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ABSTRAU1‘

Recent geologic mapping and stratigraphic study in north—central Nevada has increased our

..l_mowledge oi the Paleozoic stratigraphy and structural history of this complex area. The present
per summarizes the stratigraphy and outlines a suggested synthesis of th_e Paleozoic geologic

u tory.
,

Eastern Nevada differs greatly in stratigraphy and structural history from the western part.
‘ mstern Nevada, roughly east of longitudes 116°-l1’r‘°, the Paleozoic rocks from Middle Cambrian

Upper Mississippian are mostly limestone and dolomite withminor amounts of shale and quartzite.
central and Western Nevada the correlative strata are predominantly clastic sedimentary rocks

d chart, with intercalated volcanic,rocks and pyroclastics.The eastern assemblage is on the order
15,000 feet thick in most. places;‘lhe western assemblage is much thicker, probably more than

359,000 feet. The depositional environments of the eastern and western assemblages were clearly dif-
if. out. The eastern assemblage is miogeosynclinal, the western cugeosynclinal. The two have been
I: ught into contact by telescoping along a thrust fault of great magnitude—-—the Roberts Mountains
, k;_ V stbigvhichcarried the western assemblage relatively eastward or southeastward over theeastern
f‘*'~' 36- '

" In several places an assemblage that does not belong clearly to either the eastern or western
‘V: mblages, but includes elements of both, is recognized as transitional. Rocks of the transitional
_mblage occur both in parautochthonouswindows beneaththeRoberts Mountains thrust plate or

ester-n assemblage rocks, and as slivers in the upper plate of the thrust.
-, The broad geosyncline in which the three assemblages were laid down persisted, with local dis-
’ ac nces be '

_

ni_yg.i.l1_,Ig§:1.t_e,(_Z_a11ibria11,until. the encloiDevonian time, A belt. along the 116°--118°
§.- 'dians-t e-Antler orogenic belt—was the locus of intense folding and faulting that culminated
_'.-the Roberts Mountains thrust fault in Late Devonian or Early Mississippian time. From an

V‘

* Publicationauthorizedby the director of the United States Geological Survey.
'* United States Geological Survey, Menlo Park, California; Menlo Park, California; Denver,

5,: redo; Waflngton, D. C.
._

Besides the field work done in north—central Nevada by the writers, many geologists have fur-
-- data used in this summary. T. B. Nolan, Charles W. Merriam, Ronald Willden, Robert E.

‘I43: r, J. Fred Smith, Olcott Gates, and KeithKctncr of the U. S. Geological Survey have made
'3» rtant contributions. Fossils were identified and age determinationsmade by A. R. Palmer,R. J.

J1-., Josiah Bridge, Jean Berdan, Helen Duncan, L. G. Henbest, Raymond C. Douglass, James
Williams, Mackenzie Gordon, Jr., W. H. Hass, all of the U. S. Geological Survey. Geologists.

:'thelUniversityof California at Los Angeles, includin C. A. Nelson, E. L. Winrterer, Michael "'~

jirphy, and Donald Carlisle, made available maps 0 critical areas and contributed valuable
Norman J. Silberling,RobertG. Yates, John C. Hazzard, Peter Misch, John H. Wiese,

‘PhilipB. King read the manuscript, and offered many helpful suggestions.
'
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emerged area along this belt coarse elastic rocks were deposited both eastward and westward;grade laterally into finer sediments and limestone of normal marine facies. In the orogenic belt: -s.sediments that were deposited on the deformed strata of the eastern, transitional, andassemblages are designated _the overlap assemblage. Orogenic movements continued along the .»..:aMesozoic, probably into Cretaceouscausing further deformation of the previously folded and thrust-faultedrocks and of thesediments’the overlap assemblage as well.
'-A correlation chart and representative stratigraphic sections of the several stratigraphicsemblages are included.

Inrnonucrron
From the time of the Fortieth Parallel survey, it has been recognized thatiPaleozoic stratigraphic and structural history of the eastern part of Nevada an‘-»fers strikingly from that of the western part (King, 1878, pp. 247, 342, 75.Hague, 1892, pp. 175-82). Many geologists in subsequent years have stui:and described these rocks, but Nolan (1928, pp. 150, 153-61) first calledtion to the significance of the stratigraphicdifierences and credited Turner (1 '9-7

