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! ’ Rocks and structure of the Quartz Spring area,
northern Panamint Range, California

by James F. McAllister

Abstract
The Quartz Spring area covers about 50 square miles in the northern

part of the Panamint Range, Inyo County, California. It lies near the south-
western border of the Basin and Range Province. The paper describes the
sﬁratigrapkv, igneous petrology, and the main structures of the area. The
formations, as defined by the stratigraphy, and the structure are shown on
a large scale topographic map and in structure sectionls.

) The stratigraphy, except for Quaternary deposits that cover about
one fourth of the area, consists of Paleozoic sedimentary rocks preponder-
antly dolomite and limestone, representing each system from Cambrian to
Carboniferous, as outlined below. No surface of erosion (unconformity) has

been recognized between any of the formations or systems within the area.
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Tihvipah limestone--Pennsylvanian.
Limestone, somewhat shaly.cccecccccccccccccccossccesece

Rest Spring shale—Pennsylvanian(?).
Olive-gray shale, siltstone, and local quartzit@e.....

Perdido formation--Mississippian.
Brownish siltstone, dark-gray limestone and chert,
some Conglomerate and 8hal@ececccccccsoosesscesosnccescne

Tin Mountain limestone—Mississippian.
Very dark gray limestone, shaly partings in lower
part, a little cherteccescescescsseosseccccocescsronce

Lost Burro formation--Upper and Middle Devonian.
Light- and dark-gray dolomite and limestone, thin
sandstones at top and bottoMeccccvecoesecccessssserens

Hidden Valley dolomite--Lower Devonian (65 feet) and
Silurian.
Dolonit.e, chex'ty in lowest part...... T Iy

Ely Springs dolomite--Upper Ordovician.

Light-gray dolomite in upper part; lower part very
dark gray d°1°‘ite’ cherty.ooooooooaooo-00000000000000

Eureka quartsite--liddle Ordoviciane.
Upper part massive vitreous quartzite; lower part
somewhat shaly and ferruginous quartzit@csicccescecceoe

Pogonip limestone—Lower Ordovician.
Dolomite and limestone, some shale, chert, and sandy

bedsoo.ocooo.-......ottot..o...-.-noo-...oo--oo...‘.'.

Nopah formation--Upper Cambriane.
Light- and dark-gray dolomite, shaly at basec..cccocse

Racetrack dolomite--Middle(?) Cambrian.
Gray dolomitesecreccecececocrseceercnvecccnccrancancnee

Total thickness..c.cceecoe

Feet

I+

310

I+

610

u75

1,525

1,365

940

400

1,440
1,600

1,900 *

10,765 T



The Paleozoic rocks have been deformed by ihrust. faults, folds related

to the thrusts, normal faults, and small intrusions. The age of the struc-
tures cannot be determined here closer than that they are younger than early
Pennsylvanian and older than Quaternary. The only discernible effect of the
structures on the present topography has been to influence differential erosion.
The largest exposures of intrusive alkalic rocks in the northeastern
quadrant of the area are not more than half a mile wide or 2 miles long.
The alkalic rocks, in dikes, sills, and chonoliths, are characterized by
abrupt changes in texture and in the proportion of mafic minerals. MNost of
the textural variations, whether granular or porphyritic-granular, are also
trachytoid. The proportion of mafic minerals ranges from 3 percent in leuco-
syenite to 42 percent in the groundmass of porphyritic aegirine-augite syenite.
The degree of saturation by silica ranges from undersaturated nepheline=-
syenite, through saturated syenite, to quartz-bearing rocks. The most abun-
dant type is trachytoid leucosyenite, which consists of about 97 percent
microperthite. Much of the microperthite, which is the most prevalent
mineral in the entire suite of rocks, is. a late partial replacement of ortho-
clase by albite. The other rocks described are: melanite nepheline-syenite,
hastingsite nepheline-syenite, aegirine-augite monzonite, aegirine-augite
monzonite-porphyry, aegirine-augite syenodiorite, syenite pegmatite,
nordmarkite, and aplites. The most favored theory of origin of the alkalic
rocks in the Quartz Spring area is that a late differentiate from an adamellite

batholith was desilicated on passing through much carbonate rock, and late
mgmtic fluids deuterically added soda.
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Introduction
The Quartz Spring area lies about L miles south of Tin Mountain on the
northern tip of the Panamint Range in Inyo County, easterm California, and
is just within Death Valley National Monument (fige. 1)« The area, (pl. 1)

Figure 1. Index maps showing location of the Quarts Spring area,
Inyo County, California.

Plate 1. Geologic and topographic sketch map of the Quartz Spring
area, Panamint Range, California.

irregular in outline, covers about 50 square miles, and extends from the

upper part of the eastern slopes of the Panamint Range westward across the
rolling summit, and beyond Racetrack Valley into the foothills of the Last
Chance Range (pls. 2 and 3. The maximum relief of the area is 44,200 feet,

Plate 2. Western front of Panamint Range at Quartsz Spring.

Plate 3A. Southeastern foothills of Last Chance Range from Racetrack

Valley showing the stratigraphy from Racetrack dolomite to Ely Springs
dolomite.

rising from l4,200 feet above sea level in Racetrack Valley to 8,400 feet
north of Burro Spring. (See pl. 1).

10
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A. Southeastern foothills of Last Chance Range from Racetrack Valley showa
ing the stratigraphy from Racetraek dolomite to Ely Springs dolomite,
Racetrack dolomite, €r; Nopah formation, €n; Pogonip limeston, Op;
Eureka quartzite, Oe; Ely Springs dolomite, Oes. FPhotograph by Ward

Smith,

B. Crepe structure in a siliceous limestone
member of the Pogonip limeston.

Ce Eureka guartsite
about 2% miles north of Ubehebe Peak. Pogonip
lirestone, Op, below Eureka quartzite, Oe, and
Ely Springs dolomite, Oes, above,



The road leading from the Death Valley paved highway is unimproved

from Ubehebe Craters for 20 miles to the junction of the Hidden Valley and
Racetrack roads (see fig. 1). This was the only road to the area at the
time of the principal field work from 1937 to 1939. Subsequently a south=-

western access from the Lone Pine-Darwin highway was opened by a steep, narrow,

and rough road through the southern end of Saline Valley and up to Racetrack
Valley. Over this much more direct route from Owens Valley it is advisable
to use speclial equipment for rough mountain roads. At times the northern
road is roughened by a torrential rumoff, and the southern road is made
impassable. Miners, intermittently active in the Ubehebe district, have
kept the roads open. Within the area in 1937-39 it was possible to drive
through Racetrack Valley, into Hidden Valley, and with difficulty past Rest
Spring to within 2,000 feet of Burro Spring. A side road from the Racetrack
road was passable 1% miles to a campsite near Quartz Spring (see pl. 1).

The arid climate accounts for a lack of streams and a scarcity of
springs. There are only four springs in the area--Quartsz, Rest, Burro, and
Tihvipah. They are unusable seeps except when cleaned and protected from
abuse by wild burros. No water is available between Grapevine Springs in
Death Valley and Quartz Spring. The nearest water to the south is at Gold-
belt Spring, which is easily reached by a road through Hidden Valley (see
fig. 1). Mendenhall (1909, pp. 32-33) reported that Rest Spring and Burro
Spring each yield about 3 barrels daily and Goldbelt Spring about 20 barrels
daily. Mcipitation from summer showers and winter snowfall is highly
srratic from year to year, and is somewhat greater in the higher places. No

Bsasurements of precipitation are available.



Because of the climate and relief, vegetation is sparse, soil is poorly

developed, and exposures of bedrock are excellent. The vegetation at lower
altitudes consists of unobtrusive widely spaced desert shrubs rarely more
than knee-high, and of some low cactus. A few stunted Joshua trees grow at
intermediate altitudes. Where snow remains longest at high altitudes and

on shady slopes in the northeastern part of the area, there are some junipers

and pitons.

Previous work

Earlier geologic work in the area was cursory. The earliest reference
to the geology of the Panamint Range is in the report by Whitney (1865,
Pe U7h)y ™.ese..0f their geology little is known except that the rocks are
crystalline metamorphic.® Gilbert in the U. S. Geographical Survey West of
the 100th Meridian described the range merely as "mountains of upheaval®
(Gilbert, 1875, p. 125). Fairbanks (1894, p. 473) added little to the
knowledge of its geology in recording "Z_I.imestone, quartzite, slate, and mica
schist form the predominating rocks. Areas of granite are, however, found
in places.® He also noticed there had been intense diastrophisa (Fairbanks,
1896, p. 67). Mineral deposits and types of associated rocks in the Ubehebe
district, southwest of the Quartz Spring area, were described very briefly
in Copper Resources of California (Aubury, 1908).



No maps that include the Quartz Spring area have been published with

more information than was on the early reconnaisance maps by Spurr (1903,
pl. 1) and Ball (1907, pl. 1). Spurr called all the rocks there Silurian,
which then included Ordovician; Ball mapped them as the Pogonip limestone of
Ordovician age, and a little quartz-monzonite porphyry. Ball's map is the
source of the geology of the northern Panamint Range as shown on the latest
geologic map of California (Jenkins, 1938). Other reports that mention or
describe the Panamint Range do not include the northern end of the range.
More recently published material refers only to the central and southern
parts of the Panamint Range. Murphy (1932, pp. 329-355) mapped and described
an area in the south central part of the range, and White (1940, pp. 307=325)
published on the antimony deposits of the Wildrose Canyon area, entirely in
pre-Cambrian rocks. Hopper (1947, pp. 393-432) in his geologic section ’
from the Sierra Nevada to Death Valley included a strip across the central

part of the Panamint Range, and earlier published an abstract of the strati-
graphic information (Hopper, 1939).



Other reports on adjacent regions have been more applicable. Some of

the formations of Death Valley described by Noble (193L4, ppe. 173-178) occur
in the Quartz Spring area, and a part of Hazzard's (1937, pp. 273-339)
stratigraphic sequence in the Nopah and Resting Springs Mountains is similar
to the sequence in the area. Hazzard's descriptions of rock units were
useful, whereas the descriptions of the Paleozoic rocks in the much closer
Inyo Range (Kirk, 1918, pp. 19-48) could not be applied.

Prior to 1937 Mr. H. D. Curry, while Ranger Naturalist of Death Valley
National Monument, made reconnaissance trips through the Quartz Spring area
and recognized some of the essential details of stratigraphy and structure.
His work, although unpublished, is by far the most important previous work

within the area.



Purpose
The purpose of the investigation was to map in detail the geology of

the Quartz Spring area and to describe the stratigraphy, structure, and

igneéous petrology. The principal results presented in this report, therefore,

are the following: a large-scale topographic and geologic map showing a

sample of the complex structure of the region, a description of the Paleozoic

stratigraphy from Cambrian to Pennsylvanian, and a study of some intrusive
alkalic rocks. Fossils, many of them poorly preserved, were collected
from svery Paleozoic system except Permian. The collections, deposited at
Stanford University, have not been described, although some of the fossils
were used to determine several key horiszons in the stratigraphic column.
Some fossils collected later in the adjacent Ubehebe Peak area have been
identified by paleontologists of the U, S. National Museum and the U. S,
Geological Survey. Permissicn was granted to use the information, and
credit to the paleontologists is given with the data.

Field work
Field work in the Quartz Spring area was started by a brief re\con-
maissance during several weeks in the summer of 1937, and a week in the
spring of 1938. The main field work was done from August 1938 to January
1939, and the final field checking was concluded during two weeks in April
1940 and several days in 1948 and 15L9.

15




A topographic map prepared by enlarging the relemt part of the U, S.
Geological Survey's Ballarat quadrangle map was entirely inadequate as a
base for the geologic mapping. A topographic sketch map (pl. 1) therefore
was made without assistance by triangulating on a lightweight improvised
plane table with a Brunton compass attached to a metal straightedge. The
difficulty of megsuring, unaided, & base line over hilly ground was met by
using a Brunton clinometer as a hand level to measure the vertical distance
from valley to hilltop, and the clinometer also to measure the vertical
angle, so as to calculate trigonometrically the horizontal distance. The
base line thus measured between two hills near Rest Spring, when drawn to a
scale of 2,000 feet to an inch, was slightly less than 3 inches on the map,
which was somewhat short for the triangulation network about 20 inches in

} diameter. The accuracy was checked later with alidade and stadia rod on
the Racetrack Valley road, near one edge of the map area, and it was within
the error due to reading the rod, plotting the points, and the method of
triangulation. Altitudes used in sketching contour lines at a 100-foot
interval were determined with an aneroid barometer, although there was no
control for atmospheric changes in pressure. The magnitude of error in
altitude, based on random checking, was considered to be generally within
one-half contour interval. The &tm is approximately sea level. On the
mp (pl. 1) most names of topographic features were applied for convenience
in reference and have not been sanctioned by the Division of Geographic Names,
8 they must be considered a temporary expedient required by a dearth of

Bames on published maps. Hidden Valley, a name assigned to a new formation,

2 16




is not on the Ballarat quadrangle map but is used by the National Park

Service on its map of the Death Valley National Momment (Office of the
Chief Engineer, San Francisco, Calif., 1937) and is listed by T. S. Palmer
in his compilation of Place Names of the Death Valley Region (1948, p. 36).

It is hoped that Lost Burro Gap, Perdido Canyon, and Tihvipah Spring are

acceptad, as they are sources of formation names.

17
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Sedimentary rocks

Sedimentary rocks compose somewhat more than 90 percent of the area
shbvn on the geologic map (pl. 1). Except for Quaternary deposits, which
cover about one fourth of the area, limestone and dolomite constitute by

far the major part of the stratigraphic colummn (pl. 4). Shale, although it

Plate 4. Columnar section of Paleozoic rocks in the Quartz Spring
area, Panamint Range, California.

constitutes a small proportion of the stratigraphic sequence, crops out
extensively, and like the equally small proportion of quartzite, makes good
stratigraphic markers. Chert, conglomerate, and breccia are minor con-
stituents of the sedimentary sequence.

Formations were established primarily by selecting persistent and
easily distinguishable lithologic units that coculd be mapped on a scale of
1:24,000 to show adequately the stratigraphy and structure of the region.
Previously named formations were used when it was possible to recognisze
M by advice of H. D, Curry, by limited personal observation in some areas
vhere they had been described, or by compariéon with published descriptions.
The age of some of the formations has been assigned tentatively, as diag-

nostic fossils have not been found in them or the fossils have not been

Phcise]y jdentified. Some of the formations that are primarily good

-ppuble lithologic units may cross systemic boundaries.

19




Rocks older than Quaternary range in age from probably Middle Cambrian

 to Pennsylvanian (fig. 2). Those from Cambrian to Upper Devonian can be

Figure 2. Tentative correlation of the formations in the Quartz
Spring area with the formations in the Roberts Mountains region and
the Nopah Range.

correlated reasonably well with formations that have been established in
the Death Valley region and eastern Nevada (see Nolan, 1943, pp. 148~156).
Mississippian and Pennsylvanian units, however, are more difficult to com-
pare with those in published stratigraphic sections.

Pre-Cambrian rocks, which are well-represented in the central and
southern parts of the Panamint Range (Murphy, 1932, p. 337, pl. IV; Hopper,
1947, pp. L402-403, pl. 1), do not crop out in the Quartz Spring area. The
area also lacks exposures of most of the great thickness of Cambrian rocks
that occurs southward in the central part of the Panamint Range (Hopper,
1947, pp. LO3-4O7), eastward in the Grapevine Mountains of the Amargosa
Range (Curry, 1937, oral communication): northwestward in the Inyo Range

(Rirk, 1918, pp. 25-28), and probably northward in the Last Chance Range.
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Rocks younger than those remaining in the area occur nearby. Upper

L‘j{"msylvanian and Permian limestones continue the stratigraphic sequence
gseveral thousand feet upward, between Racetrack Valley and Saline Valley,
only 5 miles west of the area (McAllister, 1946-49, unpublished data of

the Geological Survey); and at least part of the same sequence lies faulted
against the eastern front of the Panamint Range (Ball, 1907, p. 203, fig.l7,
pl. 1), about 10 miles southeast of the area. Triassic rocks are extensively
saxposed in the Inyo Range (Kirk, 1918, pp. 47-48, pl. II). Continental
Tertiary deposits starting with fossiliferous Oligocene beds (Stock and
Bode, 1935, pp. 571=579) are exposed in the Grapevine Mountains east of
Death Valley. The absence of sedimentary rocks from Permian to Pliocene

age in the Quartz Spring area not only leaves a wide gap in the history of

sedimentation but also produces difficulties in dating events in the struec-
tural history.




No unconformity, representing any sort of erosional gap in the sedi-

mentary sequence, has been recognized at the boundaries of the Paleozoic
systems in the Quartg Spring and adjacent areas, where every boundary is

" well exposed. A disconformity marked by local conglomerate without notice-
able angular discordance below it may occur in the Perdido formation, but
within the Mississippian. Discontinuities in the sedimentary record, either
disconformities or angular unconformities of such low angle of discordance
that the discordance is not obvious, or some other types of hiatus, are

to be expected in the local Paleozoic sequence. The known faunas are widely
spaced through the sedimentary sequence. The fact that fossils of inter-
md¢diate ages have not been found, however, is insufficient basis for post-
ulating a corresponding absence of sedimentary rocks of those ages. The

existence of significant gaps perhaps may be recognized after much more
extensive mapping and correlation.
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" of the Quartz Spring area is named here the Racetrack dolomite for Race-

Racetrack dolomite (Middle(?) Cambrian)

Name and occurrence.--The oldest rock unit in the sedimentary sequence

track Valley, which is the long depression draining southward to $he Race-
track playa from a low divide between Tin Mountain and Dry Mountain. The
valley separates the northern end of the Panamint Range from the southern
foothills of the Last Chance Range. The type locality of the Racetrack
dolomite is in the Last Chance foothills on the western side of Racetrack
Valley, about 3 miles west of duartz Spring. More precisely, the type
locality extends from the southern tip of the spur west of the Hidden Valley
road junction, for roughly 7,000 feet to the saddle north of the U. S.
Geological Survey bench mark at 5,330 feet above sea level (see pl. 3A).
The bench mark is shown on the Ballarat quadrangle.

The base of the Racetrack dolomite cannot be defined satisfactorily
in the Quartz Spring area because alluvium overlaps the lowest exposurese

The top is limited by the Nopah formation. The Racetrack dolomite crops

out at no other place in the mapped areae




Lithology«~~Gray dolomite is the conspicuously predominant rock of

' the formation. The gray varies from dark gray to very light gray or grayish

Jy.llow, producing from a distance a salient effect of thick bands (see

pl. 3A). Closer inspection reveals that bedding is very, much thinner than
the color bands, and thinner than the spacing of well-developed joints
which run parallel to the stratification. Many of the beds have minutely
wavy bedding planes, and have small blotches of lighter or darker gray.
Obvious variations in lithology are slight: there is some rather platy
silty dolomite in a lower unit and some brown-weathering gray nodular chert
in the lowest unit.
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The following section was measured at the type localitys

Nopah formation.

Conformable contact.

Racetrack dolomites

Te

6.

5.

3.

2.

1.

Somewhat streaky light-gray dolomite grades
into darker gray near basS@cccccscccccssccscose

Light grayish buff dolomite contains a few
thin dark-gray bedsS.c.ccccceescecccoccccorscens

Very dark gray dolomite contrasts sharply with
lighter dolomite above and below; in detail,
very irregular lighter mottling extends in all
directions; some small vugs of diagenetic(?)

quartz........................................

Light-gray dolomite weathers creamy gray
somewhat mottled by tan; a few irregular
streaks of darker gray do not detract from
its conspicuousness as a markerecccesccesscsoe

Medium-gray dolomite; closely spaced sinuous
mottling along bedding; widely spaced jointse..

Somewhat platy dolomite that weathers pale
yellowish brown, includes a very little pale
reddish brown silty dolomite. About 30 feet
from the base a magsive bed of gray dolomite,
S feet thick, lies within the brownish zone...

