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The present series of Geologic Quadrangle Maps of the United States continues the project of geologically mapping the entire country, begun with
the folios of the Geologic Atlas of the United States, which were published from 1894 to 1945. The new series consists of geologic maps, supplemented
where possible by structure sections, columnar sections, and other graphic means of presenting geologic data and accompanied by the minimum of
explanatory text required to make the maps useful for general scientific and economic purposes. Full description of the areas shown on these maps and
interpretation of the geol ogic history are reserved for publication in other channels, such as the Bulletins and Professional Papers of the Geological Survey.

Where additional types of geologic maps are required, separate maps of the same areas, covering bedrock, surficial, engineering, and other phases
of geology, may be published in the geologic quadrangle map series. Each edition is issued in two forms—flat for filing in large map cases and folded for
convenience in filing and for use in the field.

These maps may be obtained, flat or folded, from the U. S. Geological Survey, Washington 25, D. C., at the prices listed below. Prepayment is
required and may be made by postal or express money order payable to the U. S, Geological Survey, or in cash—the exact amount—at sender’s risk.
Postage stamps are not accepted in payment for publications.
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INTRODUGTION

The accompanying geologic map of
the 30-minute Mina quadrangle covers
the southeast quarter of the Hawthorne
1-degree quadrangle. The topographic
base for most of the Mina quadrangle
is an enlargement of the Hawthorne
map; but for the part north of the
Excelsior Mountains and small areas
near Candelaria, which are underlain
by pre-Tertiary sedimentary rocks, the
topography has been revised in the
course of geologic mapping.

The area is in west-central Nevada.
Mina, the only town, is the present
terminus of a branch of the Southern
Pacific Railroad from Reno. Good high-
ways traverse the eastern and south-
eastern parts of the quadrangle, but
most of the area is accessible only by
desert roads of variable quality. On the
accompanying map the approximate
present position of the through roads
has been indicated. Other roads are not
shown, for their passability is largely
dependent on the intermittent activity
of mining and prospecting. The area
formerly yielded considerable gold, sil-
ver, copper, tungsten, quicksilver, tur-
quoise, diatomite, and salines, but in
recent years mining has been on a
reduced scale.

A reconnaissance survey of the
Hawthorne quadrangle was made by
Ferguson and Catheart in 1923 and
1924. In 1927, 1930, and 1931 Muller
made a study of the Triassic and
Jurassic formations of the Gabbs Valley
Range and Pilot Mountains. Between
1934 and 1938 detailed study of the belt
of complex structure in the north-
eastern quarter of the quadrangle and
a small area near Candelaria was under-
taken by Ferguson and Muller (Muller
and Ferguson, 1939; Ferguson and
Muller, 1949). Work during the field
season of 1934 was done with the assist-
ance of a grant from the Penrose Fund
of the Geological Society of America.
W. F. Foshag was associated with the
project during the 1924 field season.
At different times the field work was
ably assisted by Q. D. Singewald, H. H.
Chen, J. F. McAllister, and J. D. Barks-
dale. Fossils from Cambrian rocks were
determined by Josiah Bridge, Ordovi-
cian by Edwin T. Kirk, Permian by
George H. Girty, Triassic and Jurassic
by S. W. Muller. Descriptions of
igneous rocks are based largely on notes
by Cathecart. Ferguson is responsible
for the present text, in the preparation
of which he was greatly aided by con-
structive critical comments from J. F.
MecAllister, R. J. Roberts, R. A. Weeks,
and Ruth Schmidt.

TOPOGRAPHY

Although the area is within the Basin
and Range physiographic province, the
mountains and valleys of the quad-
rangle do not show the parallel arrange-
ment characteristic of the province as
a whole. This appears to be due to
variations in the directions of the con-
trolling Tertiary and Quaternary faults.
In the northeast, the general trend of
the ranges is west of north, conforming
to the prevailing trend of this part of
the Basin and Range province. Else-
where trends are varied, dominantly
easterly in the central and southeastern
parts, and northeasterly in the south-
western part. Most of the ranges ex-
ceed 8000 feet in altitude. The highest
points are Miller Mountain, 8708 feet,
in the south, and a peak in the Pilot
Mountains, which is above 8700 feet.
Part of Soda Spring Valley is below the
4500-foot contour; and the lowest part
of the quadrangle, Rhodes Salt Marsh,
is less than 4400 feet in altitude.

GEOLOGY

SUMMARY
Two groups of pre-Tertiary forma-
tions underlie different parts of the
quadrangle, but their relations have
not been established with certainty,
and it is thought likely that they may
represent different plates of a major
thrust. Cambrian and Ordovician for-

mations crop out only in the south- .

eastern part of the area. They were
strongly folded before the Permian
Diablo formation was deposited. The
Lower Triassic Candelaria formation
was deposited disconformably on the
Diablo formation.

An entirely different group of pre-
Tertiary rocks underlies the northern
and western ranges. Here the oldest
unit is the Middle Triassic (?) Excelsior
formation, which consists of inter-
bedded greenstones and felsites, chert,
slate, and sandstone. To the east, in the
adjoining Coaldale quadrangle, vol-
canic rocks, tentatively correlated with
the Excelsior formation, overlie the
Ordovician Palmetto formation un-
conformably. The Excelsior formation
was strongly folded and possibly thrust-
faulted before the deposition of the
Upper Triassic Luning formation. The
Upper Triassic Gabbs formation and
the Lower Jurassic Sunrise formation
constitute a conformable sequence with
the Luning.

The clastic sedimentary rocks com-
prising the Lower Jurassic Dunlap for-
mation mark the beginning of a major
period of orogeny. Locally the Dunlap
formation is conformable on the Sun-
rise, but in general it rests with angular
unconformity on the older formations,
including the Excelsior. The Dunlap
formation was being deposited as the
folding increased in intensity, and
southward-directed surface thrusts of
small magnitude were contemporane-

ous with the coarse clasties of the upper
part of the formation. Complex over-
turned folds and larger thrusts, gener-
ally directed to the southeast or east,
were later developed during the climax
of the Jurassic orogeny.

This orogeny was followed by the
emplacement of the Sierra Nevada
batholith and its satellitic intrusives.
The eastern border of the main mass of
the batholith touches the western bor-
der of the quadrangle. Mineralization,
which resulted chiefly in silver, lead,
copper, and tungsten deposits, followed
the granitic intrusions.

