of their being due to recent stream action.
Farther south potholes occur in the conglomer-
ate several hundred feet above the valley floor.
These are not the product of a peculiar type of
desert erosion. Granites in the desert have
many cavernous pockets, but never of this
shape, with narrow mouths and expanding
bodies; and, moreover, such holes were seen
only at two places, although many exposures
of the conglomerate were examined. Some of
the holes are partly filled with a shaly con:
glomerate, such as forms seams between the
massive beds of conglomerate. One such partly
filled hole is almost entirely covered by an over-
lying layer of conglomerate. The shaly ma-
terial filling one of these holes readily flakes
off, showing the dense inner surface of the pot-
hole underneath. The shaly material is never
polished. N

If it is true that these potholes were formed
at the time the conglomerates were laid down,
it is evident that the conglomerate is of conti-
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nental origin, or at least was subjected to a
stream action at different times during, its dep-
osition. The fact that the. potholes occur at
different levels indicates that a bed of the ma-
terial was deposited, consolidated, and sub-
jected to stream erosion for a considerable
time. Then upon the stream-eroded surface
another layer of conglomerate was deposited,
and the process repeated.

Hague éxplains the variable composition and
irregularities of his Weber conglomerate at
Eureka as being probably due to deposition in
shallow marine waters. The Reward conglom-
erate in the Inyo Range can be explained only
as a nonmarine deposit, and the same is prob-

‘ably true of the conglomerate in the Eureka

district. Whether the same explanation may
be applied to that conglomerate, which possi-
bly is to be correlated with these conglom-
erates, it 1s impossible to state. About the time
these conglomerates were deposited there was
glaciation in various parts of the world; and,

“though no direct evidence of glaciation in the

Reward conglomerate was seen, it seems to
have many of the characteristics of a tillite.
It will at any rate be worth while to look for
such evidence wherever this conglomerate or
beds of the same age are exposed. '

Whether the Reward should be called Penn-
sylvanian or Permian is difficult to decide. No
fossils. were found in the conglomerate, except
a Fusulina in a limestone pebble. There is an
unconformity between the Reward and the
Owenyo (Permian), as would naturally be ex-
pected between a deposit of continental origin
and an overlying marine deposit. The rela-
tions of the Reward to the Pennsylvanian de-
posits below are nowhere clearly shown, but
because of the unconformity at its top the
Reward conglomerate is here assigned to the
Pennsylvanian. It may, however; contain ele-
ments of different ages. The exact age of a
nonfossiliferous continental deposit lying be-
tween marine deposits is largely a matter of
speculation. _

PERMIAN SERIES.

OWENYO LIMESTONE.

Hague® describes a series of limestones 500
feet thick that overlie the Carboniferous con-

! Hague, Arnold, Geology of the Eureka district, Nev.: U. S.
Geol. Survey Mon. 20, p. 93, 1892.
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glomerate in the Eureka district. He calls this
the “Upper Coal Measure limestone,” and
states that it attains a thickness of nearly 2,000
feet, in northern and central Nevada. thho—
logically these beds are in the main light bluish
gray and drab compact limestones, interstrati-
fied with conglomeratic beds carrying siliceous
pebbles in a calcareous matrix. One or two
beds carry limestone pebbles with Pennsyl-
vanian fossils. The fauna,as quoted by Hague,
is inconclusive as regards age, but, in the
opinion of Mr. (tirty, a review of it in the light
of recent research would change a number of
the specific determinations qnd show the hrne-
stone to be Permian. _

In the Inyo Range is a series of limestones
which the writer thinks is probably to be cor-
related with the “ Upper Coal Measure lime-
stone” of Hague. These limestones carry a
Permian fauna and, according to Mr. Girty,
are probably to be correlated in part with the
Park City, Phosphoria, and Embar formations

of Utah, Idaho, and Wyoming. To these lime-

stones the name Owenyo limestone is here
given, from the type section about 3% miles

“north of Owenyo station on the Southern
Pacific, between Union Wash (the first large
~ canyon to the north) and the Reward mine.

Only two exposures of the Owenyo lime-
stone are known, both of which lie between the
Reward mine and the Union Wash. They are
too small to be shown on the geologic map.
One shows the base and the other the top of
the formation to advantage. Elsewhere along
the range the Owenyo is either' eroded or;
more probably, faulted out. In most places
where the Reward is shown with higher beds
in contact with it, the latter are of Triassic age,
and a fault contact may be demonstrated.

The Owenyo consists in the main of mas-
sive, grayish, crystalline to compact limestones.
The 2-foot basal bed is a blue-gray compact
limestone, fossiliferous from the.contact and

carrying irreguhr lenses and stringers of sand- |

stone whose grains were apparently derived
from the Reward below. Here and there
through the Owenyo, pmrtlcularly in its upper
third, are layers carrying rounded chert peb-
bles. The higher beds are fairly massive and
break down in large. blocks on weathering.

" The limestones as a whole are bluish gray to

dark in color, compact to crystalline in texture,
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and carry abundant fossil remains. The Spir-
ferina. pulchra fauna here listed apparently
ranges throughout the formation.

In the section nearest the Union Wash the
Owenyo apparently has a thickness of only
125 feet. Here the contact with the underlying

‘Reward conglomerate is shown and the meas-

urement is carried up to the Triassic shales.
There may be faulting in the section, but none
is apparent. In the hill to the north (see Pl
IX, A) there has been some faulting and the
exact relations of the formation are not. clearly
shown.
The fauna of the Owenyo limestone is of
considerable interest. The following faunal
list and comment thereon was prepmred by Mr.
Girty :

Stenopora? sp.
. Lioclema? sp.
Spiriferina puichra.
Productus subhorridus.
Cliothyridina? sp.
Deltopecten coreyanus?
Aviculopecten sp.
Nucula perumbonata?
Sanguinolites aff. S. costatus.
Euphemus n. sp. aff. E. subpapillosus.

Lot C-T especially suggests the Spiriferine pulchre
fauna, which is best known in-Utah and Idaho but
which probably ranges into Nevada. I have tenta-
tively been assigning the Spiriferine pulchra horizon
to the Permian, but I am not sure that this is correctly
done. One of the most striking features of the C-7
fauna is the abundance of a large Buphemus which
may be an unusual form of . subpapillosus or a new
species related to it. It is interesting, though per-
haps not mgmﬁcqnt that the topmost Paleozoic hori-
zon in thé Alps is, I believe, called the Bellerophon
limestone and that Bellerophon-bearing beds (consist-
ing of Buphemus subpapillosus) form a well-marked
horizon at the top of the Carboniferous in descending
the Grand River.

Another lot of fossils was collected at a
lower horizon, apparently about 75 feet below
the top of the formation. Of these Mr. Girty
identified the following forms, none of which
he considers diagnostic:

_ Chonetes aft. C. geinitzianus. '

Marginifera? sp.
Streblopteria? sp.

Later (in 1916) Mr. Girty adds:

The Spirifering pulchre fauna is more or less char-
acteristic of the Phosphoria formation of Idaho, the
Park City formation of Utah, ard the Embar forma-
tion of Wyoming. The Park City formation is about
equivalent to the * Upper Coal Measure limestone ” of
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the King Survey. Compared with the Phosphoria
formation it is believed to comprise the Phosphoria
plus a certain thickness of the underlying Wells
formation. The Phosphoria formation is regarded as
Perminn and the Wells as Pennsylvanian, so that the
Park City is not a well-constructed formation.,

Mr. Girty’s general conclusion is that *you
had best refer your collection to the Permian
and correlate it with the Park City, Phos-
phoria, and Embar, though the Park City con-
tains some Pennsylvanian and the Embar con-
tains Pennsylvanian, Permian, and Triassic.”

THE CARBONIFEROUS-TRIASSIC CONTACT.

In 1901 James Perrin Smith? discussed the
Paleozoic and Mesozoic boundary in- western
North America, basing his conclusions in part
on the stratigraphic relations shown in the
Inyo Range, Cal., and contended that the se-
quence from the (/ubomferous to the Trmssm
is unbroken. He says:

Below the Meekoceras beds of Inyo County lie sev-
eral hundred feet of barren shales, and below these is
siliceous limestone containing I'usuline. Above the
Meeloceras beds are 800 feet of caleareous shales with
impressions of ammonites, and then a few feet of
black limestone with Acrochordiceras, Hungarites,
Tlirolites, Ceratites, Xenodiscus, and Parapopanoceraes,
probably belonging to the base of the Middle Trias.
The entire series appears to be conformable, from the
Upper Carboniferous to the Middle Trias. * *° *
The real transition from Paleozoic to Mesozoic must
be sought in the conformable series below the Meeko-
ceras beds and above the Fusulina limestone,

The very great importance of establishing
continuity of deposition between any two sys-
tems, particularly between the Carboniferous
and Triassic, is immediately obvious. Accord-
ingly, the mutual relations of these two were
studied for more than 20 miles, from a point a
coaple of miles south of the Reward mine to the
region near the Ubehebe trail southeast of
Keeler, where the sediments are covered with
basalt. These studies determined the existence
of a well-marked unconformity between the
Carboniferous and Triassic, with no evidence of
a gradual transition, either faunal or lithologic.

The Triassic sediments of the Inyo Range
are greatly disturbed by masses of intrusive
rocks and by numerous faults, and in order to
gain even an approximate lde‘l. of the succes-

1 Smith, J. P.,, The border line between Paleozoic and
Mesozole 1n western Amerlca: Jour. Geology, vol. 9, No. 6,
pp. 512-521, 1901,
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sion of the strata a large number of isolated
sections must be measured and pieced together.
South of Mount Whitney railway station,
where the Triassic and Carboniferous are
chiefly exposed, the range is synclinal in struc-
ture, and here as elsewhere is traversed by
many complicated faults, some of which are
of considerable magnitude. The faults that
trend in general northwestward are especially
troublesome to the stratigrapher, as most of
them fault the Carboniferous and Triassic
into contact and conceal the normal succession
of beds at the boundary. - (See, however, p.
46.) The fault contact may be seen very .
clearly on the road from Keeler to the Cerro
Gordo mine, at the Estelle Mining Co.’s camp,
where the mouth of the tunnel and the excava- .
tion for the powder house are both cut along it.
This is on the east side of syncline. On the
west side the fault contact is exposed in several
of the lateral canyons. opening into Owens
Valley. In addition to these faults, which
may be traced for a considerable distance north
and ‘south, a large transverse fault trends
southeastward obliquely across the syncline
from a point north of the Cerro Gordo road.
Numerous smaller faults of local importance
do not affect the Carboniferous and Triassic
‘boundary.

The locality discovered by Walcott and
visited by Smith lies some distance north of
the area just described and is completely sepa-
rated from it by great masses of igneous rocks.
It has been described as lying 13 miles east of
the Union Spring near the Saline Valley trail
over Union Wash and about 3 miles east of
Skinner’s ranch but would better be described
as being on the south side of the first large
canyon north of Owenyo, a station on. the
narrow-gage railroad and the present northern
terminus of the Southern Pacific broad-gage
line. A road leads up the canyon to an
abandoned mining camp.

The Triassic, as shown at the locality, ap-
pears to belong to the eastern limb of the syn-

| cline, the strike of the beds having carried the

remainder of the syncline outside the range.
As in the area to the south, it has been faulted
down against the Carboniferous. At least 500
feet of the basal Triassic and not less than
2,000 feet of the Carboniferous have been
faulted out, bringing the Triassic into juxta-
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position with the Diamond Peak quartzite.
The fault which passes down the lateral canyon
just east of the Lower Triassic fossil locality,
and which probably explains the presence of the
canyon, folded and disturbed the fosstliferous
layer and some of the adjacent beds. Its
course may be traced in the north wall of the
main canyon and beyond. The faulted zone
carries some low-grade ore, which has been
prospected -at several places. Farther north
the fault:cuts diagonally across the strike of
the beds, passing entirely into the Triassic,
and goes out into the valley. V_

A mile and a half or more north of Union
Wash, about midway between this locality
and the Reward mine, in a conspicuous hill
which rises some distance from the main
mountain mass, is the only certainly normal
Carboniferous and Triassic contact known in
the range. The Permian limestones, dipping
steeply southwest form the main mass of the
hill, and the Trlassw shales form a sloping
rldge that merges into the general valley level.
The eastern side of the hill shows evidence of
" faulting. A small canyon cuts the center of
the hill and affords an excellent section, clearly
exposing at several places the contact between
the Triassic and Permian. .

In most other parts of the range, wherever
the Triassic and Carboniferous are shown in
contact, evidence of faulting is indubitable.
About 5 or 6 miles south of Keeler on the Ube-
hebe trail, however, the evidence is not conclu-
sive. The Triassic here lies in contact with a
massive conglomerate, apparently the Reward,
‘and it is possible that the Permian limestones
have been eroded and that the contact is un-
disturbed. It lies, however, at the bottom of a
sharply incised ravine, and this, taken in con-
junction with other structural features, sug-
. gests a fault.

The unconformlty between the Permian and
Triassic in the hill between Union Wash and
the Reward mine, described above,-is sharply
defined and. clearly marked. The surface of
the Owenyo limestone is weathered and irregu-

lar. Resting on it and forming the basal mem- -

ber of the Triassic is a bed of variable com-
position and thickness (maximum thickness,
12 feet). In one place the bed consists of a
calcareous sandstone with conglomeratic lenses
and a capping layer of 1mpure mud cracked
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limestone; and a few hundred yards away it
is a quartz- -pebble conglomerate with a cal-
careous matrix. One block of yellowish-brown
calcareous sandstone, found on the talus below
the contact, is crowded with pelecypods, which
were identified doubtfully as Myalina by Mr.
Girty, who says that ¢ their association and the
rocks in which they are embedded strikingly
recall the Lower Triassic of Idaho and Utah,
the equivalent of Walcott’s Grand Canyon

Permian.” - He adds, however, that they may

be Carboniferous. No similar rock was seen
below the unconformity, and the block proba-
bly came from the basal bed of the Triassic.
Above the basal bed the typical Triassic
shales begin sharply and, so far as exposed,
are consistently green and papery. At many
places near their base they contain nodules of

iron. Higher in the Triassic the sediments are

more arenaceous and platy and contain some
bands, 2 to 5 feet thick, of thin fissile shales
similar to those immediately overlying the Per-
mian. The general talus slope, however, con-
sists of iron-stained brownish to buff plates
that tinkle under a horse’s hoof. In all the
section exposes at least 500 feet of Triassic
shales, no part of which is represented in the
section at Union Wash. Triassic fossils occur

‘in these shales, cephalopods having been found

within 100 feet of the base.
- Plainly, the passage from the Paleozoic to

‘the Mesozoic in California is abrupt, not grad-

ual, and is marked by a well-defined uncon-
formity. The “ conformable series beneath the
Meckoceras beds,” described as occurring at
Union Wash, lies stratigraphically not less
than 2,000 feet beneath the top of the Car-
boniferous, the intervening beds being cut out
by a fault which also cuts out several hundred
feet of the basal Triassic.

.

UNDIFFERENTIATED PALEOZOIC LIMESTONE AND
DOLOMITE.

