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’ FRANKLYN B. VAN HOUTEN? 3
' Princcton, New Jersey i 2
ABSTRACT ' e "
Throughout-Ncvada the most reliable stratigraphic datum in sequences of non-marine Cenozoic 3
sedimentary rocks isa distinctive suite of tuffaccous upper Miocene to midd!e Pliocence deposits. For 3
convenience of discussion these rocks are referred to as the vitric tull unit. . 3

: In eastern Nevada and adjacent Utah the vitric tuff unitis locally underlain by red and tan Palco- % 0
“o zoic-pebble conglomerate, some of which is as old as Cretaceous. Scattered outcrops of lower Ceno- . P
. 2oic (largely Eecene) limestone and aszociated reddish brown conglomerate in east-central Nevada : : o oA
3

and western Utah probably are equivalent to the Wasutch formation in Utah. A distinctive sequence
of limestonc and oil shale found lecally in northeastern Nevada probably is Oligocenc in age.

il Over an extensive part of southern, central, and western Nevada, as well as locally in the north-
eastern part of the state, rocks below the vitric tufl unit are essentially rhyolitic to dacitic agglomerate
and coarse tuff, welded tulf, and lava. This scquence apparently accumulated principally between
Oligocenc and Iate Miocene time and was associated in a general way with important deformation of
the region that faulted and tilted older Cenozoic sequences.

Following a middlc Cenozoic episade of deformation and erosion, the vitric tuff unit, consisting

; chiefly of solt unaltered tull, bentonitic mudstone, sandstone, limestone, and diatomite, began to
accumulate in late Miocene time in southern, central, and western Nevada while deposits of lime-

stone, carhonaccous and bituminous shale, sandstone, and conglomerate, containing partly altered

tuffaceous débris, formed in northeastern Nevada. In early Pliocene time, during an episode of exten-
sive aggradation accompanied by cruption of the younger Sicrran and southern Cascade andesitic
rocks, the vitric tull facies accumulated throughout most of the state, and it continued to accumulate

locally in middlc Pliocene time.
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Important uplift of the Sicrra Nevada accompanied large-scale block-faulting and regional uplift
%::agggan in later Pliocenc time and produced the present structual and topographic pattern of

Even though a middle Cenozoic and a post-early to middle Pliocene episode of deformation may
have predominated throughout much of the state, local areas had varying tectonic and depositional
histories during the Cenozoic era.

. INTRODUCTION .

Oil companies exploring the petroleum possibilities of Nevada and western
Utah (Picard, 1955; Picard and Wise, 1956; Smith, 1956) have assembled con-
siderable information about non-marine Cenozoic fossils and sedimentary rocks of
the region. Many of the unpublished data and conclusions have been made avail-
able to the writer who has reviewed and amplified them during two and one half
summers of field work, principally in eastern and central Nevada. The results,
supplemented by published information, much of which was summarized by
Nolan in 1938 (1943, pp. 163—71), arc presented here as a general ‘survey of
present knowledge of the Cenozoic geology of Nevada.

Such general treatment unfortunately obscures many of the more detailed
differences and overemphasizes suggestive similaritics among stratigraphic sec-
tions and fossil assemblages. Moreover, many of the conclusions are necessarily
incomplete and some of the ideas undoubtedly will be proved wrong. Neverthe-
less, the available material is summarized in this preliminary report because it is
essential to any study of the Cenozoic sedimentary and structural history of the

Basin-and-Range Province.
GENERAL SETTING '

Many assemblages of late Miocene and early and middle Pliocene fossils have, L Mis
been found in Nevada (Fig. 2). Throughout most of the state they occur in de-!
posits consisting largely of interbedded soft gray to cream-colored vitric tuff and!
reworked ash, drab bentonitic mudstone, yellowish to greenish gray sandstone, |
crcam-colored aphanitic limestone, and white diatomite (Fig. 5). As a result, !
this distinctive suite of upper Miocene to lower and middle Pliocene rocks serves |
as a useful stratigraphic datum. Numerous names, including Esmeralda, Hum-
boldt, and Truckee (Fig. 5), have been applied to the deposits. Except for the de-
tailed study of Axelrod (in press, 1956), however, few attempts have been made
to determine their proper application and extension. In order to emphasize the
regional uniformity of this relatively well dated tuffaccous facies it is called the
#yitric tuff unit.” Published names are used here only for convenicnce of refer-

ence (Fig. 6). .

The primary purposes of the present report is to summarize the paleontologic
record and describe briefly the regional variations in the vitric tuff unit. Although
rock units assigned to it differ somewhat in age and lithologic features, they are,

ﬁonctheless, products of a generally distinctive and uniform episode of sedimen-
tation in the Cenozoic history of Nevada.

P

> M, Ped

R ¥ T T

il b .

-

R NP o

- Ml g,

e - L ge



o,

8 DD ————

o

o o i s amsmtne s
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In some areas, dcposits of the vitric tuff facies are middle Pliocene in age, but

. more commonly middle Pliocene and younger sedimentary rocks in Nevada are

predominantly buff to yellowish gray tuffaceous sandy mudstone and sandstone
interbedded with conglomerate containing pebbles derived principally from

Paleozoic rocks.
Cenozoic rocks that occur locally below or are older than the extensive vitric

tuff unit differ lithologically from one part of the region to another and are non-

fossiliferous or yield fossils indicating different ages (Fig. 4).

Study of regional relationships of the sparsely fossiliferous Cenozoic sedi-

mentary rocks of the Basin-and-Range Province is hampered by widely scattered
outcrops and only partly exposed sections. Most broad arecas presumably under-
lain by these deposits are covered by recent alluvium and colluvium, or by exten-
sive sheets of lava and welded tuff. Some well exposed sections are the result of
erosion of basins by the Hlumboldt drainage system in northeastern Nevada, by
the Walker drainage system in western Nevada, and by the Meadow Valley

" Wash and its tributaries in southeastern Nevada. Most good exposures, however,

are in belts of faulted and tilted rocks along and in the ranges where incomplete
sequences generally are faulted against older rocks.

. PALEONTOLOGIC DATA

Geologic ages assigned to the upper Cenozoic rocks of Nevada are based
largely on assemblages of fossil mammals and plants (Fig. 2). Fossil fish, snails,
pelecypods, ostracods, and diatoms also occur sparingly in these deposits. Sedi-
mentary rocks that lic below the vitric tuff unit, or are older, have been dated
locally on the basis of collections of fossil snails, ostracods, and leaves. Inasmuch
as the geologic age of non-marine snails and ostracods commonly is difficult to
determine, correlations based on these fossils must be considered tentative. In-
formation about the age of some of the collections has gencrously been furnished
by D. I. Axelrod, Erling Dorf, M. F. Skinner, D. W. Taylor, and J. T. C. Yen.
In addition, ages assigned to most of the collections of fossil leaves are from
papers published by Axelrod (especially 1950), and those assigned assemblages of

fossil mammals from western Nevada are largely from Stirton’s papers (es-

pecially 1940). , ‘
This report follows the nomenclature and correlation of North American