After a long period of erosian came
great outflows of lavas, probably be-
ginning in late Miocene and continuing
at intervals into the Pleistocene. Gold,
quicksilver, and tungsten metallization
accompanied the Tertiary volcanism.
During intervals of relatively minor
igneous activity, sediments of upper
Miocene to lower Pliocene age were
deposited in closed basins. Normal
faulting, which largely determined the
present position of the ranges, is thought
to have begun as early as the Miocene
and has continued, with intermissions,
to the present.

Late Pleistocene Lake Lahontan did
not quite reach the northwest corner of
this quadrangle, but contemporaneous
lakes existed in Garfield Flat, Soda
Spring Valley, Rhodes Salt Marsh,
Teels Marsh, and Columbus Salt Marsh.

GAMBRIAN AND ORDOVICIAN

Neither the Cambrian nor Ordovician
formations of the southeastern part of
this quadrangle resemble the forma-
tions of the better-known sections in
the central, eastern, and southern parts
of the Great Basin. The alternation of
slate, dolomitic limestone, and quartz-
ite of the Miller Mountain formation
suggests a similarity to the upper part
of the Silver Peak group of the Silver
Peak quadrangle (T'urner, 1902; 1909).
The formation is similar to the Cam-
brian (?) rocks of the adjoining Coal-
dale quadrangle and the northeastern
part of the Tonopah quadrangle (Fer-
guson, 1924, pp. 18-20; Ferguson and
Muller, 1949, p. 52). The only fossils,
fragments of Mesonacid trilobites from
the upper part of the section, indicate
a Lower Cambrian age.

The Ordovician Palmetto formation
is likewise similar to other ‘‘western
facies” of Ordovician formations of
northwestern Nevada such as the
Toquima (Ferguson, 1924, pp. 20-25),
Vinini (Merriam and Anderson, 1942,
pp. 1693-1701; Merriam, 1949), and
Comus formations (Ferguson, Roberts,
and Muller, 1952). Graptolites from
the lower part of the formation are of
Normanskill age.

From present knowledge of the
stratigraphy of western Nevada it ap-
pears that the early Paleozoic forma-
tions, roughly west of longitude 117°
and north of latitude 87°30', were
deposited in a geosyncline (‘“Frazer
belt,” Kay, 1947), distinct from that
of the eastern and southern parts of the
Great Basin (‘“Millard belt,” Kay,
1947). The relations along the border
between these belts await further study,
but in part at least there appears to
have been a rather persistent positive
area (Nolan, 1928; 1943, p. 146; ‘“Man-
hattan geanticline,” Eardley, 1947).

Tertiary voleanic rocks cover the
contact between the Miller Mountain
and Palmetto formations, so it is not
known whether there is here an uncon-
formity between Lower and Upper
Cambrian, as reported from the Silver
Peak quadrangle to the south (Turner,
1909, p.242). Abundant graptolites in
the lower part of the Palmetto forma-
tion on the north flank of Miller Moun-
tain are of Normanskill age.

PRE-PERMIAN FOLDING

The Cambrian and Ordovician rocks
were folded before the Permian Diablo
formation was deposited. On Miller
Mountain the Permian rocks have a
general westward trend in contrast to
the prevailing north to northeast trend
of the Paleozoic a few miles to the
north, and generally in western Nevada.
A major west-pitching anticline with
superposed minor folds is suggested by
the observed attitudes at the western
end of the area underlain by Cambrian
rocks. Ordovician rocks on the north
flank of the mountain are more closely
folded and the dips on the northern
limbs of the anticlines are generally
steeper.

Elsewhere in the area underlain by
Ordovician rocks northeasterly trends
prevail, and small folds, in part over-
turned to the northwest, are truncated
by the north-dipping Permian beds.

In the Antler Peak quadrangle, 180
miles to the north (Roberts, 1951) rocks

of probable Mississippian age were
folded and thrust before the deposition
of the Lower Pennsylvanian Battle
formation. It seems likely, therefore,
that this folding may have been part
of the same Paleozoic orogeny.

PERMIAN AND LOWER TRIASSIG

The sandstone of the Permian Diablo
formation contains a characteristic
Phosphoria fauna including Puncto-
spirifer pulchra, Neospirifer pseudo-
cameratus, and Linoproductus eucha-
ris. It is believed to represent a
western facies of the margin of the
Phosphoria sea of the northeastern
Great Basin, implying that in Permian
time there may have been an overlap of
the sediments of the eastern geosyn-
cline. Sandstone and grit containing
essentially the same fauna are known

BEND IN SECTION

from the Toquima and Toyabe Ranges,
about 70 miles northeast (Ferguson
and Muller, 1949, pp. 51-52) and near
Winnemuecca, nearly 200 miles to the
north (Ferguson, Roberts, and Muller,
1952). The dolomite, apparently a
local facies, is known only in this local-
ity and adjoining parts of the Coaldale
quadrangle. The fossils are corals, in-
cluding Triplophyllum and Campo-
phyllum, and a brachiopod Cleiothy-
ridina.

The Diablo formation was for the
most part eroded before the deposition
of the overlying Lower Triassic Can-
delaria formation. There is, however,
no appreciable angular discordance,and
there is here no evidence for orogeny
within the Permian as found farther
north (Ferguson, Roberts, and Muller,
1952). A 75-foot thickness of bitumi-
nous shales about 150 feet above the
base yielded the only fossils from the
Candelaria formation; they included
Claraia, Proptychites,and Meekoceras
(Muller and Ferguson, 1939, pp. 1583-
1584).

MIDDLE TRIASSIG(?)
EXCELSIOR FORMATION

The dominantly voleanic Excelsior
formation (Muller and Ferguson, 1939,
pp. 15686-1592) is not in contact with
the Candelaria formation. In the south-
western part of the adjoining Coaldale
quadrangle, lavas assumed to form the
base of the Excelsior overlie the Diablo
formation unconformably.

The tentative assignment of the
Excelsior formation to the Middle
Triassic is based on fossils from inter-
bedded limestone lenses in metavol-
canics of the Gillis Range, 40 miles to
the northwest. They include Pecten
aff. P. tirolicus and Hoernesia aff.
H . socialis. Voleanic rocks are also pres-
sent in the Triassic of the Yerington
district, 70 miles northwest (Knopf,
1918, pp. 12-16) and in the Inyo Range,
80 miles south (Kirk, 1918, pp. 42-48).
On the other hand, the presence of a
similar volcanic sequence of probable
Permian age in the Toyabe Range, 50
miles northeast, and the lack of contact
with the Lower Triassic Candelaria
formation raise some uncertainty as to
the validity of the age assignment.

The Excelsior is overlain uncon-
formably by the Upper Triassic Luning
formation (cross section G-G’).