Two areas mapped as undifferentiated Pale-

czoic lie opposite each other, on the east and

west sides of the range, facing Saline Valley
and on Owens Valley. The structural rela-
tions of the beds indicate that they are pre-
Carboniferous, and they can not be older than
Ordovician. The beds consist. of limestone
and dolomite, which are highly metamorphosed
and in the vicinity of Swansea have been quar-
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ried for marble. No fossils were seen. It is
probable from the lithologic character of the
limestones that they represent the Devonian,
in part.at least; and it may well be that on
the east side of the range, where a greater
thickness of beds is exposed, the Ordovician
is also present. The conclusion is, therefore,
that these undifferentiated Paleozoic strata are
- Devonian, Ordovician, or both.

TRIASSIC SYSTEM.
DISTRIBUTION.

According to Smith,! both Lower and Mid-
dle Triassic faunas are present in the Inyo
Range. Overlying: the- Triassic sediments
studied by Smith there are several thousand
feet of rocks, mainly volcanic.
found in these higher beds, which may be
Middle or Upper Triassic and may even in-
clude rocks of Jurassic age.

From the Union Wash to the Ubehebe trail,
southeast of Keeler, the Triassic sediments are
prominently exposed in the trough of a broad
syncline, which is flanked on either side by the
more resistant Carboniferous sediments. Their
base (see p. 46) is exposed between Union
Wash and the Reward mine. The fossiliferous
beds of Lower and Middle Triassic age are
shown in only a few localities, the best sec-
tion being that described by Smith, on the
south side of Union Wash, where both Lower
and Middle Triassic are exposed. Near the
crest of the range south of New York Butte
Middle and possibly Lower Triassic beds crop
out in some of the faulted wedges. On the
west limb of the syncline, both on the Cerro
Gordo and Saline Valley Salt Co.’s roads,
Lower Triassic sediments appear. - A good sec-
tion of the Lower Triassic, on the Ubehebe
trail southeast of Keeler, affords opportunities
for collecting fossils. On both the eastern and
western limbs of the syncline from the Saline
Valley Salt Co.’s road south, the Lower and
Middle Triassic are exposed, but at most places
the beds are badly disturbed and in some places
are metamorphosed.

The great volcanic series is shown to best
advantage along the trail from the Mount

1 Smith, J. P., Comparative stratigraphy of the marine
Trins of western Americn: Californin Acad. Sci. Proc., 3d
ser., vol. 1, pp. 350-351, 1904,

No fossils were
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Whitney railway station to the Burgess mine,
at the crest of the range just south of New
York Butte, but for their detailed study the
exposures along the Saline Valley Salt Co.’s
road are perhaps the most convenient. These
voleanic rocks are also shown on the west side
of Owens Valley in the Alabama Hills, where,
however, they are greatly disturbed by fault-
ing, folding, and granitic intrusions.

Rocks supposed to bé in part Triassic occur
as roof pendants in the Sierra Nevada. (See
pp. 62-637) :

LOWER AND MIDDLE TRIASSIC ROCKS.

Detailed stratigraphic work in the field will
‘doubtless make it possible to separate the
Lower from the Middle Triassic and recon-
struct a fairly accurate section from the dis- .
sociated and fragmentary sections available,
but no attempt was made to separate them in
this "reconnaissance. Although fossils are
locally abundant in the Lower and Middle -
Triassic, little time was available for collect-
ing them, and no new types were added to
faunal lists mmade by Smith.?

Between Union Wash and the Reward
mine, where the basal Triassic is shown, are
500 feet of arenaceous shales that are not
represented in the section at Union Wash.
About 75 feet above the base of these shales a
cephalopod that was identified by J. P. Smith
as Danubites? sp. was found. The section at
the Union Wash is faulted and folded, espe-
cially in its lower portion. In view of these
facts and of the sections on the Ubehebe trail
the Lower Triassic should measure not less
than 1,500 feet, and perhaps considerably more.

The thickness of the Middle Triassic can not
be computed from the data at-hand. Smith
records a fauna which he considers of basal
Middle Triassic' age as occurring in a 5-foot
limestone layer near the top of the Union Wash
section. Higher in the section (southward
along the mountain) several hundred feet of
sediments of voleanic origin, whose lower beds
are interstratified with marine calcareous de-

| posits, appear to fall within the Middle Tri-

assic. (See PL IX, B.)  Still higher there
are several thousand feet of strata, largely vol-
canic rocks of undetermined age.

2 Idem, pp. 350-351, 357, -
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The Lower Triassic consists in the main of
calcareous shales and some beds of impure
limestone. The basal beds comprise 500 feet
of thin-bedded arenaceous shales. The higher
beds are decidedly carbonaceous and are very
dark—in many places sooty black. Fossils
are found chiefly in the limestone lenses,
though some specimens occur in the shales.
The Middle Triassic apparently consists of
impure limestones and- calcareous shales inter-
stratified with sediments of -volcanic origin,
chiefly andesitic breccias, which carry frag-
ments of Triassic limestone and are con51der-
ably altered. :

- UPPER TRIASSIC ROCKS,

-Overlyiﬁg_th‘e fossiliferous Middle Triassic |

and the andesitic breccias with interstratified
Middle Triassic limestone is a great series of
sediments consisting in the main of volcanic
material. Along the trail from the Mount
Whitney station to the Burgess mine at the
crest of the Inyo Range is a mass of these beds,
which is estimated from breadth of outcrop

and dip to be not less than 5,000 feet thick. A.

similar estimate made along the Saline Valley
Salt Co.’s road from Swansea to the crest of
the range gave approximately the same thick-
ness. The beds are prevailingly brilliant in
color, ranging from greens to lavender and
magenta. Stratified andesitic tuffs and brec-
cias are abundant throughout the series.

Whether these beds are of Middle, Upper,
or post-Triassic age could not be determined.
No fossils were found in them. Stratified vol-
canic rocks of Middle and Upper Triassic as
well as Jurassic age in other parts of Cali-
fornia have been described, and it is of course
possible that the great accumulation in the
Inyo Range represents deposits of all these
ages.

The igneous rocks 1nterbedded with this
series of sediments are treated at length bjy
Mr. Knopf (See pp. 58-59.)

TERTIARY AND QUATERNARY ROCKS, OF THE
_ © " REGION.

OLDER LAKE BEDS.

EAST OF ZURICH.

Along the foothills of the Inyo Range east
of Zurich (or Alvord, as it was known until

water fossils.
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recently) an assemblage of beds of strikingly
different aspect from the surrounding bedrock

formations is exposed. The strata are bril-

liant white or light gray and are dissected by
numerous gulches and sharp ravines, so that a
sort of badland type of, topography is pro-
duced. The beds consist mainly of shales, with
associated sandstones, conglomerates, thin
limestones, and arkose grits. All of these, ex-
cept the limestones and grits, are soft and
loosely coherent. They are evenly and per-
sistently stratified in- thin beds, as a rule not
exceeding 2 feet in thickness. They dip west-
ward at small angles, nowhere exceeding 6°.
A's the base on which they rest is nowhere vis-
ible, their thickness is not determinable, but it
is at least 150 feet. -

A particularly instructive section of these
beds is exposed on the south side of the road -
to Graham Springs.” In a small alcove carved
in granite a series of feldspathic or arkosic
grits has been laid down in massive, firmly in-
durated stratified beds, some of which are 6
feet thick. These beds are composed of angu-
lar grains of quartz and of fresh; clear ortho-
clase and plagioclase embedded in a cement of
calcite. In the beds of arkose there are irregu-
lar layers composed almost wholly of unsorted,
angular, or subangular granite boulders, whose
longer axes invariably lie flat, in this respect
differing notably from the boulders in the al-
luvial-cone deposits, in which the axes stand
at any angle to the bedding. These strata are
somewhat fossiliferous, carrying the fresh-
water gastropods that are so common through-
out the formation, and are manifestly littoral
deposits. Certain deposits occurring along the
Saline Valley road, described as shore deposits

by Walcott and Trowbridge, are, however, al-’

luvial breccias, or “ fanglomerates,” belonging
to the overlying unconformable series of
gravels.

Locally the beds, including even the con-
glomeratic members, are crowded with fresh-
They were therefore laid down
in a lake, for which the name Waucobi was
proposed by Walcott, who first described the
beds.*

Fossils found by Walcott were identified by
W. H. Dall, who reported: “Any of them

1Walcbtt, C. D., The post-Pleistocene elevation of the

Inyo Range and the lake beds of Waucobi embayment, Inyo
County, Cal.: Jour. Geology, vol. 5, p. 340, 1897.
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might be Recent or Pliocene; my impression
from the mass is that they are Pleistocene.”*
Gastropods occurring in thickly crowded
masses, found in 1912, were identified by Dr.
Paul Bartsch, of the United States National
Museum, as Ciéncinnatis cincinnatiensis An-
thony, a species characteristic of ponds, lakes,
or very sluggish water. ;

Deposits proved by their well-stratified char-
acter and their content of fossils to be of lacus-
tral origin extend from an altitude of 4,000
fect up to 5,200 feet, above which their exten-
sion is highly problematical, though Walcott
is of the opinion that undoubted lake beds oc-
cur on the Waucoba road at an altitude of
7,000 feet. Here, in the midst of extensive
alluvial breccias, are two small outcrops of
crumply white sandstone, 24 feet thick, over-
lain by 6 feet of yellowish sandstone and un-
derlain by coarse angular conglomerates.
These outcrops, however, seem best explicable
as pockets or lenses of finer material in the
coarse, angular, unshingled, and unsorted al-
luvial breccias that extend continuously along
the Waucoba road to the summit of the range,
across the divide, and down the east flank.

The lake beds are unconformably overlain
by alluvial breccias, or ¢ fanglomerates,” to use
Lawson’s term. At some places the unconform-
ity is readily apparent, but at others the exact
position of the surface of unconformity is diffi-
cult to find. Asmost of the lake beds are poorly
lithified, few characteristic rock fragments de-
rived from them occur in the overlying de-
posits, so that this means of determining un-
conformable superposition is commonly lack-
ing. Turther, the incoherent lake beds were
easily reworked, and the material thus derived
from them was incorporated in the overlying
deposits without essential change of appear-
ance and now forms the matrix of the gravels.
In this way deposits simulating littoral phases
of the lake beds were formed, and the discrimi-
nation of true lake beds from terrestrial de-
posits is not everywhere possible.

The unconformity between the lake beds and
the overlying coarse alluvial breccias is well

shown north of the Waucoba road at an alti-

tude of 4,500 feet. At this locality the al-
luvial deposits are 40 feet thick instead of a

10p. cit,, p. 342. .
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few feet as is more common; they are firmly
indurated, are formed of angular to subangu-
lar fragments, and contrast notably in color
with the bright tints of the subjacent lake beds.
Near the contact a slab of the underlying lake-
bed grit, measuring 5 by 4 by 13 feet, was
found in the alluvial breccia. Moreover, it was

~standing vertically, a feature common enough

in the alluvial deposits of Owens Valley, but,_
nowhere observed in the lacustral deposits.
Near McMurry Spring the nature of the un-
conformity is not so obvious. Above the un-
doubted lake beds there is 20 to 30 feet of soft
sandstone containing irregular pockets, lenses,

and channels of coarse angular and subangular

gravels. In some beds the pebbles are excel-
lently shingled, but in others they stand at all
angles to the bedding. The sandstone is fur-
ther noteworthy in being speckled with nu-
merous small particles of white rhyolite pum-
ice. Above the sandstone are angular gravels,
the top layer cemented by carbonate to a depth
of 4 to 5 feet and the underlying layers unce-
mented, the matrix being a dusty silt. The
cementation is clearly a surface effect allied
to that of caliche and similar deposits common
in arid regions.

At the north entrance of Devils Gate, on the
Waucoba road, a prominent white stratum
overlies sandstone and angular conglomerate,
which are regarded by Walcott as belonging to
the lake-bed series but here interpreted as be-
longing to the overlying unconformable de-
posits. The white bed is 4 feet thick, is com-
posed largely of pumiceous rhyolite particles,
and rests on an irregular surface. The irregu-
larities, however, are small, and at a short dis-
tance the bed appears to be horizontal. The
underlying yellow sandstone is speckled. with
rhyolite pumice particles and is similar to that
at McMurry Spring. This content of rhyo-
lite pumice, hitherto unrecognized, may pos-
sibly serve as a means of correlation certain it
is that strata of pumice breccia occur both in
undoubted alluvial cones along the west flank
of the Inyo Range and in deposits undoubtedly
laid down in bodies of standing water.

AREA SOUTH OF BIG PINE,

Seven miles south of Big Pine, a short dis-
tance northeast of the Buckeye mine, there is
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a series of poorly exposed lake beds. A few
openings have been made here” during the
recent exploitation of some interstratified
diatomite deposits. The strata, which. consist
of evenly bedded soft sandstones and shales
and some diatomite, aggregate several hundred
feet in thickness. They are partly covered by
“a flow of olivine basalt.

The main diatomite bed, which is traceable

for several hundred feet, is approximately 6
feet thick. It is overlain successively by 1
inch of rhyolite pumice tuff, by 13 feet of di-
atomite, and by shaly beds and is.underlain
by a yellowish argillaceous stratum. Lower
“in the stratigraphic column there are other
diatomite beds, some of them underlain by a
white sandstone containing numerous small
flakes of biotite.

The diatomite of the principal bed, which is
of great purity, was examined by Albert Mann,
who reports as follows:

‘The material is an earth high in percentage of di-
atoms and is of strictly fresh-water origin. The

forms contained are as follows in the order of their |

frequency :
Epithemia argus (Ehrenberg) Kutzmg, very
common.
Fragilaria construens Ehrenberg, Wlth numer-
ous varieties; very common.
Cymbella gastroides Kutzing, especially var.
minor Grunow ; common.
Melosira crenulata Kutzing, prmcxpally var.
laevis and semilaevis .Grunow ; common.
Gomphonema constrictum Ehrenberg, with
var. capitata; common,
Synedra capitata Ehrenberg, frequent.
Epithemia (Rhopalodia) gibba (Dhrenberg)
Kutzing var. ventricosa Grunow ; rare.
~ Cocconeis placentula Ehrenbérg; rare.
The quantity of fresh-water sponge spicules in
this deposit is unusually small.

. These beds strike N. 40° W. and dip 30°
"SW., a dip con51derably higher than that of
the late Cenozoic lake beds elsewhere in the
region. The most probable interpretation of
this is that they form part of a fault block that
has been somewhat highly tilted.

NORTH OF OWENS RIVER.,

The high bluffs on the north side of Owens
River, a few miles north of Bishop, show a
nearly horizontal series of white beds of rhyo-
litic composition. A thickness of 70 feet is ex-
posed, but the base is not visible. The finest

strata are as fine as 'dust; the coarsest consist of
well-rounded pebbles of pumice half an inch to
an inch in diameter. All are evenly and regu-

larly bedded, single beds only 2 to 8 inches

thick being traceable continuously along the
face of the bluff for 200 to 300 feet. The
coarse beds commonly and the fine beds rarely

display cross-bedding of the foreset type; the

cross layers generally dip 15° E. No fossils
were found in this series of beds, but on the
whole it is probable that they were deposited
in a lake.