pp. 265-66) with the first description of western assemblage rocks. Kirk (1933;31) recognized two distinct facies of Ordovician rocks in the Roberts Mountai”noting that the two facies were separated by only a few miles, and suggesf”that they had been brought together by thrust faulting. Merriam and Ande 4-».(1942) confirmed Kirk’s suggested explanation by discovering and mapping?"thrust between the two facies in this area, named the Roberts Mountains thr‘f_fault. Nolan (1943) in his comprehensive summary of the geology of the Gr”Basin, also emphasized the lithologic difierences between the Paleozoictions of east and west.
Geologic mapping during recent years in north-central Nevada has reveal;that the facies contrasts are of regional extent and that the facies are separaby thrust faults. Present understanding of the stratigraphy of this complex 8',§:'_:_"_”iresults from the work of many men. Basic data and concepts were developed.Ferguson in papers dealing with central Nevada (1924, 1949) south of thehere considered. Since 1939, Ferguson, Muller, and Roberts have made a geoloreconnaissance of the 1-degree Sonoma. Range Quadrangle (Fig. 1), andlished the four included 30-minute quadrangles—-Mt. Tobin (Muller, Fergusofigfi.and Roberts, 1951), Winnemucca (Ferguson, Muller, and Roberts, 19513,),conda (Ferguson, Roberts, and Muller, 1952), and Mt. Moses (Ferguson, Mulletg,‘find Roberts, 1951b). The Antler Peak 15-minute Quadrangle, in the southeast?part of the Golconda Quadrangle, was mapped by Roberts in 1941-49 and waspublished in 1951. The Mt. Lewis, Crescent Valley, and Cortez 15-minute quad?“rangles were mapped by Gillulyand Gates in 1949-55 and the Osgood Mountains:Quadrangle by Hotz and ‘Nillden in 1951-55, but the results have not yetpublished.

Q

Uxzder‘ a cooperative agreement between the Nevada Bureau of Mines -a_.I1,'_d_77_ 5-
the U. S. Survey, reconnaissance geologic maps of separate cou~nties?j,are in §tsgeg;leei,completionand have already yielded valuable data. 13:;the Part of mwred by this Paper. field work for reconnaissancesurv ‘ E‘
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FIG. 1.—Index map of north-centralNevada.

 by’ A. E. Granger and Mendell Bell, for Eureka County by
W-islands Robert Lehncr has been completed, and that for Humboldt

. fikonald Willden is in progress.
T

.

__
‘summary of the stratigraphy of the Eureka district by Nolen’,

Williams (1956) gives a revision of the standard Paleozoic section
I‘ flevada. The recent paper by Dott (1955), primarily a. study of

-stratigraphy of the eastern part of this area, has been drawn on
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Knowledge of the areal geology of north-central Nevada has now reached a

stage where a more detailedsynthesiscan be attempted. As mapping is continued.

further clarificat.ionof stratigraphyand structure will undo11l)tedlydemand modi;

fication of many of these ideas. The writers have each worked in different areas

and have emphasized different phases of the regional geology. Although thew,-

are in broad general agreement. on the interpretations presented here, they {lis-

agree on minor points. These divergences are not here compromised, but are

rather emphasized, in the hope that they will stimulate further geologic work

in the region.
The text in general is the work of Roberts and Hotz, and, except where dis-

agreement by Gilluly or Ferguson is indicated, represents the agreed interpreta-

tion by all four writers.

REGIONAL STRATIGRAPI-IY AND STRUCTURE

In eastern Nevada, east of an irregular line between longitudes 116° and 117°,

Paleozoic rocks from Middle Cambrian through Lower Mississippian are com-

posed mostly of limestone and dolomite with minor amounts of shale and quartz-

ite (Fig. 2). The stratigraphic section in the Eureka area, originally described

by Walcott (1884), and Hague (1892) and recently revised and redescribed by

Nolan, Merriam, and Williams (1956), is the classic section of carbonate rocks
' in a shallow-water, miogeo-

synclinal environment that ‘.
_

In the Eureka area, strata of Middle Cambrian through Early Mississippian age

aggregate about 14,500 feet. Of this thickness, limestone comprises about 60

per cent; dolomite, 30 per cent; shale, 8 per cent; and quartzite, 2 per cent.

These proportions vary from place to place, but the general ratio of 90 per cent.

carbonate rocks and 10 per cent. elastic rocks seems to hold over eastern Nevada.

