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ABSTRACT

Thisg puper describes the geology of an area six miles wide and 67 miles
long, extending from the crest of the Sierra Nevada to the floor of Death
Valley approzimately along the 56%16¢ parallel of lstitude. Structursl
geology is emphasized. Correlations are suggested between events in the
geologic histories of this area and of other areas in southeasbern California.

The area mapped is in one of the most rugged parits of the Great Basin,
and has a relief of more than 10,000 feet. It extends across the three west-
ernmost ranges of the Great Basin in.this latitude, the Coso, Argus, and
Panamint Ranges. The topographic features of these ranges strongly susgest
that each of them owes most of its present relief to uplift by faulting. In
the western half of the area the displacements of an extensive sheet of late
Pliocene or sarly Pleistocene basalt support the topographic evidence of
faulting. On the swmit portions of the rangss are areas of low relief,
believed to be remnsnts of & single old-=gge erosion surfsce which extended
acroass the ares before the beginning of the range-forming fault movements.
The period of undisturbed ercsion which produced this surface ended shortly
before the deposition of the fossiliferous late Pliocene or early Pleistocene
Coso formation; thersfore this surface is correlated with the Ricardo ercsion
surface of the Mohave Desert reglon, which bevels tilted early Pliocense
sirata and which is also dislocated by range~forming faults,

The ranges are composed dominantly of pre-Tertiary rocks. Pre-~Cambrian
metasediments exposed in the Panamint Range attain a thickness of 15,000
feet; they are chiefly nmica schists and dolomites. The Paleozeic rocks are
more than 30,000 feebt thick, and the fossils collected indicate the probable
presence of all the Palsozolc systems. ILimestones, dolomites, shales, and
guartzites are the principal rock types. Cambrian and Carboniferous strata
make up about three-fourths of the total Paleozoic section. During the late
Jurassic Nevadian orogeny the pre=Mesozolc rocks were folded, Taulted, and
intruded by plutonic bodiss ranglng in composition from granite to gabbro.
Thse post=Mesozoic rocks are almost entirely of late Cenozolic age, and includs
a wide variety of volcanic and sedimentary iypes.

Movements of large magnitude took place on the fault zone on the east
edge of Panamint Valley in late Tertiary time, and activity on this zone has
continued into the Recent epoch. Most of the faulting to which the region
owes ite present relief, however, occurred in the early or middle part of the
Pleistocene epoch, probably after the Tirst {lMicGee) glacial stage in the
Sierra Nevada. 4ll the range-forming faults whose attitudes could be
determined were found to be normal fsults.



INTRODUCTION

PURPOSE AND NATURE OF THE STUDY

The work on whieh this thesis is based was undertaken as a study of the
structural development of a typical portion of the western CGreat Basini In
particular, it was desired to investigate the histories of some of the large
range-bounding faults of this region. Because it is ome of the most rugged
and least alluviated parts of the Great Basin, the country between the Sierra
Nevada and Death Valley was considered especially favorable for this project.
Time did not permit a detailed study of this large and little-known region in
its entirety, so it was decided to map an elongate area transverse to the
major structural trends in order that an accurate geologlc section could be
drawn. The following report is a discussion of the geology of the strip
mapped, with some comments on the adjoining territory.

The geologic mapping was done by the writer during the summer, fall, and
winter of 1937, 157 days being spent in sctual field work. The geology was
plotted on a base mep consisting of portions of the Clancha, Ballarat, and
Furnace Creek quadrangles enlarged to a scale of one mile to the inch. The
geologic map of Plate 1 (in pocket om back cover) is a copy of the field map

re-drawn to a reduced scale.
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DEVELOPMIENT OF IDEAS HEGARDING BASIN-RANGE STRUCTURE

The Great Basin of the southwestern United States contains numerous north-
trending mountain ranges separated by alluviated basins. Because of their
position in the Great Basin these ranges have come to be known as "basin
ranges®, and the general structure of the region is referred o as "basin-
range structure™. This type of structure has been studied intermittently for
nearly 80 years, and in the following paragraphs ithe course of this study is
briefly traced and the conclusions resulting from it are summarized.

While serving as geologist with Simpson®s U. S. Army sxpedition in 1859,
Henry Engelmsnn made observations which led him to report that the relief of
the Great Basin "has been shaped by aumercus parallel fissures and corre-
sponding mountainous upheavals, running nearly north and south® {in Simpson,
18?6; Ppe. 301-302)., As early as 1859, therefore, Engelmann apparently con-
ceived of the basin ranges as Tault-blocks. The report contalning his brief
stetement was not published, however, until 1876, because of the oncoming of
the Civil War shoritly after the completion of his field work.

In 1870 Clarence King advanced the view that the basin ranges are eroded
anticlines and that the intermont basins are alluviated synclines. He be-

lieved the folding to be of late Mesozoic age (King, 1870, pp. 2, 451},



G. K. Gilbert, in the progress report of the Wheeler Survey (1874,
p; 50} first clearly explained the basin ranges as eroded fault-blocks.
In his final report (1875, pp. 24, 41-42) he amplified his earlier statement,
and announced his belief that the folding and feulting of the strata in the
basin ranges were both of late Jurassic age.

J. W. Powell (1876, pp. 32=-33) and ¢, E. Dutton (1880, p. 47) recognized
that previous to the faulting which created the present basin ranges there had
been a long period of erosion, reducing the region to a condition of low relief.
Dutton, in particular, stated thet this period of erosion intervened between the
older period of folding and the younger period of faulting, and that the
mountains ereated by the late Mesozolc folding were completely worn away
before the advent of the faulting to which the reglon owes its present relisf.

This ides of basin=range history --- a history of late Mesozolce folding,
followed by long erosion, followed by Cenozoic block-fauliing -=-- came 0o be
generally accepted by these and other western geologists. It was, however,
based almost sentirely upon hasty reconnaissance work and upon phyvsiographic
considerations. Ranges with steep scarps on one or both sides and with
internal structural axes obligue to the range margins were considered, with-
out supporting evidence, to be bounded by faults. Although small scarps,
definitely known to be of Quaternary age because they displace the beds of
Pleistocens Lakes Bonneville and Lshontan, had been reporited at the bases
of several ranges (Gilbert, 1882, pp. 199-200; Russell, 1885, pp. 274283},
the literature recorded no observations of faults whose movements could
actually be proved, on the basis of stratigraphic displacements, to have up-
lifted the existing mountain ranges to their full heights. This lack of

observed range-bounding faults, and the occurrence of many faults not marked



by scarps within the ranges, led J. E. Spurr to challenge the theory that
tﬁa basin ranges owe their present relief to faulting, and to suggest that
many of them are mere;y erosional features. He wrobte that "only the more
recent faults or folds find direct expression in the topography; the older
ones are mastered by erosion” (1901, p. 2865},

Spurr®s challenge was soon answered. W. M. Davis (1901, 1903) analyzed
the physiographic development of fault-block mountains far more carefully than
had been done befors, and cited examples of various stages in this development.
Davis showed the impossibility of the development of typical basin ranges,
with internal structural axes oblique 1o the range margins, by long-continued
erosion, for he maintained that, by the mors rapid remeval of the weaker beds,
mountains remaining as erosion residuals would have margins determined by the
outerops of the more resistant strata. Further, G. D. Louderback, from a
study in western Nevade, found lava-caepped ranges in which the total present
relief could be proved to be the result of normal faulting along the range
margins (1904, especially pp. 306-309). These later invesitigations therefors
tended to confirm the fault theory and to diseredit 3Spurr's idea of the basin
ranges as erosional remnants.

A more recent development has been the eolatlon hypothesis of C. R.
Keyes, advocated since 1909 in a number of papers. Keyes has summarized his
views as Tollows: "Phe origin of the Basin ranges and of the desert ranges
generally is, therefore, regarded as due in the main to extensive and
vigorous deflation on a region that had been previously flexed and profoundly
faulted and then planed off, briaging narrow belts of resistant rocks into
juxtaposition with broad belis of weak rocks, the former now forming the

desert highlands and the latter the desert lowlands, or intermont plains”
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{1910, p. 598). Wind erosion ou an uplifted peneplain, in other words, is
suéposed to have scoursd out the belis of soft rock and to have left the
belts of more resistant rock as the basin ranges. Louderback (1923) has
shown that this hypothesis cannot apply in the western part of the Great
Basin, because there is no reason to believe that the present valleys were
once filled with soft rocks and because there is ample evidence of Recent
movement on many of the range-bounding faults.

Thus the general idea of the siructure of the basin ranges developed
before 1830 has prevailed up to the present time. Cenoczoic faulting is still
thought to have formed the present ranges; late Mesozole folding and intru=-
gion, and later erocsion, are still considersd to be the major events in the
history of the regiomn previous to the range-forming faulting. Some modifi-
cations and additions to this siructural history, however, have btecome
nesessary as geologic study in the region has progressed. In the southwestern
part of the Great Basin and Sierra Nevada, for instance, at least two periods
of Tertiary ercsion, resulting in the production of land surfaces of low
relief, are recognized, separabted by crustal movements involving folding and
normal and thrust faulting {(Beker, 1911, pp. 380-381 and 1912, p. 14233
Heweltt, 1928; Matthes, 1933, pp. 34-536; Hulin, 1934, pp. 419-4282]).

PREVIOUS (EOLOGIC WORK IN THE REGION
OF THIS INVESTIGATION
Southesstern California has received relatively little attention from

geologists. Oune reason for the general lack of intersst in this region is

that Tew economically important mineral deposits have been found in it.

Another is the small scale of the U. 8. Geological Survey topographic maps;
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these as yet cover only a portion of this part of the state. The scarcity

of roads and settlements and the excessive heat and dryness of the summers
have also discouraged geologic work to some extent. As a consequence of thess
conditions, the geology of the region between the Sierra Nevada and Death
Valley, and extending from the lMohave Desert on the south to the Inyo Moun-
tains on the north, has remained almost unknown.

Wearly all the accounts of the geclogy of this region are short and have
been based on hasty recomnaissances. Ipn Volume I of the Geological Survey of
California (Whitney, 1865, pp. 473-474) a brief desoription of the topography
is given, stating that the bottom of Death Valley is belisved to be about 178
feet below sea-level. The Panamint Range 1is reported as consisting of crystal=-
line and metamorphic rocks and the Coso Range of granitic and gneissoidal rocks.
The Argus Range is not mentioned.

Of the Pederal surveys which opersted in the West prior to the creation of
the U. S. Geological Survey, only the U. S. Geographical Surveys West of the 100th
Meridian, with G. M. Whesler in charge, peneirated the region under consideration.
Ge. Ko Gilbert was a geological assistant in this organization and accompanied
one of its topographic parties on a trip through eastern California in 1871. He
described the Amargosa Range, east of Death Valley, as consisting of limestone,
schist, and quartzite, with later rhyolite on the flanks, and added that "the
Panamint Range, on the opposite side of Death Valley, appeared from the distant
view b0 be similarly comstituted” (Gilbert, 1875, p. 34). Later in the account
{p. 184) it is noted that the west base of the Cosc Range‘cansists of lavas.
There is no mention of the Argus Rangs.

Wo Ae Goovdyear studied the geology of Inyo County in 1870-1872 as a member

of the Geological Survey of Califorula, but because of the disbanding of this



organization his work remained unpublished. Later, as a geoclogist for ths
State Mining Bureau, Goodyear resumed his work in Inyo County, and the resulis
of his studies were published in 1888. His investigations were confined almost
entirely to the Sierra Nevada and the Inyo Renge, but he traveled as far east
as the Darwin mining district, reporting that the Darwin Hills consist of
limestone, quartzite, and granite (Goodyear, 1888, pp. 235-226). He also noted
the occurrence of light and dark volcanic rocks on the west side of the (oso
Range {(p. 240).

In 1891 the California State Mining Bureau issued a preliminary geologic
map of Californis on which almost all of the southeastern part of the sihate
appears as unexplored territory. However, a large area inclﬁding the Coso
Range, Coso Valley, snd the north half of the Argus Range is colored to indi-
cate the outcrop of volecanic rocks.

He W. Fairbanks spent four months of 1894 in a reconnaissance of east
central California for the State Mining Bureau. In his report he stated that
the southern Argus Range is composed of granite which passes to the northwest
intc the Coso Range, and that the northern Argus Range, between Darwin and the
Modoc Mine, consists chiefly of limestone and guartzite; he further observed
that the mica schist, slate, quartzite and limestone form the main bulk of the
Panemint Range, but that some granite is present (Fairbenks, 1894, p. 473). In
a later paper the same author mentioned the stratified gravels of the west slope
of the Panamint Range, briefly described the granite of the esast side of the
northern Argus Range, and noted the occurrence of andesite and younger basalt
in the western part of the Coso Range {(Fairbanks, 1896, pp. 71=73).

During a reconnaissance of the borax deposits of eastern California for

the U. S. Geological Survey in 1900, M. R. Cempbell gathered considerable
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information about the general geclogy of this region, and inecluded L% in his
report (Campbell, 1902, pp. 19-20). He briefly described the Panamint Moun-
tains in the viecinity of Towne’s Pass and Wildrose Canyon, noting the occcur-
rence of a great thickness of stratified gravels with interbedded lava. OQb-
serving that these gravels and the underlying Paleozoic beds dip east, Campbell
expressed the opinion that the Panamint block may have turned on a horizontal
fulerum, the eastern edge sinking to form Death Valley and the western edge
rising to form the Panamint Range. He also mentioned briefly the lake beds of
Coso Vallev. Slightly later, speaking before the Geological Society of America,
Campbell (1903, p. 552) reiterated his view that the present topogrephy of this
region is largely the result of the tilting of crustal blocks.

In 1903 J. E. Spurr compliled for the U. 8. Geologleal Survey all existing
knowledge of the geology of southern Nevada and sast central California. This
compilation was based on the literature already cited, and also on reconnais-
pances made by Spurr, R. B. Rowe, and ¥. B. Weeks., Spurr added little new
information regarding ithe area of the present study. He considersd the pre-
Tertiary sedimentary rocks of the Panamint Range within this area to be Cambrian,
and believed that the strata of the northern Argus Renge were of the same age
{Spurr, 1903, Plate I and p. 212). The Cenozoic lake beds near the present
Haiwee Reservoir were thought to be pre-Plioccene (1803, p. 210}. Spurr's rough
geologlc map, with a scale of 15 miles o the inch, was the first attempt to
indicate the rock types exposed in all parts of the region between the Sierrs
Nevada and Death Valley.

In 1905 the U. S. Geological Survey began s program of topographic map-
ping in the region. 8. H. Ball accompanied one of the ﬁ@p@graphié parties

as a geologist, and his report on the geology of an area in southwestern



Nevada and eastern California was subsequently published by the Geological
Survey (Ball, 1907). Though of & reconnaissance nature, Ball's geologic map
was & great improvement over the small-scale mep of Spurr. The part of
California mapped by Ball includes only the northeast quarter of the Ballarat
quadrangle, northeast of the area of the present study.

Shortly after the publication of Ball®s report a brief note on the geol-
ogy of the Coso Range appeared (Reid, 1908). Reid wrote that this range is
composed of granitic rock with basalt flows on the north and east flenks. He
further stated that the range possesses a subdued summit topography, and that
it ie bordered on the sast by a fault.

¢, L. Baker®s studies in the lMohave Desert and the El Paso Range (1911
and 1912) were of particular value in proving that late Tertiary folding and
faulting had occurred in these areas, followed by an interval of erosicn which
reduced parts of them to a condition of low relief,

In 1914 the U. 8. Geological Survey published a short description of the
Darwin mining district by Adolph Knopf. Fossils collected during this inves-
tigation established the age of the stratified rocks of the Darwin Hills as
Pennsylvanian (Knopf, 1914, p. 5). The rocks of the district were described
in somé detail in this report, but no geologic map was made.

The results of H. S. Galets studies of the late Quaternary lake system in
this reglon appeared in 1915. Gale showed that the waters of Owens Lake had
formerly overflowed inito Searles and Panamint Valleys and probably alsc into
Death Valley, and that the evaporation of the ancient lakes, as the climate
became more arid, caused the precipitation of the salire minerals now found in
their dry basins.

A brief desecriptive paper on Death Valley by G. D. Hubbard also appeared
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in 1915. It states that the valley owes its corigin to block-faulting and
the erosion of the resulting forms, but the locations of the faults and the
mechanics of thelr movements are nobt discussed.

In 1916 the State Mining Bureau issued a geologic map of California om
which the geology of Inyc County was the work of C. A. Waring. 4 wmore detailed
geologic map of this county, with s deseription of the geology by Waring, was
published the following year (Waring, 1917). This highly generalized county
map shows the east slope of the Sierra Nevada as consisting of plutonic rocks,
with a fault at its base. Almost the entire surface of the Coso Mountains is
mépped as Tertiary volcanics, with some plutonic rocks indicated on the east
flank of this range. Waring was apparently unaware of the discovery of
Pennsylvanian fossils by Koopf in the strabte of the Darwin Hills; following
Spurr, hs mapped the rocks of the Darwin Hills and northern Argus Range as
Cawbrian meta-gediments, and showed that they were intruded in a few placas
by plutonic rocks. The éummit and east slope of the Panamint Range, where
erossed by the area of the present situdy, are also represented as Cambrian on
Waring?s map, and the west slope is shown as consisting of Ordovician and
Silurian limestone and quartzite; A fault is shown at the west edge of the
Panamint Range, but its characterisitics are not discussed.

The results of the reconnsissances of the Inye Hange and the east slope
of the Slerrs Nevada by Adolph Knopf and his associates were published in 1918.
The Inyo Range had previously received considerable attention from geclogists
and paleoniologists, and at present it has been more completely studied than
any of the California ranges in the Great Basin. The geologic map accompanying
Knopf *s report covers the northwest corner of the Ballarat quadrangle and the

portion of the Olancha quadrangle included in the area of the present ianvestigation.
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Descriptions of the fault zones on the esst sides of Pananint and Desth
Valleys south of the area of this sﬁu@y appeared in 1926 in a comtribution
by L. ¥, Noble. ZEvidence brought forth by Noble showed that movements have
taken place along these fault zomes very recently.

We M. Davis briefly discussed the Argus Range from & physiographic
standpoint in two recent papers (1930, pp. 299-300; 1932, pp. 243-244),
showing how the sloping lava flows mark the range as a tilted fauli-block.

In 1932 the California State Division of Mines published the results
of Fo Mo Murphy's investigation of a portion of the Panamint Range south of
the area of the present study. This report deals principally with strati-
graphy and petrography, little attention being devoted to the younger struc-
tural features. Murphy believed thet the oldest rocks of this part of the
range are pre-Cambrian and that the younger metasediments are of early Paleo-
zoic age, but he found no fossils to substentiate these beliefs.

On the geologic map of the United States published by the U.S. Geological
Survey in 1932 the geology of the area mapped in the present investigation is
represented in much the ssme way as on the 1916 geologic map of California, but
the rocks shown as Cambriasn on the California map ere indicated as undifferen-
tiated Ordovician and Silurian strata, and a narrow band of pre-Cambrisn rock
is added along the west edge of the Panamint Range.

In a recent article, Eliot Blackwelder (1933) desceribed evidence of the
presence of a late Pleistocene lake im Death Valley.

For several years C. Do Hulin has been studying the geology of ths
Searles Lake quadrangle, adjoining the Ballarat quadrangle on the south, and

a brief report on some phases of his work appeared in 1954,

In the same vear & short description of the rocks of Death Valley
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appeared [Wobls, 19%4}. This paper is a preliminery report on a study of

the geology of Death Valley by the U. S. Geologiocal Survey, an investigation
which is g£till going on. In it Noble described very briefly the rocks of the
part of Death Valley south and eazst of the zrea of the present study.

J.ReSchultz recently (1937) described a vertebrate fauna of late
Tartiary or early Quaternary age from the beds on the west flank of the Coso
Mountains. An account of the geology of the fossil localities, all north of
the area mapped in the present investigation, is included in his paper, but
no geologic map is presented.

The results of a detailed study of the ore deposits of the Darwin mining
district, accompanied by a geologic map of the Darwin Hills, recently appeared
in an article by V. C. Kelley {1937},

Thus reports on the geology of this part of sastern California, though
guite nmumerous, have mostly been based on shorit reconnaissance studles
covering large areas. An indication of the lack of adeguate knowledge of the
geology of this region 1s furnished in a recent report by 0. Y. Jenkins, chief
geologist of the Californias State Division of HMines, giving the sources of

information used in compiling the geologic map of the state recently issuedlt.

8, January, 1937.

