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OUTLIDNE oFr THE REPORT.

The Panamint Range is & normal basin-range tilted
fault~-block, uplifted probsbly in Tertiary time and rejuvenated
by very complex recent faulting on the west. This great block
is approximately 100 miles long, but the arca covered by the
reconnaissance geologic map embraces a tract of country in the
gsouthern portion of the range about 25 miles from north to
south. The range occupies & commanding »nosition, forming the
west wall of Death Valley'almost throughout its entire length
and the east wall of the somewhat smaeller, but very similar,
Panamint Valley. The rocks consist of a great thickness of
undifferentiated metamorphic complex, embracing schistis,
gneisses, and marble, predominantly of seiimentary origin,
unjected by granitic rocks &nd cut by diabase dikes. These are
overlain by less highly metamorphosed slaty schists and dolomitic
limestones, separated by a nonconformity from & succession of
rooks consisting largely of limestones, dolomites and schists.
The age of the rocks is unknown, but is believed to range from
pre-Cambrian to lower Paleozoic. Structure within the range is
not entirely clear and that of certain rock masses is indeter-
minable. The older rocks on the west slepe show a westward dip
of the foliation, while the younger rocks forming the crest of
the range and the Death Valley side, dip gently eastward.

A general Renticular charascter of the older rocks is character-
istic, and, in general, folding is of major importance. Deposgits
of gold, lead and antimony occur in various places in the range,

but the silver-bearing quartz veins in the Panamint district
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are of chief interest. The latter ocour prinecipally in
limestone, but also in schist, and are strong fissure veins

of Mesozolc age.
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PART 1. GENERAL FEATURES.

INTRODUC TION

FIELD WORK AND ACKNOWLEDGIMENTS.

Field work was begun on the geology of the
Panamint Range in Ootober, 1926 and continued with but few
interruptions until December of that year. LZbout one month of this
time was spent in detail geologic mapping by plane table
on & scale of 1: 7,200 of the Panamint district, using for
control a triasnguletion system which had previously been made
by Co L. Tibbals and F. Percival, United States Deputy Mineral
Surveyors. The latter work was undertaken in connection with
a patent survey of the entire district for the Panamint Mining
Company and included the establishﬁent of about 35 bench
marks from Wyoming Hill to Marvel Canyon. Only a few of
these have been recorded on the map. (Sece Plate II, in pocket).
?he datum point, from whidh the levels of the Panamint map were
iecknned, was an iron pipe driven into the ground near the
portal of the Lewis tunnel and was assumed to be 7100 feet
zbove sea level., This was msde necessary in the absence of
U. S. Geological Survey or U. S. Coast and Geodetic Survey bench
marks in the immediate vicinity. It is believed that the
assumed elevation does not differ more than 100 feet from the
actual elevation with sea level datum. The district was visited
again in June, 1927, and a topographic map on the above scale,

covering an area approximately 2% square miles, was undertaken,
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employing the usual transit and stadia method., Mr. A. P. Patferson
was engageé as transit man while the suthor acted as rodman.
Phe geologic mapping was in part extended and numerous checks
with the plane table survey begun the year before, were made
from time to time. An extension of the control system further
to the north was made necessary. Six weeks were taken up with
topographic surveying, while the major part of the time until
September was spent in completing the plane table geologic
mapping and in surveying and studying several of fthe more important
accessible mines in the diétriot.

A reconnaissance study of the southern part of the ra
range was begun during the latter part of the summer using
a base enlarged from the U. S. Geological Survey's maps of
the Ballarat, Scarles Lake and Furnace Creek guadrangles.
The reconnsissance study was continued in June, 1928, when 6
weeks was spent in the area, 4 few weeks spent in 1929 complete
the field work on this part of the Panemint Range.

The writer desires to thank his many friends in
the South Park mining district, particularly Messrs. Christopher
Wicht, James S. Cleburne, G. R. Mo¥adden, and J. V. Lehigh,
for numerous courtesies extended, and to express his
anpreciastion of the active interest shown during the progress
of the work. The study was undertaken at the suggestion of
L. P. Noble, I am indebted to ¥. L. Ransome, John P, Buwalda,
and J. E, Wolff for their kindnéss in aceompanying me on

ghort field trips to the region, for suggestions concerning



many of the problems involved in the work, and for a
critical reading of the manuscript of this report. Further
appreciation is due Rene Engel for petrologic assistance and
advice.

SITUATION,.

The area covered by the reconnaissance geologic
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map (Plate 1, in pocket) embracing the tract of country that
forms the particular subject of this investigation is approx-
imately 21 miles from north to south and 24 miles wide snd lies
between parallels 36°00' and 36°16' and meridians 116°53' and

117°15'. It is situated in Inyo county, southeastern California
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and 1ts general geographic pogition is shown on the index map
(fige 1). The area thus outlined contains about 500 square
miles and includes & gortion of the southern part of the Fansmint
Range.

The almost deserted town of Ballarat, the
only settlement in the area, is located at the foot of the
range in Penamint Valley. Avfairly good desert road, 25 miles
in length, connects Ballarat with Trona the nearest railroad
point, crossing the extreme northern end of the Slate Range. A
standard gauge line of fhe Trona Railway Company, owned and
controlled by the American Potash and Chemical Corporation
affords daily connection at Searles Station with the Owens Valley
branch of the Southern Pacific Railroad. This railroed eitends
by standard gauge to Owenyo from whence it proceeds northerly
as a narrow gauge, through Owens Valley, to Mina and other Nevada
pointse. Southerly from Searles Station, the branch'conneats
with the mein line of the Southern Pacific at Mohave., From Mohave,
direct connections are made north to Los Angeles and San FPedro.
The eastern side of the Panamint Range is considerably more
inacceésible, the nearest railroad points being Ryan, Shoshone,
and Beatty. Ryan is situated in the Funeral Mountains, and
is reached by the Death Valley Railroad, a narrow gauge line
from Death Valley Junction. This railroad is operated by the
Pacific Coast Borax Company. Shoshone is & station on the
Tonopah and Tidewater Reilroad in Amargosa Valley. Beatty is a

station on the Tonopah and Tidewater Railroad about 33 miles
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by road from Bungalow City. Aside from a few canyon
roads on the west side of the range, the accessibility of
the higher parts is confined %o a few rather unsatisfactory

trails,
PREVIQUS VORK.

The following publications deal with the geology
of this portion of California but few of them specifically
relate to that part of tﬁe Panamint Range discussed in this
report. In fact very few studies have been made of the geology
of the Pansmint Range, aside from brief sketches by Ball, |

Spurr and Fairbanks as noted below.

1874. Stetefeldt, C. A., Report on Panamint mining district
to the U. S. Commissioner of Min. Statistics, Eng.
and Mining Jour., Oct. 7th., 1874. Or -- Raymond, R. W.,
Mines and mining in the States and Territories west
of the Roexy Mountains for 1875, pp. 33-39, 1877,
This report, written by a mining engineer, contains
a sketch of the geology and ore deposits of the Panamint
district and a general description of the geology of

Surprise Canyon.

1894, Feirbanks, H. W., Preliminary report on the mineral
deposits of Inyo, Mono, and Alpine counties; Calif-
ornia State Mining Bureau Twelfth Ann. Rept., pp.472-
478, 1894. The report is an outgrowth of a seversl

months reconnaigsance trip in this part of Californisa.
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Referring to the Panamint Range it is stated that -
"Limestone, quartzite, slate, and mica schist form

the predominating rocks". Brief mention is made of

the silver deposits in the Pansmint and Wild Rose

distriotse.

1896. Fairbanks, H. W., Notes on the geology of eastern
California: Am. Geol., Vol. 17, pp. 63-74, 1896.
The paper adds very little to our knowledge of the
geology of the Panamint Range and merely mentions the

occurrence of granite, gneiss and liparite,

1896+ Fairbanks, H. W., Mineral deposits of eastern California;
Am, Geol., Vol. 17, pp. 144-158, 1896. The paper
includes some very brief notes on the mineral deposits

of the Panamint Range.

1905. Spurr, J. E., Descriptive geoiogy of Nevada south of the
fortieth parallel and adjacent porticns of California:
Ue. S. Geol. Survey Bull. 208, pp. 200-205, 1905. The work
embodies the results of recomnnaissance trips in south-
central Yevade and eastern California of the country
lying about 25 miles north of 3B° north latitude made
by Spurr and Weeks in 1899 and 1900, together with
abstracts of the work of the earlier ploneer surveys.
The reconnsissance geologic map includes the entire
?anamint Range, but that portion of the report dealing

with the range is largely a compilation,
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1907, Ball, 8. H., A geologic reconnaissance of southwest-
ern Nevada and eastern Valifornia: U, S. Geol.
Survey Bull. 308, pp. 201-212, 1907. Contains the
results of a reconnaissance survey of the area lying
between 36°30' and 38° north latitude and 116900
and 117°30' west longitude. ‘he work is much more
deteiled than Spurr's reconnaissance, but the southern
boundary of the reg;on covered lies 16 miles north of
the area studied for this report. Some 11 pages are

devoted to descriptions of the general and economic

geology of the northern part of the Panamint Range.

1914, Gale, H. S., Salines in the Owens, Searles, sand Panamint
basins, southeastern California: U. S. Geol. Survey
Bull, 580, pp. 251-323, 1914. An account, pages 312~
323, of the existence of an ancient lske in Panamint

basin with a few notes on the gcologic structure.

1926. Noble, L. F., The Sen Andrees ©ift =nd some other active
faults in the desert region of southeastern
California, Carnegie Institution Year Book No. 25,
pp. 415-428, 1925-1926. Pages 425 to 428 deegls with
a genepal description and interesting features of the
fault which forms the escarpment along the east side
of Teath Valley - the Death Valley fault; snd that
which forms & similar escarpment along the east side

of Penamint Valley -~ the Pznamint Valley fault.
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1927, Davis, W. il., The rifts of southern Californie,
Am, Jour., Sci., 5th. Ser., 13, pp. 57-72, 1927.
A general paper on some of the major faults of
California in which mention is made of a few
significant features of the Panamint VYalley and
Death Valley faults.

CLIMATE, VEGETATION AND ANIMAL LIFE.

In consequence of the considereble difference in
altitude there is a corresponding varietion in both
climste and flora between Panamint Valley and Death Valley
on the une hand, and those of the Pansmint Range on the
other. The distinetion ranges from those exemplified by the
comparatively well watered crest of the range, with its
substantial timber growths, to the arid valleys with their
scant growth of typical desert plants.

In the valleys the air is relatively dry throughout
the yecar, the winters are moderately cold with occasional
light flurries of snow, and the period from June until
October is ususlly oppressively hot, both day and night. The
mesn summer temperature for Death Valley is about 96°
Fahrenheit. In 1913 the United States Weather Bureau station
at Furnace Creek (Greenland) Ranch, altitude 178 feet below
sea level, recordéd a shade temperature of 134° Fahrenheit.

This is-the highest officially reported natural shade temperature
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in the world. The mean winter temperature, as registered

over a period of many years at the Furnace Creek Ranch, is
about 60° Fahrenheit. Over a long preriod, the annual average
precipitation for Death Valley is about 1.5 inches, but it is
aoproximately twice that amount in Panamint Valley. In
occasional years the precipitation which lergely occurs during
the winter months is less than one inch.

The preveiling weather in the range is similax
to that of desert ranges generslly. Owing to the high altitude
Spring is late and Fall is early. In the upper reaches of the
Panamint Range, the winters are moderately cold; summer days
are warm and the nights delightfully cool. Generaslly there is
a marked variation in temperstures between sumner and winter,
and day and night, on the higher parts of the range. It would
be extremely difficult to estimate the precipitation in any
considerable part of the Panamint Range, but it is of course
very largely in excess of the precipitetion in the adjacent
valleys. The heaviest precipitation is along the crest line
where considerable snow falls during & normal winter, making
traveling exceedingly hazardous and difficult. The snow line
rarely falls below an elevation of 6500 feet, although there
are occasional exceptions. ‘he traveled roads through the
canyons have been rendered impassable and largely swept away
upon meny occasions during the last half century. This
results from cloudbursts or local excessively heavy rains
which have occurred both during the summuer and winter.

The vegetation of the Panamint Range is

typical of that of the higher desert ranges generally. For the
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mostvpart bushes, shrubs and trees are evenly spaces, consid-
erable distances apart (=s though they had been planted by
hand) to conform to the supply of ground water. Distribution
in the main is dependent upon the amount of moisture for s
given altitude and exposure. Three distinct zones of plant
growth can be made out in the range. *he lowest occupies the
valleys on either side of the range and the desiccated

slopes up to an altitude of about 6500 feet. The sparse

vegetation of this zone includes Cresote Bush (Larres tridentata

vare glutinosa) while along living streams in the canyons

one finds Mesquite (Prosopis juliflors var. glandulosa),

Fremont Cottonwood (Populus fremontii), willow and Desert

Grape (Vitis girdiana), The second zone is the lower half of

the conifer belt and extends to an altitude of about 8500

feets It is marked by the Desert Juniper (Juniperus californica

var, utahensis) and the Pinon Pine (Pinus cembroides var.

monophylla) while common shrubs ocourring in this region are:

Mexican %“ea (Ephedre viridis), Cliff Rose (Cowania mexicana

var. stansburisna), and Common Sagebush (Artemisia

tridentata). The third zone is the upper conifer belt

and extends from 8500 feet to the highest peaks and ridges

of the range. @he important renresentatives include the Lim-

ber Pine (Pinus flexilis) and the Hickory Pine (Pinus

aristata) with an occasi.nal Sierra Juniper (Juniperus

occidentalis). Other shrubs sre: Desert-sweet (Chamsebariaris

millifolium), Small=leef Mehogany (Cercocarpus intricatus)

while Mountain Mahogany (Cercocarpus lediiolius) is
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conspicuous as & shrub or tree.

Animals are not abundent in the area under
consideration. The predatory animals, with the exception
of a few coyotes, are not often secem. A few coveys of
lountain or California quail live in the better watered
portions of the range end fortunately are not hunted during
any season of the year. Both wild asnd domesticated burros
are rather plentiful but the presence of lfountain sheec is of
particular interest in that they are probasbly more plentiful

in the Panamint Range than in any other range in the southwest.,
STRINGS.

There are a large number of springs in the range
and most of them have been located during the mapping. %he
volume of water from most of these increases considerebly in

the Fall of the yesr.

BROAD TOPOGRATHIC FEATURES.

The Panamint Range is about 100 miles long and
extends from latitude 35°35' N. to 37°00' N. The line of
demercation between the Last Chance Range on the north and the
Paramint Range on the south is not sharply defined. On the
south the range terminates at Leach troughe. Near the south
end the broad low Wingaté Pasgs, filled with desert wash,
separates the range proper from Brown Mountain. Its dominant

trend is N-NW by S-SE bubt the portion of the range covered
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in this report substantially parallels the meridian. its widtkh
in the areas studied is about 18 miles. The range occupies a
comnranding position, forming the west wall of Death Valley
throughout almost its entire length and the east wall of the
somewhat smaller but very similar Panamint Valley.

"The Pansmint Range was named for the Panamint
tribe of Indians, who belonged to the Shoshonian family, and
lived around the Panamint Valley".* The noame ranamint was
applied by John Lillisrd of the Darwin French party - a group
of prospectors from San Francisco, who in Mey, 1860, set out in
search of a mythical silver deposit, the Gunsight lead”™ which
was believed to have been discovered by the emigrant party that
was lost in Desth Valley in 1850.** According to a newspaper
account by Dr. S. G. George appearing in the Panamint News of
March 9th., 1875, a second party set out in the fell of 1860 to
search for the lost lode. Phe highest peak in the range was
named by them Telescope Peak. It had been priviously known as
"Chiombe"™ in the native vernsculer.

The maxium elevation of the crest of the range is

attained'within the area studied and avereges approximately

* Sanchez, Nellie Van De Grift, Spanieh and Indian
place names of California, San Francisco, sruce Brough printer,

1922,
** California Min. Buresau Third Ann. Rept., p. 33, 1883.
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9500 feet‘above sea level. The rathcr sharp crested ridge
grédually culminates in Telescope Peak, altitude 11,045 feet,
It enjoys & comnanding eminence. From its summil magnificient
views of Death and Panamint valleys es well as Sierra Nevads,
3an Gabriel Mountains and other pesks in the four states of
California, Neveda, Utah and Arizona may e had. The full
relief is attsined within a short horizontal distance. From the
seg level contour line in Death Valley to the summif. of
telescope Peak the average grade is 1000 feet to a mile for a
horizontal distance of 11 miles. This sheer rige is perhaps
only exceeded in North America by that of San Jacinto Peck in
the San Jacinto Mountasins. While the east slope of the range
is therefore extremely abrupt and unusuelly rugged, it is yet
somewhat less precipitous than that of the west flank. Its axis
marks the center of the range fo& that portinn studied in this
report. |

” the range is scored by a considerable number of grest
canyons, spaced at fairly equal intervels end extending general-
ly normal to the trend of the range. These are separated by long
rather even-crested ridges as Shown in Plate IV, B, which
presents.a goutherly view taken from the summit of Telescope
Peak. The canyons are notably steep and rugged, with walls often
rising sheer for hundreds of feet. In some instances they are
actually vertical. This is especially true of canyons on %the
west versant of the range. Locally they are mere slits in bed-

rocks. A particulerly impreSsive example is found in Surprise
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Canyon about 2 miles from the enitrance. H_ere the canyon
narrows to & bedrock gorge some 15 to 25 feet wide for a
distance of about a half a mile where fthe canyon has been cut
through hard massive aplite. The feature is known locally as
the Narrows. This is true of several cenyons in fthe range
where they enter any herd massive rock, notably granite—gneiss;
A& few of them contain falls. The grade of the canyons on both
versants of the range average generally from 15% to 18%. A second
period of faulting has, however, ¥esulted in a steepening cof the
canyon grades in their centrzl portions on the west versant
of the range and the resulting rejuvenation of their streams,
while & uniformly decreasing slope maintains thréughout their
length on the east versant or backslope of the range.