The shales in the eastern assemblage are mostly fine—grained, black, or cal-

careous; they generally do not contain interbedded coarse elastic rocks. The

quartzite units are commonly clean and well sorted; one of them, the Eureka

quartzite, has a great areal extent (Kirk, 1933, p. 29}.
West of longitudes 116°—117° and north of latitude 39° in central and western

Nevada, strata of early and middle Paleozoic age are dominantly elastic sedi-

"

ments and chert, with intercalated volcanic rocks and pyroclastic rocks (Fig. 2,).

l
I
‘I

.Ee1:guso_n (1952, p. 73) pointed out that the western assemblage attains a great

thickness in the Sonoma Range area. Subsequent studies there and in adjacent

aggregate more than 50,000 feet. They were deposited in a eugeosynchnal en-

vironment (Stille, 1940, p. 15)
Few data on the proportion of rock types in the Nevada segment of the eugen-
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,r cent to 30 per cent. The units are characteristically lenticular, and thin or

"jicken abruptly parallel with and normal to the geosynclinal trend. Limestone,

generally shaly or sandy, locally forms thin,discontinuous layers. The shale units

commonlysandy and few are calcareous. The quartzites are generally nearly
but the sandstones are either graywackes or feldspathic sandstones. The

ffgert units, partly of volcanic derivation, range from a few inches to several

ifiundred feet thick; individual chert layers are lenticular and range from a frac-

iiion of an inch to 3 feet. They are separated by shaly partings which are also

Lnticular; laterally,chert units grade into siliceous shale units with subordinate

hert. The volcanic rocks are largely andesitic or basaltic pillow lavas and pyro-

*i‘.'”"stics that accumulated mainly in a marine environment; most are highly
Plbitic. Siliceous pyroclastic rocks locally form thicksections. The volcanic rocks

ijgre highly lenticular, and probably formed around many source centers.
‘ There is generally a sharp distinction between the eastern and western as-

gmblages, but locally a transitional assemblage is recognized (Hotz and Willden,
:55). This belongs neither to the eastern nor Western types, but includes ele-

Tnts of both assemblages. These transitional rocks’ were originally included in

western assemblage, but as further field work was done, and new faunaldata

ecumulated, it was found thatcorrelative units distinctlydifferent lithologically
been placed in the same section. The transitional units are therefore sepa-

{ted from the western units, and treated as a separate assemblage.
.

The transitional assemblage is charaicteriie'tl-by"‘£‘Eo*n{15inati6n‘of elastic,
,9-lcanic, and carbonate elements. The proportion of carbonate is generally less

; an 40 per cent; the elastic rocks are mainly shale and sandy shale, in part

alcareous. Sandstone and calcareous sandstone beds make up part of the section,
;ut coarse elastic units like those common in the western assemblage are rare.

Tolcanic material generally consists of line—grained tuffs or tuffaceous shale but

ews are locally present. Chert and chert-shale units are less abundant than in

$6 western assemblage. Individually,some transitional units resemble the cast—

assemb"la-g__e and others the western, but as a whole, the transitional assem-

age is recognizable. Boundaries between the assemblages probably oscillated

‘Eek and forth across central Nevada, and locally deposits of one assemblage
Tie have accumulated in a part of a basin characterized predominantly by

if-,T;.~t~ other assemblage.
T The three assemblages were laid down in a broad north—trendinggeosyncline
hich persisted in north—central Nevada with local and marginal disturbances

Fntil the end of the Devonian, when orogenic movements along a positive area

i. olan, 1928, p. 158 and Fig. 1) resulted in the formation of an emergent area

; tending north-northeast,"medially across the state (Fig. 6). This belt is now

fnown to have been the locus of intense folding and faulting during the Antler

- geny in latest Devonian or Early Mississippian time which culminated in the

joberts Mountains thrust fault. Merriam and Anderson (1942) showed in the

i-"oberts Mountains that this thrust is of great magnitude and brings into juxta-
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F10. 3.—Outcrop of Roberts Mountains thrust, Carlin window, 7 miles north of Carlin‘, Nevada.

Upper plate is Vinini formation (OV); lower plate is RobertsMountains formation (Srm).

position theeastern and western assemblages. Gilluly(1954) recognized the thrust

in the Cortez Quadrangle. Robertsand Lehner (1955) traced the thrust north-

ward through Eureka and Elko counties approximately along the 116° meridian

and showed that it extends into Idaho northeast of Rowland (Fig. 3). The thrust:
also probably extends southward from Eureka. County, passing between T}-rbo
and It-'lanhat.t.an (Ferguson, 1942, p. 73).

In an area like the Basin and Range province with wide alluviated va.lleys.
it is impossible to. trace the outcrop of such faults as the Roberts I\*Iount.ains
thrust from range to range, but identical relations of similar rock units in stic-

cessive ranges leave little doubt about the continuity of the thrusts.
The transitional assemblage shown in Figure 4 is regarded by Hotz and

Roberts as autochthonousor parautochthonousand as part of the block over-

ridden by the Roberts M ountains thrust plate which carried the western assem-

blage eastward or southeastward. In addition, slivers of the transitional assem-

blage rocks were carried on the thrust plate. Folding and thrusting within the

plate resulted in imbrication oi “the western and transitional assemblages in a.

most. complex manner. Such transitional units have been noted in the thrust

plate at Antler Peak, the northern Shoshone Range, and in the Mineral Hill,
Pine Valley, and Carlin quadrangles.

