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DESCRIPTION OF MAP UNITS

[Where necessary, isotopic ages given here have been recalculated using the I[UGS decay
constants (Steiger and Jiger, 1977). Classification of volcanic rocks is that of [IUGS (Le Bas
and others, 1986). Surficial deposits shown on the map are estimated to be at least 1 m thick.
We have not mapped manmade deposits and the abundant thin colluvial aprons of Holocene
to late(?) Pleistocene age that mantle slopes adjacent to many of the older alluvial-fan deposits
(units Qfms, Qfo, QTfc, and Tfa). The manmade deposits consist mainly of compacted debris
along segments of U.S. Highway 93 and in the bed of the adjacent railroad. Age assignments
for surficial deposits are based chiefly on the degree of post-depositional modification of
original surface morphology and degree of soil development, especially the morphology and
thickness of calcium-carbonate-enriched horizons. Soil-horizon designations are those of the
Soil Survey Staff (1975) and Guthrie and Witty (1982), except for the vesicular A horizon,
which is defined by Springer (1958). All surficial deposits are calcareous and contain differing
amounts of secondary calcium carbonate; stages of secondary calcium-carbonate morphology
are those of Gile and others (1966). Grain sizes given for surficial deposits are based on visual
estimates and follow the modified Wentworth grade scale (American Geological Institute,
1982). Dry colors of the less-than-2-mm size fraction of the surficial deposits were determined
by comparison with Munsell Soil Color Charts (Munsell Color, 1973); deposits are chiefly pink
(5YR7/3,7.5YR 8/4, 7.5YR 7/4), light brown (7.5YR 6/4), and very pale brown (10YR 7/3).]
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Stream deposits— Silt, sand, and gravel that fill channels and form flood plains

and low terraces along side and main streams

Undivided alluvium and colluvium (Holocene and late Pleistocene)—
Chiefly undifferentiated stream alluvium of intermittent side streams, as
well as fan and sheetwash alluvium and hillslope colluvium. Silty and
pebbly sand to clast-supported, cobbly pebble gravel in a sand matrix;
typically consists of interbedded sand and pebble gravel. Alluvium
underlies flood plains, low terraces, and smali fans along lower segments of
intermittent streams tributary to Meadow Valley Wash. Colluvium locally
mantles adjacent hillslopes. Alluvial surfaces commonly have incised
modern drainage channels and locally have low bar-and-swale topography.
Soils formed in deposits of the map unit are characterized by Bk horizons
that have coatings of secondary calcium carbonate on the undersides of
clasts; coatings are patchy to continuous and typically less than 0.5 mm
thick. Along Miller Spring Wash in the northeast part of mapped area, map
unit includes small sand dunes of late(?) Holocene age, less than 1 m high,
that are composed chiefly of very fine to medium sand. Map unit locally
includes main-stream alluvium and possibly minor debris-flow deposits,
Exposed thickness of alluvium 6 m; maximum thickness probably about 15 m.
Exposed thickness of colluvium 1-2 m; maximum thickness probably
about 5 m

Main-stream flood-plain alluvium (Holocene and latest Pleistocene?)—

Silt and thin (less than 20 ¢m thick) beds and lenses of silty sand. Weakly
consolidated and prone to gully development. Forms flood plain of
Meadow Valley Wash. Solls commonly have a pink, calcareous argillic B
horizon about 0.5 m thick that lacks visible concentrations of secondary
calcium carbonate and has distinctive, well-developed, coarse (2-5 cm
wide) prismatic structure and numerous, moderately thick clay films.
Locally contains thin (5-15 cm), buried soil A horizons. Unit locally may
include minor marsh deposits and side-stream alluvium. Exposed thickness
7m

Older main-stream alluvium (middle or early Pleistocene or late Pliocene)—

Clast-supported, cobbly pebble gravel in a sand matrix, and matrix-
supported. sandy pebble gravel interbedded with pebbly sand and silty
sand. Locally contains minor amounts of small boulders and thin silt lenses.
Some gravel in northern part of mapped area is pervasively cemented by
fine-grained, secondary calcium carbonate that may have precipitated from
carbonate-rich ground water. Cemented gravel commonly forms resistant
ledges about 0.5-3 m thick. Map unit s distinctive because it contains clasts
of chiefly subrounded to rounded volcanic rocks and minor amounts of
subangular to subrounded quanzite. imbricate alignment of clasts indicates
a general southward direction of fluvial transport. Gravelly alluvium is
commonly overlain by about 1 m of silty sand that may be eolian or waterlain.
Along its west margin, on the west side of Meadow Valley, unit is locally
buried by as much as 20 m of quartzite-rich fan alluvium of Miller Spring
Wash (Qfms). The contact between the two units here is approximately
located; it is particularly difficult to define in the area west of the buildings of
the 1001 Ranch, in the north part of mapped area. Map unit locally
includes deposits equivalent to fan alluvium of Miller Spring Wash. Thin
deposits of volcanic-rich gravelly alluvium, which resemble those of map
unit but occur at higher elevations, are scattered beneath fan alluvium of
Miller Spring Wash as much as 1 km west of the outcrop belt of map unit.
Unit was deposited after development of through-flowing drainage in the
area. Exposed thickness 2 to more than 15 m