A large proportlon of the white sediments is
rhyolitic ash, grams of quartz, and small peb-
bles of white pumice and black obsidian. The
pumice is generally porphyritic from the pres-
ence of relatively large phenocrysts of quartz.

- The white rhyolitic beds, which are very
friable, are capped by a cliff-making stratum
of pinkish-gray tuff composed of rhyolitic ma-
terial and carrying numerous fluxional pumice
fragments, quartz particles, and mnguhr frag-
ments of black obsidian.

This capping stratum serves as an admirable
register of the displacement that the beds have
undergone by faulting. . Along Fish Slough

they have been broken by a major north-south’

fault and by a number of minor east-west
faults, along which the separate fault blocks
have been given a southward tilt.

NORTHEAST OF LAWS,

On the east side of Owens Valley an excava-
tion at the mill of the Southern Belle mine,
at an alfitude of 4,500 feet, affords a good ex-
posure of what are probably lake beds over-
lain unconformably by alluvial breccias. The
supposed lake beds, consisting mainly of grav-
els, are rather evenly and persistently stratified
and dip 14° W. The gravels are well rounded
and fairly well sorted; the pebbles do not ex-
ceed 8 inches in ‘diameter. The thinner beds
consist of small, flat, generally well-rounded
schist and slate fragments, and as a rule are
well shingled. '

The overlying alluvial breccias are sharply
angular gravels composed largely of slate and
schist. They are rudely layered, and, although
resting on an irregular surface of erosion, they
dip accordantly with the subjacent strata. It
must be admitted, however, that this uncon-
formity does not suggest an important time
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break. The section is shown in Plate X, 4;

the contrast between the rudely layered allu-

vial deposit and the well-bedded deposit below
is clearly brought out, but the erosional contact
is not easily distinguishable.

Similar -alluvial material is exposed in one
of the mine tunnels, in which the beds dip 28°
to 45° W. The bedrock surface on which they
rest is not a fault contact but an exceedingly
rough and irregular surface of erosion. An-
gulal blocks, 3 to 4 feet long, rest in channels
cut in bedrock and are overlain by beds of sub-
angular boulders.

The section probably represents littoral lake
beds, which were exposed soon after they were
deposited by a lowering of the lake waters and
were covered by alluvial deposits, an explana-
tion suggested by the late Quaternary history
of Owens Lake.

SOUTH OF KEELER.

Loosely cemented sediments underlie the
" broad basin between the Inyo and Coso -moun-
tains, skirt the flanks of the Coso Mountains,
and extend southward across the low divide
between Owens Valley and Rose Spring Val-
ley. They are particularly well exposed at.the
south dam of the Haiwee reservoir of the Los
Angeles Aqueduct.
The general structure of the beds is that of
a low anticline whose axis strikes north and
south. Faults of small displacement occur in
places. Along the west limb of the anticline
the beds dip 10°-—14° W.—that is, toward the
Sierra Nevada.
The beds in the area between the Inyo and
Coso mountains consist largely of loose gra-
nitic detritus, as a rule rather coarse. Stratifi-
cation is not well developed, though some beds
of arkose grit, 1 to 2 inches thick, are firmly
enough cemented to form distinct strata. Pu-
_miceous rhyolite tuffs are prominent toward
the top of the sedimentary series, especially
along the flanks of the Coso Mountains. The
volcanic members are well shown east of -the
Haiwee reservoir. The beds here are conspicu-
- ously white and are evenly and persistently
stratified. They consist of calcareous sand-
stones (the finer grained of which contain
much flaky black mica), shales, and rhyo-
litic breccias and tuffs. Breccia composed of
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fragments of rhyolite pumice forms beds that
attain a thickness of as much as 30 feet. In
the thicker beds the pumice, which is a biotite
rhyolite of silky luster, is present in angular
fragments reaching a length of 6 inches. Some
beds of conglomerate occur also, noteworthy
in containing well-rounded pebbles of the
rhyolite pumice. Slabs of coarsely crystalline
gypsum an inch or so thick were noted but are
not well enough exposed to show whether they
are veins or chemical precipitates deposited
contemporaneously with the sediments.

These deposits have been regarded as lake
beds by the geologists who have previously
examined them. No fossils had been found in
them, however, until the present reconnais-
sance, when some were obtained from a cal-
careous clay or shale exposed at the south dam
of the Haiwee reservoir. Those collected seem
to throw some doubt on the previously accepted
explanation. E. Q. Ulnch to whom the fossils
were submitted, says:

The sa.mp]es submitted contain very abundant re-
mains of minute Ostracoda. Unfortunately nearly all )
the specimens are crushed or distorted, and most of
those that do retain approximately their original form
are so greatly obscured by adhering matrix that close
specific determination is difficult and for many speci-
mens impossible.

Perhaps half a dozen species are indicated. Most
of them suggest Cythere and Cytherideis—marine and
brackish-water genera; but the' others suggest Cy-
pridee, Mectacypris, Potamocypris, and other more
commonly fresh and brackish water genera. Satisfac-
tory generic reference is extremely diflicult,

The interesting feature of these minute fossils is
that they indicate marine connection for these sup-
posed inland lakes. The age of the beds should be
Tertiary or later.

Coarse gravels, mainly material composing
the great alluvial cones flanking the Sierra
Nevada, have been deposited on the irregular,
deeply eroded surface of beds exposed at the
south end of Owens Valley. Thisunconformity
is clearly shown at different places along the
Haiwee reservoir but especially at the south
dam. Along the Darwin-Keeler road the beds
are in places covered by sheets of basalt.

The relation of these beds to the basalt ex-
trusions throws some light on their age, so
indefinitely fixed by the paleontologic evidence.
The sheets of basalt form an important element
in the geologic structure of the southern end
of the Inyo Range. At some time after their
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extravasation they were broken by faults whose
vertical displacement aggregates 1,400 feet;
and subsequent to this faulting deep canyons
were eroded well back into the basalt plateau
that forms the summit of the range. It seems
reasonable, therefore, to infer that the basalts
were erupted at least as far back as early
Quaternary time and that the underlying sedi-
mentary beds are early Quaternary or possibly
Pliocene. Although the basalt in the area be-
tween the Inyo and Coso mountains rests di-
rectly on the brackish-water beds, in the Inyo
Range it rests on angular gravels and silts

that may represent littoral phases of the beds

deposited farther out in deeper water.
EAST OF KEARSARGE.

Beds that are possibly of lacustral origin
occur along the flank of the range east of
Kearsarge, or Citrus, as it was formerly called.
They dip 14°-17° W. (toward the valley).
From a distance they appear to be fairly well
~stratified, but examination at the outcrop
shows that the layering is of the rudest sort.
The beds are composed of fragments of gran-
ite, limestone, chert, and quartz, firmly in-
durated by a calcareous cement and generally
angular, unshingled, and unsorted. The lower
beds, however, contain a notable amount of
well-rounded pebbles, some as small as .one-

fourth of an inch in diameter—possibly a’

near-shore lacustral deposit, though its other
~ features lend little support to this interpreta-
tion. A. C.Trowbridge! thinks they were laid
down in a shallow lake, but this explanation
can be substantiated only by finding - fresh-
water fossils within them. ‘

North of Kearsarge an isolated patch of
rhyolitic tuff and breccia, at most 50 feet- long
and 6 feet thick, rests on granite in a large
canyon at an altitude of 4,800 feet. No ex-
posure like it was found anywhere in the sur-
rounding region, but it is closely similar to the
rhyolitic beds east of the Haiwee reservoir, 40
miles to the southeast. The coarser beds are
composed of angular fragments of silky pum-
ice, crystals and fragments of quartz, and feld-
spar particles, all firmly embedded in a calcite

cement; and the finer beds are essentially lime-

stones. The beds are well stratified, and this

1The terrestrial deposits of Owens Valley, Cal.: Jour.
Geology, vol. 19, p. 732, 1911,
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fact, together with their calcareous nature,
indicates that they were laid down in standing
water.

CORRELATION.

The facts at hand are too few to afford a

satisfactory correlation but are numerous

enough to show the difficulties of the problem.
The features that render difficult the decipher-
ing of the history of the late Cenozoic depos-
its are the scattered distribution of the-beds
and the unsatisfactory or inadequate evidence
furnished by their fossils. The supposed lake
beds at Haiwee have yielded marine or brack-
ish-water ostracodes ; the fresh-water beds south
of Big Pine have yielded diatoms, which are

"of no value in correlation; the lake beds east

of Zurich have yielded a fresh-water fauna
ranging from Pliocene to Recent ; and the other
supposed lake beds have yielded no organic
remains. ' : :

From the geologic evidence the ostracode-

bearing beds appear to be the oldest of the .-

late Cenozoic. deposits considered here, for the
main faulting to.which the Inyo Range owes
its present relief took place, as already stated,
after the sediments had been deposited and
then covered in part by basaltic outflows,
and subsequent to the uplift of the range deep
canyons have been cut back into the high ba-
saltic table-land. The lapse of time indicated
by these events would point to a pre-Quater-
nary age for the deposits. It is somewhat dif-
ficult to reconcile the marine origin indicated
by the ostracodes with the known facts of Cali-
fornian geology; and pending the collection

.of more conclusive evidence, the description

of the beds has been retained here under the
heading of lake beds. '

It is noteworthy that rhyolitic ejecta occur
in nearly all the deposits under discussion.
But as two or more periods of rhyolitic erup-
tion yielded products not certainly distinguish-
able this does not aid much in correlation and
is in fact more likely to add to the difficulty
of the problem. - '

ALLUVIAL CONES.

- The great alluvial cones that flank the moun-
tains on both sides of Owens Valley constitute

| one of the most striking features of the prov-
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ince. -Along the Sierra Nevada they overlap
and produce an alluvial slope that extends
continuously along the front of the range and
merges almost imperceptibly into the valley
floor. Along the Inyo Range, however, they
occur only at the mouths of canyons, and thus
form distinct topographic units which stand
out in bold contrast to the level floor of the
valley. '

ALLUVIAL CONES ALONG THE SIERRA NEVADA,

General features—The outwash apron of
detritus discharged from the canyons of the
‘Sierra Nevada forms a piedmont alluvial
slope, 1 to 7 miles wide, that rises. 1,000 to
2,500 feet above the valley. This slope attains
its greatest dimensions between Lone Pine and
the basaltic field north of Independence—that
is, it is widest and highest along the base of

the culminating portion of the Sierra Nevada. |

The coalescence of adjoining-cones here has
been nearly complete, resulting in a plain that,
when viewed from the valley, appears to slope
evenly away from the mountains, its large
dimensions obliterating the inequalities in its
surface and causing underestimates of the
great height to which the cones rise above the
floor .of the valley.

In appearance the piedmont alluvial slope,
sometimes called the “sagebrush slope,” is dry
and sterile; it is strewn with large boulders
and is dotted with sagebrush, and altogether
it forms an unpicturesque foreground to the
magnificent range that rises behind it. Parts
of it are now being reclaimed from the desert
by irrigation and are being planted with apple
orchards, which seem to thrive even where the
boulders ar$ too numerous to permit tilling
with the plow, ,

The areal clistribution of the outwash . de-
posits of the Sierra Nevada is shown approxi-
mately on the geologic map (Pls. I and II, in
pocket). The lower boundary roughly marks
the outermobst limit of coarse wash, and the
upper boundary marks the limit agaiust the
mountain front, but is in places doubtful on
account of the talus cones of granite sand that

have spread over the alluvium. In a more de-.

tailed, mapping of the region these two classes
of detrital material should be- carefully dis-
eriminated ; and this separation will doubtless
“yield important results. - Refined study would
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also lead to the discrimination and mapping
of gravels of preglacial, postglacial, and pos-
sibly interglacial age, and of glacial outwash.
The fact that these distinctions can be made
was recognized at a number of localities, but
as their systematic elaboration would have
proved disproportionately time consuming, all
the outwash deposits were mapped as a unit.

The average slope of the cones is between 6°
and 7°. The alluvial plain exhibits marked
undulation near the mountain front, where the
fact that it was.formed by the lateral growth
of adjacent cones is readily apparent. A dis-
tinct depression marks the junction of contigu-
ous cones, and the slope on both ‘sides of each
cone rises rather steeply toward the canyon

- from which the cone has been built. Toward

the valley, however, this distinction between
adjoining cones vanishes,

The alluvium consists predominantly of
coarse granitic detritus. The large size and
the great number of the boulders, even at a
distance of many miles from the flank of the
range, are striking features. The largest

boulder noted anywhere on. the alluvial pied-

mont slope exceeds 50 feet in length. This
great granite block is partly embedded in the
gravels of the alluvial cone at George Creek,
about 2 miles from the mouth of the canyon.
Other large boulders have traveled great dis-
tances from the mountains; some measuring 18
by 6 by 8 feet lie along the fault scarp that
traverses the alluvium west of I'ish Springs
School, practically at the outer edge of the
alluvial slope, 4 or 5 miles from the canyons
from which the débris was derived. Lone Pine
Creek, where it flows through the Alabama
Hills, 7 miles from the Sierra Nevada, is bor-
dered by a terrace 50 feet high, composed
largely of granite boulders 3 to 4 feet in
diameter.

The thickness of the gravels is at least 500
feet as determined by wells sunk by the Bureau
of the Los Angeles Aqueduct. The logs of
these wells, given by C. H. Lee,! show an alter-
nation of coarse gravels, sands; and clays. Al-
though the alluvial cones rise 2,000 to 2,500
feet. above the valley floor, it does not neces-
sarily follow that the gravels are 2,500 feet
thick, though in some places they may well be
that thick. The cone of Lone Pine Creek,

1U. S. Geol. Survey Water-Supply Paper 294, pl. 22, 1912,




54

whose apex stands at a height of 6,500 feet,con-
sists of a, thin veneer of gravels Spread over .a
granite platform. At many. places in Owens
Valley knobs of bedrock project through the

gravels; in fact, two very considerable groups

of hills—the Alabama Hills and the Poverty
Hills—rise above the alluvial slope. The bed-
rock floor of Owens Valley is doubtless essen-
tially a mosaic of tilted fault blocks, the larger
of which protrude’ through the alluvium, so
that the thickness of the alluvium at any point
is purely problematic.

Dissection—The streams that flow. across
the piedmont alluvial slope have intrenched
themselves in the gravels to depths that range
from 75 to 150 feet near the range and that
gradually diminish toward the valley. On
some parts of the slope, notably at the apex

of the cone of George Creek, they have cut,

through the gravels and into. the underlying
bedrock to a depth of 25 feet. This dissection
is not ascribable to increased stream flow, for
the climatic change of Recent time has been
toward aridity, as is shown by the partial des-
iccation of the Pleistocene fresh-water prede-
cessor of Owens Lake and by the disappearance
of glacial conditions. Nor is the intrenchment
of the streams whiolly referable to the normal
shifting of streanis upon the cones, for the
many abandoned channels that radiate from
the apexes of thé cones do not exceed 20 or
30 feet in depth. " A competent cause, which
the prevalence of fault scarps traversing the
alluvium very naturally suggests, is a recent re-
newal of mountain growth, which has increased
the grades of the streams and invigorated
their carrying powers.
cause is the disappearance of the glaciers,
“which has diminished the supply of detritus
and has thereby increased the competence of the

streams to cut the piedmont slluvial slape.-

That this is a possible explanation is shown
by the occurrence on Big Pine Creck of dis-
sected outwash gravels of the second glacial
epoch. (See p. 97.) -On the whole this seems

the most probable explanation; but the amount

of the downcutting due to orogenic movement
and of that due to diminished load can not
be certainly evaluated from the data at hand.
However, the dissection :and terracing of the
gravels on Birch Creek, north of Bishop Creek,
can be closely correlated with the glacial hls-

‘Basin province.