During the time of the Paleozoic. orogenic movements, that is, from the Late

Devonian t.o late Permian, a broad apron of coarse elastic rocks was la.id down

over much of Nevada. The full extent of the apron is not known, but the clastic
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probably extended as far south as Beatty, as far southeast as Pioche, and
- - north as Mountain City. Coarse clastics were also shed westward from the

C

C

into basins in western Nevada although some of these also could well
4

ibeen derived from farther west. Away from the orogenic belt (Fig. 6, inset
the clastics grade into liner sediments that. intertongue with the normal

3 "Cite section; in the orogenic belt the clasl.ics and associated lenticular lime-
ts, ranging in age from Mississippian to late Permian, overlap folded and

_

lted eastern, transitional, and western assemblage strata that had been in-
ilved in the orogeny. These rocks were named the overlap assemblage (Roberts
;;.1’ Lehner, 1955, p. 1661). (Fig. 6.)

_

PRE-OROGENIC Srnarronapnv
The Paleozoic rocks of north-central Nevada are here described system by

',._,;,s,,terr-1, and respectively assigned to eastern, transitional, and western assem-

yges that can be convenientlycompared (Fig. 2, 5.)
CAMBRIAN

.1
-

" The oldest Cambrian rocks over large areas of eastern and southern Nevada
fjgenerally termed the Prospect Mountain quartzite. The lowest Cambrian
Qt in north-central Nevada is the lithologically similar Osgood Mountain
-,3. tzite which is at least 5,000 feet. and may be as much as 10,000 feet thick.

are thick,massively bedded quartzites that difler markedlyfrom overlying
7 '

Cambrian rocks of the eastern assemblage. are exposed in the north—trending
in southern Eureka County and in windows at Cortez, the Lynn district,

age, but lithologicallydifferent, assigned to the transitional assemblage, are
at Battle Mountain, the northern Shoshone Range, in the northern

‘oma Range, the Edna Mountains, the Osgood Mountains, and Hot Springs
a ge.

EASTERN ASSEMBLAGE

'-?'Cambrian units of the eastern assemblage are remarkablyuniform over wide
_ and, though local variations are recognized, they are minor; formatio-nal

can be followed as far south as the southern tip of the state and southwest-
.I:'? into southern California. The sequence is essentially conformable, but

rd the west, unconformities and gaps in the section gradually become more
iiinounced. The Cambrian sequence at Eureka, summarized in Figures 2 and 5,iiypical of the eastern assemblage (Nolan, Merriam, and Williams, 1956, pp.

Other sections of eastern assemblage Cambrian rocks are exposed north-
of Eureka in windows3 in the Roberts Mountains thrust sheet.

‘W Robert: Maumlains wimiow.—Cambrian rocks are exposed on the north-

_

" The term window as used in thispaper refers only to windows in theRoberts Mountains thrust

if in the Goat Ridge window of the northern Shoshone Range. Rocks of equiva- " '
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western side of Western Peak in the Roberts Mountains (Nolan, Merriam, and
Williams, 1956, p. 25; Merriam and Anderson, 1942, p. 1683), Where 350 feet of
limestone, referred to the Upper Cambrian and Lower Ordovician, underlies the

0 3, ET AL.

Eureka quartzite of Middle Ordovician age (Fig. 4).
Cortez window ("Cortes Mountains). -—Iveu..I2-e Cortez window the Eureka quartz-

ite is underlain by massive, medium to drirk gray dolomite more than 800 feet
thick. This dolomite has yielded no fossils," but is lithologicallylike the Hamburg
dolomite of the Eureka district, with which it is provisionally correlated. Its
Cambrian age was first suggested by Merriam and Anderson (1942, p. 1684).

Goat Ridge window in Shoshone Ra-nge.—In the Mt. Lewis Quadrangle, the
Goat Ridge window below the lowest of a complex series of thrust sheets, exposes
a sequence of Cambrian rocks like the known eastern assemblage near Eureka;
hence, these rocks are believed to be autochthonousor parautochthonous. The

highest Cambrian unit, of Middle Cambrian age, contains volcanic rocks, sug-
gesting transition to the Western assemblage.