TRIASSIC (?) OROGENY

In the southeastern Garfield Hills
(cross section F-F’) and the southern
Pilot Mountains (cross section G-G’
and Coaldale quadrangle), where the
structure within the Excelsior forma-
tion is apparently uninfluenced by
later folding and thrusting, the folds
trend east and are overturned to the
north. This direction of the overturned
folds is opposite to that of the later
folds within the area underlain by the
Luning and younger formations.

No contact of the Candelaria and
Excelsior formations has been found;
it is possible that the two formations
may be representatives of different
facies brought together by the Monte
Cristo thrust, which crops out half a
mile to the east in the southwestern
part of the Coaldale quadrangle
(Ferguson and Muller, 1949, pp. 47-48;
Ferguson, Muller, and Cathcart, in
press). Here the Diablo formation is
thrust over folded Ordovician rocks,
which in turn are overlain unconform-
ably by greenstone and volcanic breccia
assumed to be the basal portion of the
Excelsior formation. It is not certain
whether this thrusting took place dur-
ing the Triassic or during the more
intense folding and thrusting of the
Jurassic orogeny. The lack of close
folding within the Candelaria and
Diablo formations in contrast to the
extreme complexity of structure to the
north, as shown by the Luning and
younger formations, suggests that it
may belong to an earlier phase.

LUNING, GABBS,AND SUNRISE
FORMATIONS

The Upper Triassic Luning and
Gabbs formations and the Lower Juras-
sic Sunrise formation (Muller and
Ferguson, 1939, pp. 1594-1616) are a
conformable sequence about 10,000
feet thick. The lithology, in general,
indicates deposition in fluctuating
shallow seas, though the massive lime-
stone and dolomite unit of the Luning,
present only on the upper plate of the
New York Canyon thrust and other
thrusts north of this quadrangle, may
represent remnants of a carbonate
facies, transported to its present posi-
tion by thrusting. The slate and con-
glomerate units of the Luning forma-
tion thicken to the southward and near
their southern margin show a notable
increase in the proportion of con-
glomerate and the size of the pebbles.
It is inferred that, at least locally, the
folded east-trending Excelsior forma-
tion may have formed a barrier to the
southward extension of the Luning sea.

All three formations are abundantly
fossiliferous (Muller and Ferguson,
1939, pp. 1598-1615):

Luning: Gumbelites, Styrites, Trop-
ites, Carnites, ‘‘Cardita,” corals, etc.

Gabbs: Chloristoceras marshi,
Arecestes gigantogaleatus, Pinacoceras
metternichi, Sagenites giebeli, etc.

Sunrise: FEoderoceras, Coroniceras,
Ammonites bisulcatus, Euphyllites
struckmanni, Psiloceras psitonatum,
ete.

JURASSIC OROGENY
Dunlap formation. The unconformity

WEST RIDGE
A THRUST

Scale 1:36,000
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SECTION ALONG LINE G-G’

at the base of the Dunlap formation,
and the deposition of the formation it-
self, records the initial phases of the
Jurassic orogeny. The lowest unit of the
formation, basal conglomerate and
cross-bedded sandstone with a few
lenses of marine limestone, though
locally conformable on the Sunrise,
.over most of the area is unconformable
on the Luning and Exeelsior formations,
indicating deposition during the first
stages of folding. Increased intensity of
folding produced the coarse conglomer-
ates of the upper part of the formation,
whose pebbles were largely derived
from the rising folds of the Luning
formation. These conglomerates appear
to have been deposited in local struc-
tural troughs, largely near the southern
margin of the Luning formation.
Deposition of the Dunlap formation
continued during the earlier stages of
thrusting. “Thrust conglomerates,”
composed of gravels derived from the
upper plates of surface thrusts and
overridden by the same thrusts, occupy
parts of the planes of the thrusts in the
Pilot Mountains and Gabbs Valley.
Range. Andesitic lavas and breccia,
varying in amount in different ranges
accompanied the later stages of Dun-
lap deposition.

Fossils, which are scarce and con-
fined to the few marine limestone beds,
include Harpoceras and Plicatostylus.

Folding and thrusting. The structure
along the southern border of the Luning
formation is extremely complex, in-
volving a series of thrusts and over-
turned folds. The earliest thrusts, which
are dominantly directed southward
(cross section G-G’) appear to have
originated near troughs bordering the
area of Luning deposition, and were
contemporaneous with the coarse con-
glomerates of the last stages of Dunlap
deposition. The already folded Excel-
sior formation, with anomalous east-
ward trend, is thought to have acted as
a buttress. As compression increased,
successive thrusts, directed toward the
marginal troughs in which the coarse
conglomerates of the Dunlap formation
were being deposited, were themselves
highly folded and were overridden by
later thrusts.

The earlier surface thrusts appear to
have been largely restricted to the
Luning and Dunlap formations and
probably originated at the unconform-
able contact of the Luning and Excel-
sior formations, though here and there
blocks of the Excelsior formation are
involved. The later thrusts originated
at greater depth, as the upper plates
carry slices of the Excelsior formation
(cross sections A-A’ and B-B’). Move-
ment in this quadrangle was principally
to the southeast.

Folding in the later stages of the
Jurassic orogeny was locally super-
posed on the already folded Excelsior
formation. The Dunlap, overlying the
Excelsior formation in the western part
of the Excelsior Mountains, is sharply
folded and trends northeast, in contrast
to the moderately folded Dunlap for-
mation above the west-trending Excel-
sior at the eastern end of the range
(eross sections C-C’and F-F’).

GRANITIG INTRUSIONS

Intrusive rocks, presumably related
to the Sierra Nevada batholith, cut all
Mesozoic and older sedimentary rocks.
Granitic rocks crop out continuously
from the western border of the quad-
rangle to the Sierra Nevada except for
local cover of Tertiary volcanics. The
localization of the larger satellitic
masses within the quadrangle may have
been determined in part by preexisting
thrust faults, but the contacts transect
older structures without apparent dis-
placement. Aplite dikes tend to follow
the bedding of the less competent for-
mations, particularly along the crests
of anticlines, or are intruded along
faults. Locally large aplite masses have
caused moderate doming.

No evidence of more than one period
of intrusion was found in this quad-
rangle, but to the northwest of it in the
Wassuk Range, cross-cutting relations
between granitic rocks of similar com-
position were observed.

Granodiorite and quartz monzonite
form the principal masses; granite,
commonly porphyritic, is present in
places. At the east end of the Excelsior
Mountains is a large mass of diorite,
grading to quartz diorite. Aplite dikes,
mapped only in part, are widespread
and consist essentially of quartz, ortho-
clase, albite, muscovite, and accessory
titanite. These dikes are commonly
very fine grained or porcelainlike in
appearance, but locally the larger
masses approach a granitic texture.