‘tegrate on exposure.

Another conceivable |
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tory of the region; and this fact supports the
idea that the dissection of the gravels has
been in the main due to climatic oscillations.
Two-stage dissection is also shown on Lone
Pine and on Bishop creeks, but its relation

to the glacial history of the region rem‘uns

unknown.

Age of the gmvels.—The gravels have prob-
ably been accumulating ever since the Sierra
Nevada was differentiated from the Great
The elevation of the range
began in the Miocene, according to Lindgren,!
who believes that the tilting of the western
slope of the Sierra Nevada began at the close
of the rhyolitic epoch. The second and major
uplift took place probably at the close of the
Pliocene, when the range was differentiated -
from the Great Basin, and the scarp facing
Owens Valley was formed, the uplift impart-
ing new erosive energy to the streams that
built the great-alluvial cones. The cones are
therefore 1egarded as very probably of Quater-
nary age.

The granite  boulders and detritus on the
surface of the alluvial slope are essentially '
fresh, but those in some of the deeper stream-
cuts are highly decomposed and rapidly disin-
This is notably true of
the preglacial gravels lying beneath the basalt
flow on North Fork of Oak Creek. On Birch
Creek, south of Crater Mountain, where the
deep gravels are excellently exposed, a large.
proportion of the old alluvium is thoroughly
decomposed, boulders as large as 5 feet in di-
ameter crumbling into sand when loosened
from their matrix. . v

ALLUVIAL CONES ALONG THE INYJ RANGE.

Distribution and character—Alluvial cones
of two ages have been recognized along the
flanks of the Inyo Range and have been dis-
criminated on the geologic map (Pls. I and 1I,
in pocket). The earlier cones are especmlly
well developed along the west stope of the
range, though the later series are @ele also
prominent. The younger cones have heeh de-
rived almost wholly from the erosion and par-

.tial destruction of the older.

The most notable of the older alluvial dg-
posits lie between Silver Canyon and Black

1 Tertiary gravels of the Sierra Nevada of California:
U. 8. Geol. Survey Prof. Paper 73, p. 30, 1911. « ~ \.
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Canyon. The ancient gravels here form the
foothills of the range and extend back into the
canyons, rising to elevations as high as 6,600
feet above sea level, or 2,600 feet above the
floor of Owens Valley. From a distance of a
mile the alluvial deposits appear to be fairly
well stratified, a feature that has led some ob-

servers to call them “lake beds,” but examina-

tion of them close at hand,. which alone can
shake off the long-distance impressions, shows
that the seemingly even stratification is at best
a rough, uneven, discontinuous layering. In
Plate X, B, the camera, by generalizing and
thus emphasizing the layering of the deposit,
has prodnced the same appearance that dis-
tance produces to the eye.
~ The old alluvial cone in Redding Canyon,
which is one of the best developed in the
range, is deeply dissected and its structure and
constitution are revealed in many excellent ver-
tical sections. It consists of angular gravels,
unshingled, unsorted; and rudely layered. A
- noteworthy feature of the deposit is the size
and number of the granite boulders, many of

which are 6 feet and some 12 feet in diameter. |

The granite is derived from a mass that in-
trudes the Cambrian rocks at the head of the
canyon. The deposit is semi-indurated afid
spalls off in great masses. “Toadstools” (pil-
lars of gravel capped by granite boulders) are
striking features here and are due to the par-
tial cementation of the gravels. The rude lay-
ering of the deposit (it can hardly be called
stratification) commonly dips-6° W. (See Pl
X, B.) At the mouth of this canyon, at an
altitude of 4,500 feet, a breccia of white rhyo-
- lite pumice occurs as a bed 23 feet thick, inter-
calated between the angular unsorted gravels
forming the main mass of the alluvial cone.
The '‘pumice bed and the inclosing alluvial
gravel dip 7° W, but a short distance farther
west the dip steepens to 16°, and this abrupt
steepening indicates that the beds have been
dislocated and tilted since they were deposited.

The alluvial breccias of the older cones are
excellently shown in Black Canyon. The
gravels, largely dark quartzites, are only very
slightly waterworn and are unsorted. The de-
posit, which is partly indurated, is unshingled
and contains huge, promiscuously scattered
boulders. In short, the sections displayed in
cliffs resemble nothing so much as till. The
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bedding is of the rudest kind ; it appears to best
advantage when viewed from a distance, for
on close inspection the individual beds are seen
to be poorly bounded above and below; though
in places the bedding is somewhat emphasized
by the intercalation of short lenticular masses
of finer material. Walcott,® however, specific-
ally refers to these deposits as lake beds. The
prevailing dip is 5° W, but ranges up to 14° W.
Near the top of the cone there is a stratum con-
taining considerable pumiceous white rhyolite,
above which the layers dip a little less than do

- those beneath it, indicating that the ejection of

the rhyolite pumice was followed by some
change in the conditions under which the al-
luvium was deposited.

Remnants of what are probably this' same
series of alluvial cones lie along the west flank
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Fiaurn 1.—Diagrammatic section northwest of Willow Creek,
Inyo Range, Cal. 1, Quartzite; 2, basalt pumice tuff; 3,
coarse, angular gravels; 4, rhyolite pumice tuff ; 5, basalt.

of the range as far south as Keeler. East of
Keeler, within the canyon up which the road
to the Cerro Gordo mine passes, they occur in .
nearly complete form up to an altitude of 4,500
feet and appear as patches up to 4,700 feet.
They show a rough layering, which in places -
dips as high as 18° W. This large westward
dip indicates that the deposit has been consid-
erably dislocated by faulting and tilting since
it was laid down, for 7° appears to be the high-

.est initial dip of the undisturbed layers in the

great alluvial cones of the province.

Alluvial deposits that are probably much
older than those on the western flank were laid
down at a number of places on the east slope of
the range. An interesting section northwest -
of Willow Creek, at an altitude of 3,000. feet
(see fig. 1), dlscloses a series of quartzites, on
whose upturned and irregularly eroded edges

"1 Walcott, C. D., Jour. Geology, vol. 5, p. 841, 1897.



)
lies 125 feet of coarse, angular, unsorted
gravels, in which is intercalated a 2-foot bed of
rhyolite pumice tuff. In one place a lenticular
‘bed of tuff-breccia composed of red oxidized
basaltic pumice lies beneath the gravels in a
: depression in the surface of the quartzite. A
series of basalt flows caps the section.

An extensive body of firmly cemented fmc1ent
gravels extends 400 feet above the bottom of

M‘l,rble Canyon (altitude, 6,100 feet) at the |

point where it is crossed by the trail to Wau-
coba Spring. Cliffs cut in the lowermost grav-
els afford 30-foot vertical sections that show
typical alluvial-cone structure.  The top grav-
els form a veneer on a rock-cut terrace. Gran-
ite boulders, some of them 5 feet in diameter,
derived from the intrusive mass at Squaw Flat,
constitute a noteworthy proportion of the grav-
els. Another remnant of this deposit occurs
higher on the same canyon (at an altitude of
7,500 feet) at the point where the canyon opens
out on Squaw Flat. Here gravels containing
granite boulders, some of them as much as 15
feet in dnmeter, rest on a rock-cut terrace 50
feet high. It is manifest that the canyon was
excavated to its present depth or deeper, was
subsequently filled with gravels, and was later
again in part excavated. At present the re-
moval of débris seems to have ceased, if, in-
deed, the canyon is not again being alluvmted
At the mouth of the canyon of Willow Creek,
where it opens out on Saline Valley, gravels
rise 500 feet above the stream. Near the
Hunter Canyon trail coarse angular gravels
persist as scattered patches on the precipitous
ridges between the gulches as high as 2,000
feet above the floor of Saline Valley. These
patches of gravel, veneered on the flank of the
Inyo Range, as it were, point unmistakably to
faulting, which depressed the floor of Saline
Valley at least 2,000 feet.
Daisy Canyon remnants of old alluvium form
foothills whose greatest altitude is 2,300 feet.
History recorded in the alluvial cones.—A
notable feature of the old altuvial cones is that
their apexes lie well within the canyons from
which they were derived. In this respect they
contrast strikingly with the alluvial cones skirt-
ing the Sierra Nevada, where the gravels are
sharply bounded by the front of the range. A
second notable feature is the deep dissection

and erosion, which has supplied the material

Near the mouth of .
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for the cones that project so boldly into Owens
Valley. The older cone in Silver Canyon is
dissected to a depth of 350 feet and that in
Black Canyon to a depth of at least 500 fect.

During this dissection a terrace that stands

about. 50 feet above the present canyon bottoms
was cut in the gravel. as may be seen in Silver

- and Black canyons and in thé canyon ascended

by the Deep Springs road.

The fact that the dissection of the older
cones was accelerated by renewal of faulting
along the west base of the range is indicated by
the disturbed dips shown from place to place
and more cogently by the distribution of the
old alluvial cones, whose remnants occur only
in reentrants in the mountain front, the parts
of the cones that formerly extended into Owens
Valley having been obliterated. Other evi-
dence of faulting is seen at the mouth of Black
Canyon, where a small ridge built of the older
allavium is terminated at the valley by a
sharply cut triangular facet. ,

The upbuilding of the younger alluvial cones
on the west flank of the range appears to be
essentially at a standstill. - Alluviation of the
main canyons by the pouring in of detritus
from the steep lateral tributaries is the main
process now at work. Detritus is indeed car-

‘ried out of the range and deposited upon the
‘cones along the flank of the range during the

cloudbursts that occur at long 1ntervmls, but the
net result of erosive activity under present con-
ditions is the alluviation of the canyons. The
feeble erosion during the present régime mani-

festly results from the existing arid climate.

The features of the younger cones lead to an
interpretation of the history recorded in the
older ones. After the Inyo Range came into
existence great canyons were cut into its west-
ern flank and concurrently great alluvial cones
were built up along its base. Increasing arid-
ity, however, so enfeebled the power of the

. streams that they dropped their loads of de-

tritus nearer and nearer to the heads of the
canyons, so that the apexes of the cones shifted
upstream and great masses of gravel accumu-
lated within the canyons. This burial of the

‘canyons was interrupted by a renewal of

faulting, and probably about the same time,
as suggested by the glacial history of the
Sierra Nevada on the opposite side of Owens
Valley, the climate became more humid. The
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competence of the streams was thus increased,
and the gravels were swept out of the canyons
and spread as a new series of alluvial cones
along the base of the range. The destruction
of older cones was temporarily halted, how-
ever, by a recurrence of arid conditions, during
which the terrace that stands 50 feet above
present canyon bottoms was produced. More
“humid conditions supervened and the dissec-
tion of the older deposits was renewed, but the
complete removal of the gravels was arrested
by the ushering in of the existing climate.

The length of time involved in the construc-
tion and subsequent dissection of the alluvial
cones can be only roughly estimated. The in-
tervention of the faulting complicates the rec-
ord and introduces a factor whose influence
can not be readily evaluated, for, independent
of any climatic change, it must have greatly
accelerated the rate of destruction of the older
cones. The first period of aridity, which fol-
lowed the humid period when the lake beds in
the reentrant east of Zurich were deposited,
was marked by the construction of the older
alluvial cones, which, as a glance at the geo-
logic maps (Pls. I and II, in pocket) will
show, were vastly larger than the later cones.
The first period of aridity was therefore long,
probably longer than all subsequent time. The
succeeding period of increased humidity was
also long. The second arid period was short
as compared with the first; and the second
humid period which ensued was much shorter
than the earlier one. More precise compari-
son is not possible, for the relative degrees of
humidity that prevailed during the contrasted
periods can not be detérmined. If, for in-
stance, the precipitation during the second pe-
riod of increasing humidity was just sufficient
to cause slow downcutting of the gravels, the
period may have been much longer than ‘it
appears to have been. The present climatic
conditions have evidently prevailed for a con-
siderable time, for the canyons, instead of be-
ing sharply V-shaped from recent dissection,
are comparatively wide floored, owing to allu-
viation since the arrest of downcutting.

The foregoing interpretation finds in oscil-
lation of-climatic conditions a cause adequate
to account for some of the features of the al-
luvial cones. It is therefore of interest to
compare the climatic record thus outlined with
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that deduced from the glacial history of the
east flank of the Sierra Nevada. The two rec-
ords, if correctly determined, should of course
be essentially similar, and the comparison, to
be of most value, should be made between rec-
ords that have been determined independently
of each other; unfortunately, however, the cli-
matic history is not wholly deducible from the
study of the alluvial cones of the Inyo Range,
because, as already pointed out, the record is
complicated by the intervention of a period of
faulting between the building of the older and
younger cones. ‘

The great alluvial cones along the base of.
the Sierra Nevada had attained their present
height before the advent of the first glacial
epoch, and the period of their upbuilding prob-
ably corresponds to that of the older alluvial
cones along the Inyo Range. The first glacial
epoch corresponds to the older humid epoch,

.when the deep dissection of the cones began;

the interglacial epoch corresponds to the epoch
in which was built the terrace that marks.the
halt in the downcutting of the cones; the sec-
ond glacial epoch corresponds to that of the
return to more humid conditions and the con-
sequent renewal of dissection; and postglacial
time is recorded in the Inyo Range by renewed
alluviation of the partly resurrected canyons.
The lengths of the corresponding time subdi-
visions, as conjecturable from both records, ap-
pears to be.of the same order of magnitude.

BEDS DEPOSITED IN THE PLEISTOCENE OWENS LAKE,

Beds deposited in the fresh-water predeces-
sor of Owens Lake are well exposed east and
southeast of Lone Pine, especially in-the deep-
cut banks of Owens River. ' Their distribution
is somewhat arbitrarily shown on Plate II;
they doubtless extend considerably farther
northward, probably as far as Kearsarge, but
outside the limits shown they are nearly com-
pletely hidden beneath a covering of soil, al-
luvial wash, and wind-blown sand.