non-marine Cenozoic rocks based on fossil mammals (Wood ¢/ al., 1941) in con-
sidering Barstovian age as late Miocene, and Clarendonian age as early Pliocene.
Accordingly, early Clarcndonian floras, considered to be transitional Miocene-
Pliocene by paleobotanists (Chaney, 1944, Tables 33, 34) and so indicated by a
special symbol in Figure 2, are herc assigned an carly Pliocene age (Tig. 6).
Several of the collections of fossil mammals are inadequate for precise age de-
termination. Nevertheless, they can be identified as being either late Miocene or
early Pliocene in age and are represented by a special symbol in TFigure 2.
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1 Black Mountoin (Independence Mis ) 19  Dixie Flon 37 Milipoh Creek 55  Stewart Spring ¢
@ Bone Volley (McKnight) 20 Eastgate 38 Independence Ronge 56 Sulphur Springs Range N
3 Beady Pocket 21 Eost Humboldt Ronge 39 Knoll Mountain 57. Thousond Creek i
4 Burnt Crack Mountains 22 Egon Range 40  lucin 58. Thousand Springs Volley L
8§ Calisnte 23 flko Ronge 41 Monte Cristo Ronge 59 Toana Ronge
: 6 Comp Creek 24 Eilison Creek 42 Pequop Range © 80 Tobin Ronge N
? Corlin 25  Fish Creck Mountaing 43 Pilo? Ronge &1  Toquima Ronge 3
&  Cedor Mountain 26  Fish Loke Volley 44 Ppine Volley 62. Toyabe Range Pl
® Centenniol Roage {Bull Run M. 27 Forty-nine Camp 45 Pinon Ronge 63 Twin Bridges .
10 Cholk Hills 28 Gold Hill 44 Roiltoad Valley 64 Tybo 1
- 1 Cholk Spring 29 Goose Creck Rangs _— 47 Raft River Range 65 Verdi :
12 Cooldole 30 Gront Ronge : 48 Reese River Valley 66 Virginia Range : B}
13 Cool Valley 31 Grouse Creek 49 River Range ~ &7 Virgin Valley §
14 Cobre 32 Grouse Creek Ronge 50 Ruby Ronge 68  White Pine Ronge 3
15  Conners Poss 33 Hozen 5] Sacromento Pass 69" Whita River Valley é
16  Copper Barin . 3. High Rock Conyor 52, Shoshone Ronge 70 Wickmon !
17 Cortez Range 35 Hot Springs Mountains 53, Smith Volley
35 Huntington Valley 54. Snoke Ronge

18, Cutrons

¥16. 1.—Index map. Upland arcas stippled.
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@ Pleistocens

Q@ Llate Pliocene
@ Middle Pliocene
© Eorly Pliocens

.o Miocene or Pliccene
Lote Cratacecus or eorly Cenozoi¢
Probably older than Miocene
® Muddy Cresk lozality
Lote Pliccene or eorly Pieittocens

p Titws Conyon locolity

m

1]

| 4] Tronsitiono] Mio-Pliocene
B © Llote Micceneor Eadly Pliocene
B @ Llote Miocens

© Middle Miccans

[0 O Oligocens

4] Eorly Cenozole (probably Eocene)

F1c. 2.—Cenozoic fossil localities.
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Y

F16. 3.—Geographic subdivisions of Nevada referred to in text and in Figure 6,

ROCKS BELOW VITRIC TUFF UNIT .

Throughout its widc extent the upper Miocene to lower and middle Pliocene

vitric tuff unit is underlain by four different sequences of rocks (Fig. 4) whichin

turn overlic Paleozoic and Mesozoic rocks. For convenience of reference in this
paper, these sequences are given rather arbitrary designations.

Eastern conglomerates (Fig. 4, C).—In the area east of the Grouse Creek Range
and between the Goose Creck and Raft River ranges in northwestern Utah the
lower sequence consists of undated reddish brown and tan conglomerate and
breccia containing pebbles and cobbles derived from Paleozoic rocks. One of these
very coarsc-grained deposits more than a thousand feet thick is exceptionally
well exposed along the abandoned Southern Pacific Railroad (N. 4, T. ¢ N, R.
14 W.) south of Utah state route 70, 18 miles northeast of Lucin, Utah. Several
thousand fect of similar undated conglomerate with lenses of limestone and

quartzite breccia, overlain by upper Cenozoic tuffaceous limestone and mud-

stone on the east flank of the Snake Range inlcast-central Nevada, crops out in
Sacramento Pass north of U. S. Highway 6 and so, about 12 miles west of the
Nevada-Utah border (N. %, T. 14 N,, R. 69 E.). Here the reddish brown con-
glomerate interfingers with non-marine limestone and mudstone rather similar
to lower Cenozoic deposits in east-central Nevada.

In these widely scparated outcrops, the eastern conglomerates are non-
conformably overlain by sequences assigned to the vitric tuff unit, and their
coarsencss and composition stand in marked contrast to the finer-grained, vol-
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canic-rich younger deposits. Significantly, some of the coarse deposits are pre-

served in ranges, and others crop out in lowlands far from a range border, thus
suggesting that some of the source areas did not-coincide with the present ranges.

Christiansen (1952, pp. 733—35) postulated that the conglomerate on the east
flank of the Snake Range and similar undated Indianola? conglomerate in the

" Canyon Range in central Utah, as well as conglomerate in the Lower Cretaceous

Newark Canyon formation (Nolan, Merriam, and Williams, 1956, pp. 68~70) in
the vicinity of Eurcka, Nevada, were products of an early Cretaccous Cedar
Hills orogeny (Eardley, 1951, pp. 242, 274). Clearly such extended correlation
based only on lithologic similarity and general stratigraphic position is no more
than suggestive. The reddish brown conglomerates in northwestern Utah and
east-central Nevada, for example, may be equivalent to the Palcocene or lower
Eocene “Wasatch” conglomerate of north-central Utah instead.

Lower Cenozoic sedimenlary rocks (Fig. 4, L) —In numerous localities in east-

" Tonopah
et WV "

VoW

£ Eestarn sedimentary tequences
V' Veleanic 1equence
L Lowar Cenorort (lorgaly Eocene) redimantary rocks

C Eertem conglomerates

Fi16. 4.—Cenozoic rocks below vitric tuff unit. o=oil wells and dry holes that penctrated thick
gections of Cenozoic rock (Picard, 1955; Picard and Wise, 1956; and Smith, 1956).
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2808 " FRANKLYN B. VAN HOUTEN

central Nevada, as well as in the Gold Hill area (T. 7 S., R. 18-19 W.) of adjacent
Utah (Nolan, 19352, pp. 42—43), there are outcrops of aphanitic non-marine lime-
stone and mudstone dated locally as carly Cenozoic (probably Eocene) on the
basis of fossil snails and ostracods. Commonly the lower Cenozoic limestone unit
is several hundred feet thick, has a petroliferous odor, and is overlain by volcanic
rocks. Moreover, the limestone generally overlies conformably, or is interbedded

with, reddish brown Paleozoic-pebble conglomerate as much as several hundred

feet thick, as seen in the vicinity of U. S. Highway 50 near Illipah Creek, about

- 35 miles west of Ely (SE. }, T. 18 N,, R. 58 E;; NE. 1, T. 17 N, R, 58E),and

along the east side of the Egan Range less than 10 mxles south of Ely (E. %, T.
15 N., R. 63 E.).

. Sxmllar lower Cenozoic (possibly Upper Cretaceous) limestone and dark shale
overlain by a thick section of welded tuff are present in some of the oil wells and
dry holes in Railroad Valley (Fig. 4). In the non-productive stratigraphic tests
drilled in northeastern Nevada, on the other hand, no lower Cenozoic rocks have
been recognized. An exceptionally thick section of lower Cenozoic rocks crops out
on the west side of the Egan Range (E. 4, T. 10 N., R. 62 E.), 35 miles south of
Ely, where several thousand feet of limestone and shale conformably overlie a
thick deposit of Paleozoic-pebble conglomerate. Outcrops of sandstone and dark
shale in the vicinity of Connors Pass (SE. }, T. 14 N., R. 65 E.) on U. S. High-
way 6, 11 miics southeast of Ely, as well as in Immigrant Pass (NE. §, T. 32 N,,
R. 50 W.) 30 miles west of Elko, have been dated tentatively as late Cretaceous

“or'early Cenozoic on the basis of fragmentary plant remains.

On the basis of general stratigraphic position and lithologic character, the
lower Cenozoic limestone in east-central Nevada may be equivalent to the lime-
stonc-bearing Horse Spring formation in southernmost Nevada and the Claron
limestone® and Wasatch formation in western and southwestern Utah. Non-

marinc limestones in central Utah that apparently range in age from late Cre-
taccous to Eocene, also overlie or arc interbedded with conglomerate (Nolan,

1943, p- 164).