0, P Jenkins: Source data of the geologic map of Californis,
{19a7),

Calif. Journal of Mines and CGeology, vol, &
pe =87

i
3

Jenkins® report includes a map of the state showing the areas for which
satisfactory geological informztion is available. No published reports are
indicated for the area mapped in the present investigation, or a large area

surrcunding it, except Xnopf's reconnsissance report [(1918) on the sast slops
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of the Zlerra FNevada; Kelley's description of the Darwin district, more recent

than Jenkins? paper, should now be added.

GENERAL GEOGRAPHY

LOCATION

The area mapped in the present investigation is a sirip six miles wide and
67 miles long, extending from the crest of the Sierra Nevade to the floor of
Death Valley approximaitely along the 36916% parallel of latituds. The position
of this strip with respect to the surrounding territory is shown in Plate Ya.
This area was chosen for study because the later events in its structural
history are unusually well recorded in the displacements of a thin lava shest
which covers mich of its surface. The gtrip extends scross the southern part
of the Ballarat quadrangle and has its western and eastern extremities in the
adjoining CGlancha and Furnace Cresk guadrangles, respsctively. On the index
map of Plate 1 is shown the btopography of ithe portions of these guadrangles
considered in this paper.

Mining is the only industry in the area mapped. Darwin, with a population
of about 80, is the omly town, and is supported by the sillver-liead mines of the
Darwin Hills. A few men are living at the Minnietta aend Harrisburg camps, where
Limited mining operations are being carried on. The only other inhabitants are

itinerant prospectors and Indians who enter the area from time to time.



CLIMATE AND VEGETATION

The great differences in altitude within the area result in widely dif-
fering climates. The Sierra crest recsives an average annual precipitation
of about 20 inches (Lee, 1912, plate VIL), but the yearly precipitation lessens
rapidly to the east because the winds from the Pacific lose most of their
moisture upon being intercepted by the Sierra. At Keeler, on Owens Lake, the
average annual rainfall is about 3 inches, and in Death Valley 1t is approx-
imately 1.9 imches.

East of the Sierra front the climate is typical of the southern Great
Basin. Summer shade temperatures often exceed 110%. in the valleys, and the
world®s highest officially recorded natural shade temperature, lS%QF., was
reached at the U. S. Weather Bresu sbtation at Furnace (Creek Ranch in Death
Valley in July, 1913. + slevations above 5000 feet, however, the summer hsat
is never oppressive. During the spring and fall the maximum daily temperatures
may be alﬁ@st as high as thosse resched in summer, but the nights are much cooler.
In thess seasons it 18 not uncommon for the temperature Lo approach 100°F. in the
middle of the day and to fall below 40%F. at night at altitudes of 5000 fest or
more. 'The winters are mild in the valleys, but rather severs in the mountalns.

The great diversity in elevation and climate ls reflecited in the
vegetation of the area. The lower parts support sparse growths of creosote
bush, greasewcod, and various kinds of cactus. Somewhat higher is a zone in
which common sagebrush is the most abundant plant. Above 4500 feet the Joshua
tree is common, pariicularly in the Coso Range, where specimens of this type of

yucca are sometbtimes asg much as two Teet in dlemeter at the base of the trunk
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and twenty feet high. A4b about 6000 feet the jumipers and pinon pines appear,
and in the high parts of the Pansmint Range, above 7500 feet, mountain
mahongany occcurs with these plants. Ounly in the Sierrs, however, are the

gonifers abundant aund largs.

ROCK EXPOSURES

The sparsencss of vegebation and soll and the ruggedness of the counbry
gombine to give excellent ezposures of the rocks, albthough in a8 few local-
ities portions of the steep slopes are masked by talus slides and some of the
hilly areas of low reliefl are largely covered with the products of rock dis=-
integration. In general, however, the distinctness of the lithologle units
and the nearly complete continmuity of outerops made possible fairly rapld

gecloglic mapping.

TOPOGRAPHY AND GEOMORPHOGENY

SENARAL STATEMENT

The ares mapped lies within one of the most rugged portions of the Great
Basin. The highest point is the suwnit of RBound Mountain, on the Sierra
Neveda crest 9944 feeb above ssa-level; the lowsst point is the floor of Death
Valley, approximately 280 feet below ses-level. These polunts are respectively
at the western and sastern ends of the strip maspped. ALl three of the inter-
vening ranges reach elevabtlions greater than 8000 feet, but the culminating

peaks of these ranges =-= (0so Peak {(elevatlon 8158 feet) in the Coso Range,

Maturango Peak (elevation 8350 fest) in the Argus Range, and Telescope Peak



{elevation 11,045 feet) in the Panemint Range ---~ are all s Tew miles to the
gouth of the area mapped. In contrast to most of the Great Basin, the allu-
visted valleys between the renges are narrower than the ranges themselves.
In the following paragraphns of this section the fopographic features of
the area will be described and their significance discussed, proceeding from

wegst to east.

STEHRA NEVADA

It is well known that the broader topographic features of the Sierra Nevadas
in this latitude result from the tilted fault-block structure of the range. The
erest trends in a northerly direction and 1s very much nearer o the eastern
margin of the range than to the western. The steep sastern scarp is three to
five miles wide and drops om the erest to the pledmont alluvial slope five o
eight thousand fset below. The broad western slope, with an average width of
about 50 wmiles, is characterized by old-age topography developed when the range
stood at & lower elevation than at present. 4 few deep canyons have been cut
in this old bopography by rejuvenated westward-flowing sitreams, the rejuvenation
having béen caused by rvepeated uplifts of the range by feulbting along its
eagtern edge. Thus the range ie s8ill in a decidedly youthful stage of the
grosion eycle which was begun by the most recent major uplift. Glaciation has
modified the topography in the higher parts of the range.

Evidensss of recsnt movement along th@’baga of the Silerra Nevada scarp
are lacking within the mapped area. Here the scarp is deeply ercded and
indented by canyons. No minor scarps are present in the alluvium east of the

margin of the rangs. No steepening of the east-trending spurs as they approach

the alluvial epron is noticeable, though such steepening is guite pronounced



a Tew miles to the north, west of the town of Qlancha.

The sres mapped includes a small portion of the plateau-like western
slope of the Sierra south and west of Round Mountain. No evidence of
gleciation was observed in the high parts of the Sierra in this vielnity;
Knopf (1918, p. 100) noticed no topographic features suggesting glaciation

goubh of Olancha Peak, 3.5 miles north of the strip mapped.

GOS0 RANGE AND CO80 VALLEY

East of the Sierra front the ares extends across Halwee Pass, in which
the Haiwee Reservoir of the Los isngeles agqueduct system is located. This
pags separates Owens Valley to the north from Rose Valley to the south.

Bast of Haiwee Pass the area includes bthe northern part of the Coso Range.
In plan view the outline of the range, though roughly elliptical with the
longer axis trending north-northwest, has its width and length so nearly squal
thet 1t is almost circular; this is in marked contrast to the narrow elongate
north-trending outlines of the more typicel basin ranges. Hortheast of the
large embayment in the western margin of the range known as “actus Flat, the
waestern slope rises to the crest of the range in a series of Tour huge steps,
each capped by a sheet of black olivine basalt. These steps are readily
vigible from the highway south of Qlancha and are obviocusly the result of
step=Taulting which caused the dislocation of a once-continuous basalt sheet.
The “risers® of these steps slope steeply to the west, but the "treads™ slops
gently easgt, g0 that swmall playa lakes, about 200 feet long snd 100 feet
wide, have a@vel@ped high on the gide of the range at the bottoms of the two
center “risers®. Views of the west side of the Coso Rangs, showing the dis-

placement of the lava by step-faulting, are shown as Figures 1, 2, and 3.
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The high central part of the Coso Range 1s characterized by low relief.
It ie menifestly a surface of old-age topography which was developed at a
lower elevation and has been uplifted in the recent geologic past. The most
conspicuous high area of subdued relief is Centennial Flat, which is within
the area of this study. Situated at an elevation of about 6900 fest,
Centennial Flat has less than 300 fest of relief over its nearly circular
tract of about four square miles, the area of which is continually being
reduced by headward erosion of the sieep canyons on the sides of the range.
The soubthern part of Centennial Flat is lava-covered, the lava being the
castern extension of the basalt cap that covers the highest step on the west
side of ¢the range. The low central part of the flat contains a thin deposit
of Guaternary alluvium which covers a small part of the old-age eroslon sur-
face preserved in the surrounding bedrock. Figure 4 is a view of a portion
of Centennial Fl&t.

Directly east of Centennial Flat the steep and rugged eastern slope of the
Coso Range descends 1500 feet to the alluviated floor of Coso Valley. The
entire east flank of the range, ike that of the Sierra Nevada, is an abrupt
drop from the old-age topography of the swmnit to the lowland to the eastag

&Where the geologic section of Plate 1 is drawn across the east flank of the
Coso Range the slope is actually to the north rather than to the east or
northeast, and therefore, unless reference is made to the topographic map,
the section may give the incorreet lupression that the east slope is quite
gentle.

For thig reason it is believed to be a deeply eroded scarp produced by move-
ment along a buried northwest-trending fault. Reld (1908, pp. 64=-68) came tO

the same ¢onclusion.
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HILLS WEST OF DARWIN

Coso Valley is bounded on the east by a straight and abrupt north-
northwest-trending scarp, aboub 400 feet high, which appears to be a south-
arly prolongation of the west scarp of the Inyo Mousntains. Extending east
from this scarp for a distance of three milss toward the town of Darwin is
a hilly $ract of relatively low relief in which steep-sided low knobs of
granitic rock project above areas of granitic waste and alluvium. The stamml te
of the knobs have elsvations of B600 to 6100 feet, and the rellief within this
entire tract is not more than 700 fest. Some of the highsr paris are capped
by a sheet of bagaltic lava which is undoubtedly correlative with the simlilar
sheet capping the uplifted surface of low relief in the Coso Hange, and in
these portions the same old-sge land surface represented by Centennial Flat
is preserved: in much of the area, however, dissection has desitroyed the old

erosion surface.

DARVIN mm& AND DARWIN WasH

Bast of this hilly area is a lower alluviated tract a?pr@ximately two
miles wide which trends north-porthwest and is & northwesterly arm of Darwin
Wash. Near its sastern edge is the town of Darwin, at an elevation of 4750
fest, and dirvectly to the east are the Darwin Hills. These hills are gix
miles long and two miles or less wide, and are entirely within the area of
this study. They trend northenorthwest snd are bordered on the west, south,
and sast by alluviated aress which are portions of Darwin Wesh., To the porih,
nowever, bthey grade into groups of lower hills, and their northern
termination is thus poorly defined.

The Derwin Hills rise from 500 to 1000 feet above their alluvial border.
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Their two hiéhest points are both slightly over 6000 feet in elevation, the
more southerly being known as Ophir Mountain. The broader topographic fea-
tures of these hills suggest late maturity, but there has been a small smount
of recent dissection in scme of the gullies on their sides; Dbecause of these
characteristics the Darwin Hills are belisved to be a slightly rejuvenated
feature of the surface of low relief preserved iun the hills west of Darwin and
in Centennial Flat. The rejuvenation of the Darwin Hills has been caused by
faulting along their west edge resulting in their uplift, and, as will be
explained in the following paragraph, by a lowering of the baselevel of the
intermittent streams draining them. That the hills have been slightly
cuplifted by faulting slong thelr west edge is clearly shown by a displaced
lava flow northwest of Ophir Mountain.

Lower Darwin Wash east of the Darwin Hills is an alluviated area two
miles wide, with dissected white lake beds in its lowest part atitesting the
presence of a former lake (Figure 5)., The Wash drains to the north into
Darwin Canyon, a narrow gorge which empties into Panamint Valley. The upper
part of Darwin Canyon is shown in Figure 31l Headward erosion in Darwin
Canyon has recently cut through the bedrock dam behind which was formed the
lake in lower Darwin Wash into whieh all the intermittent streams draining
the Darwin Hills once flowed, so that the baselevel of these sireams has been
lowered from the level of this lake to that of the playa lake in Pansmint
Valley, a decresse in elevation of 2000 feet. This lowering of baselevel
has occurred go regently, however, that there has as yet been little
rejuvenation in the aresg affected.

The catchment basin of Darwin Canyon is an area of 190 square miles

lying to the south and west and including the highest parts of the Coso and
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Argus Ranges. gSufficlient precipitation falls in this basin to support ithree
springs in the canyon. The lowsst of these springs is Darwin Falls, a 70-foot
waterfall which flows throughout both wet and dry years. A photograph of this
unusual éesé?t waterfall appears as Figure 6. The water from the falls flows
about a half mile before disappaarihg into the alluvium; this is the only

perennial stream in the mapped area esst of the Sierra Nevada.

ARCUS RANGE

The steep rugged western slope of the northern Argus Range lies directly
gast of Darwin Wash and Darwin Canyon. The Argus Henge is 50 miles long, has
an average width of about six miles, and trends in a nertherly direction.
The strip mapped in this study crosses the northern six miles of the.range,
and within this ares ithe elevation of the highest point is slightly over 7000
feet. Throughout the northern half of its length the crest of the Argus
Range is much closer to the western margin of the range than to the eastern,
and the wesitern slope is stesper than the slope to the east into Panamint
Valley. These facts strongly suggest that the steep western slope is an
ercded fault-scarp. In the southern part of the area mapped the west slope
rises to the ecrest in a series of four lave-capped steps, which, because of
the displacement of the lave sheets, are obviously the result of step=faulting.
Photographs showing these lava-capped steps appear as Figures 7, 8, and 9.
-W. M. Davis (1930, pp. 299-300) sketched this part of the Argus Range and
prepared a cross-section showing how the displaced lava caps can be used in
glucidating its later history.

on ﬁhé sumnit and east slope of the northern part of the range are pre-
served conspicuous remnants of an 0ld land surface of low relief which has

been partially covered by a thin sheet of basaltic lava and uplifted and



Figure 7. The lava=-capped steps on the west side of
the Argus Range as seen from the Darwin Hills. The
flat lava=-covered old erosion surface is shown at the
summit of the range. Basaltic talus covers the
"rigsers” of the three lowermost steps. A cinder cone
appears to the left of the stepse.

Pigure 8. A view looking north slong the "tread” of
the lowermost of the steps in the zone of step=
faulting on the west slope of the Argus Range. The
flat "tread" surface is a lava-covered portion of the
0ld erosion surface now faulted and tilted east. In
the background are the cloud-shadowed Darwin Hills.

Figure 9. The lava-covered old erosion surface of

low relief preserved at the summit of the Argus

Range. A view of the western edge of the southern=-
most basalt outcrop in the portion of the range mapped.
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tilted to the east. This lava sheet is similar in every respect %o the lava
sheets already described and is clearly to be correlated with them. Between
the lava-capped remnants of this old surface the east slope of the range is
‘dissected by numerous steep-sided canyons cut into the bedrock of Paleozolce
gedimentery and Mesozmoic igneocus rocke; thus the thin lava sheet has served
as a protective capping for the old land surface and has tended to preserve
it from destruction by erosion. This old surface in the Argus Range had at-
tained a very advanced stage in the erosion cycle before the lava was extruded
upon it, for the hase of the lava very closely approximates a plane. The
thickness of the lava ls nearly consbant over any small ares, though it
gradually increases toward the east., HNo alluvium or gravel was observed
hetween the bedrock and the lava. The most impressive remnsnts of this old
land surface coincide with the two large lava-covered areas shown on the
geologic map high in the range; akportion of one of them appears in Figure @.
Just to the esst of the more southerly of these two lava=-covered areas is the
highest part of the Argus Range within the strip mapped, an area of comspic-
uously subdued topograephy which very probably represents a portion of the old
land surface whiech was not covered by lava, but which has not yet been destroyed
by headward erosion of the surrounding intermittent streams because of its
height. This high area may well have been a hill’an the e¢ld land surface
around which the lava flowed; the present distribution of the lava-covered
areas in a crude semicircle around the high area tends to corrcborate this
idea (see Plate I and Figure 10). TFor at least ten miles south of the area
mepped for this study there are mno other lava outerops in the Argus Range,

but farther south, near Shepherd Canyon, is another esst-sloping lava sheet

which caps the range.
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Figure 10. The eastern slope of the Argus Range, where crossed by
the strip mapped, as seen from Panamint Valley. The black roek is
basalt, the white is WMississippian limestone, and the gray is
chiefly upper Carboniferous limestone znd shale. The high part of
the range to the left has a summit area of subdued relie?
thought to be & hillly part of the 0ld erosion surface wi
lava flowed around but did not cover.

d is

Figure 1l. A view looking east from the northern Argus
Renge. In the foreground is the alluviated strip which
separates the range proper from the ridge which pvaral-
lels its eastern edge. Beyond this is ths black basalé-
covered ridge itself. In the background is Panamint

Valley, with the southern part of the playa lske at the
lefts

Pigure 12, The west front of the Panamint Range Just
north of the mouth of Wildrose Canyon, showing the
badland topography produced in the soft Tertiary fan-
glomerate. Also shown is a series of triangular-
faceted spur ends at the sedge of the rangs.
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The lava cap of the Argus Range slopes to the east and dips under
the alluvium at the edge of the range. Paralleling and just east of the
northern Argus Bange proper,; and separated from it by & narrow low allu-
viated strip, dis a long narrow north-trending ridge shown on the topographic
sheet of the Ballarat Quadrangle just east of the Modoe Mine. This ridge is
twelve miles long and one to two mlles wide, and its northern and highest
part, which rises 400 feet sbove the valley alluvium, is within the area of
this study. This part of the ridge is capped by &n east-dipping basaltic
gheet undoubtedly\csrrelative with the lava caps Just to the west, so that
i%. is obvious that the ridge owes its existence to uplift along a fauld
separating it from the Argus Range proper (sese geologic section, Plate I}.

4 pholbograph of part of the ridge appears as Figure 1ll.

PANAMINT VALLEY AND PANAMINT RANGE

Panamint Valley is a basin lying between the Argus and Panamint Ranges
in its northern part and between the Slate and Panamint Ranges in its south-
ern part, The valley érenés north-northwest, is ébout 65 miles long, and
has a nmaximum widith, measured between‘the bedréck margins of the bordering
ranges, of 10 miles. It i a completely closed basin, containing two playa
lakes separated by a brozd low ridge of alluvium which extends transversely
across the valley oppeosite Wildrose Canyon in the Panamint Range. The
greater par%‘ef the surface of the valley consists of alluvial fans, but in
addition to the playa lakes there is a smell area of sand dunes at the

extreme north end. The prevalling wind is from the south, and, in removing

sand from the wvalley floor and sarrying it to the north to form the dunes,

it has created broad pebble-covered areas of desert pavement at various
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places. The strip mapped in the course of the present study erosses Pansmint
Valley near its northern end, where the valley is six miles wide, and contains
the southern end of the more northerly of the two playa lakes, the surface

of which has an elevation of 1614 feet.

The ?anamint Range is approximately 100 miles long, extending in &
north-northwesterly direction from Brown Mountain to a northerly gradation
into the Last Chance Range. Where crossed in its central portion by the
area of this study the range is 25 miles wide, and, though its éverage width
is thres or four miles less, it is still one of the widest ranges of the
Great Basin. Throughout the greater part of its length the Panamint Range
is bordered on the west by Penamint Valley, but Saline Valley lies directly
west of the northern part of the range and separaites it from the Inyo Mountains.