Owens River along its lower course has cut a
trench, about 20 feet deep and 200 yards wide,
which exposes horizontally bedded ash-gray
strata of silt and of fine sand, both of which
are shimmery from comminuted flakes of bio-
tite. In places fragments of pearly Unio shells
are common in these beds. Some pebbly bands,
2 to 3 inches thick, occur locally.
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The thickness of these late Pleistocene lake
- beds appears to be at least 300 feet.” In the
wells put down near Owens River fine. sand
and clay in alternate-layers are the only mate-
rials penetrated to a depth.of 300 feet, except
at the north end of the Alabama Hills, where
the proximity of the Pleistocene lake shore
caused coarse gravels to be laid down between
the finer beds.! A well at Lone Pine station,
“where the lake beds are ‘excellently exposed

at the surface, has reached a depth of 800 feet,

entirely in fine sand.? : :

The beach deposits of the fresh-water lake
are preserved at a number of localities, espe-
cially in the vicinity of Swansea. An artificial
cut at the old smelter site southeast of Swansea
reveals a 10-foot section that is highly instruc-
tive when considered in connection -with the
-difficulty of distinguishing littoral phases of
the late Cenozoic lake beds from alluvial-cone
deposits. Tt displays the shore gravels of the
beach formed when the lake level stood  at
approximately the 3,700-foot contour. The
gravel, comprising different varieties of lime-

stone and andesite porphyry, is well rounded,

and in some of the beds, all of which are well
shingled and horizontally stratified, it is ac-
curately ‘sorted; in others it is imperfectly
sorted, but even in these the textural range is
small: ‘ '

- The following is a list of shells collected by
Edwin Kirk on the north shore of Owens Lake,
on old beaches about 20 feet above the present
The shells were determined
by Dr. Paul Bartsch, of the United States Na-
tional Museum :

Planorbis trivolvis Say.
Carinifex newberryi Lea.
Physa ancillaria Say.

Physa gabbi Tryon.

Sphaerium striatinum Lamarck.

SOIL AND WIND-BLOWN SAND.

" The level floor of Owens Valley west of the
river is formed of silt and soil representing in

the main the finer detritus from theé.outwash.

slopes of the Sierra Nevada; the floor east of
the river is largely formed of wind-blown
sand. Areas of similar material occur in Deep

1Lee, C. H,, An intensive study of the water resources of
a part of Owens Valley, Cal.: U. 8. Geol. Survey Water-
Supply Paper 294, p. 73, 1912. B

2Idem, p. 74. ’ :

4,500 feet.
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'Spring and Saline valleys, and certain areas in

the summit region of the Sierra Nevada bear
remnants of an alluvial soil that was deposited

: , there prior to the
'—‘|_|'-T':T_'_|‘-'_|

g 8 g development of the
3 g 9 present topography.
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TRIASSIC ANDESITES
* -AND RHYOLITES.

INYO RANGE.

6, aplite; 7, diorite porphyry;

Andesites form a
belt extending along
* the west flank of the
Inyo Mountains
from the Union
Wash to a point near
the south end of the
range. They com-
prise a bedded series
of lavas, breccias,
and tuffs, but at
most places thick
flows of lava - pre-
dominate, so that as
a rule it is difficult
> to ascertain the in-
ternal structure of
the volcanic series.
The volcanic belt
is approximately
10,000 feet wide east
of Swansea. The
beds dip steeply, the
dip on the east side
of the belt, where it
is clearly determin-
able, being- 70° W.
If the belt-represents
a closely compressed
syncline,as indicated
by the general struc-
ture of the range, the
probable thicknessof
the andesitie series is
(See fig. 2.). This estimate is
doubtless a minimum, for both ends of the.
measured section are fault contacts, although
the amount of faulting along them seems
small. '

30009 Feet
1, Undifferentiated Paleozoic limestone and dolomite; 2, Car-

20000
Triassic andesite lavas, breccias, and tuffs;

9, alluvium ; 10, lake beds.

10000

3, Carboniferous limestones; 4, felsite; 3,

' 8, quartz monzonite, diorite, and hornblendite ;

o
) T
FI6URE 2.—Diagrammatic section across the Inyo Range at Swansea, Cal.
boniferous shales;
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The andesites are highly porphyritic, carry-
ing numerous large crystals of plagioclase feld-
-spar. Under the microscope these phenocrysts
prove to be oligoclase, and some chloritic
pseudomorphs after hornblende and possibly
after biotite become recognizable, but the pri-
mary ferromagnesian minerals appear not to
have been abundant. The andesites are more
or less thoroughly altered and are consequently
of some subdued color, such as grayish green
or dull reddish. They are well exposed on the
Cerro Gordo road, in thick, conspicuously por-
phyritic sheets, which are reddish on weathered
surfaces and bluish gray on freshly fractured
surfaces. A roughly schistose or sheared struc-
ture has been impressed on the volcanic rocks,
especially on the tuffs and other pyroclastic
beds. _

In some of the andesites exposed in the first
canyon south of the Union Wash the plagio-
clase phenocrysts are assembled in aggregates
in which they are aligned in spiral or circular
patterns. The groundmass of the areas in
which the phenocrysts are thus curiously
grouped is especially susceptible to “ desert
varnishing ” and weathers black, thereby em-
phasizing the peculiar structure.

The andesites have been invaded by granites
in the area northwest of the Burgess mine by
aplite in dikes and as a large mass east of
Swansea (see fig. 2) and by diorite porphyry
dikes at many localities:

ALABAMA HILLS  AND SIERRA NEVADA.

Andesites, intruded by .granite and aplite,
malke up the Alabama Hills. An isolated out-
crop of limestone occurs west of Lone  Pine,
but otherwise the range seems to be composed
entirely of igneous rocks. The andesites are
best shown at the north end of the range,
where they have been least affected by con-
tact metamorphism and pyritization. They
display considerable diversity, ranging from
sparsely porphyritic rocks to those crowded
with plagioclase phenocrysts an inch across.
Some display flow streaking that suggests
latites. .

Rhyolites are associated with the andesites

at the northern end of the Alabama Hills.

They also comprise several varieties, ranging
from dark flow breccias, crowded with quartz
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and orthoclase crystals and fragments, to light-
colored porphyries weathering pinkish and
displaying well-marked flow banding and
streakiness. All are devoid of dark minerals.

The volcanic rocks make up a large propor-
tion of the roof pendants in the Sierra Nevada,
notably of those on North Fork of Oak Creek.
In these the rhyolites predominate, ranging
from massive rocks to white sericitic schists.
They are associated with biotite schists, quartz-
sericite schists, phyllites, and metamorphic -
limestone. They have been considerably al-
tered by metamorphism induced by the intru-
sive granites—a feature that is particularly
well shown by the belt of white rocks on Kear-
sarge Peak, which at first glance seems to con-
sist of aplites and other differentiation prod-
ucts of the granites surrounding them but
which proves to be largely composed of rhyo-
lites that have been thoroughly recrystallized:
as a result of their invasion by the granite.

" The breccia structure of the pyroclastic mem-

bers and the flow banding of other members
have survived the metamorphism and demon-
strate the rhyolitic origin of the assemblage.

AGE.

The andesitic series is probably of middle or
late Triassic age. The evidence on which this
determination is based was found on the ridge
on the south side of Union Wash, in the Inyo
Range, where the basal part of the volcanic
series, consisting of andesitic breccias, inter-
leaves with the underlying limestones of Mid-
dle Triassic age. Moreover, angular frag-
ments derived from these limestones are com-
mon inclusions in the breccias. It is therefore
certain that the andesitic series is younger than -
these limestones, and the most probable inter-
pretation of the facts at hand is that Middle
Triassic sedimentation in this locality .was
terminated by a great outburst of volcanic -
activity. :

FELSITE.

Felsite dikes and sills were noted only in the
southern part of the Inyo Range, more particu-
larly on the lower slopes east of Swansea and
Keeler. They are exceedingly fine grained
rocks containing minute inconspicuous pheno-
crysts of feldspar and resemble dense quartz-
ite—a resemblance not diminished by the fact
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that they generally lie parallel to the stratifi-
cation of the inclosing rocks. Under the micro-
scope they show small sporadic orthoclase
‘phenocrysts embedded in an extremely fine-
" grained groundmass of quartz and orthoclase;
but they contain no ferromagnesian minerals.

~ Some of the larger masses of felsite were
- slightly impregnated with pyrite, whose oxida-
tion has tinted the outcrops a rusty orange.

The time of these intrusions has not been estab-

" lished further ‘than that they invade strata
that are probably Carboniferous in age.
CRETACEOUS GRANITIC ROCKS.
GRANITIC ROCKS OF THE INYO RANGE.
DISTRIBUTION AND CHARACTER.

Granitic rocks occur in large volume in the
Inyo Range. In the northern part of the range

they are exposed on the east side over extensive

areas, but on the west flank they occur in small
areas only—for example, in Redding Canyon
and east of Zurich. In the southern part of the
range granite outcrops over half the surface on
both sides of the range. The fact that granite
underlies the remainder of the range at no
- great depth is shown by the occurrence - of
aplite intrusions at considerable distances from
surface exposures of granite; by the prevalence
of .diorite porphyry dikes, many of which
closely approach diorites in granularity; and
. by the occurrence of masses of garnet rocks,
which are ascribable to the metamorphic effect
of underlying granitic.intrusions. ’
The average granitic rock is a quartz mon-
zonite composed of plagioclase (andesine);
orthoclase, quartz, hornblende, and biotite.
This rock is the variety most widely prevalent.
From this average variety the granitic rocks
range on the one hand to varieties that may ap-
propriately be termed granite (such as the
mass east of Kearsarge, which is characterized
by the prevalence of large porphyritic crystals
of orthoclase), and on the other hand to quartz
diorite, diorite, and hornblendite. The dark
keavy hornblende-rich varieties are especially
prevalent in Daisy Canyon (on the east flank
of the range) and along the crest of the range
northward from New York Butte.
A partial analysis of a coarse-grained grani-
toid collected in Deep Spring Valley by C. D.

GEOLOGIC RECONNAISSANCE OF INYO RANGE.

Walcott has been published by Turner,' who

' finds that it is composed of orthoclase, micro-

cline, plagioclase, hornblende, titanite, apatite,
and a little quartz, and designates it a horn-
blende syenite. The high soda (4.62 per cent)
and high lime (5.94 per cent) indicate, how-
ever, that according to present usage it would
be termed a monzonite.

ORIGIN AND AGE,

The intrusive character of the granites is made
apparent most plainly by the extensive meta-
morphism that they have induced in the inclos-
ing sedimentary rocks. This effect is displayed
most notably, perhaps, in the great belt of
chiastolite hornfels formed by the recrystalli-
zation of a belt of shale in the lower part of the
Carboniferous section of Mazourka Canyon.
This belt has a length of over 10 miles, extend-
ing from the foothills southeast of Kearsarge
t0 beyond Santa Rita Flat, and attains a width
of over a mile at Barrel Springs. The chiasto-
lite, which is easily recognizable by its charac-
teristic carbonaceous crosses, is present across
the entire width of the belt. On the east side
it occurs as a multitude of small prisms, which
give the rock the appearance of a porphyritic
andesite ; toward the granitic contact the prisms
become larger, the matrix in which they are
embedded becomes increasingly granular, and
locally tourmaline becomes associated with the
chiastolite as another visible constituent of the
hornfels.

The age of the granitic intrusions, so far
as determinable in the northern part of the
Inyo Range (the White Mountains), is post-
Cambrian and pre-Pliocene. In the southern

_part of the range the intrusions are clearly post-

Triassic and are older than deposits of pre-
sumably upper Miocene age. It is believed
that all the intrusive masses are of essentially
the same age, although this conjecture is not
susceptible of proof, and that they were prob-
ably intruded contemporaneously with those
of the Sierra. Nevada, which forms the oppo-

site wall of Owens Valley. '
© That in fact successive intrusions did take
place in the southern Inyo Range was definitely
determined southeast of Mount Whitney sta-

" 1Turner, H. W., Further contributions to the geology of
the Sierra Nevada: U. 8. Geol. Survey Seventeenth Ann.
Rept., pt. 1, pp. 726-727, 1896.
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tion, where a white granite, which is devoid
of ferromagnesian.minerals except rare flakes
of biotite and is characterized by an abundance
of subhedral quartz crystals, forms a promi-
nent knob projecting into Owens Valley as a
spur from the main range; ind/ where a gray
biotite-quartz monzonite forms the foothills of
the main range. The two gra
strikingly. The white granite is the younger;
it: carries considerable plablocl( se and is prob-
ably a salic differentiate of the quartz mon-
zonite magma-that is genetically coordinate
with aphtc and was injected shortly ‘Lfter the
main intrusive body.

The granitic rocks of the Inyo Range gen-
erally show no deyelopment of schistose or
gneissose textures. One important exception,
however, is afforded by the mass exposed at
Squaw Flat. The normal rock in the heart of
this mass is a quartz monzonite carrying large
porphyritic crystals of orthoclase, but along
its periphery, forming a belt perhaps an eighth
of a mile wide, it has been converted into well-
developed augen gneiss. Aplite dikes are com-
mon along the contact and areroughly schistose.
Along the southern contact the gneissic struc-
ture dips 45° S., and along the northern contact
30° NW., both under the sedimentary covering.
The intrusive nature of the augen gneiss is
suggested by the abundance of aplite dikes
along the contact and is proved by the thermal
metamorphism exerted upon the adjoining
sedimentary rocks, which are highly biotitie
near the contact.

No granites or granitic gneisses of pre-

Cambrian age have been found in the Inyo

Range. In the Silver Peak quadrangle, which
touches the Bishop quadrangle on the north-

. east, H. W. Turner,* however, found a complex

of granite gneiss, quartz monzonite gneiss,
granite augen schists, and calcareous augen
schists, which he believes are of pre-Cambrian
origin.

GRANITIC ROCKS OF THE SIERRA NEVADA.
GENERAL FEATURES,

Distribution and character—Granitic rocks
form the main mass of the escarpment of the
Sierra that faces Owens Valley. The great

. relief here—the greatest and most abrupt

.rangle, Nev,:

1 Contribution to the geology of the Silver Peak quad-
Geol. Soc. America Bull,, vol. 20, p. 230, 1910.

1toids contrast-
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relief along the whole east flank of the Sierra
Nevada—and the deep incisions cut into the
heart of the range by the eastward-flowing
streams are features that together afford un-
rivaled sections of the rocks down to the core
of the batholithic masses composing the
range. On Lone Pine Creek, which heads
under Mount Whitney, there is within a hori-
zontal distance of 5 miles a descent of 8,000
feet—from 14,501 feet on the summit of
Mount Whitney to 6,500 feet at the apex of
the alluvial piedmont slope.

Quartz monzonite is the prevailing granitic
rock. It comprises two important varieties—
one of normal granitic habit and the other con-
taining large phenocrysts of orthoclase. These
two varieties, notwithstanding their strong
dissimilarity, are connected by gradual transi-
tional phases, in which the gradation from the
eugranitic quartz monzonite to the porphyritic
quartz monzonite is clearly traceable in the
continuous change in the orthoclase, which
passes from anhedral through subhedral to
euhedral development. A - highly siliceous
granite of later age than the quartz monzonites
forms large masses. :

There is also an extraordinary development of
plutonic complexes of diorite and hornblende—
rich rocks intersected by innumerable granitic °
and aplitic dikes. They are commonly associ-
ated with roof pendants or detached masses of
the invaded rocks. The plutonic complexes, be-"
cause of the strong contrast in black and white
between the hornblendic rocks and the aplitic
dikes, are easily distinguishable along the great
escarpment from afar at many points in Owens
Valley. West of Independence the dioritic
rocks are cut by such a multiplicity of dikes
of aplite that the entire escarpment, from
the alluvial piedmont slope to the summit of
the range, displays a persistent and prominent
striping, easily visible from a distance of many
miles, .