Although the known lower Cenozoic sedimentary rocks are hmltcd to eastern
Nevada and adjacent Utah, their correlatives probably are present in some of the
older volcanic rocks in the middle and western parts of Nevada (Gianella, 1936,
Pp. 50-52).

Volcanic sequence (Tig. 4, V) .—Over an extensive part of central, southern,
and western Nevada rocks below the vitric tuff unit are essentially volcanic de-
posits composed chicfly of coarse tuff and agglomerate, welded tuff, and lava.
Inasmuch as these rocks commonly are mineralized (Ferguson, 1929, pp. 131~
41) they have been described in detail locally. In many places they consist of
several distinct sequences, mcludm;., deposits of rhyolite, quartz latite, dacite, and

8 If this correlition is correct, the tuffaccous and saline content of the Horse Spring and Claron.
“formations points to somewhat dilferent conditions of deposition on the south,
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i
acidic andesite. Moreover, some sections contain a subordmate amount of fine- ;
gramcd waterlaid tuff. i

- The volcanic sequence has been estxmatcd to be Miocene in age in a number of §
areas, but on the basis of available evidence it can only be stated that accumula- K
. tion of the sequence ended sometime during the Oligocene to late Miocene inter- ~ f
-In east-central Nevada the volcanic sequence generally overlies lower Ceno- i
zoic sedimentary rocks and is overlain by a thick section of volcanic-pebble con- i
glomerate and limestone which yields fossil leaves that are probably older than v
Miocene. On the west side of Pine Valley (NE. 1, T. 29 N., R. 51 E.; SE. }, T. 1 |
3o N, R. 51 L&) in central Nevada the volcanic sequence in the Cortez Range is b
overlain by a pre-late Miocene deposit of Palcozoic-pebble conglomerate. ;
Throughout most of its extent, on the other hand, the volcanic sequence is non- 3
conformably overlain by the vitric tuff unit, as in the vicinity of Cedar Moun- i
tain (T. 8 N., R. 37-38 E.) and in the Tonopah district (T. 2-3 N., R. 42 E.). i
According to Nolan (1935b, p. 16), however “the age differencc between the - ;
Tonopah [at the botiom of the sequence in the Tonopah district] and Esmeralda 3 |

N

formations may not be as great as the pronounccd angular unconformxty be-
tween them led the writer to suppose at first.”

In western Nevada the lower Pliocene (transitional \Ilo Pliocene in lowest
part) Kate Peak andesite and its equivalents in the vitric tuff unit lie non-
conformably on the Alta andesite (Gianella, 1936, p. 58) whose Sutro tiff mem-
ber is middle Oligocene in age (Axelrod, personal communication, 1955). Older
Cenozoic volcanic rocks below the Alta andesite are probably correlative with o
middle and upper Eocene auriferous gravels and associated volcanic rocks of the L -

Sierra Nevada region (Gianclla, 1936, pp. s0~-52; MacGinite, 1941, pp. 8-10)

In northwestern Nevada and adjacent California, upper Miocene deposits of the
Cedarville andesitic series overlie rocks of middle Oligocene age (Axelrod, per-
sonal communication, 1955) that generally have been called the lower part of the

R T U PNA IO »A..-r-&‘n.v R S WER T YTy

series,
Pertinent gencral reports describe the volcanic sequence and its relation to

the vitric tuff unit or equivalent rocks in the following areas: the Jarbidge Moun-
tains in northeastern Nevada (Schrader, 1912), the Shoshone, Fish Creek, and
Tobin ranges in central Nevada (Ferguson, Muller, and Roberts, 1951; Muller,
Ferguson, and Roberts, 1951); the Tonopah (Nolan, 1930, 1935b) and Tybo
(Ferguson, 1933) districts in south-central Nevada; Cedar Mountain and the -
castern part of the Monte Cristo Range in south-central Nevada (Ferguson, AN
Muller, and Cathcart, 1953), and the Silver City district at the southern end of
the Virginia Range southeast of Reno (Gianella, 1936).

In east-central Nevada the volcanic sequence overlying lower Cenozoic sedi-
mentary rocks is thick and widespread, but there arc few well exposcd remnants
of the overlying vitric tuff unit to serve as a stratigraphic datum. The general
stratigraphic relationships in this part of the state are best shown in exposures in
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- the Egan Range southeast of Preston about 3o miles south of Ely, on the west

flank of the Grant Range cast of Currant so miles southwest of Ely, and in some
of the oil wells and dry holes drilled in Railroad Valley. The Currant tuff and
associated volcanic rocks (Faust and Callaghan, 1948, pp. 19-49) exposed about
29 miles southwest of Ely probably are part of the volcanic sequence.

The volcanic sequence is also well developed in southeastern and southern

Nevada. In the vicinity of Caliente (T. 3and 4 S., R. 67 E.) it is non-conformably -

overlain by the lower? and middle Pliocene Panaca formation. Similarly, north

- and west of Lake Mead the upper Miocene or lower Pliocene Muddy Creek for-

mation lies non-conformably on a thick succession of volcanic rocks (SE. %, T.
21 S., R. 63 E.) that is widespread in the surroundmg region (Hunt, 1\IcI\elvey,
and chse 1942, p. 302). :

Significantly, the distinctive volcanic sequence in Nevada is correlative in a
general way with a rather similar suite of lower to middle Cenozoic crystal and
vitric tuff, welded tuff, and lava in southwestern and southwest-central Utah

*(Mackin, Cook, and Threet, 1954; Callaghan, 1939), the lower part of which has

been included in the Brian Head formation (Gregory, 1943, pp. 105-110; Threet,
1952).
The northeasternmost locality showing the stratigraphic relations between
the volcanic scquence and overlying tuffaceous deposits is on the ecast flank of
the Cortez Range at the north end of Pine Valley (NE. }, T. 31 N, K. 51 W.).
Farther northeast there is no volcanic rock beneath the vitric tuff unit, except
for a go-foot scquence of tuff, pumice-tuff, and agglomerate at the base of an
eastern sedimentary sequence (3, p. 2811) that probably is equivalent to the
Payette formation (W. 3, T\ 39 N., R. 65 E.). Nevertheless, in the Jarbridge and
Copper mountains in northeastern Nevada (Schrader, 1912, pp. 36—46) several
thousand feet of mincralized rhyolite and quartz latite welded tuff and lava are
nonconformably overlain by lower Pliocene rhyolite lava and thin welded vitric
tuff of the Snake River Plain to the north. Volcanic rocks equivalent to the Jar-
bidge sequence apparently were penetrated in the Gulf Oil Corporation’s Marys
River Federal test No. 1 (Sec. 16, T. 41 N., R. 6o E.). Morcover, a similar
mineralized serics of lava and pyroclastic rock is also present in the Tuscarora
district (T. 39—40 N., R. 51 E.) west of the Independence Range (I'erguson,
1929, P. 133). .

In north-central and northwestern Nevada, on the other hand, volcanic rocks
below the vitric tuff unit consist of as much as several thousand feet of andesilic
to basaltic lava. Presumably much of this flow rock is equivalent to the midc}]lc

Cenozoic Columbia River basalt at the north.
Eastern sedimentary sequences (Fig. 4, E).—At scattered localities chiefly in

northeastern Nevada and adjacent south-central Idaho and northwestern Utah,

the vitric tuff unit is underlain by variable but rather distinctive sequences of
sedimentary rocks as much as several thousand feet thick. As a group these rocks

generally comprise varying amounts of tan and yellowish gray sandstone and
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platy silicified limestone and mudstone, cream-colored limestone, drab mud-
stone, and Paleozoic-pehble conglomerate that commonly is green-stained. They
are also characterized by subordinate amounts of carbonaccous and bituminous
shale. : ‘ '

Sequences included in this category probably are deposits of at least two epi-
sodes of accumulation. Moreover, some undated outcrops described here may
be lateral facies of the vitric tuff unit, or equivalent deposits that accumulated

‘in local basins. Rocks of an eastern sedimentary sequence below the vitric tuff

unit apparently were penctrated in the lower part of some of the Cenozoic strati-

graphic tests drilled in northeastern Nevada. '
The principal sequences assigned to this category are known from outcrops

in the following areas.