A debris fan conteining large boulders at the
mouth of Surprise CGanyon, for example, shows the torrential
character of the water course, which ordinarily is entirely
dry, and is striking testimony of the power of a stream that
is active for perhaps a few hours each year. This fact has
made the building and upkeep of canyon roads difficult. Parts
of the roed uc Surprise Canyoh have required rebuilding three %
times during my stay in the region. Striking examples of
fresh boulders weighing upwerds of 50 ton can be fcund many
miles from their sources. Not unlikely mudflows have coantributed
their part of the upbuilding of the fans slthough it is not
believed that they were a paramount égent of cenyon erosion in

the Panamint Range.
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4 mud¥low of considerable magnitude occurred in
Surprise Canyon late in the afternoon of July 26th., 1917,
occasioned by a cloudburst near the head of Woodpecker Canyon,
a north branch of Surprise Canyon. According to the only living
witness of the flood the Water‘was 40 feet deen in the Nerrows
of the canyon and the road was 1owereé 12 feet helow ifts original
level for a distance of gbout a mile. Like many of the mudflows
described by Blackwelder,* the Surprise Canyon flow is characterize
by preponderarce of boulders. (See Plate V, &). Its recency is
indicated by ebsence of stream lines on ifts surfece. It could
not be ascertained how far the large fresh hculders incorporated
within the mudflow were carried at the time of the flood and
it seems more probeble, in view of their well rounded corxdition,
to assume thet at leesst the larger number of them were not
transported directly from their sources at the time of the
flood. However, trees up to 2% feet in dismeter were moved many
miles down the canyon and were completely or partially buried in
the layer ¢of mud and rocks which covercd the former surface of
the fan. At the time of the flood the flow of mud and rocks wes
estimated to have reached a maximum thickness of 4 feet and the

presenf lobate layer of bouldery aud is 2 fect thick st its margin

*Blackwelder, Eliot, Mudflow as a geologic agent in Semiarid
Ilountains : Bull. of the Geological Society of America, Vol.39,

pp. 465-484, 1928,
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and covers wroughly 105 of the present fan area, Cultting by streams
in the ceanyon below the mudflow surface verics widely from

place to place and reaches a probable maximur of 15 feet. How

mach of this figure represenis dissecticn by water im:ediately
after the flow of mud and rocks, cen not of course be estimated

but 1t may have been considersble. Subsequent rains would as =&
result be underloaded, and cutting could go on at a more rapid rate
below the mud flow surface.

Cn the eazt side of the range tlhie boundary between rock
ir place and valley fill is irreguler, in marked contrast to the
sharp lines of demarcetion on the weet front of the range. Between
the remsriebly level floor of Dezth Valley and the base of the
range is & barren belt of alluvial wash, which averages sbout 4
miles wide and ettains & height of ansroximetely 2000 f:-et above
the valley floor. It marks a coantinuous ealluvial apron very similiar
to, wub on & grandey scale than that of the east front of
Argus Range to the west. It reaches its grestest development in
that oart of the range included within {le area represented by
Plate 1, and is less marked in ti.e northern part of the range.
loreover, it is in striking contrest t¢ the Leld exceedingly rugged
escarpments on the west flanks of the Fanamint Range and theat of the
Blaek Mountains to the east with thelr isclated small alluvisal
eones buiit up at intervals along the weust fronts of these ranges.
Also, the highly decomposed granitic roecks ol the Degth Valley
fang contrests sharply with the {resh nmaterial of the fanamint

Velley fans.



An 0l1d erosion surface is preserved in this part of the
Panamint Range, as has previously hee: noted by 3all for the
northern part of the range. Bali* further mentions the exigstence
of similar old topographic forms on the Xawich, Amargosa and
Belted ranges. Perguson™** found a similsr nature topography
on the Poquima Rangze. Meinzer™® re-orted similar topographic
forms on the Toyabe Rance and Buwalde™ described the occurrence
of an early old-age topography on Cedar lMourtain. Physiographical-
ly, the Panamint #ange was reduced by long-continued erosion %o
mature topographic forms and the upper reaches of many of the
canyons are characterized by gently rounded slopes and well
graded stream channels. In the gouthern part of the range the
greatest development of this land surface is represented by
the peculiasr Jdepressions known as South Park and Middle Park,
while similar mature topography characterize8 the large area

north of Wildrose Canyon. The Parks, lying at an elevation

*  Ball, S. Z., A geol0gic reconnalissance in southwesﬁern
Nevada and eastern Californis: U. S. Geol. Survey Bull. 308, ppe.
16-17, 119, 161, 202, 1207,

**Ferguson, H. G., Ceology and ore deposits of the
Manhattan district, NNevada: U. S. Geol. Survey Bull. 723, pp.
61-62, 1924,

¥ Meinzer, 0. E., Bround water in Big Smoky Valley, Nevada:
U. S. Geols. Survey Water-Supply Jeper 375, p. 90, 1915,

~-* Buwalda, J. P., Tertiary mammel beds in west-central

Nevada: California Univ. Dept. Geology Bull., Vol., 8, pp. 358-
359, 1914,
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of nearly 6500 fect, drain west through South Park and 1Iiddle
Fark canyons. In the country north of Wildrose Canyon, the
drainage divide lies somethat south of the center of the area.
The country south of the divide drains into Wildrose Canyon
and Panemint Valley while that north of the divide drains through
Emigrant Canyon into Deasth Valley. The upper part of Wildrose
CGanyon, (Plate VI,A&), is typical of this late mature land surface.
Although vestiges of mature topography are everywhere present
on the western slope of the Fanamint Range, the belt varies
congiderably in width end in degree of topographic development,
The transition from youth to more mature forms is at times very
abrupt as in the case of Wildrose Canyon, South rarlkr and Middle &
Park: whereas in the case of Surprise Canyon, for example, thé en
change takes place gradually for & distance of a mile or more.
It is believed that this is due, in part at least, to the
difference in the amount of vertical component of uplift which
the western face of the range has suffered in comparatively
recent time. As a direct consequence of this fact, the streams in
many of the canyons have not had oprortunity to cut back into the
older land surface as far in some instances, &s in others. Owing
to the absence of Tertiary volcanic rocks in the area considered,
this mature land surface can not be definitely assignéd to any
perticular age, although it is undoubtedly & counterpart of
others described in t he Basin Ranges where & late Pliocene age
has been generally recognized.

As previously stated, rejuvenation has greatly

affected the range within comparatively recent time, This is
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shown most plainly elong the west flank of the southern portion
of the range, where all possible evidence of complex recent fault-
ing is indicated. Many interesting features in connection with
this faulting have previously been recored by Noble* and Davis.**
The subject was not studied in deteil by the author and only a

few significant features of the complex structural history of the
range will be mentioned., Its western flank is here unusually
steep and rugged and the escarpment of the range displays a
remarkable development of triangular facets, so recently formed
that new talus cones are just appearing along the base of the
precipitous slope. Many of the facets have hardly had time to
assume a true triangular shape. In this connection it is interest-
ing to note that, although Hall Canyon is 8 miles long, it has &
very insignificant fan which is no larger than the féns of

many mere gashes. Consequently one has some difficulty in a

drive along the base of the range in locating this, a2 major

canyon of the range. (See Plate VII, B). Other similar examples
of canyons south of Sallarat are at once brought to the attention

of & passing observer.

* Noble, L. P., The San Andreas Rift and some othex
active faults in the desert region of southeastern Uslifornia,
Garnegie Institution Yeer Book No. 25, ppe. 415-428, 1925-1926.

** Davis, V. ﬁ.; The rifts of southern valifornia, Am.

Jour. Sci., 5th. Ser., 13, pp. 57-72, 1927,
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Thus, while meny of the large pre-feulting fans have
been completely buried under uvost-faulbting alluvium, a mile or
moie north or south along the escarpment these 01ld fans have not
been entirely devressed. The best example of this is in %he
1érge fan at the mouth of Wildrose Canyon. Here recent faulting
has produced a large and well-défined trench which runs across
the fan neer 1ts apex. (See Plate VIII, 3). The featuve is
undoubtedly a graben; although in keeping with the structural
history of the range, many heve had a complex history. A rather
remarkable system of fans exists in t he viecinity of Ballarat
where four fan levels including the present were counted, all,
with th%?xception of the present, in & greater or less degrece of
dissection. Fowever, the most outstand ng feature is the abrupt
truncation of pre-faulting fanglomerate just south of Bsllarat
which has given the depnosit a peculiar mesa-like appesrance, &s
shown in Plate VII, A. Its flat-topped surface rises nesrly
500 feet above the valley floor. It seems proper to regard it as
a remnant of the fan from Pleasant Canyon that hes been cut off
by an oblique fault which rums in a southwesterly direction from
near the present mouth of Hap,y Yanyon. Moreover, the truncated
fan lines up fairly well with other featﬁrcs fo the south.

Another interesting feature that is immediztely

brought to the attention of a passing observer is the enormous
thickness and recent dissection of fanglomerate of such remnants
of pre-faulting fans es exist. Moreover, faulting ras resulted

in considerable tilting and dips up to 45° either west or east



are not uncommon. Unconformities in fan materisl have also
been noted in severel places. One of these is shown in Plete
ViiIi, &.

As a direct concsequence of the tilting of the
Pahamint block toward the east, the large fans on the east ver-
sant have been grestly dissected. A view taken from near the
mouth of Johnson Canyon is shown in Plate V, 3. The streams issu-
ing from this canyon have cut a wide trench over 75 feet below the
original flat-topped fan surface. However, Other facliors may
heve brought about & similer result, such as change of climate
or altered relations between load and carrying power through
headwater changes.

The remarkable steep front frequently versists
to the very base of the cliffs and often tue playa flat, occupy-
ing the deepest part of Panamint Valley, lies directly against #
the escaroment. As has been suggested by the foregoing remerks,
the range is not bounded by one continucus fault, and as
Noble hss pointed out "...rather, a succession of faults,
each of which is offset from the other alo g the strike",
"Consequently their escarpments [of both the Panamint Valley
and Death Velley faults | have a roughly zig-zag »pattern and
are indented by great concave bights or cusps where the offsefs
ocecur™, "At some places the bights mark cross-faults; at others
they appear to represent areas of great and sudden downwarp'.
"At many places the faults exhibit enormous changes in amount

of throw in distances of a few miles". * The escarpment reaches
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PLATE 1IV.

A. SENTINEL PELK FRCH THE SO0UTH, SHOWING
OLDER MATURE TOPOGRACHY.

a, marble of the Panamint metamorphic
complex; ¢, darvel dolomitic lime=~
stone; 4, Surprise formation; e,
Sentinel dolomite. Surprise formstion
occunies the foreground.

Be SOUTHERLY VIEW FRCOM SUMIIT OF TELESCORE
EAK, SHOWLNG THE P/ RALLFL, CONTINUOUS AND RATHER

>
EVEN~CRESTED RIDGE LINES CHARACTERISTIC OF BOTH
THE ELST AND WEST VERSANTS OF THE PANAMINT RANGE.

The white peak in the foreground is the
Redlands dolomitic limestone.

TOPOGRAZHY
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PLATE V.
L. VIEY SHOWING THE BOULDERY MUDFLOW SURFACE NELR THE
MOUTH OF SURPRISE CANYON.
B. VIEW LCOXIUG EAST FRCH £ POINT NEAR THE MOUTH OF
JOHNSON CANYON, SHOWING RECENT DISSECTICH "I FAN,.

The Blsck Mountains in the distance here forms the
esst border of Desth Valley.

TOPOGEAZHY
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PLATE VI.

WILDROSE CANYON FROM £ POINT ON RIDGE SOUTH-
WEST OF CHARCOAL XILNS.

Showing late mature land surface. In the distance,
across Panamint Valley, is the Argus Sange. ToO
the right and beyond are the Inyo Mountains and
the Sierra Nevada. To the left and west of the
Lrgus Range lies the mining camp of Darwin,
nearly due west of the observer.

VIEW SOUTH FROM NEAR CAMP BIRD MINE, SHOWING THE
RUGGED TOPOGRAZHY OF THE INTRICATELY FOLDED
AND FAULTY¥D MARVEL DOLOMITIC LIME.T NE .N

THE PANAMINT DISTRICT.

The observer is looking up Marvel Canyon, & branch
of Surprise Canyon. The road in Surprise Canyon
crosses the extreme lower central psrt of the
illustration. A& nerrow wagon road, built in
about 1875, conneets the Hemlock and Wyoming
mines. The ridge on the skyline to the left
is the Surprise formation. The two darker s&reas
(¢) are interbedded schist in the HMarvel
dolonmitic limestone.
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PLATE VII.

A. VIEW LOCKING SOUTH, FROIM £ POINT IN PANAMINT
VALLEY SEVERAL MILES NORTH OF BALLARAT.

Showing remnant of fan which has been abruptly
truncated on the north and west by recent
faulting. To the left of view several
dissected fan levels can be noted.

B. PAFAMINT VALLEY FAULT SCART® FROM £ POINT ABOUT
3 MILES AWAY, SHOWING THE INSIGNIFICANT POST-FAULTING
‘ PAN AT THE MOUTH OF HALL CANYON.

The dark rocks are schist and the light is sheared
granite. Telescope Pesk shown in the background.

TOPOGRATHY
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FPLATE VIII.

A. VIEYW SHOWING UNCONFORMITY IN PAN MATERIZL
NEAR THE MOUTH OF WILDROSE CANYON.

B. VIEW LOOKING NORTH ALONG FAULT-IRENCH, FR0M
A POINT O THE VESTERN ESCARIPHENT ABCUT 4 MILES S0UIH
OF WILDROSE CANYON.

The trench is nearly a mile wide @né 4 niles
long and is comoosed of 0ld Quaternary elluvisel
derosits. It crosses the pre-feulting fens of
Wildroge and Tuber canyons near their apices,

TOPCGIATEY
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ts which bound the renge where I have seen tlem ave normal

the slant of the aonroximetely 3B~ rock-faces & proaches

of the dissected feult-plene was obtained. *he tremendous

breccistion of rocks along the renge front is another interesting

feature in connection with the rccent faulting
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EOLOGY

PANANMINT MEDLIORPHIC COMNPLEX.

DIS RIBUTION AND GENERAL FEELTUREC.

The neme Panenint metamorphic complex, is applied
to a series of interbedded metamorphic crystalline rocks,
presumably in large part of sedimentary origin, which occupny

e large area in the southern part of the rfanamint Renge. They

<

cover a strip of country, roughly 5 miles wide, on the weslern
side of the range.

rhe types making up the complex are numerous and
various. There exists an infinite series of gredations hetween

coarse gneisses, sheared granite, Finer-grained banded gneisses,

* Noble, L. P., 0p. cit., 2. 427,
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LOWER PALEOCZOIC(?)

Telescope group

FEET

Desth Valley formation Unknown
Hansupah formation 1500%
Redlands dolomitic limestone 600 *
Radcliff formation 600*
Sentinel_dolomite 100
Wildrose formation 500 *
Mounain Gir| congl-quartite 65-100

DISCONFORMITY(?
Middle Park_formation 300*
Sour _Dough limestone 50-60
Surprise Formation Unknown

NONCONFORMITY———————————]
Surprise formation Unknown

(metamorphic conglomerate, slate,
phyllite, quartssericite schist,
metamorphosed sandstones, etc)

AL

LOWER FALEDZO/C(?) [~

PRE-CAMBRIAN ANO

Marvel dolomitic limestone Unknown
PROBABLE UNCONFORMITY
Panamint metomorphic complex Unknown

(gneisses , schista , marble, limestone,
quartzite, eic.injected by granitic rocks
and cut by disbase dikes)

PIGURE 2.---~Generelized columnar section of
rock formations in the soutlern part of the Pansmint
TBnge. °
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coarse and fine-fextured schists. The prevailing ones, to bhe
discussed later are: granite-gneiss or sheared granite, biotite-
quartz gneiss, actinolite~biotite-quartz schist, marble, and
limestone. These have been injected by granite and aplite and
cul by diabase dikes.

| An observer obtains & magnificent view of these
Ffocks in crossing the northern part of the Slaste Range, parﬁiéular-
ly in late afternoon. Various cclors are exhibited, especially
white, gray, buff and brown. Perhaps fthe most significent
feature is the streaked effect of several of tle rock masses,

due to their lenticulsr character.
PRINCIPAL ROCX TYPES.

Granite-Gneiss.

The largest body of an original igneous rock
within the Panamint metamorphic complex, may he variously termed
a granite-gneiss or shBared granite. It forms an irregular strip
of country nesr the west base of the range. *he extent of the
area is unknown but is in the neighborhood of from 8 fto 20
square miles. There is & general uneven distribution of gneissic
structure and the development of foliaticn is more marked
in some parts of the rock mass then in others, but the rock is
never magsive. Metamorphism, however, has not proceeded far enough
to obscure its originsl ignecus texture.

The rock is white to grey in cclor, notably fresh,

and -in its most typical form is a coarse banded gneiss, composed






PLATE 11X,

£. GRANITE-GNEISS, JAIL CANYON IEAR NEVW
DIQCOVERY MINE

B. DIHCTOMICROGRAZH OF SEFARID GRANITE

Showing cataclastic structure snd shearing
effects. The larger quartz grains (a) have
been largely destroyed with the production
of mortar structure of the irregular,
interlocking and dovetailing quartz granules
(a'); b, sericite; ¢, orthoclase; d, micro-
cline., Magnified approximately 80 diameters.
Nicols crossed.

PARAMINT METAMORPZIC COLIFLEX,
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of feldspar, quartz, muscovite, and more rarely biotite.

(See Plate IX, 4). Even the cleevages of small feldsper crystals
often do not reflect at one surfage, but as a rumber of
disconnected areass. Specimens from Jail Canyon in the viecinity

of the lew Discovery mine were selected for study. the most
congpicuous feature of the rock in thin section under the
microscore, is the manifeétaﬁion of extreme shearing. The veri=-
rheral shaftering and granulation of the lax ‘g€ grains has given =
rice of tynical mortar structure of the ilrregular, interlockirg
and dovetailing grenules. (See X late IX, B). The large feldspers
are gener&lly microcline, with whatever crystalline boundesxy they
may have once possessed oblitverated by the great mechanicel
chenges they h-ve undergone. Evidently unmixing duriig meta-
norphism has resulted in blebs and stresks on the feldspawrs

which prove to be albite. Ir additicn, shearing has nrogucsd a
very pronounced pressu e twirning of the orizinal feldsper crystals
rg well 29 merked undulatory extinction. Other primerr minerels

‘tioclese, 2lbite-cligoclacze, and nuccovites Secondary
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minerals sre museovite, sericite, chlorite, end magnetite with

frequent veriestions in the proporticns of these.

Biotite-lluscovite~Guartz Schist.

Biotite-tuscovite-guartz schists are well recresented
in the complex., +hey are rusty brown -n weasthered surfaces but
dark gzrey to bhlack when freshly broken. Yhere is nuch veriety in

coarseness of crystellization, cleavability, =nd me;cscopicel
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yricel form, are finely banded

rocks, With we 1 merked folistion. However, coarsely banded

types are not uncommon. They are generally rather coawse-creined

o

with relatively large develcprment of biotite, muscovite end quarisz
in 2 finer-greined matrix of the same materiels. *hese minersls
are often closely intergrown. illcresconicelly, it is clear thet
the rock has been wholly reorganized eand recrystallized with

end intercenetration characters of ¢ -

lfusrtz-liuscovite Guneiss.