Mafic dikes are relatively scarce and
include gabbro in the Garfield Hills,
peridotite (olivine, with subordinate
labradorite) in the Pilot Mountains,
and serpentine at Candelaria.

A noteworthy petrologic feature of
the intrusive rocks is the general
abundance of accessory titanite.

TERTIARY AND QUATERNARY

Summary. After a long period of ero-
sion following the Jurassic orogeny and
granitic intrusions, local basins were
formed in which sediments of the Es-
meralda formation, probably of upper
Miocene and lower Pliocene age, were
deposited. In the Coaldale quadrangle
deposition of Esmeralda sediments was
preceded by great outflows of lava.
These older lavas are not recognized in
the Mina quadrangle, but where the
Esmeralda formation is absent age
relations are uncertain. The general
sequence of the lavas assumed to be of
post-Esmeralda age is rhyolite, ande-
site, and basalt.

At about the end of the Pliocene the
region was worn down to a post-mature
erosion surface, remnants of which are
preserved on the crests of the present
ranges.

Widespread uplift of this old surface
took place in the early part of the
Pleistocene, and the present topog-
raphy is the result of breakup of this
uplifted surface by erosion and down-
faulting.

Esmeralda formation. The sediments
and interbedded tuffs referred to the
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By H. G. Ferguson, S. W. Muller, and S. H. Gathcart

Esmeralda formation yielded no deter-
minable fossils in this quadrangle. At
the type locality in Big Smoky Valley,
a few miles southeast, sediments origi-
nally considered upper Miocene (Knowl-
ton, 1900; Turner, 1900) have more
recently been referred to the lower
Pliocene (Stirton, 1932; Axelrod, 1940);
similar deposits in Coal Valley, a few
miles to the northwest, have been
determined as upper Miocene (Berry,
1927; Axelrod, 1940).

In this quadrangle the formation
appears to have been deposited in
closed basins, roughly coextensive with
the present valleys. The disruption of
integrated drainage suggested by its
distribution may mark the first estab-~
lishment of a topography resulting from
normal faulting. Miocene and lower
Pliocene sedimentary formations are
widespread throughout the Basin and
ﬁaér)lge province (Nolan, 1943, pp. 165-

Sequence of lavas. At the southern
border of the quadrangle rhyolite over-
lies the Esmeralda conformably and is
therefore probably equivalent to the
Oddie rhyolite of the adjoining Coal-
dale quadrangle (Ferguson, Muller, and
Cathcart, in press). Elsewhere rhyolite
flows and tuffs rest on deeply eroded
pre-Tertiary rocks and their age is
indeterminate. At least in part, these
tuffs are probably equivalent to the
tuffaceous phases of the Esmeralda
formation, but earlier lavas may also
be present.

The rhyolites were tilted and possibly
faulted and then deeply eroded before
the outflows of andesite and andesitic
agglomerate. These are correlated with
the Gilbert andesite of the Coaldale
quadrangle on the basis of their relation
to the rhyolites.

The basalt flows are later than the
tilting and erosion of the andesites, and
in large part are later than the develop-
ment of the major features of the pres-
ent topography. At Candelaria small
scoria cones have been only slightly
eroded, and the crater of Belleville
Mountain, a basaltic volecano rising
over 2000 feet above the valley, is
partly preserved. Elsewhere, particu-
larly in the south part of the quad-
rangle, the flows have been more deeply
eroded. The comparable basalts in
areas to the southwest are considered
by Gilbert (1941, pp. 785 and 799-800)
to be of lower Pliocene age.

Normal faulting. If, as assumed above,
the Esmeralda formation was deposited
in fault basins, normal faulting has
continued intermittently along the same
general lines from at least the Miocene
to the present. That faulting is still in
progress is shown by the scarps formed
during recent earthquakes in Stewart
Valley east of the Pilot Mountains in
1932 (Gianella and Callaghan, 1934)
and in the Excelsior Mountains in 1934
(Callaghan and Gianella, 1935).

For most of the faults a dominant
down-dip displacement can be reason-
ably assumed, but the earthquake
scarps in Stewart Valley east of the
Pilot Mountains indicate horizontal
movement (Gianella and Callaghan,
1934, p. 16), and Callaghan (idem, pp.
18-22 and fig. 1) suggests the presence
of a major rift on which the east side
moved southward. There is also appar-
ent southward displacement of about
4 miles on the east side of Soda Spring
Valley, shown by the position of the
Excelsior formation and the bordering
thrust in the Pilot Mountains relative
to similar structures in the Garfield
Hills. It may be, therefore, that hori-
zontal movement took place on two
parallel rifts 12 miles apart, the western
of which follows Soda Spring Valley.
But vertical movement along the fault
bordering Soda Spring Valley on the
east is also indicated, not only by the
scarps bordering Gabbs Valley Range
and Pilot Mountains and the gravel-
covered pass between,but also by the
1500-foot displacement of the Dunlap
formation overlying the Excelsior south
of Telephone Canyon.

Elsewhere in the area the later nor-
mal faults have various trends, which
may reflect underlying structure or
they may in part have been influenced
by strains resulting from horizontal
movement along the inferred rift in
Soda Spring Valley. In the southeast
part of the quadrangle and at the north
end of the Pilot Mountains the domi-
nant strike is eastward and the minor
one northeast; west of Teels Marsh
northeasterly trends prevail; and in
the northwest, near Pamlico, the major
normal faults strike northwest and the
subordinate faults strike northeast.

The downthrown basalt to the north
of the fault at Candelaria indicates a
throw of at least 400 feet (Knopf,
1923); it may be much greater. Similar
displacement of basalt west of Teels
Marsh may be between 1500 and 2000
feet. The fault east of Marietta, where
gravel is downthrown on the south,
may also be of considerable displace-
ment.

Development of present topography.
The present mountain ranges and bor-
dering undrained basins owe their exist-
ence largely to faulting, but for the
most part it cannot be determined with
certainty to what extent the present
mountain scarps are the direct effect of
faulting or are due, at least in large
part, to erosion of less resistant rocks,
such as the Esmeralda formation, that
were originally deposited in fault
troughs. As normal faulting has been
intermittent since the early Tertiary,
it is probable that many of the range-
front scarps are largely due to erosion
of less resistant material within the
fault trough, though accentuated by
recent movement. Where the relatively
recent basalt is displaced, as at Cande-
laria and east of Teels Marsh, direct
topographic expression due to faulting
may be inferred.