1. In the Goose Creck area of northwesternmost Utah and adjacent Idaho and Nevada, a 2,000-
foot sequence characterized by carhonaceous and brittle bituminous shale and petroliferous limestone
has been assigned to the upper Miocene Payette formation (Andrews, 1947, p. 6). These deposits
arc well exposed on the cast flank of the Goose Creck Range (T, 13 N, R. 18 \W.) 8-10 miles north-
northeast of the village of Grouse Creek, Utah, as well as in scattered outcrops on the west flank of
the Grousc Creek Range (8. 4, T. 12 N, R, 17 W), several miles cast of Grouse Creck. -

2. On the northeast flank of the Pilot Range (SW. %, T. 7 N, R, 18 W.; NW. 4, T. 6N, R.18 W)),
several miles southwest of Lucin, Utah, a 2,500-foot scction, that contains some beds of organic shale,
yields fossil snails of Mincene or Pliocene age.

3. At the northeast end of the Black Mountains (Independence Mountains) aliout 22 miles
northeast of Wells, Nevada (SE. 3, T. 30 N, R. 63 E.; SW. &, T. 40 N, R, 65 I,y and W. , T, 39
N., R. 65 L.}, more than 4,000 fect of Cenozoic strata lies non-conformably below the vitric tufi unit

-which is widespread in the surrounding area. Theldower part of the sequence comprises massive snail-

and ostracud-hearing limestone, thick voleanic-pehble conglomerate, and pumice-lapilli tull and ag-
glomerate at the base. The upper part is principally platy silicificd mudstone and limestone that yield
fossil leaves and fish. )

Fossil snails from a thin limestone at the base of the sequence are possibly late Miocene in age
(John T. C. Yen, personal communication, 1953), and fossil lewves from the platy beds in the middie
of the scction are late Miocene or carly Pliocene in age. -

Undated biluminous shale and tutfaceous mudstone at the southern end of this outcrop arca
(Sec. 4, T. 38 N., R, 65 E.) arc exposed in a Southern Pacific Railroad cut at the north end of the
Pequop Range. These beds probably are part of the upper Miocene-fower Pliocene sequence although
they are lithologically very similar to the oil-shale deposit at Elko, Nevada (6).

4. On the west flank of the Toana Range (L. §, 1. 37 N., R, 67 E.) southeast of Cobre, Nevada,
and on the west flank of Knoll Mountain in the vicinity of Knoll Creck and Chalk Spring (W. 4, T.
43 N, R, 64 1)), 40~15 miles north of Wells, Nevada, the lower 1,000-1,3500 fect of strata assigned to
the Humboldt formation is drabber and more consolidated than the conformably overlying vitric
tuff unit. Lithologically similar deposits crop out at the southwest end of Burnt Creek Mountain
(SW. 4, 1. 38 N, R, 62 L.) a few miles west of Wells and at the northieast end of the East ITumboldt
Range (SE. +, T. 37 N., R. 61 L2.) about 7 miles southwest of Wells, Coarse fanglomerate and breccia
composed of I'alcozoic fragments are especially common southwest of Wells. Significantly, no carbo-
naceous or bituminous shale is present in these sections, '

s. Jn the valley between lndependence Range and Centennial Range (Bull Run Mountain),
about 6o miles north of Elko (in central part of T. 43 N, R. 52 E.), tan and drab sandstonc, platy
mudstone, and carbonaccous shale underlic the vitric tufi unit. Fossil leaves from these beds are
Iate Miocene or early Pliocene in age.

6. South and cast of Elko on the northwest flank of ilko Range (SE. 4, T. 34 N, R. 55 E)} a
1,000-foot section consisting of well bedded yellowish gray tulfaccous mudstone and sandstone, with
subordinate amounts of limestone, carbonaccous and bituminous shale, bedded chert and silicified

mudstone, and Palcozoic-pebble conglomerate, includes the well known LElko oil shale (Winchester, |

1023, pp. 91-102). A characteristic feature of the deposit is the presence of cousiderable, partly altered

biotitic vitric tuff. )
Very similar undated beds crop out along Coal Creck on the cast flank of the River Range (NT.

3, T. 37 N, R. 56 E.), 24 miles northeast of Flko, and on the west flank of Burat Creck Mountain
N. 3, T. 40 N., R. 61 £.), 20 miles north-nocthwest of Wells. Bach of these outcrops of tuffuccous oil

shale is unconformably overlain by the vitric tuif unit or by younger volcanic rock,
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Deposits of these oil-shale sequences yield poorly preserved leaves, fish, insects, snails, and ostra-
cods. Fossil snails from the Elko arca suggest Focene or Oligocene age, whereas fossil leaves are early
Miocene or late Oligocene in age (D. 1. Axclrod, personal communication, 1954). On this evidence,
the Elko oil shale is apparently correlative with the lower part of the John Day formation (Bridge
Creck flora) in central Oregon, or is only slightly younger. A few insccts from the Burnt Creck Moun-
tain locality sugpgest that these beds may be about the same age as the Florissant formation in the
Front Range of Colorado (I°. M. Carpenter, personal communication, 1954) which is of Oligocene age
according Lo MacGinitie (1953, pp. 70, 75). .

At the south end of the Eiko area (Sec. 34 and 35, T. 34 M., R. 55 E.) the oil-shale sequence is
overlain by petroliferous limestone which yields snails of early Cenozoic (pre-Miocene) age (D. W.

Taylor, personal communication, 1956). - . . . . . o

7. In Huntington Valley and Dixic Flats, and especially well exposed in the vicinity of Twin
Bridges (SE. 4, T. 32 N, R. 55 E,; NI, 4, T. 31 N, R. 55 L.), about 20 miles south of Elko, rocks
below the vitric tuff unit consist of as much as 1,000 feet of aphanitic ostracod- and snail-béaring
limestone, some of which is tuffaceous, together with some mudstone and a few layers of platy chert.

" The basal beds are reddish brown Paleozoic-pebble conglomerate and sandy limestone overlain by

about 150 feet of dark platy petroliferous limestone and a subordinate amount of crumbly dark car-
bonaceous mudstone. Outcrops of the carbonaceous deposits occur as far west as the east flank of the

Pifion Range, 20 miles southwest of Elko._
Snails from outcrops of the limestone in the vicinity of Twin Bridges, as well as from its northern

" extension at the south end of the Elko area, are carly Cenozoic (pre-Miocene) in age (D. W. Taylor,

personal communication, 1956).
8. In cast-central Nevada tuffaceous deposits assigned to the vitric tuff unit commonly overlie

an exceptionally thick section of sedimentary rocks which rests on a volcanic sequence. On the west
flank of the Grant Range cast of Currant (NE. §, T. 10 N, R, 38 E.) the lower several thousand feet
of the scction consists of rather well bedded sandstone and conglomerate with abundant pebbles and

cobbles and scattered boulders of volcanic rock, as well us some heds of limestone. Fossil leaves from

the uppermost beds in this part of the section are probably older than Miocene. The upper part of
the thick Currant scction is composed of platy limestone, calcareous mudstone, and beds of chert.
Fossils snails from these upper beds are late Miocene or early Pliocene in age. If the dating of the
lower and upper parts of the section is correct, there apparently was no important deformation in

this part of the Grant Range during most of Miocene time,
9. On the west side of Pine Valley (NE, &, T. 20, N. R. 51 E;; SE }, T. 30 N, R. 51 E) a thick

deposit of Paleozoic-pebble conglomerate and sandstone whose lower beds contain abundant volcanic
detritus, overlies a voleanic scquence and is overlain by tulfaccous deposits of late Miocene age (10).
Although this thick conglomerate may be correlative with some of the eastern conglomerates
{Fig. 4.C) or with lower Cenozoic conglomerates and limestone (Fig. 4.1) in eastern Nevada and ad-
{:;::nt Utah, its stratigraphic position above a volcanic sequence suggests that it is younger than
Cocene.
10. At thenorthend of Pine Valley (E. §, T. 31 N, R. st E;NW. §, T. 31 N,,R. 52 E.) the lower
part of a tuflaceous upper Miocene scquence consists of about 1,500 feet of coarse-grained volcanic-
tich scdimentary rocks including welded pumice lapilli tulf and volcanic-pebble conglomerate. This
deposit, which locally overlies the thick Paleozoic-pebble conglomerate exposed on the west side of
Pine Valley (o) and lics conformably beneath beds assigned to the vitric tuff unit, is unicque among
the castern sedimentary sequences in its abundant locally derived volcanic débris.