Dark-gray medium-grained dolomite, irregu-
larly banded with lighter gray dolomite in
layers about 1 inch thick, for about 220

feet above the base; in upper part some
masses of chert up to 24 feet long, ovoid

in section; possible faultB8escecesccsccscesces
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150

200
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Thickness.~-The stratigraphic thickness of the Racetrack dolomite in

the Last Chance foothills is about 1,900 feet. Possible ummapped faults
mke questionable the measureament of the lowest units.

Age and correlatione.~-Although no fossils have been found in the Race-

track dolomite, the formation is presumably Middle Cambrian in age, if not
early Upper Cambrian. No detectable stratigraphic break separates it from
the overlying Nopah formation of probable Upper Cambrian age. In strati-
graphic position and 1ithology the Racetrack dolomite corresponds to the
uwpper part of Hazzard's Cornfield Sprimgs formation in the Nopah Range.
The entire Cornfield Springs formation was provisionally assigned by
Bagzard (1937, pe 319) to the Middle Cambrian, with the reservation that

the unfossiliferous upper part could be early Upper Cambriane
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Nopah formation (Upper Cambrian)

Name and occurrencs.-—-The Nopah formation in the Quartsz Spring area

io considered to be essentially the same unit that Hazzard (1937, p. 320)
pamed in the northern half of the Nopah Range in the southeastern corner of
Inyo County, California. In the Quartz Spring area it is underlain by
iight-gray Racetrack dolomite and overlain by the Pogonip limestone. The
Nopah formation 5’3&“2 cliffs or steep slopes that tend to become smooth,
except in detail, in a manner indistinguishable topographically from that

of the underlying Racetrack dolomite. In the mapped area the only exposures
of the Nopah formation are on the ridge north of bench mark 5,330 in the
last Chance foothills (see pl. 3A).

Lithology.~~The Nopah formation rather uniformly consists of dolomite,
except for minor quantities of shale, limestone, and chert. The color
ranges from cream through light gray to very dark gray, the dark gray pre=-
dominating. Cream-colored dolomite, although subordinate, crops out in
conspicuous bands that can be traced continuously across the area of ex-
posure. In general aspect the banding is similar to that of the Racetrack
dolomite.,

The lowest part of the formation consists of medium dark gray dolomite,
which at the base contains medium- to light-gray limestone interbedded with
light-olive shale and brown-weathering silty and cherty limestone, On
olpser examination, some shaly partings in the limestone appear tan or pink-
ish. locally the shaly partings contain some primitive brachiopods, and

0me of the limestone in this basal uait contains trilobites.
QLOB\‘*AL QU&
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Above the basal unit of the Nopah formation there is a prominent layer

of cream-colored dolomite, about 36 feet thick, overlain by a succession

scress the hills.

of dark- and light-colored dolomites, which crop out as conspicuous bands
The following generalized tabulation of the sequence of

light and dark layers of dolomite was derived from a structure section that

lacked details, and was later verified on aerial photographs that clearly

showed the banding. The thickness of each layer therefore is only approximate.

Pogonip limestone.

Conformable contact.

Nopah formations

9.
8.
T.

6.
5.
be
3.
2.
1.

Dark-gray dolomiteececssssccoscscesscescsscscsvccesnce
Creanm-colored dolomit@eccccecovscocccoscccnsctcovoces

Medium-gray to dark-gray dolomite; small gastropods
about 3 millimeters in diametereeccccsccsocscccccoce

Cream-colored dolomit@eeeceececsvsccreccsesccceccoce
Dark-gray dolomite@eecsesseessesascscocsecccsescssone
Very light gray dolomitescescceescosessncrcrcccecene
Da.rk-gray dolomit@escsecccoasrvesscsncscocseseccennce
Cream-colored dolomit@ccececevresocsvocececscrccssece
Medium dark gray limestone; lower 250 feet contain-
ing limestone, in places silty or cherty, weather-
ing brown, interbedded with light-olive shale;

trilobites in limestone and primitive brachiopods
in tan or pinkish Sha].’ partingdeieecececceccccccces

Conformable contact..

Racetrack dolomite,
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Thickness.~The thickness of the Nopah formation in the Last Chance foot-

‘pills was calculated in a structure section to be approximately 1,600 feet.

Age and correlation.~—The meager fauna in the Nopah formation occurs
éﬂncipally in the lowest unit, which is somewhat silty, and in gray dolo-
mite about 500 feet below the upper contact. From the lower szone, G. Arthur
Cooper of the U, S. National Museum reported the following fossils:

Lingula sp.
Obolus sp.

Acrotreta cf. A. idahoensis Walcott
Trilobites collected later have not been identified.

Small silicified fossils in the dark-gray dolomite of unit 7 of the

Nopah formation were identified by Josiah Bridge of the U. S. Geological
Survey, as follows:

Matherella cf. M. saratogensis Walcott

Sinuopea 3 or k4 spp. -~ all undescribed.
Strepsodiscus sp.

New genus - new species - a small uncoiled
curved form with a triangular cross
section. ,

Unidentified plates.

"This fauna appears to correlate with a fauna in the upper part of
the Eminence formation of Missouri particularly the so~called Proctor
horizon and also with the Hoyt limestone of New York. The rather
distinctive sinistrally coiled gemms Matherella is common to all
three areas. The fauna is very high Upper Cambrian.®
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The Nopah formation in the Quartz Spring area has been correlated with

the Nopah formation of Upper Cambrian age at the type locality in the Nopah
Range (Hazzard, 1937, pp. 320-321) chiefly by its stratigraphic position

below the Pogonip limestone and partly by its lithology. Whereas the details

~ of light and dark banding appear to be local, the basal shaly unit of the
formation at the two localities appears to be a good marker of the lower
linit. The upper limits of the formation in the Nopah and Quartsz Spring
sreas may not be strictly equivalent.

Upper Cambrian rocks in the Inyo Range 30 miles northwest of the Quartz
Spring area were described by Kirk (1918, pp. 31-32) as consisting largely
of arenaceous limestones and shales that weather to bright colors, sand-
stones, and impure limestones, similar to Turner's Emigrant formation in
the Silver Peak Quadrangle, Nevada (Turner, 1902, p. 265). The Upper
Cambrian rocks in the Inyo Range on the basis of lithologic description
camnot be correlated with the Nopah formation in the Quarts Spring area.
The Upper Cambrian age of the formation in the Inyo Range has been ques-
tioned by Haszard (1937, p. 322). )

Other Upper Cambrian formations in the Great Basin are equally diffi-
oult to correlate with the Nopah formation by the described lithology.

In the Pioche District the Mendha limestone (Westgate, 1932, pp. 11-12) is
like the Nopah formation.
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Pogonip limestone (Lower Ordovician)

Name and occurrence.=--Pogonip limestone is the name applied originally

“,w King (1878, pp. 187-195) to all beds between the Prospect Mountain
quartzite (Lower Cambrian) and the Eureka quartzite (Middle Ordovician), as
at Pogonip Ridge, Hamilton, Nevada, which is the type locality. Hague
(1883, ppes 253=263) limited the Pogonip limestone to the beds between what
is now called Dunderberg shale (Upper Cambrian) and the Eureka quartzite.
Walcott proposed restricting Pogonip further, but the U. S. Geological
Survey uses the name in the broader sense (Wilmarth, 1938, pp. 1689-1690).
The Pogonip limestone in the Quartz Spring area comprises the rocks
above the Nopah formation and below the Eureka quartzite. Although the
Pogonip here contains a variety of rocks among which limestone may not pre-
dominate, limestone is retained in the name rather than changed to formation
because the Committee on Geologic Names, U. S. Geological Survey, has
adopted Pogonip limestone for use in Survey publications /. The change at

_/ Personal communication November 15, 1950.

this time, furthermore, is inadvisable in that the Pogonip probably is
destined to become a group. A typical section is exposed in the Last Chance
foothills, about 2% miles west of Quartz Spring (see pl. 3A).
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Lithology.~~The general aspect of the Pogonip is mouse-gray limestone

and dolomite containing several more or less conspicuous dark reddish brown

und-. Closer observation shows that it contains considerable siliceous

utorial, both chert and sandy dolomite, and three well-marked zones of

paff-weathering shaly beds. The reddish brown-weathering zones consist of
thin cherty beds that appear crinkled or wavy, and merge at points of great-
ost irregularity, producing a structure that resembles piles of crepe;
podules and minute flat lenses of limestone remain isolated in the cherty

rock (pl. 3B). These beds make diagnostic markers of the Pogonip limestone

Plate 3B. Crepe structure in a siliceous unit member of the Pogonip
limestone.

throughout the regiocn, as even through contact metamorphism the crepe-
structure persists. The other distinctive feature of the formation is a
eonspicuous zone of large gastropods, which in outcrops appear as spirals

sufficiently persistent to be considered a lithologic characteristic of
that part of the formation.

-

Isolated outcrops of some parts of the Pogonip limestone may be con-
fasingly similar to some other formations. Some beds in the Nopah and
Racetrack formations are similar to the darker lowest dolomite of the Pogo-
adp, which is distinguished, however, by light-gray chert and the somewhat
WOuse-gray color of the weathered rock. The uppermost Pogonip, the part
that is above the gastropod zone and that lacks the nsual brown streaks

@i lenses of sand, may be indistinguishable from mouse-gray dolomite in

“‘ Hidden Valley dolomite. Despite these exceptions, the Pogonip limestone
i 18 & distinctly mappable unit.
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The following detailed section, except the bottom unit (no. 1), was

measured with a tape along a spur on the west side of Racetrack Valley

" pext ridge to the west, about k,000 feet from the first:

Eureka quartzite.

Conformable contact.

Pogonip limestones

8.

Te

6.

5e

Gray dolomite, in general medium gray althouth

some beds are dark gray, weathering mouse gray;

fine grained to medium grained; sandy dolomite

in irregular streaks somewhat contorted in detail,
expanding here and there into sandy pockets,
especially characteristic of upper part. The

sandy element weathers brown. A zone of Mitrospira
and Maclurites is so exceptionally persistent

that the gastropod spirals can be considered a
lithologic characteristiCccccsccccscscecesccsccccccee

Light-buff or yellowish shaly limestone,
sparsely fossiliferous; very poorly exposed;
forms shoulders on SPUTeesccoosevecccssstosetcsccacse

Brown-weathering siliceous beds, largely chert,
tend to predominate over the gray limestone,
which remains in nodules and lenses where the
thin siliceous layers touch at undulations,
producing a crepe structure. The proportion of
siliceous material decreases gradually upward;

and decreases abruptly at the base, where the
lowest 35 feet is a platy gray limestone with
ochreous irregular partings, and contains frag-
ments of poorly preserved fossils. The shaly rock
at the base emphasizes the cliff-forming quality
of the unit, which makes it one of the most
conspicuous of the Pogonip...o.....o...oo......o....

Float of light-brown shale containing fossil
fragments; does not crop out along line of

BCCLiONeceocsr0tcasecstocsvccscrcoccnscessosctocccceon
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Feet

L85

185
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h.

3.
2.

1.

Light-gray limestone and dolomite, weathering
brownish gray, contains many siliceous beds, up

to h inches thick, that tend to merge at cremu-
lations making a crepe structure, especially in
lower half, which from a distance is browner

than the mouse gray of the upper half. About

70 feet from the base of the unit there is some
intraformational breccia of particles about one-
half inch thick in a clastic matrix; some cross-
bedding; numerous veinlets of white clacitecscccecee

Buff-weathering shaly dolomite crops out poorly.eees

Light-gray dolomite, much of which weathers

light brown or light trownish gray, contains
brown-weathering sandy streaks and a little

chert in the lower part, where there are also
scattered clusters of small but conspicuous

quartz crystals which in some places make an

open network patternecccccccsceresccescscesccccsccose

Medium-gray dolomite, locally limestone,

weathers a mouse gray, and contains some flat
lenses of light-gray chert, especially about

80 feet above the base of the formation. The
mouse-gray color, the chert, and occasional
limestone distinguish this basal unit of the
Pogonip from the underlying Nopah formationesccesecee

120
60

150

2h5

l’ltho

Conformable contact.

Nopah formation.
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Thickness.—The stratigraphic thickness of the composite section

?f{j"deacribed in detail above is 1,440 feet. The measured section is a single

" contimious sequence except for the basal unit of 245 feet, which is buried

in alluvium at that locality. The basal unit was measured in an excellent

sequence extending unbroken from the Racetrack and Nopah formations below

' the Pogonip limestone and continuing into the Pogonip so that umit no. 2
d the Pogonip was matched at the two localities.

Age and correlation.~—The most distinctive fauna of the formation is
h the uppermost unit (no. 8) and consists of abundant Receptaculites
ard Maclurites, which have been considered good markers of the Chasyan part
of thejOrdovician in the Great Basin. Few fossils have been collected
from lower beds so that it is not yet known whether the Pogonip limestone
as mapped here includes rocks of Upper Cambrian age as well as Lower
Ordovician,

The following fossils from the Pogonip limestone were identified by
@. Arthur Cooper. The lowest fossil collected, from no. 3 of the measured
section, is Obolus sp. From an intermediate shaly unit, no. 5, fragments
of a trilobite, collected by C. W. Merriam, were identified as an
*Asaphid trilcbite suggestive of Ptychopyge.® The top unit, no. 8, con-
tains the following:

Mitrospira longwelli Kirk
Maclurites sp.

Receptaculites sp.
Porambonites sp.

ddentitiable Eryozoa were collected above the Mitrospira zone at the top
* the Pogonip limestone.
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Spurr (1903, p. 188) was the first to report on Pogonip in this region.

was informed by F. B. Weeks that rocks probably corresponding to the

Pogonip formation of Eureka, Nevada, occur at Grapevine Peak at the northern

ad of the Amargosa Range and probably continue to Pyramid Peak in the

: tentral part of the range. The Amargosa Range is the first range east of

'the Panamint Range, on the opposite side of Death Va ley. Weeks reported
Pogonip fossils also from the northern part of the Panamint Range (Spurr,
1908, p. 202). At a later date Ball (1907, pp. 164~165) described the
extensive occurrence of Pogonip limestone in the Amargosa Range. His re-
V'V‘émisunce map, however, includes under the symbel for Pogonip what is
‘ln known to be much more of the Paleozoic section. Ball's map is even
mre generalized at the northern end of the Panamint Range, where all the
Paleozoic rocks from Cambrian to Pennsylvanian are shown as Pogonip lime-
stone. The description (Ball, 1907, pp. 202-203) shows that Ball did
ebserve Pogonip in the present sense of the term, but he failed to separate
it from Eureka quartzite and higher formations.

-




Most of the Pogonip limestone of the Quartz Spring region closely

resembles the Pogonip(?) in the Nopah area described by Hazzard (1937,
pe 32k). But the lowest part in the northern Panamint area, e specially the
'w boundary, has not been correlated precisely with the Pogonip elsewhere.
The two lowest units, 1 and 2 of the section described above, as nearly as
oan be determined from Hazzard's (1937, p. 276) descriptions, correspond
mre closely to LOO feet of the uppermost member (8@ in Hazzard's section)
of the Nopah formation rather than to the basal part of the Pogonip(?) in
the Nopah-Resting Springs region. These two units are included in the
Pogonip here on the basis of lithology and of ease in mapping. Their
muse~gray color and chert lenses are characteristic of the Pogonip and
wt of the Nopah formatione

At the eastern base of the Panamint Range about 4O miles southeast of
Quarts Spring, Hopper (1947, p. LO7) recognized but did not map Hazzard's
Pogonip (7) dolomite. Hopper included it in a unit, approximately 9,000

fest thick, of undifferentiated Cambrian and lower Ordovician dolomite and
limestone, :
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* limestone in the northern part of the Panamint Range were described by

In the Inyo Range rocks of the same age and lithology as the Pogonip

Kirk (1918, ppe 34=35), but he declined to call them Pogonip because he

considered that the term was too loosely used. Kirk did not subdivide the
Ordovician rocks for the reconnaissance map of the Inyo Range.

The Tank Hill limestone in the Pioche district (Westgate, 1932,
pp. 1k=15), which was considered to be essentially the same as the upper
part of the fogonip limestone of the Eureka district, seems equivalent to
the upper part of the Pogonip limestone in the Panamint Range. The Yellow
Hi11l limestone at Pioche (Westgate, 1932, p. 1i) probably corresponds to
part of the lower Pogonip in the Panamint area. The lithology of the

Pogonip limestone in the Ely quadrangle (Spencer, 1917, p. 2i) was described
ia too general terms to correlate it on that basis.
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Eureka quartzite (Middle Ordovician)

Name and occurrence.--The Eureka quartzite was named by Hague (1883,

';ppo 253, 262; from Wilmarth, 1938, p. 706) in the Eureka region. Kirk
(1933, in Wilmarth, 1938, pp. 706~707), with the approval of the Geological
Survey, designated ¥....the exposures on soutlwest slope of Lone Mountain
as the type section of the formation, because here it is completely exposed,
together with overlying Lone Mountain limestone and underlying Pogonip
limestone, while it is not exposed at Eureka, although it is poorly exposed
in Eureka region. The Lone Mountain section is about 18 miles northwest
of Eureka, and was know to Hague......." A stratigraphic section of Lone
¥ountain, showing the position and thickness of the Eureka quartzite, was
published by Merriam (1940, p. 20).

Exposures of Fureka quartzite are widely distributed in the Quarts
Soring area, but nowhere is it as contimuous or well exposed in cross
ssction as on the mountain scarp about 3 miles southwest of the area, where

the thickness was measured for the local standard (pl. 3C). Within the

Plate 3C. Eureka quartzite about 2% miles north of Ubehebe Peak.

quartz Spring area the quartzite crops out in Andy Hills near the southern
Wrder, on the southern flank of Whitetop Mountain near the eastern border,
® the steep slopes east of Quartz Spring, and in the Last Chance foothills.
e Bureka quartzite lies stratigraphically above the Pogonip limestone

&4 below the Ely Springs dolomite.
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Where the erosion has reduced the topography to a late stage the Eureka

- quartzite forms rough hills, and in areas where the topography is less

- subdued it makes blocky cliffs. The more massive upper part of the quart-

~ site breaks into large angular joint blocks commonly 1 or 2 feet thick but
' as mmch as 6 feet thick.

Lithologye.~The Eureka quartzite is perhaps the most conspicuous
: formation in the region. From a distance it appears as a light band
esphasized by the nearly black Ely Springs dolomite on top of it. The lower
balf of the light band is somewhat darker, weathering tan, brownish, or
pinkish brown, and is much less homogeneous in color. The quartzite in
the upper part is uniformly vitreous, white, or tinged with pink, and is

composed of quartz sand grains cemented by quartz that is indistinguishable

’ from the grains except where they are outlined with faint coloring. In

'

:
3
§
i
!

the lower quartzite unit there are some intercalated silty or shaly beds,
and wuch of the unit is limonitic or hematitice




e

A thin section of a random sample of the vitreous quartzite had quartz

. grains commonly 0.25 to 0.30 millimeter in diameter, falling within a range
of 0.015 to 0.55 millimeter. Most of the grains were well rounded. The
| u-igiml shapes of the grains were faintly outlined by specks, although the
qurtz cement was in optical continuity with the grains, making a completely
htorlock:l.ng mosaic.

The general aspect of the Eureka quartzite varies little throughout
the region. The EFureka has been the most distinctive formation of the area
‘and was mapped with the greatest confidence. The lithology of quartzite
beds interstratified in the lowermost part of the Devonian Lost Burro for-
mtion at some places is similar to that of the Eureka quartzite, but the
quartzite beds of the Lost Burro are only a few feet thick in contrast to
the 250 feet of vitreous quartzite in the Eureka. The sandy part of the
Mssissippian Perdido formation, where metamorphosed to quartzite near
igneous intrusions, also can resemble Eureka quartzite except for the thine
888 of the quartzitiec unit in the Perd}do (only about 50 feet) and its
distinctive stratigraphic position. The black Ely Springs dolomite lying
oa vitreous quartzite at once distinguishes the quartzite as Eureka.
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The best exposure for detailed measurement of the Eureka quartzite

lies southwest of the area, on the eastern front of a mountain 2% miles due
‘porth of Ubehebe Peak and nortiwest of The Racetrack playa (see Ballarat
Siipudrangle and pl. 3C). The following section was measured there with a tape:

Ely Springs dolomite.
Conformable contacte.
Eureka quartzite: Feet

2. White vitreous quartzite weathers white or
faintly tinted pink or limonite yellow; in
places the weathered surface is sugary.
Some cross-bedding is discernible under
close inspection; jointing parallel to strat-
ification is rather widely spaced, up to about
5 feet. The contact with the overlying
dolomite is Sharp...n..............o.............. 250

1. Interbedded dark hematitic quartzite, light,
vitreous quartzite, and some platy quartzite
and siltstone. Some of the siltstone is
dull gray, contrasting with the reddish gray
and light-colored quartzite. Iron-stained
quartzite greatly predominates. Cross-bedded...... 150

- hw
Contact concealed along line of section. (Float-

covered saddle; presumably a shaly part of the

Pogonip limestone about 70 feet thick.)

