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approximately 24 m.y. old (this age is an average of five K-Ar
dates, three reported in this paper, two unpublished). Although it
was originally called Oligocene or Miocene by Stewart and McKee
(1968a), it is considered here to be Miocene because of the redefi-
nition of the Oligocene-Miocene boundary by Harland, Smith, and
Wilcock (1964) from 25 m.y. to 26 m.y. It usually contains three
cooling units that look a great deal like the Edwards Creek Tuff,
but it can usually be distinguished either by subtle textural dif-
ferences or by stratigraphic position. The Bates Mountain Tuff
has been mapped outside the region and has tentatively been cor-
related with a tuff near Eureka, Nev., more than 80 miles to the
southeast (Blake and others, 1968). At one locality southwest of
the McCoy mine at the north end of the Clan Alpine Mountains,
a single welded tuff overlies the upper cooling unit of the Bates
Mountain. This tuff is 23.6+ 0.9 m.y. old by K-Ar dating (sample
1, table 1).

All the ash-flow-tuff cooling units recognized in the northern
area are found south and southwest of the McCoy mine, in the
northern New Pass Range. A composite section of these units is
shown in figure 3.

OLDER TUFFS

The oldest rock is a densely welded, crystal-poor ash-flow tuff
found in a few localities southwest of the McCoy mine. It is dis-
continuous probably because it was the first Tertiary unit to be
deposited on an old irregular erosional surface which developed
during Triassic to Oligocene time, or it may have been eroded from
parts of the area before the eruption of succeeding ash-flow sheets.
It is a structureless brown to pink rock with phenocrysts of sani-
dine and quartz and a few of biotite and plagioclase. Crystals make
up less than 10 percent of the rock. A few lithic fragments, less
than a fourth of an inch in diameter, are scattered through the
rock. At one place the lower part of the unit consists of about 60
feet of nonwelded to weakly welded tuff which grades upward into
a 25-foot-thick black vitrophyre. The welded part of the tuff above
the vitrophyre is about 40 feet thick. At other localities only the
welded part crops out. The age of this tuff, determined by the K-Ar
method on sanidine and biotite mineral separates, is 28.5+ 1.1 m.y.
and 30.83+ 1.2 m.y., respectively (sample 9, table 1). This age is
Oligocene (Harland and others, 1964).

The second oldest Tertiary unit is a distinctive dark-colored ash-
flow tuff. At some places it lies on the tuff described above, and at
other localities on pre-Tertiary rocks. It is dark brown to black and
is easily distinguished on aerial photographs from other tuffs.
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Lithologically it too is distinctive, for it contains large flakes of
biotite. Crystals make up about 25 percent of the total rock and
consist mostly of plagioclase with some biotite and a little sanidine.
Small altered pumice fragments, which give the rock a greenish
speckled appearance, are ubiquitous, and lithic fragments up to
several inches across are scattered throughout. Eutaxitic texture
is well developed and causes platy fracturing. This tuff ranges
from 50 to 100 feet in thickness ; nowhere have nonwelded, weakly
welded, or vitrophyric portions been found. A K-Ar date on biotite
from the unit is 28.0+ 1.1 m.y. (sample 8, table 1). This age is
Oligocene (Harland and others, 1964).

On top of the dark biotite-bearing tuff is a third ash-flow welded
tuff which also js distinctive and easily recognized in the field.
This unit usually lies on the biotite-bearing tuff, but in places it
rests directly on pre-Tertiary strata. It is characterized by well-
developed eutaxitic texture and numerous lithic fragments. A
descriptive and useful name for the rock is a lithic eutaxite. About
half the rock consists of pumice fragments as much as an inch in
diameter that are flattened to some degree, or that are completely
flattened to form large fiamme. Lithic fragments less than 14 inch
to more than 2 inches in diameter make up about 10 percent of the
rock. Thin sections show that crystals of sanidine and plagioclase
and a trace of biotite make up 5-10 percent of the rock. In hand
specimen the crystals are obscured by blebs of glass and lithic
fragments. At most places this tuff is about 100 feet thick and
consists of moderately to densely welded rock. At a few localities,
nonwelded tuff at the base and top may constitute as much as
half the unit.

Stratified air-fall tuff and tuffaceous sedimentary rock lie on
top of the lithic eutaxite at some localities. These units are len-
ticular and cannot be traced along strike for more than about a
mile.