The west slope of the Pansmint Hange rising from Pansmint Valley is
unusually steep and high. From the Valley floor near Indian Ranch at an
glevation of 1100 feet 1t riges vertically 9945 feet to the summit of
Telescope Peak in a horizontal distance of slightly more than geven miles;
this is its highest, but not its steepest, part. The steepest substained
slope along the scarp is just east of the northern snd of Panamint Valley,
where a rise of 4000 feet im accomplished in a horizontal distance of two
miles., The two stsep parts of the scarp mentloned above are respecitively
south and north of a broad convex sallent in the western front of the range
north of the mouth of Wildrose Canyon. Here the slops is considerably less
steep. Resistant Paleozole and pre-Cambrian sedimentary and metamorphic
rocks form the steep parts of the slope south and north of the salient, but
in the salient itself Terbiary fanglomerate and volecanic rocks, intricately

dissected into a hadlang area, form the front of the range.
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Striking topographic evidences of recent faulting are present along the
west base of the Panamint Ranges This is particularly true south of Wildrose
Qanycn (Noble, 1926, pp. 425-438). Here the range front is steep and high,
as noted ahove, but the alluvial fans at its base are so insignificantly
small in comparison with those extending from tﬁe Argus Range that the lowest
part of Panamint Valley is elose to the foot of this scarp instead of in the
center of the valley. ~The volume of these fans along the west base of the
Panamint Range represents only a very small fraétion of the volume of rock
removed in the cutting of the canyons whieh extend up into the range from
their apexes. Thus the late movements on the zone of faulting along the
eagt edge of Panemint Valley must have involved not only a raising of the
mgunfain‘block to the east but also a lowering of the valley block west of
the fault zone sc that the pre-existing piedmont alluvial slope along the
west margin of the Panamint Range could be lowered and covefed by faps
spreading eastwardly from the Argus Range. In some of the most recent
movements on this fault zone, however, small apical portions of fans at the
west base of the Panamint Bange have been uplifted with the range and minor
west-Ffacing scarps have been produced in the alluvium, as exemplified in a
re-entrant in the range east and south of Ballarat. The main bedrock scarp
itself is oversteepened at its baée, but the major portion of the scarp,
a8 Noble (1926, p. 425) has pointed out, slopes west at about 259, In some
places, notably a few miles south of Ballarat, this 359 slope forms & nearly
plane surface of very considerable area, two or three thousand feet high,
which is dissected only by narrow acutely V-shaped gullies running directly
down the slope (Figure 13). Viewed from a distance, the range front here

appears to be a fault footwall so recently exposed to erosion that the huge
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Figure 13. The west face of the Panamint Range a few miles
south of Ballarat. The face of the range, cut in resistant
pre-Tertiary rocks, is nearly a plane surface, dissected
only by shallow and narrow gullies. The summit portion of
the range here is a remmant of am old erosion surface of
low relief,

Figure 14. A view looking south along the outcrop of the
strike-slip fault on the west sdge of the Panamint Rangs
just south of the Towne's Pass road. Stream courses
running down the slops of the range, to the left in the
photograph, ars deflected to the north by the ridges

in the center of the picture before resuming thelr wegt-
wardly course into Pamamint Valley.
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facels reméin as nearly continuous remnants of the fault surfsce itself. The
roek in whiech the facets are cut is greatly crushed, shsared, and discolored,
whiech strengthens the impression that the facet surfaces actually represent
a fault plane (Woble, 1926, pp. 486-487).

One of the most conspicuous evidences of recent faulting alcng the west
edge of, the Panamint Range is a large north-trending graben in the alluvium
just south of the mouth of Wildrose Canyon. This structural feature is ex-
prassed btopographicelly as a depression over three miles long, nearly a mile
wide, and 400 fest deep iIn its deepest part.

Large fans spread oub fram the mouths of Wildrose Canyon and the canyons
north of Wildrose into Panamint Valley, so that opposite and morth of Wildrose
Canyon the lowest part of the valley'is in the valley's center, The west-
facing searps on the east side bf the valley here, however, show ummistakable
evidences of very recent movement on the faults which lie at their bases, as
will be explained in & following paragraph. The presence of large aliuvial
fans at the west base of the Panamint Range opposite and north of Wildrose
Canyon, and thelr absence farther south, is probably the result of the
differenea in bedrock types on the west slope of the range; as the latest
uplift of the range by fauliing progressed, the pre-Cambrian metamorphic
roeks of the range front south of Wildrose Canyon resisted erosionm o such
an extent that very =mmall fans are present at their base, whereas the softer
material of the salient of Tertiary rocks yielded enocugh detritus for the
building of large faus.

A% the mouth of Wildrose Canyon there is & pronocunced change in the
direction of trend of the west margin of the Panamint Range which coincides

with the south end of the badland sallent of Tertiary rocks. South of this



27,

poirt the margin of the range itrends almost dus north, but north of Wild-
rose Canyon, ip the area to which particular attention was devoted in this
study, the range margin trends about N 40° W. North of the canyon the west
slope is considerably gentler than to the south, but the range front is
rectilinear and is not embayed by heads of alluvial fans. This suggests
that the uplift of this part of the range by faulting has been as recent as
it was farther south, but that the slope is less steep here for pre or mors
of three reasons: Dbecause of a lesser amount of uplift here than farther
south,. or because the total uplift is sccomplished here by step~faulting
rather than by faulting along a single bresk, or because the rate of erosion
of the soft Tertiary rocks in this salient is more rapid than that of the
old metamorphics to the south.

The suggestion of recent fault uplift of this part of the range conveyed
by its general forwm is convincingly supported by an exemination of the smaller
topographic features along the west edge of the salient. Just north of the
mouth of Wildrose Canyon, as is shown in Figure 12, is a series of aligned,
trisngular-faceted spur ends at the edge of the range; and within the range
itselfl, near its western edge, are two prominent west-facing scarps, each a
few hundred feet high, unquestionably the result of faulting. The locations
of these scarps are indicsted by the positions of the Paults shown on the
geologic map. fhe most impressive topographic feature indicating recent'
tectonic activity in this zone, however, is & rectilinear fault trace, along
which stream courses have been displaced, at the west edge of the range just
south of the Towne's Pass road. This fault trace, shown in Figures 14 and 15,
extends two miles in a northwesterly direction and is crossed by 19 strean

gullies which have been offset by strike=-slip movement on the fault inm such
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Figure 15. Another view of the sligned ridges along the
strike-glip fault shown in Figure 14. To the right are the
sand dunses at the north end of Panamint Valley.

@

Flgure 16. 4 view of the uplifted surface of modsrate
relief which forms the highest part of the Psnaming
Range where crossed by the strip mepped. In the center

is the playa in Vhite Sage Flaty to the right is a small
portion of Harrisburg Flat. In the distsnce are the Arous
and Sierra Vevada Danges.

Flgure 17. A view from the swmit of the Panamint Ramgs
loocking east down Trall Canyon into Death Valley. Cambrisn
end Ordovician strata are exposed on the sides of Trail
Canyon. The most conspicouous white bed is the Zabriskis
guartzite member of the Wood Canyon formation.
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a way as to show the southwest side of the fault moved relatively northwest.
The recent movement on this faullt also included a dip=-slip campenent; the
southwest gide of the fault having been raised relative to the northeast
gide by about 40 Teet in the central parit of the linesr itrace-of the fault
where its movement was greatest,  This dip-slip movement thus raised the
valley block with respeet o the mountain block, ereating a range-facing
gecarp and & narrow discantim&ousrtrench slopng the edge of the range.,. The
offset stream courses originete on the west slope of the range and run wegt-
wardly to this trench, where they turn and follow the trench northwestwardly
for a short distance; thenm turn to the West, resuming their former eourses,
and run out upon the salluvial fans. During the considerable time whieh has
elapsed since the fault movement displaced the gullies, infrequent itorrents
have rounded off the sharp angles of the stream courses at the fault trace,
and twe of the larger courses- -have been completely straightened by: this
process,. - This rounding of the éngles in the stresm courses lessened to some
gxtent the accuracy of the measurement of horizonital dislocailon slong: the
fault. Offsets of the differeni streams range from 80 to 200 feet, with the
larger offsets in the central part of the fault %raee.g Similar recent
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EThis gtrike~-glip fault alopg the west edge of the Psnamint Range is
very similasr in direction of trend, direction of relative movement of ihe
two.sides, and. in topographic expression to cerfain portions of the San
Andreas fault, particularly along the west side of the Temblor Range. An
aerial photograph of the Ban Andress feult in this reglom is given as
Plate IV in H. D. Reed: Struetursl svolution of Southern Califoernis.
American Association of Petrcleum Geologists, Tulsa, Okla. {1936},
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strike=glip faults, with the seme direction of relative movement, have been

recently reported in Death Valley (Curry, 1938}.
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Within the area mapped for this study the west flapnk of the Panamint
Range slopes upward from the fault zone along its west edge at a relatively
low angle (approximately 15° from the horizomtal) until it encounters a
steep west-Tacing scarp high on the side of the range. This scarp trends in
a northerly direction, and its prolongation north from the strip mapped forms
the sast side of Towne®s Pass, through which runs one of the roads into Death
Valley from the west. The position of the scarp is not well shown con the
topographic map of the Ballarat quadrangle, but it coincides with the contbact
between the older Quaternary alluvium and the Paleozoie rocks shown on the
geologic map of Plate I. The average slope of the scarp is about 35°%, It is
three to four hundred feet high in the northern part of the area mapped,
bﬁt its height decreases southward until it ceases to exist at the south end
of the wedge of Paleozolc rock,

Extending for eight to ten miles east of the scarp just descrived is a
broad area of subdued topography which is the highest part Qf the Papamint
Range in the strip mapped. This surface of low to moderate relief bevels
the upturned edges of beds of both the Tertiary fanglomerate and of the pre-
Cambrian and lower Cambrian metasediments to the east. The area of subdued
topography in the center of the Panamint Renge stands at elevations of 5000
to 7000 feet and contrasts very strongly with the rugged, highly dissected
east and west slopes of the range; clearly it is & remmnant of a once more
extensive ald;age surface which has been uplifted relatively recently and is
being reduced in size by headward erosion of the canyons on both sides of
the range. Included within this area of moderate relief are White Sage Flet
and Harrisburg Flat. The lower portions of these flats, however, are filled

with Quaternary alluvium and their surfaces are therefore not parts of the



0ld erosion surface. fThis is particularly evident in White Sage Flat,
where an east-spreading fan has recently dammed Wemo Canyon and a small
playe lake has formed beshind the dam. This playa, and parts of the area
of subdued topography surrounding i1t, are shown in Figurs 1l6.

The presence of an uplifted old erosion surface in the Penamint Range
north of Wildrose Canyon was noted by Campbell, who wrote that it “looks like
an ordinary stretch of desert transplanted to the summit of & rugged mountain®
and that its nature "certainly leads to the belisef that it was very recently
elevated to its present positien™ (1902, p. 19). Ball {1907, p. 202) noted
remngnts of an older topography along the crest of the Pansmint Range north
éf Towne's Pass, and Murphy, in his report on a portion of the range south of
Wildrose Canyon {1932, p. 335}, described uplifted remmants of an old erosion
surface east of Ballarat which had been previously mentioned by Noble (1926,
pe 426).

The area of moderate relief high in the Panamint Range within the strip
mapped is very probably to be correlated with the similar areas to the west
already described, although no part of 1t is covered by 2 sheet of basaltic
lava. fThe small isolated patch of basalt Jjust south of White Sags Flat,
forming a cap for & low hill of pre=Cambrisn rock, is believed to be an out-
lier of the Tertiary Hove formatien and thus older than the period of erosion
which developed the surface of subdued relief, Worth of Towne's Pass, how=
ever, an east~-dipping basalt sheet of considerable size caps the flat higher
nortions bf the Panamint Raenge, and is similar in &ll respscis to the basalt
sheets on the summits of the Coso and Argus Ranges.

On the east, the upland belt of subdued topography in the Panamint Renge

within the ares studisd 18 bounded approximately by & line comneecting
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Aguerreberry Point with the head of Nemo Canyon. Xast of this line is the
steep eastern flank of the Panamint Range. ZFrom the crest of the range at
elevations of BOOO to 7500 feet the eastern slope descends to the line of
econtact between the bedrock of the Panamint Range and the alluvium of Desath
Valley, which contact ranges in elevation from O to 1500 feet above sea-level.
This slope is much dissected by deep, steep-sided canyons which extend up into
the range from the heads of the large alluvisl fans on the west side of Death
Valley; the largest of these canyons within the area of the present study is
Trail Canyon, shown in Flgure 17. Stesply dipping stratified rocks of variable
resistance 10 weathering make the intercanyon areas exceedingly rugged.
Evidences of rscent Taulting, clear and unmistakable along the west
gdge of the Panamint Range, are absent on the eastern margin of the range
where it is crossed by the strip mapped. On the west side of the range the
contact between bedrock and alluvium is nearly straight, but on the east side
it is sinwvous; %he heads of the large alluvisl fans extend far up the canyons
into the range, and spur-end facets are lacking. The bopography of the east
slope of the Panamint Range is, in fact, very similar 1o that of the eass
slope of the Sierra Nevada in the area mapped, and, a8 in the case of the
Sierra Nevada, the general form of the Panamint Renge strongly suggests that
its steep and high eastern front is a dssply eroded fault scarp. This is
indicated bescause summit upland of subdued relief, though manifestly uplifted
- by recent faulting along the west edge of the range, does noi slope to the
gast and disapﬁear under the alluvium of Death Valley; instead, it appears
to have been raised without perceptible tilting, and is terminated abrupily
on the esast by the youthful topography of the steep sastern slope.

In summary, then, the topographic features of this portion of the Pana-
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mint Hange indicate that a laund surface of moderates relief, developsd in
an older erosion cycle, was uplified along fault zones bounding the range
on the west and east, and that the movements along this zone on the west

have continued into the Recent epoch.

DEATH VALLEY

Immediately east of the Panemint Range is Death Valley, a region of
such unusual matural and historieal interest that in 1833 it was made a
national monument. This desoclste and forbidding valley received iits nsanme
from the Manly emlgrant party, some of whose members died there in 1849 in
lﬁheir attempt to reach the Californis gold Tields.

Death Valley is a long and narrow besin which extends in a general
north-northwesterly direction for approximately 160 miles and hss an average
width of 8 o 10 miles. The large portion of the valley Tloor below sea-
level includes the lowest point on the North American continent not covered
by water, 279.5 feet below sea-level. Directly west of the valley is a
mountain belt including, from north to south, the LastChanca Range, the
Panamint Range, and the Owlshead Mountains. Hast of the valley are Gold
Mountain and, farther south, the imargosa Renge, which includes, Irom north
$0 south, the Grapevine Mountains, the Funeral Mountains, and the Black
Mountaing.

The small porbtion of Death Valley included within the ares of this
study is on the westsrn edge of the dsepest part of the valley, between the

high centrel portions of the Panamint and Black Mountains. The lowest point

in Death Valley is on the eastern edge of the valley; just east of this

point the very steep west-facing scarp of the Black Mountalns rises 5000
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feet in & horizontal distance of two miles. On a large part of this scarp
triangular facets are so well developed that the entire lower halfl of the
scarp is virtually a plane surface, dissected only by narrow slot-like
canyons with very small alluvisl cones at their mouths. The similarity of
this scarp on the west side of the Black Mountains to the scarp on the west
side of the Pananmint Hange south of Wildrose Canyon has been stressed by
Noble, who described both features and showed that they are the result of
faulting along zones at the eastern edges of Death snd Panamint Valleys., In
discussing these two fault zones Noble stated his belief that "partis of their
huge secarps are fresher than any other scarps ¢f simllar magnitude in the
West® (1926, p. 425). He considered it probable thét the date of the faulting
represented by the two great scarps is early Quaternary (19286, p. 427). The
gvidence is plain that the deepest part of Death Valley atitained its present
position by being lowered along the fault zone at the west base of the Black
Mountains just as the deepest portion of Panamint Valley was lowered along

the fault zone at the west edge of the Panamint Range.

DISCUSSION OF GHEOMORPHIC FEATURES
The area of this study can be divided into three geomorphic elements:
alluviated valleys, which have no outlets to the sea and which drain into
basins in or near the area mapped; steep, rugged mountain slopes, which form
the gides of the ranges crossed; and surfaces of relatively low relief, which
oceupy the highest parts of the area. The latter appear to be remnants of a

single erosion surface of low to moderate reliel which once extended across

the eniire region.

Certain features of the geology of the Coso Range afford a means of
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deting this old erosion surface. At low elevatlons sround the west, north,
and east margins of the range are exposures of gently dipping, poorly
sonsolidated sediments of the Coso formation. 4t the base of ﬁhis formea=-
tion is & coarse fanglomerate consisting of fragments of plutonic rocks
sinilar to the material composing the granitic core of the range. The come
position of this fanglomerate, and its distribution around the edges of the
range, indicate that its deposition was induced by an uplifté of the range
after the long-continued degradation which resulted in the old-age erosion
gurface now represented on the summit by Centennisl Flat. Since the Coso
formstion is definitely dated as late Pliocens or early Pleistocene on the
baslis of fossil vertebratés found in its basel Tenglomerate (Schultz, 1937),
it follows thet et least the latter part of this degradation took place in

the middle or latter part of the Pliocene epoch.
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éThis uplift of the Cose Range immediately preceding the deposition of
the Cogo formation was presumably accomplished by faulting near the margins
of the present range. On its east margin the range was ralsed along the
fault zone now buried by the Coso formation, basaliic lava, and Quaternary
alluvium. On its west edge the range may likewise have been raised by move=
ment along faults now buried, or the uplift may have occurred along the
large fault extending north from the east border of Cactus Flat, upon which
later movement has teken place. (nly a part of the present reliefl was
caused by the uplift prior to the deposition of the Cosc formation; much of
the height of the range is the result of a later elevation which occurred
after the deposition of the Coso formation and the extrusion of the overlylng
basalt, and which took place chiefly along the step-faults on the west
border of the range.
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A study of the orogenic history and geomorphology of neighboring re-
gions yields additional informstion regarding this old erosion surface. In
both the Sierra Nevada (Matthes, 1933, pp. 34-36) and in the region south of
the area of the present study (Hulin, 1934, pp. 419-422), a period of

virtually undisturbed erosion had produced, by the middle part of the
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Mioccene, an old-age land surface of low relief. The Sierra Nevada area and
the area immediately to the east drained into the Pacific Ocean. In middle
or upper Miocene the entire region was affected by faulting; the eastern
escarpment of the Sierra Nevada come into existence, and east of this
escarpment mountains and basins were created by block=feulting. The material
ercded from the newly-uplifted mountains east of the Sierra Nevada; instead
of escaping into the Pacifie, accumulated in loecal basins as the fossilifer-
ous Rosamond and Ricerdc series, of upper Mioccene and lower Pliocene ages.
Faulting and folding followed the final Ricardo sedimentation, and then
ensusd a long period of relatively undisturbed erosion which resulted in the
development of an srosion surface of low relief named the "Ricerdo erosion
gurface? by Baker (1911, p. 138).

The type locality of the Rieardo erosion surface is 40 miles south of
‘the Coso Range. A% various places the Ricardo surface has been covered by
thin Flows of black olivine basalt and has later been deformed by folding
and faulting (Bsker, 1911, pp. 366-367 and Plate 42; 1912, pp. 126-128,
131-1328). If this basalt is correlative with the similsr flows capping the
postmature ercsion surfaces of the Coso and Argus Hanges, as seems highly
probable, the Ricardo surface and the old ercsion surface preserved in the
summit portions of the Coso and Argus Ranges were both in existence, and
were both par%ialiy covered by olivine basalt Tlows, Just before the faulting
to whieh this general region owes most of its present rellief. The old
erosion surface in the Coso Range was formed shortly before ithe deposition
of the fossiliferous late Plioccene or early Pleistocene Coso formsftion. The
suggestion is very strong, therefore, that the Ricardo surface and the sur-

face preserved on the summits of the Basin Ranges of the present area are
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of the sams age, and that they were developed by erosion during s period
at least approzimately corrssponding to the Pliocene epoch.

In much of the surrounding territory the Pliocens is known to have been
an epoch of erosion with little or no crustal movement. In the Sierra Nevada,
the canyons produced by the late Mioccene uplift of the range had widened to
mature valleys by the latter psrt of the Pliocene (Matthes, 1933, p. 36).
Baker (1911, pp. 361-365; 1912, p. 138) has pointed out that the Ricardo
surface ils developed over much of the Mohave Desert, and he believes thasb
it may be represented along the summit of the San Bernardino Mountains. 0ld-
age erosion surfaces, many of them of known or suspected late Pliccene age,
have been reported in the high parts of many ranges in southern and wesbtern
Nevada, among them the Amargosa, Belbted, =nd Kawich Ranges {Ball, 1907,

PBe. 161, 99=100, 119}, Cedar Mountain (Buwaldea, 1914, p. 362), the Toyabe
Range {Meinzer, 1915, p. 90}, the Toquima Range r(Ferguson5 1924, pp. 61=62},
and the Spring Mountains (Hewett, 1931, pp. 4-5). Similar subdued topography
is present in the summit portions of the central Inyo Range. It is'therefore
quite well established that during the Plioccene epoch of crustal stability

in the Sierra Nevada and the southwestern Great Basin the rugged topography
ecreated by the earlier diastrophism was reduced by erosion 1o a condition of
low to moderate relief., The lack of known middle or early upper Pliocens
land-laid deposits in the Californias desert region south and east of the
Sierra Nevada suggests that the rock which was removed during the development
of the late Pliccene surface of low relief wag carried to the Pacifice; Reed
{1983, p. 25L) has already inferred that the exceedingly thick clastic
Pliccene marine sediments of the Los Angeles and Ventura Basins were derived

from the Mohave Desert reglon.
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This extensive Plioccene surface of low relief began to be broken by
black~faulting late in the Pliocene or early in the Pleistocens. The
elevated blocks, or portioms of blocks, form the present mountaln ranges,
and the depressed blocks, or porbtions of blocks, form the present basins.
Considerable ercsion in the mountains and deposition in the valleys has
oceurred since the faulting commenced, but the area 1s still in e decidedly
youthful stage in the erosion cycle begun by the dislocation of the Pliocene
surface. Within the area mapped for this study major faulting has taken
place along the western margins of the Coso, Argus, and Pansmini Ranges, and
on the eastern margins of the Sierra Nevada and the Cosc and Pansmint Hanges.
Similar faulting, of lesser magnitude, has occurred slong the west edges of
the groups of hills west and east of Darwin end on the sast edge of the Argus
Range. Topographic features of the fault zone at the west margin of the

Panamint Range indicate that movement slong i1t has continued in the Recent epoch.