Landslide deposits (early? Holocene or late Pleistocene)— Mostly angular,

unsorted, and unstratified rock debris moved by gravity from nearby
bedrock areas. Inciudes minor talus and hillside colluvium. Mapped only in
southwest corner of mapped area, near Chief Canyon fault zone. Maximum
thickness about 30 m

Alluvial-fan deposits—Intertongued beds of poorly sorted gravel. gravelly

sand, sandy gravel. and sand of intermittent streams. Mostly alluvial-fan
deposits, but in some places include pediment deposits. Include several
map units of various ages and at different elevations that are well exposed
along the west side of Meadow Valley. Deposited after development of
through-flowing drainage in the area

Fan alluvium of Meadow Valley (Holocene and latest Pleistocene?)—
Pebbly sand interbedded with matrix-supported, sandy pebble gravel and
clast-supported pebble and cobble gravel in a sand matrix; poorly sorted
and locally contains numerous boulders. Clasts are chiefly volcanic rocks in
southwest part of mapped area and chiefly quartzite in northwest part. Unit
underlies undissected surfaces that have numerous shallow drainage
channels; some surfaces have well-expressed bar-and-swale topography.
Deposited by small intermittent streams that are graded to flood plains of
modern washes. Secondary calcium carbonate in deposits typically occurs
as coatings on undersides of clasts. These coatings are patchy to continuous,
less than 0.5 mm thick, and extend to depths greater than 3.5 m. May
include minor debns-flow deposits, hillsiope colluvium, and talus Named
as an informal unit for exposures in lower part of Meadow Valley in
southwest part of mapped area. Maximum thickness about 15 m

Fan alluvium of 1001 Ranch (late Pleistocene)—Clast-supported pebble
and cobble gravel in a sand matrix; poorly sorted and locally containg
numerous boulders as long as 50 cm. Clasts are chiefly quartzite and minor
volcanic rocks. An informal unit named for a small deposit. with a slightly
dissected surface, several kilometers southwest of the buildings of the 1001
Ranch, in northwest part of mapped area. This surface is graded to a level
about 5 m above the floor of the modern wash. Upper part of unit consists
of a lag of quartzite-rich gravel and lacks bar-and-swale topography. Soil
formed in unit has a thin (30 cm) K horizon with stage 1l carbonate that
overlies a Bk horizon (more than 20 cm thick) with stage Il carbonate. Unit
locally includes deposits of gravelly Holocene alluvium, too small to map
separately, on the floors of modern washes; locally includes minor debris-
flow deposits. Exposed thickness 2.5 m; maximum thickness probably less
than 10 m

Fan alluvium of Miller Spring Wash (middle Pleistocene)— Clast-supported
and matrix-supported pebble and cobble gravel, and local minor beds of
small-boulder gravel in a sand matrix, interbedded with pebbly sand. Poorly
to moderately sorted and thin (20 cm) to medium (100 cm) bedded. Weakly
consolidated beneath a zone indurated by secondary calcium carbonate.
Clasts are chiefly subangular to subrounded quartzite and a minor amount
of subrounded volcanic rocks. Forms extensive deposits that underlie
moderately dissected surfaces north of Cobalt Canyon. Surfaces are
graded to alevel about 25-30 m above flood plain of Meadow Valley Wash,
Upper part of unit consists of a lag of quartzite-rich gravel. Soils formed in
unit commonly consist of the following sequence of horizons: a silt-
enriched vesicular A horizon 6 cm thick; a cambic B horizon 25 cm thick or,
locally, a weakly developed argillic B horizon 45 cm thick, both with stage |
carbonate; a K horizon 50-85 c¢m thick with stage 1l carbonate; and a Bk
horizon more than 45 cm thick with stage I-ll carbonate. Unit locally
includes Holocene alluvium in modern washes, thin deposits of locally
derived Holocene colluvium along steep stream embankments, small
deposits of terrace alluvium of late Pleistocene age along some intermittent
streams, and minor deposits of pediment alluvium. Named as an informal
unit for exposures several kilometers southwest of the mouth of Miller
Spring Wash, in north part of mapped area. Exposed thickness 2-20 m