The lowest unit in the Goat Ridge window consists of about 300 feet of
non-fossiliferouscrossebedded quartzite containing micaceous beds, lithologically
like the Prospect Mountain quartzite. In fault contact with this quartzite is a

thinshaly unit, perhaps equivalent to the Pioche shale.
Also bounded by faults is a non-fossiliierousdolomite at least 1,000 feet thick.

Its stratigraphic position isuncertain, but it is tentatively correlated with the
Eldorado dolomite of the Eureka section. Correlation with the Eldorado rather
than the Hamburg dolomite is suggested because an unconformity at the base

of the Eureka quartzite of Ordovician age seems definitely to descend northward
and westward and to cut out the Pogonip group in the Cortez Quadrangle (Mer-
riam and Anderson, 1942, p. 1684). Projection of this unconformity westward to

the Goat Ridge window could reasonably eliminate the Hamburg dolomite.

Lynn window: --In the Lynn window in northern Eureka County, Lehner

(written communication) found the Eureka quartzite underlain by massive

gray dolomite as much as 400 feet thick, lithologicallysimilar to the Hamburg
dolomite of the Eureka district.

TRANSITION.-XL ASSEMBLAGE

The principal exposures of rocks assigned to the transitional assemblage are

in adjacent parts of the Sonoma Range and the Edna and Osgood mountains
near Golconda, although transitional rock types are interbedded with eastern

assemblage rocks in the windows in the northern Shoshone Range (Fig. 2). The
lowest_Cambrian unit, the Osgood Mountain quartzite, resembles the Prospect
1\-fountain quartzite; hence it appears to have been part of a widespread unit
that covered the shelf, and forms part of the transitional assemblage as Well as

the eastern assemblage.
Preble format1'on..—-The Preble formation rests with gradational contact on

the Osgood Mountain quartzite. The Preble consists of a lower brownish and
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nish Inicaceous shale member, an intermediate limestone ahd shale member,

igan upper shale member. Fossil collections range from early .\-Iiddle Cam-

"11 to early Late Cambrian, according to A. R. Palmer (written communica-

"“?' It is estimated that there are probably between 5,000 and 10,000 feet of

‘IF’-’ in the Osgood Mountains, and between 12,000 and 15,000 feet in the Emi-

Canyon section on the south (Ferguson, Roberts, and Muller, 1952; Fergu-
1952). The lower part of the Preble may be approximatelycontemporaneous

"?_j= A part of the Scott Canyon formation of the western assemblage in the Antler

Quadrangle. The Preble formation contains perhaps up to 30 per cent car-

and shows closer alfinities with the eastern assemblage than the western.

is regarded by Roberts and Hotz as suggesting that the boundary between.

fjnsitional and eastern assemblage rocks may have locally extended west of

‘_‘Tcloneda during Middle Cambrian time.
'9 illgfaerCambrian ro,cks.—-Two Upper Cambrian units, an unnamed unit and

Qfiarmonytformation,are conformable in the Hot Springs Range west of the
0”’: jod Mountains in the northwest part of the Osgood Mountains Quadrangle.

.

1‘,-Harmony formation is also found in thrust plates in the Sonoma Range and

Mountain where it was carried with western assemblage rocks on the

H

the Roberts Mountains thrust and on Mesozoic thrusts. The re-

,

of the Upper Cambrian units to the Preble formation is not definitely
as theyare nowhere in depositional contact. This part of thesection is

if-tare shown in Figure 2 slightlyoffset from the remainder of the section of the

7” ,',ti.onalassemblage- ,

L

§:?"The unnamed unit underlying the Harmony formation, found only in the

Springs Range, contains a trilobitefauna which, according to A. R. Palmer,

‘(rates age equivalence with the Dundcrberg shale of Late Cambrian age of

’3?i,'§?,é section. It consists of gray, brown, and black bedded chert, a little

"eons shale, and some very thin lenticular beds of fine—grained bioclasticlime-

? Chert and siliceousshale predominate over limestone in a ratio of perhaps
; No volcanic rocks have been recognized. The full thickness is not known

: the base is not exposed; the exposed thickness is 300-500 feet. The as-

, tion of abundant chert with thindiscontinuous limestone beds suggests that

faforrnation was deposited in a marine environment different from that in

the eastern, dominantly carbonate, assemblage was laid down. It more

i resembles the western or eugeosynclinal assemblage, but in the absence

,

terbedded greenstone or basic tufi it and the overlyingHarmony formation

getentatively considered to belong to the transitional assemblage.
("The Harmony formation, previously regarded as Mississippian (P) (Fergu-

Muller, and Roberts, 1951a; Roberts, 1951; Ferguson, Roberts, and Muller,

,1; Ferguson, 1952), is now known to be of latest Cambrian age, because of
A fbitesfound in the Hot Springs Range and.Osgood Mountains (A. R. Palmer,
lten communication). The formation is lithologicallydistinct from all the

formations with which it is in contact, for it is dominantly feldspathic
.37‘
n_,._