Another inmportant embsr of the *anamint metsuorvhic

complex 1z & quartz-uuscovite gneiss oxr quartzite gneiss. Tt ic =
massive rock, vredominently gray in ceclore There is ao greet
valformity in the megascoric and micro ic sopeerance of this

- - [ P 1 J— ~ e . [ - PN £ o am Lm 7

and texture from a trusgreiss with well marked Zoliation, to less
- O T B S, 242 N 2 mem )

Thiohlv metanorphoged impure quarizitic rocks, th folizticrn rard-

Under the microseo e it is evident {lhat shearing and

the developnent of muscovite, gueriz ard feldsper parallel
to plernes of brecking end slidirg has tad & greet deal to do with

the development ©f the vparallel structure. Severe catacloziie

" oft N o~ g - P Ly 3 - AP | 3 S AP . ) X
effeets are evorywhere -vident. fecrystallizsation has been
el G; € arnd F
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heve once possesszced are now wholly obl

is in = more sdvanced staze in some sectiong then in cthers.
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Guartz is by far the nost abundeant constituent, occurring in large
irregular interlocking grains slternating with Iiner greained
oortiong, composed of small fregments of quartz associated with
more or less feldsoar. These areas of smaller grains, st timee Torm
a microbreccia. Relatively small greains of microecline, albife

end occasionelly orthoclesce and micrceline perthife occur and

e

these may become abundent in some parts of the rock mess. Numerous

-

e comnon. Cther ninerals

L?'

ner a

lﬁ

inelusions of cne nineral in 2192t

oceesionally noted are biotiie, epidote and magnetite

Biotive-Quartz Gneiss.

The biotite-quariz gnelss covers an ares of unknowmn
&n

extent. Jwinz to the fsct %hat the formaition conteins indinite
series of gradetions belween coarse gnelpues and finer graliancd
banded gneisses, any descriotion of one variety would not he
entirely anolicable to another. The transifion from one gquite
distinet ty e to others tokes »lsce ranidly end the rock nagses
by insensible gradatione into & biotite-guart: schiste At times
it may be termed an sugen-gneiss. Foliaticon lg in gererel strongly
developed.

Brosdly sveskiazn, the biotile-quartz gneiss is ¢

fine $0 very ccerse texbured, well band:d woek, in wkhich bleck,
irreguler and generally lenticuler bands or stresks of Hiotive

slternate with white lamince of quertz. In 23dition the siliceous

rying vroosrilong o microcline

ju)

bends contain widely ve
nuscovite and biotites frequently, large or small "eugens' of irre-

-

gular elliriicel arces of cquartz are mede un of eggregates of

i
[t
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FLATE X.
4, CLOSE SEZETING OF MARBLE, SURFRIRSE CANNYON.
B. LOOKING NORTH FR0OM £ POIT IN HALL CANYON £BOUT
. b MILES FROI MOUTH, SHOWING LENTICULAR AND INTERBEDDED
CHARACTER OF ROCXS CF THE PANAMINT ETAMORPHIC COMPLEX.

The light rock is marble and the dark, mica and
actinolite schists.,

PANAMINT METAMORPHIC COINMPLEX.






te erd tiltenites Some ¢f the quariz oy _csgibly te Jetyvitel.

I
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llarhle.

-

A retrer extensive areg of amrble or nore racuvehzl

<.

crystelline dolomite, occurs on the western side ¢f the renge. tThe
generel distributior is un¥anown, but it ie fthought to he 2 len-

ticular body thinning tc the north ond scuth. It is 8 fine o med: um.
greincd, massive, white to grayish white roek when frezh, cnd

huff to light brown, when westhered. It is frequently characterized
by irrezulesr lenticular dark strea’s of robebly carbonaceous
netfer. Sericite end bladed tremclite gre commuon nsgascoenic
constituents, Yhe latter is verticulerly anoticeable along

shearing plones. Plate X, A, shous the cloge sheebing or jointing

wnich is an interestirz and rather charscteristic feature

o

Irtercalated schict lenses are not uncommon. An analysis of

4]

-

specimen of the rock from the vicinity c¢f Jail Canyon gave the

llowing resulis: Cal -- 309, g0 -- 19%.
Limestone.

1lost of the limestone bodies occur neer the wesl
hese of the renge., They are varicclored dut offen light brown
t0 buff on westhered surfesces cnd of varying degrees of
crystallinity. Yhey are generally ccantorted and irregularly
anded in light and derk hands. A large lenticular hody of buff

a concidereble arse near the west hace of the

T

Q
=
[ aed
]
0]

limestone oc

renge in the vieinity of Ballaret, the limestones are always

impure end cherty, =nd frequently finely sseckled with sericite.



Although the limest-nes have bcen locelly folded, the repioncl

o+
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(=1
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diy &rnpeers t0 be casterly. Some of the darker bands co
erse *rese limestcnes ave often intercalated
with finely banded derk green to black quartz-biotife-sericite

schists.

A few otlher rock typcs which hove Leen recognized

w7
Vl —

4 nmassive schist comnosed largely of coarsely
crystelline actinolite was noted nezsr the west ba e of the

range. Other minerals >r sent are: feldsw»ar, quartz, epidote,

:&‘

biotite, %Hit 12514

[}

nd mag

)

nite

s
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Ay
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CEY ar

ot

ety was found t0 be made un largely
of common green hornblende with & fcw grains of plegioclose,

Otrer minerals occasiona’ly noted in thin ssetion are biotite,

quartz and mognetite.

World Beater Porohyry (Porohyritic Granite).

4

The World Beater »noyvhyry, forms a roughly aquadrangu-

Py P <

e

lar area of about 6 sguere miles, and stretches from Plessant

-

Canyon to Happy Canyon. +he =zge rel

ghions 27 the nsss

<.>
d-

entirely clear. It may have intruded other rocks of ¢
Panamint metamornhic complex, althouzk no evidence fto subs
tiete this suoposition wes obtained. It is not always cssy to

drew a definite ccntact between the granite &and the guartz-biotit:

3 Ex
it

gneiss with whicgh it 1s in ecnftact on the w o ote Lhere is & possi-

bility thet the granitc and the zreiss zrade into each other end



DLAYL XI.



PLATE XI.

A. HORNBLENDE DIABASE DIKE CUTTING APLITE,
THE NARROWS, SURPRISE CANYON.

Striking contrast shown between the unususl
aplite, snow white in color, and the
dark green diabase, here flll¢ng a
fissure or joint. The walls of the canyon
rise perpendicular for several hundreds
of feet at this point.

B. WORLD BEATER PORPHYRY (PORPHYRITIC GRANITE),
PLEASANT CANYON, 1 MILE EAST OF RADCLIFF MINE.

PANAMINT METAMORPHIC COMPLEX.



% INCHES



if this be true, it is likely a result of absorption of the
gneiss by the granite when injected. I % is provisionslly
regarded gs pre-Uembrian. The rock is decidedly gneissic in
places with very irreguler streaks of bictite alternating with
siliceous streaks containing little or no feldspar. This is

especia 1y true ncer the borders of the mass.

‘Jv

The porphyritic granite is & coasrse-gra

D

.ned zrej
rock, brownish wien wes hered, containing failr sized phenocrysis
ot po?assium feldspar and smeller ones of plagioclace, and in
pictite, muscovite and abundant quertz.

Althouzh the roek would probably be called a coarse-

i evidence, it exhib

N
2]

it

(ll

grained porphyritic granite fronm

considerable cataclastic effects in thin section under the
microscones lloresver, thesé;effects vary considerebly in

nagnitude in the few sections examined, which were selected from
several different localities. the most significant Zesture is the
tremendous shetterirng of the greins and the subsecuent development
of hiotite, guartz, albite and muscovite. The feldspers have been
given & microcerthetic effect due to prominent streaks end

blebs. These have probably resulted from unmixing during

metamorvhism, and thelr index of refrzction would indicate alhite.

[+

4

&

ent

[
1)

Such streaks generally possess the same orientetion in
feldsoer crystals but therc are many exceptions to this generxel
arrangement . Alhite also ocours as a filling around vrimary

orthocédlse and microcline. An acid slagioclace and quasrtz wers

other primery minersls. LYhe small shreds and plates oI bioctl fe
are gegregeted in pafches while rmscovite occurs in larze nlatcel.
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e originel vexture and structure, ncow lergely chliterested wis

hyvidiomoraohice

Ctrer Granitic Rocizs.,

Dikes and irreguler inlrusive grenitic rocks invede

the zneisses and schiists of the couvlex.s Mo atfempt was nade %0
Jifferentiate them. Frequently the injection has teken slace
along the perting »lenes of a schiist or zheigs.

Diles oand irregulsr masses of aplite occur in variosus
slaces inveding rocks ¢ the Tanamint meltamorphic complex, =% times

riveting together the roclks of different formations. A& rether lar-

(@]
sy

nas

&)

aslite intruding schist, outcropss o Surprise veanycn sbout
2 miles from the entrsnce. It covers an area roughly 2 helf a

sguare mile. ile rock is schistose on the margins and there is

a general uneven distributicn of gneissic structure in places #8
throughout the rock mass, although in ne nlece is is developed
to eny marked degree. Aplitic rocks were not sersarsted in nar ing.
‘hey are undoubtedly diifferert’lsticn »nrodusty 2o

grenitic roeks msking v, the complex. Ythey are probebdly pre-

i . . . . oy e g o - ~ L-.. . : - &
Cambrien in sze end nmey or may not heve bheen intruded prior %o

B! PO N - m . | . e - RPN I | ERESEAF A
the vezionel melemorphism -f the complex. *he compearstively sliznt

‘ = 2 e ey AT ~ 3 i ) - e A 4 e ’ E T
the rock isg snow white in color end notebly massive

with megescopic feldsuner, quertz and nuscovite. e niceroscone
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e A 1 oy e . 2L TN S W ~rgs tpy it EN
BEUamOrpLic Con lex. The dites were not the
- 3 3 - Dy oy 4 - T T 3 3
reconnsigegance neoing. +*hey Irequently have been injected

~ " £, -1 ~ P T T * . ) nm T e mim g 21
pareliel to planes of gchistos 'ty =nd as such senerally sirike

-8 and dip west from 45° to 709, Of%en they occury zones of
ing or jointinge. They vary in widih from 2 {c 8 f:et and average
rerheps 4 feet. Cne of these diles, cubting &
Plete XI, &, Striking contrast is shown hetween the unusuel aplite,
snow white in color, and the derk green diabace, here £illing a
fissure ~r Jjoint. Yhe wearing cut of the softer cisbase has
resulted in & merked change in the course of the cenyon &t this
point. The ace of the dikes is unknown.

the disbase is sn aohenitic, fine to nmedium-srained

derk preen vock with u 1ly no minexals visible to the naked eyc.

j]
[0

Ilieroscopically, it consiste essentially of augite and labrsdorite.
A% times green hornblende isg an importent constituent, paramorzhic
after & brown to0 yellow pleochroic variety avnroaching barkevikite.
The minerels are panidiomorphic with medium crystelline ovhitic
aggregates in which the usual -lace of augite is more rarely taeken
by hornblernde. I'requently, green hornblende 1s closely intergrown
with eugite end these minerals have at times been eltered to
chlorite. Crystals of oliviﬁe are occacicnelly noted, now

largely serpentinized, +he derk minerals do not merely occuny the

'3, but prisms of the former minecvels

gpaces between the feldsps
often nroject into or cut entirely through the latter., Clesrly
plagioclase has crystallized earlier then augite and hornblende.

Frequently, however, the roughly t¥¥angular spaces helween

]

feldsper laths are occupied by feldsvar. Labradorite, lilke the



=)l

ferromagnesium minersls, always occurs in moze ¢r less nerrect

[17)

idiomorphic crystals which have been only slightly altered

$0 sericite and Teolin. Calcite ip ean abundant decomwocition

oroduct. slagnetite and biotite are accesscry minersls.
TRUCTURAL FELTURES.

Structure within the complex 1g not entirely cle=y

end that of certain rock magses 1s indeterminable. ITo sttempt wes

maede to study in detail the intens- f£olding of many of the rocks
of the comnlex., Lhe hipghly crumpled conrdition of certa . n of
these rock messeg, seriously hampers any attemnt to wnravel the
probable complex structural history. The rocks are generelly
tighly folieted. The dominant %rend in eny of “he schist and
gneiss aress of any considerable size, appears to be ghout north
and gouth following the trend of the renge, and with a ususl dip

£ the foliation of from 458° to 7C° westwzrd. However, w7ide

o

departures from this generslization are frequently encouniered.

'V

[5y]

In smailey messes, the strike end dip of the schistese cle

)
tl
[0}

iz often quite varieble. it would appesr thet more often the

[O]

-

schisgtosity is a o»roximately ~arallel with whatever larger
due to differences in composition of the rwcis, may e disceranab

This would he accepted es en indicatiorn fthat the serhistosity

is rouphly »arallel with the original bedding planes of the
rocks. dowever, more detail work would he necesssry to substan=-
tiste this view.

Feulting does nct seem to have been importent.

A comparstively few mincy feul’s have been ncted znd the grester

[

handing,

le,



e Many of the feulls

schist, dips 48° west, 2nd follows the usual dip of the

ORICIN AND ME AMORPHISHM,

The rocks of the ~ansmint metamoryhic comnlex

egre 80 thoroughly crysitelline and have been so greantly
metamorphosed, that bulb 1little trace remains of their elements,

whether of sedimentery or igneous origin. However, the general

o

g

character of the larger number of the schists and
suggests the probebility that they werc at one time originsl
sedinentss In some instances it is imrvoscesibhle to determine
the nature of the originel material. In certain rock masses

is decisive

cf
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nd

’-Jc

ther

@

it is wholly lacking, dcpeading entirely upon the
original wock, the extent of folding, aond the degree of
metamorvhism. *he nsrked change ir composition from nlace to

vlace 25 viell as the lithologic vaeristiocon across apoerently

belded bands {rom nere laminae to those several feet thiclk,
suggests a sedimentary scrics. Also, certain lesnses and layers
- da

are at times found %o be parellel to the bedding at contsc
with other rocks ¢f the series, where the alternation of
meteriel shows which is the plene of stratificaetion, hence

such lenses can te provisionslly sccernted as indications of

stratification elrnevwheres In addition, it is clesr that some
of the nsoterial wes oripinally conzlomerctics. However, the



4.6

presence of originsl granitic meterisl is not entirely
discounted snd in the caze of the gquartz-muscovite gneigs,
it is here sugpested tiat the original materisl was an

impure guartzite which “2d been injected by granitic dikes

and the entire macss later mevamorphosed.

The manifestation of extreme éhearing is the mos
consvicucus feature of the rocks in thin section under the
microsco ¢ and 1is inAa far more advenced sicge in sone
sarss of the seme rock mrss %ian in cthersss Yhig hes resulted
in the obliterstion of criginegl festures. I n most of the
sections exemined it was nct possible to recognize the
remains of detritel material, the rocks having been wholly
reorgenized cnd reeryeisllized. However, the preponderance
of quartz over all other mineral consgtituents, and still
sreater preponderance of quartsz, museovite end hiotite
topether, and the gemersl abserce of celeic minersls, ave
strongly suggestive of the derivaticn of The rocks from
quartzose sediments. Also, the prescnce cf inverbedded
limestcnes and merble, ond sinilerity to mctemorphic rocks
of known sedimentery origin, strengthens the view of the
susnosed sedimentary origin of most of Yhe roeks meking UD
the complex.

It is im-oscible to retroce all of the chenges
through whick %these zocks have passed or Jetermine each
step in the vprobsbly complex history cof thelr metanor piilsm.
Lhougk intrusive grenitic rocks lLave pleyéd their part in the
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PLATE XII.



PLATE XIiI.

4, MARVEL DOLOMITIC LIMESTONE SHOVIL NG
CHARACTERISTIC MOTTLING DUE TO BRECCIATION.

About nstural size.
B. TREMOLITE IN LIMESTONE, LEVIE TUNNEL,
PANAMIFT DISTRICT,

An exceptional variety of larvel
dolomitic limestone.
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£013:23 and more metamorchosed than the other oecur ftogether,
it is a legitimate sup-ositi that the former is older than
the other end separated by & change in dynamic conditions

(S

ps
L
[¢+]

nesning & considerable time intervel, 2his assumes the
two series of rocks ere of comparablc suscentiblilifty to

metamorvhisme.

MARVYL DOLOMITIC LIZIESTONE.

Mervel dolomitic limestone, named from & branch of
Surnrise Canyon in which general region it covers such

minent area, consists essentislly of light hluish gray

[o]

limestone of verying degrees of erystallinity. The rock i
often irregulerly cherty with both dark and light colored
patches. 411 traces of organic structure have been obliterated
aside from localization of carbonaceous msterial which
the rock & darizer cclor, particularly on fresh fraetuée.

Tremolite, o:curring in irreguler intersecting nodules end

vamifying, lustrous crystals is often abundant, en unusual

festure in 2 limestone not very hizghly crystslline. (Plate

b
(D
(’)
o]

XII, B). lluscovite also can occasionally be noted on weath
surfeces. Weer the south base of Sentinel Pezk a few small
aress of the limestone are made u» entirely of oolitic-lilre
nodnles. *he veculiar pisoclite rock is very similar to =
specinen of limestone collected by Wendell P. Woodring from

the Ordovician of the Inyo Range, Celifornia.

Wl
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There are several systems of joints and the rock

a8,

X:

has undoubtedly been subjscted to & number of forces. It
moreover, been more highly squeezed than is resdily anvarent
and at times is greatly contorted and decidedly schistose.
Furthermore, it shows frequent irregular moddling due %o
hreceiation, (see Plate XII,A), &nd suggesticns of fine lines
ol stratification can occasionally be noted in fragments meking
u the mottled breccia., Analysis of crystalline unaltered
materiazl from the Lewis funnel gave the following results:
Ca0 -- 31%, MgO ~-- 207, which anelysis very closely
approximetes that of & pure dolomite.

Lgpical thin sections of material from this formstion
revealed a caleite~dolomite mosaic verying from very fine
t0 medium greanular texfture with a suggestion =f schistose

structure in the parallel shreds or seams oL cerbonaceous

matter generally segregetcd along parallel Jirectiuns. At

jo

times such seans inclose somewhat larger grasnules of carhonstes
[ [

p.
,j
]
13
)
-3

rerely tvhey cul across the usual orientation. Occas

detritel grains of guartz and biotite car be noted. Although

the Dbrecciatcd accearance cof tre rock is offen striltingly

seen in hand specimens, it is nct elways reedily anparent
in thin secticns unier the microscove. Lhe boundery between

ad jacent Tragneufs is

e e RN . e b
magnetites & ceclion

dee o T e mean s an o e e B N Y S oom e T e e 4
showe? promlncnt -cresswre twinning cif ceruonctes,



The contact of this formetion with the overlying
Sur»rise formetion is never sharply defined and in no case
is & normal depocitional contact. Yhere is usually a
gradation from a true limestone to a true schist for a distance
of from 5 to 30 feet where masces of limestone are very
irregularly surrounded by schiste. the limestone simulates
an intrusive relation to the schist and this suggests a
squeezing into the less competent layewrs of the overlying
Surcrise formation. The very irregular end unusual contact
with the Surprise formetion is well shown on the detail map
of the Fanamint district, (see Plate 2, in pocket), although
it has here been accentuated to some degree by faulting.