Fan alluvium of Oxborrow Ranch (middle? and early Pleistocene)—Clast-
supported, cobbly pebble gravel, and local minor beds of boulder gravel in
which clasts are as long as 60 cm, in a sand matrix, interbedded with matrix-
supported, sandy pebble gravel and pebbly, slightly silty sand. Clasts are
chiefly subangular to subrounded quartzite, minor subrounded volcanic
rocks, and sparse limestone. Named as an informal unit for fan remnants
and rounded elongate hills at two or more levels above surfaces of fan
alluvium of Miller Spring Wash (Qfms). Upper part of unit consists of a lag
of quartzite-rich gravel and numerous carbonate-coated clasts and small,
tabular, carbonate-cemented fragments derived from an underlying
indurated soil K horizon that is poorly exposed. Unit may include minor
deposits of pediment alluvium. Exposed thickness 2-11 m

Fan alluvium of Chief Mountain (early Pleistocene or late Pliocene)—
Clast-supported, cobbly pebble gravel and local minor beds of small-
boulder gravel in a sand matrix, interbedded with matrix-supported pebble
gravel and pebbly sand. Clasts are chiefly quartzite and a minor amount of
volcanic rocks. Unit forms a small fan remnant and a few small, rounded,
elongate hills at one or more levels above surfaces of fan alluvium of
Oxborrow Ranch (Qfo) along west margin of mapped area. Exposures are
more extensive along east side of Chief Mountain, which is 5 km west of
mapped area, and for which this informally designated unit is named.
Upper part of unit consists of a lag of quartzite-rich gravel and numerous
carbonate-coated clasts and small, tabular, calcium-carbonate-cemented
fragments derived from an underlying indurated soil K horizon that is
poorly exposed. Unit may include minor deposits of pediment alluvium.
Maximum thickness probably less than 10 m

Undivided older fan alluvium (middle and early Pleistocene and late
Pliocene?)— Undivided fan alluvium (Qfmec, Qfo, and QTfc) in the area east
of Meadow Valley Wash, where deposits are poorly exposed and typically
lack distinct geomorphic expression. Clast- and matrix-supported pebble
gravel interbedded with pebbly sand and sand. Locally includes a minor
amount of cobbles and boulders as long as 60 cm. Clasts are chiefly
subangular and subrounded volcanic rocks derived from bedrock east and
south of Panaca basin, and minor amounts of sandstone, conglomerate,
and limestone derived from the Panaca Formation (Tp). Typically forms
small, widely spaced, gravel-capped ridges. elongate hills, and dissected fan
remnants. Soils formed in unit have stage [l K horizons that are more than
30 cm thick and poorly exposed. Locally includes thin colluvial deposits,
pediment alluvium, and fan alluvium of 1001 Ranch (Qfr). Exposed
thickness 1-9 m

Fan alluvium of Antelope Canyon (Pliocene)—Mostly light-gray, clast-
supported pebble gravel in a sand matrix, interbedded with matrix-
supported, sandy pebble gravel and pebbly sand. Poorly sorted and locally
contains numerous cobbles and boulders as long as 2 m. Typically weakly
to moderately well cemented by macrocrystailine calcium carbonate. Clasts
in Cobalt Canyon area are chiefly angular quartzite and subrounded
volcanic rocks, whereas those in area south of Cobalt Canyon are chiefly
angular to subangular volcanic rocks. Imbricate alignment of clasts
indicates a general eastward direction of alluvial transport. Unit forms
narrow ridges and rounded, elongate hills at and below the level of surfaces

formed on fan alluvium of Chief Canyon (QTfc) near west margin of
mapped area. Upper part of unit consists of a lag of quartzite-rich gravel
and abundant carbonate-coated clasts and small, tabular, calcium-
carbonate-cemented fragments derived from an underlying soil K horizon
in the Cobalt Canyon area; upper part consists of sandy, volcanic-rich
gravel in the area south of Cobalt Canyon. Unit includes minor debris-flow
deposits and thin patches of locally derived colluvium. Unit is thought to
comprise the oldest deposits that postdate drainage integration in the
Panaca basin. Unit is much thicker and more extensive in Antelope Canyon,
which joins Meadow Valley 1 km west of mapped area. This informally
designated unit is named for deposits that make up the upper fill in an
unnamed structural basin on southwest margin of Chief Range. May
include deposits of early Pleistocene age. Maximum thickness about 50 m,
thinning eastward