The rolling upland of the ranges, at
altitudes above 7500 or 8000 feet, is
believed to represent a post-mature
erosion surface, dating perhaps from
the end of the Pliocene, as it is cut on
the andesites but is older than most if
not all of the basalts. This surface has
considerable relief, though the slopes
are much less steep than the scarps be-
low the break in slope. In this quad-

rangle the highest peaks do not exceed
9000 feet in altitude, but in this general
area a few peaks reach altitudes of
10,000 and 11,000 feet. The total relief
was greater, as valleys occupied by
through drainage are now the sites of
desert basins. Biogeographical evidence
suggests that the valleys of the early
Pleistocene river system draining the
Lahontan region were not far above sea
level (Hubbs and Miller, 1948, p. 26;
Deevey, 1949, pp. 1397-1398). Uplift
of this surface was followed by revived
erosion and also by renewed movement
along the earlier faults. A widespread
surface near 6500 feet, apparently an
uplifted pediment now being dissected,
suggests a period of relative quiet.
Pediments approximately accordant
with present local base levels are well
developed only in the Candelaria region.

Integrated drainage may have per-
sisted well into Pleistocene time, and
the present undrained basins may be
due in part to renewed movement along
old fault lines such as those indicated
by the faulted gravel east of Marietta,
the gravel scarp at the northern end of
the Pilot Mountains, and the faulted
basalt and gravel west of Teels Marsh.
Other contributing causes of undrained
basins were disruption of drainage by
basalt flows, possibly responsible for
the Garfield Flat Basin, wind transport
of the finest material washed into the
basins, and local blocking of through
drainage by outgrowth of alluvial fans,
as in Soda Spring Valley. Some prog-
ress in renewed drainage integration,
however, is shown by the capture of
Sunrise Flat in the Gabbs Valley Range
and of the valleys west of Mina and
south of Miller Mountain. Erosion was
probably more active in the relatively
recent past than at present, for the
lower reaches of the principal canyons
are gravel-filled.

The former existence of lakes, prob-
ably contemporaneous with the later
stage of Lake Lahontan, is indicated by
well-preserved beaches in Garfield Flat,
Rhodes Marsh, Teels Marsh, and Co-
lumbus Salt Marsh; atleastatemporary
lake occupied part of Soda Spring Val-
ley (Hubbs and Miller, 1948, p. 47).
In the first three, local exposures of
lake beds give evidence of a still earlier
lacustrine stage. Shells from lake beds
older than the present beaches of
Rhodes Marsh were reported by W. H.
Dall as “Pliocene or later.”

MINERAL DEPOSITS
METALLIG DEPOSITS

Metallic mineral deposits of the
quadrangle are mostly confined to pre-
Tertiary rocks and are believed to be
associated with the numerous granitic
intrusions of the area, though the
argentite-bearing quartz-calcite veins
of the Garfield district bear some re-
semblance to those of the Tonopah
district associated with Tertiary lavas.
The gold veins of the Camp Douglas
district and the Silver Dyke tungsten
veins, however, cut late Tertiary
rhyolite and andesite, and therefore
may be as young as Pliocene.

Pamlico. The mines in the vicinity
of the deserted camps of Pamlico and
La Panta have exploited quartz veins
in the Excelsior formation and intrusive
aplite and irregular quartz replacements
in altered limestone of the Luning for-
mation near the granodiorite contact.
The value of the production, nearly all
from rich oxidized ore, may have ex-
ceeded $500,000, but the mines have
been idle for many years. Tax records
indicate an output of nearly $300,000
between 1885 and 1889 for the two
principal mines (Couch and Carpenter,
1943, p. 105). The principal ore mineral
was free gold in wires and nuggets, with
some argentiferous galena and cerus-
site (Hill, 1915, p. 156; Vanderburg,
1937, pp. 38-39). A little placer gold
has also been obtained from deep grav-
els in the canyon draining to the west.
Part of the formerly productive area
now lies within the reservation of the
Naval Munitions Depot.

The only recent development has
been about 4 miles southeast of Pam-
lico, where the Ashby mine has had a
small production since 1933 from
quartz veins carrying free gold and
pyrite (Vanderburg, 1937, p. 11; Couch
and Carpenter, 1943, p. 105).

Garfield Peak. Mines on Garfield
Peak have been intermittently produc-
tive since about 1882, but in recent
years only a small output has come
from leasing operations. Production
from the Garfield mine is reported to
have exceeded $6,000,000 (Lincoln,
1923, p. 144), but tax returns from the
principal mines of the Garfield Peak
area indicate an output of about $500,-
000 (Couch and Carpenter, 1943, p.
105). Quartz veins broken by post-
mineral faults, chiefly in the slate unit
of the Luning formation and in the
Excelsior formation, contain argentite
and argentiferous galena. The ores
mined near the surface, carrying cerar-
gyrite and native silver, are reported
to have been very rich. Small, much-
faulted veins carrying primary silver
ores, principally argentite and galena
in a quartz-calcite gangue, have yielded
about $750,000 in recent work at the
Mabel mine, principally to lessees
(Couch and Carpenter, 1943, p. 105).

Gabbs Valley Range. Mines in the
vicinity of New York Canyon (Santa
Fe district) were first worked in 1879.
The early production came from oxi-
dized lead-silver ores, but the principal
output, made during World War I, was
from oxidized and enriched copper ores
in the upper part of New York Canyon.
The early production is unknown, but
recorded production since 1906 has ex-
ceeded $2,500,000, of which nearly
$2,000,000 was during 1916, 1917, and
1918 (Vanderburg, 1937, pp. 68-69).
The deposits include irregular contact
metamorphic deposits, principally in
the Luning formation at the quartz
monzonite contact, and replacement
deposits, principally following the thin-
bedded limestones of the Gabbs forma-
tion in the upper plate of the New York
Canyon thrust. The ores mined con-
sisted largely of copper carbonates,
cerussite, copper pitch, and chaleocite
(Hill, 1915, pp. 163-171). The primary
ore, containing chalcopyrite, galena,

and pyrite, appears to have been mined
only at the high prices prevailing during
World War 1.

Pilot Mountains. The principal pro-
ductive districts of the Pilot Moun-
tains, which have yielded quicksilver
in the central part of the range (Bailey
and Phoenix, 1944, pp. 118-130; Phoe-
nix and Cathcart, 1952) and tung-
sten on the east flank (Bateman and
Erickson, 1943; Lemmon, in prepara-
tion), lie outside this quadrangle. At
the Belleville gold mine, in the upper
part of Telephone Canyon, a few small
pockets of high-grade ore yielded a
little wire gold from sooty manganese
oxide in calcite veins that cut the Ex-
celsior formation near the granodiorite
contact.