EDWARDS CREEK TUFF

At most places the Edwards Creek Tuff lies on the lithic eutaxite
with no obvious unconformity. The Edwards Creek Tuff is the most
widespread Tertiary formation in the northern New Pass Range.
It is here named from exposures along the northeast edge of
Edwards Creek Valley. The type section is on the northwest edge
of the New Pass Range (or the northeast side of Edwards Creek
Valley) in sec. 5, T. 21 N., R. 40 E. The formation contains five
ash-flow cooling units which are recognizable over an area of more
than 400 square miles. A second good exposure, about 13 miles
east of the type section, is on the eastern edge of Antelope Valley
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Edwards Creek

- Antelope Valley-
A Al Shoshone Mountain
fyoe ssonon (alternate section)
(type section)
Tuff of McCoy mine
White to gray nonwelded to weakly welded; vapor phase alteredl tuff.
a & | Pink densely welded moderately crystal rich tuff; contains
a, a8 50 sanidine, plagiociase, and a little biotite. 30 ft
: Partial or complete cooling break ——07m8 ———
2 al50ft  \white to pink punky to platy crystal-poor tuff; contains sanidine, -
P plagioclase, and a few lithic fragments. 50 ft E
a a8 Partial or complete cooling break — —— i
R Nonwelded punky tuff, vapor phase alteration; a few lithic x
5 o L[0T fragments. . 110f £
: LTS Pink densely welded moderately crystal rich tuff; contains (;
8 A& e plagioclase, sanidine, and a trace of biotite; knubbly weath- b
S & o ering and in places large gas cavities. g
) R Partial or complete coofing break z
g =2 - Dark-red densely welded crystal-poor tuff; contains sanidine,
3 s . plagioclase, and a little biotite.
M o 0° B e —— Partial or complete cooling break 100 ft
uo'- White, yellow, pink, and commonly mottied weakly welded
Y 250 ft tuff; contains sanidine, plagioclase, and a little biotite. Large
ta, holes or * honeycomb "' structure develops where welded.
"7 White nonwelded basal portion.
=) a
,/\/\_,— Lithic eutaxite

F1eURE 4.—Type and reference sections of the Edwards Creek Tuff.

(sec. 36, R. 41 E., T. 23 N.). The locations of the type and reference
sections are shown in plate 1; the two sections are shown in
figure 4.

The five cooling units are grouped together in one formation
because they always seem to occur together and are similar
lithologically. They are underlain and overlain by distinctive
mappable welded tuffs. The ages of two of the cooling units, deter-
mined by the K-Ar method, are also essentially the same.

The lowest cooling unit is the most variable of the five in thick-
ness and the most poorly exposed. At the type section it is more
than 200 feet thick; at other sections it is about half that thick-
ness. It is usually only weakly welded, and at places where it
thickens, more than half of it may not be welded. Slopes formed
by erosion of this relatively soft unit are usually covered by debris
from the overlying densely welded tuffs, and outcrops are rare.

The rock is a white to yellowish tuff containing few crystals.
In places large gas cavities give it a honeycomb appearance and
cause it to form crumbly slopes. Phenocrysts, which reach a maxi-
mum of 2 mm across, consist mainly of sanidine, plagioclase, and
a few flakes of biotite.

The second cooling unit is a thin (10-30 ft) densely welded tuff,
recognizable because of its bright brick-red color. At a number of
localities, however, this marker unit is obscured by debris from -
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the thick tuff which overlies it. This unit is a hard structureless
rock with less than 5 percent sanidine phenocrysts, a little plagio-
clase, and very sparse biotite. No nonwelded or weakly welded
parts of the cooling unit can be distinguished.

The most conspicuous cooling unit of the Edwards Creek Tuff
is the third unit, the welded portion of which forms a prominent
cliff wherever it crops out. This ash-flow tuff ranges from 100 to
170 feet in thickness; the densely welded part is usually about 80
feet thick. The base, although nonwelded to weakly welded, often
makes up part of the cliff formed by the overlying densely welded
tuff. The upper part of the cooling unit consists of 10-20 feet of
nonwelded tuff. This welded tuff is moderately rich in crystals of
plagioclase and sanidine (crystals make up about 20 percent of
the rock). Large biotite flakes are scattered sparsely throughout.
The rock is structureless almost everywhere, but large cavities
(14-1 in.) are developed at a few localities in the densely welded
part. Except for the abundance of crystals and the presence of
biotite, this ash flow looks like some of the units in the Bates
Mountain Tuff—a formation that is also widespread in the same
region. The age of this cooling unit, determined by the K-Ar
method on a sanidine mineral separate, is 26.9+ 1 m.y. (sample
7, table 1), which suggests that the rock is Oligocene or Miocene
(Harland and others, 1964). The sample was collected about 2 miles
east of the McCoy mine about midway between the type and the
reference sections.

Above the prominent cliff-forming third cooling unit is a thinner
tuff, the fourth cooling unit, which usually forms a low cliff from
10 to 30 feet high. This unit is easily distinguished from the
underlying and overlying tuffs because it is platy where densely
welded, whereas the densely welded parts of other units form
knubbly massive outcrops. It can be distinguished in hand speci-
men by its low crystal content and lack of biotite. The phenocrysts,
which make up 5 percent or less of the rock, are sanidine and
plagioclase. Small pieces of magnetite, partially oxidized to limo-
nite, commonly give the rock a speckled appearance. Lithic frag-
ments occur sparsely at some localities. A K-Ar age determination
on sanidine from a sample collected 2 miles east of the McCoy
mine is 27.0= 1 m.y. (sample 6, table 1). This is the same age
(within the limits of analytical uncertainity) as the underlying
tuff from the same section and also suggests an Oligocene or
Miocene age for this rock (Harland and others, 1964).