Panaca Formation (Pliocene and upper Miocene)—Mostly poorly to moderately
consolidated, tan, reddish-brown, salmon, and minor light-gray, light-
yellow, and white, mostly thin-bedded (0.5-4 cm), pebbly sandstone,
limestone, siltstone, mudstone, claystone, sandy conglomerate, and
diatomite(?). A 1-m-thick bed of fine-grained airfall tuff, containing sparse
(less than 0.5 percent) silt-sized phenocrysts of quartz, sanidine, and
biotite, judged too fine grained for isotopic dating, was noted in upper part
of formation in the center of W1/2 sec. 15, T. 3 S, R. 67 E,; a
petrographically identical tuff bed was noted by Callaghan (1936) 10 km
north of mapped area. Other beds in the formation locally contain
tuffaceous material. Limestone locally contains algal filaments. Clasts
include light-gray and pink rhyolite and dark-gray and brown lava flows of
Indian Cove (Tli). Deposited in the closed Panaca basin prior to
development of through-flowing drainage of Meadow Valley Wash. Con-
glomeratic rocks occur as a facies around edges of the basin, as exposed in
south part of mapped area. Rocks in interior of the basin, as exposed in
central and north part of area, are finer grained and more limy, and they are
divisible into three poorly exposed stratigraphic units that were not mapped
separately: an upper unit of moderately consolidated, ledgy, tan and white
limestone, siltstone, and mudstone, and sparse thin beds of light-gray,
crossbedded, pebbly, shoestring sandstone, best exposed in the central and
north part of mapped area; a thin middle unit of poorly consolidated, light-
gray sandstone and conglomerate that forms subdued cuestas just north of
Acoma road; and a lower unit of poorly consolidated, salmon-colored
sandstone and mudstone that is best exposed south of Acoma road in
south-central and southeast parts of mapped area. Generally eroded to
badland topography. First called Panaca Formation by Westgate and
Knopf (1932) following the usage of “Panaca beds” by Stock (1921).
Consists of a basin-fill sequence of fluvial and lacustrine origin best exposed
near Panaca, about 4 km north of mapped area (Westgate and Knopf,
1932; Phoenix, 1948; Tschanz and Pampeyan, 1970; Ekren and others,
1977). Age formerly considered to be Pliocene, but is now considered to be
Pliocene and late Miocene on the basis of mammal fossils (Stock, 1921;
Stirton, 1940; Phoenix, 1948; R.H. Tedford, American Museum of Natural
History, New York, unpublished data, 1978; May, 1981; Repenning,
1987). Bartley and others (1988, p. 11) noted an unconformity in upper
part of formation. Repenning (1987) refined the age of the fossils, mostly
rodents, in rocks above the unconformity and assigned them to the Blancan
Il mammalian age of 3.7-3.2 Ma (middle Pliocene). Below the unconformity,
rocks are partly Hemphillian (late Miocene to lowermost Pliocene) and
perhaps late Clarendonian (late Miocene) on the basis of fossils of horses,
rhinoceroses, camels, and other mammals (Stock, 1921; Stirton, 1940;
Phoenix, 1948; R H. Tedford, unpublished data, 1978). Exposed thickness
in mapped area at least 300 m, and estimated by Phoenix (1948) to be at
least 400 m thick near Panaca. Gravity data (Blank and Kucks, 1989)
indicate that Panaca basin contains a thick sequence of basin-fill deposits
and that the main boundary fault is on the west side of the basin, so
subsurface thickness of formation may be considerable

Conglomerate of Ash Canyon (Miocene)—Moderately consolidated, light-
gray, mostly medium-bedded (0.2-0.5 m), poorly sorted, sandy con-
glomerate and conglomeratic sandstone of fluvial origin. Deposits make up
broad sheets that lack clearly defined channels, probably representing
deposition by sheetwash, Individual beds commonly become either finer
grained or coarser grained upward. Clasts are as longas 1 m, commonly are
angular, and consist mostly of the lava flows of Indian Cove (Tli). Clast-
supported in most beds. Occurs only at south edge of mapped area but is
much more extensive south of area (R.E. Anderson and P.D. Rowley,
unpublished mapping), where the deposits overlie older rocks in angular
unconformity and are intertongued with basalt lava flows dated by K-Ar
methods at about 12 Ma (Mehnert and others, 1989; Snee and others,
1990). Named as an informal unit for good exposures in Ash Canyon, the
mouth of which is 1 km south of mapped area. Thickness about 20 m