Iwelve separcte areas have been distingulshed in
the reconnsaisszace ~appigg of this formestiocn. A1l of them
are of irreguler shape a.d vary considerably in relative
area. *he largest of these is in the general viecinity of the
Panamint mining district, its great a perent thickness is
due to intricate folding and faulting. (See Plate Vi, B).

pe of these limestone areas is probebly

P

The irregular sha
due to a combination of several causes. *hie fact that %t e
limestone sometimes contains interspersed irregular bub
generally lenticular beds of schist, indicates that the
deposition of the limestone was an interrunted process. The
several areas represent infolded portions and very probedbly
it was deposited as a lens or series of lenses, thickest

at the middle and tepering out et the edges. Y‘hen followed



intense compression end complex folding to such a degree
that bedding has been almost wholly desiroyed and conse-
quently structure could not he determined. With the sub-
sequent plening off by erosion of all the upver parts of
the folds 2ad their truncation down to the level of the
present surface, it is possible to visualize the present
zhaye and distribution of these irregulsr sreas. It thus is a
counterpart of limestones in the Valaverass formation of
California end the Zanziber limestone of the Manhatten
district, Neveda. In a few plec where bedding hes been
recognized, di-s up to 45° werc measuved.

Suggesticns of fossils at timés are noted on
the westhered surfaces of the rock but {le material could not
be identified.

ihe limestone is assumed to be of lower Paleoz:ic
age grom its genersl characteristics, perticularly the mottled
anpecarance, the high magnesium content, =nd its intensely

f0lded and often schistose oondltlon.

DISTRIBUTION AUD GENERAL FEATURES.

*he name Surprise formstion, is given to a
series of predominantly fine-textured flaggy or slaty rocks
which oceuny an irreguler strio of country on the western
side of the range varying, from one-half to nearly 2 miles

in width. One of the most significent features, is the erratiec



ributicn of the Gifferent rock tyves. TJere and there
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suzgesticns of bedding indicate their orizinal interbedded
character,

The genersl color of the formation is brown
end the rocks are usually highly sltered. +“hough the rocks
are uninteresting megascopically, thelr rather complex
charzcteristids are readily apparent ia thin sections under
the mieroscope., +he clessificaticn rests entirely with the
microscope. Due to their fine-grained, compact character,
“ew minerals cen be identified by the unzided eye. Quartz,
muscovite, sericite, and bictite, can, however, be recognized
in some specimens. Although most of the rodks are schistose
to a greatexr or less degrée, this feature is not always marked
in the hand specinmen &nd meny are rather massive. Striated
surfaces are often marked in some varieties. Lhe prevailing
rock tynes to be deseribed in detail later are: conglomerste-
schist, actinolite schist, ottrelite sehist, quartz-sericite
schist, slates and »hyllites, quartz-biotite-ftourmaline schist,
metamorphosed sandstonecs end grits, and metomorphosed quartzites.
There exists, however, an infinite veriety of intermediate
tyves. Pheir fine-textured slaty charscter is in marked contrasei
to the more highly metamorrhosed gneisses and schists of the
“anamint metamorphic complex.

The sehists interbedded with the lMarvel

dolomitic limestone, shown on the detailed map of the ranamint
district, (Plate 2, in pocket), are similar in composition

to many of the type rocks of the Surprise formstion.



Interstratified irregular beds of brown limestone are

also included.
MINERALS .

The minerals identified in rocks of the Surprise
formation, are quartz, biotite (brown and green), sericite,
nuscovite, actinolite, carbonstes, chlorite (one or more
varieties), hornblende, rutile, titanite, epidote, apatite,
tourmaline, clinozoisite or zoisite, ottrelite, staurolite,
magnetite, kaolin, plagioclase, pyrite, andalusite (?),
carbonaceous mat:er, obscure alteration products and other unde-
terminable impure micaceous materisls., No one specimen conteirm
them 211, and a description of one of the type rocks might be

wholly unlike a description of another type.
PRINCIPAL ROCK TYPrS.

Conglomerate schist,

A large portion of the Surprise formation,
iz made up of a type of rock which may be variously termed
metamorprhic conglomerate conglomerate schist, or more rarely
conglomerate slate. ?he rock aprarently has an erratic dis-
tribution and is rarely traveable as a formation for any
considerable distance. However, it does occur largely near tle

upper part of the formation.

On weathered surfaces the rock often has the

a ‘vearance of & basalt due to the weathering out of limestone
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fragments. &gain, it has the appearance of a pebbly quartzite,
The pebbles and boulders very widely in size in any given
exoposure, from a maximum of 4 feet in diameter, to those: of
microscopic dimensions, but the fragmeris under 4 inches
probably predominate., ‘hey are always ill-sorted, (see Plate
X, &), and although subangular to angular fragments occur, the
generally well rounded fragments are m:ch more conspicuous.
Phey are of quartzite and of limestone and very rarely of granitic
material. A notable exception is in the vieinity of Pleasant
end Hapoy canyons where many fragments of orthoclase, micro-
cline and granite were noted. More rarely, pebbles of limestone
boulders, weathering in rounded oolitic-~like forms occur.
In some places limestonc fregments predominate, and agein
those of quartzite may constitute the bulk of the fregments mdring
up the rock in a given outcrop. Hlany of the limestone boulders
are themselves conglomeratice. Most of the fregments have been
sheared and at times flattened and elongated forms ococur,

Yhe red to Lrown or black cementing medium is
wholly metamorplhic and although it varies somewhat in composition
from place to place, it is generally a combination of sericite,
biotite, museovite, finely interlocking grains of secondary
quertz, and more rarcly carbonates. liagnetite and pyrite are

usually abundant.

Actincliite Schist.

In another type, actinolite is abundant, although

this minerel is very seldom detected b the unaided eye. The
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rock is everywhere stained by limonite to a rusty brown color.
As seen under the microscone the material is composed almogt
entirely of ectinolite, generally in well developed closely
interlocked individuals and fibrous cluster-like aggregstes.

A bssic plagioclase, probsbly an acid labradorite, is &

rather minor constituent intergrom with actinolite. Widely
scattered grains and irregular masses of magnetite and grains
of golden brown rutile slso were noted. Alteration products
may be pregsent in minor amounts but are t00 obscure to be

definitely identified.

Ottrelite Schist.

In a few specimcns a little ottrelite has been
noticed, and et several localities this minerel occurs in such
amount that the rock must be called an ottrelite schist. In
color the rock is olive green, with & silvery satiny luster
on frcsh fracture, and dotted with numercus dark green oblong
plates of ottrelite., In thin section, the porphyroblasts of
ottrelite occur in comparatively large crystals and shesf-
like forms embedded in a schistose matrix of sericite, quartz
and biotite., Ottrelite is arrang:=d in diverse directions to
the folistion and thus wss developed subsequent to the folia-
tion produced in the dynamo-metamorphism of the rock. Frequently,
the mosaic of quartz grains of the matrix penetrates or cuts
entirely through ottrelite crystals while the sericite of the
matrix was absorhed by ottrelite during the crystallization
of the latter mineral. Optically, the ottrelite is well

characterized by its pleochroism, low double refraction,
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high relief, and repeated lamellar twinning parsllel %0 the
base. The mineral is rich in inelusions, especially of quartz,
but aleo of magnetite and biotite and moreover shows

typical hour-glass structure., Rocks of this character usually

contain more or less microscopic tourmaline.

quartz-Sericite Schigt.

Schists of largely quartz-sericite composition
are not uncommon in the Surprise formation. They are fine-
greined gray rocks with tyoicel silvery satiny luster
characteristic of sericite schists generally. Yhe rock often
splits on irregular lumpy cleavage faces,

Under the microscope, it is cseen that olthough
the rock has been subjected to metamorphic processes with the
resultant tyvically schistose structure, nevertheless it has
1ot resulted in the entire obliteration of the original minerals
of the rock. Yhe elongated and much co rroded primary quartz is
crowded with inclusions of verious minerals &nd even the
smaller grains show marked unduletory extinction. Yypically
cataclastic effects, evinced in the severe shatiering and
granuletion of the pgrains 1is & noteworthy feature of the
rock., +he irregular biotite blotches heve been considerably
altered, in part chloritized, and in some sections it would
anpear that this mineral was formed during the early stages
of the metemorphism. The secondary mi nersls include, muscovite,
sericite, tourmsline, magnetite, spatite, and ottrelite.

Mueeovite occurs in lath shaped cruystesls inclosing quartz or



ottrelite, in arrangement very similsr to ophitic texture of
igneous terminology, &nd more rarely in microlitic-like
individualge. Sericite is present in scales a&nd flakes,
aggregated into confused masses. Occasionally original qusrtz
veinlets cut the rock normel to the folistion. whese veinlets
have been wholly reerystallized into highly interlocking
grains in roughly shelf-like pattern with no very sharp line
of demarcation between the quartz grains of the veinlets and

those of the rest of the rock.

Slate and Phyllite.

Slates and phyllites are important members
of the Surprise formation but owing to the infinite series of
gradati ons represented between the more typicsl rocks, they
are here ftreated together. They are very fine-textured
rocks and in some places show typnical slaty clesvage. In color
they ave daik grey or black, hut on weathered outcrops have s
more or less rusty a pearance, Indistinet narrow banding can
often be detected. *he roelks usually split on flat cleavege
faces and such surfaces are frequently striated.

Mierosconically, the rock is made un of
irregular and generally elongated greins of quertz embedded in
a fine-textured matrix of sericite and other undeterminable
impure micacecus msterials minglad with minute opaque particles,
&t times magnetite and pyrite. &n outstanding charscteristic
0f the matrix is the presence of lsrge numbers of fine rutile

needles. *he rock is decidedly schistose and offten shows poorly



defired elternate layers of different degrees of fineness,

the Tiner layers wholly lacking in quartz. +*he schistose
structure is well shown by the arrangement of the elongated

and regged shreds of sericite in & common direction inclined

%0 the planes of stratification, which causes them to extinguish
simultaneously when the stzge of the microscore is revolved.

A comulete recrystallization hes result=d in the obliteretion

of #11 traces of

vartg-Biotite-Tourmeline Schisat.

They are usually fine-textured rocks, verying in
color from gray to brown. +heir schistose chearacter is not
always readily anparent and at times they &re rather messive.

Usually no minerals can be identified by the unaided eye.

et ]
£

Q

Viewed in thin section under the mi

O
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the quertz-bisctite~tovrmaline schist, is found tc he & very
Tine-textured, vwholly recrystellized and recrganized rock,
with typical‘crystalloblasti texture. A firely recrystellized
mosaic of guariz grolis usuaslly makes up the larzer pert of

.the roci: and is always crovded with inelusicns, notably

swarms of tourmaline in scicnlar habit. I11l defined "eyes' male
up of finely recyystsllized quartz mosaice inclosing blebs of
bictite are occasionally met with, suggesting, but ot proving,
original greins which were not wholly destroyed in the meta-
merphisw of the wock., Blotite occurs in blades with partially
developed hagal faces and frayed ends; rarely it has altered

to @& chloritie mica. In some sections the quertz granules are
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moulded in 2 matrix of hHiotite. *the schistose structure is
well ghown hy the arrengement of the regred shreds cf bictile
in & cormon directiorn incelined to the planes of stratification,
which ceuses the larger number of them to extinguish simul-
taneously, when the stesge of the microscope is revolved.
Sericite mskes its mppearance in segregated patches and

lenges always following the usual directions o schistosity.
ihe most interesting feature of the rock is the widespread
oceurrence of microscopic tourmeline, frequently, however, in
comparatively larze crystals. Most of thcse are set at an

angle to their elongstion, indiceting extrene vecrystallization
g o s

in the producticn of the present schistositys Other minerals

noted are nuscovite and feldspar.

Metamorphosed Sendstones and Grits.

These rocks &rve normelly fine-grsined, with
cuertz ugually the cnly constituent that can be identified by
the unaided eye. *hey vary in color fvom gray S Liown or green
end are generelly rether messive in ¢ hand specimen.

Microscopically, this facies of the formation
ig compoused essentially of detrital grains of quartz, which
show liftle uniformity as to either size or shape, completely

cemented by confused aggregates of verious metamorphic minerals.

In some sections, which were selected from different locslities,

o

the clastic qusrtz grains are rounded, in others they &ave sub-

engulear to angule

(o]

(5

and in 8till others round &nd angular

grains are equé&ll

e

represented. There is usually nc definite
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arrangement of grains, and sizes vary widely in even a single
section. & few detrital grains of vlagioclace were noted in

two of the sections analysed. The complex metamorphic filling
2lso varies somewhet in composition in different sectiins,

Wt is generally some combination of sericite, muscovite,
hiotite, caleite and secondary quartze. Other mineresls occasion-
ally noted are actinolite, elinozoisite, microscopic prisms

of tourmaline, magnetite and strings of probably carbonaceous

matter.

lletemorphosed Quartzites.

The metamorphosed quartzites are rather massive
in the hand specimen and vary in color =from grey to hrovine *hey

seercnce from place %0

are not uniform in their megescopic o
place. Quartz is usually the ciily component visible %o the
unaided eye.

The essential minerals are generally quartz in
irregular otches and grains, biotite in more or less
equidimentional brystals with interstitial calcite, sericite,
and finely recrystellized quartz granules, Muscovite, titanite
and rutile are important in some sectiocns. Dynamie action is
evinced in the peripheral shettering of the larger grains
giving rise %to poorly defined mortsr structure and marginal
reaction effects in the crenulsted grein mergins. Further, all
quertz grains indicate by irregular solarizcstion their strained

condition, and the closely dovetsiling of adjacent grains is an
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interesting feature, as well g their freguent biaxizl character
in convergent light. A secondary growth of quarte .as

occasionally chserved.

Other Foclk Types,

As previously stzted, there exists all
gradetions and combineations of the above very generslized
types of rock formetions making up the Surprise formation. Some
of them are cf rether simsle character, particularly in their
megasconic appearance, but the greater number of them &are mere
or less complex, as seen in thin sections under the microscope.
4 ew other types waill be briefly described.

A very Jense siliceous rock, not unlitke
novaculite i8 & minor constituent of the formation. The rock
centains cryptocrystalline guartz, plates of biotite end
nmuscovite, minute limonified »Hyrite cubes and veinlets of
epidofe.

Lnother tyve: is difficult to clsssify.
It is made up of a medium coarsely equigranular very complex &g
aggregate of kaolin, quartz, hornblende, chlorite (probably
two varieties and frequently intergrown w th bioctite),
muscovite, epidote, titanite, magnetite, zoisite or d ino-
zoisite, carbonates, apatite and ftourmsline, named in aprarent
order of'abundance. A true banding is absent, but a distinct
fodistion is shown by the parallel disposition °f minerals
in lenticles. Clearly the rock has been wholly recrystallized

and reorganized and all traces of original features is lost.,
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Tnotted schists also occeur, some with spots of

3

biotite and others with aumerous dark ellipticsl arzas of

Pes

The sletes and schists sre occasionslly inter-
celated with brown siliceous limesfone in heds usually but a
few feet in thickness.

In a few places the formation has been intruded by

granite =nd narrow pegmatite dik
ORIGIX, METAIORPHISH AND STRUCTURE,

Hearly all traces of primary sedimentsry characters
which the rocks mey Leve once :ossessed are now lergely
obliterated. Under *the microscovne, the rocks are fine-grainesd
and usually schistose. *he interstitial cement is entirely
metemorphic. Perhaps the most significant feature is the larse
number of rock types represented, and there is in conscquence a
marked change in composition from nlace to place., Though bedding
is not often seen, it is frequently suggested and there can be
no doubt as to the originel sedimentar character of the roexs
of the formation. Their general mineral composition end often
slaty character further substantiates this view.

In come sections detrital qguartz zrzins have been
noted, in others the remains of detritel material is wholly
lacking and the rock entirely recrystallized. Although the
material is ill-sorted and the size and shape of detrital
grains varies widely, nevertheless it mey have been uniform in

distribution originelly. The formation mey be regardcd as &
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metamorphosed series of sandstones, grits, sheles, and
conglomerates, intercalated with a few limestone beds. Quite
likely the sandstones were arkosic. If this be true, the
feldspers have been almost wholly sltered by metamornhism. Most
0f the feldspers noted avpear to be secondarye.

Although in general the schistosity of the rocks

strilzes north-south, and offen dips as high angles, yet the

'l

nis

o

angle betwecn directions of sc tocity and belding varies
widely froem place to place. rrequently, the schistosity is
normel to the contact of the Survrise formation with the larvel
dolomitic limestone. Several types of rock formations are in
contact with this limestone.,

No regular strstigraphic sequence of the varisus
members of the f{orms-ion csn now be workeld out. Folding, fault-
ing and metamor hism have made an attem-t in this direction
unsuccessful. In a*dition, the formation hes bheen greatly
eroded.

Bedding e been lergely destroyed and the rocks
have been intricaetely folded to such & degree that structure
could not be determined. reulting, elso, has complicated the

I

determination of structure.

/2

AGE LID THICKNEZS.

The age of the Iovmation is unknown hut from the
general litholosic character of the rocke and their intense

folding, & lower »rnleozolc age is acsumed.

<



55

The Surprise formetion has undergone considereble
erosion &nd it wes impossible to determine the succession .f
strata. Folding and faulting ‘ave accentusted the spparent
?hickness and consequently any estimate would be an exceeding-
ly rourh one, but it would »robebly bHe measured in hundrels of

feet.
NONCONIORIIITY.

The Surprise formstion is sevarated from the Lelescope

Y

group of rocks by a nonconformity. Though structure could not

be determined in either the Ilarvel dslomitic limestone or the
Surprise formation, the rocks of the Telescope groun dip rether

gently eastwerd.

TELTSCOTE GROUD.

STRATIGRLPEIC SEQUEICE AND CENERLZL FEATWRTS.