Pogonip limestones

L2




Thickness.~~The stratigraphic thickness of the Eureka quartzite as

- peasured with a tape north of Ubehebe Peak is LOO feet. Where measured at

the southern end of Andy Hills 6 miles due east it is also about 4OO feet
thick.

Age and correlation.—No fossils were found in the Eureka quartzite.

The silty beds in the lower part should be examined more extensively for
them. By lithology and stratigraphic position the formation has been
correlated with the Eureka quartzite that crops out so extensively else-

where in the Great Basin, where it has been designated Middle Ordovician,




The first published correlation of the quartzite in the Death Valley

region with the Eureka quartzite was by Spurr (1903, pp. 188, 202), who wrote
that F. B. Weeks had observed Eureka quartzite overlying the Pogonip forma-
éon south of Shaw Peak in the northern part of the Panamint Range. Spurr
.é;ntatively identified the Eureka gquartzite also at Pyramid Peak in the
Mgou Range. Ball at a later date did not recognize that much of the
quartzite at the northern end of the Panamint Range was Eureka quartzite,
sltheugh at a locality where it does occur he described it as a "white or
pinkiah white fine-grained quartzite outcrop on the western side of the
playa 4 miles north of Goldbelt Spring® (Ball, 1907, p. 203). He mapped
Bureka quartzite in the Grapevine Mountains. Bureka quartzite is one of
the few established formations that Hopper (1947, p. LO7; fig. 15 pl. 1)
distinguished without question at the eastern base of the Panamint Range
about 4O miles southeast of Quarts Spring. In the Nopah Range Hazzard
(1937, pp. 324-325) measured Eureka quartzite and correlated it with the
formation at the type locality as redefined by Kirk (1933), with the
Ordovician quartzite called the Eureka in the chart of the Geological Sure
vey's "Tentative Correlation of the Named Geologic Units of Nevada," by

K. G, Wilmarth, in the Spring Mountains region (lLas Vegas quadrangle),

and with the Eureka quartzite in the Pioche district (Westgate, 1932, p. 15).
In the Inyo Range none was mapped (Knopf, 1918); but typical Eureka quart-
site between Pogonip and Ely Springs has been observed by the writer at

the sowtheastern tip of the range and near Barrel Spring in Maszourks

Samyon on the western side of the rangee.



Ely Springs dolomite (Upper Ordovician)

Name and occurrence.——The Ely Springs dolomite was named originally

by Westgate (1932, p. 15) from its exposures in the Ely Springs Range,
“sbout 12 miles west of Pioche, Nevada. In the northern Panamint Range
the Ely Springs dolomite is bounded by the Eureka quartszite below and by
the Hidden Valley dolomite, largely of Silurian age, above.

In the Quartz Spring area the Ely Springs dolomite crops out at the
same localities as the Eureka quartzite (see p. 39). It is exposed more

oontinuously southwest of the area, along the eastern front of the mountains
sorth of Ubehebe Peake.




s

Lithology.—The Ely Springs is mostly dolomite, but it contains con-

;:ldu‘ablo dark-~brown and black nodular chert. At most places chert is

Wcted to the lower part, but the proportion of chert to dolomite varies

wubly from place to place. The chert nodules tend to merge, and at ex-

posures that are along the plane of bedding it is evident that they merge
into extremely irregular networks which are parallel to the bedding. From
the Bureka quartzite at the base to slightly beyond halfway to the top of
the Ely Springs the dolomite is conspicuously dark gray, nearly blacke

In the upper part it is medium gray to light gray except for one noticeable
dark-gray layer. In detail much of the dolomite is mottled somewhat lighter
in the dark beds and darker in the medium~gray and light-gray beds. The
sottling is so close in some layers that the effect is of wavy bands.
inother type of color difference consists of lines of white grains, forming
an irregular network through the darker rock. The lines at some places
converge into ill-definéd whitish blotches. At other places the lines and
bMotches are of pinkish dolomite. In the lower part of the black dolomite

quarts-lined vugs 1 or 2 inches in di.u&.er are common.
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The following section of Ely Springs dolomite, measured with a tape,

{s taken as the standard for comparison in the region.

S R A e T S 11

fg:orthror Ubehebe Peak, southwest of the Quartz Spring area.
. Hidden Valley dolomite.

Conformable contacte

Ely Springs dolomite:

2.

' 1.

Light-gray dolomite grades dowmward into

about 100 feet of medium-gray dolomite at

the base of this member. Some darker

mottling and wavy streaks do not detract

from the general effect of being much lighter

than the lower unit of the Ely Springs

dolomite. About 100 feet from the top a
conspicuous dark layer 15 feet thick lies

in the light-gray dolomitecccecececcccecscccccccace

Conspicuously dark-gray or black dolomite
containing lighter mottling, and some white
dolomite grains and threadlike lines; near

the base, there are some quartz-lined vugs
about 1 to 2 inches in diameter. Abundant flat
nodules of chert, from dark brown to black,
tend to lie parallel to the bedding, starting
30 feet from the base, and diminishing in
proportion to the dolomite up to a level about
250 feet above the base of the formation.
BrachiopOds and CoralSeescessccscsscsccsssssnscccne

Conformable contacte.

Eureka quartzite.

L7

It is a part of

the long section measured on the east front of the mountains about 2% miles

360

560

940




The following section was measured at the southern end of the central

ridge of Andy Hills on the east side of Hidden Valley:

Hidden Valley dolomite.

Conformable contact.

Ely Springs dolomites

2(b).

2(a).

1(b).

1i(a).

No outcrops through talus on the upper 65

feet of the top unit. Thin transitional

beds of light and dark dolomite mottled

in streaks parallel to the bedding; some

lumpy chert also tends to be parallel to

the beddins00000000t.ttonooooocoo.o.oooo'cooooo-o

Light-gray dolomite, grading into medium

gray especially toward the bottom, where

there is light-colored mottling about

1l inch in diameter....-...............-o..u..-..

Dark smoke-gray or black dolomite contains
network and clusters of coarser grains of
very light-gray and pink dolomite grains;

NO Cherbeceosessvoscsevsecrossassvcestasssssccssnsoss

Dark-gray and black dolomite contains

abundant chert whichbecomes prominent

about 25 feet above base. The chert is

dark gray, weathering dark brown, and

forms irregular plates that appear as

brown s treaks and lenses in outcrops

across the bedding. Small fragments of

fossils are in the basal 25 feet of dolo-

mite. Gray dolomitic sandstone lies on

the Eureka quartzite at the basec..cccecssecsscece

Conformable contact.

Bureka quartzite.

L8

Feet

90

250

75

325

Th0




Thickness.~—~The stratigraphic thickness of the Ely Springs dolomite

is 940 feet on the west side of Racetrack Valley and only 74O feet on the

sst side of Hidden Valley, 6 miles east of the first section.
&

Age and correlation.--A few fossils from the Ely Springs dolomite in

ﬁu region have been identified. Those listed below, collected by Miller

'A,'s Ellis for the Geological Survey, were identified by G. Arthur Cooper.
e following fossils are from the base of the dark-gray dolomite at the
locality north of Ubehebe Peak:

Streptelasma sp.

Resserella sp.

Dinorthis aff. D. Subquadrata (Hall)
Rhynchotrema aff. R. Capax (Conrad)

sad from a place higher in the same unit:

Streptelasma

Halysites sp.
Rhynchotrema cf. R. argenturbicum (White)
Zygospira cf. Z. modestus (Say)

™e fauna is consistent with the Upper Ordovician age of the original Ely
Springs dolomite.
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On the basis of lithology and of stratigraphic position above the
Rureka quartzite the formation can be correlated with the Ely Springs (%)
;;jdolonite of the Nopah Range (Hazzard, 1937, pp. 325-326), which has been

an'elatcd tentatively with the original Ely Springs dolomite in the Pioche

fif}\famuct, Nevada (Westgate, 1932, pp. 15-16). A similar dark-gray dolomite,
4:’ ithongh unnamed, has been observed by Hazzard (1937, p. 326) and Noble (193L)
‘at several localities in the southern Great Basin. Ely Springs dolomite,
'uaociated with Eureka quartzite, was seen by the writer at the southeastern
qnd of the Inyo Range. At the eastern base of the Panamint Range, Hopper
;med Ely Springs (%) dolomite and tentatively correlated it with the

Ky Springs dolomite at Pioche (Hopper, 1947, p. L4O7, pl. 1).




Hidden Valley dolomite (Silurian and Lower Devonian)

Name and occurrence.,--The Hidden Valley dolomite is named here for the

good exposure on the eastern side of Hidden Valley (fig. 1), about 3 miles

‘;I-,'\’-Vgnt-sonthoast from bench mark 5980 (Ballarat quadrangle map and pl. 1)

nel.r Lost Burro Gap. The name Hidden Val ley, although not on the old

*;}kllarat quadrangle map, appears on the map of Death Valley National Moma-
-at (National Park Service, 1937) and is listed by Palmer (1948, p. 36).
Itﬁ is anticipated that Hidden Valley will be used on the new map of the
tbehsbe Peak quadrangle. The best exposure of the formation, however, is
a0t in Hidden Valley but at the type locality about 3 miles westward.

The type locality of the Hidden Valley dolomite is on the eastern

flank of a nameless mountain about 2% miles north of Ubehebe Peak, and

. thout three-fourths of a mile west of the road in Racetrack Valley. The
formation is limited below by the Ely Springs dolomite and above by the

. lost Burro formation.

The best exposure is at the type locality, southwest of the Quartz

%ring area. Within the mapped area the entire section of the Hidden Valley

dlomite occurs in the Andy Hills on the eastern side of Hidden Valley. A

Mre accessible exposure, bearing conspicuous silicified fossils, crops

fﬁ along the Hidden Valley road south of Lost Burro Gap. Here the section

is incomplete but is representative of the formation. The Hidden Valley

Mu crops out also along the top of the ridge east of Quartz Spring,

od on Whitetop Mountain,
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The topographic expression of the Hidden Valley dolomite is like that

of the great thickmess of dolomite and limestone above and below ity all

ﬂuse units tend to make steep rather blocky slopes, slightly more prominent

st cherty zones.

Lithologye=~The Hidden Valley dolomite contains considerable chert
vAia the lowest part, and very little limestone. The color of the dolomite
"h the lowest and highest units is a medium gray that weathers light olive
Hm or yellowish gray; in the middle it is very light gray or creamy. At
most places it lacks black beds except on Whitetop Mountain on the main
crest of the Panamint Range due east of Rest Spring, where the basal beds
containing Silurian fossils are black. The chert is light gray or light
bromn and weathers to a darker brown. It forms nodules, which tend to join
. into coarsely branching masses or irregular beds. Fossils are abundant in
.~ the lower part, and at one locality they occur near the top of the formation.

In samples of the lowest unit, as seen under the microscope, the

dolomite is pure, without grains of quarts or other minerals. The grain

sise is commonly about 1 millimeter and rarely over 1.7 millimeters in

L dlameter; however, some grains are very minute, and a few are large—as

' whas 3 millimeters. The largest tend to be euhedral and form clusters.
e creamy dolomite of the middle part of the formation is somewhat coarser

Pained, as grains are as much as L} millimeters in diameter. The grain

T e

8i%e in the creamy dolomite varies more erratically.

t
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3

3

§

£

52




TR € TR

FERT

The section measured with a tape at the type locality 2% miles north

of Ubehebe Peak followss

Lost Burro formation.

Conformable contact.

Hidden Valley dolomite: Feet

3.

2.

1.

Medium dark gray, fine-grained dolomite;

lacks sandy or cherty beds, except for a

15-foot zone of brownish-weathering silty

beds at the base of the uniteecccccsccoccscccccssoee 200

Massive, very light gray (nearly white)
dolomite, weathering creamy; becomes
slightly darker and in places faintly
mottled with darker gray, in upper part.

At 450 feet from base of unit are the first
beds of intraformational dolomite breccia,
and these occur also higher in the section
at irregular intervals. The angular frag-
ments of the breccia tend to be elongate,
comonly 2 to 4 inches long. The only trace
of fossils was seen near the base of the
unit, where the cellular structure of
favositoids survived the rather coarse
Crystallimtion of the dolomiteececcscecccscsccensees 730

Medium-gray and medium light gray dolomite,
weathering light olive gray, contains con-
spicuous chert. The basal beds are banded
gray and lighter gray from a fraction of an
inch to several inches thick, having rather
wavy contacts. The chert is light gray to
light brown and forms nodules that in sec-
tion are round or oblate, if not more irreg-
wlar; in places the nodules join to form chert
beds 2 to l4 inches thick. The proportion of
chert decreases above a zone 250 feet from the
base of the formation. This unit is one of
the most fossiliferous zones in the regione.
Small rather globular Favosites cf. F.
niagarensis occurs in the basal beds and
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upwards; higher it is assoclated with

solitary tetracorals and a few brachiopods;

at 330 feet the Favosites in the commoner

discoidal form 1 to 2 feet in diameter,

and is assoclated with Syringopora. Abun-

dant Halysites occur in a highly fossili-

ferous zone about 15 feet thick starting

325 feet above the base. Near the top of

the unit there are many specimens of well-

preserved cylindrical SpongeSeccceccccecccccesesesso U35

1,365

Conformable contact.

Ely Springs dolomite.
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Near the southern end of the central ridge in the Andy Hills the

ollowing section of the Hidden Valley dolomite was measured:

3(b).

3(a).

2.

1(b)e

l(a)o

Conformable
Ely Springs

Lost Burro formation.
Conformable contact.

Hidden Valley dolomites Feet

Medium dark gray dolomite, weathering

light olive gray; thin-bedded; lower

50 feet fqssiliferous (Spirifer

kobehana zone of Merriam)ececcscccscccccccsccscccnee 65

Medjum-gray dolomite weathers grayish

buff or medium pray; thin-bedded.

About 5 feet of brown-weathering quartzite

occurs 35 feet above the base of the unites.cceeee U450

Very light gray, nearly white, rather

coarse grained dolomite weathers light

creamy buff; no discernible bedding;

only traces of fossils such as the honey~

comb structure of favositoldSecececcscesscecsscccne 635

Brownish-gray dolomite, weathering yellow-
ish brown, contains light-gray chert.

F088118ccecctccnsscsecesssscscssctsncosssosscscsse 125

Nedium=gray dolomite, weathering medium

buff gray, contains abundant dark-gray

or dark-brown chert, constituting up to

a half but more usually a third of the

rocke The chert forms irregular nodules,

many of which appear like branching somei -

what flat masses or irregular sheets 1 to

2 inches thick, in general parallel to the

bedding. Many well-preserved fossils

1n01uding abundant !Ezsites........nou.......n 90

1,365

contacte.

dolomite.




The poorly defined threefold nature of the formation=—-that is, medium=

gray dolomite containing much chert in the lower part, then creamy chert-
free coarser-grained dolomite, overlain by somewhat darker thinner-bedded
" fine-grained dolomite--is persistent through the area.

Other chert-bearing dolomites in the Paleozoic section, such as the

Ely Springs dolomite, could be mistaken for the Hidden Valley dolomite,
especially if they are sufficiently metamorphosed to obscure characteristic
i colors. The dark-gray Tin Mountain limestone has considerable chert but
tﬁo carbonate rock is distinctly limestone. In isolated outcrops where
iratigraphic relationships are not known, the upper part of the Hidden
Valley dolomite could be mistaken for the massive dolomite in the Pogonip

limestone, upper Ely Springs, and parts of the Lost Burro formation.

Thickness.—At the type locality on the west side of Racetrack Valley

ad on the eastern side of Hidden Valley, 6 miles from the first locality,

the thickness of the Hidden Valley dolomite is 1,365 feet.




Age.—The lowest fossiliferous part of the Hidden Valley dolomite is

7 urian, probably equivalent to beds at the top of the Clinton group in
the Niagaran series. Certain diagnostic forms were identified early in the

work. Halysites catenularia (Linne) and H. microporus (Whitfield), typical

of the Niagaran series, are abundant. Favosites cf. F. niagarensis of

") lhgaran age, though much less abundant, is also characteristic of the

" Hdden Val ley dolomite. Excellent specimens of Porpites porpita (Linné)
"me found on Whitetop Mountain. Comparison with three good specimens of
!g porpita from Gotland, the type locality of the species, shows that the
- species from Sweden and California are identical (McAllister, 1540,

pp. 19684-1985). The morphologic characters of the specimens from the

Panamint Range of P. porpita vary widely and include the features shown by

’{ g. rotuloides (Hall) and P. michiganensis (Bassler).

{  The stratigraphic range of P. porpita--including the above synonymsem
| when correlated according to the Silurian chart compiled by the National
Research Council (Swartz, et al, 1942; chart 3) is essentially the same in
lorth America (upper part of the Clintqn and in the Manistique dolomite)
h it is in Europe (upper part of the Llandoverian series and the lower

ﬁlrb of the Wenlock series). The species, therefore, is a good marker of

the middle part of the Niagaran series.




Fosgils from the lowest unit of the Hidden Valley dolomite at the type

jocality were submitted to G. Arthur Cooper for identification. He reported,

als, mostly unidentifiable. The collection contains Halysites with
gENerous cup corals, possibly including Amplexus among others. One good
Hlerian index present is Favosites like F. gothlandica. Also present are
Me resembling Ptychophyllum. The sponge Hindia is present."

: Fossils in uppermost unit of the Hidden Valley dolomite, from a zone
50 feet thick lying 65 to 15 feet below the top of the formation in the
’vw Hills were identified by Mr. Cooper as follows:

| "Favosites sp.

Papiliophyllum elegantulum Stumm
Amplexus lonensis Stumm

A. invaginatus Stumm
Unidentifiable cup corals
Branching Cladopora

Heliolites sp.

Acrospirifer kobehana (Merriam)
Platyceras spi

’ *This collection is Lower Devonian in age, the Oriskany portion of
i the Nevada limestone of Merriam."




This fauna contains some of the distinctive forms of the "§Eirifer"
behana zone at the base of Merriam's restricted Nevada limestone

SR——

. (Merriam, 1940, pp. 52-53, fig. 7, tables 2 and 4). In addition to

Eomtﬁer (Spirifer) kobehana, it has the diagnostic species Papiliophyllum

"_.1_e_gLantu1un and Meristella robertsensis. Charles W. Merriam (written

communication April 1950) later found that the fauna from this unit contains

some abundance a large Spirifer of the Spirifer arenosa (Conrad) group,

eonfiming the Oriskany age. It should be noted that Heliolites sp. here

~ occurs in the Lower Devonian fauna, whereas in the restricted Nevada
formation, it occurs in the ¥iddle Devonian "the only position in which
Heliolites was found to occur in the Devonian of Nevada®™ (Merriam, 1940, p. 58).