Hiko Tuff (Miocene)—Moderately resistant, white and tan, crystal-poor,
unwelded to moderately welded, rhyolitic ash-flow tuff. A compound
cooling unit consisting of a moderately welded main part, about 30 m thick,
grading downward into a white unwelded part, about 15 m thick. Contains
sparse collapsed cognate pumice and sparse small volcanic rock fragments.
Tuff contains about 20 percent phenocrysts (53 percent quartz, 23 percent
sanidine, 23 percent plagioclase, 1 percent biotite, and trace amounts of
hornblende, clinopyroxene, and Fe-Ti oxides). Hiko Tuff was named by
Dolgoff (1963} for a thick outflow sequence exposed in the Hiko Range,
about 55 km west of mapped area. Hiko Tuff is similar in petrology and age
to Racer Canyon Tuff of Utah, and thus Cook (1965) correlated the two; for
a discussion of this interpretation and of stratigraphic terminology, see
Noble and McKee (1972), Ekren and others (1977), Rowley and others
(1979}, and Siders and Shubat (1986). Our present thinking is that the
Hiko Tuff and Racer Canyon Tuff are separate eruptive units, although
they may be genetically related. Noble and others (1968) and Noble and
McKee (1972) suggested that both units came from the Caliente caldera
complex, just south of mapped area. Ekren and others (1977), who
mapped Hiko Tuff within their unit 3 (Tt3) of welded ash-flow tuffs and
interbedded ash-fall tuffs, confirmed some of the ideas of Noble and co-
workers when they discovered that the Hiko source caldera makes up the
west lobe of the Caliente caldera complex; this source within the Caliente
caldera complex was named the Delamar caldera by Rowley and Siders
(1988). Within mapped area, rocks of apparent Hiko Tuff are exposed only
south of Cobalt Canyon, in southwest part of area. Possibly, however. these
rocks may correlate with a petrographically similar, overlying unnamed tuff
exposed in the Delamar caldera near Tepee Rocks, about 6 km south of
mapped area (R.E. Anderson and P.D. Rowley, unpublished mapping). The
following K-Ar ages have been determined for outflow Hiko Tuff from
samples collected from southeast Nevada: (1) 18.11£0.6 Ma on a biotite-
hornblende mixture and 18.2+£1.0 Ma on plagioclase from the same
sample (Armstrong, 1970): (2) 18.410.4 Ma on impure biotite (Armstrong,
1970); and (3) 20.1£0.5 Ma on sanidine (Noble and others, 1968; Noble
and McKee, 1972). The ages, however, have been supplanted by more
precise YAr/4Ar ages, including a plateau age on biotite from the North
Pahroc Range. about 40 km west of mapped area, of 18.5+0.4 Ma(Taylor
and others, 1989); on the basis of this and unpublished ages of samples
collected in the Rainbow Canyon area, just south of mapped area, Taylor
and others (1989) favor an age of 18.6 Ma for Hiko Tuff

Porphyry of Meadow Valley Wash (Miocene)— Resistant light-gray and locally
dark-gray, hypabyssal intrusive porphyry characterized by large (as long as
1.5 cm). abundent phenocrysts of feidspar. Consists of 35-50 percent
phenocrysts (0-10 percent quartz, 0-10 percent sanidine, 60-90 percent
plagioclase, 7 percent biotite, 1-10 percent hornblende. 1-10 percent
clinopyroxene, local trace amounts of orthopyroxene, and 3 percent Fe-Ti
oxides) in a glassy groundmass. Chemically classified as a high-alkali dacite,
trachydacite, and rhyolite. Locally weathers to grus. Occurs in dikes and
plugs that were empiaced along major oblique-slip and strike-slip fauits,
including those of the Chief Canyon fault zone. This informally designated
unit is named for abundant outcrops in the canyon of Meadow Valley Wash
downstream from Indian Cove and just west of mapped area. Two preliminary
concordant plateau *Ar/49Ar ages by LW Snee on sanidine and homblende
from a sample (88-382), whose collection site is shown on the map, are
19.310.1 and 19.510.1 Ma, respectively (Rowley and others, 1990; Snee
and others, 1990). The implications of these ages. which provide a
minimum age for the start of a major episode of extensional faulting in the
area, are discussed by Rowley and others (1990) and Snee and others
(1990). Maximum thickness of the dikes and plugs in the canyon is about