The top ash-flow cooling unit of the Edwards Creek Tuff forms
a cliff which is usually about 30 feet high. Most of the rock is
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structureless except where gas cavities have developed, and it
forms massive knubbly weathering outcrops. In hand specimen
the rock looks like the third cooling unit—the main cliff former.
It is moderately rich in plagioclase and sanidine phenocrysts and
contains a little biotite. A few lithic fragments occur throughout.

TUFF OF McCOY MINE

The most easily distinguished and useful marker unit in the
region is a welded tuff which overlies the Edwards Creek Tuff and
underlies the Bates Mountain Tuff. It is informally called the tuff
of McCoy mine because it crops out at a number of places a few
miles south of the McCoy mine. This unit characteristically forms
a cliff about 40 feet high; it may or may not have nonwelded to
weaklywelded tuff associated with it. At several places the unit
consists of about 150 feet of soft weakly welded tuff with a small
thickness of densely welded rock. Locally a black vitrophyre up
to 5 feet thick has formed at the base of the densely welded part.

The rock is distinctive because it is moderately rich in biotite.
It usually develops platy structure, which is emphasized by the
alinement of large biotite flakes on the platy surface. Crystals of
plagioclase constitute 20-25 percent of the rock, and biotite and
sanidine make up about 5 percent. A biotite mineral separate from
a sample collected on the east side of Antelope Valley gave a K-Ar
age of 26.3= 1 m.y. (sample 5, table 1). This age suggests that
the tuff of McCoy mine is Oligocene or Miocene (Harland and
others, 1964).

At a few places a lenticular zone of stratified air-fall tuff and
tuffaceous sedimentary rock separates the tuff of McCoy mine from
the older Edwards Creek Tuff. This local accumulation of sedi-
mentary strata between the ash-flow sheets suggests that the time
interval (26.9+ 1 m.y. for the Edwards Creek Tuff and 26.3=+
1 m.y. for tuff of McCoy mine) between the units is real, although
the ages do overlap within the analytical uncertainity.

BATES MOUNTAIN TUFF

The youngest unit in most of the region is the Bates Mountain
Tuff (Stewart and McKee, 1968a; McKee, 1968a), which consists
of three to five cooling units. The total thickness of the formation
ranges from 200 to 300 feet, depending on the thickness of non-
welded ash in the different cooling units and the number of units
present. In most areas, the Bates Mountain Tuff is about 200 feet
thick and contains three cooling units. The distribution of the
cooling units suggests that the tuff is separated from older rocks
by an unconformity and that unconformities may exist between
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some of the units. The difference in the K-Ar ages between the
Iowest cooling unit of the Bates Mountain Tuff (24.7+ 1 m.y.)
and the underlying tuff of McCoy mine (26.3+ 1 m.y.), also sug-
gests that there was a hiatus between these units, although the
ages overlap within the analytical uncertainty. In the northern
New Pass Range and parts of the Shoshone Mountains, the Bates
Mountain Tuff rests on the tuff of McCoy mine, but in other places
in the Shoshone Mountains it rests on older Tertiary lavas and
tuffs or on Mesozoic and Paleozoic strata. The Bates Mountain
Tuff has been traced almost continuously for at least 70 miles to
the southeast of the central Shoshone Mountains (McKee, 1968a).

Several of the cooling units closely resemble units of the
Edwards Creek Tuff but can usually be distinguished by subtle
textural and lithologic differences. The lowest unit is a densely
welded, knubbly weathering tuff moderately rich in crystals and
similar in appearance to the third (the prominent cliff former)
and upper units of the Edwards Creek Tuff. It differs from these
tuffs in that it usually lacks biotite. It contains about 15-20 per-
cent crystals—plagioclase, sanidine, and rarely quartz. Biotite is
found at a few localities. Most of the unit is massive and mega-
scopically structureless (although it shows well-developed eutaxitic
texture under the microscope), but in the densely welded parts
slightly flattened gas cavities are common. The ash flow is about
100 feet thick in most places. A sanidine separate from a specimen
collected in the Shoshone Mountains yielded a K-Ar age of 24.7+
1 m.y. (sample 4, table 1). A date from a sanidine separate of a
specimen collected in the New Pass Range was 23.9+ 1 m.y.
(sample 3, table 1). The latter specimen was from the unit directly
above the tuff of McCoy mine, but it may be from one of the upper
Bates Mountain cooling units. Both of these ages suggest that the
Bates Mountain Tuff is Miocene (Harland and others, 1964). The
formation was originally considered to be Oligocene or Miocene
(Stewart and McKee, 1968a) but redefinition of the Oligocene-
Miocene boundary by Harland, Smith, and Wilcock from 25 m.y.
to 26 m.y., necessitates the change.