The Silurian-Devonian boundary thus falls within the uppermost part

of the Hidden Valley dolomite. Unfortunately for systematic stratigraphy,
the distinctive persistent lithologic change is above the Lower Devonian
fossils, in contrast to the minor variations in lithology below the fossili-
ferous beds. These minor variations are poorly defined and cannot be

correlated acceptable from place to place. The distinctive formational

boundary has been readily mapped over a broad region.
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Correlation.—Rocks containing Niagaran fossils long have been known

the Great Basin. The Lone Mountain formation, named by Hague in 1883
in the Eureka region, contains Niagaran fossils in the upper part and Upper
Ordovician fossils in the lower part. Spurr (1903, p. 86) in the Hot Creek

ge, Nevada, identified fossils probably of Niagaran age, including

ﬁalysites catenulatus, large variety™ and "H. catenulatus, small variety™
:ln the Lone Mountain. He noted the occurrence of "Upper Silurian® rocks
_sbove the Eureka quartzite near Cottorwood Canyon in the northern Panamint
k_hnge, without describing the rock, so that he may have meant Ely Springs
mher than the Hidden Valley dolomite. Spurr's descriptions are apt to
eon:tuse readers because he includes Ordovician in Silurian, except when
"ho quotes other geologists. The Lone Mountain formation in the original
sense was used by Ball to include stirata of Trenton and Niagaran age—
: that is, the Ely Springs as well as the Hidden Valley., From the descrip-
}tions of occurrences in the Amargosa Range it is impossible to judge
Vthlther Ball (1907, p. 165) recognized the equivalent of the Hidden Valley.
o Lone Mountain was described in the Panamint Range.

Later publications on the Great Basin describe Silurian rocks without
l‘mne, such as in the Pioche region (Westgate, 1932, p. 16), the Spring
Nountains region (Nolan, 1929), the Nopah Range (Hazzard, 1937, p. 326),
&d questionably south of Pinto Peak in the Panamint Range where they were
Med with Devonian rocks (Hopper, 1947, p. L4LO8). These Silurian rocks

1l the Pioche district were correlated by Kirk (Westgate, 1932, p. 16)

‘with the Fusselman limestone of the El Paso region and New Mexico, as well

B with the Niagaran part of the Lone Mountain limestone.




The Lone Mountain formation in the Roberts Mountains region was restric-

ted by Merriam (1940, p. 13 ) to the uppermost part of the original Lone
»Zi;le\mtain limestone, which "is largely dolomitic and barren of determinable
ffoseila with the exception of a single specimen of a peorly preserved
ggi_gggp_m'_a found within a few feet of the base at Lone Mountain. The deter-
mination of age rests therefore on position of the formatiom between the
fossil-bearing Roberts Mountains formation and the Nevada formation.®
_ Nerriam's restricted Lone Mountain formation is approximately equivalent
%o the middle and some of the upper part of the Hidden Valley dolomite (see
fig. 2), and his Roberts Mountains formation (the middle unit of the
original Lone Mountain formation) is equivalent to the lower part of the
Bidden Valley dolomite. The lowest unit in the original Lone Mountain, of
Upper Ordovician age, was called Hanson Creek formation by Merriam, and it
is equivalent to the Ely Springs dolomite as used in the Panamint region.
The uppermost part of the Hidden Valley dolomite corresponds in age
to the lowermost part of the Nevada formation as defined by Merriam (1940,
Pp. 13-1). The S. kobehana zone, which is the first persistent faunal
sone of Lower Devonian age in the Roberts Mountains region, lies 100 to 150
feet above the base of the Nevada formation at Lone Mountain (Merriam,
1940, p. 52). The base of the same faunal zone in the Quarts Spring area,

vhere the zone is 50 feet thick, lies 65 feet below the top of the Hidden

Nalley dolomite.
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A,

Lost Burro formation at type locality.
Western side of Lost Burro Gap at
southern end. Lost Burro formation, Dlb,
is above Hidden Valley dolomite, Shv, and
below Tin Mountain limestone, Ctm.

B.

Contaet of Lost Burro formationm, Dlb,

with overlying Tin Hountain limestone,

Ctm. FEastern side of Lost Burro Gap near

northern end. ogpirifer zone in brown

sandstone outcropp om lower left to

top of view, .




Lost Burro formation (Middle and Upper Devonian)

Name and occurrence.--The Lost Burro formation is here named for

uposures at Lost Burro Gap, through which the road passes from Racetrack
Valley to Hidden Valley. The type locality is on the western side of the
pp at the southern entrance; it extends from the Hidden V4 ley dolomite

at the base of the slope to the Tin Mountain limestone near the top (pl. 54).

*' Plate 5A. Lost Burro formation at type locality.

’ The Lost Burro formation is exposed extensively, although not contin-
“maly from bottom to top, in the Quartz Spring area. The best outerops:
'm in Lost Burros Gap, Andy Hills, and along the flanks of West Crest.
the formation is widespread also in the surrounding region between Death

Valley and Saline Valley. It tends to form conspicuous cliffs » and high

lteps in canyons.




Lithology.—The general appearance of the Lost Burro formation is of

& very light gray dolomite prominently striped with nearly black limestone
dolomite. The color alone is not a reliable indicator of whether the

mk is limestone or dolomite, but the limestone where not metamorphosed
n dark. The lower part is entirely dolomite. Sandy beds that weather
ET;l:;'al'nish gray mark the base of the formation. At some places the sand forms
‘hyers of vitreous quartzite 2 or 3 feet thick, which weather into massive
‘blocks but show thin bedding and cross-bedding. Throughout the rest of
tlle formation up to the quartzite and sandy shale at the top, the quantity
d sand in the rocks is negligible. Midway in the section conspicuous
bilck limestone beds consist of masses of stromatoporoids, of which the
peculiar conceantric cellular structure is sufficiently persistent to be
"Véonsidered a lithologic characteristic of that part of the formation. In
vﬁo same way sﬁaghettilike outlines of masses of cladoporoids in several
hdl can be considered another characteristic of the lithology. Within

the region the combination of these tw~o structures of organic origin occurs

in none of the other formations and is an excellent indicator of the Lost
Barro formation.
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The following section was measured by tape at the type locality of

the Lost Burro formation, south of Lost Burro Gap (pl. 5A):

Tin Mountain limestone,

Conformable contact

Lost Burro formation:

5.

3.

2.

1.

Very light gray sandy dolomite and quartzite;

upper part weathers brown; uppermost part,

somewhat shaly, weathers slightly pinkish brown;
ccntains excellent Cyrtospirifer in outcrops

at lower end of Lost Burro Gapoc-ooooocooccoo--.ooo.

Very light grey dolomite and some inter-

stratified medium gray dolomite, producing

a banded effect similar to the underlying

unit but in general much lighter grayeccscccccccsces

Dark-gray dolomite mottled by white forms
resembling broken spaghetti; beds of
stromatoporoids in very dark gray limestone

or dolomite, interbedded with light- and

dlrk-gray dolomite and limeston@ececsccsscccvacecose

light-gray dolomite mottled and streaked

with cream-colored dolomite; dark-gray or

black dolomite; dark-gray dolomite mottled

with lighter EraY ecevesscesseesscvsccsccssssecvonccosne

Light gray sandy dolomite, weathering

mouse-gray, containing abundant chert in

very irregular nodules; sand weathers dark

brown, making rough surface, and in some

places forms quartZiteooo'oooooo.ooooooooooooooooo..

Conformable contact.

Hidden Valley dolomite.
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Feet

35

335

530

470

155

1,525



The lower units, 1, 2, and 3, of the following section were measured

slong the central north-trending ridge of the Andy Hills, and the upper

sits, 4 and 5, were measured up the southern slope of the hills north of
the Andy Hills.

Tin Mountain formation

Conformable contact

Lost Burro formatiohs ’ Feet

5.

L.

Very light gray sandy dolomite grading into
quartzite; platy brown-weathering calcareous
sandstone at top; fossiliferouS...seeeeeessssesesses U0

Very light gray dolomite, and some inter-
bedded medium gray dolomiteeccceccecevcsssesssssessnse 295

(Gap in measured section, where covered by alluvium
that may conceal complicating structures)

3.

1.

Conformable contacte

Dark-gray or black dolomite, some a mass of
stramatoporoids, and some mottled by spaghetti-

like forms; medium~-gray and light-gray dolomite
interstratified with the darker, which is

predominant (top of this unit covered by
allm‘m)...500000.00.000000000..'0ll.’.........'...l’hw T

Medium-gray dolomite grading into layers of

lighter or somewhat darker dolomite; lack-

ing stromatoporoids and spaghettilike

markings; basal 150 feet, coarse-grained

light-gray dolomite marked by indistinet

wavy bands roughly parallel to the beddinge.sceesens 260

Medium-gray sandy dolomite; 20 feet of

massive very light gray sandstone 175 feet

above base, separated by 15 feet of mud-

stone from underlying dark-weathering chert A
zone 35 feet tvhick00-ooooooo.ooo0000000-0000.0---... 250

2,245 ?

Hidden Valley dolomite.




Stratigraphic details at the boundary between the Lost Burro formation

“gnd the Hidden Valley dolomite in the Andy Hills are listed below. The

mmbers correspond to units in the complete sections on page 55 (Hidden

Valley dolomite) and page 65 (Lost Burro formation).

52

Lost Burro formations Feet

1. Medium-gray dolomite, more or less sandy in
lenses and in poorly defined discontinuous
beds; a few inconspicuous pebbles of light-
gray dolomite in some of the sandy layerse.cessseesecss 55

Very light gray sandstone; a little
dolomite cement in massive layer...c.ceceessessscccees 20

Light-gray mudstone (nonfissile shale)eecsssssccceses 15

Gray chert; weathering brownish black; in
medium light gray dolomite; less chert in
sandier base.‘.............l...00...‘...OOVO...O‘O.... 35

Medium-gray dolomite containing brownish-
weathering sand and silt in poorly defined
lenses and beds, and outlining conspicuous
sinuous branching fOrmMBecesecvccveccesscrsssessosoces 125

———

250
Conformable contacte.

Hidden Valley dolomite:

3(b). Medium dark gray dolomite, weathering
light olive gray; thin beddedeesescccercsccscssans 15

Same medium dark gray dolomite, contain-
ing abundant silicified fossils;
SEirifer kobehana ZOoN@eececscccecsosscasccscsssosses 50

—m—n———

65




Thickness.~-At the type locality on the western side of the southern

entrance to Lost Burro Gap the stratigraphic thickness of the Lost Burro
ormation 18 1,525 feet. The total thickness of the section measured in

_the Andy Hills, owing to structural uncertainties in units 3 and k, is
fffqneetionablé.

Age and correlation.—The age of the Lost Burro formation is Upper

:pmnian and probably Middle Devonian. As shown by excellently preserved
brachiopods , the sandy beds within 35 feet of the top of the formation
I:{;V‘eorrespond to the Comneaut group in the upper part of the Cassadaga stage
of the Upper Devonian (see Cooper et al, 1942, chart 4). There is little
definitive faunal evidence for assigning much of the formation to the
Hddle Devonian, but abundant stromatoporoids and cladoporalike forms
iuggost that it 1s correlative with the Great Basin Middle Devonian. This
ige determination is supported by the stratigraphic position of the for-
mtion, without obvious depositional breaks, between Upper Devonian and
lower Devonian fossiliferous zones.
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Fossils collected from the sandy uppermost 35 feet of the Lost Burre

ormation, at the lower end of Lost Burro Gap (pl. 5B), were identified and

Plate 5 B. Contact of Lost Burro formation, Dlb, with overlying Tin
Mountain limestone, Ctm.

-eorrelated by G. Arthur Cooper as follows:

Cyrtospirifer cf. C. monticola Haynes
C. ¢f. C. disjunctus (Sowerby)

Tylothyris? cf. T.? raymondi Haynes
"Camarotoechia® aff. "C." duplicata (Hall)
Cleiothyridina cf. C. devonica Raymond
Productella sp.

These ".., are clearly related to Three Forks shale species. The

species however of 'Camarotoechia' cf. 'C.' duplicata indicates correlation

with the upper part of the Cassadaga Stage in New York.® This confirms
the opinion earlier expressed in the field by Charles W. Merriam (oral
éo-nnication, 1947) that the fauna was of Three Forks age and that much
'ot the Lost Burro formation was similar to the Devils Gate formation in
Kevada, .

Specimens from the middle of the formation, starting L75 feet below
the top and continuing 225 feet lower, were too poorly preserved to name
other than as "Unidentifiable Bryozoa and corals; Atrypa sp.; branching
Cladopora; silicified and unidentifiable Stromatopora.®




The upper part of the Lost Burro formation can be correlated with the

Slltm limestone as established by Hewett (1931, pp. 13-16) in the Goodsprings
kiaudrmgle, but the lower part, which extends well below the stromatoporoid
bods similar to the Ironside member of the Sultan limestone, may continume
:mto the underlying Goodsprings formation. The lower part of the Lost Burro
formation seems equivalent to the Sultan dolomite as redefined by Hazzard
(1937, pp. 328-331) for the Nopah Range, but the sandy tep of the Lost Burro
formation is lithologically similar to the lower part of Hazzard's Stewart
Valley limestone(see fig. 2). The designation of the lowest member of the
Stewart Valley limestone as Mississippian is on the meager faunal basis

of one collection (No. P.Be G-5) containing "Corals and Stromatopora possibly
Mesissippian age.® The Lost Burro formation also contains corals and
stromatoporoids, which though of undetermined age lie under the diagnostic
Crrtospirifer zone of Upper Devonian age. The sandy base of the Lost Burro
formation is similar to the base of the redefined Sultan dolomite, which
Baszard placed lower than that of the original Sultan limestone. The Lost

Barro formation thus probably includes beds below the Sultan limestone in

the Goodsprings quadrangle and above the redefined Sultan dolomite in the
Yopah Range.




In east-central Nevada the Devils Gate formation in the Roberts Mountains
reglon appears equivalent to the upper part of the Lost Burro formation, and
the restricted Nevada formation--all but the basal part--apparently corre-

Qonda to the remainder of the Lost Burro. This correlation makes the Lost

Vqlurro formation approx:hlate]y equivalent to all but the base of the original
;ouda limestone. Even if nearly the entire Devonian succession falls thus
hto a single formational division, the Lost Burro formation is nevertheless
th. appropriate lithologic unit for mapping in the Quartz Spring region.
;18 does not force the Devonian rocks there into a single time-rock unit;
k,tllo mmber of time-rock units within it depends on the number of diagnostic
flms that can be correlated with those in established time-rock units, or
thlt are suitable bases for new ones. In the Pioche district the Silverhorn

f_jdolouite and part of the West Range limestone (Westgate, 1932, pp. 16~19)

1! lithology and age seem at least roughly equivalent to the Lost Burre
fomtion.




Tin Mountain limestone (Mississippian)

Name and occurrence.--The Tin Mountain limestone is named here for the
grthemmoat peak in the Panamint Range (see Ballarat quadrangle), where it

oras prominent cliffs near the top on the eastern and southern sides of

the mountain. As the top of Tin Mountain is somewhat inaccessible, the type
locality of the Tin Mountain limestone is designated as the southern slope
the hills about 2% miles southeast of Quartz Spring and about 3,000 feet
morth of the road to Rest Spring, where the entire sequence is exposed from
" the underlying Lost Burro formation to the overlying Perdido formation.

L still more accessible exposure, which lacks, however, the upper contact
ot the formation, is at the northern end of Lost Burro Gap (pl. 5B). The
!‘.In Mountain limestone crops out widely and conspicuously at many places
throughout the Quartz Spring area. It forms steep-walled canyons and cliffs

R aountainsides more readily than any of the other formations (pl. 6A).

Plate 6A. Tin Mountain limestone, Ctm, above Lost Burro formation, Dlb,
and below Perdido formations Cp, on northeastern side of Bighorn Gap.

A —— -




.......

Tin Mountain limestone, Ctm, above Lost Burrn formation, Dlb, and
below Perdido formation, Cp, on northeastern side of Bighorn Gap.

B. Siltstone and silty limestone in
Perdido formation, north of Bighorn
Gap. :

C. Rest Spring shale, Crs, faulted down against Perdido
formation, Cp, south of Rest Spring.




Lithology.--The lower part of the Tin Mountain limestone consists of

dark-gray limestone in beds 2 to 6 inches thick, separated by much thinner

beds of light brownish gray to pale-red shale. The upper part consists of
»iodinn—grq limestone that from a distance appears to be a single massive
“layer, but actually the limestone is in beds that range in thickness from
s few inches to 2 feet (pls. 5B and 6A). In some places mere traces of the
@e remain as pale-red partings. Some beds of limestone are made up of
ferinoid stems. An abundance of Syringopora is distinctive; favositoids and
: corals are common. Both the lower and upper parts of the formation
| eontain a little dark-gray chert, which weathers dusky brown or dark yellowish
h'own, in elongate nodules.

. Features that distinguish the Tin Mountain limestone from the other

"iltomtions of the region are the persistence of dark limestone, the thin

ple—red shaly beds and partings, chert only in nodules, and the abundance
l! Syringopora. The only dark limestone stratigraphically lower--the

;ihuto:ze in the Lost Burro formation——is thinner, interstratified with

dolomite s and is marked by stromatOpor?id and cladoporoid structures.
:‘,‘;‘_ytrntigraphically higher, the only massive dark limestone is in the Perdide
{ formation, which though gradational from the Tin Mountain, is distinguished
beds of chert and thick layers of shale and siltstone interbedded with

limestone. The distinctiveness of the Tin Mountain limestone makes it

4 excellent marker.




The following section was measured at the type locality:

Perdido formation.
Conformable contacte.
Tin Mountain limestones Feet

2. Medium-gray limestone in beds a few inches
to 2 feet thick but resisting as a unit to
form cliffs; pale-red partings are faint;
some nodules of dark-gray chert; poorly
preserved horn corals and segménts of
crinoid stems scattered throughOut..sscsccscscsccecss 200

1. Medium dark gray limestone in beds 2 to 6
inches thick; thinner beds of calcareous
shale, light brownish gray to pale red;
some nodules of dark-gray chert; weather-
ing dusky brown or dark yellowish brown;
locally somewhat concealed by rubble from
Same unit.‘..i.Q.....C....QO..I..C.'.C.‘..CO.'..0.0.. 275

L75
Conformable contacte.

Lost Burro formation.




West of the Quartz Spring area another section showing the two charac-

teristic units of the Tin Mountain limestone was measured in the canyon

draining from the Ubehebe mine (see fig. 1) westward into Saline Valley,

ifi& a prominent constriction in the canyon about & mile in a straight line

ltgpe locality of the Tin Mountain limestone.

Perdido formation.
Tin Mountain limestone:s

2. Dark bluish gray limestone, containing
dark-weathering chert lenses 2 to 12
inches long and 1 to L inches thick;
although appears massive, composed of
beds 6 inches to 2 feet thicKecesoscsecosscrescsscecss

l. Thin beds of dark-gray or light brownish
gray limestone, as much as 6 inches thick,
separated by pale-red shaly limestone beds
that become thinner and redder-gray upward
to where they are mere red-tinged partings
in the base of the overlying member;
somewhat crenulated.....................o.....u....

Lost Burro formation.

“‘No 70° W. of the mine and sbout 7 miles in a straight line due west of the

Feet

265

160

L25



Thickness.——At the type locality, about 2% miles straight southeast of

vartz Spring, the thickness of the Tin Mountain limestone is 475 feet, and

bout 7 miles due west of that locality it is 425 feet. The true thickness

f the lower incompetent unit is modified by crenulation and boudinage
structure. A factor of uncertainty in comparing measurements of the upper

“unit is the gradational mature of the contact with the overlying Perdido

formation.