R 300 m

Tsl Local sandstone (Miocene)—Poorly consolidated. light-gray. tan, pink, and

— orange-tan pebbly sandstone, conglomerate. and mudflow deposits within
a stream channel cut in lava flows of Indian Cove (Tli). Most clasts are
derived from the lava flows. Unit mapped only near west edge of area 3 km
north of Indian Cove; similar but thinner fluvial lenses in southwest part of
area have been included within lava flows of Indian Cove. Maximum

- thickness about 50 m
Ti J Lava flows of Indian Cove (Miocene)— Thick sequence of resistant, light- to
dark-gray, dark-brown, purplish-gray, greenish-gray, tan, reddish-brown,
and red, moderately crystal-rich lava flows, subordinate flow breccia and
volcanic mudflow breccia, and minor sandy conglomerate and crossbedded
conglomeratic sandstone. Some flows contain black basal vitrophyres.
Flows are high-alkali andesite and dacite and, locally, trachyandesite and
trachydacite; flows consist of 545 percent phenocrysts (0-7 percent
sanidine, 55-80 percent plagioclase, 0-10 percent biotite, 0-5 percent
hornblende, 5-60 percent clinopyroxene, 0-40 percent orthopyroxene,
and 2-10 percent Fe-Ti oxides) in a glassy groundmass. Consist, from top
to base, of the following units, which were not mapped separately:
(1) pink, orange-red. salmon, tan, brown, light- to dark-gray, and purplish-
gray. mostly dense (but commonly containing numerous small vesicles),
flow-foliated lava flows, flow breccia. coarse vent(?) breccia, and volcanic
mudflow breccia— all probably the products of one or more volcanic domes
and characterized by abundant, mostly large (as long as 1 cm) phenocrysts—
and minor, locally crossbedded, tuffaceous sandstone and conglomerate
and white airfall tuff; total thickness at least 300 m; (2) a black, glassy,
vesicular, crystal-poor (pyroxene and Fe-Ti oxides only) lava flow and
salmon-colored conglomerate, totalling about 15 m thick: (3) westward
thinning, light- to medium-gray, light-purple, tan, and locally red, locally
flow-foliated lava flows and subordinate flow breccia, also perhaps the
product of one or more volcanic domes, characterized by less abundant
and smaller phenocrysts, vesicles, and mostly green amygdaloidal fillings;
about 150 m thick; and (4) a westward-thinning series of grayish-green,
gray, reddish-brown volcanic mudflow breccia, lava flows, flow breccia,
volcanic conglomerate, ash-flow tuff, and a breccia of volcanic bombs, all
characterized by sparse, small phenocrysts; about 50 m thick. Beds thicken,
thin, and pinch out over short distances, probably reflecting significant
topographic relief at the time of deposition. Units 3 and 4, for example, are
somewhat thicker south of mapped area (R.E. Anderson and P.D. Rowley,
unpublished mapping). An informal unit named for exposures near Indian

Cove, in southwest part of mapped area. A preliminary plateau VAr/39Ar

age by L W. Snee on sanidine from a sample from basal glass of a lava flow,

probably within unit 3, just south of mapped area, is 21.91+0.1 Ma (Rowley

and others, 1990; Snee and others, 1990)

QUICHAPA GROUP (MIOCENE AND OLIGOCENE)

[Proposed as a group by Cook (1957) {or a sequence of informally named regional ash-flow
tuffs in southwest Utah. Quichapa was lowered in rank to a formation by Mackin (1960). who
named the Harmony Hills Tuff Member, Bauers Tuff Member, Swett Tuff Member, and Leach
Canyon Tuff Member. Williams (1967) and Anderson and Rowley (1975) reinstated
Quichapa to group status, made up of Harmony Hills Tuff, Bauers and Swett Tuff Members of
Condor Canyon Formation, and Leach Canyon Formation. Age was extended to include
Oligocene on the basis of recalculation of isotopic ages of Leach Canyon Formation]