Gold Range (Camp Douglas, Silver
Star). The vein system at the eastern
end of the Excelsior Mountains con-
sists primarily of veins following and
branching from two major faults
bounding a horst in the central part
of the district (cross section C-C’). The
Silver Dyke vein and its branches,
which follow the southern fault, yielded
silver and a little gold in its upper part
and scheelite at depth. The veins along
the northern fault, and particularly the
branching veins which feather out from
it into the hanging wall, have produced
only gold, though a little scheelite has
been reported at depth.

The veins, though principally within
the Excelsior and Dunlap formations,
also cut Tertiary rhyolite and the over-
lying andesite. The Esmeralda forma-
tion is not present in this area, so
definite dating is not possible; but the
sequence of lavas suggests that the
veins may be of Pliocene age.

The Silver Dyke group of veins
(Kerr, 1936; Vanderburg, 1937; Lem-
mon, in preparation) consists of fine-
grained quartz, which is mostly massive
at depth but comby or banded near the
surface and in part pseudomorphic
after tabular calcite. The veins, first
worked for silver, contained near the
surface a very finely divided telluride
mineral in porcelainlike banded quartz,
with a little free gold. At shallow depth
this ore gave place to ore containing
scheelite, which was mined to a depth
of more than 500 feet. The exact pro-
duction is unknown but is estimated to
have been about 50,000 units of WO,
(Lemmon, in preparation). The value
of output during different periods of
operation since 1915 is close to $1,500,-
000) (Couch and Carpenter, 1943, p.
107).

The veins of the northern system near
Camp Douglas (Ferguson and Muller,
1949, p. 14; Hill, 1915, pp. 177-179)
are similar in character but the comby
quartz contains some adularia. The
value of the production, chiefly gold,
has probably been about $2,000,000.
The most persistent vein, which follows
the major fault, has been less produc-
tive than the smaller veins, which
branch out into the hanging wall. Free
gold and pyrite are the principal metal-
lic constituents; a little scheelite has
been reported from the deeper levels
of one mine. At the eastern end of the
district there is widespread alteration
of the andesite to a dense clay, which
swells in water like bentonite, but was
determined by C. S. Ross to be a
very finely divided sericite. Scattered
through this clay are irregular reefs of
very fine grained quartz. The quartz
is barren, but at one mine the sericite
adjoining the quartz carried a little
free gold, associated with stibnite and
marcasite. A short distance to the east
this clay has been mined as ‘“bentonite”
for drilling mud (see below). Still
farther east, near Sodaville, sinter de-
posited from hot springs carries man-
ganese oxide and tungsten (Lemmon,
in preparation).

Marietta. Quartz veins cutting the
Excelsior and Dunlap formations in
the vicinity of Marietta (Hill, 1915, pp.
179-181; Vanderburg, 1937, pp. 40-43)
carry galena, sphalerite, pyrite, and a
little chalcopyrite. The total produc-

tion, estimated to exceed $2,000,000
(Lincoln, 1923, pp. 154-155), was
largely made prior to 1884 from oxi-
dized ore consisting of cerussite, smith-
sonite, and copper carbonates with a
high content of silver. Available figures
from tax returns, however, suggest a
smaller output (Couch and Carpenter,
1943, p. 103). Molybdenum-bearing
scheelite in tactite close to the grano-
diorite contact was recently prospected
as potential tungsten ore in the hills
west of Teels Marsh (Lemmon, in
preparation).

Candelaria. The production of the
Candelaria mines, estimated to have
been between $14,000,000 (Couch and
Carpenter, 1943, p. 101) and $21,000,-
000 (Knopf, 1923), principally prior to
1884, was derived from oxidized man-
ganiferous ores that were very rich in
silver. The veins, which are several
hundred feet long by a few feet wide,
are principally within argillites of the
Palmetto formation, here intruded by
numerous felsitic or aplitic sills and
dikes. The ore mined consisted of a
pulverulent mixture of manganese and
iron oxides with varying amounts of
bindheimite, very rich in silver. Oxida-
tion extended more than 1300 feet
below the outecrop, but the silver con-
tent diminished with depth. The pri-
mary ore, consisting of jamesonite and
pyrite with some chalcopyrite and
galena, in a gangue of manganiferous
ferrodolomite, has not proved workable.

Scheelite showings in tactite formed
from calcareous beds in the Cambrian
rocks have heen prospected at the
eastern end of Miller Mountain (Lem-
mon, in preparation).

NONMETALLICG DEPOSITS

Barite. There has been some produc-
tion of barite from small veins cutting
the Excelsior formation in the north-
western Garfield Hills near Kinkaid
Siding, a short distance north of the
map area. The principal output was
made during World War 1.

Clay. Finely divided sericite forming
a clay with the swelling property of
bentonite has been mined for use as
well-drilling mud from the eastern end
of the Excelsior Mountains about 2
miles southwest of Sodaville. Output
between 1928 and 1936 amounted to
about 15,000 tons (Vanderburg, 1937,
p. 77). The deposit is the result of
hydrothermal alteration of the enclos-
ing andesite, probably along one or
more faults. A smaller deposit, prob-
ably of the same type and origin, on
the west flank of Pilot Mountains about
3 miles northwest of Mina, has been
prospected (Vanderburg, 1937, p. 55).

Diatomite. A deposit of diatomaceous
earth in the Esmeralda formation at
the southern border of the quadrangle,
4 miles east of Basalt, is said to be 3
miles long, half a mile wide, and at
least 135 feet thick (Vanderburg, 1937,
p. 16). Production has been hindered
by high transportation costs. In 1928
and 1929 about 5000 tons was shipped.

Salines. The enclosed basins of Teels
Marsh, Rhodes Marsh, and Columbus
Salt Marsh formerly yielded a consider-
able production of saline minerals
(Vanderburg, 1937, pp. 64-66, 77-78).
Salt, periodically scraped from the sur-
face of the playas, was produced as
early as 1864, and during the next few
years the chlorination plants of the
silver mines as far distant as Comstock
were supplied with salt from these
basins. Shipment of salt to Comstock
wss one of the few instances of com-
mercial use of camels in this country.

Borax production began in 1872, but
it was abandoned about 1892 after the
discovery of the richer colemanite de-
posits in the Death Valley region. In
Rhodes Marsh the borax occurred as
nodules of ulexite (‘‘cottonballs”) a few
inches below the surface;in Teels Marsh
natural borax was mixed with other
salts as a thin crust on the surface and
thin layers at shallow depth.