The names, thicknesses and succession of 8 members
comprising the Telescope group of rocks which rest with uncon-
formity upon the Surprise formetion, are granhicelly sumnarized
in tlhe columnar section (fig. 2, page 32). These rocks form the
higher parts of that portion of the range included on the geologic
mnep (see Plete 1, in nocket). The nemes of the various
formations are derived from cultural terms used in this part
of the fanamint Renge. “he section is well exposed netnrelly,
but owing to the rugged nature of the counbry only parts of
the secetion were studied in detail. Although most of the forma-
tions, regarded as wholes, are ra her well-individualized units,

the precise horizons for the divisicn planes tlet serearete them
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are often metters for arbitrary decision, Owing to ¢
wide lithologic veristion from place to place, and &lso due %0
the fact that the section in its entirely was not studied in
detail, only the most distinctive characters of eacl stratigra-
ohic unit will be descrihbed. the rocks have nearly all been
metemorphosed to a more or less degree but are in marked contrast

tc the highly metamorphoscd gneisses and schists of the complex.

21

S R
}..lbx‘*&

¢

Many of the schist formetions are, howsver, just =
metamnorphosed as a few of the rock formetions mating up the Sur-
vrise formation. the strike and dip of the schistose cleavage
alweys coincides with the bedding planes.

Lhie rocks ere undeformed and strike N~8 with an
assumed dip of jrom 10° to 300 eastwsrd. *hey are thought to be
lower Paleozoic in age, but owing to the absence of diesgnostic
prleontologic evidence, the age of a1l formations is open t0

question.
SOUR DOUTH LINECTONE.

The Sour Dough limestone overlies the Surprise
formetion. *t is a medium grey, crystelline, imapure arenaceous

limestone. +“he rock can not he iivided into distinet beds but Adue
2]

to the alternation of gray and whife fine limectone b%;s and
still finexr ones of ferritic material, it exhibits distinct
stripiiig in & broad measure parallel with the planes of stratifi-
cation. On fractured surfaces it is seen that the gray bands
predominate. However, the rock is highly corrugated and
frequently shows very complex folding on & minute scale. Sericite

is often noted on wezthered surlsces.
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£ notable feature is the frequent occurrence of a
contact vein on either the lower oi upper contects of
this limestone. *hey are quartz veins carrying lead-silver
ore and in seversl localifties have been productive.

ihe thickness of the Sour Dough limestone is esti-

mated to be from 50 to 60 feet.
MIDDLE PLRX FORMERIORN.

The 11iddle Park formetion conformably ovecrlies the
Sour Dough limestone. Owing to the fact thet the overlying
Mountain Girl conglomerate-quartzite weathers in high cliffs,
the actual upper contact of the Middle Park formetion wes not
seen. It is not unlikely thet a disconformity separates these
two units. The avercge thickness of the Middle rark formation
is approximately 300 feet.

3_gverel rock tyves make up the formation and are
not grestly unlike those described fr.m the Surprise formetion.
They are ususdly fine-greined with quartz and fine biotite
flakes the only minerels which can be occasionally identified
by the unsided eye. & slaty rock which, in thin section under
the microscope proves to be a very fine-textured quartz-biotite
schist, generelly directly overlies the Sour Bough limestone.
It is mede up largely of irregular and generally elongated
quartz granules moulded in a metrix of biotite and all original
sedimentary characters have been destroyeld. Other slaty facies
also occur. *hey are usually dark grey to greenish gray in

color and upon cloce inspection usuaelly show indistinct fine
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stri®Bping. Other more macsive facies include spotied schiste,
dark grcen ottrelite sehiists, dark gray iapure metamorphosed
sandstones and quartzites, etc. Where detritel grains are
recognized they are always ill-sorted and vary widely in sige

in a single hand specimen.,
MOUNTAIN GIRL CONGLOINMERATE-QUARTZITE.

The Mountein Girl ooﬁglomerate—quartzite lies
stratigrashicslly above the Middle Fark formetion and below
the Wildrose formation. Although it is a persistent formetion,
it is not very cqnstant in charactcr from place to place. In
its most typicel Jdevelopments, in the section ex-ogsed amwout 1 mile
north of Panamint townsite, the conglomerste-quartzite forms
vrecipitous c¢liffs and consists of from 10 4o 25 fect of reddish
brown guartzite composed of well rounded but generally elongeted
guartzite pebbles. The pebhles are usually nct over & inches in
dlzmeter Hut one elongated pebble messured 14 inches in longest
diameter. The conglomerate grades intc a more or less hard com-
rlex metamorvhic quatzite containing & few small and scattered
pebbles, South of Sentinel Feak the formestion is not readily
recognized. Here both limestone and gquartzite pébbles occur. the
total thickness of the foree tion is probably from 65 to 100 feet.

4 microsccpic exesminstion o one section of the

metrix revesled the vresence of rounded to sub-angular allothin-
genous quartz grains with confused mixtures of sericite, chlorite,
ferruginous material, muscovite and biotite as the cementing

medium. Both smell and lesrge sized greins occur in an ill-sorted

Q

haphazard arrang-ment but in geancrel roughly elongated in one

C
¢
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direction. Cataclastic effects arve evinced in the shattering

and recrystallizetion of greins and in the undulatory extinction
on large and smeall sized greains alike. From an cxemination of
hand specimens 1t is evident that the material ic undoubtcdly
arkosic but only a fcw highly altered feldspar grains were
detected under the microscope. Accessory minerals are magnetite,

ilmenite, and its alteration products leucoxene and rutile.
YILDDROSE FPORIMATION ¢

The stratigrarbic interval between the Mountain
Girl conglomereate-quartzite and the Sentinel dolomite 1s occupied
by the Wildrose formation. *he various rock types meking up this
unit are not grestly dissimilisr to those of the Middle Park
and Surprise formations, o attempt will be made vo describe
them in deteil or to indicate their general stratigraphie
positione The thickness is shoul BUOQ feelb,

In keeping with the other rock lormetions of the
Yelescope graup, the rocks of the Wildrose forneticn have been
metemorchosed, although thelr metesmorphie character is nct always
apoerent in the hend svecimen. £ thin section of an anperently
unaltered grapular brown limestone showed the presence of
muscovite, plagioclase and magnetite as secondary minerels.
Where small feldspar cryetals cen be detected megascopically,
the cleavape faces seldom give & full reflection of 1light et
one surface,.

A large portlon of the iormation, at lesst in

the viecinity of the Pansmint mining distriet, is conzlomeratice
< <
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PLATE XIV.

4, DETAILS OF CONGLOMERACZE-SCHIST WITHIN THE SURPRISE
”OPMATION FROM NEAR THE HEAD OF SURPRISE CANYON.

Most of the fragments are limestone but there are some
of gquartzite, Many of the limestone boulders are
themselves conglomeratic and most of them have been
sheared. *he matrix is composed of s metamorphic
cement, red to brown in color.

B. PHOTOGRAIH OF HAND SPECIMEN OF SENTINEL DOLOMITE,
SHOWING THE CHARACTERISTIC IRREGULAR SEGREGATIONS OF COARSELY
CRYSTALLINE CARBONATES OR MORE RARFLY CHERTY MATERIAL,
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L% 3g the best horizon morker of “he

‘l‘

clescope g‘ou of rocks

starnde oul g & conspicuvus white band which can bhe

<l

("u
;_
é1]

seen for many miles from a suitable locality. It mey properly
e regarded as @ single bed. *he average and rather constant
thickness for the region is estimated to be 100 feet.

The Sentinel dolonmite is slightly sxrenasceous &nd
pre TOmJy“yuL whihe inoenlor on beth fresh and weathered

strfececs 1% is usuelly sveryitere characterized by irregular

m
ot
(')

7 teg or cepgregations ¢f moderately coersely crystelline
carbonates or more rarely chert. (Sece Plate XIV, B). Frequently
the cherty material has the a:pearsuece of vein quartz. liore
rarely the rock containe irregulsr hul generally parallel
stringers ¢f white nateriel vhich spparently contain a less
nroportion of dolomite than the rest of the rock. 4 partial
chemiceal analysis of one specimen of the dolomite geve the
following results: Ca0 -- 30%, MgO -- 21%. Yhe analysis,

therefore, closely avproximetes that of pure dolomite.

AADCLIFF FORMATICN.

)

The radeliff forme tion is stretigraphically

linited helow by the Sentinel dolomite eand above by the
RNedlands dolomitic limestone. 1Most of the descriptions are

besed on & study of the section as exposed abuul 1 mile north

of Panamint townsite. Here %1% greater part of the formsation

.

is made up of grey, impure arenaceocus limestone, the weathexed
gurfaces of which have been everyvhere stelnzd by reddish

a

brown oxide of iron. the corrugatcd handing of cuccessive layers



PLATE XV.



FLATE XV.

A, TYPICAL RIDGE EXPOSURE OF LILESTONE IN THE RADCLIFF
FORMATION, FROM A POINT £BOUT 1 MILE NORTH OF PANAMINT TOWNSITE.

Corrugated banding well shown, Pyrrhotite is a rather
important constituent of this limestone.
B. PHOTOGRA H OF HAND SFRCIMEN FROM HANAUPAH FORMATION,
FROM POINT ABOUT 1 MILE SOUTH OF CHARCOAL XILNE, WILDROSE CANYON.
The rock is a slaty schist with light and dark corrugated
lenticular bands which probably represent original
planes of stratification.

TELESCOFE GROUL.
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is well expressed by fluting, as shown in a tynical exnosuve
of this limestone. (See Plate XV, 4). The rock weathers into
slabs not unlike shale. luscovite and bictite sre frequently
seen on weathered surfaeces. :ear the upper part of the

formation in the Penemint district, there ig 2 rather ashrupt

ot

lithologice change to & dark gray thinly banded lime-silicate
rockz consicting of alternste layers of cilicecus and caleic
material. Intercalated gray medium grained sandstones and
guerizites glso occur oo well =5 sonme gray snd white mottlcd
limestones. In the exposure just west of Porter feak, the
formetion ic made un of retier similar limestones but the upper
part ineludes very finely striped grey and green shales with

3 other argillacedus rocizs. In

8

typicel shaly fracture, as well
other localities, white crystalline limestone, arcaaceous brown
limestone, white sandstones, 232d dark sreen :uylllites sre included

. the Radeliff formetion. The averege thickness is taken ot
roughly 600 feet.

ing Teature of the limeatone is the

c“'

in interest

g

rather widesoresd cocurrence of pyrrhotite. Lt is the oxidetion
o2f this mineral which hes heen instrumentel in giving the for-
metion ite »roncunced reddish brovn colore. The westhered
surfaces of slabs show nunierous »its which have res. lted frem
this readily oxidized ninerals Blowpipe tests of meny

ecim:ns tekten across the strike in the exoosire ebout 1 mile

north of Panemint townsite, prove the widesnresd occurrence

-

-

of this mineral. The mnerel is very megactic. -



ryrv

I cowaection with the 3iscover of _ryrrnctife,
¢ thorcugh ezxnmainetion of seversl thin sections was wunder-
totens Ilicroscolically, the roelks were found Yo be wather

.

complex and only & few significent festures will be mentioned

-

here. Clearly metamorphism hes been more intense than is reszdily

asprrent in the hand specimen. In = few sections all tresces 0of the

origincl constituents is lost, and the rock is mede up of

intricately interlocking end interpenetrating granulasr
aggregates of carbonstes, chalcedonic or cryptocrystalline

cuar. .z, -Giopside, muscovite, oyrrhotite, biotite, epidote,

zois .te, vesuvianite, chlorite end n2gnetite in a - parent order
of zhundence. Owing to the fineness 0f texture and the fact thatl
all tre constituents have mutually interveretreting borders with
no sharply defined cry.tal J“Lhaarlcu, determination of the
various individuals was ﬂcCGSS""llJ difficult. The minersals
usually occur in fine bands of cryptocrystalline gusrtz clcsely

intergrown with minute f£lakes of carbonstes, that alternste with

leyers composed largely of very fine-greined casrvonste granules.

T

The banding is elso & result of veriaticns in granulsrity of the
carbonate grennles of adjecent bands. Pyrihotite makeo its
appearance in reslscement lenses always following the irr:cgulear
noundsry between siliceous and calcsreous layers. Evidence of
replacement rests in the concave-convex bounderies &s well &s in

the numercus remnants of quartz, carbonates, and diopside within
vyrrhotite lenses.
It is believed thet the presence of more

abundant and varicus metemorphic minerels in this formation is



due, in part at least, to the impure nature of the origlaal
sediment. This has resulted in a more or less complete cry-
stellizetion of the rock and the production of various lime-
bearing silicates by the process of silication. Not unlikely
dedolomitization is resoonsible for the magnesium silicate,
diopsides. DPyrrhotite has presumably formed during the
metemorphism from the original orgenic material in the rock.
It is »ossible that other members of the Telescove group may
show thé presence of numerous metamorphic minerals, an
infeience gathered from the sections which were studied from
the Radeliff formation.

Suggestions of fossils were noted in & white

>ranular limestone but the material could not be identified.
g

REDLANDS DOLOMITIC LIMESTONE,
ihe Redlands dolomitic limestone lies conformably

above the Redeliff formstion and below the Hanaupah formation.
It is 2 white crystalline cherty limestone offen containing
blades of fremolite. Bedding was not recognized. Owing to the
limited time spent in the field in studying this formation,

the extent of its area is unknown. It is believed that it is

& lenticular body dbut the mepping of the formetion wa: largely

a matter of conjecture.
HANAUDAH FORMALTION.

The Hanaupah formetion conformably overlies

the Redlsnds dolomitic limestone and forms the crest of the



range in the vicinity of Telescope feck, The extent of the area
is unknown egnd the rocks making up the formation were studied
in only a few rather widely se arsted localities. The thickness
is zbout 1:00 feet. The rocks are predominantly fine-textured
and slaty, and a few of the lominant tyves will be briefly
described.

P_erhaps the most conspicuous variety is s
fine-textured slaty or flszggy rock which veries in color from
light green to dark green or ckocolate brown. A& photogravh
of a slab of this materisl is shown in Plate XV, B. The rock
is finely banded with Jderk green, brown or gray stripes
alternating with lighter ones of very similar composition. The
thin, lenticular =nd generally corrugeated streaks are assumed
50 represent originasl plzunes of stratificstion. Yhe number of
these wavy overlapping gtripes varies widely in g given cross
gsection of a slab. £s many as 30 %o an inch have been counted
in some specimens. +“he prominent "eye™ structure often ncted
in specimens of this materizl may have bcen produced hy the

scueezing which attended the metamorphism of the rock, bhut a

more likely explanation is that they were originelly argillaceous

in composition &nd had bcen rolled in the form of
subsequently elongated into their present shape. The vock has
a shaly irregulsr lumpy frecture following the irregular

corrugated banding. Megescopically, the freshly fractured

.

teriel proves to be & fine-grzined guartz-bilotite schist wit

=
4

<
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Another similasr tyce is characterized 5y snell
ovel derix green 8.0UsSe. In this veriety the bending is more
TYegular end clecrly coincident with the original vedding.
Although the material is finely nmicaceous, megescopic orisms of
tourmaline end sma&ll cubes of megnetite ave scaltered through
some of the bands.

In another variety green e idotized bands

glternate with finer onecs of 1ight coloured arenaceous &nd

(=8
ot
D

calcareous materisl, Schistose, medium textuvred quartz-

schists a5 well as intercalsted beds of white to pink quartzite
ften charact zed by concentric bands of reddish brown color,

are alsc included in tie Hansupah formaiion.

Ulearly the rocks were shales and sendstones

DELTE VALLITY FCRMATION.

DISIRIBUTION +ID GENETRLL FEATUREE.

(1

e name, Dezth Valley formetion, is given to
considereble number of interhedded limestones, argillites
and schists which occupy the cestern versent of the ranamint

Range, “he field work upon which the oresent renckrks ge

from the divide at the hesd of

A s L

based ma llmitel to & trin
Surprise Canyon to the mouth of Johnson Usnyon, =znd a brief
examination of the rock formations in severel different
ities alcong the bese of the renze In Death Valley.

LI T

Naturally no ettempt will be made to do more than point oul a

vy



=7

~1

v
o

few dist
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it
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ing festures of these formstions and their

(2]

( 2

cenerel sequence will not be indicated. The lnterbedding of
roeks which do not very grestly in lithologic details would

probably seriosusly hamper an attenpt to separate the Destlh
J 7 £ e 1

it

Valley formation into meopeble units, especially if the vocks

=3

ere nin-fogsiliferous.

The roexs strike N-5 and‘it i
they have a genersl easterly dip of from 5
probable average of roughly 259, Dips up to 45° westward
were messured in & few »laces bHul it is thought that they
sre the result of local folding. There is no indicaticn of
a precishle faulting. Though in & broad wey the rocks
apparently have a monoclinal structure, an attempt o approx-
imate %the thickness will not be mnade. A generelizstion on
these points would he little more thean & metter of conjecture,
owing %o the short time devoted to field study of a large
erca. Although the rocks have not been greatly metémorphosed,
therc are none that 4o not show some change.

It wes not oossible to effeet & correlation of

cf"

the Death Valley formaticn with other cectione in Ynhe general
region snd the sge of the rocks is entirely unkadown. »rronm

thelr generel clLaracter, LOWever, a lower Paleozolic age Is

- TR
ROCTE UYTES.

The great bull of the formation consists of
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generally thia-beddeld colcecrecus rocels vhich mey often with
almoat equel onropnriely be called siliceous impure limestones
or celcareous srgillites. Some ratier vcure crystalline

linestones also occur and ratlier heavy be ded varietiles

zve not uncomncn. The cclors rewresented are white, gray,
brown and intermediate hues. Whilc some linmes
tripsed with fire bands generally brown in c¢olor, otlhers are
sootted with fine flakes of muscovite or hlotched by ferritic

naterial. One limestone is cherascterized by segregations of

rather cosrsely crystelline carbonabes, another by siliceocus

srz1lel with the bedding. The larger number of

P o P - d e n ey - AR PPN A e I34 o -]
them are rether irvegulsrly cherty. Thouph the beddinz &nd
1 2 - L - - g - e 2 EAT R -t et o~ d hed
bending is generally regular, it 1s often corrigaved.

0213 Hill is com;osed largely of & hard, light brown, cherty

o

and a.carently brecciatel limestone. The chert ig in irreguler

.

nasses weathering to & brown color. The rock ig silicified to

-

such a degree trat only rerely will it effervesce with c¢old
lute scid. The freshly fractured meterial frequently show
irregular natches of very coarscly crystelline celeite. The

-

vities, which have eorarently resulted from the brecciation

f&’)

@]
s

the roek., have been Tilled in some nlaces with whive
> 3 i

finely bended calcium carbonate, probsbly travertine. Lhe

y]

limestone is further cLeracterized by & very rough weathered

€0

CO

wriace,



Argilleceous Rocis.