Age and correlation.--The age of the Tin Mountain limestone, according

to a qualified determination of the poorly preserved fossils, is sarly
?;Ulississippian. The alternate possibility that the Tin Mountain limestone
;‘is older than Mississippian has been favored by Charles W. Merriam (oral
‘\ communication in the field, 1547; written communication, 1950). Two
kivcollections of fossils, U-183tm from the excellent exposure at the lower
end of Lost Burre Gap and U-~-200 from the top of the mountain about 1,000

) feet south of bench mark 5980, that is, 8,000 feet south of the first
,‘ioctlity, were submitted in 1948 to the U. S. Geological Survey. James
Steele Williame' report on the collect:&on is fully quoted below:
; "Two collections are described as being from this for-

mation, U-200 and U-183tm. Collection U-183tm is composed

of corals, crinoid colummals, and several incomplete specimens

of two species of brachiopods. The corals were studied by
Miss Helen M. Duncan, who reports as follows:

"'This collection contains several specimens of Syringopora
of the S. aculeata and S. surcularia types and several much-
weathered and silicified examples of small horn corals. One of
the specimens shows a zaphrentoid arrangement of septa in early
ephebic stage, but for identification, the lot as a whole is
too poorly preserved,




"1This collection is probably of Mississippian age. Dr.
Kirk does not recall having ever observed Syringopora in the
Revonian of the West, though several species of the genus
have been described from the Devonian of eastern North America.
Most of the known Devonian species are characterized by much
smaller and more closely assoclated corallites or are lax
forms that appear to be close to other Devonian auloporoid
genera. Kirk says Syringopora is rather common in the Silurian
of the West, but that if these specimens are definitely known to
occur above good Devonian, they almost certainly indicate
Carboniferous rocks. The small zaphrentoids, though not generi-
cally identifiable, are one of the types common in the lower
Mississippian in this country.!

"The brachiopods, though not specifically determinable,
also suggest Mississippian age. They have been designated
as Spirifer cf. S. centronatus Winchell and Composita? sp. indet.

"Collection U-200 consists mostly of brachiopods, but
contains two fragmentary and silicified horn corals. Miss
Duncan examined the horn corals, and the brachiopods were
exanined by Drs. Edwin Kirk, G. A. Cooper, Arthur Bowsher,
and me. All agree that the brachiopods represent a fauna that
is very probably of very early Mississippian age, but
definitely diagnostic characters needed for positive identi-
fications are preserved on so few of the individuals that a
definite age of reference cannot be made. A qualified deter-
mination as early Mississippian is the best that can be made
on the material available to us. The following is a list of
identifications, insofar as they may be made, prepared by me.

Horn corals, 2 specimens

Crinoid columnals .

Echinoid plates

Shumardella? sp. indet.

Spirifer cf. S. centronatus Winchell
Spirifer? sp. indet.

Spirifer or Brachythyris sp. indet.
Composita? sp. indet.

Productella? sp. indet., part of an interior
Schizophoria? sp. indet.
Punctospirifer? sp. indet.




“"Regarding the two horn corals listed above, Miss
Duncan states:

Ri0ne specimen is a fragment from the calicular part

of what is interpreted to be a saphrentoid coral. There is

too little of the corallum to tell what the genus might be.

The larger specimen is incomplete and poorly preserved. It

might be a Mississippian caninoid, but in some respects

it seems to more like a Devonian coral. Data from the corals

in this collection are inconclusive.'!'®

As a working hypothesis it is proposed that the Tin Nountain limestone
‘equivalent to the lower part of the Madison group. This is based not
solely on these properly noncommittal identifications of fossils but alse

8 the lithologie similarities in the sequence of rocks from the Devonian-
Mississippian boundary well into the Mississippian, as described in areas

tetween the Panamint Range and the localities of established Madison.
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Correlation of the Tin Mountain limestone with the Mississippian rocks

& h the Death Valley and other adjacent regions is impossible because the

: ssissippian units there have not been named or defined. Probably some part
'“of the Mississippian (and older?) rocks described by Hopper (1947, pp. LO9-h11)
in 233 the northern end of the Argus Range, about 30 miles in a straight

i.’me south of the Quartz Spring area, is equivalent in age, if not as a

; 1ithologic unit. In the Nopah Range, the lithologic description of only

: the highest unit (14C) of the Stewart Valley limestone (Hazzard, 1937, pp.
275 and 333) suggests equivalency to the Tin Mountain limestone; the two
lower units appear to be more similar to the Devonian Lost Burro formation
(see fig. 2). The Mississippian formation in the Goodsprings area, the

¥onte Cristo limestone (Hewett, 1931, pp. 17-19), is lithologically unlike
Tin Mountain limestone although the faunas suggest at least approximate
*‘mivalency in age. The Bristol Paés limestone in the Pioche district is
sdmilar in lithology and age to the upper unit of the Tin Mountain limestone,
ud in the section south of Silverhorn (Westgate, 1932, p. 17) the West

Hange limestone above the Devonian fossils near the bottom would them cor-

| respond to the lower unit: of the Tin Mountain limestone. The remainder

Ot the West Range limestone and underlying sandy part of the Silverhorn
' blt:lite are not too dissimilar in rock type and age to be provisionally
#rrelated with the top of the Lost Burro formation. In the Roberts Mountains
glon there seems to be no lithologic unit of Mississippian age equivalent
the Tin Mountain limestone. In the Ely area the dual combination of
nonresistant Pilot shale and the overlying cliff-forming Joanna lime-
(Spencer, 1917, p. 26) suggests the sequence of lower and upper Tin
limestone; the little that is known about their ages (Weller et

;19!;8, p. 13L4) supports the suggestion.
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Perdido formation (Mississippian)

Name and occurrence.--The Perdido formation is named here for Perdide

Canyon (pl. 1), where the formation is exposed from the foot of the southern
wall, about 9,000 feet southeast of Quartz Spring, over the hill to the
uvnderlying Tin Mountain limestone. A scarcity of geographic names requires
‘using Perdido, which has not been established. In the canyon, a fault

‘between the Perdido and Rest Spring formations cuts out the uppermost part

the Perdido, but this segment is well exposed south of Rest Spring. The
type locality south of Perdido Canyon, therefore, is supplemented by a
second locality, about 3,000 feet south of Rest Spring, for the uppermost

part of the Perdido formation.
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The most conspicuous exposures lie in a much-faulted strip that trends

north from the Rest Spring road, through the middle of the area to the

Plate 6B. Siltstone and silty limestone in Perdido formation, north
of Bighorn Gap.

Plate 6C. Rest Spring shale, Crs, faulted down against Perdido
formation, Cp, south of Rest Spring.

. readily accessible, but except along steep gullies the exposures are rela-
5 tively poor, and unmapped minor faults, largely concealed by slope rubble,
‘“obscure the stratigraphic sequence. Excellent but less accessible outcrops
j“;joccur in the northeastern part of the area.

The upper part of the Perdido formation makes smooth rounded slopes

. ;wered with fine-sized rubble, or somewhat ribbed slopes (pl. 6C). At
r%hvorable locations the lowest part of the formation makes cliffs, which

m less pronounced than the cliffs made by the underlying Tin Mountain

" lmestone.




Lithologye=——The Perdido formation lithologically is greatly diversified
g;ithin one section and also from place to place, so that its heterogeneity
wis an outst#nding characteristic. It is somewhat transitional from the

;in Mountain limestone to the Rest Spring shale, in that dark limestone in

‘ fhe lower part is predominant over interbedded chert, shale, and siltstone,

e

'ﬁjnd in that shaly calcareous siltstone or fine-grained sandstone in the

iipper part is predominant over limestone, conglomerate, and shale. The

aimestone, both fresh and weathered, is medium gray and tends to break down
into small platy fragments but less readily than the interstratified silty
“jinestona. Most of the limestone is fine grained, although some is coarsely
élastic and is composed of crinoid columnals or a more varied assortment

“of shell fragments and pebbles. Some of the upper limestone contains conw-
g;iderable sand, which on weathering brown in the gray calcareous matrix
,‘1nqy show cross-bedding. The chert ranges in color from grayish black teo
iiight gray and weathers from gray to brown. Much of it forms continuous
%Sods, either sharply defined or appearing to grade into the adjacent dark
élinestone; some of it is a more or less incomplete replacement of crinoidal
iiimestone, and a little forms elongate nodules. The clastic rocks, the
'inost characteristic part of the Perdido formation, range from shale through
tigiltstone and sandstone to conglomerate. Of these, siltstone is the most
;ibundant. It is commonly light gray or pale red and weathers from yellowish
i}' reddish browns. Near igneous intrusions it has been changed to vitreous
‘iﬁnlrtzite, which also weathers brown. The coarse conglomerate occurs only_
locally, and consists of rocks from the Perdido formation. As exhibited

Seouth of Rest Spring, the 10-foot conglomerate layer may have been deformed

e still unconsolidated. Its origin deserves further study.




The lithology of the Perdido formation at the type locality, as

described below in the measured section, is representative rather than

definitive of the formation, because at other localities, even nearby, the

ioquence varies greatly and the strata cannot be convincingly correlated.
In general the siltstone is the most diagnostic feature of the Perdido for-
‘g‘f:ution. The lower part of the formation is distinguished from the Tin
ij:‘fiounta.in limestone by the siltstone, shale, or continuous beds of chert,
in the preponderant limestone, although the two formations are somewhat
‘;mda.’oiona.l. Where poorly exposed the lower boundary may not be mapped at
gprecisely the same stratigraphic position. The shaly character of the upper
purb may seem gradational with the Rest Spring shale, but the upper boundary
is sharp and rarely questionable. The Rest Spring shale normally has nor
,:_:?rtddish tints and in this area consistently contains no limestone. The
; top of the Perdido formation in the Quartz Spring area, but not everywhere
i:;onthwestwa.rd in the Ubehebe Peak quadrangle, invariably is marked by the

grayish-red soft shale capped by a thin bed of fossiliferous limestone.




Section of the Perdido formation measured with a tape at the type

“locality starting south of Rest Spring:

11.

10.

9.

8.

Rest Spring shale.
Conformable contact.

Perdido formation: Feet

Very soft shale, grayish red to grayish red

purple, fossiliferous, at surface invariably

breaks down to loose powdery materialj capped

by thin bed (about 6 inches to 1 foot) or

lenses of dark~gray fine-grained limestone

containing abundant excellently preserved
CravenoCeraS.:recesccsscsctecctocsrnocssocrsosesoscen st

Thin to medium beds of medium-gray limestone,

in places conspicuously sandy and cross-

bedded; uppermost bed contains productids;

interbedded thin layers of calcareous +
siltstone or sandston€eseccccescoccsssccsvcsoesncns 15 —

Conglomerate of fragments up to boulder
size (3 feet longest dimension), subangular
to rounded, composed of limestone (some
crinoidal, containing also horn corals and
brachiopods), dark-gray chert, and grayish-
red siltstone. The matrix is medium-gray
limestone faintly tinged red, containing
irregularly distributed silt, fine sand,
and shell fragments, in places lenticular
and channel-bedded. Locgl and essentially
intraformationalecceccccceesscnccncacrecccccscrcens 10

Calcareous siltstone, somewhat platy,

pale red weathering reddish brown, but

in places moderate yellowish brown to

grayish orange weathering light to

moderate broWnNeceececcscccosevscccsncccsvssscccccssnsee 85

jyntion continued at the type locality south of Perdido 8anyon:

Te

Interbedded chert, siltstone, and limestone;

chert ranging from grayish black to light gray,
acquiring brownish tinges on weathering, some

clearly a replacement of crinoidal limestone;

siltstone as in unit 8; limestone medium to

light gray, subordinate to chert and siltstone;

base marked by 2-foot light-gray clastic

crinoidal limestone under ll-foot layer of
grayish-bJACk chertececcersccecerccccsvssscccsencosce 70
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6

5.
ke
3.

2.

1.

Poor exposure of platy limestone, dark chert;

at base, 5 to 10 feet of clastic limestone

(1imestone pebbles, shell fragments) contain-

ing chert len8e8.ccecccscccocccscnsscccccsccscrccscae 85

Limestone and chert float.ccccecesccccccosccocecsocee hl
Light-gray Sh‘le, somewhat siliceouSccccscescccsccene 20

Impure limestone, silty and cherty, containe
ing some fine-grained conglomerate;
fQSSilifOrOﬁSooooooooooooooooooooooo.oooooooooooooooo 32

Thin-bedded limestone and chert making
masSsSive UNibecceccecocovocsosccccsascssccsssccncensesn 22

Interbedded limestone, siltstone, silty
limestone, and chert; limestone medium
gray, weathering into platy chips from
layers 2 to 3 feet thick, which make ribs
on moderate slopes; siltstone and silty
limestone range from reddish brown to
light gray, weathering yellowish brown;
chert makes thin continuous beds in ribby
limestone; about 20 feet from top, con-
spicuous 6~foot bed predominantly chert,
browndweathering...........................o......... 225

610 *

Conformable contact.

Tin Mountain limestone.




A section of the Perdido formation was measured at the mouth of the

prominent constriction in the canyon below Ubehebe mine (about 1 mile

straight N. 70° W. of the mine), and about 7 miles in a straight line west

f the section at Perdido Canyon. A brief description of it follows:

Rest Spring shale.

Possibly fault contact.

Se

he

3.

2.

1.

Perdido formation:

(Numbers of units do not correspond to numbers in
previous section)

Olive-gray and olive-brown argillaceous

limestone, breaking into small angular

fragments in slope rubble, which, start-

ing 13 feet above base of unit, covers

it for L6 feet; somewhat hornfelsic in

places; upper part medium gray, weather-

ing olive graYecsesceovsosscscssoscossosscscnssscscssoes

Dark argillaceous limestone; abundant

grayish-black chert in upper 8 feet; more
argillaceous, weathering reddish brown in

lower 12 feet; poorly exposedececcsceseccccccccccence

Medium dark gray crinoidal limestons,
weathering as massive unitesccecccscecccsseseccccnse

Medium dark gray conglomeratic limestone;
scattered pebbles, cobbles, and boulders
of dark-gray chert and of limestone dis-
tinct from matrix, up to 2 feet long and
1 foot thick, well roundedecccccccececccsssscsveccos

Medium dark gray limestone, cherty in

places; upper half preponderantly shale

or siltstone, weathering into small platy

fragments; also somewhat argillaceous near

base, weathering into platy fragmentSiscccscscococes

Conformable contacte

Tin Mountain limestone.
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Thickness.-~According to the composite section measured with a tape

.at the type locality, thé thickness of the Perdido formation is 610 feet.
ere is some doubt concerning the accuracy of matching the top of the part
.measured south of Perdido‘Canyon'with the bottom of the part measured south
"o Rest Spring. The error, if actual, is in omitting about 75 feet of
 §11tstone above unit 7. Despite uncertainties caused by the combination of

Z:iithologic changes and faults, it is believed that from place to place the

‘?ihickness of the formation varies within a wide range, and that the greatest

l:fhicknesa in a large region between Death Valley and the Inyo Range occurs

tween Perdido Canyon and Rest Spring. In the canyon below Ubehebe mine,

f!est of the Quartz Spring area, the Perdido formation is only 220 feet thicke.




Age and correlation.—-The fauna in the uppermost 5 feet of the Perdido

rmation has a close affinity to the White Pine shale fauna of eastern
Nevada (Miller and Furnish, 1940; Youngquist, 1949) and of the Inyo Range
(Kirk, 1918, pp. 38-39) and is similar to the Caney fauna in Oklahoma as
g:jd“'elcribed by Girty (1909). Some of the best-preserved fossils of the Quarts
Spring area were collected from this zone, and in 1939 they were deposited

in the paleontological collection of Stanford University. The fauna's most

éonspicuous form, which is unusually well preserved in a thin limestone
and is abundant throughout the area, is a diagnostic goniatite, which in
‘1937 compared well with Gastrioceras richardsonianum Girty (1909, ppe S4=57,

| pl. XI) of the Caney and White Pine assemblages (Kirk, 1918, p. 39). The

" form has since undergone reclassifying (Plummer and Scott, 1937; Youngquist,

949, etc.). It is closely related to the Cravenoceras in the lower part

the Upper Carboniferous in England (Bisat, 1924), which corresponds
¢ the top of the Mississippian in the United States (Weller et al, 1948,

shart no. 5, pp. 107-=109). Thus the top beds of the Perdido formation are

Chesterian; that is, of late Mississippian age.
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Meager collections of poorly preserved fossils from lower zones in the

erdido formation were collected in 1948 during work on the stratigraphy

,‘f the Ubehebe Peak quadrangle. These fossils were submitted for identifi-

“ tion to the Paleontology and Stratigraphy Branch of the U. S. Geological
Survey. The only collection (U-438) within the Quartz Spring area is from
locality 1 mile S. 15° W. of Rest Spring. The exact stratigraphic position

not known, but it is below the calcareous siltstone of unit 8 at the

type locality, and probably in unit 7. Excerpts from the report by James
Steele Williams are quoted:

nJ-}38 is the lowest of the Perdido collections(at that
time). It is also the most varied, but unfortunately none of
the forms can be definitely identified. The corals and the
bryozoans, as identified by Miss Duncan, consist of 'small
zaphrentoid(%) corals, fragmentary and silicified so as to pre-
vent identification, a very large horn coral that is unidenti-
fiable because the axial part of the apical and ephebic regions
is missing, and a few fragments of silicified bryozoans,
probably stenoporoids and rhomboporoids.' In addition to the
corals and bryozoans, there are crinoid columnals, several
fragmentary or incomplete brachiopods, identified as Dictyoclostus?,
possibly 2 sp. indet., %%zgchogora! sp. indet., Composita? sp.
indet.; several gastropods preserved as internal molds that are
indeterminable; and several coiled cephalopods. The gastropods
include a high-spired form, several bellerophontid types, and a
euomphalid type. It is impossible to identify gastropods such
as these without the ornamentation being preserved, as the
genera and species are based in part on features of the orna-
mentation. The nautiloids are also not determinable... One
of the brachiopods identified as Dictyoclostus? sp. indet.
resembles in some ways D. inflatus (McChesney), a common late
Mississippian and early Pennsylvanian species, but no definite
identification can be made.

"Collection U-438 is definitely post-Devcnian and, of
course, pre-Mesozoic. Though a definite reference closer than
that cannot be made, the faunal aspect suggests a late Missis-
sippian fauna more than any other fauna known in this area.®




All but one of the other collections sent to the U, S. Geological
Survey from the Ubehebe Peak quadrangle contained even poorér specimens

and were less diagnostic of age. The exception (U-Shl), although it is
from a locality 22 miles southwest of Quartz Spring, deserves attention
iecause it marks the lower limit of the Perdido formation. The fossils
iere collected from the basal bed of the Perdido formation lying on Tin
Mountain limestone 2 miles due east of Cerro Gordo bench mark (see Ballarat
qnadrangle). The report by James Steele Williams follows:

"S54l is from the Perdido formation. It consists of horn
corals and a few crinoid columnals. The crinoid columnals are
of no age significance. Miss Duncan lists the corals as follows:

Hapsiphyllum? sp. indet.
Homalophyllites? sp. indet.
Cyathaxonia? sp. indet.

Caninia ¢f. C. cornicula (Miller)
Other small zaphrentoid corals

"Her remarks concerning the collection are as follows:
'This collection is somewhat more adequate than several of the
others so far as the number of specimens is concerned; however,
some of the specimens are fragmentary and all are somewhat
silicified. Identification is therefore doubtful. The assemblage
looks very much like what might be expected in the Kinderhook
(Chouteau) or related faunas of the Mississippi Valley region.'®™




In summary, the age of the Perdido formation is Mississippian which

8 shown by its stratigraphic position above the Tin Mountain formation and
below the White Pine fauna. Based on doubtful identifications of inadequate
';follections of fossils, the formation ranges in age possibly from late
Kinderhookian time into Chesterian. The completeness of the sedimentary
record during that long interval will not be known until better fossils are
;collected, and the best answer lies in the Quartsz Spring area rather than
iin the region for many miles arounde.

The difficulty of correlating the Perdido formation with other Missis-
ajiippian formations is understandable on considering the diversity diasplayed
\;br the formation in a small area. The White Pine shale of the Inyo Range,
;un described by Kirk (1918, p. 38) and as observed by the writer, is in

%part litholegically equivalent to the Perdido formation, but the White Pine

iincludes also the Rest Spring shale. The Mississippian rocks in the Argus
iﬁange have not been named as formations and have been insufficiently de-
j;cribed for an adequate comparison. The Monte Cristo limestone in the
;Boodsprings district and in the Nopah Range, although in an equivalent
‘iitratigraphic position, does not closely correspond in lithology to the
,f}hrdido formation. In central and eastern Nevada, the strétigraphic columns
" of the Roberts Mountains region and of the Ely district have no described

lithologic equivalents of it. In the Pioche district, however, the Peers

,Sﬂpring formation and at least part of the Scotty Wash quartzite, as described

Westgate (1932, pp. 20-22), are convincingly similar to the Perdido formation.