Weathering.—Most of the granitic rocks of
the higher parts of the range are comparatively
fresh chemically but are greatly disintegrated.
Sand slopes and talus cones composed largely
of fine granitic detritus extend as high as 1,500
feet above the alluvial apron at the base of the
range. In the lower foothills and in the Ala-
bama Hills the granite has weathered into

| forms that are characteristic of arid climates,

such as great spheroidal boulders perched
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insecurely upon pedestals, striking woolsacks,
and other fantastic forms. Moreover, it has
taken on a rusty orange color, which is at

places more or less varlegated with black desert

varnish.
Crushing and foliation. —The fact that ihe
eastern slope of the Sierra Nevada is a great
fault zone led reasonably to the expectation
that the granitic rocks would show crushing
or gneissic foliation or other evidence of the
action of the powerful orogenic forces that were
formerly active heré, but although the bedrock
is well exposed at many places little evidence
of such action was obtained. Crushing was
observed at only three localities—two along the
front of the range (north of Thibaut Creek
and south of the debouchure of Cotton-
wood Canyon) and one on the upper course of
Haiwee Creek, whose meridional trend of itself
strongly suggests tectonic control.. Though
these crushed zones are several hundred feet
wide, the writer could not satisfy himself that
much displacement has occurred along them.

Jointing—The granitic rocks are traversed
by a number of systems of jointing, but these
~ are not -constant. in strike and dip over the

province as a whole nor are they equally
strongly developed from place to place. Per-
haps the most persistent and pronounced sys-
tem of jointing is that observable near the
mouth of Rawson Canyon, which is so well de-
veloped and evenly parallel as to impart to the
granite the appearance of astratified rock.
This jointing trends N. 40° E. and dips 65° NW.
Two other systems, not so well marked, how-
ever, traverse the rock, one striking N. 35° Ww.
and standing vertical and the other striking
N. 40° E. and dipping 25° SE. :

In some of the cirques of the higher parts of
the range, as that south of Army Pass, there is
a horizontal sheeting which is rather closely
spaced near the surfmce but becomes progres-
sively more widely spaced downward. On the

whole, however, the distribution of the jointing -

systems along the east flank of the Sierra lends
no decided support to the hypothesis that the
jointing is due to the development.in the gran-
ite of an elastic tension arising from relief of
load as the region undergoes erosion.!

1Lawson, A. C., Geomorphogeny of the upper-Kern basin ;
California Univ. Dept. Geology Bull,, vol 3, No. 15, pp.-
'302-304, 1904.
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Age—In the pzut of the range that lies west
of Big Pine the granitic rocks are intrusive in.
sedlmentary rocks, which, according to Wal-
cott, are of Cambrian age. In the Alabama
Hills théy invade. a series of andesites and
rhyolites, which, because of their similarity to
the volcanic rocks on the east side of Owens
Valley, are thought to be of late Triassic age.

Isolated areas of similar rhyolites and re-
lated pyroclastic equivalents occur throughout
the region, but their age is not independently
determinable. Tt is important to note, how-
ever, that in the roof pendant at Mineral King,
15 miles southwest of Mount Whitney, rhyo-
lite (quartz porphyry) as flows, breccias, and
tuffs, as well as andesitic material, is inter-
bedded in large quantiti€s with the sedimen-
tary rocks.? This series, as determined from
the fossils found in it by H. W. Turner,® is
probably of Triassic age.

- The intrusion of the granitic rocks of the
culminating portion of the range can not be
fixed closer, therefore, than as having occurred
at some time after the Middle Triassic. The .
time of intrusion of some of the batholithic
masses on the western flank of the range has
been determined more precisely, for it has been
found that there the granites penetrate late

Jurassic rocks and are overlain by marine

strata of Upper Cretaceous age.

ROOF PENDANTS IN THE SIERRA NEVADA.

Isolated masses of schist, quartzite, and lime-
stone occur in the Sierra, especially in the
higher parts of the range, and in deep cirques

"and canyons they project deep down into.the

intrusive granites. Similar remnants of theé
roof that once extended over a batholith have
been aptly termed by Daly “roof pendants.”
The largest roof pendant in this part of the
Sierra occurs between Middle and South forks
of Bishop Creek. It is not only largest but it
appears also to extend the deepest, projecting .
at least 2,500 feet downward into the granite.
The remarkable attenuation of the northward
extension of this roof pendant and its linear
persistence despite its extreme narrowness are

2 Knopf, A, and Thelen, P., Sketch of the geology of Min-
eral King, Cal.: California Univ. Dept. Geology Bull.,, vol. 4,
pp. 242-254, 1905. )

3 The rocks of the Sierra Nevada: U. 8. Geol. Survey Four- .
teenth Ann. Rept., pt. 2, p. 451, 1894,



IGNEOUS ROCKS.

very notable, and this and like features else-

where in the region lend strong support to’

Daly’s contention that batholithic invasion is
not accompanied by disturbance of the tectonic
axes of the invaded rocks.*

The rocks that compose thé roof pendants
have been metamorphosed by the intrusive
granites to biotite schists, garnetiferous and
biotitic quartzites, lime- sﬂlcmte rocks (most of
them . white, close-grained rocks, but some
showing radial tremolite), marble, and horn-
fels. At a few places, as at Rae Lake, there
are small masses of stretched conglomerate
whose matrix is biotitic. The roof pendants
have not only been subjected to thermal
metamorphism but have been extensively in-
jected with granitic, aplitic, and pegmatitic
dikes, and in places the schists have obviously
been granitized. At Taboose Pass the schists
are infiltrated with stringers that run out from
large siliceous granite dikes. The stringers
are folded pcu'allel to the contorted schistosity
and doubtless exemplify what Sederholm 2 calls
ptygmatic folding, but this evidence of minor
dynamic activity ‘is believed not to invalidate
the general evidence that the batholithic in-
trusion occurred wﬂ:hout major tectonic dis-
turbance.

The occurrence of the roof pendants 1n
isolated areas, their thorough metamorphism,
and their lack of fossils make their age con-
jectural. They are thought to be mainly Tri-
assic on account of the association of somewhat
similar rocks with rhyolites that occur as
remnants of the batholithic roof and that are
with little doubt of Triassic age. However,
the rocks of the roof pendants in the headwater
region of Bishop and Big Pine creeks may
possibly be of Cambrian age, for the small
areas of limestones and sandstone lying west
of the town of Big Pine, which are intruded
by granite and aplite, have been determined
~ to be Cambrian by C. D. Walcott.?

The roof pendants furnish decisive evidence
as to the original configuration of the upper
surface of the batholithic masses, and the bear-

1Daly, R. A., Igneous rocks and thelr origin, p. 110, 1914.
2 8ederholm, J. J., Ueber ptygmatische Faltungen: Neues
Jnhrb.' Retlage Rand 36, p. 492, 1913.
a3 Spurr, J. B, Descriptive geology of Nevada south of the
fortleth parallel and adjacent portions ¢f California: U. S
Geol. Survey. Bull. 208, p. 219, 1903.
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ing of this evidence on the geomorphic history
of the region is presented on page 83.

CARTOGRAPHIC REPRESENTATION.

Four units are employed on Plates I and II
(in pocket) to show the distribution of the
siliceous granitic rocks that occur in this part
of the Sierra Nevada—quartz monzonite,
porphyritic quartz monzonite, granite, and
plutonic complexes. The porphyritic quartz
monzonite and granite represent rocks of dis-
tinctive characters and petrographic constancy
and are essentially homogeneous units; but the .
quartz monzonite symbol, though it represents
chiefly quartz monzonite of the eugranitic va-
riety described below, includes also rocks rang-
ing from quartz diorite to granite. The less
siliceous rocks, comprising diorite and horn-
blende gabbro, are shown by a single pattern.
The plutonic complexes also are shown by a
separate pattern. Owing to the exigencies of
reconnaissance in a region of the extreme relief
and ruggedness of the Sierra Nevada escarp-
ment in the culminating portion of the range,
the map must be regarded as a first approxima-
tion only, showing in a broad way the distri-
bution of the plutonic rocks that make up the
great composite batholith. The boundaries
drawn in the area of the Mount Whitney quad-
rangle are believed to be entitled to most con-
fidence, because the easier accessibility of this
part of the region facilitated the mapping.

QUARTZ MONZONITES.

Eugrandtic quartz monzonite.— Coarsely
granular quartz monzonite occurs in large vol-
ume along the east flank of the Sierra Nevada.
The type specimen, of which a chemical an-
alysis was made, was obtained on Lone Pine .
Creek at an altitude of 6,700 feet; but rock

_closely similar, if in fact not identical, is found

at Lake Sebrina, South Lake, Division Creek,
Shephard Creek, and Muah Mountain. . In
other words, it occurs at numerous localities
and in extensive masses along the whole length
of the part of the range examined.

The quartz monzonite is essentially an even-
grained aggregate of plagioclase, orthoclase,
quartz, biotite, and hornblende, and contains
titanite in sporadic crystals.  The grain is
fairly coarse, ranging in the type specimen
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from 5 to 10 millimeters. The biotite and horn-
blende occur in roughly equal amounts and
- make up 15 per cent of the rock. They are in
general closely associated and partly inter-
grown; the hornblende is nearly anhedral but
_ the biotite tends to form hexagonal plates.
The orthoclase is somewhat pinkish and is
easily discriminable .from the white striated
plagioclase. The two feldspars are present in
obviously equal quantities, and the quartz-
monzonitic character of the rock is therefore
readily apparent megascopically. Under the
microscope a few additional features appear.
The fabric is hypidiomorphic granular, owing
_ principally to the subhedral development of
the plagioclase. The order in which the differ-
ent minerals commenced to crystallize is not
certainly determinable, but quartz was the last

V to finish crystallizing. It is notable that small

crystals of hornblende inclosed in the plagi-
oclase are sharply euhedral, but that otherwise
the hornblende is -anhedral. The plagioclase
has the composition Abs,An,,. The orthoclase
has been in part converted to microcline, and
a small quantity of the curious intergrowth
termed “ myrmecite” is found; both of these
newly developed structures evidently point to
slight pressure effects.
apatite, and zircon comprise the accessory
minerals, , _

The chemical analysis ana mineral compo-
sition of quartz monzonite from Lone Pine
Creek is given below. In computing the min-
eral composition the lime, after deduction of
the amount necessary for titanite and apatite,
was distributed between the hornblende and
. plagioclase so as to produce a plagioclase of
the composition Abg,An,,, as indicated by the
microscopic diagnosis.

Analyses of quartz monzonite from Lone Pine Creek,
Cal.
Chemical composition.
[R. C. Wells, analyst.]

SiOse 66.68 | H.0+ ___________ 0.51
AlLOs . _______ 15.12 | TiO» o ________ . 64
FeOs___________ 1.66 | CO: . __________ ‘None.
FeO __ . ______ 2.49 | PoOs oo _ .21
MgO 1.38 | S Trace.
CaO_ 4.09 | MnO ____________ .01
Na.O . ___ 2.23 { SrO e ___ Trace
KO- 4. 97

H.O—_ . ___ .31 100. 30

Specific gravity, 2.715.

Titanite, magnetite,

‘mined by their proximity to
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Mineral composition. )

‘Quartz o _____ e 25. 68
Orthoclase ____________________ o _____ 25.58
Plagioclase (AbeoAng) —_——— --- 31.13
Biotite ______ e I _— 7.02
Hornblende ... — —_—— 7.38
Magnetite - JE - 1. 39
Titanite________________________ —— 118
Apatite - - ________________ — .31

99. 67

Ferromagnesian inclosures—The dark in-
closures rich in hornblende and biotite that are

‘common in the granitic areas of the Sierra
Nevada have been noted by many geologists. .

Lawson? estimates that they average 1 cubic
foot to every 4 or 5 cubic yards of granite.
It seems, however, to have escaped atten-
tion that the ferromagnesian inclosures are
practically restricted to the quartz monzo-

nite and that their ubiquity and uniform dis- -

tribution is one of the salient characters of the
nonporphyritic facies of this rock. They are
absent or extraordinarily rare in the porphy-
ritic quartz monzonite and in the orthoclase-

albite granite, and they occur only sporadically

in the quartz diorites and less siliceous rocks.

The inclosures are irregular in shape but are -

generally rudely ovoid, distinctly angular forms
being nowhere seen. Their average diameter is
perhaps 6 inches, though some as large as 2%

' feet in diameter have peen noted. In places
where they are particularly abundant there -is

as much as 1 cubic foot of inclusion to 1 cubic,
yard of quartz monzonite. The relative abun-
dance of the inclosures seems not-to be deter-
intrusive contacts,
either of other granitoids or of the schist roof
pendants; they are particularly abundant, for
instance, at the mouth of the canyon of Lone
Pine Creek, which is remote from any contact.

Most of the inclosures show an obscure por-
phyritic texture, which is due to the presence
of subhedral crystals of plagioclase. Further,
their relative richness in titanite is noteworthy,
some of them being studded with numerous
crystals of titanite large enough to constitute
small phenocrysts.
grained "than the rock inclosing them. The
contact between inclosure and host is abrupt,

irregular, and interlocking, indicating either

1Lawson, A. C., California Univ. Dept. Geology Bull., vol.
3, p. 295, 1904. -

The inclosures are finer:
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simultaneous crystallization of both or solvent
action of magmsa on exotic fragments. Under
the microscope the inclosures are found to con-
sist essentially of hornblende, biotite, and an-
desine; in some the hornblende surrounds cores
of augite. Titanite is abnormally abundant,
as is occasionally also apatite. The titanite
not uncommonly incloses -small crystals of
andesine. Magnetite and zircon comprise the
remaining accessory minerals but are not espe-
cially abundant.