In genersl, the limestones are interceglated with
rocks which may variously be called argillites, slates or
shales. the general color of the rocks varies from pray to
brown or green. They are generally thin-bedded ox striped
slety rscks either witkh or without distinet slety cleavage
or shaly fracture. The banding may be either regulsr or
corrugaeted. Usually they are irregulsrly striped in gray, brown
or intermediate hues. Ordinarily no minerals are visible to
the naked eye dut in certain types biotite, sericite, muscovite,
nognetite, pyrite and quartz can he identified.

One distinctive rock is charactverized by nerrow,
lenticular and generslly corrugated light-colored stripes
alternating with wider layers of derk green or chocolate-brown
color. & very similar type of rock was described from the
Hanesupah formetion. At times such stripes have ziven & moire-
effect to a weathered surlace of a flag.

Tysical sericitic schisis also vecur. & few pieces
of a very greastly metamorphosed biotite-sericite-quartz schist
with marked folietion were noted in the fan material but fhe

rock was not found in place,

Other Rocks.

Impure sendstones and quartzites zlso occur. Near %

e
mouth ¢f Johnson Canyon there ig =n exposure, »0scibly several

-

hundred feet thick, of brownish weathered quartzite.
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4 few diebase dikes and cills were noted in Johnson
Canyon &nd an exemination of fan meterial in varicus places
along the eastern front of the range did not disclose the
presence of igneous rocks other than boulders of Little Chief
porphyry. However, fragments of shesred granite were noted,
not unlike a gimilar rock of the ranamint metemorohic complex.
This rock was not found in place. Also, 2 few pieces of vesicular

basalt were found in the fan msterial of Juhnson Canyon.

IGITECUS ROCXS.

LITTLE CHIEF PORPUIYRY (GRANLTE PORPYYRY).

The Little Chief vorphyry occurs as a single in-
trusive bedy and forms the crest of the rrnge neer the head of
Surprise Canyon. 1t is a stock underlying an ares of approximate-
1y 2 square miles. I_% is intrusive into the Telescope group
and may poscibly he founded in part by faults, although
tris could not be directly ascertained. Beds striking into
the granite norphyry have not been deformed. Near %4he horders
the rock becomes somewhat finer in texture. Xenoliths of
finer-grained darker materisl occasionally occur. At the
irregular grenite contect the alteration has generslly
resulted in fine-grained dense siliceous rocks witi no
megascopic minerals sresent. Where the grenite intrudes
limestone, i% hes resulted in a peculier mottled rock due %o

ramifying streaks of chalcedony approaching the variety
Jing J g

agate. Often chalcedony and limestone aré srrvanged in
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successive layers ercund 2 centrel nucleus. £ ziece of

2 4

float conteining diopside w:is found near the granite

i

porphyry contact. The age of the rock is unknown but indirect
evidence points to its being of Mescozoic age. It clesrly
intrudes the rocks of the Telescope group and the Desth
Valley Formation which sre believed to be lower Psleozoic.
The rock has not been subjected to metamorphic »processes in
contrast to 2ll of the other rock bodies, hoth sedimentary
end igneous, in the area under consideration. Purthermcre,
the véins of the Ffanamint district appeer to have been
formed during the late llesozoic metallogenetic epoch &nd very
probably following the inftrusion of the Little Chief porphyry.
It is a massive, medlum-grained pink rock whose

megascopic constituents are orthoclese, pFagioclase and cusritz,
speckied with smell black prisms of hornblende. Although
quertz is not & conspicuous mineral to the naked eye, it is
rather abundent in the severel sections of the materiel
studied under the microscove. Under the microscope the
essential minerals of the rock sre orthoclase, microcli e-
perthite, qusrtz, albite-oligoclese, hornhlende and biotite,
named in oxder of apparent abuidance. The texture is porphyritic
with rether frequent reletively large phenocrysts of micrceline-
perthite and orthoclrse, The intimste interpenetration of

-

quartz and orthoclase with the simultaneous extinetion of quarisz

ziving rise¢ to microgrephic texture, is a rether conspicucus

4

feature ¢f e considerable pexrt of (le sections exsmined.

o]



Phe several feldspers are more or less kaolinized. The ferr
negnesium mineral of chiefl iwmporftance is hornblende in relative-
v small idiomorghic crystals with frequent inelusions of
nagrnetite and more rerely apatite. The pale green, slmost
colorless hornblende, is & rather unusual mineral of the rock.
It is characterized by streaks of brown that reve probebly
resulted from lesching. In addivion to apstite and magnetite,

other accessories identified are titanite and muscovitc.

HORNBLENDE-DIORITE PORPHYRY.

I srablende-diorite porphyry dikes cut Marvel

dclomitic limestone, Sur»rise format10ﬂ and the rocks of the

=
o

Telescope groun. The dikes are rether inconspicuous, varying

in width Zrom 2 to 15 feet with an aversge of about & feet.
They nhave =2 general st;iké'of féoﬁ -8 to NW-SE and dip from 70°
to vertical, Many of them are continuous for a distance cf
nesrly a mile. They ‘were intruded subsequent to the folding of
the Marvel dolomitic limestone and the Surprise formation.
Hanv of them have bcoen rendered SCLVSﬁObG. The 3ikes are
younger tien the rocks of the Telescooe groun but aside from
this there is no definite meens of deberndning their ape.

Only one of these dikes was distinguished in the detell mapping
of the Panamint district. This wes believcd necessery &s &n

aid in the solution of a feult problem in connection with the
Wyoming vein.

The c¢olor of the freshly frectured rock is

olive green. “risms of hornblende are not always seen, but when
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regent sre the only ~henocrysts visible to the nakel eye.
o Bl

Lo

1

hese vary frowm those of microscopic dimensions up to those a
centimeter or move in length. & satislfactory classgificetion
of the zock ceould not be made owing to the vresence of
sbundant decomposition products, tle vhole rock bein,
decomposed for sccurate study. The groundmess is holocrystalline
end consists escentislly of lhiornblende and plegioclase. Examined
in thin section under the microscope, it becomes clesr that fhe
g green color of the rock has vesulted from the cpldoti=-
zation ¢f the feldsrar. Phenocrysts of brown hownblcende have been

alm st Whally chloritized and the less abundant eguite has

suffered similer alteration, Other seconiary minerels in the

£

rock are ¢linozuisite, hiotive, and interstisl quartz
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PLRT 1I1TI. THE ORE DEPOSITE.

PANAMINT MINING DISTRICT.

SITUATICN.

The Panamint district includes a small area in the
immediate vicinity of the abandoned tdwn of Pansmint and is
situated near the head of Surprise Canyon. It is 11 miles
northeast of Ballarat, and 36 miles from Trona. A& fairly good
desert roed connects Trona with Panamint. This road crosses
Panamint Valley fro: Trons to the mouth of Surprise Canyon. The
so-called Panamint distriet is a part of the old South Park
mining district, under which title the mining claims for the
gouthern vart of the Panamint Range from Goler Wash north %o
William's Canyon are recorded.

Numerous gsocattered mine workings and prospects
occur principally to the west, south and southezst of Panamint.
The mines of the district nearly all lie in & belt extending
about 9000 feet from east to west and 7000 feet from north to
south, The detail geologic mep, (Plate 2, in pocket), does not
embrece the entire district which extends for some distance

south and east of the area mapped.

HISTORY AND PRODUWCTION.

To the romantic, few mining districts have & more

colorful past than that of Panaminb. Its early history is at
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once interesting and thrilling. Chalfant* states that in
1858 Mormon emigrants found silver ledges in the Panamints
and built a small furnace south of the town of Panamint.
Adccording to & staetement by Dr. S. G. George, appearing

in the Panamint News of March, 1875, the first person who
recognized the mining possibilities of the Panamint distriect
was a Mr. William Alvord in or about 1860. Dr. George, who
was & famous Indian fighter of Inyo County, figured in the
first sctual mining developments of what was then known as
the Telescope mining district. Due fto Indian outbreaks, the
project was abandoned about the year 1862, In 1873 R. C. Jacobs,
Re Be. Stewart, W. L. Xennedy and E. P. Raines obtained
holdings in the district. Raines interested United Stetes
Senator John P. Jones of Nevadas in t:e enterorise. But it
was not until United States Senator William Stewart of
California, Senator Jones, and Trenor W. Park secured the
mining rights on the greater part of the district and organized
the Panamint Mining Company, that mining activities of any
considerable consequence begsan. According to a story that
has persisted through the yesrs, these rights were procured
by purchase from outlaws who previously held and dominated

them under some claim, either real or pretended. Numerous

* GChalfant, W. A., The Story of Inyo, Chicago,

The Author, 1922,
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companies were organized, -but in later years most of them
were consolidated into one general company known as the
Surprise Valley Mill and Mining Company. During fthe next
few years the town prosnered, supporting & population of
about 2500 people, & bank, tri-wecekly newspapér and 10 saloons.

L 20 stam» mill and roast ng furnace was nut
into operation in 1875, Some form of pan-amalgamation‘
was employed in the treatment of the ores although the exact
process used can not be ascerfained, It is likely the Reese
River process, consisting of a chloridizing roast preceding
grinding and amedgemation in the pans was used as developed
at Reese River, near the Comstock Lode at Virginia City,
Nevada, This method was not very successful, which is not
surprising considering the rebellious nature of the ore.
Reduction cost amounted to between $18 to 520 per ton*.
The salt used in the treatment was conveniently obtained from
Searles Lake while ample wood for fuel was available in the
district. Bullion was hauled by 20 mule teams to San Pedro
and shipped from there by boat to Swansea, Wales for smelting.
Some high grade ore may possibly have been shipped direct to
this smelter without previous treatment.

The principal mines developed during this

boom period in the district were, in order of importante,

Hemlock, Wyoming, and Stewart's Wonder.

* Raymond, R. W., Mines and mining in the States and
Lerritories west of the Rocky Mountains for 1875, p. 24,

1877.
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Phe year 1877 marked the close of the boom
period in the district, hastened perhaps by the destruction
of the mill by fire. Lccording to M r. Fred. Gray, several
of the properties located in the southein rart of the district
were leased late in 1877, to a Mr. Phoebe whose undertakings
are said to have been profitable but no record of production
is availables A% no time has the district been entirely
abandoned but in the last half century there has been no
production worth mentioninge. 4 10 stamp mill was operating in
1890, %

In 1923, the interests of S. F. Hopkins, some
40 claims, werec acquired by J. V. Lehigh, and sporadic
development has becen in progress on several of the prospvects
since that time.

In 1924, A. D. Myers sold one-half inferest
in the patented claims with the single exception of the
Hemlock claim to Messrs. D. Do Corum, W. L. Seeley, and
Je M. McLeod. Rebuilding of the road in Surprise Canyon was
completed in 1924 at a reported cost of $35,000. In this
yeer an agreement was made with:gi G. Lewis which resuited
in the organization of the Panamint Mining Company whose
holdings comprise some 50 mining claimé. In 1925 the
driving of & tunnel was sterted with the expectation of inter-

gsecting several veins at a greater depth than had yet

* California Min. Buresu Tenth Ann. Rept., p. 210,
1890,



been attempted in the district. After completing 2310 feet
of tunnel, the project wes abandoned in 1926. It is believed
that some of the claims may have reverted back to one or
more of the original organizers of the company.

Hecent flotation tests have shown a profitable
economic treatment of the ores in the district. According to
enginecr's reports ample water is available for a 100 ton
mill., The district is rather inaccessible and is augmented by
the difficulty of building and masintaining a road in the canyon.

There is much conflict in the many more or less
indefinite accounts of the extent of production f£rom the
several mines in the district but it seems quite safe to say
that at least $2,000,000 was realized. Judging from numerous
specimens which are found lying ahbout oﬂ the different dumps,
there is 1ittle doubt but that consideraeble high grade ore was
taken out during the active life of the camp. Fhe average assay
value of ore delivered to the mill varied from $80 to 100
in silver per ton.* Stetefeldt™* has reported high grade ore
up to about $900 a ton, and estimated that the average value of
ore from pay stresks of the principal mines in the district rang-

ed from 75 to $100.per ton.

* Raymond, R« W., op. cit., p. 24, 1877,
** Raymond, R. W., idem for 1874, p. 37, 1875.
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PAULTING.

=y

c1ltin

DEN

Evidence of two periocds ¢ g 1. recognized

in the Panamint district, and clsssified ss, first, - that

which accompanied the opening of the mineral-bearing fissures,
end second, - post-minersl fissures whiclk dislocete many

of the veins of the qistriét. fhe -ost-minersl fissures are
largely confined to the lervel dolomitic limestone end many

of them sxre difficult to trace fer Leyond the limestone-schist
contact, Broadly considered the faults of the district ;present

grnn orderly arrangement in t. et they trend gencyelly N-NW by S-SR,
they ere normal feults of small vertical displecement

08 snell Yerizontal offsets A5 £ xule the dips are high. Yle
vertical element of movement, so far ag indicatel ty strise,
wes grester than tle horiwonteal element, olthough the lotferel
moeverert wee io_ocrtert ir & few fauvlts, notably the fsult

» Gigplesces the vein in the Vyom'ng mine.

Gl

The osuterorpring ¢ many feulis is marksd by a

large amount of brecciasted rock or crushing on fissures which
cleerly are not faults of 1arge movement , "here the faulted

rock is limestone, the fault breccia is likely %0 be consider=sble.

‘e width of the finely breccisted rock on the fault in

1 - . . . .
Jacob s Gulel, &8 measurcd in a drift of the Caup Bird mine is
10 feet, althouvgh the limestone is considerakly Dbuoken W, 7oy

twice that distance,.

. NP, L. Kl - 7
ecture of the Fevlis

[

c

e

L notable and creracterist
is the deposition of trcvertine in handed layers cementing thre

5

actual fault -lsne or the lars- £nd small bplocka of limestone
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or schist which have been torn loose in the Zfaulting. Many

0f them ave in effect veins of travertine. Due to lack of
regular bedding planes &nd Lorizcn markefs tle rocitive demon-
stration of faulting largely depends uporn the sctuel tracing

of the brecciasted zone,
SILVER-BEART "G VEINS.

Distribution, Form and Structure.

end sletn—cvt quartz veins is fthe most inter o

the digtrict. They vary considersbly in widil, Trom mere stringers
to those 25 feet wide and average pernaps 6 feelf, The veins

productive, lie in on ares rougkly

w

that have beern more or les

3

laim s of “he district

fid

on the @

8]
Py
m

6 square miles &s indica
(see Plate XVIII, in pocket) o ke most prominent and produc-
tive veing within this area, are the Hemlock, Wyoming and
Stevert's Wonder. Yhe outcrops are well exnosed naturally and

are essily traceable, some for a distance 2% e¢hout a half a mile.

it with the ¢id of Jield glorger nany of the

LJ-

from a vantage no

-

veins ofn he seen fov £ corpidercllce distance, Yhey treverse
botl. tle Surprise formetion end the Irrvel dolomitic limestone
but thosge in the limestone &re ncve nuerous. The veins in the
limestone sre more readily %racecble on the surface and
generally do not vary greatly in width from place to place
along the strike, as is frequently the case with veins in the

Surprise formstion. Undoubtedly this is because the limestone
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PLATE XIX.

A. LOOKING WEST ACROSS WONDER GUICH, PANAMINT :
DISTRICT, SHOWING FAULTING OF THE STEWART'S WONDER VEIN.

The vein is outlined by dashed lines. The country
rock is the lMarvel dolomitic limestone with the
overlying Surprise formstion in the right back-
ground.

B. NEAR VIEW OF THE STEWART'S WONDER AND RAINBOW
VEINS AS EXPOSED ON RIDGE JUST EAST OF JACOB'S GULCH.

Rainbow vein (left) dips 40° north and intersects
the vertical Stewart's Wonder vein. The principsal
mags of quartz of esch vein is here about 6 feet
wide. The continuation of Stewart's Wonder vein
west of Jacob's Guleh is outlined by dashed lines,
Banding of Rainbow vein also shown. The country
rock is the Marvel dolomitic limestone.
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was more eanlly fractured than the sch 1iste the Stewsrt'

Vondey vein gplits into three brenches “as it enters the Surprise
formation and is nct treecable fer beyond the limestone-schist
contact. Some wide lenses of quartz are traceable for a short
distence on the surface and rapldly pinch cut when followed

down the dip.

The veins of the Fanamint district follow fractures
whose strikes vary within rather wide limits but the largexr
number of them have a general ftrend of NW-SE and INE-SU. 48 a
rule dins are steep, verying usually from 55Y to vertical,

is

0

(’3

although there sre several notable exceplicns. There nc
eletion between fissuring and eifher schistosity or helding

with the excention of & few minor veins cccurring in “he Sur-

Q

se formetion as well &s contect veins which often fcllow

e
el
'.—h

either the uvoer or lower contacts of the Sour Dough limestone.

While the structuy

T

0f the veins is generally decidedly massive,
in places rude indistinct banding was noted but in no way does
it resemble the Gelicate concentric bending of the epithermsal
deposits.

The contact botween quartz and both foot and
henging vwalls is sherp and seldon accompaniéd by gouge. In a few
instances the veins are attended by many irregular brenching
stringers which are generally parallel to thre major part of the
veine.

There is little, if any elierstion of the wsll

rock, end the mineralizetion never extends into the country rock.



Usually Ifresh rocik &djoins the vein f£illing, but frequently
the line 9t ne hes been given & derxzer color. However,
there is nc supgestion of dolomitizetion glthough rarely

v
will the limestone well rocks;ffervesoe with cold dilute

W

cid. The Marvel dolomitic limestone itself often corres. onds

in analysis to tiret of & true dolomite. Sericitisstion of the

)
-

7all rock veas observed in only & few pleaces.

}-—

he structure of the ore is macsive and fhe
sulphiides are irregularly distributed within the quartz, with
generally no relation to either the foot or henging wells of
the veing. i“he ore shoots ere smell and of pockety charescter.

Quartz Jruses occur but they are velatively few in numbcr,

b

Meny of them anvesr o be related to glanes auurahim tely
nerellel to the wells. they are unfilleld portions of the velns
and are alweys lined with lsrge quartz crystsls.

Generally speaking, the veins are rather barren

and mlne"“logioa”iy of sim Je¢ type.
QUARTZ-GALENA-PYRITE VEINS.

Some veins in the distriet, narticulsrly those
oceurring inr schist north of Surprise Canyon, convein coarse
grained galena, with subordinate pyrite, chslcopyrite end
zine ulenle. Tetraledrite wes 038erved in & Tfew polisghed
cections. In & few places where the veins TL&ve been worked,
the ore is velusble chiefly for lead, with subordinate silver,
The silver is probsbly oontained in the gzlena. The order of

the 1inevels i generally es follows: pyrite,

svhalerite, chelcopyrite c¢nd galena,
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A,

PLATE XX.
TYPICAL HYPQGENE SILVER ORE FROM THE PANAMINT DISTRICT,
Quartz (light), and sulphides, chiefly tetrahedrite,
(dark), Wyoming mine.
RICH PARTIALLY OXIDIZED ORE FROM THE PANAMINT DISTRICT,.
a, tetrahedrite; b, bindheimite; ¢, malachite.