Rest Spring shale (Pennsylvanian(%))

Name and occurrence.--The Rest Spring shale is named here from the

;xtensive exposure around Rest Spring. The type locality extends from the
kead of the gulch 2,000 feet south of Rest Spring (see pl. 6C) northward
te within 200 feet of the top of the hill that is 2,000 feet northwest of
Parro Spring. The Perdido formation lies conformably below and the Tihvipah
j_].imestone above the Rest Spring shale,
The Rest Spring shale covers a large proportion of the Quartz Spring
ea, especially in the northeastern quadrant where it makes a continuous
1t 4 miles long and 1 mile wide. Isolated patches are exposed along the
jor fault zone from Hidden Valley to Gap Hills on the northern boundary.
!hia widespread occurrence, fortuitous in the small area that was mapped,
'is far from representative of the whole region in which the formation is
ound.

It is by far the most easily eroded formation in the Paleozoic sequence

f the region; hence in places of active erosion it normally controls

] "ffiluinage lines. The seemingly anomaleus occurrence of the Rest Spring
lhale in the highest part of the Quartz Spring area is explained by the

protecting margin of resistant intrusive rock and of cherty limestone in

,-;.;“. Perdido and Tin Mountain formations at a place recently exposed. The

epes that develop on the formation are smooth and rolling (pl. 6C).
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Lithology.—~The characteristic rock of the Rest Spring shale is argil-

laceous shale grading into siltstone. It is olive gray on the surface, but
o the fresh shale, as exposed in the excaﬁation to develop Rest Spring, is
érayish black. The basal shale contains discoidal concretions 2 to 6 inches
diameter, which are sufficiently persistent to be excellent markers of
jhe lowest part of the formation. The nuclei of the concretions consist of
calcite and pyrite or limonite; some are septaria. The shale grades upward
iinto siltstone, fine-grained sandstone, and in some places thin isolated
‘eds of light-gray quartzite. Some of the sandstone is conglomeratic, in
bthin, very inconspicuous beds. The conglomerate is further described below
yin the generalized stratigraphic section of the formation. The sandy and
iCOnglomeratic layers show the effects of channeling and cross-bedding, and
'%in some exposures the siltstone displays ripple marks.
The incompetence of the Rest Spring shale has favored igneous intrusions
Qsiad thrust faults. Thin sills of highly sericitized feldspathic rock,
E;hich at first glance may be taken for sedimentary layers, are locally

_common in the formation. Within the aureoles of larger intrusions the Rest

;ﬂpring shale has been metamorphosed to chiastolite-bearing hornfels, and

“mearest the igneous contacts, to biotitic hornfels and schist. In thrust

sones much of the shale is moderate red or reddish brown, a sharp contrast

the normal olive gray.




No complete stratigraphic section of the Rest Spring shale has been

measured in the Quartz Spring area. Complex structures, generally covered
2 by finely broken shale in slope rubble, could not be mapped and precluded
4 measurement of the true stratigraphic sequence. A composite description of

he two gradational units, largely without data on thickness, followss

Tihfvipah limestone.
Conformable contact.
Rest Spring shales

2. Olive-gray siltstone and shale, sparsely fossiliferous;
locally thin beds of light-gray or olive-gray quartzite,
in places metamorphosed by sills to vitreous quartzite;
thin local intraformational conglomerate of poorly
sorted fragments rarely as much as 1 or 2 inches in
diameter, mostly subangular, some fairly well rounded
but others angular, composed of olive~-gray siltstone
or shale, white or gray quartzite, and gray dolomite,
in a matrix of coarse sand or rarely in a matrix of
fragmented shells. Some measured details at one
locality follow:

Feet

Light olive gray quartzite, grading inte
siltstone in upper 10 feet.ecveooooccosceccccnss 15

Porphyry 8llleeececcesococscccosocscscesncsrecs 20

-

Light-gray quartzite, weathering reddish
or yellowish brown; thin-bedded but
breaking into blockSeesseseccescscccccsescacnsee h

Olive-brown siltstone, breaking into angular
fragments 1 inch or less in diameterccccccececes 20

Quartzite similar to the stratigraphically
higbar light-gray qu.rtZiteooooooooooooooooooo. 6

OIive-ngJ Siltstone..ooooo.ooocooo.o.ooo..ooo‘ 63

Sillooooo.--oooooo-ouoooooo‘ooooooooo.ooooo..o. S

Olive-gray shale of underlying unit, not measured.
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1. Olive-gray argillaceous shale, grayish black where
completely fresh; very readily disintegrates into
small incipiently lustrous chips; near base typically
contains discoidal concretions around mineral nuclei
including septaria; concretions commonly between 2

and 6 inches in diameter and as much as 2 inches thick.

Conformable contacte.

Perdido formation.
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Thickness.-~In the Quartz Spring area the stratigraphic thickmess of

he Rest Spring shale could not be measured because of the complex structure
poor exposures. West of the area, 1.1 miles N. 75° W. of Ubehebe mine
fig. 1), the formation is somewhat more than LOO feet thick. At a better
exposure 3 miles N, 70° E. of the southwestern corner of the Ubehebe Peak
vadrangle (fig. 1) the Rest Spring shale is 310 feet thick. The extreme

competence of the Rest Spring shale relative to the adjacent rock units

_permits the formation to pinch and swell in zones of folds and faults, so

{hat little confidence can be placed in these measurements of thiclkness.

Age and correlation.—Fossils are very scarce in the Rest Spring shale,

few that were collected early in the field work and were deposited at

.‘the Ubehebe Peak quadrangle, fossils have been found in the formation at
ly one locality, at the southwestern margin of the quadrangle. These
issils (U-32L) were collected for the P. S. Geological Survey by Raymond
uglass in 1947, from somewhat metamorphosed shale. Comments by James

t ele Williams about this collection, from a locality about 2.8 miles

. 60° E. of the southwestern corner of the Ubehebe Peak quadrangle (see

« 1), follow:




"Only one collection, U-324, has come from this formation.
It is shown as coming from near but not at the base of the
formation. The matrix is a hard, compact black shale or argil-
lite and is so baked that none of the fossils is definitely
determinable. Impressions or fragmentary remains suggest
brachiopods belonging possibly to the genera Chonetes, Marginifera,
and Composita, but even the generic identifications are uncertain.
The resemblances of the fragmentary remains are slightly, but
very slightly, more with Pennsylvanian species of these genera
than with Mississippian species, but the age might as well be
Mississippian as Pennsylvanian.®

The uncertain identification of these poorly preserved fossils cannot
fgiﬁ used to determine the age of the Rest Spring shale. The stratigraphiec
f'relationships are unequivocal: the formation lies above the late Missis-
jippian fauna in the uppermost part of the Perdido formation and below the
‘;!oderately early Pennsylvanian fauna in the lowest part of the Tihvipah

; i;nestone. Provisionally, the Nississippian-Pennsylvanian boundary is

; ;¥awn arbitrarily at the base of the Rest Spring shale.

The Rest Spring shale corresvonds to the black, fissile, noncalcareous,
éilky part of the White Pine shale in the Inyo Range (Kirk, 1918, p. 38).

' There the White Pine shale includes also the Perdido formation. The Caney-
' lhite Pine fauna was reported to occur in black shale north of the Cerro
Gordo mine in the Inyo Range, but it is not known if this fauna is at the

| itse of the black shale, as it is in the Quartz Spring area, or well within

- §he black unit. This fauna in the Quartz Spring area, containing Cravenoceras,

8 included in the Perdido formation because the thin limestone and reddish
¢ that have the fossils are lithologically consistent with the rocks

the Perdido formation and not with the dark shale and siltstone of the
est Spring.
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The description of the Chainman shale at Ely (Spencer, 1917, p. 27)

fits the Rest Spring shale. There may be some difference in age of the two

? wnits, as fossils from the upper third of the Chainman shale, though con-

f tgining a suggestion of Pennsylvanian affinity, were assigned tentatively
to the upper Mississippian. At Devils Gate, south of Roberts Mountains in
; east-central Nevada, the dark shales and sandy interbeds that Merriam

‘ klerriam and Anderson, 1942, pp. 1690-1691) describes in the Diamond Peak

: ieds resemble the Rest Spring shale. Merriam includes these black shales
£4n the Diamond Peak, although in the Eureka district they had been referred
%y Hague to the White Pine shale. The black fissile part of the White Pine
shale of Nevada, as described by Youngquist (1949, pp. 276-283) in connec-
tion with his detailed description of the cephalopod fauna, appears to be
iithologically equivalent to the Rest Spring shale. But if in Nevada the
ﬂravenéceras-bearing limestone is confined to the top of the shale, te
shade, the lithologies and ages of thg two units are not strictly equivalent;

there is no question about the position of the only Cravenoceras-bearing

estone being contiguously below the Black shale in the Quartz Spring area.
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* : Tihvipah limestone (Pennsylvanian)

Name and occurrence.,--The limestone and associated rocks above the

;Xﬁest Spring shale are named here the Tihvipah limestone from the exposure
~northwest of Tihvipah Spring, which is 2 miles N. 15° E. of Burro Spring.
% The name Tihvipah Spring does not appear on any previously published map,
. but in 1938 it was used by the rangers of the National Park Service in
_Death Valley. The dearth of published geographic names in the area requires
:%the use of unofficial names. The type locality of the Tihvipah limestone
18 on the hill due east of Rest Spring, which is far more accessible than
the exposure near Tihvipah Spring. In the Quartz Spring area the top of
‘the Tihvipah limestone is eroded so that its upper limit cannot be satis-
vg!hctorily defined. Between Racetrack Valley and Saline Valley it is the
‘Eglowest unit of a thick sequence of limestones of Pennsylvanian age. The
?;Tihvipah limestone caps hills in the central belt of Rest Spring outcrops

"lnd in Gap Hills, making smooth rounded slopes except where moderately

ribbed by more resistant limestone beds.

.




Lithology.-~The Tihvipah limestone consists mostly of platy light-gray

limestone, interbedded with shaly limestone or calcareous shale and some

v
ot

£

beds, 1 to 3 feet thick, of fine-grained medium-gray limestone. The shaly
rocks range in color from very light gray to pale red or grayish pink.
Abrupt lenses of fusulinids and finely broken shells, most of which are

dark fragments in a light-gray matrix, probably are filled channels. The
nost diagnostic widespread characteristic is spherically concretionary dark-
gray chert in balls ranging from about 1/10 inch to 2 inches in diameter.
la.ny of the chert speroids are about 1% inches in diameter. In some places
the nodules are somewhat flattened or coalesce, thus becoming less diag-
f:inoatic of the formation. These concretions are readily distinguished from
the rounded chert pebbles, 1 inch or less in diameter, which compose a

dlocal, inconspicuous, thin basal conglomerate.

_ Thickness.~--No section of the Tihvipah limestone has been measured in
the Quartz Spring area, where the exposures are incomplete or complicated
\v local structures. West of the area, 1.2 miles N. 76° W. of the Ubehebe

l:lne (fig. 1), the Tihvipah unit of the still unnamed Pennsylvanian rocks

"1 about 200 feet thick.




Age and correlation.-~The fossils collected from the Tihvipah limestone,

and now in the collection at Stanford University, have not been idenmtified.
éhe basal part of the formation contains fusulinids of moderately early
Pennsylvanian age. A closer determination of the age by Lloyd G. Henbest
pf the U. Ss Geological Survey is not ready for publication.

No correlation of the Tihvipah limestone with previously named forma-

fions is made here. It seems probable, however, that the formation will
prove to be a small part of the thick formations now assigned to the Penn-
sylvanian and Permian. The Tihvipah limestone retains its lithologic
identity in the southwestern corner of the Ubehebe Peak quadrangle and as
far away as the western side of Mazourka Canyon along the foothills of the

Inyo Range near Independence.
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Older gravel (Pleistocene(?))

Remnants of continental deposits that are older than the Recent
alluvium are exposed at the northern end of Hidden Valley, in the basin

¢ aining through Leaning Rock Canyon, on the eastern flank of the Panamint
558
gﬂange, and along the western foot of Gap Hills. Om the geologic map (pl. 1)
Bay

| o

he older gravel has not been distinguished from Recent deposits. A con~-

5 iderable part of the older gravel consists of poorly sorted continental

i'
“sediments similar to the Recent alluvium but it is somewhat more consoli-~

ted and in general slightly stained with limonite. In many places the
dips are steeper than the greatest initial dips in the present-day alluvial
» ans.
The most distinetive characteristic of the older deposits is the vol=
canic material. White beds of pumice, commonly 2 to 4 feet thick, consist
£ f fragments as much as 3 inches in diameter, although most are a fraction
';it an inch. Some of the pumiceous material is remarkably free of other
:irock constituents. Other beds in the gravel contain fragments of weathered
- basaltic material, which is much léss conspicuous than the pumiceous
. material., Within the mapped area there ls no evidence of the age of the
vel other than that it is younger than Pennsylvanian and older than
Recent. The amount of deformation and erosion suggests that the age is
istocene. Other pumiceous gravels in the Death Valley-Owens Valley

gion have been called Pliocene or Pleistocens (Kirk, 1918, pp. L8-S5T7;
2‘-er, 1947, ppe U15-416). No attempt, however, is made here to correlate

of these older gravels with the older gravel in the Quarts Spring area.
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Structure

The structure of the area, which is complex in detail, is characterized
thrust faults and related imbricate structure s normal faults, folds, and
" Yntrusions. The relative shortness of each element of the structure con-

i%?ributes greatly to the areal complexity. Many of the structural details

“are not shown on the geologic map (ple 1). The faults and folds are described
J&iefly here, but the intrusive structures are considered in the description

éf the intrusive rocks.

Quartz Spring thrust complex

An exceedingly complex zone centering at Quartz Spring (see pl. 2) lies

jctween thrust faults. One side of the zone extends from Gap Hills through
L

7

s

m' ghorn Gap and Perdido Canyon to the alluvium of Hidden Valley, and the

i
other side is largely concealed by the alluvium in Racetrack Valley. Much
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The sole of the Quartz Spring fault complex is exposed between Gap Hills
d the western front of the range, north of where the trace of the thrust
ies a sharp bend into Bighorn Gap and joins an overlying thrust fault.
steep range front east of Gap Hills is essentially the sole from which

‘ § the overlying thrust plate has been stripped by erosion (see pl. 7, sec. A-A').
e

it

Plate 7. Geologic structure sections, Quartsz Spring area, Panamint
Range, California.

%ﬁm steepening of the sole at the range front, although possibly an initial

?;pgrmture, probably is a post-thrust warp that breaks into normal faults

through Bighorn Gap and Perdido Canyon. Below the sole southeast of Gap

shown by Rest Spring shale lying on Lost Burro formation, and probably
' "unts to somewhat less than 1,500 feet of stratigraphic thickness. The
?;oquence of Rest Spring and Tihvipah formations in the overriding block
5 Gap Hills is greatly crushed and faulted, but upright.
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This block of Rest Spring and Tihvipah formations in turn is overridden
3 a plate of Tin Mountain limestone turned under lLost Burro formation.

| ?he fault surface, which dips west at a low angle, is intercepted to the
heast by the sole fault, and southwestward it is covered by alluvium.

West of Bighorn Gap the first traceable thrust fault above the sole has Lost

, : on a complex mosaic of the Rest Spring and Perdido formations.

gmia fault, for convenience, will be called the Bighorn Gap thrust. It
5

" extends eastward through Bighorn Gap into Perdido Canyon, where it abuts

o)

against a vertical fault. On the west the Bighorn Gap thrust is truncated
Sy another fault, which placed Pogonip limestone on the Lost Burro formation.

thrust fault in the northwestern part of Gap Hills is considered to be

2 segment of the Bighorn Gap thrust.
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In the block between the Bighorn Gap thrust and Quartz Spring, the
: beds are nearly on end or steeply overturned. The overturned part at the
i ;orthern end is separated from the upright part by a thrust fault, which
toward the south could not be traced because of the structural intricacies.
‘in the whole block the formations range from Pogonip limestone eastward to
;he Perdido formation (see pls. 1 and 7, sec. B-B'). Sufficient lithologic
ﬁharaeteristics and fossils remain to identify each formation in the correct
order, but at many places the characteristics are too indefinite to outline
the boundaries of the formations or to account for many anomalies. At

§Quartz Spring another thrust fault defines the western side of the block

. by placing upper Paleozoic rocks against it. These range from the Lost

;}hrro formation to the Rest Spring shale. Great structural complexity occurs

thin the zone between the Quartz Spring thrust and the Racetrack thrust,

this zone the aggregate effect on the shattered rocks was to overturn
the sequence from the Lost Burro formation to Rest Spring shale and to drag
;ihale of the Rest Spring along the faults.




The shale outlines much of the Racetrack thrust, which placed steeply

.overturned Pogonip limestone along with a few slivers of Eureka and Ely

rings, over the Quartz Spring chaos of upper Paleozoic formations. The

cetrack thrust, which dips about 25° W., goes under the alluvium at the
range front southwest of Quartz Spring, but southward the face of the

untain is substantially the stripped surface of the fault. The even face

opes about 250, and beneath it the less competent beds are turned up.

e Racetrack thrust probably curves southward under the alluvium, following
the eastern side of Racetrack Valley about L4 miles to where low foothills

f resistant Eureka quartzite are next to a mountain exposing Lost Burro

E;ﬁd Tin Mountain formations. From there the fault is traceable by the
fdrdovician or Cambrian rocks thrust over Carboniferous rocks along the
,;;astern side of the valley about 6 miles southward to where quartz mone
é;ouite truncates the beds and the fault. This southern part of the Race-

;ﬁ&ack fault is in the Ubehebe Peak quadranglee.




Leaning Rock reverse fault
Near the eastern margin of the mapped area (pl. 1) a reverse fault of
considerable displacement extends from a syenitic stock soutiward along the
: western base of Whitetop Mountain and across Leaning Rock Canyon to the
eastern flank of the range. The fault will be referred to as the Leaning

T Rock fault. Strata on Whitetop Mountain curve conspicuously down toward
the upturned ends of the strata on the other side of the fault (pl. 7,

- sec. F-F!'), Ely Springs dolomite was placed against Perdido formation,
ynaking the stratigraphic throw as much as 4,000 feet where well exposed; but

b

“under the alluvium to the south, where Pogonip limestone abuts on Rest

spring shale the stratigraphic throw is probably more than 5,000 feet. On
f"i"the eastern flank of the range, in the southeastern corner of the mapped
‘area s the Leaning Rock fault was displaced down on the east by a normal

“fault and was covered by gravel, a remnant of which still conceals it. The

,:;,,_\c"oncealed part of the reverse fault accounts for the seeming anomaly of
ﬁ?‘fi:_Pogonip limestone dropped down against Lost Burro formation, which is

" stratigraphically higher. (See pl. 7, sec. C=C'.)




On the highland between the Leaning Rock reverse fault and the Bighorn

v Ch.p thrust fault, various blocks of Tihvipah limestone were shoved over

‘or into the Rest Spring shale. This is clear where the blocks are on
}:recciated Tihvipah formation, as exhibited east of Rest Spring, and where
‘the topography exposes the structural breaks, as it does southeast of Burro
fSpring. The displacement of other blocks is inferred by the thinning or
absence of Rest Spring shale between them and the underlying Perdido forma-
;f.ion. No attempt has been made to show inferred structures through the

iy

v'i.ncompetent and rubble-covered Rest Spring shale. These camplexities may

%]

indicate that an overriding mass was not far above the present topography.

Folds
‘ The folds are mostly drag along faults. A drag upward under the sole
fault, well exposed between Bighorn Gap and Gap Hills, involves Lost Burro,

T4n Mountain, and Perdido formations in an overturned syncline. Similar

'”?»f;'vover‘tm'ning of Perdido formation, exposed in a high basin between Quartz
T;;k_Spring and Lost Burro Gap, was produced by the drag of an overriding block.