In addition to these eastern sequences, sedimentary rocks older than the
vitric tuff unit arc locally present farther west. On the east flank of the Tobin
Range (W. }, T. 27-28 N., R. 40 E.) in central Nevada, for example, more than
a thousand feet of drab bentonitic and tuffaceous mudstone overlying a volcanic
sequence is conformably overlain by the vitric tuff unit. Sedimentary sequences
below the vitric tuff unit probably are also present in the lower part of sections
assigned to the Esmeralda and Truckee formations in the western part of the
state. In the northern Death Valley region in southwestern Nevada and adja-
cent California, tuffaccous mudstone, sandstone, and conglomerate of the lower
Oligocene Titus Canyon formation are overlain by several thousand fect of inter-
bedded volcanic and sedimentary rocks of the Oligocene? or lower Miocene?

Artist Drive formation.
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RECONNAISSANCE OF CENOZOIC ROCKS OF NEVADA 2813
In contrast to the lower Cenozoic sedimentary rocks of east-central Nevada
the eastern sequences contain considerable tuffaccous material that generally
consists of partly altered shards. In contrast to the overlying vitric tuff unit they |
contain less unaltered volcanic material, more limestone (commonly petrolifer- - .
ous), more organic shale, and more coarse detrital material, and they are more -
- consolidated. Among the eastern sequences the thick conglomeratic section in
. east-central Nevada (8) and the coarse conglomerate (g) and the volcanic-rich
unit in Pine Valley (10) overlie a volcanic sequence whereas the eastern sequences
located in northeastern Nevada overlie non-volcanic rocks.
. Present evidence suggests that the oil-shale deposit at Llko, the similar rocks
on the east flank of the River Range, and possibly the remnant on the west
“flank of Burnt Creek Mountain (6), together with the limestone in Huntington
Valley and Dixic Flats (7), constitute an Oligocene? tuffaceous, bituminous-rich
formation of limited geographic extent in northeastern Nevada. These rocks have
commonly been considered the lower part of the Humboldt formation (Sharp, .
1930, PD- 142—43), but apparently they are, instead, a distinct, older formation.
There is no good evidence for assigning any other sections to this Oligocene?
formation. Nevertheless, some of the undated deposits in northeastern Nevada
may be proved part of it, and at least the lower part of the thick section in east-
central Nevada, if correctly dated, is equivalent to it.

Although the Oligocene? formation is exposed on the flanks of thc broad
structural basin between Elko and Wells, no certain evidence of this sequence
was found in any of the five dry holes drilled in the basin. Significantly, however,
the Gulf Oil Corporation’s Wilkins Ranch test No. 1 (Sec. 21, T. 38 N, R. 61 E.) :
had a good showing of oil in rocks which may be part of the formation. The lack . o
of lithologic similarity between the Cenozoic scquences at the border of the basin ’ .
and those within the basin suggests that the present structural outline may dif-
fer from that of middle Cenozoic time. -

The lithologically similar upper Miocene to lower Pliocene deposits in the
Goose Creck area (1), near Lucin (2), northeast of Wells (3), and north of Elko
(5) are rather distinct from the vitric tuff unit and at least locally non-conform- ‘
able below it. Tentatively, they are considered to be correlative with or part of ;
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the Payette formation of southwestern Idaho. In addition, these deposits may

be equivalent to the limestone in the upper part of thick section east of Currant
The sequences on the west flank of the Toana Range and of Knoll Mountain

{4) and the volcanic-rich rocks at the north end of Pine Valley (10) are about the P
same age as the Payette formation and its equivalents on the northeast. But in /
contrast, they resemble the vitric tuff unit in containing unaltered tuffaceous

material and a paucity of organic shale. Some of these sequences may reasonably /

4

be assigned to the lower part of a formation that includes the vitric tuff unit {
It should be noted that the rocks of late Miocene age in northeastern Nevada

are correlative with tuffaceous, diatomaceous deposits in other parts of Nevada j |

that are assigned to the vitric tuff unit. According to this relationship, the vitric : i
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tuff facies began to accumulate somewhat earlicr in the west and south than it

did in northeastern Nevada.
“VITRIC TUFF-UNIT

The most extensive and widely exposed sequence of Cenozoic sedimentary
rocks in Nevada is Jate Miocene® to early and middle Pliocene in age (Figs. 2, 5).

1DARO

~oRrEGONLD

Y Esmerag,

D Oictomites”

- L Cerbonocecus deposits
V Coone prroclatic dabris, thin lova flows and welded tulfs

F16. §.—Geologic names commonly applied to vitric tuff unit, and some of its distinctive facies.
/ '

These deposits comprise as much as several thousand feet of soft gray to cream-
colored unaltered vitric tuff and reworked ash, interbedded with drab bentonitic
. mudstone, and subordinate amounts of yellowish to greenish gray sandstone and
cream-colored limestone, as well as Paleozoic-pebble conglomerate developed cs-

4 The late middle Miocene Stewart Spring mammalian fauna from the Esmeralda formation in
south-central Nevada consists of water-worn specimens now preserved in beds of carly Tliocenc age.
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. sentially as a coarse basin- margm facies. Locally there are beds of chert, diato-
mite, bentomte carbonaceous shalc ‘and crystal tuff. In some places the volcanic
~ débris consists of pumice lapilli tuff, welded tuff, agglomerate, and volcanic-

rich conglomerate, suggesting near-by sources. In spite of local sources for much
of the coarse volcanic débris, however, there is a rather consistent association of
. orthopyroxenes and fresh acidic ash in the tuffaceous fraction throughout most

of the state (K. S. Defleyes, 1956, pp. 22-23). Rocks of the vitric tuff unit ap-

parently have been penetrated in most of the oil wclls and unsuccessful Cenozoic

deep tests drilled in Nevada.
As a result of their wide distribution in contrast to older Cenozoic sequences,

deposits of the vitric tuff unit overlap extensively on Paleozoic and Mesozoic
rocks, and in these areas of overlap a red-stained basal conglomerate com-
monly is present.

In areas of volcanic activity, as'well as where the strata have been tilted and

faulted, the generally soft gray deposits commonly are silicified and stained
green, as at the north end of Pine Valley (NW. 1, T. 31 N., R. 52 E.) and in the
middle part of Reese River Valley (N. 4, T. 23 N, R. 43,E.; S. —;-, T. 24 N, R.
43 N.).
. The lithologic character of the following sequences of the vitric tuff unit has
bccn described in some detail: the Virgin Valley beds in northwestern Nevada
(Merriam, 1910, pp. 33-36); the Truckee formation in western Nevada (King,
1878, pp. 412-24); the Esmeralda formation in south-central Nevada (Buwalda,
‘1914, pp- 342-61); the Humboldt formation in northeastern Nevada (Sharp,
1939, Pp. 136-46); the Panaca formation in southeastern Nevada (Westgate and
Knopf, 1932, pp. 23-26); and the Muddy Creck formation in southernmost
Nevada (Longwell, 1928, pp. 9go—96).