The quartz monzonite inclosing the ferro-
magnesian clots is composed, as already men-
tioned, of andesine, orthoclase, quartz, biotite,
and hornblende and the common. accessory
minerals. Orthoclase and quartz are not
found in the inclosures, but the other min-
erals are. This suggests that the inclosures
are segregations of the earlier crystallizing
minerals of the quartz monzonite magma,
and that this segre-
gation was accom-
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near Muah Mountain on the south.
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area in the culminating portion of the range,
extending from Junction Peak on the north to
Tts west-
ern boundary was not determined. As exposed
on Lone Pine Creek, it is at least 6,000 feet
thick. It is remarkably constant in texture
and mineral composition and is in fact the
largest body of homogeneous granitic rock in
this part of the Sierra. " From Mount Whitney
southward to Cirque Peak it is invaded, how-
ever, by dikes and large masses of aplite; and
the broad summit of Mount Whitney is itself
composed of nearly equal amounts of aplite
and porphyritic quartz monzonite. )

The.crystals of orthoclase that at some places
give the quartz monzonite its porphyritic ap-
pearance are ordinarily scattered uniformly
throughout the rock, ¢ veraging perhaps one to
the orchmry hand specimen, though at a few
places, as locally on.Diamond Mesa, where this

. feature . was princi-
pally noted, they are

plished essentially .
in place seems in-
dicated by the fact
that some of the’
inclusions are sur-
rounded by a white
border consisting of 0 ;

so closely aggregated
as to form half the
rock. They are com-
monly somewhat
pinkish and in shape
are thickly tabular;
their maximum

10 Feet

gquartz monzonite
completely devoid T
of dark minerals,
Some features noted—for example, a swirl
structure seen in the quartz monzonite at the
head of South Fork of Kings River—seem to
be related in origin to the ferromavnesnn in-
closures. Here, on the glaciated ﬁoor of the
valley, a ferromagnesian band 6 inches wide,
with blurred margins, describes nearly a half
ellipse (fig. 3), whose largest diameter is 12
feet. It consists, as seen under the microscope,
of hornblende, biotite, and plagioclase, sub-
ordinate quartz and orthoclase, and relatively
abundant accessory titanite, magnetite, apa-
tite, and zircon. At each end the band frays
out in streamers. Other similar bands, but
only three:fourths of an inch wide, parallel the
main band at intervals of 4 to 6 inches. The
inclosing rock is quite normal quartz monzo-
nite, far removed from any contact.
Porphyritic quartz monzomite—The . por-
phyritic quartz monzonite occupies a large
16945°—18——5

1GURE 3.—Swirl structure in quartz monzonite, South Fork of
Kings River, Cal.

length is "3 inches,
but their average
length is probably 14
inches. The idiomorphism of the crystals is
fairly good, though the faces are rough .and
uneven, owing to indentation by the other com-
ponents of the quartz monzonite. In places the
crthoclase is obviously perthitic. Inclusions of
hornblende, biotite, and titanite are notably
abundant and as a rule lie'in random orienta-
tion throughout the orthoclase. A zonal ar-
rangement of the inclosed minerals is un-
common. o _

The matrix in which the orthoclase pheno-
crysts are embedded is a coarsely granular as-
semblage of plagioclase, quartz, orthoclase,
biotite, and hornblende, named in descending
order of abundance. The plagioclase, as seen
under the microscope, dominates strongly over

the orthoclase; it is a zoned oligoclase ranging -

from Ab,,An,, on the cores of the crystals to
Abg;An,; on the outermost zones. Orthoclase
is a very subordinate constituent. Quartz,
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fairly abundant, lies interstitially between the
idiomorphic plagioclase but is subhedral to-
ward the orthoclase. Biotite is present in
moderate amount and hornblende in lesser
quantity. Magnetite, titanite, apatite, and zir-
con occur as accessory minerals. Under the
microscope the orthoclase "phenocrysts are
found to be notably microperthitic. In addi-
tion to the inclusions of hornblende, biotite,

and titanite, which are visible to.the un'udecL

eye, they contain plagioclase, quartz (which
is partly idiomorphic and itself holds inclu-
sions of titanite and apatite), magnetite, apa-
tite, and zircon—in short, all the minerals
of the fully crystallized rock. This shows that
the orthoclase began to crystallize after all the
other constituents had begun to grow; and its
porphyritic development therefore seems ref-
erable to a superior velocity of crystallization
and a superior power of. attracting the crys-
tallizing molecules to a. few centers of
crystallization.

A chemical analysis of the porphyritic
quartz monzonite from Diamond Mesa and its
computed mineral composition are glven on
pages 66-67.

The homogeneity of the great mass of

porphyritic quartz monzonite, so apparent
to the unaided eye, has been verified by the
examination of thin-sections cut from .speci-
mens obtained at widely separated localities,
such as Diaz Creek and Army Pass. Under
the microscope they show features identical
with those of the Diamond Mesa rock. The
plagioclase feldspar is similar and averages
near Ab,;An,,. =

Interrelation of eugranitic and porphyritic
quartz monzonite—The relation of the normal

quartz monzonite to the porphyritic variety is |.

excellently displayed in the walls on the north
side of Lone Pine Creek. The relation shown
here proves clearly that the two varieties grade
. into each other. In the transition zone, which
is a few hundred feet wide, the passage from

porphyritic to eugranitic quartz monzonite is |

readily traceable in the progressive series of
changes exhibited by the orthoclase. The
phenocrysts of orthoclase become smaller and
the crystal form becomes more and more ob-
scure and finally inconspicuous. Concomi-
tantly the biotite, and especially the horn-
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blende, becomes more abundant, and wherever
the rock has assumed the nornnl appearance of
the eugramtlc quartz monzonite it contains nu-
merous characteristic ferromagnesian inclo-
sures. A specimen that was taken from the

transition zone, in megascopic appearance
nearer the eugranitic than the porphyritic va-

riety, shows its intermediate character under
the microscope chiefly in the composition of
the plagioclase, which is Ab,,An,,, and is ac-
cordingly nearer in composition to that of the
feldspar in the porphyritic quartz monzonite
(Ab;;An,;) than to that in the eugranitic
quartz monzonite (AbgAn,,). Megascopically
this transitional rock resembles the eugranitic
quartz monzonite; microscopically it resem-
bles the porphyrltlc quartz monzonite.

The gradation observable on Lome Pine
Creek is suggested at other localities. How-
ever, on Cottonwood Creek, where the expo-
sures are excellent, the relations are ambigu-
ous; there is no gradation between the two va-
rieties and no- evidence of chilling of one
against the other nor other evidence of intru-
sion of one into the other; in fact, the phe-
nomena point to contemporaneity of origin of
the two rocks.

The chemical and mineral composition of
the two varieties of quartz monzonite are con-
trasted in the following tables:

Analyses of quartz monzonite from the Sierrg Nevada,
Inyo County, Cal.

Chemical composition.

[R. C. Wells, analyst.]

1 2
Si0ge el 66. 68 69.01
ALyOgen oo 15.12 15.44
gezoog ................................ 21> gg 1.28
eO. ... . 1.28
MgO. . .. 1.38 .62
CaO.. . 4.09 2.54
NagOo oo 2.23 3.85
KoOu oo 4.97 4,52
H,O— . ol .31 .33
r}rIzg-F ------------------------------ . 21 . Zg
100, ool . .
30 o e None. | Trace
PoOg. el - 21 .24
.................................... Trace Trace
MnO. . . .01 .01
SrO.... | Trace Trace
100.30 | 100.17
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Ancalyses of quartz monzonite from the Sierra Nevada,
Inyo County, Cal.—Continued.

Mineral composition.

1 2
QUATEZ. s eeeeeee e . 24.66
Orthoclase. . . - 25, .23.35
Albite (Mol.)..vueeeiiiii i 18.34 32.49
Anorthite (mol.).. Y I -2 1) 10.56
Biotite.......... .............. 7.02 5.76
Homblcndc...............‘ ............ 7.88 |........
Magnetite. ..ot N 1.39
Titanite. ........ et 1.18 .80
Apatite. ...l .31 .31
99.67 [ 99.32
1. Lone Pine Creek, altitude 6,700 feet. Specific
gravity of the hand specimen, 2.715.
2. Diamond Mesa, altitude 13,000 feet. .Specific

gravity of the hand specimen, 2.664.

From these tabulations some interesting rela-
tions become apparent. TFirst comes that aris-
ing from a consideration of the specific grav-
ities: the rock occupying the higher portion of
the range—the porphyritic quartz monzonite—
is the lighter. The smaller specific gravity of
this rock is clearly due in the main to its de-
ficiency in ferromagnesian minerals. Even
more noteworthy is the fact that the porphy-
ritic quartz monzonite, although characterized
by conspicuous phenocrysts of orthoclase, is
not richer in orthoclase than the nonporphy-
ritic quartz monzonite. This would seem to
render improbable the suggestion that the por-
phyritic habit had been brought about during
the cooling of the magma by orthoclase crystals,
which had crystallized out early, rising to the
upper portions of the batholithic chamber be-
cause of their inferior density. The fact that
the orthoclase contains as inclusions all the
minerals occurring in the completely consoli-
dated rock also militates against the flotation
hypothesis. Instead of having crystallized
very early, the orthoclase phenocrysts crystal-
lized relatively late, at a stage in which the

buoyancy would probably be small, owing to

the rapidly increasing viscosity of the magma.
Further, the upper-lying rock is notably richer
in albite, instead of in orthoclase, as would be
demanded by the flotation hypothesis. If,how-
ever, the differentiation did take place by the
rising of the fluid molecules under the influ-
ence of gravity, it is possible that the fluid

molecules of albite, being probably lighter than -

-served differences between the two rocks.
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those of orthoclase (as indicated by the em-
pirical molecular ‘weights, 263 for albite and
279 for orthoclase) tended to rise within the
magma, thus bringing about part of the ob-
On
the other hand, the deficiency of the upper
rock in hornblende may conceivably be due
to the settling out of this constltuent during
crystalhzatlon

In recapitulation, then, the hypsometric dis-
tribution of the two quartz monzonites appears
to support the explanation that they are girav-
ity differentiates of a single magma. The up-
per rock, which is characterized by a con-

| spicuously porphyritic development of its or-

thoclase, does not, however, contain a larger
amount of orthoclase than the lower rock.-
This feature, as well as‘the fact that the ortho- .
clase phenocrysts inclose small crystals of all

“the other constituents of their matrix, indicates

that the rising of orthoclase crystals to the
upper levels of the magmatic chamber was not
a factor in the gravity differentiation. The
cause of the porphyritic development of the
orthoclase remains unknown but may have
been a locally increased concentration of the
volatile fluxes, which tend to accumulate in
the higher parts of the batholith. Finally, it
should be pointed out that if the two quartz

monzonites are really gravity differentiates of
a primary magma their contact should lie
horizontal. The boundary between them, if
mapped in detail along the east flank of the
Sierra, should furnish decisive evidence; but,
owing to the ’e\igencies of reconnaissance sur-
vey, such careful mapping was not attempted.

At Muah Mountain evidence was obtained,

on, the other hand, that seems to argue against
the hypothesis of gravity differentiation. The
mountain, which rises rather abruptly just be-
yond the southern border of the porphyritic

‘monzonite, consists wholly of normally granu-

lar quartz monzonite, no porphyritic rock ap-
pearing above. Although this evidence appears
somewhat discrepant with the broad features
of the distribution of the two quartz monzo-
nites, it should not of itself -be allowed to
invalidate the strong argument for their gravity
differentiation. .
GRANITE..

" General features—Extensive areas of a
coarse light-colored granite, nearly devoid of
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. dark minerals,. occur throughout the part of
the Sierra Nevada contiguous to Owens Valley.
Typical exposures are those at the Kearsarge
Pinnacles, at Fin Dome, west of Rae Lake,
and at Rawson Canyon, southwest of Bishop.
The granite of these areas is homogeneous in
composition and texture and on the whole is
easily mappable. It is practically barren of
the ferromagnesian inclosures that are com-
mon in the quartz monzonite. In weathering
it tends to assume a. light orange tint.

The granite is clearly younger than the
quartz monzonites. This is shown at the head
of Shepard Creek, where it sends dikes into

the porphyritic quartz monzonite, and near.
Kearsarge Peak, where it intrudes the eugra-:
nitic quartz monzonite. In certain parts of the |

range, as on Bishop and Baker creeks, there are
large bodies of granite that both in hand speci-
mens and in thin sections seen under the mi-
croscope, show characters intermediate between
the coarse white granite and the quartz mon-
zonite. These suggest transition between these
two rocks and were so interpreted in the early
part of the field season of the present investi-
gation, but more detailed study will doubtless
show that the seemingly intermediate granites
are either separate intrusives or are facies of
the white granite, ,

The typical granite is essentially a coarse
aggregate of alkali feldspar and quartz, its
only dark mineral being biotite, which gener-
ally constitutes about 1 per cent of the rock
but in places may form 5 per cent. To signal-
ize these features the rock might well be called
alaskite.

A slight departure from the prevailing min-
eral make-up of the granite manifests itself

on Red Mountain and Taboose creeks mainly

by the sporadic occurrence ‘of black garnet in
anhedral grains which range from nearly im-
perceptible particles up to 0.4 inch in diameter.
The quartz also differs slightly from that of
the prevailing granite in that 1t has a faint
bluish tint.

Petrography—The granite from Widely
separated localities proves under the micro-

scope to be remarkably uniform in texture and -

composition, confirming the impression of
petrographic constancy made by the field evi-
dence. The feldspars are found to consist of
orthoclase and microcline, which are notably

_position Aby,An,,.

GEOLOGIC RECONNAISSANCE OF INYO RANGE.

microperthitic, and of albite having the com-
The total potassium feld-
spar equals the albite in amount; all the feld-
spars are essentially anhedral. Quartz is
p10minent in subhedral grains. Biotite is a
minor constituent; and titanite, mfwnetlte, and
apatite are accessory nnnemls. In mineral
composition this granite is practically identical
with the aplite from the summit of Mount
Whitney (see p. 71) but differs markedly from
it in fabric and granularity.

A specimen of the granite, which is believed
to be typical of large areas of this rock, was
collected on Rawson Creek at an altitude of
6,000 feet and was subjected to partial chemi-

.cal analysis, with the following result:

Partial analyses of granite from Rawson Creek, Cal.
Chemical composition.

[R. C. Wells, analyst.]

SiOz el 76. 28 NaOo 4,72
CaO_ . ____ KeOoo 4.73
Specific gravity, 2.615.
. " Mineral composition.
Quartz__ — _ 29.76
Orthoclase__________________________________ 27.24
Albite (mol.) —_——— - 39. 82
Anorthite (mol.) 2, 50
Biotite (estimated)_ - 1. 00
100. 32

Rocks of this kind are called by Iddings

‘soda-potash granites, but it seems preferable

“to call this rock an orthoclase-albite granite.

If the amounts of anorthite and albite ob- .
tained in the computation are combined as
plagioclase, 42.32 per cent of Ab,,An, is ob-
tained ; this, however, is a slightly more sodic
plagioclase ‘than is shown by the microscope
to be present. The explanation of this dis-
crepancy is mainly that the microperthitic
intergrowths in the orthoclase are composed of
essentially pure albite and that the plagioclase
which crystallized- independently is thus rela--
tively enriched in anorthite.