STRATIGRAPHY AND PETROGRAPHY

GENERAL STATEMENT

The rocks exposed in the ares mapped range in age from pre-Cambrian to
Quaternary. Qutcrops of pre-Canbrian rocks are confined to the Panamint
Range, where the exposed pre-Cambrian metasedimentary rocks have a thickness
of spproximately 15,000 feet. DPaleczole rocks are widely distributed, out-
eropping in the Darwin Hills and in the Argus and Panemini Ranges; they con~

sist almost entirely of limestones, dolomites, quartzites, and shales.
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Fossilifercus horizons are numerous encugh o indicate that all the Palsozolc
gystems, with the possible exception of the Permian, are represented. The
thickpness of the Palsozole rocks is slightly over 30,000 feet, about three-
guarters of which is made up of Cambrian and Carbonifercus beds. No Mesozole
sedimgnts ware found, but the widespread granitic intrusive rocks are

throught to be of late Jurassic age. Tertiary rocks, sedimentary and voleanic,
are exposed in the Coso and Pansmint Ranges. The basalt cappings of the Coso
and Argus Ranges are probably early Quaternary; various lacustrine and

alluvial deposits are known to be of Quaternary age.

PRE-CAMBRIAN ROCKES

In the central portion of the Panamint Range, between Tertiary fanglom-
erate on the west and lower Paleozoic strate on the east, iz the only part
of the area mapped where pre-Cambrian rocks are exposed. Neariy all of these
rocks are metasedimentary, and schisgt is the most abundant type. The mets-
sediments have & general esasterly dip and are overlaln uncounformably by lower
Cambrisn strata.

The pre=Cambrian rocks were lesg studlied than any of the other units
mapped, and their stratigraphy was not investigated thoroughly. Approximately
the 10@est third of their exposed thickness, outeropping in lower Wildrose
Canyon, consisis of strongly metamorphosed schists and limestones intruded by
a few small bodies of diabase. Schis? types included quaritz-biotite sechist,
guartz~biotite-muscovite schist, and biotite~actinolite schist. The limestones
are crystalline, light buff or gray, and often contaln sericite and tremclite.

Diabase is present as dikes, sills, and irregular intrusive masses. Murphy,
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in his study of a part of the Panamint Range south of Wildrose Canyon (1932),
. named this group of rocks the Panamint metamorphic complex.

Above these rocks is s group of epproximately egqual thickness which
gonsliats predominantly of guartz-biotite schisi, élate3 and phyllite. This
group is well exposed just east of the road comnecting Wildrose Canyon with
Harrisburg Flat. Most of these rocks weather to a dark brown color, but a
few dolomitic limestone and quartzite beds, more resistent than the other
roeck types, are lighter brown. The limestones commonly are conglomeratic,
consisting of limestone fragments cemented by limestons. BMMost of the lime-
stones contain sparsely scabtered flakes of sericite. Closely spaced
stratification lines are visible in msny of the slate and phylliite layers,
High in the section is a bed of coarse metemorphosed conglomerats.

On the basis of stratigraphic position and lithologic similarity this
second group of pre-Cambrian rocks is correlated with the Surprise formation
of Murphy (1952, pp. 544-348}s The Marvel dolomitic limestone, described by
Murphy as lying between the Panamint metamorphic complex and the Surprise
formation in the distriet which he studied, is evidently not present in the
area of this investigation. MNurphy suggested that an unconformity separates
the Panamint metamorphic complex from the overlyling rocks, because the
Panamint metamorphic complex is more coarsely crystalline and more highly
folded than the rocks above it. There is similar evidence of a depositional
break in the area north of Wildreose Canyon, but no actual outercp of an un-
conformity was ssen.

The uppermost third of the exposed thickness of the pre-Cambrisn rocks

is composed chiefly of buff and darker brown thin-bedded dolomitic limesitonss.

These rocks contain both small and large Tolds (Figures 18 and 19), but in



Figure 18. Thin-bedded dolomite in the upper part of
the pre-Cambrian, near the head of Trail Canyon.

Figure 19. The base of the Cambrian near the head of
Trail Canyon. On the left is highly folded ore=-

Cambrian dolomite; on the right are dark shales and
slates of the Johnnie formation.

Figures 20. Part of a bed of cross-laminated quartzite

in the Vood Canyon formation Just west of Aguerreberry
Pointe.

Pliat

{
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commor: with the other pré-Cambrian units they have a general easterly dip. 4
few schist members are present in the dominantly dolomitic series. This
highest unit of the pre-Cambrian is at least in part correlative with the
Telescope group of Murphy (1932, pp. 348-350}. It overlies the schist-slate-
phyllite group of the middle pre~Cambrian without apparent angular discordance.
Murphy found no fossils in the pért of the Panamint Range which he studied,
but on lithologic grounds he tentatively assigned the Telescope group to the
lower Paleczoic. Noble (1934, p. 174) suggested that Murphy's Panemint meta-
morphic complex may be Archean and the Telescope group Algonkian. This
suggestion is supported by the discovery, during the present investigation, of
lower Cambrian fossils in beds which overlie the Telescope group unconformably.
At various other places in southeastern Californis are exposures of
rocks of kuaown or suspected pre~Cambrisn ages; among these localities are the
Inyo Range (Knopf and Xirk, 1918, pp. 23=25), the Randsburg district (Hulin,
1925, pp. 29=-31), the region east of Death Valley (Woble, 1934, p. 174}, and
the San Gabriel and San Bermardino lMountains (Miller, 1934, pp. 63-64:
1938, p. 438). XNo cerralatién ¢f the pre-Cambrian rocks of the Panamint Range

with those of these other localities was attempted in the present study.

CAMBRIAN AND ORDOVICIAN ROCKS

Resting upon the pre~Cambrian rocks of the Panemint Range with a pro~

- nounced angular unconformity is a thick group of apparently conformable
strata in which Cambrian and Ordovicien fossils were found. The lowest beds
within these strata in which determinable lower Cambrian fossils were found

are about 5000 feet stratigraphically above the base of the group. Although
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the age of the heds maeking up the lowest 8000 feet of this group is thus
not known from paleontologic evidence, these beds are believed to be lower
Cambrian, and the nonconformity at their base is considered 50 be the base
of the Cambrian rocks in the area, The Cambriasn and Ordovician rocks lie
on the east slope of the Panamint Range apd are excellently exposed in Trall
Ganyon (Figure 17). Their total exposed thickness is about 15,000 feset.
Though fossils are scarce, the presence of distinetive lithologic units in
the Cambriasn and Ordovician section mekes possible correlations with forma-
tiong previocusly named and desdribed in the region east of Death Valley.
Definite correlations are not possible for the post-0rdovician rocks. A
columnar section of the Paleozole rocks exposed in the area is given a8
Plate 9. Plate 9a shows the area of this report in its relation to neigh-

boring areas where the Paleozoic roclks have been studied.

Johnnie Formastion (lower Cambrian)

The basal Cambrisn be&s are gray and green sheles, slates, and phyllites,
with subordinate interbedded gray and buff limestones and dolomites. The
shales, slates, and phyllites are gray or greenish gray on fresh surfaces,
very fine grained, highly fissile, and frequently contaln small cubes of
hematite which are pseudomorphic after pyrite. The cleavage is usually, but
not always, parallsl to the bedding planes. Thin gray dolomite beds and
thicker pinkish buff dolomitic limestone members are pariicularly abundant
in the northern part of the area, but nowhere mske up more than one-fifth of
the totsl section. Quaritz veins, presumsbly of late lMesozolc age, are
common throughout the section.

This lowermost Cambrien unit, about 1500 feet thick, is correlated with
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the lower Cambrian Johnnie formation of the reglon sast of Death Valley, but
it is believed that probably only the upper part of the Johnnie is represented
in the area mapped. Nolan (1929, pp. 462-463) has described very similar
greenish slaty shales and dolomites from the upper part of the type Johnnie
formation in the Spring Mountains of southern Nevada, where the formation
attains a total thickness of more than 4500 feet. DBrown and greenish shales
and thin dolomites are likewise the dominent rocks of the upper part of the
Johnnie (?) formation in the Nopah Range, 35 miles east of Death Valley
(Hazzard, 1937, p. 379}, though some sendstones are lnterbedded with these
strata. In this latter locality the Johmnie (%) is 2850 feet thick, and is
underlain conformably by the thick basal Cembrian Hoonday dolomite.

Low=-angle thrust faults of large displacement and of post-Paleozoic age
have been discovered in the region directly east of Death Valléy {Gloek, 1829,
Pp. 335-337; Nolan, 1929, pp. 465-471; Hewett, 1931, pp. 45-55; Noble, 1938).
On many of these thrusts the amount and direction of horizontal movement is
unknown. LIt is, therefore, hazardous %o speculate about Paleozolce paleogeovg-
raphy on the basis of the present meager data. However, the overlap indicated
by the absence of the Noonday dolomite and of the lower part of the Johnnie
formation from the pertion of the Pamemint Range mapped in the present study

suggests a transgression of the lower Cambrian sea across the Death Valley

region from east to west.

Stirling (%) quartzite and
Yood Canyon formation (lower Cambrian)

Above the Johpnnie formation is a quartzite unit, with a maximum thickness
of about 1200 feet, believed to represent the Stirling quartzite, which over-

lies the Johmmie formation in the Spring Mountains (Nolan, 1989, p. 463) and
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in the Nopah Range (Hazzard, 1937,pp. 278-279). This quartzite, in beds
several inches to several feet thick, is white and grey, weathering to a
light pinkish brown, and is fine %0 medium-grained. To the south the unit
thickens and contains several thin black slate members. Many of the quartzite
beds are cross-laminated or ripple-marked, and pebbly lenses are not uncommon.
Small quartz veins are present throughout the section. The correct position
for the top of the Stirling (?) quartzite is not known, for the lower part of
the overlying Wood Canyon formation is largely composed of similar quartzite.
* The thickness of the combined Stirling (?) quartzite and Wood Canyon formation
is considerably less here than in the Nopah Range, and 1t is possible that the
Wood Canyon formation rests directly on the Johnnie and that the Stirling
guartzite is not represented in this area. For this reason the Stirling (?)
gquartzite and Wood Canyon formation has been mapped together as a single unit.
Overlying the Stirling (?) quartzite are about 3000 feet of lower Cembrian
strata referred to the Wood Canyon formation, orginally described by Nolan
(1929, pp. 465-464) from the Spring Mountains and recently recognized by
Hazzard (1937, p. 278) in the Nopah Range. The Wood Canyon formation consists
largely of quartzite, but shale and limestone are present in its upper part.
The base of the formation is tentatively placed at the bottom of a 50-foot
bed of dark gray spotted slate, for a shale member is at its base in the
Nopah Range. Above the slate are roughly 2600 feet of erogs=laminated brown
and gray quartzite in beds averaging ome to four feet in thickness. The
typical appearance of these beds is shown in Figure 20. Ripple marks sare
common in the quartzites, and pebbly lenses are distributed through the
section. The beds contain a few small quartz veins. In its upper half

the quartzite unit is micaceous and somewhat shaly, and contains a few



beds of gray, brown-weathering, sandy dolomite.

Near the top of this quartzite unit is a very conspicuous member, about
70 feet thick, consisting of light pink cross-laminated saccharoidal quartzite.
This is identified as the Zabriskie quarizite member, nsmed by Hazzard from
the upper part of the Wood Canyon formation in the Nopah Range. Aguerreberry
Point, popular with Death Valley visitors because it affords an excellent
view of the valley, is located on the outcrop of the Zabriskie gquartzite.
The Zabriskie member is traceable across most of the area mapped and is
known at meny other localities in this genersl region. The gray quartzite
just below the base of the Zabriskie contain tube-like structures, several
inches long, oriented perpendicular to the bedding planes. These appear to
be sand-filled borings of worms of the Scolithus type. Similar tubes are
present at the base of the Zabriskie in the Nopah Range.

The uppermost 300 feet of the Wood Canyon formation, above the
Zobriskie quartzite, consist of shale and limestone with a little interbedded
sandstone. Immediately above the Zabriskie quartzite is a green shale meumber
about 100 feet thick which weathers into small thin platy chips. Interbedded
with it are thin layers of brown calcarecus sandstone, not more than two
inches thick, which contain trilobite remains. Locally, these fossils are
very abundant in the brown layers. A cbllecting loecality in this zone which
is better than any discovered in the mapped area liés just east of lossic
Canyon on the north edge of Tucki lountain, 15 miles mérth of Harrisburg.
The trilobite fragments of this zone were identified by Dr. Josiah Bridge

®

ag representing a single species, probably Olenellus gilberti Meek,

indicative of lower Cambrian age. Lower Ceambrian fossils have been found

in similar green shale directly above the Zabriskie quartzite in the



Nopah Range (Hazzard, 1937, p. 278}.

Above this green shale are about 200 feet of dark gray and reddish
limestones and greenisgh shales. These beds extend upward withoubv any break
into the overlying thick Cambrian and Ordovician limestones and dolomibes,
g0 ‘that here, as in the Nopah Range, the upper limit of the Wood Canyon Torma-
tion is not well defined. |

On the geologiec map (Plate 1) the outerop of the combined Stirling (?)
quartzite and Wood Canyon formation widens greatly at its norih end because
much of the Weood Canyon is exposed on a dip slope.

The Stirling (?) quartzite and the lower part of the Vood Canyon forma-
tion are similar to, and may be correlatives of, the lower Cambrian Prospect
Mountain quartzite of southern Nevada (Ball, 1907, p. 28; Westgate and Knopf,
1932, pp. 6=8) and the lower Cambrian Campito sendstone of the Inyo Range
(Knopf and Kirk, 1918, pp. 27-28). The part of the Wood Canyon formation above
the Zabriskie quartzite is similar lithologically to the lower Cambrian Pioche
shale, which lies just above the Prospect Mountain quartzite at Piloche, Nevads,

and also containe Qlenellus gilberti (Westgate and Knopf, 1932, p. 10},

Cambrian and lowsr Ordovician
dolomite and limestone

Overlying the Wood Canyon formation conformably is a series of limesiones,
dolomitic limestones, and dolomites approximetely 9000 feet thick. These
rocks are crystalline and thin-bedded, and consist of alternating light and
dark gray layers (Figure 21). In the lower part of the series the dark gray
dolomitic limestones are in places mottled with light gray sitringers of
dolomite. In the entire series there are no conspicuocus marker beds. No

fossils were found in the lower part of the dolomitic series, but near its
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Flgure 21. Cambrian and lower Ordovician limestone and
dolomite on the east slope of the Panamint Range. Death
Valley is in the background.

Pigure 22. The contact between Mississippian limestone
{white) and Pennsylvanian limsstone and shale {gray) in
the northern Argus Rangs.

Figure 23. Unconformity in the Permmsylvanian or Permian
strata in Darwin Canyon.
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top, just below the Eureka quarizlte, is a zone in which a large gusiro-
pod and a sponge are cuits abundant. Dr. Bdwin Kirk jdentified specimens

of these forms, from Tfessil locality 8, as Mitreapira longwelli Kirk and

Recepiaculites sp. respectively; the gmstropod is a typical upper Pogonip

(Lower Ordovician) fossil.

A Similer series of linestones, dolumitie limestones, and dolomites,
about 8000 feet thiek, cteupies the sene stratigraphic position, between the
Wood Umnyon formation and the Hureka quartzite, in the Nopah hHange (Hazzard,
1987, pp. 876~278). In this series Hazzard has fuund suell mladie and upper
Caopian, ag well as lower Ordovieisn, faunas, end he has subdivided the
series into the following formatiopns: Cadiz, Bonanza Ling, and ornfield
springs formetions (middle Cambrian), Nopah formation (upper Cuwbrisn), &nd
Pogonip (%) dolomite {lower Ordovicisn). His Pogonip (2] dolonije is xnown
o be represented in the uppermest pars of the (olomitic series in the Panamint
HRange, and it scems virtually certuiln That midile and upper Cambrian veds are

present in this series, though no fossils of these ages were Tound,

Dureks guartzive {(middle {rdovician)

Resting conforuably on the dolomitic limestope deseribed abd0ve is a
guartzite unit, 250 feet thick, composed of white pure saccharoidal quarizite,
in beds several inches 30 ous foot thiek, which wWesthers pinkish~ or yellowishe=
brown. Frem ite lithologic character and Lts sgiratigraphic position apovs
beds carrving upper Pogonip fossils this unilt ie ldentified as the Hureka
quertzite, = middle Ordovicisn formation known Irom many parts of Nevada and

from the Fopah Range in Celifornia (Hazzard, 1937, p. 278,
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Ely Springs (?) dolomite (upper Ordoviecian)

Dark gray dolomite, in beds averaging three to four feet in thick-
ness, conformably overlies the Bureka quaritzite, and is conformsbly over-
lain by Tertiary volcanic rocks and Quaternary alluvium so that its top
is not exposed. This dolomite, about 300 feel thick, is not very definitely
dated from palecontologic evidencs, for the only fossils found in it were

sponges of the genus Receptaculites. It is tentatively correlated with the

upper Ordoviecian Ely Springs dolomite, which conformably overlies the
Eureka quartzite in the Pioche distriet (Westgaete and Kneopf, 1932, pp. 15=-16)
and is believed to overlie the Bureka querizite in the Hopah Range

(Hazzard, 1937, p. 276).

SILURIAN (?) AND DEVONIAN (%)
DOLOMITE AND CONGLOMERATE

On the west slope of the Pansmini Range is a pabtch of Paleozole dolomite
and conglomerate which stands out above the surrounding Tertiary and Quater-
nary sediments because of its greaster resistance to erosion. The srea of
outercp of the Paleczoic rocks is a southwsrd-tapering wedge, the southerly
exﬁengicn of the west flank of Pinto Peak. North of the area map?e&, Just
east of Towne's Pass, the Bureka quaritzite is present in the lower part of
the beds in this wedge, but within the area mapped the rocks in this wedge
consist of about 2800 feet of strata well above the Eureke quartzite. The
lowest 1500 feet of this unit consists dominantly of beds of brown and gray
erystalline dolomitie limestone, many of them conglomeratic and consisting
of angular dolomite fragments cemented by dolomite and limestone., Fossils
are uncommon in these beds, but the following forms were collected at

fossil locality 9 and were identified by Dr. Kirk, who reports their age
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as doubtfully Silurian:
Amplexus? s8p.
Cladopora &p.
Stromatopora sp.

Lying above these dolomitic limesiones without anguler discordance is
a brown conglomerate about 1000 feet thick. This is & very firmly consolidated
rock composed of liméstone and guartzite fragments, averaging one to two inches
in dismeter, cemented in a fine-grained brown matrix. In the upper part of
the conglomerate these fragments are fairly well rounded, but lower in the
sectlon they are angular,

Resting on the conglomsrate, apparently conformably, 1s a‘series.cf
thin-bedded light and dark gray limestones and d§lamites, reughly 300 fest
thick, whieh is overlain unconformavly by Tertiary fanglomerate. Some of the
limestones are ocoliticec., Crinold sbtems are not uncommon in these beds, bub
other fossils are rare and poorly preserved. The followlng forms, identified
by Dr. Kirk, were collected at fossil locality 5 from a bed rich in silicified
brachiopod fragments about 200 feet above the top of the c@nglomeraﬁé;

Schuchertells sp.

Spirifer sp.

Zaphrentis-like coral
Dr. Kirk reports that such silicified brachiopods are known in the West in
the lower half of the Nevada limestone (middle and upper Devonian) only, and
he believes that a middle Devonian age is indicated for this lot.

These dolomite, limestone, and conglomerate beds, on the basis of their
stratigraphic position above the Bureks guerizite and from the evidence of |
their fossils, are mapped bogether as a Silurian (?) and Devonian (%) unit.