In the present report, only the middle part of the sequencc gencrally assigned
to the Humboldt formation is considered to be the vitric tuff unit. In view of the
fact that the Truckee and Esmeralda formations were not examined in detail
during the present study, they have not been similarly subdivided here. It should
be pointed, out, however, that Axelrod’s detailed work on these deposits (in
press, 1956) has led to the recognition of several new formations. ‘

The vitric tuff unit is at least as old as late Miocene (I‘ir' 2) in northwestern
Nevada in the Virgin Vallcy (N.3, T.44 N, R. 25 E;E. 4, T. 45 N, R. 25 E),
upper Cedarville (NE. §, T. 42 N, R. 19 E ), and Hwh Rock Canyon (T. 39
N., R. 2324 E.) exposures; in south-central Nevada north of Tonopah (W. 4,
T. 4 N, R. 42 E.); in central Nevada at the north end of Pinc Valley (Sec. 20,
T. 31 N, R. 52 E.); in east-central Nevada at the worthern end of the White
River Valley, 30 miles south of Ely (NE. {, T. 13 N., R. 6o E.). The Muddy
Creck formation in southernmost Nevada is generally considered to be late Mio-
cenc in age, but its scant mammalian fauna may be somewhat younger. In fact,

the Muddy Creck formation may be equivalent to at least the lower part of the

Panaca formation,
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In contrast to thesc upper Miocene deposits that are part of the distinctive
vitric tuff facies, upper Miocene sedimentary rocks in northeastern Nevada are
lithologically rather unlike the overlying vitric tuff unit.

In the Thousand Creek area (T. 46 N., R. 27 E.) in northwestern Nevada, in
western Nevada at the north end of the Hot Springs Mountains (T. 22 N., R.
27 E.), near Hazen ecast of Reno (T. 20 N., R. 26 E.) and Verdi west of Reno

(T. 19 N., R. 18 E.), and south of Yerington (T. 11 N., R. 24 E.), as well asin - -

the vicinity of Panaca (T.2S.,,R.68E;E. 1, T.2N,,R. 69 E.; W. 1, T. 2 N,,
R. 70 E.) in southcastern Nevada, deposits of the vitric tuff facies yield middle
Pliocene fossils. Significantly, however, the Thousand Creek and the upper
Panaca beds are more buff-colored and contain more sandstone and conglomerate
and less uncontaminated vitric tuff than do lower Pliocene sections of the vitric
tuff unit. ' » .
In northeastern, central, and south-central Nevada the vitric tuff unit com-
monly is overlain by deposits of poorly sorted buff mudstone and sandstone and
Paleozoic-pebble conglomerate, with few thin layers of gray vitric tufl. These
beds, which locally are unconformable on the vitric tuff unit, yield middle Plio-

‘cene to Pleistocene fossils in a few localities (Fig. 2). In Pinc Valley a marginal

facies of upper bufl sandstone and conglomerate grades basinward into finer-
grained deposits characterized by white and cream-colored limestone and diato-
mite, and drab bentonitic mudstone. In the vicinity of Sacramento Pass on the
east side of the Snake Range in easternmost-central Nevada (N. &, T. 14 N.,
R. 69 E.), Miocene or Pliocene tuffaccous limestone and mudstone deposits
tentatively assigned to the vitric tuff unit are overlain by several thousand feet of
undated gray Palcozoic-pebble conglomerate.

Although the gencral lithologic character of the vitric tuff unit is remarkably
uniform over a wide area the characteristic beds of vitric tuff are not well de-
veloped in east-central Nevada. Morcover, several distinctive rock types or litho-
facies in it exhibit important regional variations. The widespread, conspicuous
vitric tuff, for example, is coarser-grained in western Nevada, as seen in out-
crops in Coal Valley (E. }, T. 8 N, R. 27 E.; W. §, T. 8 N., R. 28 L.) south
of Yerington, and in the northeastern part of the region from north of Battle
Mountain to northwesternmost Utah.

In northcastern Nevada thick beds of pumiceous tuff characterized by high-
angle, large-scale cross-bedding and the presence of orthopyroxene, commonly
are interbedded with buff tuffaceous mudstone and sandstone. Northward
toward Idaho this sequence interfingers with the younger orthopyroxene-bearing
rhyolitic lava and welded tuff (Fig. 5, V in the northeast) of the Snake River
Plain (Schrader, 1912, pp. 42—46).

There are numerous deposits of coarse pumice lapilli, welded tuff, agglomerate,
and volcanic-rich conglomerate (Fig. 5, V except in northeast) in the vitric tuff
unit. Generally the areas of coarse volcanic débris, here listed, are in or along
range flanks: on the east flank of the River Range (S. }, T. 35 N,, R. 55 E.), a
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few miles northwest of Elko and extending south to overlap on the Elko oil-
shale sequence; on the east flank of the Pifion and Sulphur Springs ranges south-
west of Twin Bridges (T. 26-31 N, R. 53-54 E.); in thc Muddy Mountains
area of southernmost Nevada; generally throughout the Tonopah and Haw-
thorne quadrangles in south-central Nevada and especially in the southern part
of the Toquima and Toyabe ranges; in western Nevada southwest of Yerington
and farther west where the Truckec formation interfingers with the Kate Peak
andesite (Gianella, 1936, p. 73). Moreover, the vitric tuff unit is correlative with
the rhyolitic Valley Springs formation and the overlying Mchrten and equivalent

- andesitic deposits in the Sierra Nevada (MacGinitie, 1941, p. 8; Axelrod, 19553).

Local development of diatomite, bentonite, and bedded chert is partly related

‘to the nature of the alteration of vitric ash during and soon after deposition. In

some settings alteration of the ash produced silica that was available to, and
partly responsible for, flourishing diatoms. Under somewhat different local con-
ditions the silica released accumulated as chert. In still different local environ-
ments, the ash was altered to clay minerals of the montmorillonite group. The
close interstratification of these rock types strongly suggests, however, that they
resulted from relatively slight differences in conditions of deposition and altera-
tion. o
Beds of diatomite (Fig. 4, D) in the vitric tuff unit are thick and widespread in
western Nevada, whereas they are thin and sporadic in castern Nevada. Bénto-

nitic mudstone is common throughout Nevada but only locally are there beds of .

relatively pure bentonite. In Iuntington Valley (NE. 1, T. 31 N,, R. 55 E.)
and on the west flank of Knoll Mountain (SW. }, T. 43 N., R. 64 E.), in north-
eastern Nevada, more than a hundred feet of bentonite and bentonitic mud-
stone is present in the upper part of the unit.

Limestone occurs in most sections of the vitric tuff unit, but nowhere are the
beds as thick or predominant as in some of the underlying Cenozoic sequences.

.Most of the carbonaccous shale (Fig. s, L), like the diatomite, is found in the
western part of the state. The rather consistent occurrence of diatomite and car-
bonaceous shale in the same section, as in northwestern Nevada, in the Coal
Valley area (E. }, T. 8 N, R. 27 E;; W. }, T. 8 N,, R. 28 L.}, and in the Cedar
Mountain arca (T. 7 N, R. 37 E.; T. 8 N,, R. 36-37 E.), indicates that these
facies developed in a rather similar environment.

The only cvaporite associated with the vitric tuff facies is in the Muddy
Creck formation in southernmost Nevada. Beds of evaporite also occur in the
correlative Barstow formation in the adjicent Mohave Desert area of south-
eastern California, thus indicating distinctly drier conditions here than in cen-
tral and northern Nevada in late Miocene time.