The white is quartz. A specimen from the dump of
the Little Molly prospect.
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IINERZLCGY OF UHE ORES.

Nonmetallic Mineralse.

The principal and almost exclusive vein filling
is milk-white sometimes glasscy gquartz of coarsely crystelline
messive texture. The quartz is decidedly of the mesothermal
or hypothermal variety. IMicroscoricelly, where undeformed
c¢fter devcgition, the qguartz has a hypidiomorplic granulax
texture., This is well shown in Tlates XXI, B and XXII, 3B.
Though much of the cuartz is undeformed, it may show
cataclastic effects from undulatory extinetion tc grenule-
tion of the large gralhu. The quertz conteins very fine
inclusions which Tave often given 1t en elmoct kaolinize
appearance in ordinsry light.

Celcite and possibly ankerite, osceuy only spgringly
as vein minerals and are rarely observed except tirder high
magnificatisn.!ﬁhey replace or f£ill fractures in guariz.
White tebular crystals of harifte were observed in one

-

specimen of ore and is contemporanecus with or later then

quartz.

Metellic Mineralse.

The metellic minerals of undoubted hypogene or

}-h
o

).h

[}

include, in tie approximete order of their sbunlance,
Leng, aphglerite, pyrife end chialcopyrite.
, the silver is almost

¢ tetrahedrite

o
O
[o7]
[
c*
D;

wholly contained chemicall
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L.

B.

PLATE ZXXI.
PHOTOMICROGRAPHS OF ORES.

Ore from the stope in the Limegtone tunnel, Wyoming
mine, showing sulphides (black) in part filling

open spaces between ‘Isrge undeformed quartz grains,

in part filling irregular cracks in fractured quartsz,
and in part replacing brecciated quartz. The sulphides
congist chiefly of ftetrahedrite. Some of the small
irregular masses and veinlets in quartz have been
filled in and replaced by carbonates. Magnified

about 20 diameters. Ordinary light.

Same as A, Nicols crossed.
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A,

B,

PLATE XXII.
PHOTOMICROGRAFPHS OF ORES.

Bypical sulphide ore from the Panemint district, showing
sulphides (black) replasing quartz. The sulphides
consist chiefly of tetrahedrite. The triangulsr space
between large quartz grains (shown near the top

of the illustration), has been filled by an ore

mineral now oxidized. Magnified about 20 diameters.
Ordinary light.

Seme as 4., Nicols orossed, showing coarsely granular
texture of quartz with partial development of
idiomorphic forms.
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(freibergite). This is the principal sulphide minersl and is

nascive, dark gray and with splendent luster on fresh

fracture, which becomes metallic upon ex:osure., The minersal
usually gives gqualiteative vesetioany for both arsenic and

entimcny. Rather coarsely cleavable galena and light brown

schalerite are imyporftant minerals in the typical ore., Large

LY

areas of galena generally contain & number of good sized
rounded spoty of tetraledrite. Pyrite and chalcopyrite are
rarely seen in tlie hend specimen, though small grains can

usually e found in polished surfaces under the microscope,
PARAGENESIS.

L regular sequence of deposition c¢i the hypogene

s

ninezels wag 4dif ult tc ob ain for the vericug veins in the

jay}

-
Py

distiict as a whole. There appears to have beern slight
Pr 24

m

.

cverlaponing but tre order gencrelly applying is as follows:

pyrite, sohalerite, tetrahiedrite =nd galents The relations

existing between chalcopyrite and the other minerals is
largel; aqkn:un, owing tc the scarcity ox absence of this

@ainerel in all the specimens exemined. However, chalcopyrite

s replaced hyr

7o
e & [

£lenge.

‘,.ln

The impression conveyed in a microegccple study
of the orcg is thet the quartz is earlier then £11 the
sulpkides, In some instahces replacement has talen

grcnn? the borders of large idiomorphic guar
in others it has replaced bhreceiated quaris, end egein it

mey £ill open speces b:tween Large undeformed quartz grains.
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OXIDATION AND SUPERGENE ENRICHMENT,

n

The physiographic histery of tle region indicates
thet after tle fovmeticn of the veins they were cudbjeet 4o
deen erosion in Tertiary time. There would bec, therefore,
cpportunity for the fornaeticn of zones of oxidstion 2nd

supergene enrichients Water has not been encouiitered in

Py

A

any of the mines. The ruggedness of the topography and

L
G

on faver a quick run-

8]
L

comparatively sperseness of vegets

offse The cpeed of ercsion has prodelly exceeded

A.
oxidation. Consequently, the sone of oxide 1.n is shallow
&

o4

and irreguler and frequently almost uneliereld sulphides occur

at the surface. Oxidized o¢res heve yielled only o comparativew

uction of the district. The

(3
(@]
cr
o
[
s
H
<

ly smell part of the
irregularity of the oxidized ores depends more on the
perneability of the vein at euy particuler place than on
the depth below the surizsce., Vhere the veins have deen

Y

followed by post-mineral fissures with

oo

erhaps shettering
of the quertz itself, the degree ond extent of oxidaticn
is naturslls much greater. The almost entire sbsence oI
pyrite in the ores wes unfavoreble for .xid~:icn and
supergene enrichment processes.

The metallic mineresls of the oxidized ores
include malackite, azurite, anglesite, cerusite, smithsonite,
bindheimite znd cerargyrite. Bindheimite ic a rare

-~

constituent of the oxidized ores of & few of the mines In

0

the Jistrict. It is soft, ocherous wsbterial ¢ a yellow to



salens and aclechite. Yhe nmineral Las probebly resulted

from the oxidation of tetrahedrite. Very -robally the

antimony is furni-hed by the ftelrghedrite and the “ead by

the galens similar to many of the Idaho oceurrences.  Galena
oxidizes to anglesite and cerusite, One specimen 0of cve from %
the dump of the Little llolly proipect showed nodules of lead
sulph’de sur ounded Ly derk conceniric shells of le&d
sulphate, which in turn are surrounded by shells of lead
carbonste. Sphalerite alters to smithsonile but the latter
mineral is nowhere abundent in the Panamint ores. Cerargyrite
also occurs very subordinately.

The minerals that strongly’suggest deposition
by supergenc waterc are stromeyerite, chalcocite and
covellites In 211 the specimens examined they are present
only in very subordinate smount. Sphalerite is characteristic-
ally rexplaced by incipient veinlets of chslcocite and in-
frequently bordered by thin coatings of chalcocite. This
fact is rarely brought out except under high magnification.
Tetrahedrite is also partially replaced by chalcocite in

tiny veinlets t'at frequently rim large and smell areas of

tetrahedrite along the borders of quartz greins. Covellite

*  Shannon, Ferl V., The Minersls of Ideho, U. Z. Nat,

Mus., Bull. 131, p. 435, 1926,



-0 -

forms veinlets in sphalerite but more commonly oecurs as
small blebs in galena or in veinlefs crossing galens8 areas
that z2yppear to f£ollow crystallographic or cleavage directions.
Tve only later rich silver mineral definitely identified is
stromeyerite. This mineral replaces tctrahedrite in a complex

system of small veinliets and is generally associated with

chalcocite.
ORIGIN LD AGE O THE DEPOSIT.

Although the veins occur slong fissures that
have been produced by normel faulting, these, as is generally
the case, were not structurally important feults and in only
one instance show measurable displacement. Owing, however,
to the lack of regular bedding planes and horizon markers,
some of the fissures slong which the veins occur may have
suffered more displacenent then is at first evident.

A likely explanation of banding is thet the
veins have been formed by successive small enlargements of
the fissures rether than from the subsequent shearing of the
veins., & further suggestion of banding has in some cases
resulted from included fragments of wall rock.

The ores have been deposited in open speces
in favorable places in the veins, and have not replaced the
ad jacent wall rocks. Although undoubtedly renlacement hes
teken place in the mo.e minutely shettered country rock, the
veins would correspond to the 0ld definition of Mfrue
fissure veins", the veins in limestone are interesting in
thet revlacement has been & subordinste factor in their develop-

ment,



-

Whereas the veins do very somewnat in minera
30000480100, Yy cre a1l of the ssue generel type and the
vein filling w's probebly contemporanecus over the district
25 & whole. vhe evidence zfforded by the exnosed junction
of the Stewert's VWondcr end Rainbow veins warrsnts this
conclusion, but other supvorting facte are not availsble.

The minersl devwosits are like those that have been
cenerelly considered elsewhere to have been deposited by
ascending hot waters. The source of the soluticns is not

o+

xnown, but it seems most probeble that the ores are genetical-

ly related to the deecper rock meceses tlhot supplied the
meterial for the intrusion of the Little Chief porvhyry.
Such a relation is sugzgest=d but definite proof is not =vail-
cble. the Little Chief ~orvhyry is t' e only body of en
igneous rock in the vicinity of the district. The ape of the
intrusion is not definitely kaiown but for ressons given
elsewhere in this rejort, a Mesozole age is assumed. Judging
solely from the gencrel character of the veins and their
mineral constituents, narticularly the massive milk-white
coarsely crystalline quartz, fthe ores were »robrbly formed
during the late Mesozoic metallogenetic epoch folloning the

intrusicn o the granite »orphyry.
~/ IIITES AND PROSPEGTS.

Wyoming Mine. (8,9,10).*

The Wyoring mine is situsfed on the south

* lumbers in parenthesis refer to the detailed geologic

map (Plate II, in wocket).



alope of Surprise Yanyon on what is known locally &s Wyoming

7111, It is 2t an elevation of 8100 feet, one-half mile

0y

south and from 1100 to 1200 feet shove Psnemint townsites 1t
ig one of the more importent mines in the district. liost of the

development work in the mine was done during the boom days
e lb

4

in the district. Yhe mine is the property of ‘he Fanamin

2

[

Mining Company. Undoubtedly considerable high grede ore was
taken from the mine, bubt vroduction figures are not aveilable.
ihe ore was 1 sded intoc buckets near the portel of the Tramvay

tunnel and sent over a 2600 foot two-cable aeriel {ramway

3]

to the mill and roasting furnsce =t Ffanemint. The present
com eny repaired the tramway &nd it is now in good condition.
The total underground workings including tuanels, drifts,
raises end winzes {but not including the Lewis tunnel) covers
roughly 2500 feet. *he mine was exploited from three main
adits, Lramway tunncl, Xennedy tvunnel, and Limestone tunnel.
“he plen and sections of the}principal workings of the mine
are shown in Plate XXIII. Most of the ore removed from this
mine, ceme from two stopes, - one &t the end of ‘he Kennedy
tunnel andAthe other locsted in a drift of the Limestone
tunnel. The stopes are from 8 to 15 feet wide, but
extent is not known.

ihough there are several veins on the promriy, the
only productive one, is lmown as the Wyoming. This vein has &
fairly straight course and is easily traceable for & distance

of over 3500 feet, with a genecral strike of roughly N. 60° E,



PLATE XXItI

TRAMWAY TUNNEL

A}

LIMESTONE TUNNEL

200 300 Feet
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PLAN AND SECTIONS, PRINCIPAL WORKINGS OF WYOMING MINE.
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probably relatively lerge. In keeping with othe:r veins
in the district, the wyoming vein is often ra lLer barren;
especially is this true when the country roek is schist.
ihe vein is, however, locally spotted with high grcode ore,

In 1925, the »oresent owners sterted the
driving of the Lewis tunnel in sn attempt to intersect the
Wyoming, and »possibly the First Chance and Independence
veins with depth. &8fter completing 2310 feet of tunnel, the
project was abvandoned in 1926+ The portal of the tunnel
is at an altitude of 7100 fect, 680 feet helow the bottom
of the winze in the Limestone ftunnel. The &dit was driven
entirely in the Mervel dolomitic limestone and hes & bearing
of north-south. *t was found thet the First Chance and In-
dependence veinsldid not continue to this depth, and only
a few small quartz stringers were found in the tunnel. “he
tunnel intercepted severel minor faults, three of them
striking N. 35° E. and dipping from 60° to 75° W. Two
other faults have asproximastely the same strike of N. 15° W.
and dip from 500 to 70° W. The feult which displaces the
Wyoming vein, is encountered 1740 feet fron the nortal of the
tunnel. It has a strike of N, 40° E. and dips westward. & short
drift has been run southward following the fault. If the
Wyoning vein had not been displaced it would have intersected
the tunnel gpproximately 1500 fect Ifxom the -sortel, assuming

thaet the vein has an average dip of 65°.
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Yhe ore-shoots in the district are krnown to be
small and irregulerly distributed with nc indication as to
where they may be found. For this reason & better and
less expensive vlan of exploring the vyoming vein with depth,
would heve been to continue sinking on the vein from the
bottoms of either of the two winzes in the mine. In the
case of a strong, well-defined fissure traceable on the.
surface for about 3500 feet, the presumplion may be
indulged that it will extend an equivalent distance dounward.
There is therefore some resson for believing that the Wyoming
vein extends to the 7100 foot level of the Lewis tunnel,
although ap arently the vein tends to flatten somewhat with
depth.

In order to obtain a bhetter idea of the “relatioms

existing between the fauwlt and the vein, a celluloid model

gcale of 200 feet (o the inche In

ju]

vas c:nstructed on
prospecting for the Wyoming vein, the following suggestions
are nade, 3zsed on & study of the model, a crosscul driven

due east fron a point in the tunnel 1530 feet .rom the portal
would intersect the fault at & disteance of ghout 80 feet,

Yhe narrow dicrite dike which intercects the tunnel 1110

feet from %the portal should also he encountered at this point.
Drifting along the fa 1t in both directions should be done,

in order to determine if Possidle, the relative displacement
of the Gike on both sides of the feult, Drifting in both
directions from this point might also locate the vein, but if

this is not feasible from a mining standpoint owing to the
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opea nabure of the fault, the drift should be extended 2

shert distence into the footwall., From here north-south

dflfUu should intersect the vein; the exzct length of

stoh drifts will depend upon the average dip o the vein.
Cwing to the lasck of suitable horizon markers,

little coculd be learned regarding the nsture of the fault

movement. For this reason no suggestions are offered relative

11

£ the fault.

e
o
[8]

wide

to locating tie veln on the hanging wa!
The evidence bearing on the lateral and vertical components
of movement, in so far as indictcted by strise and grooves,

is rethcr conflicting, suggesting several novenents. However,
those inelining about 15° %0 the south are mo:e prominent.

If there have been several movements on this fault, fthe

older strise and grooves are doubtless more S» less heazled,

gince trovertine is being deposited apparently at a rapid

The ill-advised and unwerrenteld scheme of
‘Jevelopment was %o continue tlie driving of the tunnel to the
northwest branch of Happy Canyon, a distance of sbout 2%
miles. According to the survey of the proposed tunnel, the
following veins would he intersected at depthsranging from

25C %o 1250 fect; Tom 2oy, Ide, Rex, Californis, High View,

and Yudson River. & few of ‘hese veins are smell and not
treceable zrest distances on the sur cc and some of them

mey not continve to the depth ¢ the ftunnel. There 1g no
reasonable ground upon which to base a conelusion that any
considerable amount of workable ove Till be found in any of

themn,
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the limest ne in tle feult zone ig rmuel fractured
and ecrusled, Lhey leve out aznd éisJiacéG the vein into several
cegments, (see Plate XIX, 4), and & sc resulling in
considerable wotiting of ﬁhe veln. !
the stxie of the ve'n s N. 70° W, while eaat of the gulch

it strikes N. 64° B, West of the gulch the vein hes been badly

crushed and &t times both walls are f2llowed

(11
o

more 0r less brecciation. The faults along fihe vein ave wohably

ar edjustrent due to the veversl croun-flosures,

Hemlcek Mine. {11)*

Pre Hemlock,mine, oroserty f A. T. ITvers, is
¥ » ar Phe ) 4

S T e o . 3 e i £ T LRV e 1y o -
situsteld necr the heald of Il grvel Conyon and aboal & Loll s
o~ A T ] . - 2 e | . 2 - .y L - 3% Y
mile soutli o the area includeld in the geologic e £ the
K 2P ST R . 1 q o R I .. ) e
district. Its topogravhieal situetion is olowun i1 Dlete VI, B

rave been the largest _roducer in the Jdisiric

production figures are not sveila

WitT the Uyonming wine by & nerrow vwagdn road over which ore was

\
>
e

sl
3

¢ connecting cericl tromway vhich Celivered it to

e

the mill Yenemint. According (o residents in the distriact,

the Hemlock vein ig & scuthwestward contiouation of the

Kenneth: vein. The countyy rock is the ilarvel dolomitic limestone
* MNuabers in perentlesis fo the reconnaissance

geclogic nay {Plate 1, in nocket).



Camp Bird Mine., (2, 3)*

The Camp Bird wmine, formerly knowi ag Jaschb's

Wondew, is situated in Jecob's Gulch, nearly z mile westerly
{from Panamint townsite. Thic oropvewrty is ouwned by J. V. Lehigh

and includeld the

D2 LN D D 2, R N e Ry 4l -~ 2 A - e B
Jivd end Telrbow groups of mining clailrn

. 2~ am g o e B o Tomwr T e A -y a1 ~ v T v A N T o
Dhe mE2Joy pary ol Nig dEVeildpunil WOIL On the PropeYvy, wWag
T omam " - L 1 - A I N m e el ER. 2 AT ey
GONE QuUray 4i7€ DOOm A&ys CI unie 3(1.\:1_:_). L6 IMine 18 gave.nlped

- L)

2 ~gm g~ -3 EN -~ L R y Ne R, | S 1 PEE N
vein and by seversl huandved feet of laterals Jollowinz the

0By

junetion of fthe Cic.unrt's Wonder and Fainbow veins, Only limited

. : SRFE RPN - N T e s menne
oroduction is repurted fo have zesulted Irom the eard

i
o

develovment worlk in this wire. The m're hao never been satl

w

S

GENERAL SECTION THROUGH THE
STEWARTS WONDER AND RAINBOW - - - --Liso
VEINS EAST OF JACOB’'S GULCH.

Figqure-3.