In Rhodes Marsh there has also been
some production of sodium sulfate. The
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sodium sulfate occurs as the mineral
thenardite, in lenses 3 to 5 feet thick
that are 2 to 6 feet below the surface.
At greater depths disseminated soluble
sulfate (mirabilite, Glauber salt) is
present; attempts to recover it by solu-
tion and evaporation were unsuccessful.

The Columbus Marsh playa has been
unsuceessfully prospected for potash
salts (Gale, 1914; Hicks, 1916).

Value of output for Teels Marsh,
1874 to 1893, as shown by tax returns
was $929,743; for Rhodes Marsh, 1884
to 1888, presumably borax and salt,
$87,197; 1932 to 1934, presumably
sodium sulfate, $112,985 (Couch and
Carpenter 1943, pp. 102-103). The out-
put of Columbus Marsh is unknown
but may have been larger.

Turquoise and wvariscite. Turquoise
and variscite have been mined inter-
mittently in the hills northwest of the

abandoned town of Columbus. The
total production is unknown, but one

group of claims is reported to have
yielded more than 1000 pounds of rough
turquoise between 1916 and 1936 (Van-
derburg, 1937, p. 27). As far as ob-
served these minerals are confined to
the Palmetto formation and occur in
small veins, rarely more than half an
inch wide and a few feet long, which
follow the jointing of the slate and chert.
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Desert Wash and Alluvium

Includes surficial deposits of diversified lithology,
such as playa hard clay, with associated local
evaporite deposits of salt, sodium carbonate, and
borax; gravel and boulder veneers, carried by flash
floods from the mountains to the borders of the
playas; beach deposits of former lakes, probably
contemporaneous with last high stage of Pleisto-
cene Lake Lahontan, with approximate altitudes
at Garfield Flat 5,650, at Rhodes Salt Marsh 4,600,
Teels Marsh 4,900, and Columbus Marsh 4,612,
JSanglomerate at borders of ramges; local stream
deposits; and wind-blown sand, Qs, at eastern
borders of Huntoon Valley and Teeis Marsh.

Pleistocene
A

Older gravels and lake beds

Bench gravel deposits, out of accord with the present
topography, mark stages in the development of the
ranges. They appear to be most widespread at al-
titudes of about 5,000 and 6,500 feet, but are mot
well shown on the gemeralized topographic map.
Lake beds, older than the beaches, outcrop in a few
of the valleys.

Basalt

Flows composed essentially of labradorite, rare an-
desine, augite, and olivine; augite commonly the
more abundant. Récent scoriaceous flows contain
considerable black glass. Uneroded scoria cones
near Candelaria. Belleville Mountain is a vol-
cano with partly eroded crater. Elsewhere, par-
ticularly along southern border, flows are more
deeply eroded. Thickness variable, maximum of
about 1,000 feet in southwest corner of quadrangle.

UNCONFORMITY

Pliocene (?)
A

Gilbert andesite

20 Andesite flows grading to basalt, with much ande-
sitic breccia and agglomerate. Flows are com-
posed of andesine, augite, and hornblende, locally
a little biotite. Hornblende and biotite are partly
resorbed. Apatite prominent accessory mineral in
some flows. A few basaltic flows composed of lab-
radorite, augite, and olivine (largely altered to
iddingsite). In southwest part of area is a flow
30 feet thick of dark glassy rhyolite intercalated
with andesite agglomerate. Dacitic rocks reported
wn Candelaria district (Barksdale, 1949). Locally
bedded gravel at base up to 100 feet thick; and in-
terbedded sands and gravels. ariable thickness,
maximum probably mnear 1,000 feet. Correlated
with Gilbert andesite of Coaldale quadrangle (Fer-

son, Muller, and Cathcart, 1953) on basis of
ithology and relation to underlying rhyolite where
present. Possible that older andesitic lavas may
also be included.

UNCONFORMITY

Rhyolite and rhyolite tuff

Tuffs, including water-laid and welded tuffs, pumice
reccia, and glassy to dense porphyritic flows.
Tuffs generally make up the greater part of the
section. Largely rhyolite but includes dacite tu_ﬁ
(Knopf, 1928, p. 9). At Candelaria conformable
Sflow of hypersthene basalt at top of section (Knopf,
1923; Barksdale, 1949). Thick near delaria
650 feet (Knopf, 1923) to about 1,200 feet (Barks-
dale, 1949) probably thicker in south amd south-
west. Probably equivalent to both the Oddie rhyo-
lite and the breccia facies of the Esmeralda forma-
tion in the Coaldale quadrangle;, may also include
older flows. Overlies conformably the Esmeralda
Jormation near southern border of quadrangle;
elsewhere flowed out on surface of considerable
K topographic relief, cut on pre-Tertiary rocks.

A

(Coaldale)
Miocene (?) and Pliocene (?)

Te

Esmeralda formation

Sediments including sandstone, in part tuffaceous,
shale, calcareous marl, limestone, diatomite, and
local basal conglomerate. Locally interbedded rhy-
olitic tuff. Probably not over a few hundred feet
thick in this quadranmgle. In morthern part of
Silver Peak quadrangle (Turner, 1900, p. 202) esti-
mated thickness of 14,800 feet probably excessive.
Type locality: Big Smoky Valley, northern part of
Sulver Peak quadrangle, about 20 miles southeast

L of this quadrangle (Turner, 1900).

T.4 N

Miocene and Pliocene
A

MAJOR UNCONFORMITY

Intrusive rocks

Irregular masses and dikes, related to Sierra Nevada
batholith :
Jg - - - granite
Jgd - — — granodiorite
Jgm - - - quartz monzonite
Jdi - - - diorite and quartz diorite
Jgp - - - granite porphyry
Ja  —— - aplite
Jsp - - — serpentine
Jgb - - - gabbro
Ji - - - granitic intrusives, not differentiated

Numerous porphyry dikes of varied composition and
texture, not shown.

A T.3N INTRUSIVE CONTACT

Dunlap formation

Formation deposited during folding and thrusting;
consequently lithology varies from range to range
(Muller and Ferguson, 1939, pp. 1616-1622). Usual
sequence, not everywhere complete: In upper part,
conglomerate, with interbedded sandstone,Jdc, peb-
bles derived from Luning formation. Includes
“thrust conglomerates’ derived from upper plates
t&f surface thrusts and overridden by same thrusts.