Tqh @ Harmony Hills Tuff (Miocene)—Moderately resistant to crumbly, greenish-
gray, light-gray, pink, and red, moderately welded, crystal-rich ash-flow tuff.
Contains 5-15 percent light-gray cognate pumice as much as 5 cm long
and 2 cm thick. Mostly a simple or multiple cooling unit, but locally consists
of two cooling units, the lower one gray and the upper one pink or red and
containing fewer phenocrysts. A high-alkali andesite that contains 25-50
percent phenocrysts (4-10 percent quartz, trace amounts to 2 percent
sanidine, 60 percent plagioclase, 20 percent biotite (very conspicuous), 7
percent hornblende, 5 percent clinopyroxene, and 2 percent Fe-Ti oxides).
Elevated to formation status by Cook (1965). Isopach data on the tuff
suggest a source in the Bull Valley Mountains of Utah (Williams, 1967),
aithough Noble and McKee [1972] suggest a source in the Caliente
caldera complex. The average isotopic age is 21.6 Ma, on the basis of five
K-Ar ages on bictite and plagioclase by Armstrong (1970) and one on
biotite by Noble and McKee (1972). Actual age, however, may be closer to
22.5-22 Ma on the basis of isotopic ages of plutons and ash-flow tuff that
postdate the Harmony Hills in the [ron Springs mining district, about 80 km
east of mapped area (Rowley and others, 1989). Maximum thickness about
100 m, thickening westward in older Clover Creek caldera of Caliente
caldera complex, probably due to predepositional topography, some of
which may have resulted from final subsidence of the caldera following
eruption of Bauers Tuff Member of Condor Canyon Formation (Tgcm,
Tqcu)

Bauers Tuff Member of the Condor Canyon Formation (Miocene)—Condor
Canyon Formation was defined by Cook (1965) to consist in descending
order of two previously defined rhyolitic ash-flow tuff members, Bauers
Tuff Member and Swett Tuff Member (Mackin, 1960). The caldera source
of the Bauers was predicted by Williams (1967) to be in the Caliente caldera
complex on the basis of isopach data. This hypothesis was recently
confirmed, and the Bauers source was named the Clover Creek caldera of
the Caliente caldera complex for exposures in and just south of mapped
area (Rowley and Siders, 1988; Rowley and others, 1990). Where exposed
in mapped area. all Bauers rocks, except those south of Cobalt Canyon at
west edge of mapped area, are an intracaldera sequence. Member within
mapped area consists of intracaldera facies divided into an uppermost
{Tqcu) and a main body (Tqem), as well as an outflow facies (Tqco). Average
K-Ar age is 22.3 Ma on the basis of two ages on biotite and sanidine by
Armstrong (1970) and one age on plagioclase by Fleck and others (1975);
these ages have been supplanted by more precise 4’Ar/3?Ar ages averaging
22.78 Ma (Best and others, 1989, table R3). Exposed only in southwest
part of area
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Upper part of intracaldera facies—Mostly resistant, light- to dark-gray, light-
greenish-gray, light-purplish-gray, tan, red, reddish-brown, and khaki,
crystal-poor, densely welded ash-flow tuff, lava flows, flow breccia, and
volcanic mudflow breccia. Consists mostly of numerous thin ash-flow
cooling units, some of which contain black basal vitrophyre zones.
Represents the last eruptive deposits of the Clover Creek caldera and are
confined to the caldera. The ash-flow tuffs contain abundant (as much as
30 percent), partly to well-collapsed, cognate pumice (locally a distinctive
vellow and tan color) and angular volcanic rock fragments; these tuffs
contain 10-40 percent phenocrysts (0-2 percent quartz, 1-40 percent
sanidine, 50-85 percent plagioclase, 1-10 percent biotite, 0 to trace
amounts of hornblende, 0-1 percent clinopyroxene, and 1-5 percent Fe-Ti
oxides). Minor interbedded crystal-poor, mostly red and brown, locally
flow-foliated, glassy to aphanitic lava flows and flow breccia contain 10-25
percent phenocrysts (trace amounts of sanidine, 90 percent plagioclase,
0-1 percent biotite, trace amounts to 4 percent Fe-Ti oxides, and 1-10
percent altered ferromagnesian minerals). Where exposed in an unnamed
canyon (SW1/4 sec. 33, T. 3 S, R. 67 E.) southwest of Chief Canyon fault
zone, unit consists of several red, brown, and black ash-flow tuff and flow
breccia beds, about 25 m thick, underlain by numerous thin, light-green
and tan, pumice-rich ash-flow tuff, sandstone, and conglomerate beds,
about 40 m thick. Unit shows large variations in thickness; maximum
exposed thickness about 150 m

Main body of intracaldera facies—Resistant, brown, reddish-brown, tan,
orange, pinkish-gray, light-gray, and purplish-blue, mostly crystal-poor,
densely welded ash-flow tuff. Consists of numerous cooling units, some
exhibiting well-developed cooling joints and some more than 30 m thick,
that have rare black basal vitrophyre zones. Cooling units contain as much
as 20 percent partly to well-collapsed, mostly light-gray or brown, cognate
pumice fragments as long as 20 cm and as thick as 4 ¢cm, and as much as 30
percent angular, mostly cognate volcanic rock fragments as long as 12 cm.
Tuff contains 15-40 percent phenocrysts (5-40 percent sanidine, 50-85
percent plagioclase, 3-10 percent biotite, 0-1 percent hornblende, 0-2
percent clinopyroxene, and 1 percent Fe-Ti oxides). Individual cooling
units and some sequences of cooling units show considerable variation in
amounts and proportions of phenocrysts; total phenocrysts and amounts
and proportions of sanidine generally increase upwards. Deposits were
derived from and deposited in the Clover Creek caldera (Rowley and
Siders, 1988). Maximum exposed thickness about 250 m; base not exposed.
South of mapped area, where base of caldera fill is not exposed either, at
least 400 m thick