In the Nopah Range Hazzard (1937, p. 876) recognized an unconformity at the

base of middle (7) Devonian dolomite and limestone with clastic beds in their
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lower part. In the Goodsprings district, and in the Providence Mountains,
Devonian strate rest unconformably upon middle Cambrian beds (Hazzard and
Mason, 1935, p. 378; Hazzard, 1938, p. 241). In the Inyo Range middle (%)
Devonian limestones, with sandstone at their base, rest without angular dis-
cordance on Ordovician beds (Knopf snd Kirk, 1918, pp. 34 and 3%7}). By
analogy, the conglomerate below the upper limestones and delomites in the
unit just described may be a basal conglomerate of middle Devonian age lying

above a dlsconformity.

CARBONIFEROUS ROCKS

Strata of Carboniferous age are widespread and thick in the northsrn
Argus Reange and in the Darwin Hills, and are the only Paleozoic rocks known
in these districts. They appear to be a southeasterly conbinuvation of the
belt of upper Paleozoic rocks in ﬁhe southern Inyo Renge. No Carboniferous
strata are present in the part of the Pansmint Range crossed by the sirip
mapped, although sediments of this age were found farther north in the range
by Ball (1907, pp. 203-204).

In the Argus Range and Darwin Hills the Mississippian beds are limestones,
and the Pennsylvanian strata sre chiefly limestones and shales, with some
quartzites. The Mississippian strata of the Hopah Range are likewise lime-
stones, and the Pennsylvanisn rocks alsoc are dominantly limestonss and apparent-
1y contain legs clastic meterisl than the Pennsylvanlan in the area of the
present study (Hazzard, 1937, p. 2758). In the Inyo Range, on the éther hand,
the Mississippian strata consist chiefly of shale and sandstone, and more

than half of the Pennsylvanian section is made up of shale, gquartzite, and
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eoﬁglamerate, the remainder consisting of limestone (Knopf and Kirk, 1918,
Ppe &8-43). It thus appears that in a west-northwesterly direction from the
Nopah district to the Inyo Range the proportion of clastic material in the
Mississipplan and Pennsylvanian sediments progressively inecresses. The land-
mags which was ercded to yield this clastic material, then, probably lay to
the north or west of the Inyo Range. Nolan hasvdemcnstrated that in late
Paleozoic time a south-southwest-trending geanticlinal positive area occupied
the central part of Nevada, and he bslieved that the southerly extension of
the axis of this geanticline should pass to the northwest of the Inyo Range
{1928, pp. 154 and ;GO)G The forsgoing data, therefore, tend to confimm

this belief.

ississippian {and older?) limestone

A Dbelt of limestones which are at least in part of Mississippian age
extends diagonally aerocss the northern Argus Range from northwest to south-
east, reaching its greatest width in its southwestern vart, west of the
Modoc and Minnietta mines. The base of these limestones is not exposed, bub
they are at least 4500 feet thick. Pennsylvanian etrata flank them on both
sides of their belt of outerop, for these Mississippian (and older?) limestones
are the oldest exposed rocks along the axis of the truncated anticline which is
the major structure of the northern Argus Range. The Pennsylvanian sediments
overlie the Mississipplan limestones without sngular discordance.

The limestones mepped s Mississippian {and older?) are in general thick-
bedded and are predominantly white or light brown, but dark gray fetid beds
are also present in the seection. Brown-weathering chert lenses and nodules

are quite abundant. The limestones are crystalline throughout, and near the
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gontacts of the Mesozole intrusives they are coarsely crystalline, with

grains as large as ome-guarter inch in diameter. Tremolitg, wollastonite,

garnst, and idoerase are developed in the limestones in these exomorphic zones.
Fragments of crinoid stems are common in the dark gray fetid beds, but

other fossils are rare. The only good fossiliferocus zone discpvered is avbout

600 feet helow the top of the unit, in rather thin-bedded dark gray limestones.

The most abundant fossile in this zone are corals, espeeclally Syringopora

and Lophophyllum. The following forms were collected from,this zone at

fossil localities 8 and 3, and were identified by Dr. G. He. Girty:

Locality 2

Amplexus? sps

Caninia? sp.

Cyathaxonls aff. arcuata Weller

Lithiostrotionella girtyl Hayasaka?

Lophophyllum n. sp.

Syringopora aff. aculeats Girty

Crinoid stems

Camarotoechis meballica White?

€leiothyridina aff. hirsutas Hall

Cleiothyridina aff. cbmexina lcChesney

Composita humilis Girty

Cranaena? sp.

Delthyris nova-mexicana Miller

Hustedia aff. circularis Miller

Productus (Linoproductus?) aff. sampsoni Weller?

Productus {Pustula) n. sp. aff. Productella?
lachrymosa Conrad

Rhipidomella aff. diminutiva Rowley

Sehizophoria aff. chouteauensis Weller

Spirifer, apparently relsted to S, grimesi Hall

Spiriferella? sp.

Platyceras sp.

Pleurotomaria sp.

Locality 3

Anplexus? sp.

Lophophylium n. sp.

Syringopora aff, aculeata Girty
Cleiothyridine aff. hirsuta Hall
Rhipidomella aff. diminutiva Rowley
Loxonema? sSp.
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Dr. Girty refers this fauna to the lower Mississippiasn. The lower and middle
Mississippian Monte Cristo limestone, 700 feet thick, of the Goodsprings
distriet, Nevada, contains some of the same fossils and is similar lithological-
ly to the beds carrying the sbove fauna (Hewett, 1931, pp. 17=21l), so these
beds may well be aquivalént to some pert of the Monte Cristo. In the Nopah
Range, Hazzard (1937, p. 275) has described about 2200 feet of Mississippian
limestones, subdivided into the Monte Cristo (?) limestone at the top and the
similér Stewart Valley limestone below. It is quite possible that this latter
formation is also represented in the Argus Range. Because the limestone unit
of the Argﬁs Range extends several thousand feet below the fossiliferous
horizon, its lower paris may be older than Mississippian. It is not certain
whether there are beds of middle and upper Mississippian age in the area, butb
such beds may be present in the apparently conformable sequence of strata
between the lower Mississippian and Pennsylvenian fossilifercus horizons.

Pennsylvanian (and Permian?)
limestone and shale

Resting upon the Mississippilan limestone with apparent conformity is a
series of strata in which two fossil zones were found: a lower zone containing
Penngylvanian fossils and a thick upper zone carrying fossils which are @ither
Pennsylvanian or Permiszn. Outcreps‘af these strata make up the greater part
of the surface of the Darwin Hills and of the portion of the northern Argus
Range crossed by the area studied. These strata are intruded by Mesozoie
plutonic rocks and are overlain unconformably by Cenozoic lavas and sediments,

The Pennsylvanian (and Permian?) strata are at least 8000 feet thick and
consist chiefly of dark gray thinebedded partly silicified limestones and brown

and gray calcareous shales. Thin beds of fine-greined brown guartzite and
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lenses of chert are intercalated with the shales and limestones, making up

a subordinate part of the section. A4 few of the shale beds are magenta-
colored. Concretions are avundant in some of the beds. The section as a
whole is a rather monotonous assemblage of brown and gray strata lacking
prominent marker beds. Typlcal exposurss of these rocks are shown in
Figures 31 and 33. The contact between the Mississipplan and Pennsylvanian
rocks is sxtremely sharp lithologically, for the Mississippian limestone just
below the contact is white, whereas the overlying Pennsylvanian limestones
and ghales are datkgray (Figure 28). The Wississippian (and older?) limesitones
of the Argus Bange are in general thicker bveddsd, lighiter colored, richer in
chert nodules, and more coarsely crysialline then the younger Carboniferous
rocks which overlie them.

The dark gray Pennsylvanian (and Permian?) limestone beds very commonly
contain ecrincid stems, fusulinids, and poorly preserved corals, bubt other
fossils are rare. Fusulinids and crinoids appear in the gray limestones
immediately overlylng the white Mississipplan limestone, but the lowest zons
found which contains other fossils is 600 feet above the top of the Missise
sipplian, at fossil leocality 10. At this localibty the following forms,
identifisd by Dr. Girty, were collected:

Fusulinids

Campophylium? sp.
Lophophyllum? sp.

Crincid stems

Derbya sp.

Fustedia mormoni Marecou
Productus sp.

Bellercphon? sp.

Naticopsis aff. wortheni Hall

These forms are referred by Dr. Girty to the rennsylvanian.

Because Tossil localities 1 and 11, in the pext higher fossil zone,
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are separated from the zone of locality 10 by the fault which extends
along the west side of the Argus Renge, the exact thickness of beds between
these two zones cannot be asceriained. From the amount of displacement of
the unorthernmost lava sheets in the Argus Range by this fault, however, it
can be determined that fossil localities 1 and 11 are at least 2000 Teet
higher siratigraphically than fossil locality 10. The fossils collected
from localities 1 and 11 ave listed below; the megafossils were ldentified
by Dre Glrty and the fusulinids by Mr. L. G. Henbest.
Locality 1

Schwagerina 8p.

Triticites? sp.

Acervularia adjuncitive White?

Chonophyllum? ab.

Lithostrotionella sp.

Lithostrotionella? 8b.

Urincid stems

Composita mexicana Hall?

Spirifer {Weospirifer) triplicatus Hall?

Locality 11

Pseudoschwagerina ap.

Schwagerina sp.

Triticites? sp.

Acervularia adjunctiva White?

Chonophyllum? sp.
Dr. Girby, in reporting on this fauns, states thet the opinions of paleontol-
gists differ regarding its age. He considers beds carrying this Tauna
Pennsylvanian, whereas lr. Henvest refers them 10 the lower Permian. In view
of this difference of opinion it has seemed best to map the post-Mississippian
Carboniferous rocks as a Pennsylvanian (and Permian?) unit. It is believed
that all of the Carbomifercus rocks west of the fault belong in the upper

part of this unit, and thus may be Permian. Dr. Girty (in Knopf. 1914, p. 5)

had previously designeted the Carboniferous strate of the Darwin Hills as



Pennsylvanian on the basis of a small Tauna found in the south end of the
hills,

The Pennsylvanian (and Permian?) of the Darwin Hills and Argus Range
ig doubtless at least in part correlative with the "lalber Pennsylvanian
limestone and shale® of the Inyo Range (Knopf and Kirk, 1918, pp. 41-42).
The Bird Spring formation of southern Nevada, originally described as
Penngylvanian in the Goodsprings district {(hewebtt, 1831, pp. 81-30), is
gimilar in lithology and stratigraphic position to these two uﬁits in
Galifornia, and is very probably to be correlated with them; Longwell and
Dunbar (1935} have recently shown that it conteins beds of Permian, as well
a8 Penngylvanian, age.

Just south of the Darwin Tear fauli, between the anticline and syncline
in upper Derwin Canyon, is a small exposurs of an angular unconformity high
in the Pennsylvanian {and Permisn?) section (Figure 23). The surface of the
vneconformity dips northeast against the Darwin tear fault. Nowhere except
in this restricted localily was thils unconformity seen, but it is probsbly
the same unconformity that was noted by Kirk in the "later Pennsylvanian

limestone and shale" of the Inyo Range {Knop? and Kirk, 1918, p. 41},
LATE JURASSIC PLUIONIC ROCKS

All the ranges crossed by the strip mapped contain bodies of plutonie
intrusive rocks probably of the same age as the late Jurassic batholith of
the Sierra Nevada. The Coso Hange and the hills west of Darwin are composed
almost entirely of granitic roecks which are doubtless an eastward extension

of the similar rocks of the Sierra Nevada across the Sierra Nevada feult



zone, FEast of Darwin in the area mapped the plutonic rocks outcrop only
23 small stocks cutting through the Paleozoic and pre-Cambrian sedimentary
and metamorphlic rocks. However, the sastern border of the main granitic
mass in the western third of the area mepped trends in a southeasterly
direction, so that the southern parts of both the Coso and Argus Ranges
consist almost wholly of plutonic rocks. Though the plutonic rocks vary
in composition frem granite to gabbre, they are represented on the map by
a single symbole In the following paragraphs of this section the plutonic

rocks of the ranges in the ares maspped are briefly described.

Sierra Nevada

The portion of the Sierra Hevada in the area studied had been previously
investigated by Knopf, who mapped its rocks as a "plutonic complex” (Knopf
and Kirk, 1918, pp. 70=72). As REnopf has stated, these rocks form a very
complicated assemblage of many plutonic types, including granite, aplite,
guartz monzonite, quartz diorite, and gabbro. The sequence of intrusion
appears to have been one of successively increasing acidity. Partly
assimilated schist massaes, probably representing both inclusions and portions
of roof pendants, are common in the plutonic complex. Nowhere east of the
Sierrs NWevada in the area mapped were plutonic bodies of such complexity

gncountered.

Coso Range and hills wsst of Darwin

Bxcept for scattered lava patches, the part of the west slope of the
Coso Renge crossed by the area mapped is composed of medium~ to coarse-
grained light-colored granite almost completely devoid of ferromagnesian

minerals. Weathered surfaces of the granite are light orange-brown,
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and some parts of the mass show excellent exsmples of spheroidal weathering
{Figura 24). A typical specimen of the granite, studied under the micro-
scope, was found o consist almost wholly of quertz and potash feldsper,
with a little =sodie plagi@clasa. Magnetlite and blotite form a very small
portion of the rock., This granite is very similar to granite described by
Knopf from paris of the Sierrs Nevade and Inyo Range (Knopf and Kirk, 1918,
ppe 6789},

The granitiec roek of the suwmmit portion (Centennial Flat and vicinity)
and easbtern slope of the Coso Range and of the hills west of Darwin forms a
large rather homogeneous mass sharply separated from the granite to the west.
It is made up of gray medium=-grained rock which probably varies in composition
from quartz monzonite to guartz diorite. 4 study of twe thin-sections showed
that grencdiorite and quartz diorite are asmong the types represented. Blotite
and hornblende are present in approximately equal amounts, and together
form about one-quarter of the volume of the typilcal roeck. DMagnetite is a
minor aceessofy. Schist inclusions, though not sbundant throughout the mass
as & whole, locally are numerous and closely spaced (Figure 25). A few
veins of coarsely crystalline quartz and epidote cut the roeck, and aplite

dikes are quite common.

Darwin Hills

In the central part of the Darwin Hills is a narrow elongate stock of
medium-grained gray and greenish gray plutonic roek with which the silver-
lead metallization of the district is associated. The rocks of this stock
were studied in considersble detall by Kelley (1937, pp. 991-893), who

states that they range in composition from quartz monzonite to gabbro.



Plate 1l.

Figurs 24. Spheroidal weathering in the brown granite
on the west slope of the Coso Range. The sverage diamster
of the spheroids shown is about eight feet.

Pigure 28. Granitic rock of the eastern part of the Coso
Range, mottled by numerous small sehist inclusions.

re 26 Inclusions of greenish-gray epidotized guariz
ite in fine-gralined light pink granite west of the
nnietta Hins.




Biotite is the commonest ferromegnesisn miperal in the acidie phases, bub

in the more basic types hornblende and auglite predominate. The more basle
phases are concentrated at the north and south ends of the stock; from this
relation Kelley advanced the hypothesis that the material first intruded

was basic, and that later surges, more acidie in composition, forced the
basic material out toward the ends of the stock. Dikes, more acidic than
the intrusive, cut both the intrusive and the couniry rock. The silver~lead
deposits are along inbrusive contacts, on bedding planes, and in fissure

veins in and near the sitock.

Argus Hange

A belt of intrusive bodles extends across the northern Argus Range Irom
Darwin Falls to the vieinity of the Minnlette mine. This belt is not con~
tinuous on bthe surface, but consists of a series of truncated stocks whose
outerops fall within a narrow southeast-trending zone. At least three types
of plutonic rock are present in these intrusives: gabbro in the stock at
Darwin Falls, granite in the stocks between Darwin Falls and the Modoc mine,
and gquartz diorite in tﬁe intrusives nesr the Minnletta mine.

The gabbro at Darwin Palls is a medium-grained greenish-gray rock con-
sisting largely of labradorite and asugite, with accessory magnetite. The
green color is imparted by epidote, which is present in considerable amounts
in veins and as a product of the saussuritization of the labradorite.
Several large dikes of the gabbro, somewhat finer-grained and highly saus-

gsuritized and chloritized, are present in the northern part of the Argus Range;
twoe of them in the limestone just north of Darwin Fells have widths as grest

as 50 feet.
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Coarse pink granite ls expossd in ths central part of the zone of intru-
sives in three separaite areas. Pink orthoclase makes up about half of the
volume of this rock, and the remainder consists mainly of quartz, albite,
biotite, and magnetite. The orthoclase is extensively alitered to kaolin and
sericite, and the biotite to chlorite. The granite weathers more readily than
the gabbro and quartz diorite, and forms pinkish brown rounded slopes.

The plutonie rocks west and south of the Minnietta mine are less
heomogeneocus than those of the stocks to the northwest. In the two most
goutherly areas of plutonic rock mapped in the Argus Range the chiel iype
ig a medium-grained gray rock resembling the quariz dlorite of the Coso
Range, Under the microscope a representative section of this rock proved
to be quaétz diorite, with biotite and hornblende, in approximately equal
proportions, msking up about one~fourth of its velume. In the gray rock
are greenish patches which owe thelr color to epidote. Dikes of Tine-grained
pink granite are abundant in certain localities, ocubting the gray and greenish
rock in many directions. In some plasces these dikes appear 1o have filled
closely spaced intersecting jolnts in the gray and green rock, so that
numerous angular green and gray inclusions are set in a meatrix of pink
granite (Figure 30}. Thus in the Argus Range, as well as in the Darwin
Hills and the Sierre Nevada, there is evidence that the intrusion of the
basic rocks preceded the intrusion of the more siliciec types.

Since the stocks at both ends of the belt of luntrusives in the Argus
Range are more basic than the stocks in the sentral part of this belt, it
is possible that these stocks are merely cupolas of s larger elongate stock

at depth, which, like the Darwin Hills sbock, hag 1ts earlier basie phases

at its extremities.
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Penamint Range

A belt of ligh~colored, medium~- to coarse-grained granite éxﬁenés from
& point about four miles south of Harrisburg north to the vieinity of Skidoo.
Microcline and gquartz make up the major part of the granite; blotite, the
only ferremagnesian mineral, is a minor comnstituent. The gold=bearing guartz
veins of the Harrisburg and Skidoo districts mey be genetleally related to

this granits.

THERTTARY RUCKS

Eocene (?) dikes and sills

Lamprophyric dikes and sills are present in the Carboniferous and
Jurassic rocks of the northern Argus Range and in the granitic rocks of the
hills west of Darwin, but were not encountered elsewhere in the arsa. These
small intrusives, generally not more than two feet wide, are composed of
porphyritic roek in which brown hornblende laths are embedded in a fine~grained
groundmass of caleic plagioclase, and are thus lamprophyres of the camptonite
type. The age of these rocks is not known, but they are tentatively correlated
with similar post=Jurassic and pre-middle Miocene dikes descrived by Hulin
{1934, pp. 418-419) from the Searles Lake quadrsngle just to the south.

Fulin has provislionally dated these dikes as early Hocene.

Andesite of the Panemint Hange

Lava flows and tuffs are sxposed on the eastern ends of the two east-
trendlng spurs of the Pansmint Range north of Trail Canyon. These voleanle
rocks, with an exposed thickness of about 3000 feet, rest unconformably upon

Ordovician delomite and quartzite, and dip to the east under the alluvium of
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Death Valley. The base of the volcanic section is irregular, showing thét
the topography was rather uneven at the time the rocks were deposited.

In the lower part of the volsanic section black obsidian and vitrophyre
are abundant. Above these glassy rocks is a zone of light brown and pink
tuff and agglomerate. The highest part of the section, constituting two-
thirds or more of its total thickness, is made up of dark purplish brown
porphyritic dacite and biotite-andesite, with small amounts of interbedded
pink and green rhyolitic flows and tuffs. In the biotite-andesite, the
commonest rock type, andesine phenocrysts that average one-eighth of an inch
in length meke up about one~fifth of the volume of the rock. Biotite and
magnetite phenocrysts are smaller and less abundant. The groundmass,
constituting about 70 percent of the rock, is & fine-grained intergrowth of
feldspar, biotite, and magnetite. Alteration of the magnetite to hematite
has given the rock its purplish brown color. Figure 27 is a view of the
voleanic rocks on the second ridge north of Trail Canyon.

ldentical lavas and tuffs gre present below the Tertiary lske beds of
Furnace Cresk, on the east side of Death Valley, and there is little doubt
that these volcanic rocks on opposite sides of the valley are correlative.
The Furnace Creek lake beds, considered Miocene by Ball, overlie the volecanic
rocks unconformably (Ball, 1907, p. 32). The volcanic rocks along the east
edge of the Pangmint Range in the area mapped probably correspond to Ball's
earlier rhyolite of the Amargosa Range, 0f probable early Miocene age

(190?9 p@o 168"170)0

indegite of the Coso Range

The ridge west of Cactus Flat is the northern end of & belt of lava

along the west flank of the Cosc Range which extends southward for about
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with crudely developsd colummar jJoin

Pigure 27. The eastern part of the second ridge north of
Trail Canyon, showing dark purplish brown Tertiary
andesite and dacite, with light-colored tuff at their
basse, overlying Ordovigian dolomite.