] Southwest of Whitetop Mountain Eureka quartzite and Ely Springs dolomite

clearly show the bending down to the Leaning Rock reverse fault, and on the
fz;;;vother side of the fault Tip Mountain and Perdido formations as clearly show
3tl'xe upward fold (see pl. 7, sec. F-F'),
A fold not made by drag along a fault is in the northeastern part of
mapped area, 1} miles northeast of Burro Spring. It is a short anticline

dome elcngated southward (see pl. 7, secs. A-A', B-B', and D-D'). A syn-

# on the eastern flank is obscured by intrusive masses and a thrust faulte.




Normal faults

The normal faults of the Quartz Spring area can be grouped into three

north-trending zones located as follows: in the Last Chance foothills,

in the central part of the area from Bighorn Gap to Andy Hills, and along

the eastern crest of the range. The only discernible effect on the exisiing

:topography has been to influence differential erosion.

) A long fault in the Last Chance foothills shows the greatest displace-
§ﬁnent (see pl. 3A). As expressed by the eroded topography, the fault dips
L,fabout 60o E. The effect on the Racetrack-Nopah contact was to displace

£ 4 3,000 feet horizontally and to produce a stratigraphic throw on the order

~ of 1,000 feet. Two faults of small displacement are shown (pl. 1) branching
&
;gnortheastnard, making a wedge in the downthrown block of the main fault.

1‘0ther normal faults in the foothills west of the mapped area trend north.
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In the central belt of normal faults, a set of faults through Bighorn

% Gap shifted the western side down. The displacement along this set diminishes
. northward to extinction at the range front, and southward it diminishes
greatly to where it is lost in surface rubble of thé Perdido formation. The
7 same shift, however, is taken up by the essentially vertical fault through
o Perdido Canyon. These faults may be a subsidiary expression of the struc=
: tural dowrwarp along the western fromt of the range. Thus the block that
s warped down northeast of Gap Hills yielded by breaking around the re-
entrant outlined by the Bighorn Gap and the Perdido Canyon faults. Other
real faults in the central zone are downthrown on the east and are of
minor displacement.
The normal fault east of Whitetop Mountain and Leaning Rock Canyon,
though poorly shown at the margin of the map (pl. 1), exhibits conspicuous

downthrow to the east. The dip slip is possibly 1,000 feet, leaving upper-

post Ely Springs dolomite opposite the base of the Eureka quartzite. The
normal displacement is obscured in the southern part, where an old gravel
ha.t covers the Leaning Rock reverse fault is faulted down against the
fiél.ost Burro formation (see pl. 1 and p1. 7, secs. C=C' and F-F').

A fault along the western side of the same crest locally makes the

%;’:ereet-block a horst. Along the westward-dipping fault Tin Mountain limestone
m dropped against Lost Burro formation. The northern end of the fault is

ncealed by an old gravel.




Igneous rocks
Intrusive alkalic rocks, largely leucosyenite, occur in the north-
;.f-‘eastem quadrant of the Quartz Spring area (pl. 1) and continue to crop out

§ sporadically down the eastern slope of the Panamint Range to the foothills

in Death Valley (McAllister, 1940, p. 1962). They form dikes, sills, and

(»?

chonoliths. The largest masses in the mapped area are between 2,000 and
*s%
5&33,000 feet wide, and the longest is about 2 miles. The contacts are gener-

'ﬁx

ally concordant with the Rest Spring shale and Perdido formation, but are

gintricately discordant across the Tin Mountain limestone, Lost Butto forma-

and the undifferentiated metamorphosed lower Paleozoic limestone and

dolouxite. In other parts of the area, sills and dikes of well-sericitized

Eﬂv"enitic rock in the Quartz Spring area. At both places the rocks are

"characterized hy abrupt and great changes in granularity and in the rela-

'tive abundance of the constituent minerals" (Ball, 1907, p. 208).




Age and correlation

The age of the igneous rocks within the Quartz Spring area has not

been fixed closer than that they are post-Pennsylvanian and that some of

the thin, sericitized sills are older than the last thrusting, whereas the
larger masses are younger than some of the major deformation. They are con-

sidered to be diaschistic offshoots from adamellite,d/ which is widely

Adamellite is used in the sense that was recommemded by Johannsen
(1932, vol. 2, p. 308): a quartz-bearing plutonic rock which contains a
ratio of orthoclase to plagioclase between 35:65 and 65:35.

%1
’
£ exposed in the northern Panamint Range, in the Inyo Range, and almost con-

%{tinuously between the ranges. Although the adamellite is not exposed in

ggkhe area, the relationship is shown by the melanite syenite in border facies
Y%ind offshoots of the adamellite starting 10 to 15 miles southwestward in

‘the Ubehebe Peak quadrangle (Ball, 1907, pp. 206, 208; McAllister, Geology

f the Ubehebe Peak quadrangle, in preparation). The adamellite of the

‘Inyo Range, which is clearly post-Triassic, was considered by Knopf (1918,

« 60) to be contemporaneous with the Cretaceous intrusions of the Sierra
Nevada. The same intrusive complex in tﬂ; Coso Range has been called
Jurassic by Hopper (1947, p. 412), because he correlated it with the in-
trusions of the Sierra Nevada. In reviewing the age of plutonic rocks in
fornia, Larsen (1948, p. 136) indicated that those in northern California,
thern California, and Baja California are related to each other; and

r the age of the batholith in southern California Larsen favored Lower
retaceous, rather than the late Jurassic age assigned to the northern rocks,

the early Upper Cretaceous age assigned to those in Baja California,

112




Petrography

The texture of the rocks is varied, ranging in grain-size from 80
.f?nillimeters in syemite pegmatite to a common size of 0.05 millimeter in the
ﬁagroundmass of monzonite porphyry, and from nonporphyritic through many

combinations of porphyritic texture. In the porphyritic rocks the volume
of phenocrysts ranges from 20 to 60 percent, and some of the phenocrysts
are as much as 70 millimeters long. Most of these textural variations are

: also trachytoid. The predominant elongate and tabular feldspar grains have

The composition also varies greatly, ranging in proportion of mafiec
minerals from slightly less than 3 percent in leucosyenite to L2 percent
gin the groundmass of porphyritic aegirine-augite syenite; and ranging in

;{ailica saturation from undersaturated nepheline-syenite, through saturated

syenite, to quartz-bearing aplitic rock. The quantity of quartz-bearing
. rock is greatly subordinate to that of saturated and undersaturated rocks.
';Pegmatitic diaschists contain no quartz. A characteristic of composition

;that the rocks have in common is the relative abundance of soda, which is

iahown by the large proportion of albite in the ubiquitous microperthite,

&

i

;hy aegirine-augite, and in some rocks, by nepheline.




Trachytoid leucosyenite.—The most abundant intrusive rock in the Quartz

* Spring area is trachytoid leucosyenite. It occurs in sills and dikes start-

i,ing about half a mile northeast of Burro Spring. Much of it is in contact

with the Rest Spring shale or the silty calcareous Perdido formation. The

" typical trachytoid leucosyenite (3010) / is grayish orange (10 YR 7/k) /

d/ Numbers refer to specimens at Stanford University.

Symbols and names of colors are according to the "Rock-Color
Chart," by E. N. Goddard and others, National Research Council, 19L8.

jgand only slightly grayer where it is freshest. Most of the grains are sub-

hedral microperthite between 3 and 5 millimeters long and 1 to 2 millimeters

- wide in a subparallel arrangement. A micrometric analysis along 161 milli-

£

E;neters shows that about LS percent of the rock is orthoclase, 52 percent

- 1s albite, and 3 percent is accessory and secondary minerals. The albite

and orthoclase are combined in microperthite, which thus constitutes 97
percent of the leucosyenite. Albite makes up a large part of some micro-
?@efthite grains, leaving ragged islands of orthoclase. Most of the albite
iappears to be a replacement of orthoclase rather than a product of exsolu-
;tion. The accessory and secondary minerals are biotite, aegirine-augite,

éﬁagnetite, sphene, melanite, chlorite, muscovite, and calcite. A little

@r the biotite is a deuteric alteration of pyroxene, and some is in clots

,pf melanite, sphene, aegirine-augite, and magnetite, Chlorite altered

some of the biotite, and muscovite replaced a very little of the microperthite.




Muscovite leucosyenite (3011) is one of the variants of the trachytoid

% leucosyenite. Where it crops out about 1% miles east-northeast of Burro

‘§_Spring, it is a grayish-yellow (5Y 8/L) coarse-grained rock of conspicuously

g
bix
&

f\tracnytoid fabric. It consists of microperthite, a little albite not inter-

%

Hh
$r
44

grom with orthoclase, and muscovite. Most of the rock is made up of highly
;- albitized orthoclase in grains 10 to 20 millimeters long, 5 to 10 millimeters
" wide, and 1 to 2 millimeters thick. Clusters of muscovite fill interstices

é;among the closely packed feldspar grains. Only in the most favorable places
]

% is the interstitial muscovite in pockets as much as 3 millimeters thick,

2

Lo

;;and in most places it is less than 1 millimeter or absent. The diameters
?«of the pockets in the plane of the trachytoid fabric are as much as 5

?'millimeters; they are connected, however, in an irregular network. Some

5
iéof the muscovite forms clusters having a subhexagonal outline within the

DR S

félicroperthite, where it may be a replacement of early euhedral nepheline,

it

#
o
g
£

3-
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Very coarse grained leucosyenite (3012) is a nontrachytoid variant

that crops out on the ridge 2% miles northeast of Burro Spring.

It is a
medium light gray (N 6) rock of microperthite, some of which has a bluish
. iridescence.

The accessory minerals were estimated to be less than 1 per-
~ cent of the volume.

The microperthite grains are on the order of 20 milli=

meters long and 5 millimeters wide, whereas the mafic grains are commonly
Q‘l to 2 millimeters in diameter. The proportion and coarseness of the

- microperthitic albite varies greatly from grain to grain of orthoclase,
Some of the intergrowth is very fine.

A small quantity of albite forms
; separate grains, some of which are interstitial, whereas others are randomly

oriented inclusions in the orthoclase, distinct from the albite of the
f microperthite.

The accessory minerals are biotite, partly altered to

chlorite, aegirine-augite, sphene and ilmenite, apatite, magnetite, and
f:luscovite.

A little melanite is visible in the hand specimen.




In the porphyritic leucocratic rocks the proportions of phenocrysts

and gromidmass are widely different. The extreme low in the proportion of
phenocrysts is a trachytoid porphyritic syenite (3021), which is exposed

~on the southeastern part of a spur nearly 3 miles east-northeast of Burro

R e

Spring. The yellowish-gray (5 Y 6/2) groundmass constitutes about 80 percent

of the volume. Light bluish gray (5 B 6/1) Carlshad twins of orthoclase

~ form well-alined phenocrysts about 70 millimeters long and 12 millimeters

3}
? thick, in a groundmass of feldspar grains, many of which are about 7 milli-

| .
5 meters long, and a few mafic grains of about 1 millimeter. The orthoclase

+ of the phenocrysts is incipiently microperthitic, but in the groundmass it

) ’; has a high percentage of intergrown albite. Andesine, which is abundant

e

z in the groundmass, is rimmed with albite. Accessory sphene, apatite, and

i

ek,

£ magnetite are more abundant and commonly in larger grains than the biotite

=

’3 and amphibole.
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The other extreme among the porphyritic rocks is a trachytoid

porphyry of altered nepheline syenite (3022), which crops out on a hill 2
miles N. 80° E. of Burro Spring. The groundmass constitutes only 4O per-
cent of the volume, as estimated from a measurement of 428 millimeters normal
to the trachytoid fabric in hand specimens. The pale grayish orange

(10 YR 8/k) rock consists of large tabular euhedral microperthite in a fine=

4 grained groundmass. The tabular phenocrysts, which lie roughly parallel,

o

f the same hand specimen they are well isolated in the groundmass. The

};;, in places are so closely packed that they touch, but in other places in

largest phenocrysts are as much as 70 by 40 by 8 millimeters, but most are

about 50 by 25 by 5 millimeters; average grains of the groundmass are
’% less than 1 millimeter. The direction of the trachytoid orientation changes

¢ within short distances. Some of the microperthite has clear cores of

orthoclase. The groundmass contains microperthite, and clusters of musco-

3
®
Eon

‘: vite and calcite. Some of the clusters are subhexagonal in outline and
‘ are probably altered feldspathoid. All the mafic minerals, in accessory

£

amounts, also were altered to finer-grained aggregates of iron oxides and

18




Melanite nepheline-syenite.—-Although of very limited occurrence in a

spur 2% miles N. 70° E. 6f Burro Spring, melanite nepheline-syenite (3013)

' is noteworthy because it contains the only coarse-grained, fresh nepheline
that has been seen in the area. When found in 1937, nepheline had not yet
been reported as occurring in place in California (Murdoch and Webb, 1948,

p. 22). The nepheline-syenite is similar to the preceding leucosyenite

(3012) and to other melanite-bearing syenites in the Ubehebe Peak quadrangle,

except that it contains a slightly greater quantity of dark minerals and

i
A A
i
%
°

© some interstitial nepheline. It is light gray (N 7) or medium light gray
%(N 6), spotted by black garnet. Some of the feldspar iridesces very pale

", blue (5 B 8/2). Weathering has little effect on the color of the rock, tut

it pits the surface by decomposing the interstitial nepheline. The texture
% is coarse-grained hypidiomorphic, varying abruptly in grain size. Most

5

- tabular grains of microperthite are 10 to 20 millimeters long and few are
*}f more than 4O millimeters long. Exceptionally large nepheline grains are

&

7“"?’:"20 millimeters long, whereas common sizes are 2 to 5 millimeters. Grains

i 7Ry

of melanite range in diameter from less than 1 millimeter to about 10

3

millimeters where elongate or possibly in aggregates; most are about 3

e

o

- millimeters.




The coarse texture forestalled determining adequately in thin sections

> the proportions of mineral constituents. A megascopic analysis based on

& linear measurement of 245 centimeters followss
Percent volume

Alkalic feldspar.oo'ooooco..oo.o....go. 81
f Nepheline (fresh and altered)e..c.ce...s 16
’ Melaxlite......'........'........-....'. 3

% Accessory biotite, augite, and magnetite, as seen in thin section, consti-

S

tute a small fraction of 1 percent and are included with melanite in the

' .- mode.

: Most of the feldspar is microperthite, in which albite occurs in many
degrees of coarseness, starting exceedingly fine, and as several types of
intergrowth, depending on distribution and shape. The proportion of albite
= 1s notably different from grain to grain. It has replaced more than half
of some grains, leaving irregular patches of orthoclase, and in other

T‘ grains it is scarcely present. Some albité (Ab92An08), not intergrown with

i?rthoclase, forms large separate grains. Clear orthoclase is moderately

ﬁlodic, about K72Ab28, which is shown by the extinction angle of 9° between
=
X and (001) normal to Z (Winchell, 1933, fig. 28L).

Fg
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Fresh nepheline in the hand specimen is pale grayish orange (10 YR 7/2)
- and has a greasy luster. The powder gelatinizes with hydrochloric acid.
1'It is negative uniaxial, of low relief in balsam, and of weak birefringence.
i Some of the nepheline has altered to zeolites. In thin section the zeolite
 'aggregates having hexagonal outline within microperthite may be altered
nepheline, but the dodecahedral shape of pits of the same size (about 0.5

millimeter) on weathered surfaces suggests that the altered mineral may
have been sodalite.

S S T PR

The black or brownish black garnet is called melanite because of the

PE
5.
1A

- color and its typical occurrence in nepheline-syenite and other syenitic

/i
e
yars
£
B,
=

o

_rocks. The high indices of refraction have not been determined and there

is no chemical analysis of it to show whether it is titaniferous. In some

syenite of the area the garnet is associated with abundant accessory sphene
¢ and some leucoxene-rimmed ilmenite. The color in thin section magnified

; 20 times (a daylight microscope lamp was used whem determining ceélors in

§ thin sections) ranges from light olive gray (5 Y 6/1) to dusky yellow

(5 Y 6/k). The garnet is euhedral or subhedral, isotropic, and high in relief.
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?'Analyses and norms of melanite nepheline-syenite from the Quartz Spring area
and of nepheline-syenite from some other areas

REEI e 4 e

R

Analyses
1 2 3 b
510, 59.1h Sh.63 58.27 52.53
A1§03 21.72 19.89 23.75 19.05
F3203 0.98 3437 1.86 heT77
FeO 0.71 2.20 n.d. 2.10
MgO 0.94 0.87 Trace 1.99
Ca0 2.2 2.51 1.89 5.75
Na,0 5.69 8.26 6.90 4.03
K50 6.28 5.46 5.17 7.30
H)0 + 1.5L 1.35 2.30 1.49
H20- 0.32 —— —— 0.13
Ti02 0.12 0.86 — 0.07
PZOS Trace 0.25 — 0.28
MnO Trace 0.35 — 0.13
002 Trace — —— ———
99.86
Norms
o 37.25 32.80 31.1, 13.37
ab 39.30 28.82 L3.49 11.53
an 11.95 0456 « 9.45 12.23
ne .83 22.4L 7.95 12.21
C 1.12 — 3.16 —
di —— Le97 —— 10.86
wo —— 2.32 — 0.23
ol 1.88 — 2.45 ——
mt 1.39 5.57 ——— 6.96
i1 0.30 1.67 —— 0.15
ap — —_— ——— 0.67
98 002
Position I.5.1.h4

292-293).
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Melanite nepheline-syenite (3013), Quartz Spring area, W. H. Herdsman, analyst.
Average nepheline-syenite, mean of L2 analyses (Daly, 1933, p. 1k).
Nepheline-syenite, Peterborough County , Ontario (Washington, 1917, op.

Biotite-melanite nepheline-syenite, Kruger Mountain, British Columbia
(Washington, 1917, pp. 56'4‘565) .




The chemical analysis and norm of a specimen of melanite nepheline-
? syenite (3013) are shown in the first column of the table, where they may
g;i'be compared with the analyses and norms of average nepheline-syenite (Daly,
1933, p. 1h), of a nepheline-syenite from Peterborough County, Ontario,
selected for its similarity, and of biotite-melanite nepheline-syenite from

lruger Mountain, British Columbia (Washington, 1917, pp. 292-293; 564=565).

e Y e

In the Quartz Spring and Peterborough rocks much more of the soda is in

normative albite thsn in nepheline, in contrast to the more nearly equal

AT

§ distribution in the average nepheline-syenite and the Kruger Mountain melan-
% ite nepheline~syenite, both of which contain a considerably larger proportion
’t of femic minerals. Modal nepheline of the Quartz Spring melanite nepheline-
syenlte is 16 percent (volume), whereas the normative nepheline is only 5

percent (weight); also modal plagioclase is about Ab92An08, whereas normative

-«;ﬁﬂ R f,ﬁ‘x

plagioclase is Ab77An23 Much of the lime that appears in salic anortho-

véﬁclase actually occurs in melanite, for which the norm makes no provision,

A melanite syenite (301lh4) that is finer-grained and somewhat darker

- contains large patches of natrolite, which probably are zeolitized nepheline.
The mafic minerals are augite and green biotite. Sphene and magnetite are

Corundum, although also in accessory quantity, is particularly
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Aegirine-augite monzonite and monzonite-porphyry.—Aegirine-augite

i monzonite (3015), which crops out on the hill three-quarters of a mile north

" of Burro Spring and south of the leucosyenite (3010) is one of the most

bundant of the less leucocratic rocks. It also is trachytoid, but lacking
the orange tint of the leucosyenite; it is medium light gray (N 6). Slender
§ feldspar grains are commonly 2 to 5 millimeters long and many of the

? aegirine-augite grains in the hand specimen are between 1 and 2 millimeters,
? although in thin section a more usual size is about 0.5 millimeter. Micro-
; perthite and plagioclase (near the division between oligoclase and andesine)
% are in nearly equal proportions. Micromeasurements along 107 millimeters

g gave the following volume percentagess

; MicroperthiteyeecoccesceseseeekB
PlagioclaS€e.ceecsoocssosanesolily
Aegirine-augitecsscestecescses 6

AcCesSoTrieSeeccesccecesncscccoe 2

i;The accessory minerals are sphene, magnetite, biotite, and apatite. Some
- anhedral magnetite is closely associated with the aegirine-augite. Near

aplitic dikes the aegirine-augite monzonite is somewhat epidotized and




g

b

g e

Aegirine-augite monzonite~porphyry (3017) crops out 2% miles northeast
of Burro Spring. The rock is medium light gray (N 6) and weathers light
or pale brown (5 YR 6/l or 5 YR 5/2). Phenocrysts of microperthite are 20
to 30 millimeters long and 10 to 15 millimeters wide; another generation
of microperthite and plagioclase phenocrysts, as measured in thin section,

range in length from about 0.5 millimeter to 1.5 millimeters; and aegirine-

% augite crystals are seriate up to 1 millimeter long. The groundmass of

% roughly equal quantities of orthoclase and plagioclase is hypidiomorphic

in grains generally about 0.05 millimeter long. The plagioclase in pheno-
crysts is andesine (AbSBAnh2)’ except in rims, whereas in the groundmass
it is probably oligoclase. In a micromeasurement of 100 millimeters, 9
percent of the volume is aegirine-augite. ZEuhedral magnetite, sphene, and

apatite together form much less than 1 percent of the rocke.
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Aegirine-gugite syenodiorite.——An increase in the proportion of

plagioclase forms aegirine-augite syenodiorite (3018), which occurs locally
near the melanite nepheline-syenite (3013), close to marble. The texture
is medium~ or fine-grained granitic, which in thin sections appears moder-
ately trachytoid. In hand specimens the largest grains of feldspar commonly
are 5 millimeters long, but in the thin sections few grains are 1.5 milli-
meters and most are 0.5 to 1.0 millimeter long. Many of the mafic grains
are about 0.3 millimeter in diameter, and where elongate, about 1.0 milli-
meter in length; however, sphene is as much as 2.5 millimeters long.