‘.1
1

‘Si.9?H-0 02+.
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fresh feldspars, unaltered biotite and muscovitc, and quartz, and have clearltrbeen derived from a granitic source near the basin of deposition. Deterrninatjtm

.]£ast Range, Sonorna Range, Osgood Mountains, Battle Mountain, and Sho-shone Range.
The Upper Cambrian rocks in the Hot Springs Range and northern part oft.he Sonoma Range may be either autochthonousor allochthonous, for relation-ships are concealed by valley alluvium and younger rocks.'There is, however, nodirect evidence that they have been earned in on a thrust, and folds in the HotSprings Range are generally accordant with folds in the Osgood Mountain and

tain and Preble formations in the Osgood Mountains, which would be a normalposition for the higher beds. They are not present on the east flank of the anti-cline, but their absence may be explained by faulting that drops younger rocksdown along theeast flankof the fold. In the northern part of the Sonoma Range,Ordovician rocks of the western assemblage are thrust over the Harmony forma-tion as Well as over the Preble and Osgood Mountain formations, which are re-garded as autochthonous. Roberts and Hotz believe, in the absence of directevidence to the contrary, that the blocks of Harmony formation in the HotSprings Range and in the northern Sonoma Range are autochthonousor paran-tochthonous,and, becauseof associations withother rocks of early Paleozoic agoof the transitional assemblage, consider that the formation was deposited within
or near the transitional zone. As no similar rocks are known on the east, south,or west, it is suggested that the source area was north or northwest of Win-

a thrust zone of post-Pennsylvanianage.
In order to account for the present distribution of the Harmony formation in

so many structural settings it is postulated by Roberts and H012: that slivers ofHarmony were stripped oil the underlyingunits by growthof a contemporaneous
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 _', bsidiary thrust beneaththe Adelaide-RobertsMountains thrust plate and that

iese slivers broke through and overrode the eugeosyhclinal rocks. In Figure 2'

ese slivers are included with theeugeosynclinal rock pattern. Subsequent thrust

iiulting during the Mesozoic has caused further imhrication of the Harmony

Triassic rocks and with other rocks of Paleozoic age.

ii. An alternative explanation favored by Gillulyand Ferguson is that the Har-

Demony formation was deposited farther west, and was carried eastward during

hliioth Paleozoic and Mesozoic thrusting. They do not regard the Adelaide and

ifioberts Mountains thrusts as the same. Such an interpretation implies that all

e Harmony in the area is allochthonous.
Goat Ridge window in Shoshone Rcmge.—The highest Cambrian unit in this

-window is a sequence of shaly limestones, calcareous shales, and volcanic rocks—

f-some pillow-lavas, others green phyllites thought to be pyroclastic—-at least

1,200 feet and perhaps 2,000 feet thick. A sparse fauna in the limestones is con-

iiidered nearly equivalent to the Secret Canyon shale of the Eureka section by
R. Palmer (written communication). Actual interbedding of limestone and

-‘
C

olcanic rocks is somewhat questionable because of faulting and isoclinal fold-

but their association is so close and persistent that the two rock types are

fprobasbly interbedded. It is impossible to be sure that the rocks are autochtho-

because of their greatly disturbed attitudes, but this is suggested by their

légssociation with the Prospect Mountain quartzite and Eldorado dolomite. The
{association of volcanic rocks, with limestone suggests that this formationbelongs

iito the transitional assemblage. Perhaps the volcanic intercalations are merely
E local, as equivalent rocks farther west are shaly limestones and shales that re-

’ semble the eastern assemblage more than the western.‘

 
 
 
 
 
 
 
 
 

 
 

-t:

WESTERN’ ASSFILEBLAGE

Scott Canyon format-ion.—~Theonly formation of Cambrian age thus far recog-

nized as clearly belonging to the western assemblage is the Scott Canyon forma-

‘ tion. It is exposed in the Antler Peak Quadrangle and consists of about 5,000

feet of dark, thin-beddedchert, shale, and greenstone with a little limestone and

quartzite. As the Scott Canyon formation is overthrust by the Harmony forma-

tion, its relations to younger formations of the western assemblage such as the

Valmy, are not known. The Valmy and Scott Canyon are similar lithologically

j‘ except that the Scott Canyon has only a few thin layers of quartzite. Lenticular
C limestone units, apparently in the middle part of the Scott Canyon, contain an

'-'-u-7-—-w
_

association of archaeocyathidsand algae. According to Helen Duncan (written
communication) archaeocyathidsare described only from Lower Cambrian rocks

elsewhere in the Cordilleran region, but these organisms continue into Middle

Cambrian rocks in Asia and the Mediterranean regions and are recorded in the

to assemblage.
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lower Middle Cambrian of Alaska.‘ Some of the archaeocyathids and. algae in
Canyon are forms thatare said to be restricted to the Middle Cambrian

in Asia.