The second unit, which is similar to the lowest tuff, is separated
at a break which lies within a sequence of nonwelded tuff. This
contact cannot be located precisely and may represent a complete
cooling break, or it may be a partial cooling break within a com-
pound cooling unit. In either case the second tuff usually forms
a low cliff separated from the basal cliff by 20-25 feet of non-
welded to weakly welded tuff. Since two densely welded units do
not occur everywhere, the second unit, where it is developed, may
well be the upper part of a compound cooling unit.
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The most easily recognized cooling unit of the Bates Mountain
Tuff is about 150-200 feet from the base of the formation. In the
eastern part of the region, it is the top Tertiary unit and forms a
low capping cliff (5-20 ft high) on much of the central part of
the Shoshone Mountains. In the northern part of the New Pass
Range to the west, it is overlain by two additional units. The unit
is distinctive because the densely welded part is everywhere full
of interconnecting holes 14-1 inch in diameter. A rock with this
texture obviously resembles swiss cheese, so the unit is informally
called the swiss-cheese unit in the field. In most places only the
densely welded swiss-cheese part is found, but in the area south
of McCoy mine more than 50 feet of moderately welded eutaxitic
tuff lies above the marker zone. The swiss-cheese unit contains 5
percent or less of crystals; these are sanidine, plagioclase, and
quartz. The low crystal content helps distinguish it from the lower
Bates Mountain cooling units. A K-Ar date on sanidine from a
sample collected in Antelope Valley is 23.83+ 0.9 m.y. (sample 2,
table 1). This age suggests that the cooling unit is Miocene (Har-
land and others, 1964).

In the area approximately 5 miles west of the McCoy mine, two
welded-tuff cooling units lie on top of the swiss-cheese unit. These
are included in the Bates Mountain Tuff in this paper because they
have a somewhat similar lithology, but they may be parts of
unrelated younger tuffs. The lower of the two is a dark-red
eutaxitic tuff about 50 feet thick with relatively few phenocrysts
of sanidine and plagioclase. On top of this tuff is a structureless
tuff with sparse crystals of sanidine and quartz. The tuff grades
from punky and bricklike to hard and porcelainlike, depending
on the degree of welding.

YOUNGEST TUFF

The youngest welded tuff in the northern area crops out on top
of the Bates Mountain Tuff at one locality west of McCoy mine
(loc. 4, pl. 1). This tuff has been mapped along the strike for about
2 miles and may be more widespread west of the region covered
in this paper. It can be distinguished from all other rocks in the
area because of the presence of large euhedral sanidine crystals
which exhibit bright-blue chatoyance. A few crystals of smoky
quartz are also present. Except for the chatoyant sanidine and
smoky quartz, the unit is similar to a number of the other ash-
flow tuffs in the region. Most of it is pink, densely welded, and
crystal poor with only a little nonwelded to weakly welded tuff at
its base. The unit rests directly on the uppermost cooling unit of
the Bates Mountain Tuff ; however, less than 2 miles away where
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stratified sedimentary rocks lie on the Bates Mountain, the
chatoyant sanidine tuff is missing. This relationship suggests that
an unconformity exists at the base of the unit. A K-Ar date on
sanidine from the rock is 23.6+ 0.9 m.y. (sample 1, table 1), which
falls within the age range, considering the analytical precision,
of the Bates Mountain Tuff.

SOUTHERN PART OF THE REGION

The northern part of the Desatoya Mountains, the southern end
of the New Pass Range, and the Mount Airy part of the Shoshone
Mountains contain a series of welded ash-flow tuffs, air-fall tuffs,
and sedimentary units that differ from those directly to the north.
The stratigraphy of the southern New Pass Range ( approximately
in the middle of the southern region) is transitional between the
Mount Airy and Desatoya sections. Although the tuff stratigraphy
of the southern New Pass Range is made complex by the lenti-
cularity of the sedimentary units, one of the welded tuffs found
in the Desatoya Mountains is recognized in the Mount Airy part
of the Shoshone Mountains as well. The rocks from the Desatoya
Mountains, southern New Pass Range, and the Mount Airy part
of the Shoshone Mountains are described separately.

DESATOYA MOUNTAINS

The thickest stratigraphic section in the southern area is in the
Desatoya Mountains. The maximum thickness of a composite sec-
tion containing the five welded tuffs recognized in this area is
more than 2,000 feet, but no single exposure contains more than
about 1,400 feet. Unlike the welded tuffs from the northern area,
all the tuffs are lenticular and vary widely in thickness; further-
more, they do not resemble each other in lithology. These features
and their limited distribution suggest that they are the distal
edges of tuffs from different sources.