Lenscs and layers of Paleozoic-pebble conglomerate several feet thick occur
sporadically in sections of the vitric tuff unit. They are commonest and coarsest
in the following arcas: Grouse Creck Valley (E. §, T\ 12 N, R, 18 W.; W. T
12 N, R. 17 W.) in northwesternmost Utah; on the east flank of the Last 1lum-
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boldt Range (NE. {, T. 36 N, R. 61 E.; SE. 1, T. 37 N,, R. 61 E.); Huntington
Valley west of the Ruby Range (NE. 4, T. 31 N,, R. 55 E;; NW. §, T. 31 N,
R. 56 E.; S. }, T. 32 N, R. 56 E.); and in the Cedar Mountain arca of south-
central Nevada (T. 7 N, R. 37 E.; T. 8 N, R. 36-37 E.). As evidence of active
erosion of near-hy uplands these coarse dcposxts suggest concomitant faulting in’
some areas. In the Panaca and Muddy Creek areas in the southeastern part of
the region, on the other hand, abundant conglomerate accumulated as a coarse
border facics apparently assaciated with active block faulting during the inter-
val of dcposition of the vitric tuff unit. Significantly, this was the last important
faultmg in southcastern and southern Nevada, for to-day these formatxons lie
in essentially the same position as when they were deposited. o ‘
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CENOZOIC HISTORY

Uplift and vigorous erosion of large structural blocks in western Utah and
eastern Nevada prior to late Miocene time had produced thick deposits of red
and tan gravel, probably during several episodes of deformation. Some of this
coarse detritus, as in the v1cm1ty of Eurcka, accumulated in Cretaceous time,
some during early Cenozoic time.

In early Cenoazoic time, and perhaps principally in the Eocene epoch, lake
and swamp scdiments consisting largely of calcarcous mud and fine-grained sand,
together with local floodplain deposits of sand and gravel derived from ncar-by
uplands, accumulated in east-central and southern Nevada and adjacent Utah in
a warm temperate to subtropical lowland. Apparently this broad area of ag-
gradation marked the western limit of early Cenozoic accumulation that pre-
vailed throughout the Rocky Mountain province on the cast. In the southern - ' .4
part of the lowland region, a somewhat drier climate led to deposition of an evapo- E P
rite facies. ' o

Central and western Nevada, in contrast, stood somewhat higher in Eocene:
time and was the site of local volcanic activity, some of which took place con-
currently with later Eocene volcanism in the Sierra Nevada region. External
drainage from the higher western country flowed westward and southwestward

-across the site of the Sierra Nevada (Axelrod, 1950, p. 226) into early Cenozoic
seas of California.

By Oligocene time some local structural basins had been formed, but the
dcformation apparently did not interferc with external drainage to the west or .
alter the climate or vegetation significantly (Axelrod, 1950, p. 227). Volcanism /
during the Oligocene epoch spread thick masses of débris across lowlands in
western and northwestern Nevada and may also have produced the older vol-
canic sequences that accumulated in the central and cast-central parts of the
state. In addition, ash-rich mud, sand, and gravel were deposited in local basins
recently outlined by faulting, as in southwestern Nevada and adjacent California
and in east-central Nevada where a thick sequence of sand and volcanic-rich
gravel and interbedded calcareous mud accumulated on a thick deposit of welded
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tuff and lava. Coarsc gravel that was deposited on a volcanic sequence in central
Nevada may also have accumulated during this episode.

In Oligocene time, and perhaps continuing in carly Miocene time, part of
northeastern Nevada became a lowland site of accumulation where ash-rich sand
and mud, bituminous and carbonaccous mud, and calcium carbonate were de-
posited in lakes and swamps. Much of the ash that fell here probably was blown
from volcanoes farther west. -

During the Miocene cpoch the lowland surface of western Nevada probably

-stood about 2,000 feet above sea-level while the central and northern Sierra

Nevada region was a broad upland only about 1,000 feet higher (Axclrod, 1955).
The southern Sierra Nevada, in contrast, was sufficiently high in middle Miocene
time to form an effective climate barricr to southern Nevada and impose a semi-
arid climate on the Mohave desert region (Axelrod, 1940, p. 479; 1930, P. 233)-

By middle Cenozoic time, widespread volcanism accompanied by minerali-
zation had produced similar suites of lava flows, glowing avalanche deposits, and
air-borne ash from local sources throughout a vast area of western, southern, and
central Nevada, and adjacent Utah, and in the Jarbidge area of northeastern
Nevada. Some of this activity may have begun in early Cenozoic tinie; some of it
had occurred in the Oligocene epoch. The principal outbursts waned before late
Miocenc time. Apparently much of the volcanic débris accumulated in a rather
brief period preceding or accompanying important differential movement of the
basins and ranges. But the regional uniformity of the volcanic sequence suggests
that there were no high ranges to impede its spread.

Meanwhile, in early and middle Miocene time, outpouring of thick basaltic
to andesitic lava flows covered vast areas of the northwestern part of the Basin-
and-Range Province in Idaho and Oregon, as well as in north-central and north-
western Nevada.,

During onc or more episodes of deformation after Eocene and before late Mio-
cene time, and perhaps principally in middle Miocene time, the older Cenozoic
sedimentary and volcanic sequences were faulted and tilted in many places. Then

- there followed an interval of widespread crosion. In east-central Nevada, on the

contrary, the great thickness of gravel, sand, and calcareous mud that had ac-
cumulated after early faulting and the emplacement of a thick sequence of welded
tuff, remained little deformed until after Miocene time.

By late Miocene time most of Nevada was a low plateau with scattered moun-
tains and many lakes and swamps. The climate had become dricr with more
seasonal distribution of rain and greater ranges and extremes of temperature,
and it showed progressive desiccation southward (Axelrod, 1950, pp. 237-38).
Deposition on this interior plateau apparently began rather locally, and was
marked by distinctive regional facies. In the northeast calcareous mud with
abundant ostracods, and bituminous and carbonaceous deposits were common.
In east-central Nevada calcareous mud predominated. Farther west and south
diatomacecous ooze and carbonaceous mud were the characteristic deposits. Still
farther southwest and south, in southernmost Nevada and adjacent California,
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where uplift of the southern Sierra Nevada and faulting of the local ranges had

- been more active, deposits of the interior basins included a coarse peripheral

alluvial fan facies and a central evaporite facies. Concomitantly, repeated explo-
sions of volcanoes in the Sierra Nevada and southern Cascades began to spread
vitric ash across Nevada (Deffeyes, 1956, pp. 32—41). In the west and south, much

- of the ash accumulated unaltered, whereas in the eastern lakes and swamps much

" of it was partly altered after dcposmon

Early Pliocene time was a period of relatively bttle deformation and wide-

spread aggradation. Although there was less rainfall now and it was more season-

ally distributed than in Miocene time, the climate was not yet dry enough to.

" support desert vegetation (Axelrod, 1930, pp. 242-43). This was the setting of

exceptionally uniform conditions of deposition throughout most of Nevada, and

‘locally these conditions continued unchanged into middle Pliocene time. Moést

" of the uplands during this interval were relatively low and played no dominant

role in affecting the nature of the sediments which accumulated in many sepa-

~ rate but commonly connected basins. As a consequence in many places deposits

spread across faulted and tilted older Cenozoic rocks and overlapped extensively

-on Palecozoic and Mesozoic rocks of the uplands. Significantly, some basins dif-

fered from the present ones in both structural and topographic outlme at this
time,
In broad lakes and swamps calcareous mud silt, dxatomaceous ooze, and
carbonaceous sediments predominated. On ﬂoodp!ams and deltas sand and gravel
accumulated. Repeated showers of orthopyroxene-bearing vitric ash and pumice
lapilli from cruptions of the Sierran and southern Cascade andesites fell on the

" . vast area where much of it was reworked on floodplains and in lakes. Some of the

pyreclastic débris was preserved unaltered, some of it was weathered to bento-
nite, while some altered ash released silica which, along with silica leached from

" diatomaceous mud, formed laycers and nodules of chert as well as replacing some

calcarcous deposits. Near local sources, especially common in south-central and
western Nevada, bombs and lapilli, glowing avalanches, and lava flows accumu-
lated. In northcastern Nevada, in contrast, lava flows, thin layers of welded
tuff, and pumiceous ash, also characterized by the presence of orthopyroxene,
were derived from local sources.