Figurs 28, Lake beds of the Coso formation, on the west

flank of the Coso Range, overlain by basalt. In the
background is the dry bed of Owens Lake.

T

Figure 29. Late Pliocens or early Pleistocene basalt,
t©

ng, apvove beds of

ing,
of the (Coso Range.

3

asaltic cinders in the eastern part

fav]



seven miles. Within the ares mapped this rock is brown and gray andesits,
with well developed flowage planes dipping at low angles to the west and
northwest. The lava is porphyritie throughout; in the typieal rock andesine
phenocrysts, about a guarter of an inech in diameter, and biotite phenocrysts,
not more than half as large, are set in a gray groundmess composed largely of
glass but also containing minute crystals of plagicclase. The andesite
weathers %o dsrk brown rather piltted surfacses, freguently blackensd by

desert varnislhe.

Overlying the andesite unconformably are the tuffs and leke beds of the
Pliocane or Pleistocene Coso formation. Nowhere within the area mapped is
the andesite in contact with the granitic roeck of the Coso Range, but farther
gouth it rests on an erosion surface cut in the granite. The andesite ls
therefore post-Jurassic and pre-Pleistocens. Lt may be upper miocene, for
andesites of that age are reported by Hulin (1934, p. 420) to be widely

distriouted in the region %o the south.

Wova formation {late Mioccens?)

On the west flank of the Panaminit Range, betwesn Wildrose Canyon and
Towne's Pass, are beds of Tertiary fanglomerate with subordinate intercalated
layers of voleanic material. These beds have been briefly mentioned by Fair-
banks (1896, p. 71) and Campbell (1902, p. 19). A% least 3000 feet thick,
they lie unconformably upon pre-Cambrisn and Peleozole rocks. Thelr contact
with these older rocks is poorly exposed along much of its sxtent, bub in

lower Nemo Canyon the fanglomerate can be observed lying with depositional

contact upon pre-Cambrian rock. HNear the large faults on the west slope of

the Panamint Range this contact is complicated by faulting. The fanglomerate
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aﬁé lave dip to the east and southeast. These same rocks are undoubitedly
present under the alluvium of the eastern part of Pananint Valley.

This sedimentary and voleanic unit, lmportant because it mekes possible
the recognition of large Tertliary movements on the fault zons sast of
Panamint Valley, is well exposed in Nova Canyon, and for it the name HNove
formation is therefore proposed.

Within the area mapped this formation is composed almost wholly of
fanglomerate consisting of angular %o sub-rounded cobbles and boulders, most
of them with diameters between three and six inches, set in a matrix of
rather soft light brown mudstone or sandstone. It 1s certain that the fan-
glomerate was derived from the east, for its boulders and cobbles consist
exelusively of rock types of the ceniral and eastern Panamint Range --= prae-
Gambrisn and Cambrisn meiamorphic rocks and Jurassie granite. Sorting and
stratification are poorly developed, but bedding planes ean be recognized in
many exposures. The deposgit is somewhait better cemented than the material of
the present alluvial fans, but is sgimilar to it in all other respeecis. On
the steep lower part of the west slope of the Panamint Range the Novae formg-
tion heaz been ercded to form a badland, bub south and esst of Pinto Peak the
tilted fanglomerate is trupcated by the old ercsion surface of moderats
relief which occcupies the central part of the range. The fanglomerate
appears to be entirely barren of fossils.

Interbedded 1n the fanglomerate at various horizons are layers of
vesicular basaltic lava and agglomerste, evidently the producits of Iintermit-
tsnt voleanic ocutbresks during the deposition of the alluvizl fan material.

Movement on bhe major fault thet lies buried under the eastern part of

the fanglomerate has brought Siluriesn (?) and Devonian (?) strata on the west
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against pre-Cambrizn rocks on the east in such a way that fully 20,000 feet
of pre=Cembrian, Cambrien, and Ordovicilan rocks are cut out. The activity
along this fault must once have produced a large wesb-Tacing scarp. The
thick fanglomerate is believed to be the comscolidated alluvial fan material
which accumulated rapidly at the base of this searp and buried the fault as
the searp was worn dowi.

The date of movement on the buried fault is not accurately kmown from
direct field evidence. This movement must have occurred some time before
the development of the late Pliocene ercsion surface of low relief, however,
for the tilted fanglomerate which buries the fault is truncated by this
surface. To the south, in the Searlies Lake guadrangle, post-Jurassic
erosion, accomplished by an external drainage system, had by middle Miocene
time produced an old-age erosion surface; then, in middle or late Miocene,
faulting and werping uplifted mountain ranges and depressed intermont basing,
thus developing an interior drainage system and causing the deposition of
alluvial gravels and other terrestrial sediments in the lower areas
(Hulin, 1934, p. 419). These terrestrial deposits, the Rosamond and Ricardo
geries, contain upper Miocene and lowsr Pliocene veriebrate fossils in thelr
middle and upper parts. It is believed probable that the movement on the
fault buried by the Nova formation of the Panamint Range occurred during
this same Miocene period of diastrophism, and that this formation may

consequently be of upper Miocene or lower Pliocene age.
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TERTIARY OR QUATERNARY ROCES

Coso foruation {late Plioccsne
or early Pleistocens)

On the west, north, and east flanks of the Coso Hange are alluvial
gravels and overlying tuffs and lake beds, mentioned by Knopf as the "lske
bheds south of Keeler” (Knopf and Kirk, 1918, pp. 51-52), to which the name

Coso formation has recently been applied (Schultz, 1937, p. 79). This

sedimentary and volcanic unit has an exposed thickness of about 500 feet in
the area mapped. It rests upon an erosion surface cut in the granitic rocks
of the range, and is overlain without angulsr discordance by Tlows of
basaltic lava. Figure 28 shows the general appearance of the lake beds of
the Coso formation.

The slluvial material at the base of the formation is net as well exposed
in the area mapped as it is two miles farther north, where Schultz (1837, p. 80)
estimated that its thickness is at least 300 feet. This basal material con-
sigts of reddish arkose and buff-colored gravel, sandstone, and shale. Above
i% are about 200 Ffeet of well sitratified thin-bedded white and light buff
lake beds, with interbedded white rhyolitic tuffs. The lake beds are well
sorted silte and sands which locally contain fish bones. In general the
tuffs are well sorted and stratified, and many of them were probably laid
down in a lake. In the southern part of the area mapped, however, some of
the tuffs are poorly stratified and contain angular fragments of silky
rhyolite pumice one to five inches in diameter, so that their origin as
water-1laid deposits is more doubtful. The alluvial materials quite clearly
were derived from the granitic roecks of the Coso Range. The material which

forms the tuffs may have come from vents near the center of Guaternary
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rhyolitic activity at Coso Hot Springs, about 10 miles farther south in
the rangs.
In general, ths beds of the Cosv formation dip away from the range
at low sngles. Oun the west Tlank of the range the formation dips itowaerd
the Sier?a Nevada even in its westermmost exposures on the banks of Halwes
Reservolir. These westerly dips average about 109, but in places are as
steep as 20Y. Though some fraction of these dips may be original, they ere
believed to be largely the result of Quaternary deformastion. The Coso forma-
tion on the western flank of the range probably never extendsd much ferther
sast than 1% does mnow, for just east of its present esstern limit the basalt
flows, which are not much younger than the Cosec formation, rest direstly
upon granite. The formation extends to the west under recent alluvium for
an unknown distance, and may abub against the Slerra Nevada fault zone.
Vertsbrate fossils have been found in the alluvial fan maberial jusd
below the tuffls. én the basis of this fauna the Coso formation was dated
as late Plioccene or sarly Pleistocene by Schuliz, who was inclined fo Tavor
the view that the formation is of early Pleistoccene, possibly Nebraskan,
age (1937, pp. 86-98). Just before the deposition of the Coso formation,
the old-age erosion surface now represented by Cenitennial Flat was deformed,
at least in part by faulting, to ecreate a high sres where the present Coso
Hange now stands. This uplift caused the deposition, around the edges of
the uplifted area, of the coarse basal Tanglomerate of the lower part
of the formation: slightly later a leske came into existence directly
west, north, and east of the uplifted area, and in and nesr this lake
the upper part of the formation was deposited. As has been pointed

out in the discussion of geomorphology (pp. B34-38), these relations
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demonstrate that the latier part of the period of ercsion during which the
old-age topography wes produced must have been coincident with the middle
or latter part of the Pliocene epoch. The faulting to which the Coso Range
owes most of its prssent reliefl occurred after the deposition of the Coso

formation and the extrusion of the overlying basalt.

Late Pliocene or
early Pleistocene basalt

Much of the surface in the part of the ares west of Panamint Valley is
covered by thin flows of olivine basalt. These flows form a consplcuous
feature of the landscape because of thelr black color and because they oceur
as thin sheets capping the summits of hills and mountains. In the Coso and
Argus Ranges, and in the intervening Darwin district, the widespread flows
cover remnants of the old erosion surface of low relief. In the Panamint
Renge within the area mapped there are ne exposures of late Pliocene or
early Pleistocene basalt, but basslt believed to bs of this same age has
been reported farther north in thé range (Ball, 1907, p. 210). GCorrelative
basalts are widespread in the Inyo Range (the "late Tertiasry basalts® of
Knopf and Kirk, 1918, p. 74}).

The bagalt sheets are 15 to 150 feet thick except Jjust north of Cactus
Flat, where their thickness exceeds 400 feet; here, however, the counditions
are somewhat special and will be further described in the section on Cenozolc
faulting. In many places the basalt exhiblis crude ealumnar‘jginting, and
just below the basalt flows, in some localities, are beds of basaltic cinders
totaling 10 feet or less in thickness (Figure 29). Along the eastern edge
¢f the Argus Ragge the basalt is direcily underlain by light pinkish brown

rhyolitic agglomerate and white rhyolitic tuff of unknown age.
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The flow basalt 1s very similar petrographically over the entirse area.
In hend specimens 1t appears ag a very dark gray volecanic rock with medium-
grained olivine phenocerysts and plagioclase laths set in an ephanitic ground-
mass. Vesicles are common, and are often elongated in the dirsetion parallel
to the Tlow layers. Ip thin sectiomns it is evident that by far the greater
part of the rock is composed of laths of rather calelic lubradorite, usually
arranged with a promounced parallelism. The olivine phenocrysts are rounded,
and are extensively altered to lddingsite and megnetite. Between the
labradorite laths are very small grains of labradorite, magnetite, and augite,
giving a typlcal intersertal texture. The three thin sections examined, from
the Coso Range, the hills west of Darwin, and the Argus Range, are similar in
all respecis.

The evenness of the bage of the basalt indicates that the lava flowed
out upen a surface of low to moderate relief. The portions of the Coso and
Argus Hanges crossed by the line of the geologic section of Plate L were very
flat at the time of the basalt extrusions, but in the eastern parts of the
Coso and Argus Ranges within the area nmapped there is evidence that ‘the old
erogion surface included hills several hundred feet high which were partly
surrcunded by lava. Along the east edge of the Argus Bange vertical basals
dikes in Psleozolc strata can be traced up into the Tlows, indicating that
the flows, at least in part, were fed through fissures. At many places on
the upper surface of the basalt are broad low mounds of red besaltic cinders
and bombs, apparently cinder cones considerably flattened by erosion. Very
probably much of the basalt was extruded through the pipes over which the
ginder cones were built,

In the Coso Range the bassalt Tlows overlie the Coso formetion without



angular discordance. The basalt, therefore, cannot be older than late
Plicesne. The lake beds of lower Darwin Wash were deposited in a basin
ereated by post-basalt faulting, and yel these lske beds are colder than the
deposits of the latest Pleistocene lakes. 1t can therefore be stated with
certainty that the basalt was exbruded between lste Pllocene and the latbtier
part of the Pleistocene; its most probable age is considered 1o be early
Plelstocens, in view of the severe diastrophism and extensive ercslion which

have occurred since its exbrusion.

GUATERNARY ROCKS

Lake deposits

In the low parts of Darwin Wash and Panamint Valley are exposures of
white and light buff sediments which undoubtedly were deposited in
Pleistocens lekes, either playa or perennial. These strata are soft, fine-
grained, and thin-bedded, with bedding planss very nearly horizontal. In
both Darwin Wash end Papamint Valley the deposits are about 30 feet thick,
and their bese is not exposed. In both places, also, the beds are overlain
conformably by old alluvium and are intricately dissected by swall gullies.
The pattern of cuterops of the lake beds consists of very irregular and
sinuous thin bands which are too narrow to be represented on the geologic
map of Plate 1; instead, the lake béﬁs and older alluvium are mapped under
a single symbol in the two localities where they oecur together.

In Panemint Valley the lake beds are buff-colored silts similar in

appearance to the silts of the present desert playas, and in their upper

part they are interfingered with the old alluvium. In Derwia Wash, howsver,



70.

the lake beds are much whiter, and appear to consist largely of water-
deposited rhyolitic ash. The ash may have been derived from the centers of
Guaternary rhyolitic explosive activity known to exist in the Coso Range.
The lake beds of Darwin Wash are shown in Figures 5 and 30.

Just east of the lake beds of Darwin Wash ere the step=faulited lava
sheetvs on the west slope of the Argus Range, and it is gquite evident that
the lake beds were deposited in a basin formed by post-basalt faulting and
warping. Thus, although these lake beds ressemble the upper beds of the Cosa
formation, it ls cerbtain that they are younger than the Coso lacustrine
deposits. The history of the region after the deposition of the Darwin Wash
lake beds includes the deposition of the old alluvium, the capiture of the
Darwin Wash baslin by headwsrd erosion of Darwin Cenyon, and the dissection of
the lake beds and old alluvium, so it seems improbable that the 1ake beds can
be younger than middle Plelstocens. AT the mouth of Waucoba Canyon in the Inyo
Range are lake beds,; conbaining rhyclitic particles, which are overlain by old
alluvium and dissected to a badland. Enopf {1918, p. 528) believed these lake
beds {which he referred 0 as the “®lake beds east of Zurieh“) to be younger
than the Coso formation, for he considered that Waucoba Canyon was cut, and
the lake beds deposited in 1%, after the main uplift of the Inyo Range, which
gocurred later than the extrusion of the basaelt overlying the Coso formation.
At both Weucoba Canyon and Darwin Wash, therefore, the lake beds appsar 1o
have been deposited in basins created by the major deformation which closely
followed the extrusion of the late Pliocene or sarly Pleistocens basals,
and for this reason it is believed very probable that the lake beds of thess
two localitles are of contemporanecus origin. The dissected lake beds of

Panamint Valley may be of the ssame age, but 1t is possible that they are



Filgure 30. An exposure of white lake beds, and overlying
darker 0ld alluvium, in Darwin Wash.

rigure 31l. A view looking south along upper Darwin

Canyon just south of the Darwin tear fault. The tilted
upper Carbouniferous strata are on the west limb of the

syneline shown in Figurs 32.

xig of the syncline

&

Pigure 32. Looking south along the
Just east of upper Darwin Cenyon.
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younger deposits formed in the lske which cccupied Pansmint Valley during

the latest glacial stage of the Sierra Nevada.

Older alluvium

At several places in the central and eastern parts of the area are
patches of elevated and dissected alluvial gravels obviously older than the
slluvium of the presenit canyons and valleys., This cld slluvium is typiecal
fanglomerate, composed of angular o sube-rounded cobbles and bhouldsrs loosely
gemented by light brown mudstone and sandstone. Soriting and stratification
are poorly developed. In both Darwin Wash and Panamint Valley the old al-
uvium rests upon lake beds without angular discardagcea and in Papemint
Valley its lower part is interfingered with the lake beds. Thess old
alluvial deposits in the area mapped are belleved to be correlative with the
older alluvium of the western flank of the Inyo Range (Knopf and Kirk, 1918,

Pe 54) and are considered o be of middle or labte Pleistocene age.

Younger alluvium and lake deposits

In the intermont basing of the area arsc deposiis of alluvial detritus,
and, in Death Valley, of chemical precipitates. By far the greater part of
this material is coarse fanglomerate making up the alluvial fens on the sides
of the besins and in the lower parts of the mountain cenyons, although large
playas are present in both Panamint and Death Velleys. Panamint Valley con-
tains two playas, of which the more mortherly, a smooth hard surface of sun-
baked brown silt, is erossed by the strip mapped. The Death Valley playa is
notably different, for on its surface ls a salt deposit representing the
regsidue from the evaporation of a lske. Though in a broad way the surface of

this galt flat is level, in detall it is made extremely rough by very numercus



closely spaced hummocks and pinnacles of salt ons to two feet high. This
salt field has been named the Devil's Golfcourse.

Both Panamint and Death Valleys contain evidences of the rscent
pregence in them of large lakes. In the part of Panamint Valley crossed
by the area studied no old shorelines or shore deposits were found, but
Farther south, where these features are present near Ballarat, they indl-
eate that the former lake extended north scross the area mapped and had &
maximum depth there of about 350 feet (Gals, 1915, plate 7 and pp. 312-317).
The former presence of a lake In Death Valley ls demonstrated by the saline
residue in the bottom of the valley and by evidences of anclent shorelines
on the sidgs of the bordering ranges (Blackwelder, 1933, pp. 465-468). Gale
(1915, pp. 251-252, 320) has shown that these lakes owed thelr existence to
the overflow of the waters of Owens Lake into Indian Wells Valley, and theunce
the melting of the ice which accumulated in the Sierra Nevada during the
latest glacial stage made possible the development of this extensive lake
system. He has estimated (1915, p. 264) that sbout 4000 years have elapsed
since Owens Lake ceased o overflow through Haiwee Pass into Indian Wells
Valley. In the last 4000 years, therefore, the Jakes in Pansmint aund Death
Valleys have evaporated, and the recent alluvial fans spreading out into

the valleys have to a large degree covered the former floors of these

lakes.
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STRUCTURE

In the arsa of this report, as in other paris of the Great Basin, it
is convenlent to discuss the pre-Cenozoic structures separately from those
of Cenozolc age. The older rocks within the basin ranges contain folds,
normal and reverse faults, and intrusive structures which originated inm pre=-
Tertiary time. The Csnozoic structures of the region invelve both old and
young rocks, and prominent among them are the basin-range Faults along which
. relatively rescent movements have uplifted mountain rangss and depressed

intermont bhasing.

PRE-CENQZOLC STRUCTURES

Folds

The most imporitant pre-Cenozoic flexures in the area are folds in the
Carboniferous atrata ol the Darwin Hills and Argus Range, although other old
folds are present in the pre-Cembrisn and early Paleozoic rocks of the
Panamint Range. In all eases these folds are transected by stocks of plutonic
rock, and from this it is kpnown that the feiding preceded the late Juresssic
- intrusiong.

An antielinel axis exbends along the greater part of the east flank of the
Darwin Hills. The strata on the west limb of this amticline dip about 50° to
the west and are intruded by the stoeck in the center of the hills. On the
sast limb the beds are closely folded into e series of small, nearly
isoclinal, anticlines and synelines which trend north-northwest, parallel
to the major fold. The number of these smsll folds sast of the majar‘antia

¢line and weat of the edge of the alluvium in lower Darwin Wash varies
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from two or thres to ten or more, bub most of them are too small to be
represented on the map.

Sgveral north-trending folds of moderate siza are exposed in the Care
boniferous strata of upper Darwin Canyon. Where the road from Darwin to
Panamint Valley enters these rocks 1t runs along the strike of the east~
dipping beds of the common limb of an anticline and syuncline (Figures 31
and 32). Minor drag folds are exceptionally well developed in the incom-
petent shales and thin-bedded limestones invelved ip these flexures
(Figure 33). These drag folds evidently resulted from slippage between the
more competent bedsg, and their axial planes sre essentially psrallel to thoge
of the major folds.

The largest fold in the area is & northwest-plunging anticline in the
Adrgus Range. Mississippisn, Pennsylvenian, and possibly Permian strats are
involved in this snticline and in the associated structures. The northwsst-
ward plunge of the anticline causes a large mass of Mississippisn (and older?)
limestone to be brought to the surface in the southeast part of the strip
acrogs the Argus Range, in the vieinity of the Modos and Minniet%a mines.