Outflow facies—Outflow sequence of resistant, purplish-brown, reddish-
brown, light-gray, and purplish-gray, crystal-poor, densely welded, rhyolitic
ash-flow tuff. Consists of a multiple cooling unit, the upper part of which
contains steeply dipping flow foliation formed by flowage during the last
stage of emplacement. Includes an upper light-gray vapor-phase zone of
splotchy ash-flow tuff containing bronze-colored biotite and grading
downward into a dark lenticulite zone that contains abundant thin ash-flow
tuff lenticules as long as 2 m and that passes abruptly into a black basal
vitrophyre as thick as 7 m. Tuff contains 10-25 percent phenocrysts (30
percent sanidine, 60 percent plagioclase, 8 percent biotite, 0 to trace
amounts of clinopyroxene, and 1 percent Fe-Ti oxides). Derived from
Clover Creek caldera. Maximum thickness about 125 m

Leach Canyon Formation (Oligocene)— Soft, pink and tan, poorly welded,
crystal-poor rhyolite ash-flow tuff. Contains tan cognate pumice fragments
as long as 3 cm and dark, subangular lithic clasts as much as 4 cm in
diameter. Contains 10-20 percent phenocrysts (25-40 percent quartz,
20-30 percent sanidine, 25-45 percent plagioclase, 2-10 percent biotite,
1 percent hornblende, O to trace amounts of clinopyroxene, and 2 percent
Fe-Ti oxides). Isopach data suggest a source in the Caliente caldera
complex (Williams, 1967). Elevated to formation status, as Leach Canyon
Tuff, by Cook (1965); called Leach Canyon Formation and divided into
members by Williams (1967) and Anderson and Rowley (1975). Average
K-Ar age is 24.7 Ma on the basis of ages of 26.7 Ma (plagioclase) from a
sample from Nevada and of 24.6 (biotite) and 22.9 (sanidine) Ma from a
sample from Utah (Armstrong, 1970), but the significant variation in these
ages leaves doubt about the actual age of the tuff. Age was changed from
Miocene to Oligocene on the basis of recalculation of isotopic ages and
using 24 Ma as the Miocene-Oligocene boundary. One small exposure
along west edge of mapped area. Exposed thickness about 20 m but lower
part of unit is faulted out

Local volcanic and sedimentary unit (Miocene or Oligocene)—Poorly to
moderately consolidated, light- to medium-gray, volcanic mudflow breccia
and fluvial sandstone and conglomerate. A typical clast from a mudflow
deposit consists of about 20 percent phenocrysts (averaging 30 percent
plagioclase, 45 percent clinopyroxene, 20 percent orthopyroxene, 0-8
percent olivine, and 3 percent Fe-Ti oxides) in a flow groundmass of
microlites and glass. Just to west of mapped area, unit contains
intertongued lava flows of same lithology as the clasts. One small exposure
mapped along west edge of mapped area. Thickness about 40 m

Contact
82, 10
;Té.@ Fault—Normal, oblique, and strike-slip faults, showing direction and dip angle

of fault plane (barbed arrow) and trend and rake angle of slickensides
(diamond arrow), where known. Dashed where approximately located;
dotted where concealed; queried where uncertain. Cross-hatched where
fault is wide. For faults with significant dip-slip offset, bar and ball on
downthrown side, where relative offset is known. For faults with significant
strike-slip offset, opposed arrows show relative direction of movement,
where known. On cross section, opposed arrows show relative dip-slip
movement, and T (toward) and A (away) show relative strike-slip
movement. Relative offset on some slickensided faults was determined
using the methods of Angelier and others (1985)

————— Caldera—Approximate location of buried topographic wall of Clover Creek
caldera

x Sample locality of isotopically dated rock— Showing age in million years
(Ma) and sample number; preliminary data given by Rowley and others
(1990) and Snee and others (1990)
Strike and dip of beds

x Inclined
® Horlzontal
—b‘-’- Overturned
2 Strike and dip of flow foliation
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