‘reenstone and greenstone breccia, Jdv, with vari-

able amounts of l ate and sandst Low-
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R.35 E.

g
er part: basal conglomerate overlain by interbedded
sandstone and conglomerate in variable propor-
tions, Jds. Sandstones commonly reddish and
cross-bedded, locally interbedded shale. Pebbles in
conglomerates almost exclusively derived from Ex-
celsior formation. Ineastern Excelsior Mountains
basal unit is coarse breccia (fossil talus) of felsite
Jfragments, Jdb. Locally thin beds of marine lime-
stone and dolomite,Jdl.  Variable thickness, max-
imum about 5,000 feet in Pilot Mountains. Type
locality: ridge west of upper partof Dunlap Can-
yon, Pilot Mountains.

UNCONFORMITY (LOCAL CONFORMITY)

Lower Jurassic
A

1T.2 N
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TERTIARY (?)
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Lower Jurassic
A

Upper Triassic

Middle (?) Triassic

Lower Triassic

Lower Cambrian

EXPLANATION

Sunrise formation

Black, gray, and brown shale, locally altered to slate
and hornfels, with interbedded argillaceous, cherty,
and arenaceous limestone, locally grading into cal-
careous sandstone. One bed, 10 feet, of oolitic
limestone in lower part. (Muller and Ferguson,
1939, pp. 1609-1616.) Thickness, 1,240 feet atl type
locality, New York Canyon, Gabbs Valley Range,
southwest of Sunrise Flat.

I

Gabbs formation

Upper part, sandy shale and limestone; lower part
ack carbonaceous shale with o few beds of black
impure limestone, weathering purple; in middle
brown shaly limestone; (Muller and Ferguson,
1989, pp. 1602-1609.) Thickness, 420 feet at type
locality, New York Canyon in Gabbs Valley Range.

FrinR Rl

il

B

Luning formation

Gray to black limestone and dolomites with interbed-
ded slate and conglomerate, varying proportions
in different ranges (Muller and Ferguson, 1939,
pp. 1594-1603). Following units are shown:

Rld, Massive dolomite and some limestone, dolo-
mite in part secondary. Upper plate of New York
Canyon thrust in Gabbs Vulfey Range.

Rlu, Thick massive limestone below dolomite of
Gabbs Valley Range; limestone forming upper unit
of section in Garfield Hills and Pilot Mountains.

R, Undifferentiated limestone and dolomite
above New York Canyon thrust in Gabbs Valley
Range.

Rlus, Slate with a little conglomerate within up-
per limest: unit; of mappable thick only in
Garfield Hills.

Rls, Slate with varying proportion of conglomer-
ate. Basal unit ojy Sormation in Garfield Hills;
overlies lower limestone in Pilot Mountains.

Rll, Lower limestone; thin-bedded limestone, coral
reefs, and interbedded slate at top. Basal unit in
Pilot Mountains north of Spearmint Canyon.

About 8,000 feet thick at type locality in morthern
part of Pilot Mountains; top mot exposed (upper
limestone 2,500 feet, slate and conglomerate 3,000
Seet, lower limestone 2,500 feet). Less in other
ranges but no complete section. Type locality:
northern part of Piulot Mountains, about 4 miles
east of Mina.

R

UNCONFORMITY

Excelsior formation

Dominantly pyroclastics and altered lavas. A large
part of the formation consists of water-laid tuff
and chert, the latter is in large part silicified fine-
grained tuff. Locally comsiderable thickness of
dark siliceous slate and dark tyffaceous sandstone.
Lavas and breccias, generally more abundant in
lower part of the section, are chiefly greenstones
(altered andesites), but felsitic flows (probably al-
tered rhyolites) in the upper part of the section in
Excelsior Mountain. Locally considerable second-
ary albite. (Muller and Ferguson, 1939, pp. 1586-
1592.) About 12,000 feet thick in southern Pilot
Mountains (Coaldale quadrangle), but complete
section mot present. Type locality: eastern part
of Excelsior Mountains.

RELATIONS UNKNOWN
(UNCONFORMABLE ON DIABLO FORMATION)

Candelaria formation

Shale with interbedded sandstone and a lttle lime-
stone; shale principally greenish brown with platy
or splintery fracture, purplish gray to black and
thinly laminated near base, locally a little basal
conglomerate. Eastward, shale grades into dark
sandstone, probably in part tuffaceous, with thin
conglomerate lenses. (Muller and Ferguson, 1939,
pp. 1581-1586.) Thickness, 3,225 feet at type lo-
cality, 2 miles southeast of Candelaria. Top not
exposed.

UNCONFORMITY

Diablo formation

West of Candelaria, coarse sandstone and grit con-
sisting of fragments t;f quartz and black chert.
Locally thin basal cong delari

ate. Near Ca i
contains lenses of brown dolomite. Dolomite in-
creases eastward and forms entire section north of
Columbus. Mawi thick of about 400 feet,
in dolomite north of Columbus. Sandstone in
western part not over 200 feet; missing in places.
Type locality for sandstone, crest and west slope of
Mount Diablo, and hills to west; for dolomite, ﬁills
west of road, a mile north of Columbus.

MAJOR UNCONFORMITY

0
/,'?’}‘//// / /f/ ////
I /.

A

/
T

Palmetto formation

Dominantly dark-colored rocks, upper part (south of
Candelaria) interbedded black chert and slate with
a little dark-gray limestone, which crops out only
in cores of anticlines; lower part (Miller Mountain)
largely slate with interbedded gray limestone and
chert. Thickness estimated to exceed 4,000 feet;
base concealed. Type locality: Palmetto Moun-
tains, Silver Peak quadrangle, about 40 miles
southeast. (Turner, 1902, 1909.)

CONTACT CONCEALED
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Miller Mountain formation”

Lower part dominantly massive argillite with minor
quartzite; upper part, alternation of thin-bedded
slate, quartzite, and limestone, partly altered to
diopside-garnet rock. Near top of exposed section
s a bed of massive white crystalline dolomitic
limestone about 500 feet thick. Thickness about
3,000 feet; neither top nor base exposed. Type lo-
cality: south flank of Miller Mountain.

* NEW FORMATION

P e
Contact

Solid where mapped on 1:62 500 or larger scale;
dashed where mapped on 1:125000 scale.

e N e e
Fault

Solid where mapped on 1:62500 or larger scale;
dashed where mapped on 1:125000 scale.

Concealed fault
u
/’—D\"
Normal fault
U, upthrown side; D, downthrown side

e ——
Thrust fault

T, upper plate
50
Strike and dip of beds

55
Strike and dip of overturned beds

—so
Strike of vertical beds

®

Horizontal beds
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