(@]
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toerily gaunled and it would be impogsidle 0 eglfine i e
ever: ¢ tenor of the ore in the veilns. Specimen 0Ore has
agssayel up to 850 a ton in silvers Scereening feste of fthe
dump showed an average of cpproximetely 315 sex 4on in

silver. Very favorable extraction lests e=ve recently been
neée by the flotation method.
The zbove mentioned veins very in width from

4 o 10 feet and their outerons are well pronounced. (See
Plate ¥XIX, &, 3). The Stewsrt's Vonder vein strikes . TE' W.
end has & generel vertical dip. The reinbow vein dips rorth
from 359-40° =13 joine %tre 3tevert's Wonder vein near the
vorfal of the tunnell An eest drift has been run along the

juncetion of these veins fur & distance of zbout 400 feet. The

Q

total mass of quartz &t tie junctiion is roughly 25 feet wide.
Tre country rock is the iarvel dolomitic limestone.
The Stewart's Wonder vein has been brecciated hy
tQMlmC”“7 movenernt, often along both the footwelil and
hanging wall, end in places it hss been vholly reduced %o a white
gouge filled with engnlar Iragments of crushed quartz. The

fault in Jocob's Gulch has not notably displeced the Stewart's

Wonder vein g shown in Plate XXIV.

-

Little or no ore has been gioped in the mine.

The pay streaks are small and not persistent hut =t sewercl

&

Lo
E

dglt be yrclitably worked.

A
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PLATE - XXV,
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PLATE ZXV.
DRAVINGS OF POLISHED BURFAC S OF ORES.

Cre from the Xern prospect, showing the relations
betweer pyrrhotite (white), marcasite, chalcopyrite
(cross=-lined), siderite (dotted) and quartz (broken-
lined). Magnified 20 diameters.

Ore from the Kern prospect, showing replacement of
pyrrhotite by marcasite &long fairly definite directi:
but often expanding into globular masses built up of
concentric shells, .iagnified about 20 diameters.

Ore from the Xern prospect, showing the relations
between pyrrhotite (white), mercasite, chalcopyrite
(cross-lined), siderite (dotted), an? quartz
(broken-lineds. Magnified about 60 diameters.



#“iChalcopyrite

Marcasite
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vein showed the presence of sericite, cocryplocrysialline

wertz and chlovite, scatterc’ with minute needles which mey

Ky

The Xern prouypect, property of Irs. H.I.

~
i
-

~

half s mile northeass o7 Panamint

o
)
jo
ct
4]

Troapson, is situate

townsite snd Jjust ocutside the area in cluded on the geologic
mep of the district. Therc are severel quartz veins on the

T

property. The principal one strikes roughly N. 40° 7. and dips
25° I'E, a parently following the schistosity of the schist,

The average width of the vein is 2 feet., It is develooed by
avproximately 200 feet of workings. *he country rock is the
Surprise formation. The ore has not been “GCCESS¢L17J con-
centrated due to the high sulhide content, but according %o
Robert Warnock, it renges in tenor from $1E to 17 per ton in
gold.

The character of the ore is entirely different

from that of other mines in the digtrict. The vein is heavily
mineralize’ =nd %re f%yrical ore comncsed almost wholly of

-

pyrrhotite, pyrite with subordinate coarsely granulaxr slassy

LR

vartze Pyrrhotite and pyrite impregnate the well zock for a

o]
by

[l

distance of seversl inches Irom the vein. Exsmination of several
specimens of mecsive pyrrhofite ore in refl-cted light showed

te closely assoegiated with sideritfe.
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“Le mercasite possesies the ususl cheracteristic properties
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€8Cribed to this ninersl and almost inveriably shows concentric
rings; but its 1dent ity wes fixed by the rotation of the plane
cf polerizetion of reflected light. The cerbomste was identified
urder the petrogrephic mieroscoses It has & high index of re-
fraction end azn ashen greay color with distvinet absorniion,

which, according to

althiough not pronounced. The chemical

conform to

u

£y
[*P

with the m&rcasiie

.

1

4

rings, yet

structure of the Vveinlefs o

“ith s

bordered by colloform mercasive, as

o

Again marcasite replaces pyrrhotive

or crystallographic directions which ©
less globular sheaped masses buill

(Plate XXV, 3).

“L:_J

VWirchell® is especially chew

1 frequently forms veinlets

along

0

o
i

cteristi

properiies &lso clogely

Cu

f sid

aocarent cleavage

for]
N~

often expand in%o

ore

onecentric shells

Fa)
L

Chelcooyrite is usually associeted with th
siderite veinlets =nd wes probably contemporeneous with and
earlier then siderite. Occasionally veinlets of siderite,

*Tinchell, A+ ., Elements of Cpticel llineralogy,

YOT& 79 1927,

De
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usually of such dimensicns as to be noticed only under high
magnification, cut entirely through grains of chalcopyrite.
Chaleopyrite cuts across the structuve of the msrcasite which
fact suggests but does not nrove replacement. *he relations
above mentioned are shown in Plate XXV, C.

Pyrite is replaced by an intricate network of
quartz veinlets. However, it is to be regretted thet the
relations of pyrite to the other minerasls in the deposit could
not be ascertzined with certainty. Gold was not observed in
polished sections of the ore. On the assumption thet there
hes been a single generstion of quartz, the order of deposition
appears to be as follows: pyritve, quartz, pyrrhotite, chal-
copyrite, mercasite, and siderite overlapping with the marcasite
end the chalcopyrife.

The occurrence of marcasite replacing pyrrhotite
and the development of a carbonate, particularly a sideritic
carbonate, contemporaneous with and later then marcasite has

recently been mentioned by several observers.* Fhe facts seem

* Gilbert, G., Oxidetion and Enrichment at Ducktown,

Tenn., Yrans. Am, Inst., Min. and Met. Engs., np. 998-1023,
No, 1218, 1924.

Newhouse, W. H., Yaragenesis of Marcasite, Econ.
Geology, Vol. XX, ppe. 54-66, 1925.

Tolmen, Jre., C. F., and Rogers, A. F., Stugy of t he
Magmatic Sulfid Ores, p. 40, 1916.

Buddington, 4. P., U. S. Geol. Survey Bull. 773,p.104

B

1925, NOTE--Carbonate does not occur in the deposit desc:ibed by

Buddinston.



to indicete that the mercasite may heve either a supergene

or hypogene origin in the several occurrences discussed by

o]

Mewhouse. The ascigning of a hypogene origin for the mar-

casite was based lsr ely on the fact that quartz wos depcsited
later then mercesite and that supergene sulphide deposition
is only rerely accompanied hy quazrto,.

Oxidetion products are almost entirely lack-

ing in t'e ores from the Kern prosoect. *he sulphides ocecur

[

et the surface and pyrrhotite has not been noticeably oxidized
to limonite. In the silver-heering veins nreviously describhed,
the zone of oxidation ig shallow and commonly the sulphides
occur at the surface. “oreovewr, there is little indication of
supergenc enrichment in thie silver ores of the district, In the
massive sulphide ore from vhe Xern prospect there is cerfainly
no reason Ior ssswning & supergene origin for he chelconyrite.

It seems improbable, therefore, that mearcasile was deposited by

supergene solutions and & hypogene origin is favored.
< &

Other Mines =nd Prospects.

Other mines and prospects in the Panamint
disttict include, -- Anaconda, Grond View, Comstock, Star,
Franklin, Cmaha, Gold King (1), Last Chance, Tesd¥ille, Little
Molly (6), Pirst Chance, Little Chief, Ida (7), Independence,
Rex, Eureka, Bachelor, Alabama (12),* Hudson SBiver (12).*

4 1ittle ore has been found in all of them.

* Tumbers in narenthesis and marked by an asterisk refer to
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PLIRDT iV, THEZ ORE DIFXrOSIT?TZ2 —=CCINT'I

TITTTATY T eT AT AT, TN TYY B . ARRS ! AT T
.'..{Lv'_;R IONES ATD EL;US;;*DTS I Drw RA

NI DISCOVERY MINE. (5)

about 2 miles from %the nouth of the canyon. *his property

hborhood of $15,000 in gold. *he mine wes

Development consists of 4 tunnels, 2 on each gide
of the canyon, which follow 2 strong feult Lissure strilkting
r M. 2B% W, and dipuing 65° W, The Ffiscurs is psrallel

- - - - - n LR DO SR ~ T T .. . - ] - wqim At g e g sy T
to tre plenes of folistion ¢ (e shecred grenite, countyy voclk,

Some distance west of the veiln g ver

Trom $he shalft with a view 4o further development work. % is
ot now kEnovm nhovw much ore hes been stoped in fthe mine. MO
sebisfaciory specinens of ore wer:s collechted. “lie ore is
'
valuable entirely for golie
BURRC LIVE. (2)

Th. Burro mine is locoted in Jeil Yenyon @ shord

dictance ea.t of he Mew Digcovery mine. IV hat been 1dle for

& number of yesrs. *he property scs not exemined bul sccording



=118~

o & renort of the Valifornle Stete Mining Bureau™® tlere

N o~ o s e § =] - - - "
a7 e a ntinoer of péraiLel L_'me...f.'tz vELns with & NW=S3SE trend
o PR - - 2 cvr S X de i - o 4 L I - de UM o et ~ s -
which very in width from 2 to 10 feet. *he cre oozayed fronm
Feo L. 115 3 ~SNP R S =] . T - - oy P
J2eD0 %0 P25 & ton in ~0ld. Developnment consists of ¢ 116 fooy
b e b da oy - ] 8] £ - o e
she’t and a turnel 200 fect in 1 NEG e
™7 CTANTT T ATTY
UU--_'.I T LUVL Niaivise (4— )
ity Ead . I SR TO A T B & o)
“hie Horn Spoon mine, nroperty of Churistopher
T o e 2 s TR R - o A h) PR s 0 T A W “
Wicht, is situated nesr the lLead ol Hall Canyon. *he elevatim

of the mine is 7500 fect. *he cou txy voclh 1o con
sehist. zhe proserty is developed by Shrree fuanels, one of
wnich hag been run on & fault fissure vhich dips 35° ST, The
vein heas been faulted and wes not encountered in the other

tws tunnels. *he relations are shown in Plete YIVI. “he vein

.

ic about 2 feet wide cnd i Yeo:

::a
[}
<
I
o0

4

x
o
[ 4
]

A e 235 & Yon in

gold. *he vein Lass been consilderenly crushed end Lasg &
gouge sSeem on ootwalle Thie O is & highly oxidized

breccie consisting cf fragments of gencrally derk eolo

quartz cemented by eruste of secondery c¢uartz. Rather cozrse

extured gold is the only ore mineral sent in the derocsit
&nd ccours embed in meszes of limonite.

There ave several messive cusrtz velns on the

property but they sre in general gulite herren.
o c %

* California lMining Bureau Sevent-enth Ann. Rept.,
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PLAN AND SECTION, HORN SPOON MINE.
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IOUNTAIN GIRL MINE. (13)

The louatein “irl mine, situsted 2% the head of
includes two mining clains, tein Yirl end vhe llountain
Girl Fraction. The orisinel locetor end .resent owner of the
property is Hsrry C. Porter. Seversal men ere now at work
developing the property. The mine is at an elevetlon of abou
8000 feet. Lhe owner Lies realized LMr veburns selling
specimens of cosrse gold. ‘he mine is ﬁGV‘IOgea by several
tuanels, @ chaft, end nany open cuts and trenches.

There are e numbeyr of small cusrtz veins on %he

property. The coniact between them and $he walle is sharpe.
&

“

Rarely these veins £0llow the jointing of the conglomerate schist,

offsct the veins in meny places. The veinlets cerrying
coarse g0ld are rarely over 5 inches in width and generelly

average rom 2 to 3 inches. According ¢ the ocwner, the wider

(j‘(»

2 L) G
veins are usually harren. Yhey strike from M. 357 E. to N. BO T.

and ep arently are braneh veins of & main vein which strikes

< I

e 25° E and dips 50° B. whe latter is prohsbly e lens and is
traceeble but @ short distance on the surfasce. Thie maxinum

-

width of * he lens ie over 30 fect and evereges U9 per t on in

A characteristic feature of the depocit, is the
oceurrence of coarse gold =t the Junction of caleite stringers

with quartz veins. These stringers are rarely over & halrbreadth



in thickness but may attain & width of 1/15 of sn inch.
Usually, they Jjoin the vein =t an acute zngle snd &y
are confined to the footwall side. *Le stringers ere seldom
traceeble into the country rock for a distance of over 2 feet.
The geneval occurrence of cogrse -0ld =% the junction of
calcite stringers with quartz veins was notel ead this cusgests

¢ dependent relastionskip.

FIGURE 4.— Sketch showing the occurren cosrse
g0ld 2t the juncticn ol a caleite str;: ith a
quertz vein. a, calcite stringer; b, cu vein
¢, gold. *he rocx is conglomerete schis

The quartz of the lens is very similesxr in cheracter
to that in the fanamint district, being massive, milk-white
and coarsely crystalline; while the uartz of the gold-bearing

cal

}.

veinlets is more glassy. Siderite is another nonmetallic mine:
ol the deposit.

‘hie metellic minersls of Lypogene origin include,
in the e sroximate order of their obundance, nyrrhotite,
arcenopyrite, chelcopyrite, pyrite, and -0l1d. Commonly pyrrhotite
hes been mebasomatically developed in the wall rocks &djacent

tc the veins and always as a replaceuient, either in whole or in

nart, of quartzite frasgments of the country rock.
: R q agm g



RADCLIFF MINE. (24)

Pre @adcliff mine, situs
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Plezsant Vanyon sbout 5 mile
in 1897 by llessrs. Redclif? and Halbvert. Yhe wmine is a% an
elevation of sbout 7000 feet., It is revorted thet the ore

delivered to the miht averzged about $45 per ton. ‘“e property

worked up to the year 1903 when, by reason

Co

~
€4 &l

was develo

i
[47]

-

of bad management, operetions cessed. +he totzl production
to the ¢nd of .het yesr has been locally estinmatced &t betwea
$500,000 2nd$7E0,000. The vroverty, now omaed by W. D. Clair,
includes the following pectented claims: Sun Rige, Grover Cleve-
lend, John G. Carlisle, Xentucky *exas, Joker, Joker Extension,
Never Give Up, Treasure Vault, V. G. Quartz, and the Cleveland

millsite claim. According to verious mining engineer's reports

there is available a considerable tomnage ¢l ore sveraging

sround $12 per ton. Equipment consists of a 60 fton mill of
20 stamps, cyanide plant, and & 3800 foot two-ceble gravity

tramway. An cttempt was made in 1927 to cysnide the tailings,

x\‘\

nd, it is stated, was attended with sone measure of success.
+he mine is developed by tunmels run on the veins with several

pes connected through to the surlace &t different point

wm
ch
O

and & 25 foot vertical shaft,; the totel workinss apgregalting
about 2400 feet, covering & vertical depth of 500 feet for e
horizontel distance of 700 feet. The mine is now being worked
by o lessee.

Only & few hours was spent on the nroperty and

ughly exemine the mine workings,

o)

O -1 N
no atfempt wee mede to thor



now in lazrge pocxrt incceessible. Apparently, however, severssl
veins have been productive. they lLave & gencral strike of E-W
The country rock is the LYenamint netamorphic complex
and may be voricusly described s a guarbz-sericite gneiss,
meta-guartzite or conglomerate schist. In the conglomerate
fecies both gquartzite and limestone fragments ave vepressnted,
Interstratified bands of limeslone alsc are included. Yhe
distribution of the veins has nol been influenced by any

particular typne of rock. “edding when recognized strikes

Bcth oxilized end sulphide ores have been nminégd.
Aoper:ntly the depth of oxidation is net grezt gg the Jeepest

drifting is only 50C fect below the surface of tie¢ ridge on

N & . 2 o ey ~ - < — - L I R

guariz 1s geen 10 have Vecn grectly streincd and crushed to
—o m - [ S . - A

sucih: ¢ degree thet in sone instances 1t lLies been reduvced o

clearly c.nbtemporsneous in dencsition. In one seetion &
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small greins o7 micerocline wus observed.



PLATE XXVII.



PLATE XXVIiI.

PHOTOGRAFPH OF POLISHED SURFACE OF TYPICAL ORE
FROM THE RADCLIFF MINE.

Pyrrhotite, (Pyr) light; pyrite, inked black;
quartz, (Q), dark; gold, yellow., Natural size.
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between pyrrhotite, pyrite, gold end gquasrtz is 1llustrsted in

late XXVILI, which is reproduced from o photogreph of & polish-

¢d specimen o0f ores. Pyrrhotile is the principsel sculphide and
is always massive. 1t replaces quartsz and pyrite. Pyrrhotite

surrounds greins of pyrite and often fills cracks cnd seans

—

in thern and therc is, therefore, no doubt that pyrite is oldex

been polished. Pypical sulghide ore is composed largely of
vyrrhotite and quartz. *“hec 20ld fills minute frachurcs in

yrrhotite or ia the quartz and is rath v coarse tex
o
el

“he ore gives & guslitative reaction for nickel but no nickel

minerels were observed.

i . . -~ J— S . oy e 1 -~
‘he Dbiotite &nd ~rrrhotilte suggest a fransition
Zeom thie mesotheracl to the hrypothernal groun 2f ore deposiiso.
~ - - PR -, - o Cad -~ y
The age of the deposit con rnct he accurately stzted. “hLe
S

cowntry rock is thought to be of pre-Lambrian sge. The Geposit
is probevly generically conrected and of the scue &pe 35 the
Wsx21d Beater porphiyry exposed Jjust nort

s of tThe Yanamint metamdrphic

.
b
o
Q
b

P ey s Y - ES - - LR
ock ma&y have Iintruded other

conplex but &s this could nct be definitely proved, it has bheen
provisictnelly wegerded as pre-Lambrien.

WORLD SRATER IINE. (15)

The World Bester sire is =i
Canyon eporoxinetcly 100C feet northeast of the »5dclilf work-

ingse e vroverty weu not examined eand 1itsle couwld be learned
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Ty o L AL P S, - o e oy 2 e ., | r
2y C. &athony. 5 ctamp mill wes bulltd in 1890

ané operated
7oy & short {time. Several z;old-becring guariz velns with s

cneral north-south course hove been opened up by & few short

ted of & Tew huddred tons of fairly

Ligh grade ore. The couniry rock is crystalline limestone
] 'V‘f\ %
of %the Panamint metsmorphic complex. *he property was nob

examiiiede.

CTHER MINES 2D PROSTECTS.

BRI 3 LN nt e
ling %o the vorious reports of the State

E.Cuv"f

» . -
llineralogist there ave a nunber of other mines and prospects

. ) . } g +
in the Pansmint Rangze but they were not exemined and mosSt of

they have been idle for o nuiber of years. A few of then are

loceted on the eastern side of the range but =oat of them are
~ of the

north of the area coversd in the wegco nsissance mespin

g I [ T R Ve i mim e A A 4. +im )
range. Small shipments have been mede from time to Tlme of

£0ld, silver, entimony ©nl CO_ &r OTES.

- - n e Lk =7
far from the foot of the ranceée

o0~e ig reported $0 have been found.
Elar e et T Je the Gold Hill mineé
Other oproperfiies ilneclude the OLG hLiidl L]

Grundy mine, ond aatiamony (stibnite) dencsits in

Canyon.