During the remainder of Cenozoic time large-scale block-faulting and gradual
regional uplift, accompanied locally by accumulation of coarse pyroclastic débris
and lava flows, occurred throughout much of the Basin-and-Range Province. At
the west there was important uplift of the Sierra Nevada (Axelrod, 1955), while
movement of the ranges and basins in many places, including local reversal of
their relative positions, faulted, tilted, and locally folded the vitric tuff unit as
well as older Cenozoic rocks. It was this episode of structural break-up that
established the present structural and physiographic pattern of most of the pro-
vince. Locally, however, as in parts of northeastern and southeastern Nevada,

there was little deformation at this time.
In this sctting of more active faulting, middle Pliocene aggradation con-
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2822 FRANKLYN B. VAN HOUTEN

tinued in lowlands dominated by grasslands and semiarid savannas (Axelrod,
1950, P. 244). In central and northeastern Nevada coarser flood-plain and
stream-channel sediments replaced early Pliocene swamp and lake deposits. In
western and southern Nevada, on the other hand, sedimentation continued little
changed from early Pliocene conditions. With the waning of explosive volcanic
activity in the Sierra Nevada the amount of vitric ash that rcached eastern

Nevada decreased markedly. "
Grasslands apparently prevailed through late Pliocene time, and then were

- replaced by the present desert environment in the Pleistocene epoch (Axelrod,

1950, p. 266). Accumulation of buff sandy mud and Paleozoic-pebble gravel per-
sisted into Pleistocenc time, and in addition, there were extensive lakes resulting

" from continental glaciation on the north. But during this epoch continued re-

gional uplift as well as further differential movement, initated a cycle of pedi-
mentation and degradation which led to dissection of upper Cenozoic deposits in
basins with external drainage. In basins with internal drainage pedimentation
of the range flanks was accompanied by the development of alluvial fans and
playas.

As a result of combined regional elevation, differential uplift of ranges, and

excavation of basins, topographic relief along basin-margins reached its maxi-

mum. In this sctling of degradation and increased relief, masses of fractured
Paleozoic rock and rubble along fault scarps and range flanks slid basinward
(Gilluly, Waters, and Woodford, 1951, p. 239). In the castern part of Nevada,
as along the west front of Knoll Mountain in Sec. 31, T. 44 N., R. 65 E., west of
Spruce Mountain in T, 3r N., R. 62 E., and north of the Ruby Hills in N. }, T.
27 N., R. 59 E., some broad breccia lobes of this sort came to rest on exhumed
lower Pliocene deposits (Hazzard and Moran, 1952).

) CONCLUSIONS

From this brief review of the Cenozoic sedimentary history of Nevada sev-
eral significant gencralities emerge.

Except for the thick, coarse red and tan Paleozoic-pebble conglomerate and
conglomerate associated with lower Cenozoic limestone in eastern Nevada and
adjacent Utah, most of the pre-middle Pliocene sedimentary rocks accumulated
under relatively quict conditions, including repeated episodes of lake and swamp
deposition and accumulation of uncontaminated vitric tuff. Other thick coarse de-
posits present generally contain abundant volcanic detritus. * -

Concentrations of carbonates in the sequence of swamp and lake sediments,
both in carly Cenozoic and later Cenozoic time, are more common in eastern

Nevada. Prevalence of calcarcous rocks in the east may be related to the fact/

that Palcozoic limestone sources of carbonates were largely limited to the mio/
geosynclinal province in eastern Nevada (Bradley, 1048, pp. 64-65). '
. As in southern California on the southwest and the Colorado Plateau on

the cast, aggradation apparently was restricted during the Oligocenc epoch.
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In the general setting of the Cenozoic depositional history of Nevada, the ex-
tensive distribution of vitric tuff, diatomite, and bentonitic mudstone in late
Miocene and carly and middle Pliocene time is much more significant than the
devclopment of several local facies, Moreover, the widespread, uniform deposition
in Nevada was part of an even more extensive episode of lowland aggradation
that extended into adjacent areas, as evidenced by deposits such as the upper
Cedarville and Alturas formations in northeastern California, the Alvord Creek
formation in southeastern Oregon, the Payette and lower Idaho formations in
southeastern Oregon and southwestern Idaho, the Salt Lake formation in south-
eastern Idaho, the Cache Valley formation in northern Utah and equivalent
diatomaceous deposits in southwestern Utah, the Bidahochi formation in north-
ern Arizona, and the Barstow and Ricardo and related formations in southcastern
California. Further evidence of the extent of this episode of aggradation is found
in the lower Pliocenc Imperial formation in southernmost California which ac-
cumulated in the last marine invasion of that arca.

At least locally the present structural pattern of ranges and basins differs
from that which prevailed during much of Cenozoic time. Some areas that are
basins now were uplands during the episodes of aggradation or they were up-
lifted and eroded after deposition, as implied by the following evidence. Lower
Cenozoic sequences in wells and dry holes in Railroad Valley are much thinner
than apparently equivalent rocks in a near-by range; Oligocene? sedimentary

- rocks, present at basin-borders in northeastern Nevada, have not been recognized

in the stratigraphic tests drilled in basins; and the vitric tufl unit is involved in
the structure of some ranges. ' '

Because the exposures of Cenozoic rocks in ranges and at basin-borders are
not nccessarily marginal facies of older basin deposits, the thickness and com-
pleteness of sequences of Cenozoic sedimentary rocks in a basin can not be pre-
dicted accurately from obscrvations of the exposed sections of these rocks.

The evidence assembled here supports Nolan’s general conclusion (1943, p.
183) that Cenozoic faulting in the Basin-and-Range Province probably began in
early Cenozoic time and continued intermittently throughout the era. According
to present data, however, two episodes of deformation appear to have been more
intense and widespread: one in middle Cenozoic (middle Miocene?) time associ-
ated with accumulation of the extensive pre-late Miocene volcanic sequence of
welded tuffs and Java flows in Nevada and western Utah and the extrusion of an
important part of the Columbia River basalt flows on the northwest; and the
other after carly to middle Pliocene time following the principal eruptions of the
younger Sicrran and southern Cascade andesitic volcanic rocks and accompany-
ing the rise of the Sierra Nevada to its present elevation.

Although this general succession of tectonic events apparently occurred
throughout much of Nevada, it clearly did not prevail everywhere. In some areas,
‘as in the southern part of the state and in the Jarbidge district in the northeast,
important deformation preceded or accompanied deposition of the vitric tuff
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facies, and then there was very little faulting after early to middle Pliocene time.
In other arcas, as in the Grant Range and southern Egan Range, there apparently
was no large-scale deformation of Cenozoic rocks until Pliocene time. v

Northeastern Nevada provides further exception to the general pattern of
tectonic and sedimentary history. In contrast to the area on the south, appar-
ently no lower Cenozoic limestone is preserved in the northeast. Moreover, in
middle Cenozoic time predominantly fine-grained detrital and chemical deposits
accumulated locally during several episodes while lava and coarse pyroclastic
débris were erupted in other parts of the state. Significantly, northeastern Nevada
was also the site of deposition of the distinctive bituminous shale facies.

In contrast to the rugged, linear ranges and rather sharply demarcated basins
suggestive of intense basin-range faulting that are common in central and western
Nevada, for example, the ranges of northeastern Nevada generally are less rugged,

" with irregular outcrop patterns and numcrous small outliers overlapped by
upper Cenozoic deposits which also lap high on the less rugged range cores.

These relationships suggest that northeastern Nevada was less intensely de-
formed than other parts of the state during much of Cenozoic time. As a result

* of less displacement on basin-range faults in the northeast, late Cenozoic struc-
tural and topographic conditions, including maturely eroded range cores and
extensive overlap of upper Cenozoic deposits, have been little altered. Preserva- -
tion of these conditions provides suggestive evidence that upper Miocene to-
middle Pliocene sedimentary rocks may also have accumulated high on the flanks
of malﬁrqu croded ranges in other parts of Nevada. But in these areas, in con-
trast to northeastern Nevada, the overlapping upper Cenozoic deposits have
been eroded away as a result. of greater differential movement of the ranges in -
later Pliocene and Pleistocene time. :
Evidence of this sort suggests that the present general physiographic and
structural unity of Nevada obscures significant local differences in tectonic back-
ground and depositional history.
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