ORDOVICIAN

Ordovician rocks of the eastern assemblage are found in southern Eureka
County and in tlie Roberts It-‘fountains window, the Cortez window, the Lynn
window, and two of the Shoshone Range windows. Ordovician rocks of tile
transitional assemblage have been recognized only in the Edna and Osgood
mountains. Ordovician rocks of the western assemblage are widespread, and
apparently make up most of the upper plate of the Roberts Mountains thrust.
Probably none of the masses now known is autochthonous.

EASTERN ASSELEBLAGJFI

Roberts Mauntains window.—Ord0vicianrocks of the eastern assemblage are
exposed on Western Peak in the Roberts Mountains in central Eureka County.

‘ Here the Early Ordovician is represented by the lower part of the Pogonip
group which is estimated to be about 350 feet thick,and consists largely of thin-
bedded limestone (Nolan, Merriam, and Williams, 1956, p. 25). It is disconform-

. ably overlain by the Eureka quartzite, a vitreous, white, rather pure quartzite
about 500 feet thick, and over this by the Hanson Creek formation, which con-
sists mainly of dark gray dolomite as much as 560 feet thick. "

Cortes windrrw.—The Pogonip group is absent in the Cortez window on the
western side of Eureka County and the Eureka quartzite rests directly on the
Hamburg(?) dolomite. The Eureka quartzite is about 350 feet thick and is over-
lain by dark gray dolomite of the Hanson Creek formationwhich ranges from 250
to .300 feet in thickness.

Lynn window.—In the Lynn window, northern Eureka County, the Eureka
quartzite also rests on dolomite tentatively assigned to the Hamburg dolomite.
The section of Eureka quartzite here has not been measured, but is about 300 feet
thick. The overlying Hanson Creek formation is massively bedded at the base
but grades upward into thinner-beddedlayers; its thickness is about 300 feet.

Shoshone Range {Goat Ridge and Red Rock windziws).-—The Goat Ridge win-
dow contains about 120 feet of Eureka quartzite whose base is faulted out. The
quartzite is overlain by approximately 500 feet of dolomite of the Hanson Creek
formation. The Red Rock window contains a faulted section of dolomite and lime-
stone of the Hanson Creek formation. The Eureka is not represented in the Red
Rock window. Twentymiles southeastat Cortez, the Eureka rests on supposedly
Upper Cambrian rocks; 4 miles north at Goat Ridge the obscure relations sug-
gest that the Eureka was originally deposited on Middle Cambrian beds.

Though faulting in both" the Shoshone Range windows makes the matter un-

certain, the simplest interpretation of these facts is that uplift along an axis
transverse to the general Cordilleran trend" occurred in early Middle Ordovician
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mposition and age of the Eureka with
I

.‘
w

--;some of the quartzites of the Valm
us, clastics of western derivation transgressed

the Middle Ordovician ridge in later Middle Ordovician time. The upper part

of the Eureka quartzite at Cortez may be of Late Ordovician age (Duncan,
I956, p. 217). In areas represented by the Ruby Mountains (Sharp, 1942, p.

659) and, much farther east, the Gold Hillarea of Utah (Nolan, 1935, p. 16) the

Eureka apparently did not cover the uplift. During Late Ordovician time the

Hanson Creek formation and its equivalents were deposited throughout the area

'
r of distribution of the eastern assemblage.

TRANSlTIO‘.\'AL ASSEMBLAGE

The Comus formation was first defined in the Edna Mountains where it is

;feemposed mainly of interbedded shale and chert, with minor limest.one and dolo-

mite (Ferguson, Roberts, and Muller, 1952). Graptolites of Early Ordovician age

flosiah Bridge, written communications} were found in a few of the shaly beds.

{Ilia the Osgood Mountains, 12 miles north of the Edna Mountains, apprenti-
‘iirnately 3,000—-1,600 feet of beds which are roughly on strike with the Comus but

fseparated by an alluvium—coveredvalley, are predominantlydolomite, limestone,
shale with subordinate amounts of chert, siltstone, and silicie tufiaceous ma-

terial. The ratio of carbonate t.o fine—grained clastics and chert ranges from

about 1:2 to 2:1. The proportion of calcareous rocks is apparently higher here

than at the type locality of the Comus. Graptolitcs from these beds are of Early
and Middle Ordovician age.