The mineral composition of a specimen is shown approximately by the
following micrometric analysis along lines aggregating 86 millimeterss

Percent volume

Orthoclase (variably microperthitic)..... 2l
Andesineecsecccecsceccscsecocosccsccccccnce 53
Aegirine-augit@cccceccccccrsccsccorcccccee
MagnetitCesseccceesscosoenccscvsessscccens
SPhENEessesossssescescsrsssscsssnsecssone

i
Hastingsiteeeesecocovscsccnsccscasccnsces L
3
1l
1l

Mehnite.. 000000000000 2500080300 000000000
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Some of the orthoclase is nearly free of albite intergrowth but some

i is highly perthitic. The andesine (Ab67An33) tends to form elongate grains

approximately the same size as the orthoclase grains. The alkalic feddspar

- 1s 31 percent of total feldspar, making the rock syenodiorite. Pleochroic

green aegirine-augite is rimmed by more strongly pleochroic darker green
to bluish hreen hastingsite, which is described more fully under the altered
nepheline syenite (3019) that follows. Sphene and melanite, although

accessory, are conspicuous. Biotite and apatite are scarce,
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Hastingsite nepheline-syenite.——Another darker rock is hastingsite

hepheline-syenite (3019), in which the nepheline has been altered to

AT R

natrolite. It occurs locally, near the contact with marble at the head

of the camyon about 2% miles east-northeast of Burro Spring. The texture

A PR

is hypidiomorphic medium-grained. A micrometric analysis based on a traverse

118 millimeters long gave the following mineral composition:

g. Percent volume
§} Microperthit@eeccoeeoccsscosscsossascsccnss 60
§ Natrolite after nephelin@eccveccsccccveces 10
§ Hastingsit@eceeoseooescroscscescosccnsnnss 11
% Augiteccesesesccsecscccroccssssscosscscces 8
é Biotiteesecceosccotsoccsrcrscccssceccscane 6
: Melanite..cceecercossareoccoercscsscsnsrcces L
o Apatiteccecesecccocsecrsvccsesccsccsceccns 1
% There are also a few crystals of sphene and fewer of zircon. Some of the

¢ microperthite contains a large amount of albite, but as in other rocks

?§ of the area, the proportions and form vary.from grain to grain. No fresh
4; nepheline remains in the thin sections; however, natrolite in well-defined
ﬂi masses is considered to be an alteration of nepheline. The hexagonal
%;,outline of some of the masses may be the shape of original euhedral nephe-

line, or possibly of sodalite, as suggested for the previously described

§ melanite nepheline-syenite (3013).
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* and is strongly pleochroic as follows:

g’.
¥

The hastingsite, which in thin section shows good amphibole cleavage,

has a very small axial angle, weak birefringence, is optically negative,

X : dark greenish yellow (10 Y 6/6)

Y : dusky yellowish green (10 GY 3/2)

Z s grayish green (5 G 5/2)

Absorption ¢ Y> Z >X

cAZ s 35°
The distinctive characteristics of this hastingsite are the conspicuously
small axial angle, weak birefringence, intense pleochroism, and large

extinction angle. The same optical properties were emphasized in the first

¢ descriptions of hastingsite from the type locality in Hastings County,

. Ontario (Adams, 1894, p. 13; Adams and Harrington, 1896, pp. 210-211; and
Graham, 1909, pp. 540-543). Later, recogmizing that the properties of

¥ hastingsite vary considersbly Quensel (191k, p. 152) redefined hastingsite

: to include "...hornblende with small axial angle, with a probably indefinite
¢ position of the axial plane...y low birefringence, ...with Y or Z lying

! nearest ¢, forming large extinction angles, and with strong axial dis-

prersion.® In some more recent usage of the term (Larsen and Berman, 193},

p. 225; Larsen, 1942, p. 49) the axial angle is large and the other dis-

tinctive optical properties have been lost. The hastingsite, however, of

the Kruger alkaline syenites in British Columbia, as described by Campbell

B (1939, p. 532) and of the Oroville malignite in Washington (Krauskopf,

§ 1941, pp. 26, 27) is similar to the hastingsite of the Quartz Spring area.
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The biotite is pleochroic in similar but much paler colors, and likewise

B has a very small axial angle, but it is distinguished by the cleavage, bire-
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fringence, and clearly lower relief, It is the third in a deuteric reaction

fﬁ series from augite through hastingsite. Nevertheless, most of the three

minerals form grains that are free of the others.

The darkest rock is a mesotype porphyritic altered nepheline-~syenite
(3020), which is nearly 35 percent mafic, and conspicuously trachytoid.
Only a small quantity occurs near the last rock described (3019). Pheno-

crysts of orthoclase commonly are about 15 millimeters long and 5 millimeters

: wide. They enclose small grains of mafic and accessory minerals. The

dark gray (N 3) groundmass, according to a megascopic measurement 650 milli-

- meters long, constitutes 82 percent of the rock's volume. Grains in the

: groundmass commonly range from 0,2 to 1.0 millimeter, except orthoclase

grains, which commonly are about 0.5 by 2.5 millimeters. Phenocrysts and

~ grains of the groundmass are well alined.

The approximate mineral composition of the groundmass, calculated from
a microscope traverse 90 millimeters long, followss

Percent volume

OrthoClaseecccesescstsoroscocsssctasscasssacne 52

Altered nephelin@cececcesscoscecsccsscscsveses 5

Hastingsite and aegirine-augiteececcceccccscces 33

Melanit@eeececcccocsserscsoscsocccecccscsccone 8

Bilotite, apatite, sphene, magnetitesccececececee 2
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The orthoclase is slightly microperthitic. Fine-grained masses of
zeolites and miscovite are considered to be altered nepheline. There is

somewhat more hastingsite than aegirine-augite, and some of it poikilitically

i
1
|
i
1

encloses euhedral aegirine-augite. The hastingsite is an amphibole similar

to that of the hastingsite nepheline-syenite (3019) in that the axial angle

5 is very small, the birefringence weak, and the extinction angle (cAZ =30°) E
:¥ is large for an amphibole, but the similar pleochroism is slightly more

¢ olive, as follows: |

X : light olive (10 Y 5/k)
Y : grayish olive green (5 GY 3/2)
Z 3 grayish green (5 G 5/2)
absorption ¢ Y> 2 >X
The aegirine-augite has the optical characteristics of pyroxene, a
maximum extinction angle of 67° between c and Z, and is pleochroic from

dusky yellow (5 Y 6/L) to pale bluegreen (5 BG 6/2). Some has a colorless

. augite core, showing a smaller extinction angle. Isotropic melanite in

~ thin section is light brown (5 YR 5/k). "Some of the accessory apatite is

unusually large.
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Syenite pegmatitev—Pegmatitic and aplitic rocks also show an alkalic

affinity. The pegmatite contains no quartz, whereas many of the aplitic
rocks do have quartz. A syenite pegmatite (3023), which occurs in a small
irregular dike about 2% miles N. €0° E. of Burro Spring, is the coarsest
rock found in the area. Yellowish gray (5 Y 8/1) anhedral microperthite
crystals, oriented at random, are commonly 70 by 50 by 5 millimeters and
are as much as 80 millimeters long. The microperthite contains a large
proportion of albite, and it is slightly replaced by muscovite and calcite.
Spaces between the large microperthite grains are filled with finely granu-
lar muscovite, clacite, less albite, both euhedral and anhedral magnetite,
and very little pyrité. In syenite near the pegmatite there are some

veinlets of blue crocidolite.

Nordmarkite.~-Quartz-bearing alkalic leucosyenite, or nordmarkite
(3024), has a medium-grained hypidiomorphic texture, which contrasts sharply
with the nearby trachytoid coarsely porphyritic altered nepheline-syenite
(3022). Many grains in the nordmarkite are elongate microperthite as much
ag 5 millimeters long and 2 millimeters wide, although the more equi-
dimensional grains are about 1.0 millimeter across. Most mafic grains are
0.5 or somewhat less, and few of the irregular interstital quartz grains

are as much as 0.5 millimeter in the longest dimension.
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The mineral composition of the nordmarkite is shown by the following
micrometric analysis based on a measurement 146 millimeters long:

Percent volume

Microperthite.cseccecsscecscocescese 76
Plagioclase (not in microperthite).. 16
QuUArtZessessecsssosscsssssssssosssen 3
Aegirine-augit@cseececescscossccsscns 5 -

Sphene, apatite, and magnetite together form much less than 1 percent;
of these sphene is the least scarce. The microperthite contains a large
proportion of albite in patches, veins, and rims; in some grains the ortho-
clase is subordinate. The quartz is clearly interstitial, sharply angular
in outline between faces of microperthite crystals, which it does not
transect or replace. The quartz, though late in the sequence of crystalli-
gation, is not hydrothermal. Aegirine-augite is accessory but it is
conspicuous because of the brilliant greens in thin section and the peppery
aspect in the hand specimen. The color and the large extinction angle

(cAZ=77°) indicate that it is high in aegirine.
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Aplites.—The finer-grained hypidiomorphic, leucocratic, largely
quartz-bearing rocks that occur in dikes through the other intrusive rocks
are aplites in the broadest sense of the term but not in the stricter sense
that requires a saccharoidal texture and always quartz. The close genetic
relationship §f the aplites to the coarser-grained alkalic rocks is indicated
by the prevalence of albite as a separate mineral in some or as an abundant
constituent of microperthite in most, and by a little aegirine-augite. In
the proportions between the feldspars some of the aplites are equivalent

to the coarser-grained syenite, and others to the coarser-grained monzonite.
The principal difference is the oversaturation with silica.

Granitic aplite (3026) is closely associated with the abundant trachytoid
leucosyenite (3010) on the eastern side of the mountain about a mile north-
northeast of Burro Spring. The granitic aplite, which more precisely is
fine-grained leucogranite, is yellowish gray (5 Y 7/2) and has a few brown
specks as if from weathered pyrite. The texture is fine-grained hypidio-
morphic, in which most grains are about a millimeter or somewhat less in
diameter, although microperthite grains are seriate up to 2.5 millimeters,

and interstitial quartz grains are commonly about 0.5 millimeter. The

¢ mineral composition, as derived from a micrometric measurement 221 milli-

meters long, consists of 83 percent microperthite, 16 percent quartz, and

© somewhat more than 1 percent iron oxides and apatite. The microperthite
é contains a large proportion of albite, which replaces also a fewﬁrainn of

g?more calcic plagioclase, which were counted with the microperthite.

13k




Another granitic aplite (3027), or fine-grained leucogranite, is
associated with the muscovite leucosyenite (3011). The aplite is medium
light gray (N 6), becoming 1ight olive gray (5 Y 6/1) where specked with
limonite. The texture is fine-grained hypidiomorphic, consisting of sub=
hedral microperthite grains mostly between 0.5 and 1.0 millimeter excepting
those that are elongate as much as 1.5 millimeters, of anhedral albite
grains 0.5 millimeter or less, and of anhedral quartz mostly about 1 milli-
. meter across.

The mineral constituents are predominant microperthite, abundant quartz,
§l and less--though still abundant--plagioclase in distinet grains that are

f. not part of the microperthite. The sparse accessory minerals, aggregating

a small fraction of 1 percent, include aegirine-augite, sphene, pyrite

largely weathered to hematite and limonite, and violet fluorite. The

: proportions of the constituents are shown in the following micrometric

v; analysis from a traverse 72 millimeters long:

Percent volume

T ORI AP N IR T x UL Ry Adng

Microperthite........"."."........'...‘ 51 };
Oligoclase'."'.'........'..'..'.......'.. 21 %
Quar’bz....................-.....u....u.. 28 j
i.
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The microperthite, 71 percent of total feldspars, contains a large
proportion of albite, which rims and irregularly patches the microperthite
and predominates in some grains. Oligoclase about AthAnlé, as determined
by the indices of refraction of cleavage fragments, makes fine-grained
aggregates among the microperthite grains, and a little in microperthite
forms inclusions without the systematic orientation of the perthite albite.
Some of the quartz is interstitial, having straight edges in contact with
microperthite faces, but some transects microperthite. Individual grains
under crossed nicols show a faint mosaic. The interstitial quartz is con-
sidered to be an original constituent of the rock, but some of the other
quartz may be a replacement formed during a stage that was essentially
hydrothermal, if that term is used in a general sense without commitment

as to the phase of the mineralizing fluid. Pyrite and fluorite are also

products of the late stage.
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Adamellitic aplite (3016), or fine-grained albite leucoadamellite,

forms dikes in aegirine-augite monzonite-porphyry (3017) 2% miles northeast

~ of Burro Spring. In the hand specimen it is very light brownish gray

(5 IR 7/1) weathering light brown (5 YR 6/L), and appears saccharoidal from
the abundant equidimensional anhedral quartz. The texture, however, as
shown by thin section is hypidiomorphic rather than saccharoidal, and con~
sists of grains commonly 0.5 to 1.0 millimeter across. The mineral com-
position of a specimen is shown by the following micrometric analysis based
on a traverse 170 millimeters longs

Percent volume

Orthoclaseeceseccovsessscccosconcscncoe 35
Albiteo-.a-.ooooooa.oooooooooooooo--.. 39
QuartZececescsscessccosscccacssssccsces 26

The orthoclase, some of which is incipiently microperthite, is 47 percent

of the total volume of feldspars, making the rock adamellitic. The albite
is an original constituent of the rock, the first grains having crystallized
before some of the quartz. A very small qﬁantity of accessory minerals

consists of magnetite and biotite. Some sericite and muscovite are secondary,
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Origin of the alkalic rocks

The origin of the undersaturated alkalic rocks of the Quartz Spring
area involves a controversial subject that has been treated extensively in
geologic literature. Rather than review what has been written (see Shand,
1947, for references) and attempt to make generalizations in the light of
this one occurrence, what seems to be a reasonable explanation of only the
Quartz Spring rocks will be presented without the slightest claim to
originality. At a late stage in the crystallization of an adamellite
bathelith, small masses of residual magma were injected relatively far into
predominantly carbonate rock, which desilicated the small masses as they
passed through the limestone and dolomite. The nearly solidified syenitic
offshoots then were altered by highly sodic emanations. The relatively
small quantity of quartz-bearing aplitic rocks on passing through earlier
igneous rock had less opvortunity to be desilicated.

The emplacement of at least some of the intrusive rocks was by injection.
Three-dimensional exposures in gulches about 500 feet deep show well that
thick dikes and sills crumpled back incompetent beds and bowed the more
competent beds. A wedging effect togethér with marginal crumpling, made
by a large 8ill, is exposed near the canyon junction in the northeastern
corner of the area. In massive country rock, as along the eastern crest
of the Panamint Range, the irregular intrusions were much less cbviously

injected, and they may have been controlled by irregular joints.
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Piecemeal stoping was a subsidiary result of the forceful injection
and not the main process of emplacement. All staées in piecemeal stoping,
from large masses of limestone nearly surrounded by tongues of syenite to
small blocks of quartzite several inches in diameter, are exposed in O'Brien
Canyon. The small inclusions of quartzite, although more than 100 feet
from exposed sedimentary rock, are probably near the base of the sill, which
is visible farther down the canyon. Within small areas near contacts,
limestone xenoliths show an arrested series of digestion: some xenoliths
are nearly pure metalimestone, others are rimmed with ferromagnesian
minerals, or they are fine-grained aggregates of light-colored ferromag-
nesian minerals, or finally, clots of coarse-grained mafic minerals. The
small total amount of stoping and assimilation in the exposed region is
indicated by the low proportion of basic minerals in the rocks as a whole,
and by the leucoratic rocks that are sufficiently well exposed in small
masses to show that crystal settling does not account for the scarcity of

heavier minerals.
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For the same reasons most of the desilication of the leucocratic rock

is not the result of assimilating carbonates, in.the final position that
now is exposed. TYet the presence of melanite, as in the fresh nepheline=
syenite (3013), according to Shand (1547, p. 307) proves assimilation of
limestone. Possibly the melanite-bearing rocks and the more basic rocks
near margins are from diaschistic magma that was reduced from oversaturation
to saturation in transit through carbonate rock, and in the present position
locally assimilated sufficiently more carbonate rock to reduce it further

to undersaturation. There is no evidence tc show which process was more
effective in reducing the proportion of silica during passage through
carbonate rock, desilication by assimilating carbonate or by losing silica

through additive contact-metamorphism of the carbonate country rock.
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The alkalic nature of the rocks is partly.an original characteristic
and partly a late acquisition. The normal late differentiates around the
margins of adamellite in the Ubehebe Peak quadrangle are pegmatites and
aplites rich in orthoclase and albite and poor in mafic minerals. The Quartz
Spring rocks originally were similar to these but for the loss of silica,
as orthoclase and microperthite formed much of the original rocks. At
least some of the orthoclase is moderately sodic, about K72Ab28 (3013),
and probably a large part was originally microperthitic. Some of the albite
in interstitial grains also appears to be primary. Euhedral feldspathoids,
as inclusions in microperthite and as interstitial grains, crystallized
early. ihen soda-rich solutions greatly increased the quantity of albite
in microperthite, rimming many grains, leaving isolated ragged patches of
orthoclase in some, and entirely repiacing others, forming an aggregate
of completely oriented fine-grained albite within the outline of the grain.
(See Anderson, 1937, pp. 59-61.) Albite formed replacement rims on more
calcic plagioclase and in some grains left only irregular cores. The sodic
solutions reacted with augite to form coronas or entire grains of aegirine-
augite. 'he amphibole, some of which is a deuteric alteration of pyroxene,
is hastingsite. The active role of late solutions is shown further by

muscovite replacement of some feldspathoid, orthoclase, and biotite, and

by traces of fluorite.




In summary, the regional distribution of saturated and undersaturated
rocks with respect to oversaturated adamellite and the carbonate rocks
favors the theory of desilication by the carbonate rocks. Syenite was pro-
duced from a somewhat pegmatitic differentiate of adamellite at a few
places along carbonate contacts where lack of circulation from the parent
magma impeded equilibrium, and nepheline-syenite was formed where small
satellite masses passed through carbonate rock, permitting further desili-
cation and virtuvally no cirulation with the source. The pegmatitic aspects,
the trace of fluorite, and the deuteric addition of soda to the minerals
suggest that the alkalic rocks of the Quartz Spring area were produced
during the late stage of crystallization of a residual magma containing

abundant fugitive constituents, which were rich in soda.
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