TUFFS OF UNCERTAIN STRATIGRAPHIC POSITION

South of the area shown on the map, most of the Desatoya
Mountains are underlain by a thick (probably more than 1,000 ft)
welded tuff or series of similar welded tuffs that are very difficult
to distinguish in the field. Vitrophyre pods, zones of partial weld-
ing, and zones with abundant lithic debris can only be traced a
short distance along the strike. Whére these markers are missing,
the welded tuff is a uniform rhyolitic crystal-poor rock, with
black fiamme in places where welding has not completely obliter-
ated the pumice fragments. In an attempt to distinguish or cor-
relate units, three samples were collected from different localities
and K-Ar ages determined from sanidine mineral separates. All
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three ages are approximately 25 m.y. old (24.8+ 1, 25.1+ 1,
25.5+ 1 m.y.; samples 14, 15, 16, table 1), suggesting that the
entire mass of tuff is nearly contemporaneous. In the central part
of the Desatoya Mountains (south of the map, pl. 1), this thick
rhyolite tuff appears to be unconformably overlain by one or two
lithologically different welded tuffs. A biotite separate from one
of these overlying tuffs gave a K-Ar age of 24.1-= 1 m.y. (sample
13, table 1), which is the same age, within the analytical uncer-
tainity, as the thick underlying body of tuff. The relationship of
the thick rhyolite tuff to the series of tuffs at the north end of the
Desatoya Mountains is uncertain. The rhyolite tuff seems to thin
abruptly at about the southern edge of the map (pl. 1) and may
be represented by one of the thin crystal-poor tuffs midway in
the section at the north end of the Desatoyas. Potassium-argon
ages of units at the top and bottom of this section are younger
and possibly older (22.0+ 0.9 m.y., sample 11, table 1, and a min-
eral pair which is 26.5+ 1 and 25.2+ 1 m.y., sample 17, table 1)
than the crystal-poor rhyolite to the south.

The series of readily distinguishable welded tuffs at the north
end of the Desatoya Mountains contrasts with the thick homo-
geneous mass of tuff in the central part of the range. Five map-
pable ash-flow units make up the northern series (fig. 5). The
units can be traced northward, but within less than 10 miles (in
the vicinity of New Pass) three of them pinch out leaving one or
two thick wedges of tuffaceous sedimentary rocks making up
more than half of the section.

OLDER TUFFS

The basal unit of the welded tuff series from the northern part
of the Desatoya Mountains is a pinkish tuff, which contains less
than 5 percent plagioclase and sanidine phenocrysts. At most
localities it is hard and densely welded, but large flattened pumice
fragments show that some zones are only partly welded. This
welded tuff does not seem to extend north as far as New Pass. Its
probable temporal equivalent in the southern New Pass Range is
a massive to stratified tuffaceous rock which forms extensive
badland topography southwest of New Pass.

The second-oldest welded tuff is a distinctive biotite-bearing
rock. It forms a cliff 50-100 feet high that can be traced on the
ground or on aerial photographs throughout most of the northern
Desatoyas and serves as a useful marker unit. Like most of the
ash-flow tuffs in the region, the unit is densely welded through-
out. It contains from 15 to 20 percent crystals, mainly sanidine,
plagioclase, and a little quartz and biotite. The presence of biotite
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FIGURE 5.—Composite section, northern end Desatoya Mountains.

distinguishes it from all the other tuffs in the section. Potassium-
argon ages were determined on the mineral pair biotite and sani-
dine from the same hand specimen. The ages are 25.2=+ 1 m.y.
and 26.5+ 1 m.y., respectively (sample 17, table 1). These ages
suggest that the unit is Oligocene or Miocene (Harland and others,
1964). A similar welded tuff (see section on “Southern New Pass
Range”) of about the same age crops out in the Mount Airy region
of the Shoshone Mountains 10 miles to the east, and these tuffs
are tentatively correlated with the tuff of McCoy mine (see sec-
tion on “Tuff of McCoy mine”).
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On top of the biotite-bearing tuff is a thin (25-50 ft) cliff-
forming red to pink crystal-poor tuff. Most of this rock is very
densely welded; no trace of eutaxitic texture is visible except in
thin section. Slightly less welded parts contain occasional large
gas cavities, but no welded texture is visible to the naked eye.
Phenocrysts of sanidine and a few of quartz make up less than
5 percent of the rock.

A similar, but less densely welded tuff lies on top of the red
unit. This ash flow is about 200 feet thick ; the lower 120-150 feet
forms a slope which steepens into a cliff about 50-75 feet high at
the top of the unit. This cliff usually erodes into jagged spires or
pinnacles. The slope-forming part of the tuff is weakly to moder-
ately welded; the cliff is densely welded. All of the unit has
eutaxitic texture, but it is best developed in the densely welded
parts of the tuff. Between 5 and 10 percent of the rock is made up
of phenocrysts of sanidine and a little quartz. Overlying this ash-
flow unit is the New Pass Tuff which caps the Desatoya Moun-
tains in this area.

NEW PASS TUFF

A thick distinctive crystal-rich welded tuff that serves as a
useful stratigraphic marker is widespread in the northern Desa-
toya Mountains, the New Pass Range, and the Mount Airy part
of the Shoshone Mountains. The unit is here named the New Pass
Tuff for exposures in New Pass, the canyon which separates the
Desatoya Mountains from the New Pass Range.