The younger Carboniferous rocks lie to the west, north, and sast of the main
Mississippian outerops in accordance with the plunging antielinal struecture,
but their contact with the Mississipplan is not the simple curved line of the
ideal casse. Instead, this contact has many irregularities caused by minor
folding, faulbting, and the intrusion of granite stocks scross it. In its
northern part the anticlins is cut by two transverse Faults in such & way
that its core of Misslssippian limesione is offset to the west north of these
faults. The northermmost area of Mississipplan rocks mapped owes 1ts éx«

posure to uplift by faulting, both of the faults which bound it, and
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Figure 33. Drag folding in the thin-bedded incompetent
shales on the east limb of the anticline Jjust west of
upper Darwin Canyoun.

Figure 34. The west slope of the Panamint Range within the area
mapped, as seen from the Argus Range.



particulariy the Darwin tear faull on its south, having helped to raise
it to its present position. The small pateh of Mississipplan limestone
Just south of the granite stock east of Darwin Falls is partly surrcounded
by Pennsylvanian rocks whieh dip sway from 1%, and has apparently been
pushed up by minor folding assocliated with the intrusion of the granite,

The beds on the east limb of the northsern part of the major anticline
of the Argus Range are overturned, dipping steeply west, ss shown in the
geologle section of Plate I, and are cub by a few minor thrust faults which
dip west at angles of 5° to 30°. These thrusts are of small digplacemsant
{100 feet or less) and appear %o be dislocations caused by bthe same forces
which produced the overturning of the strata. They are not represented on
the map. Farther south along the east limb of the anticline the beds
become less snd less overturned, finslly passing through the vertical
position snd assuming a normsl easterly dip. A syncline whose axial plane
dips 40° to 45° west lies to the east of the overturned beds, but it extends
no Tarther south than the point where the overturning disappears.

Flexures in the pre-Cambriasn and Paleozoic rocks of the Panamint Range
are relatively unimportant. The struetures in the rocks direetly beneath the
unconformity st the base of the Johnnie formation, however, prove at least
that deformation in this area in pre-Cambrien itime included folding. Also,
the steep homooline of lower Palsozolc rocks on the east flank of the range
indicates post-Ordovician pre-Cenozoic folding, for its dip is too great to

have been caused by any of the known Cenozolc crustal movements.



Faults

Faults are numerous within the ranges of this study, but only the more
important of them are mepped. The only féults which can be proved to be of
pre-Cenczoic ags are in the Argus Range and Darwin Hills, and are dated by
their relationships to the Jurassic intrusive bodies. In some cases the
stocks have Dbeen intruded scross these fractures, indicating clearly that
faulting preceded iﬁﬁrusicﬁ. In other instances faulting closely followed
intrusion, for, although the intrusive bodies are offset by the faulls, ove
minerals genetically related to the intrusives have been deposited on the
fault surfaces. Most of these pre-fenozolic faults strike in an easgi-
southeast direction, though some sitrike east-northeast, and thelr genersl
dip is to the south at angles not much less than 90°, In all cases the
north sides are offset to the west.

The most important of the pre-Tertisry Iractures ls the Darwin tear
fault, recognized and named by Kelley (1937, p. 995) during his work in the
Darwin Hills. It is at least zeven miles long and extends in an east-
goutheasterly direction scross the north ends of the Darwin Hills and Argus
Range. The trace is expressed in the topogrephy as a series of alignsd
gullies and saddles. The dip of the fault surface, wherever observed, is %o
the south at about 80°. Drag folds and displaced beds indicate that the
north side of the fault has moved westwardly and upward with respect o the
south side. As the fault is braced to the east 1t passes beneath the
largest basalt sheet of the Argus Range, and does not reappear sast of 1t.
Where the fault would be found if it continued east of this basalt shest
the Carbonifercus strata on the esst flank of the large aniticline of the

Argus Range are vertical; directly to the north these beds are overturned,
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dipping steeply west, and dirsctly to the south the bsde are not overe
turned, but dip to the east. This fact makes 1t seem virtually certain
that the Darwin Tear fauld is causally related to the overturning of the
beds, for the fault appears to dis out sastwardly inte the fold by which
the overturnsd beds are righted. The north-trending folds on both sides
of upper Darwin canyon iterminate abrupily at the Darwin tesr faullb, and
are absent north of the faultb.

The offsetting of the Mississippisn limesitone c¢ore of the major sntie
eline of the Argus HRange indicaltes large movement on the Darwin tear fault,
but complications introduced here by intrusion, partial burisl by lava
flows, and later faulting make it impossible to measure the components of
this movement very accurately. Drag folding along the fault, and the
overturned folding of bthe northeast part of the Argus Range aniticline,
clearly indicate dip slip, snd from the overturned folding it is estimsted
that the norith side of the easteru part of the fault has been ralsed
relative to the south side by roughly 8000 feet (Plate 15, stages 1 and 2).
IT this estimate of dip slip is approximately correct, the offset of ths
Mississippian-Pennsylvanian contact as reconstrucied in stage 2 of Plate 15
means thet the strike slip is roughly 5000 feet.

The largest of the other pre-Tertisry faults is in the Argus Range
about a mile south of, and parallel %o, the Darwin tear fault. It dips south
at about 80°% and is reflected in the topography as a long straight canyon
emptying into Panamint Valley. The north side of this fault has moved west
with respect to the south side, but whether the north side was raised with
respect to the south cannot be determined from the displacement of the
Mississippian-Pennsylvanian contact because of the ilntrusion of a granite

gtock across the eastern part of this contact. However, because this



78,

fault is near and parallel to the Derwin tear fault, asnd is of the same
ege, 1t seems probable that its movement also included dip slip, and this
has been assumed in Plate 15. The total displacement on this fault,
whether or not it included dip =lip,mast heve besn at least 1500 feet.

The stocks of the Argus Range were intruded after the movement on the
Darwin tesr fault and on the parallel fault to the south, for these faults
abut sgainst the contacts of the stocks without offsetting them. However,
geversl minor sitrike-slip faults with a general sasterly btrend cut the
gtock in the Derwin Hills in suech s way that on thelr north sides the edge
of the stock is offset to the west. Silver and lead ore minerals, which
Kelley (1937, p. 1004) found %o be genetically related to the stock, have
been deposited on some of these faulite, so the faulis must be only slightly
vounger than the stock.

In the Cambrisn and Ordovician strata on the east slope of the Panamint
Hange within the strip situdied are several rather unimperitant fesults, of
which the four largest are mapped. These faulis csunot be accurately dated,
but since they are within the range and have no relation to the preseunt
topography they may be pre-Uenczole. Three of the Taults mapped strike
northeast and dip northwest at moderate o stesep angles. Drag folds and
slickensides indicate that the southesst sides of these faults have moved
up and to the noriheast with respect to the northwest sides. The mosb
northerly fault has g displacement of approximately 1000 feet at the eastern
end of its outerop, but displacement slong it diminishes west%ardly so that
the base of the Cambrian is not offset. The southermmost fault is a sirike
fault of undetermined attitude; its west side has moved relatively upward,

however, so that a small part of the upper Wood Csnyon formation, including
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the prominent Zebriskie quartzite, is omitted.

Inbrusions
No structural data were obtained regarding the large iuntrusive masses
of the Sierra Nevada and Coso Range. Concerning the stocks to the east,
however, two generalizstions can be made: Tirst, the stocks tend to be
elongate in a northerly or northwesterly direction, parallel to the strike
of the intruded strata; and second, the stocks have intruded along or nesr

the axial planes of pre-existing anticlines.

Discussion of Pre-=Cenozolc Structures

On the basis of the present study little can be saild about the structural
development of the ares during the pre-Cambrian and Paleozoice. In pre-Cambrian
time a thick group of sediments was dsposited, folded, metamorphosed, and
eroded. During the Paleozolie the asrea was a part of the Cordilleran geo-
gyncline and was recelving sediments almost continuously, but there was
probably a break in this deposition between the Silurian and middle Devonisan,
and the deposition was certainly interrupted during the latter part of the
Carboniferocus, as shown by the angular unconformity within the Pennsylvanian
or Permian stratas in Darwin Canyon. The itype of crustal movements which gave
rise to these unconformitiss cannot be determined from the present study he-
gause of the narrowness of the ares mepped; however, the deformation just pre=-
ceding the development of the Carboniferocus unconformity must have been rather
intense, for the sngle between the bedding planes above and below the uncon-
formity is approximately 20° in the place where 1t was observed. In the Inyo
Range, Kirk (in Knopf and Kirk, 1918, p. 41} described what is believed to be

the same unconformity as ®an ercsional unconformity of considerable magnitude
y 5
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the significance of which could not be determined®.

From 211 that can be learned in the strip mapped, and from a comparison
with neighboring regions, it appears that the first importent posi-Proterczoic
orogeny which affected the area was the Nevadian orogeny, occurring late in
the Mesozoic era and involving the intrusion of the late Jurassic plutonic
rocks. Relations of faulting to folding and intrusion im the Argus Range
and Derwin Hills meke possible the following statements regarding the post-
Carboniferous and pre=Cenozoic, and hence presumably FHevadian, deformation

in this district:

(1) The offsetting of the major plunging anticline of the Argus Hange
along the Darwin tesr fault and the @a:&llel fault to the south, which
are oblique to its axial plane, indicates that this fold was in
sxistence before the lnceptlion of movement on these faults,

{2} As already explained, the relation of the overturned folds in the
northeast part of the Argus Range %0 the Darwin tear fault showe thet
the formation of these Tolds occurred ait the same tilme ss movement on
the faulil.

(3) The termination of the folds directly east and west of upper Darwin
Canyon at the Darwin tear fault, and the absence of counterparts of
thege folds farther to the west on the north side of the fauli, indicates
that these folds were Tormed during or after, but not before, movement
along the fault.

{4) The transection of folds and mejor faults by the stocks proves
that intrusion followed the principasl part of the deformation; however,
minor faulting along breaks parallel to the major faults, and with the
same direction of movement, occurred shortly after the intrusion of

the stoek in the Derwin Hills.
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From these relations the stages in the Nevadian orogeny pilctured
in Plate 15 are inferred. In brief, the large plunging anticline of the
Argus Renge was first formed, probably by compressional stress in an
gpproximate east-west direction. The application of horizontel shearing
stresa then caused the development of the strike-slip faults and smaller
felds. This shearing sitress may mersly represeni a later inequality in
vislding to reglonal compression which formed the original anticline of
stage 1. The close folds at X and ¥ {sbage 2} apparvently represent the
result of compression of the relatively incompsbent thin-bsdded upper Car-
boniferous strate against the core of the more competent Misslsgippilan
limestone by the stresses A and AY of the shearing couple (refer to geclosic
gections of stages 1 and 2). The stocks were intruded after the major
faults and folds had formed, and apparently the magma was able %o rise most
easily into the cores of the antielines. PFollowing the intrusion of the
Darwin Hills stock there was minor sirike-glip fsulting seross 1%, and slightly

later the silver-lead ores of the disztrict were deposited.

CENOZOIC sSTRUCTURES

Folds
The late Tertiary fanglomerate of the Panamint Range contains a Tew
broad Tlexures, apparsntly the result of gentle folding asccompanying the
tiiting of the beds. In the Coso formation there lz a low north-trending
anbicline just weset of Cactus Flat which mey be ithe resuli of drag along the
Pault paralleling it to the east. The dips of this formation on opposite

sides of the Cosoc Renge in the geclogic section of Plate 1 suggest a broad
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Stage 1. Application of horizontal shesring stress, indicated approximsiely by
arrows A and A, across & large northwesit~plunging aenticline with a core of
competent Mississipplian limestone overlaln by relatively incompetent Pennsyl=
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Stage 2. Development of the Darwin tear fault end related famlts, and of close
folds in the incompetent beds near X and ¥, in response $o this shearing
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Plate 15. Inferred stages in the late Jurass i g

the Argus Hange and Darwin Hills. The above disgrams are geologic
maps and sections drawn with the reference plane iy 0t e
pressent erosion surfacs, which of course ¥
below the earth's surface at the time of the orogeny.




antielinal structure, but this apparent fold may have rezulted Trom the
$ilting of fault=bloeks rather than from flexing. The surfaces of the
thin hasalt sheets of the Cos@ and Argus Ranges are nearly flat, but broad
low undulstions are cherscteristic of them. These may iu part be original
irrégularitieg of the flow surfaces, but they indicate that & small amount
of warping aceompanied the displamcement of the lava by faulting.

Folding is thus unimportant in the Cenozoic rocks of the ares mapped.
This is not the cass, however, 1in the region to the east and souih, for on
the east side of Death Valley the Purnace Creek lake beds, of supposed Miocene
age, have been folded and even overthrust (Ball, 1907, pp. 198-199;
Noble, 1988), and the Miocene strata in parts of the lohave Desert have been

gimilarly deformed ({Beker, 1911, p. 346 and pp. 352-353; Hewett, 1928).

Faults

In the area mapped, faulits of Cenozolc age are numerous and important.
The majority of them lie in basin-range fault zones aslong whieh blocks of
the sarth¥s crust have been raised to form mountain ranges or lowered Lo
form desert basins. In the strip studied each of the three ranges within
the Great Dasin is bordered on its western edge by a zone of late Cenozole
faulting along which the range has been uplifted and tilted to the east.
In all determinable cases the faults of these zones are high-angle normal
faults, but there is some evidence thal sirike-slip movement has accompanied

the dip slip along them.

gierra Nevads fault zone
Although the gensral form of the Sierra Nevada in this latitude suggests

that the range is a west-tilted block, there is no evidence of recent faulting
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along its eastern base, However, the separation of the slightly tilted
old~age topography of the suwmult from the slluvisted valley to the east

by a steep scarp is in itself a strong indication that the east edge of

the range is determined by a zone of faulting. The Sierra Wevads fault
zone is completely buried by alluvial fans in the ares mapped; consequently,
anothing is known about its nature here. It ig represented on the geologic

gsection of Plate 1 simply ze a single normal fault,

Faults in the Cosv Range

Seven post-basalt faults of mappable magnitude outerop on the west
flank of the Coso Renge. These faults may be readily locsted by the dise-
placement of the basalt sheets, which Tform resistant cappings for scarps
in the granite bedrock. Ths coarse-grained granitse disintegrates rapidly,
however, so that scarps in the grsnite unprotecied by basald cappings have
been pearly or completely destroyed by erosion. For this reason the faultls
of relatively small displacement cannot usually be trsced into the areas
of granitic rock adjoining the bagalit=covered areas.

The three largest faulbs trend in northerly directions. The western-
most fault, with its upthrown side on the west, extends along the west edge
of Caectus Flat. In its northern part it offsets the lava sheel approximetely
200 feet, with the displacement appervently lncreasing to and beyond the
south border of the arvea mepped. This is presumably a normel fault, bub
nowherse could its attitude be observed. The next fault to the sast, a
normal fault dipping steeply west, bounds Cactus Flat om the east, so that

Cactus Flat is an alluviated graben. Movement along this fault produced a
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west-facing scarp along the east edge of the Cactus Flat graben, and in the
central part of the area mapped a basali sheet was dispiaced 700 feet by
this movemsnt. Just to the south, slightly younger basslt then flowed west-
wardly over the scarp thusg produced; and filled the northern part of the
Cagtus Flat depression o a depth of at least 400 feet. This basalt is
exposed as the steep hillside, over 400 feet high, which now bounds Cactus
Flat on the north {Figuﬁe 1) It is believed that this slope is far too
high and steep to be the edge of a basalt flow; therefore, a fault which
ereated this scarp is assumed 10 be the northern structursl boundary of
Cactus Flat, In the Caetus Flst district, then, two lava flows of nearly
the same sge are thus separated in fime by fsulting and are followed by
later faulting. HNowhere else in the area 1s there evidence of faulting dure
ing extrusion.

East of tha'fault bounding Cactus Flat on the east are the step-faults
of the Cosé Range. All these faults have thelr upthrown sides on the east,
but none of thelr attitudes could be deltermined. The lava shsets are dig-
placed about 200 feeb on the smaller feults and 600 feed on the sasitermmost
fault in the zone.

The post-basalt Paults of the east part of the Coso Hange are small and
unimportant. The west side of the north-trending faulil immediately east of
Centennial Flat is upthrown about 200 feet. 4 minor fault in upper Coso
Valley has uplifted a small pabteh of lava and tilted it to the east.

Post=-bhasalt movement has thus cccurred om’all but one of the faults
mapped in the Coso Renge, and to this movement the range owes much of its
present relief, The effect of this faulting was to ralse the range as a

tilted horst, uplifted move on its west side than on its east.



The one mapped fault along which post-bassalt movement has not ocours
red ie the buried fault extending along the sast edge of the rangs. A4is
hag been previously menitioned, the erosion surface of low rellefl representsd
by Centennial Flat was uplifted toward the close of the Pliocens to form,
where the Coso Renge now stands, s btopographically high area which shed the
coarse basal gravels of the Coso formation. This older uplift took place
along the buried fault bordering the range on the east, and possibly along
faults on the west side of the range alsc. 48 a result of this uplifs,
parts of the Coso Range had considerable reliefl st the time the basall was
extruded, as is well shown east of Cenbennisl Flat by the granitic hills
which rise above the lava flows but are almost completely surrounded by Them.

Faults bstween Tthe Cuso
and Argus Hanges
The mapped faults of Cenowolce age between the Coso and Argus Hanges

displace lava sheets; no pre~lava Cenozoic faulis were recognized. A buried

e

fault zone extends along the steep western scarp of the hills west of Darwin,

and the area immediately to the east of this zome has been ralsed with
respecht to Coso Valley. The amount of movement along this fault zone is
impossible to dedermine sccurately, but it is at least 500 feet and probably
not more than 1000 fest. The presence of the faults along the northwest
edge of the Darwin Hills 1s clearly shown by the displacement of a lave
sheet, the more westerly fault having a verilcal displacement of about 200
feet and the fault to the east @ vertical displacement of approximately 75
feat. The distance these faulbs exbend bto the south under the elluvium is

uncertain. These are the only faults by which the Darwin Hills are known

$o have been uplifted in late Cenozoic time, and consequently these hills are
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considered to be essentlally a fesbure of the late Pliocene ercsion surface.

Fzulits in the Argus Range

The northern Argus Range is an east-tilted bloek which has been raised
toe its present position by post-basslt normal Taulting along its western
@éga« The fault zone on the west margin of the range consists of a single
mein fault and two subsidisry step-faults father west. The main fault, ex-
tending completely across the area mapped, ig well sxposed along much of its
trace. IH 1 marked by a band of gouge five to¢ ten feet wide which dips
west at 75° to 80%. 1In the northern part of the area mapped the displacement
of the lava sheet indicates thet the east side of this fault has besn raised
about 1700 feet with respect to the west side, but the amount of the displace=-
ment diminishes southwardly, so that at the south edge of the area mapped
the Carboniferous beds have been displaced veriticelly only 300 feet.
Alluvium covers the initersection of the Darwin tear fault with this later
fault, but the apparent slight offset of the Darwin tear fault indicates
only & small strike-slip component for the younger fraciture.

The two step-faulis west of the mein fault displace a lava sheet, and
are thus readily located sven though the faults themselves are covered by
basaltle telus (Figure 7). The meximum vertical displacements on the faults,
respeatively from west to east, are about 400 and 200 feet. Thesse step-
faults cannot be traced beyond the area of displaced lava. There ls no
indieation as o whether movement ocourred along the fault zone on the west

sdge of the Argus Range pricr to the development of the late Plioccene
erosion surface of low relief, but there is evidence that such movement did

gecur along the Pansmint Valley fault zone. Within the Argus Range itselfl
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are a few small faults which offget the basalt sheets 50 to 100 feet.

The north-trending fault on the east sdge of the Argus Range displaces
older slluvium as well as basalt, and is therefore younger than the faulis
on the west flank of the rangs. This fault is buried by younger alluvium
along its entire course so that lts attitude cannot be determined, but its

maximum vertical displacement, at its northern end, 1s approximately 400 feet.

Panamint Valley fault zone
Koble (1926, pe. 425} named the fault along the east sedge of Panamint
VTalley south of Wildrose Canyon the Penamint Valley feult. The term Pansmint

Valley fault zone would therefore ssem to be appropriste for the zone of

faults along the entire sastern edge of Psnamint Valley, norih as well as
gouth of Wildrose Canyon. This i1s the ﬁidest and mest complex fault zone
mapped within the sirip studied, and the movements along- it have been very
large. Figure 34 is s photograph showing the country traversed by the
Panamint Valley fault zone within the area mapped.