An interesting feature of the mineral compo-
sition of this granite is that the proportion of
quartz to orthoclase to albite—29.76:27.24:
42.32—coincides closely with that computed by
Vogt? for the ternary eutectic between these

1Vogt, J. H. L., ths:kahsche chemische Gesetze der Krys-
tallisntlonsfolge in Drupuvgesteinen Min. pet. Mitt., \01 20,
p. 387, 1908.
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three minerals, namely, 27.5:80.5:42. The
granite accordingly falls into the group of
rocks termed by him anchi-eutectic. So nearly
complete an attainment of the ternary eutectic
would seem to imply that the granite has been
derived by differentiation from a parent
magma that was probably richer in ferromag-
nesian minerals. A differentiation thus con-
trolled by the physical-chemical laws of eutec-
tics would therefore have been effected by the
separation in the solid phase of the constitu-
ents in excess of the eutectic ratio. These con-
stituents doubtless collected to form rocks rich
in ferromagnesian minerals, and in this way it
is probable some of the diorites and gabbros
so common in the region originated.
Comparison of the chemlcal analysis of the
orthoclase-albite granite with the other analy-
ses of Sierra Nevwda granites listed by Clarke?*
shows this granite to be higher:in silica and
lower in lime than any other that has as large

a total content of alkalies comprising equal-

amounts of soda and potash. Lindgren? de-
scribed and mapped an evidently similar gran-
ite in the Colfax quadrangle, which he desig-
nated a soda grantte. No chemical analysis,
however, was made of it. It is likely that as
the range becomes better known petrographi-

cally more areas of this highly alkalic granite

will be recognized.
DIORITE AND MORNBLENDE GABBRO,

Occurrence and character.—Diorite occurs in
the headwater region of Big Pine Creek, where
it seems to form a rather homogeneous mass.
At other localities, however, it displays a con-
siderable variety of differentiation facies,
chiefly hornblende-rich rocks, and these have
all been mapped under one symbol (dg in
‘P1. I). Tt is not improbable that genetically
distinct rocks may have been grouped together;
that is, differentiation facies of the diorite may
have been grouped with basic intrusive rocks
that preceded or succeeded the diorite. The
range in composition extends from quartz dio-
rite rich in hornblende and biotite, as on the
lower part of the canyon of Red Mountain Creek,

1 Clarke, F. W., Analyses of rocks and minerals from the
Inboratory of the U. 8. Geol. Survey, 1880 to 1908: U. S.
Geol. Survey Bull. 419, pp. 144-160, 1910 ; also in Bull. 591,
pp. 175-191.

2 Lindgren, Waldemar, U. S. Geol.
Colfax follo (No. 66), p. 4, 1900.
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to rocks composed predominantly of horn-
blende. This range in mineral composition is
in no wise related to differences in altitude in
the occurrence of the different facies along the
eastern escarpment of the Sierra Nevada—that
is, the magmatic differentiation which orig-
1nmted the facies appears not to have been in-
fluenced by gravitation.

The diorite at the head of Big Pine Creek,

“forming the Inconsolable Range, is a mod-

erately coarse, gray variety which is charac-
terized by the presence of biotite and augite.
Under the microscope it is found to consist
essentially of andesine (AbgAn,,), biotite,
and augite; quartz occurs to the extent of about
5 per cent, and orthoclase and hornblende are
minor constituents. Magnetite; titanite, and
apatite are the accessory minerals.

The diorite from the plutonic complev west
of Mount Rixford is a medium-grained davk
rock distinguished by innumerable slender
prisms of hornblende. Microscopically it is
{ound to be composed of equal quantities of
andesine (AbgAn,,) and hornblende. Titanite
is remarkably abundant, perhaps amounting
to several per cent, and is molded on idioror-
phic.plagioclase and hornblende. Pyrrhotite,
which is visible to the unaided eye as minute
‘orains scattered evenly throughout the rock,
is an important accessory mineral. Some of
the .grains are rimmed with magnetite, and it
is clearly a pyrogenetic constituent of the
diorite. Magnetite occurs also as a normal
accessory mineral. and apatite occurs in minor
amount; X

A peculiar member of the diorite series is a .
hornblende-rich . variety characterized by the
luster mottling of its hornblende. Commonly,
the hornblende individuals are large, many of
them several inches in diameter, and produce
a rock of extraordinarily coarse texture. These
rocks are practically hornblende gabbros.
They occur sporadically throughout the range,
both along its foot and along the summit, in
masses whlch, although in plfwes attaining
notable dimensions, are quantitatively insig-
nificant compared to the enormous -bodies of
albite-orthoclase granite and quartz monzonite.

In a typical mass of the hornblende gabbro,
which is well exposed in the hill just south
of the forest ranger’s station at McMurry

Meadow, the hornblende forms ragged patches

+
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an inch or more in diameter that poikilitically
inclose plagioclase feldspar, and to this feature
“the rock owes its luster-mottled appearance.
. Ixtremely coarse phases of the same kind of
rock occur near Kearsarge Peak. The summit
of Deer Mountain in the Olancha quadrangle
appears from a short distanee to be capped by
a basalt flow but is really capped by a richly
hornblendic gabbro, of variable petrographic
character, that shows the characteristic patchy
poikilitic hornblende. Below it is a large mass
of aplite—possibly a somewhat anomalous po-
gition if both rocks are differentiates of a
common magma ; and to the west of the moun-
tain is an orthoclase-rich quartz monzonite in
which the-orthoclase tends to assume a por-
phyritic habit.  Under the microscope the gab-
bro of Deer Mountain is seen to be composed
essentially of augite and hornblende, more or
less intimately intergrown, and of labradorite
(Ab,Ang). The feldspar is generally in-
closed poikilitically in the augite or horn-

blende; where thus inclosed it is partly idio-

morphic, but as a rule has smoothly rounded
edges; where it adjoins other feldspar it is
anhedral. Pyrrhotité is a minor magmatic
constituent; and magnetite in lesser amount is
the remaining accessory mineral.

Relation to other plutonic rocks—The dio-

rites and hornblende gabbro seem more closely

associated areally with the albite-orthoclase
granite than with the quartz monzonites. It
is not improbable that they represent the com-
plementary differentiates of a common magma;
in fact, that the poverty of the granite in ferro-
magnesian minerals is the result of their segre-
gation into the diorites and gabbro. The evi-
dence as to the contact relations with the gran-
ite are somewhat conflicting. At the Big Pine
Lakes the augite-biotite diorite in proximity
to the granite displays notable variability.
Hornblende instead of biotite is common. The
diorite is patchy, streaky, and contains segre-
gations, some of which consist almost wholly
of hornblende, others of hornblende and feld-
spar. In places the hornblende forms large
patches which poikilitieally inclose small feld-

spar crystals. .The granite, however, maintains-

its petrographic uniformity in the contact
zone. A
headwaters of Baker Creek, where the actual

contact is exposed. The hornblendic facies be-

Similar features are observable on the
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come more siliceous and finer grained toward
the contact, but the granite maintains its coarse
texture and mineral composition. At the con-
tact the two rocks are welded.  Because of the
great variation in the diorite toward the con-
tact and the lack of variation of the granite
the diorite appears to be the younger intrusive
mass. - ' ‘

At other localities, as at Mount Gould and
Mount Rixford, the granite is filled with angu-
lar inclusions of coarse, richly hornblendic

- phases of the diorite, and . this complex is cut

by aplite and pegmatite dikes. Here, then, the
sequence of intrusion seems to be reversed.
Again, on North Fork of Big Pine Creek,
where a complex of dark-gray diorite and -
highly siliceous white granite is exposed, the
granite in some places cuts the diorite and in
others the diorite intrudes the granite. The
phenomena suggest that the heart of the differ- -
entiation zone is here disclosed, where differen-
tiation was followed by movement of the dif-
ferentiated and partly consolidated sub-

" magmas, causing fracturing and reciprocal

intrusion.

In the dioritic belt extending northwestward
from Kearsarge Peak the evidence shows that
the diorite is not only older than the granite
but is also older than the quartz monzonite.
Rounded inclusions of the diorite, with blended
contacts, are contained in the quartz monzonite.

The evidence concerning the sequence of the
diorite, quartz monzonite, and granite, ob-

.tained from different parts of the province, -

is" accordingly quite conflicting. The most
probable explanation of this conflict of evi-
dence is that different diorite and gabbro
masses represent genetically different intru-
sions, some distinct in point of time and others
that “have differentiated essentially in place,
some from the granite magma and others from
the quartz monzonite magma.

'/;;.UTONIC COMPLEXES.

The granitic rocks of large areas in this part
of the Sierra Nevada are best described as
plutonic complexes, in the sense in which that
term is employed by Harker,* and they are so
designated on the geologic maps (Pls. I and
II). They consist of an intricate assemblage

1 Harker, Alfred, The natural history of igneous rocks, pp.
126-132, 1909.
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IGNEOUS ROCKS.

of hornvlende gabbro, quartz diorite, porphy- "

ritic and nonporphyritic quartz monzonite,
granite, aplite, and diorite porphyry dikes of
lamprophyric affinities. The intrusive sequence
is difficult to unravel, and complications are
introduced by real or apparent gradations be-
tween differerit members of the series and by
‘the production of hybrid varieties. Further,
at many localities. the complications are en-
hanced by the inclosure in the plutonic rocks
of multitudes of schist fragments of both sedi-
mentary and volcanic origin that are derived
from shattered and dispersed roof pendants.
In places the inclusions have been greatly
modified by the imbibition of granitic matter
or by the solvent action of the surrounding
magma. In this way rock masses of extreme
heterogeneity were produced.

"The plutonic complexes occur most exten-

sively from Olancha Peak to Haiwee Pass and
southward along the range. The poikilitic
hornblende gabbro is common, as at Round
Mountain, Dee1 Mountain (p. 70), and south
of Haiweo Pass. The dark gabbro, ramified
by intrusions of light-colored quartz monzonite
 and aplite, forms a plutonic breccia on a vast
scale and is a notable feature of the Sierra
escarpment near the south end of Qwens Lalke.
(See PlL. XI, €.) At other localities, as
on the lower part of Cottonwood Creek, plu-
tonic complexes occur, but in general they do
not show so full a succession of intrusive rocks
and are not so extensive as in the region south
of Olancha Peak. In some of the smaller areas
of plutonic complexes quartz monzonite pre-
dominates, and owing to the haste of recon-
naissance work these areas have been mapped
under that symbol.

MINOR INTRUSIONS.

Aplite—Aplite is common, especially as
dikes in the plutonic complexes, where their
extraordinary multiplicity gives to the Sierra
Nevada escarpment in many places a striped
appearance.. As larger masses, aplite invades
the porphyritic quartz monzonite and occurs
in considerable abundance along the crest of
the range from Mount Whitney southward to
Cirque Peak.. The broad summit of Mount
Whitney is. composed of equal amounts  of
aplite and quartz monzonite.

"extensive
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The aplite is a fine-grained white rock car-
rying 1 or 2 per cent of biotite; its texture
1s typically panidiomorphic. A specimen from
the top of Mount Whitney shows under
the microscope that it is essentially an aggre-
gate of feldspar and quartz. The feldspar con-
sists of nearly equal parts of orthoclase and
albite near Ab,,An,, the orthoclase slightly
exceeding the albite. Biotite, magnetite, apa-
tite, titanite, and zircon comprise the remain-
ing constituents. Near Cirque Peak the aplite
is notably miarolitic. The cavities are sur-
rounded by patclies, many of them as much as
6 inches in diameter, of quartz and orthoclase
that ‘are much coarser grained than the sur-
rounding normal aplite—they are m fact
pegmatitic.

Aphte dikes cut all the plutomc rocks of the
region. They are not common in the ortho-
clase-albite . granite but. are abundant in the
other types, though by no means equally so in
all parts of the region. They are notably nu-
merous in all the masses of the p01k1ht1c horn-
blende gabbro.

Pegmatite—Pegmatite dikes are quantita-
tively far subordinate to the aplite dikes, al-
though locally they are abundant. They seem

‘to occur most commonly in or near the schist

roof pendants, as, for example, at Cardinal
Lake and Taboose Pass, where the schist and
diorite are cut by hundreds of pegrriatite and
aplite dikes. The thickest measure about 20
feet, and most of them dip less than 80°. This
injection persists southward to
Striped Mountain, whose name is obviously
due to its remarkably conspicuous striping by
a multitude of white dikes. The pegmatites
consists of gmphlc intergrowth, feldspar,
quartz, and long thin bhdes of blotlte, a few
carry a little tourmaline.-

- Diorite porphyry—Dikes of lamprophyric
affinity, though hardly rich enough in horn-
blende and biotite to be classified as true lam-
prophyres, attain some local prominence but
they are vastly surpassed by the aplites in num-
ber and volume. At Taboose Pass dikes of this
kind are common in both the orthoclase-albite
granite and the schists of the roof pendant.
They cut the aplite and pegmatite dikes. Un-
der the microscope they show phenocrysts of
andesine in a finely granular groundmass of

feldspar, quartz, biotite, and hornblende and
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an abundance of ferromagnesian minerals to

which they owe their prevailing dark color.
They may accordingly be, called diorite por-
phyry. These dikes are persistent, and some
attain a thickness of 15 feet. Eastward, away
from the contact of the g1 anite and schist, they
disappear.
On South Fork of Big Pine Creek, the sili-
- ceous granite is ramified by a multitude of
these dikes, which are in many places broken
and even separated. The fragments are angular
or taper to points. At one place numerous par-
allel dikes are traceable for hundreds of feet
and are clearly intrusive into the granite, as
they show chilled margins against the granite.
They appear to have been sheared and broken
while the granite was still viscous enough to
flow and then freeze without distinct evidence
of its flowage. These observations may throw
light on the origin of the peculiar belts of in-
clusions described by Gilbert? as occurring in
the Kings River country of the Sierra Nevada.

SEQD ENCE OF INTRUSIO\TS

, The sequence of intrusions, already dlscussed

separately for the different granitic rocks,

is, as a rule, in the order of increasing silicity.
The hornblendic gabbros and diorites are in
general oldest, and were followed by the
quartz monzonite, and this by the orthoclase-
albite granite. The evidence as to the rela-
tion of the more basic rocks to the others is
somewhat. contradictory, but that as to the in-
terrelations of the more siliceous rocks is
wholly consistent and proves that the granite
is younger than the quartz monzonites.

Somewhat farther north along the crest of
the range Lindgren? found a like conflict of
evidence regarding the- succession of granitic
rocks. He concluded that the irruption of the
granite and of the granodiorite was probably
accompanied by minor intrusions of diorite,
pegmatite, and aplite, and that the granite is
the older rock. Under this supposition the
contradictory evidence on the mutual relations
of the granite and granodiorite could be recon-
ciled. This succession of decreasing silicity is
accordingly at variance with that shown in the
. southern Sierra Nevada. |

1 Gilbert, G. K., Gravitational aSsemblage in granite: Geol.
Soc. America Bull, vol. 17, p. 324, pl. 46, 1906.

? Lindgren, Waldemar, U. S. Geol. Survey Geol.
Pyramid Peak folio (No. 31), p. 3, 1896.

Atlas,
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The pluténic rocks of the major 1nt1u51ons
were followed by innumerable dikes of wphte
and of pegmatite, and these minor intrusions
were in turn followed by dikes of lamprophyric
affinities (diorite porphyries rich in hornblende
and biotite), which, however, are far inferior"

 to the aplite in numbers or volume.

TERTIARY RHYOLITE.

Breccia and tuff of pumiceous rhyolite occur,
at many places throughout the region, but mas-
sive rhyolite and obsidian occur, so far as
known, at only one locality. The rhyolite re-
sulting from explosive outbursts is closely asso-
ciated with the lacustral and alluvial deposits
of late Cenozoic age and has already been de-

‘'scribed in part in the sections dealing with
_those deposits (pp. 54-57).

The oldest rhyolite ejection is probflbly that
represented by the tuffs and breccias associated
with the ostracode-bearing beds at Haiwee.
The age of these is not satisfactorily known,
but they are at least as old as early Quaternary,

‘and they may be as old as Pliocene or even
Miocene.

The rhyolite composing the pyro-
clastic beds is a pure-white, highly vesicular
glass, which is silky in appearance on fresh
fracture and'is characterized by phenocrysts of
quartz, sanidine, and biotite. Quartz predomi-
nates; sanidine  and pr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>