The exposures on both sides of New Pass in sec. 30, T. 20 N.,
R. 40 E. are designated the type locality. The northernmost peaks
of the Desatoya Mountains (secs. 22 and 15, T. 19 N,, R. 39 E.),
considered a reference section, constitute equally good exposures.
In neither of these sections, however, is the entire thickness of
the formation present. The basal contact can be mapped for several
miles at the reference section in the northern Desatoyas, but the
upper contact has been eroded. In the vicinity of the type locality
at New Pass, the upper contact is exposed beneath tuffaceous
sedimentary rocks, but the basal contact is not exposed. In the
western end of New Pass and in the northern Desatoyas, more
than 400 feet of this unit crops out. East of New Pass the tuff
thins to less than 100 feet, and at one locality approximately 4
miles east of New Pass, where both the top and bottom are
exposed, the unit is only about 50 feet thick. The formation prob-
ably ranges from 50 to 500 feet in the area described in this paper.

The New Pass Tuff contains about 40 percent smoky quartz and
slightly chatoyant sanidine phenocrysts in approximately equal
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amounts, and less than 5 percent plagioclase. Eutaxitic texture
can rarely be seen, but flattened pumice fragments are visible in
thin section. In most places the rock is pale red to lavender and
is densely welded.

A K-Ar date on sanidine from a sample collected at the east end
of New Pass is 22.0+ 0.9 m.y. (sample 11, table 1), which suggests
a Miocene age (Harland and others, 1964) for the New Pass Tuff.

SOUTHERN NEW PASS RANGE

A series of lenticular tuffaceous sedimentary rocks, air-fall tuffs,
and nonwelded tuffs lie on top of the New Pass Tuff a short dis-
tance both north and south of New Pass (pl. 1, and fig. 6). The
New Pass Tuff is also underlain by lenticular tuffaceous rocks and
nonwelded tuffs a few miles east of New Pass, and it seems likely
that both these underlying and overlying strata represent a con-
tinuing period of deposition interrupted by the New Pass Tuff.
This sedimentary sequence in the vicinity of New Pass is capped
by two other welded tuffs that form several small mesas in that
area. The lower of these tuffs is a thin unit composed of lavender
to pink rock that contains 5-15 percent phenocrysts of sanidine
and quartz in about equal amounts. In places partially to com-

LITH- ROCK-STRATI-

OLOGY DESCRIPTION GRAPHIC UNIT

Gray to pink crystal-rich hthic tuff; contains
quartz, sanidine,plagiociase, and a little bio-
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NOT
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F1GURE 6.—Composite section, New Pass and vicinity.
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FIGURE 7.—Composite section, Mount Airy area in central part of the
Shoshone Mountains.

pletely flattened pumice fragments are common, and more densely
welded parts of the tuff contain numerous gas cavities. The second
welded tuff forms a cliff less than 20 feet high capping most of
the hills adjacent to New Pass. This tuff contains 40 percent or
more crystals, including sanidine, quartz, and plagioclase in about
equal amounts, and a little biotite. Lithic fragments are scattered
throughout the rock. This welded tuff is the youngest rock in the
region ; it yielded a K-Ar date on a biotite separate of 23.6=+ 0.9
m.y. (sample 10, table 1), which overlaps (within the precision
of the method) the age of the underlying New Pass Tuff. This age
suggests that the unit is Miocene (Harland and others, 1964).
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CENTRAL PART OF THE SHOSHONE MOUNTAINS (MOUNT AIRY AREA)

Near Mount Airy in the Shoshone Mountains, a series of six
welded tuffs and two units of nonwelded tuff and tuffaceous sedi-
mentary rock crop out (fig. 7). The total thickness of these rocks
is about 1,000 feet; most of the welded tuffs are less than 200 feet
thick. One of these—the New Pass Tuff—can be mapped westward
into the southern end of the New Pass Range and farther to the
southwest into the Desatoya Mountains. Another unit is corre-
lated, on the basis of similiar lithology and K-Ar age, with the
tuff of McCoy mine (see section on “Tuff of McCoy mine”) and
with the second oldest unit in the northern Desatoyas. The remain-
ing welded tuffs are not recognized west of the Shoshone Moun-
tains, and the sedimentary units are only tentatively correlated
with tuffaceous strata west of the region. The source of most of
these isolated tuffs is unknown.

OLDEST VOLCANIC ROCKS

The oldest unit is a thick massive body of slightly welded tuff
that does not have the planar features that are typical of the
other welded tuffs in the region. Most of the unit is a poorly sorted
mass of debris made up of angular voleanic rock and pumice frag-
ments, as much as 6 inches across, in a matrix containing a little
quartz, plagioclase, and biotite. At most localities this rock is
silicified or altered to a chalky siliceous material. The pumice
fragments are flattened slightly, and a eutaxitic texture is weakly
developed at only a few places. Associated with the non-stratified
to poorly stratified lithic-pumice tuff-breccia are large structure-
less bodies of dense rock similar to the matrix of the tuff-breccia
but containing a few lithic fragments and no pumice. The dis-
tribution and thickness of these bodies suggest that they are
intrusive, although they grade into the tuff-breccias. These types
of rock (massive intrusive(?) and lithic-pumice tuff-breccia) and
associated thin rhyolite lava flows are exposed in the Shoshone
Mountains approximately 15 miles south of the area shown on the
map (see fig. 1) and are at least 1,000 feet thick at a number of
places. It seems likely that all these rocks are related to a local
volcanic center which is represented by intrusive domes and small
extrusive flows. These volcanic rocks are in contrast to the wide-
spread stratified ash-flow tuffs (all the other units described in
this paper) that blanket most of the region.