The westernmost fault in this zone extends completely across the area
along the west edge of the Panamint Rangs. For most of its length this
fault is buried under the thin eastern edge of the most recent Panamint
Valley alluvium, but ite presence is clearly indicated by the sitraighiness
of the range front, by triangular facets on ths west ends of the west-
trending spurs in the Nova conglomerate {Figar§ 12}, and, in its northern
part, by the actual outerop of the fault. The topographic features
gsgociated with this northern portion of the faulit indlicate sitrike-slip
movement, as has already bsen explsined. Though the vertical displacement

accompanying this recent strike-slip movement raised the west side of the



fault approximately 40 feet with respeet to the east side;, the msjor dip-
8lip movement has been in the opposite directlion, resulting in the uplifs
of the Panamint Hange with respect to Panamint Valley.

East of this westernmost fracture are two faults in the Nova fanglom-
erate marked by west-fecing scarps about 400 feet high. The more westerly
one dips west at approximately 65@, but the attitude of the other could
not be determined.

Farther east, high on the west slope of the Panamint Range, is a fourth
fault in the Panamint Valley fault zone. This fault separates fanglomerate
of the Novs formation on the west from Psleozoic dolomite and conglomerate
on the east, and is marked by a prominsent west-facing scarp of Paleczoic
rock which extends north of the area mapped to form the east gide of Towne's
Pass. The itrace of the fault is largely covered by al@vateé and dissected
alluvium, but in its southern part the fault is exposed, dipping steeply to
the west. Its dip slip is about 5000 feet in the northern part ¢of the area
mapped, for the Nova formation, ai least 3000 feet thick, has been raised
on the east side of the fault so that its base is 2000 feet higher than the
top of the same formation on the west side (as shown in the geologie
gection of Pla%ell). o the south, however, the displacement diminishes so
that Nove fanglomerate is exposed on both sides of the fault. The southerly
portion of the fault, where both sides consist of the relatively easily
eroded fanglomerate, is not marked by a s8carp.

The Tour faults in the Panemint Valley fault zone thus far described
all have the same general north-northwesterly strike, snd on all of them
the east sides have been raised relative to the west sides. These faults

therefore constitute a zone of step-faults. Uplift of the Pansmint Range



8de

$0 its present position accompanied {the movement slong this zone, for the
scarps resulbting from this movement are all younger then the erosion sur-
face of subdued relief which makes up the highest portion of the rangs.

The sasterumost fault in this zZone === the one at the base of the scerp

of Paleozolc rook =--= is evidsntly the oldest, Tor much of its length is
covered by old alluvium, now uplifted and dissected, and the part of it in
the Nova fanglomerate is not marked by a scarp. The old slluvium here is

z layer capping the "itread® of & step in the zone of step~faulis. Ths

three faults to the west, all marked by scarps in the Nova Tanglomerate,

must be considerably younger than the fault pertislly buried by old alluvium.

A fault vuried by the Nova formebtion east of the band of Paleomoic
rocks on the west flank of the Panamint Range has already been mentioped in
the discussion of this fanglowmerate. Such a fault is indicated by the
proximity of the east-dipping Silurian (?) end Devonian (?) strata, on the
west, t0 the east-dipping pre-Cembrian rocks on ithe esst. The thickness of
pre=Cambrian, Cambrian, end Ordovician rocks cubt out by this buried fault
is fully 20,000 feet, and it is beliesved that the dip slip is probably of
this order of magnitudse. Since the coarse and thick Nova fanglomerste wag
derived Trom the esst, it is inferred that the movement along this fault
ereated a west-facling scarp which was eroded to yleld the Tanglomsraie.

The loecation of the fault buried beneath the lova fanglomerate is not
known from any direct field observations in the area mapped. There is good
reason L0 bellieve, however, thalt this burled fault is a northerly continua-
tion of the long straight north-trending marginal fault on the west edge
of the Panamint Range south of the mouth of wWildrose Canyon, for a north-

trending zone of crushed and discelored pre-Cambrian rock on the west edge
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of the range in and south of Wildrose Canyon disappears under the Nova

fanglomerste as it is traced o the north. This zone of crushed rock

P - " o £ - — . - £y v 1 *
dips about & © west: for a short disbance south of Wildrose Canyon 1t

nstitutes the front of the range, which is similar to the faceted part
£ the mountain front south of Ballarat described by Noble (1926, pp. 425-427)
and illustrated in Flgure 13, If this gtraight marginal fault is extended
t0 the north into the area mapped it passes betwsen the Paleozolc and pre-
Cambrien outerops on the wast side of the Panamint Hange, as the buried
fault must, and emerges in Bmigrant Wash. The presence of a Tault beneath
the gravel of Emigrant Wash was suggested by Ball (1807, p. 810; this fault

is also inferable between the Pennsylvanisn and Cambrian of Ball's section

;

IL?, p. 198). In the map and section of Plate 1 the buried fault is there-
fore indicated as a single normel fault, a direet prolongstion of the north-
trending fault marginal to the present range south of the mouth of Wildrose
Canvon.

Ag interpreted from the forsgoing data, the esarliest activity on this
part of the Panamint Valley fault zone was movement on the buried fault
which separates the Paleozoic rocks from the pre-~Cambrian. The large dis-
placement on this fault leads to the belief thet its movement may have created

a high west-facing scarp. The Nova fanglomerate, koown to have been derived

sonsidered to be the product of the degradation of this

[
L]

from the sast,
scarp. Shortly after their deposition the fanglomerate and the interbedded
pasalt were tilited slightly to the east, probably by faulting along the
Pepnamint Valley fault zone. Then ensued the long period of erosion, ending
toward the close of the Plioccene spoch, which reduced the reliel of the

region %o an old-age condition. Later faulting, blocking out the present



west front of the Panamint Range, followed the strike of the old norithe-
srending fault south of the mouth of Wildrose Canyon, but north of the
mouth of Wildrose Canyon it toock place zlong norithenorthwest-trending
fractures, thé step-faults of the Panamint Valley fault zone in the area
mapped. Thus the part of the north-trending fauli morth of Wildrose Canyon,
buried by the Nova formation, did not become active again; the later move=
ment followed a north-northwesterly course.

Plate 186 illustrates the history of the portion of Panamint Valley
crossed by the strip maspped, as thus intsrpreted.

Faulting on the east edge
of the FPanamint Range

4s has been already sbtated (p. 31}, the evidence for major faulting
along the east margin of the Panamint Range within the area mepped is entirely
geonorphic. The old~agse surface of subdued relief on the summit hes heen
uplifted, without appreciable tilting, several thousand feet above the floors
of Pansmint and Death Velleys, and is bounded on both west and sast by steep
and rugged slopes. The slope to the west is the result of the step-faulting
just described. The slope to the east, though considerably stesper, is
much more deeply dissected. Thers is no evidence of recent movement along
faults within it or at its base. In all its geomorphic aspects, including
height and stespness, it is comparsble 1o the esst front of the Slerra
Nevada within the ares studied. For these reasons it is considered to be
a dseply eroded fault scarp, and on the geclogic map and section of Plate 1
a buried fault of unknown attitude is indiecated just east of the present
margin of the Panamint Range. From a consideration of the deeply eroded

character of the scarp, the major movement along this burled fault or



West - East,

Late Miccene? Initial blocking out of the Argus and Pansmint Ranges.

Late lMiocene to early Pliocene? Deposition of the Nova formation (alluvial fan
material, derived from the degradation of the west~facing scarp, and inter-
bedded basalt).

Middle and late Pliocene. Undisturbed erosion, end the development of an ercsion
surface of 1 1

Late Pliocene or sarly Pleistocens. Extrusion of basalt.

Barly Plelstocens. Initial Quaternary movement on the Panamint Valley faul:
ZO0E,

Argus  Range ’ Psnamint  Range

Peromint  Valley

1% 0 ] 2 3 Miles

Horizortsl and Verticst Scals

Pleistocens end Recent. Faulting along the eszst and west edges of Pananint
Valley, bringing the structure section to its present condition.

Piate 16. Inferred events in the later Cenczoic history of
Panamint Valley. Formational symbols as in the geologic
seaction of Plate 1.
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fault zone is believed to have occurred early in the Pleistocens, at which
time the range was uplifted as a horst (next to last sbage in Plate 16).

Later uplifts of the range seem to have beenbaceomplished wholly by
normal fauliing along its western edge. The large scale of these movements
on the Panamint Valley fault zone, the equally large scale of the late
movemenits along the fault zone on the east edge of Death Valley, and the
lack of known contemporaneous deformation between these two zones, suggest
that during this later faulting the Panamint Renge and Death Valley behaved
essentislly as a rigid crustal block, and that the west edge of the block
was uplifted, elevating the Panamint Range, while the east edge was lowered,
depressing Death Valley. This suggestion implies that the Panamint Range
has been tilted to the east by these latest movements, yet the old erosion
surface on the sumit does not appear to ve tilted. The wiﬁﬁh of the crustal
block between the two fault zones, however, is so great that a considerable
uplift of the Panamint Range could be brought about by a rather small rotation.
The twe zones ars about 29 miles apart, which would mean, for exsmple, that &
4° rotation of the block about & north-trending horizonital axis neer the earthis
surface midway betwsen the two zones would elevate the west part of the
Panamint Range 5300 feet and would depress the east edge of Death Valley an
equal smount. This factor may explain the fallure to notice evidence of tilting
of the summit upland,

Nowhere is the east edge of the central part of the Panamint Range marked
by the evidences of recent major uplift by faulting, such as triangular-
facated spur-snds and straightness of bedrock-glluvium. contact, which are so
prominent on thé west margin of the range. At a few places, however, there

are smsll east-facing fault scarps in the alluvium of the large fans which
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spread to the east inio Death Valley. A4n especially large scarp of this
kind lies sast of Telescope Pesk. These gearps suggest that fault move-
ments are being resumed along the east edge of the range, and that the
uplift now in progress is again of the horst, rather than of the tilted
block, type.

Discussion of Cenozoie Structures

From the foregoing deseripiion of the Cenozole struectural features it
is evident that deformation has opeccurred freguently during the latter halfl
of the Cenozoic sra. A summary of the age, loeation, and nature of thse
known Cenczoic erustal movemends is given below, in chronoclogic order:

(1) Paulting, older than the Nova formation, on
the west flank of the Panamint Range

(2} PRastward tilting of the Nova formation of the
Panamint Range before the development of
+he late Pliocene land surface of subdued
relisf

(3} Uplift of the Goso Range, at least partly by
faulting, aiter the development of the
late Pliocene surface of low reliel bhut
pefore the deposition of ithe late Plioccens
or early Pleistocene Coso formation

(4] Extensive normal faulting throughout the entire
area after the extrusion of the late Pliocene
or early Pleistocene basalt but before the
deposition of the older Quaternary alluvium

(5} Faulting, younger than the older Quaternary ale-
luvium, on both sides of Panamint Valley.

Virtually a1l of the Cenozole crustal movements, therefore, have resulted
in faulting. The faults whose aittitudes could be obgerved are normal Taulis,
and it seems probable that all the Cencozolc faults are of the normal variety.
There is no evidence of Tertiary thrusting such as occcurred in the region

to the south and east (Hewett, 1928; Longwell, 1988; Glock, 1929; Nolan, 1929,
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Hoble, 1938).

buring the deformation to which the area owes most of its present
relief ( {4) in the list above), the crustal blocks between Cactus Flat,
and the Panamint Range, bounded by Guaternary faults, were tilted to the
aast, and thoss west of Cactus Flat were tilted west. Hast of Cactus Flat,
faulting and $ilting both occurred in the relatively short period after the
cutflow of basaltic lava but beforse the deposition of the Quaternary lake
beds and older glluvium; thie sirongly suggests that faulting and tilting
were contemporansous. LT so, the movement was a rotation of the fault-
blocks o the east, so that the fault surfaces were tilied as well as the
lava sheets. The irgus Range and Panamint Valley, for example, constituted
a crustal block bounded on the esst and west by fault zones, and movemend
along these zones tilted the block so that its west edge was uplifted to
form the Argus Range and ite east edge was depressed to form Panamint Valley.
During the post-basali deformation of the area the upper part of the earth's
grust must have besn lengthensd in an sast-west dirsetion, but the magnitude

£ this lengthening cennot be calculated because of the unknown dips and dip
slips of some of the mejor faults, and also because of the unknown strike
slips aloﬁg the faults, whose traces are not parallel.

No close folds were created by the Cenoczole crusital movements, but the
deformation did inelude the forming of geuntle Tlexures. Warping seems Lo
have accompanied the earlier tilting of the Nova formation { (2) in the
above list; early Pliocene? stage of Plate 16), for the eastward dips of
this formetion are in zmeneral somewhat larger in the west part of the Panamint
Range than in the central parit. The ilmportance of warping in the later

Cenczolic deformstion is 4ifficult to evaluate because the observed effecis



which may have been produced by major warping may equally well be the
result of the rotastion of rigid faulteblocks. The dips of the Coso forms-
tion in the geologle ssciion of Plate 1, for exemple, suggest that the
lotest uplift of the Coso Range { {(4) in the list above) may have involved
broad anticlinal flexing, but it is equally possible that these dips re-
sulted from the tilting of rigid blocks by fsulting. Referring again to
this geologic section, it might even be postulated that, just prior o the
faulting by which the present topography is so largely determined, the late
Pliocene erosion surface of low relief was flexed into a great north-trending
upwarp whose axis was near the site of the present Coso Range and which in-
cluded as ites west and east flanks the Sierra Nevada and the Argus Range,
respectively. The Taulting between the summits of the Sierra Nevada and the
Argus Range could then be regarded as thekrasult of the later collapse of
the crest of this great anticline. ILeConte's similar hypothesis Tor the
greation of the entire Great Dasin by the Sfeakd@Wﬁ of an upwarp exbending
from the Sierra Nevade to the Wasateh Range is well known (Le Conte, 1889,
Po 268). |

There are objectlions, however, tQAthe idea that any such upwarp existed
for an appreciable length of early Pleistocene time. The helght of its
centrzl part would have been so great that evidences of glaciation should
now be found on the summit of the Coso Range. Furthermore, desp gorges,
counterparts of those formed early in the Pleistocene on the west slope of
the Sierrs Nevade, would have been cub on the east limb of the anticline
also, and should now be represented as canyons extending from the west edge
of Panamint Vaelley completely up to the crest of the Argus Range, with

evidence that their heads originally lay even farther west, The absence



of such canyons is reason for belief that the eastward tilt of this range
could not have existed for a very long time before the faulting which
ereated its western searp. This supports the suggesbtion, made iln a previous
paragraph, that $ilting and faultipg cceurred at the same time as parts of
the same process.
During the GQuaternary deformation in the ares the outer portion of

the erust was extended and most parts of it wers elevated. It is guite
possible that this deformaition was caused by reglonal anticlinsl warping,
with east-west tension in the upper psrt of the crust accompanying a

tendency for broad uplift; if this was the case, however, the flexing in
the deeper part of the erust must have resulted almost ilmmediately in normal
faulting at the surface. 7The recent strike-slip Taulting in Death and
Panamint Valleys, where the southwest sides of the faults have moved relatively
northwest, demonstrates that horizontal shesring stresses were actlive in at

least the latter part of the deformation.

FECLOGIC HISTORY

PRE~CENQZOIC GHOLOGIC HISTOHY

The oldest rocks of the ares indiecate that during pre~Cambrisn time a
thick group of sediments was deposited here, Tolded, metamorphosed, intruded
by small basic igneous beodies, and ercded. There is very probably at leasst
one unconformity within the pre-(Cambrian metasediments.

Paleozolc sedimentation in this part of the Cordilleran geosyncline

was nearly conbtinuous, but two breaks in deposition are indicated: one by
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the apparent disconformity between the Silurian and Devonian, and ons by
the angular unconformity within the upper Carbonifercus. The types of
erustal movemenis which caused these unconformities are unknown. Other
breaks in the Paleozoic section may be discovered when more intensive
gtratigraphic work is done.

Hothing is known of the early Mesozolc history of the area mapped.
Marine Triszssic sediments are present in the Inyc Range to the northwest
{Koopf and XKirk, 1918, ppe. 47-48} and in the Spring Mountsins to the east
{Hewett, 1931, pp. 38=33), so it is quite possible that a Triassic ses coverad
the area of the present study. Later in the Mesozole the Nevadlan orogeny
affected the area, and during this disturbance the Paleozolce and pre-Laumbrian

strate were folded, faulted, and intruded by lete Jurassic plutonic rocks.

GENGZOIC GEOLOGIC HISTORY

At no time since the Nevadlan orogeny hasg the region between the Sierrs
Nevada and Death Valley rsceived deposits of marine sediments. During
Gretacsous and early Tertlery time the mountaine created by this orogeny arse
supposed to have undergone virtually undisturbed erosion, so that by middle
Miocene bhe region was worn down o a conditlon of low relief. 4An external
drainage system to the Pacific probably was in effect during most or all of
this period of erosion, for nearly all the ercded material was carried away
from the region. The only sediments known to have been deposited in eastern
Californla while this ercslion was in progress are those of the land-laid
lower Cligocene Titus Canyon Tormstion, just east of Death Valley (Stock

and Bodse, 1833).



A% mome time between the Nevadian orogeny and the middle Miocens,
presumably early in the Tertiary, the extrusive and explosive voleanie
astivity represented by the flows and tuffs of the eastern Pansamint Range
took place, and, probably in the same interval of time, the lamprophyre
dikes and sills of the Cosc and Argus Renges were intruded. The sndesite
of the western Coso Range is tentatively referred to the upper Miccene
because of the occurrence farther south of andesite known o be of that age.

The events in the later Csnozoclc history of the ares investigated have
already been referred to, in a disconnected way. They are systemetically
summarized in the first three columns of Plate 17. For compsrison, a
fourth column is added, listing and tentatively correlating the correspond-~
ing events in the history of the Inyo Range, Owens Valley, znd the esast
slope of the southern Sierra Nevaeda as interpreted by Gale (19215},

Knopf (1918), Blackwelder (1931), and Matthes (1933). Perhaps the most
interesting feature of this comparison is the correlation offered beitween
the glacisl and interglacial stages in the Sierrs Nevads anéd events to the
east. The following paragraphs are in explanation of these correlations.

Blackwelder (1931, p. 918) has recognized evidences of four glacial
stages on the esst slops of the Sierrs Nevada, and has tentatively corre-
lated them with the standard North American Pleistocene section as follows:

Standard seetion Sierra Nevads

Wisconsin « « « « s ¢« o o »  Tioga
Iowan « « « ¢ o 2 & o o & o Pahoe
Kansan o o o o o 8 2 ¢ o o Sherwin

Iﬁ@bl“& Skaﬁ @ & o @ E @ ES © @ L’icge%
On the basis of ites vertebrate fossils the Coso formetion was dated as late

Pliccens or early Pleistocens by Schultz, who believed thet it was deposited
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PLATE 1%,

GOS0 RANGE

ARGUS RANGE AND
DARWIN HILLS

PANAMINT RANGE AND
PANAMINT VALIEY

INYO BANWCGE, CWENS VALLEY, ARND
EAST BLOPE OF SIERRA NEVADA

Evaporation of lake in Psnanmint

Development of existing arid climzte.

Valley. Fsulting on Papsmint Dissppearance of late Plelstocens lake
BECENT Ercosion and alluviation. Valley fault zone. Hrosion and syetem., Faulbting in Owens Valley.
alluviation. Erosion and alluviation.
Tioga glacial stage in Slerrs Nevada.
Formation of & lake in Panamint Daevelopment of Qwens Vellsy - Indian
Yallay. Wells Valley - Searles Basin - Pananmint
Valley - Death Valley lske sysbem.
Recurrence of arid conditions during &
short interglacisl period.

Tapping of Darwin Wash by Faulting on west and east sides Renewed faulting. Tahoe glecial stage,
= hesdward erosion of Darwin of Pansmint Valleyv. Dissection with ineressed humidity. Disssction of
g Canyon. Dissechion of old of old alluvium and lske beds. older alluvium and lake bheds.

g alluvium and lake beds.

]

% Interglacial stage of ineressed aridity. Disappearance of lakes, and deposition of oldsr alluvium.
I

Deposition of lake beds

in Derwin Wesh (and Panamint Valley?)

Sherwin glaclial sitage in Sierrs Nevada,
& stage of high humidity. Deposition
of Wauceba Canyon lake beds.

Normal faulting, uplifting the ranges
Ranges to the east.

Horst=uplift of

and tilting the Cosc and Argus
the Panamint Range.

Normal faulting, uplifting the Inyo
Range. Major uplift of Sierre Nevads
by movement on Slerrs Nevada