OLDER TUFFS AND SEDIMENTARY ROCKS

On top of the massive tuff-breccia is the lowest unit in a series
of thin welded tuffs exposed north of Highway 50 near Mount Airy
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(pl. 1). This welded tuff forms a ledge less than 40 feet high
which projects from the alluvium at one locality on the east side
of the range (loc. 5, pl. 1). Its total thickness is unknown because
its basal contact is covered, but it probably is on the order of 100
feet. A thin layer of soft weakly welded tuff lies between the
densely welded portions of this and the overlying tuff, and the
contact is probably within this interval.

The tuff is pink to brown, and in places its eutaxitic texture is
emphasized by abundant fiamme. Crystals make up about 20 per-
cent of the rock and are mostly plagioclase with some biotite.

The second welded tuff also forms a low cliff about 20 feet high.
This unit can be distinguished from the underlying tuff because
of its low crystal content (about 10 percent) of sanidine and very
rarely biotite. The sanidine is slightly chatoyant. The presence of
a few scattered lithic fragments also helps to distinguish it from
the older unit.

On top of the two thin welded tuffs is a sequence of nonwelded
tuff and tuffaceous sedimentary rock which has a maximum thick-
ness of about 400 feet. No attempt was made to map units within
this sequence because most of them are lenticular and cannot be
traced with certainty outside of the area. Most of these rocks are
green to gray soft slope-forming units that resemble much of the
Tertiary sedimentary rock throughout Nevada. They are tenta-
tively correlated with the tuffaceous rock southwest of New Pass
because of their stratigraphic position.

EDWARDS CREEK (?) TUFF

An ash-flow tuff overlies the tuffaceous strata, and its basal
contact merges with these strata. The unit is about 100 feet thick,
and midway in the unit the more densely welded parts of it form
a cliff about 50 feet high. The weakly welded tuff of this ash flow
is pink to white and has abundant pumice and volcanic rock frag-
ments as well as a moderate number of crystal phenocrysts. The
densely welded tuff is red to brown and is hard and structureless.
The crystals make up 10-15 percent of the rock and are mostly
sanidine with a lesser amount of quartz and plagioclase. A few
small flakes of biotite can be seen in an average-sized hand speci-
men. The rock looks like Edwards Creek Tuff, and its position
beneath a distinctive biotite-bearing welded tuff that has a K-Ar
age of about 26 m.y. (the same age as the tuff of McCoy mine)

suggests that it may be one of the cooling units of the Edwards
Creek Tuff.
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TUFF OF MC COY MINE(?)

The next youngest unit in the vicinity of Mount Airy is a welded
tuff that is distinctive in that it contains a moderate amount of
biotite. This mineral is particularly evident on the surfaces of
slabby blocks. The tuff is between 40 and 100 feet thick, the upper
half forming a cliff of moderately to densely welded rock. Thin
sections show that the rock is moderately rich in crystals, con-
taining 20-25 percent of plagioclase and sanidine and several per-
cent of biotite. A K-Ar age of a biotite separate from this unit is
26.2:= 1 m.y. (sample 12, table 1). This welded tuff is like the
tuff of McCoy mine in that both have a high content of biotite,
weather in the same slabby way, and have about the same K-Ar
age (26.2+ and 26.3= 1 m.y., respectively). This tuff also has
about the same lithology and K-Ar age as the second oldest welded
tuff in the northern Desatoya Mountains (see section on “Desatoya
Mountains”) with which it is tentatively correlated.

NEW PASS TUFF AND UNDERLYING SEDIMENTARY ROCKS

Between the biotite-bearing tuff and the New Pass Tuff is a
thin sequence of tuffaceous sedimentary rocks and soft nonwelded
tuff. These strata probably correlate with similar rocks beneath
the New Pass Tuff near New Pass and are probably part of a con-
tinuous sequence represented by deposits on top of the New Pass
Tuff as well. It seems likely that they are more nearly the age of
the New Pass Tuff (22= 0.9 m.y.) than of the underlying biotite-
bearing tuff (26.2+ 1 m.y.), although they may have accumulated
continuously throughout this 2-6-m.y. interval. The New Pass
Tuff is the youngest unit in the vicinity of Mount Airy. However,
4 miles northeast to 5 miles northwest of Mount Airy there is a still
higher unit consisting of a crystal-poor tuff containing sanidine
and quartz (fig. 6). Locally a third tuff of uncertain affinities sep-
arates the New Pass Tuff from the top crystal-poor unit.

SUMMARY OF STRATIGRAPHY

As many as 19 ash-flow tuffs are recognized in the New Pass
Range, the northern Desatoya Mountains, and the central part of
the Shoshone Mountains. Four of these tuffs can be mapped across
half or more of the region; the remaining units have more limited
distribution. Lenses of sedimentary rock up to several hundred
feet thick occur at various places between the ash-flow tuffs.

In the northern two-thirds of the region, 13 tuff cooling units
are recognized. Most widespread and thickest of these is the
Edwards Creek Tuff, consisting of as many as five cooling units.
Directly on top of the Edwards Creek Tuff, is a thin, distinctive,
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biotite-bearing unit informally called the tuff of McCoy mine. This
unit has about the same distribution as the Edwards Creek Tuff.
The youngest unit in all but one place in the northern region is
the Bates Mountain Tuff, usually made up of three cooling units.
This formation has been mapped for at least 70 miles southeast
of the area described here.

The Edwards Creek Tuff and the overlying tuff of McCoy mine
are correlated with rocks in the vicinity of Mount Airy in the
Shoshone Mountains. Other welded tuffs from Mount Airy bear
little resemblance to units farther north. The most widespread
unit at Mount Airy—the New Pass Tuff—can be mapped in the
southern New Pass Range and in the northern part of the Desa-
toya Mountains. Across most of the southern third of the region
this welded tuff is the youngest rock, although there are several
units on top of it in the vicinity of New Pass and in the southern
part of the New Pass Range. Most of the welded tuffs beneath
the New Pass Tuff in the northern Desatoyas do not seem to
correlate with rocks in the same stratigraphic position elsewhere
(centra] part of the Shoshone Mountains and New Pass Range).
One unit near the base of the Desatoya section may be the tuff
of McCoy mine, but this correlation is uncertain.

Tuffaceous sedimentary rocks at different localities and at dif-
ferent places in the stratigraphic column generally look alike.
Some of these strata are approximately the same age but are
separated stratigraphically by one or more ash-flow tuffs. Other
units are of widely different ages. In deciphering the stratigraphy
the welded tuffs serve as isochronal planes and can be relied on
for correlation, but the sedimentary units may be of different
ages and consequently are less reliable for correlation.

POTASSIUM-ARGON DATES
ANALYTICAL TECHNIQUES

Analyses were made on sanidine or biotite mineral separates
from hand specimens considered representative of a particular
unit. For two samples, 9 and 17 (table 1), the mineral pair sanidine
and biotite were taken from the same specimen. Ash-flow units
characterized by an abundance of lithic fragments were not dated,
and any minor lithic fragments visible in the samples were
removed in the field or after initial crushing. From most rocks
1-2 grams of pure or nearly pure mineral was obtained; this was
split three times, giving five representative samples. The final
splits were used for two potassium analyses, one of the second
splits for argon analysis, and the remaining sample was saved
for repeat analyses if necessary. However, no repeat analysis
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seemed necessary because all the dates obtained were compatible
with the stratigraphic framework seen in the field. The two
mineral pairs also agreed within the limits of the analytical
precision.

The argon analyses were carried out using standard isotope-
dilution techniques on a Nier-type, 6-inch-radius, 60°-sector mass
spectrometer. The potassium analyses were done by flame photo-
meter using a lithium internal standard.

The decay constants used for K* are Ae = 0.585 X 10 yr! and
Ag = 4.72 X 10 yr?, and the atomic abundance of K*° is 1.19 X
10%. Errors shown as =+ values have been assigned on the basis
of experience with duplicate analysis and uncertainties in the
individual runs. They represent the additive effects of uncertain-
ties in the argon and potassium analyses, in the isotopic com-
position and concentration of the Ar®*® tracer, and in the concen-
tration of the flame photometer standards. Errors range from 3 to
4 percent of the calculated ages.

DATES AND STRATIGRAPHY

The relative age of a number of the welded tuffs was established
by their stratigraphic position and, if possible, K-Ar ages were
determined for major cooling units in the sequence. Usually units
in stratigraphic contact in the series are the same age within the
limits of the analytical uncertainty, but end members (top and
bottom units) in a series can be separated on the basis of their
age. (See pl. 2, bottom stratigraphic section.) In several areas, if
lithologic correlations are correct, scme of the units are separated
by a hiatus of long-enough duration to be indicated by the K-Ar
data. (See section on ‘“Older tuffs and sedimentary rocks.”)

The bar diagram shown in plate 2 emphasizes the overlap in
apparent age between successive units. It also shows the general
agreement between the individual age determinations (center point
on each bar) and the stratigraphic position of successive units. As
would-be expected, lower units give older average ages than over-
lying units. Nowhere did a stratigraphically younger tuff give an
older age than the unit below it (the plus and minus factor being
considered), and at mose places the series of ages corresponds to
the sequence of tuffs. However, for post-New Pass and New Pass
Tuff (samples 10 and 11, pl. 2 and table 1) and welded tuff over-
lying the Bates Mountain Tuff and Bates Mountain Tuff (samples
1 and 2, pl. 2; and table 1), the ages obtained without regard to
the plus or minus value were the reverse of that expected; but as
plate 2 shows, the dates overlap when account is taken of the plus
or minus factor. Repeat analyses would probably only confirm
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that these units are the same age within the analytical uncertainty
although the average age, without consideration of the analytical
uncertainty, might be reversed.
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