'

-- Relations of the Comus formation and strata in the Osgood Mountains to

the Upper Cambrian rocks are not known. The Comus formation was mapped
in the Golconda Quadrangle (Ferguson, Roberts, and Muller, 1952) as in normal

7 (contact with the Preble formation of Middle or Late Cambrian age, but restudy
r

I‘

! v

of the relationships at the type locality has shown that the contact is a high-
fangle fault. Upper Cambrian rocks that may have been present between the

Preble and Comushave been cut out along the fault. In the Osgood Mountains,
‘ the contactof the beds which are equivalent in part to the Comus with the Preble

_: formation is covered with alluvium and deep soil, but at one place mining has

i_‘ exposed a brecciated zone along the inferred position of the contact.

The Comus formation and partly equivalent strata in the Osgood Mountains
A

indicate a transition from the eastern to the western assemblage. The dating of

these units is well substantiated, according to the late Josiah Bridge, as theycon-

3i'. tain graptolite faunasnearly identical with those of the Valmy and Vinini forma-

tions, which are in turn roughly equivalent in age to the Pogonip group and the

Eureka quartzite. The lithologic characters of the three assemblages are so dif-

ferent, however, as to suggest deposition in distinctly different environments.

The chert and shale unit of the northwest side of Battle Mountain, originally

Ordovician" and Late Cambrian age.

y and Vinini suggests thatall could have been
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assigned to the Comus formation (Ferguson, Roberts, and Muller, 1952; Roberts,
1951), is now referred to the upper part of the Valmy formation of Middle and

Late Ordovician age in this area because it contains no carbonate beds.

TNFISTERN ASSEMBLAGE

Rocks of Ordovician age that belong to the Western assemblage are widely
exposed throughout north-central Nevada. They underlie large areas in the

Sulphur Spring Range, Roberts Mountains, Tuscarora Mountains, (Cortex
Mountains, northern Shoshone Range, Toyabe Range, Battle Mountain, and the

Sonoma Range. So far as known they are allochthonous.
V-i-mini formalin-a.—l\-*lerriam and Anderson (1942, p. 1694) used the name

Vinini formation for rocks of Ordovician age of the western assemblage in the

Roberts Mountains. They divided the formation into two units. The lower part
of the Vinini, Early Ordovician in age, consists of quartzite, limestone, and

l calcareous sandstone, and silty and shaly sediments with minor amounts of

| andesitic lava flows and luffs; perhaps the relatively abundant limestone here

suggests an approach to the transitional assemblage. The upper part of the

Vinini, of Middle Ordovician age, is composed of bedded chert and blackorganic
shale, clearly of normal western lithologictype. Strata lithologicallyand faunally
similar to these two units make up much of the Simpson Park Range, the Cortes

Mountains, and the Tuscarora Mountains. Where they contain fossils of Ordovi-
cian age they were assigned to the Vinini formation by Roberts and Lehner

during the reconnaissance mapping. of Eureka County.
The most complete stratigraphic section of the Vinini formation thus far

seen is in the Tuscarora Mountains, northern Eureka County, about 5 miles

north of U. S. Highway 40. Strata of Early, Middle, and probably Late Ordovi-

cian age are present; no detailed measurements were made, but it is estimated

that the section is a least 7,000 feet thick.

Valmy formation.—In the Shoshone Range, Battle Mountain, and Sonoma

Range the proportion of massive quartzite, chert, and _volcanic material in the

Ordovician rocks of the western assemblage is larger than in theVinini forma-

tion. These rocks were named the Valmy formation in Battle Mountain (Roberts,
1949, 1951) where theyhave beensubdivided into two members. The lower part
of the Valmy consists mainly of rather pure, generally light-colored quartzite,
dark gray and greenish chert, some gray to blacksiliceousshale, and a significant
amount of greenstone. The upper member consists principally of dark thin-

bedded chert interbedded with dark shale and a little greenstone. The base of

the Valmy is concealed but at least 4,000 feet is present. The upper beds of the

Valrny are highly contorted, but are estimated to be 3,000 or more feet thick.

The lower part of the Valmy formation contains graptolitesof Early and Middle

Ordovician age and is correlative in part with beds assigned to the lower part of

the Vinini formation in the Roberts Mountains (Merriam and Anderson, 1942,

p. 1694). The upper part of the Valmy is probably equivalent to the upper part
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e quartzite beds of the lower part of the Valmy
ureka quartzite of the eastern assemblage, but

tly contemporaneous deposition as

In general, there seems to be a gradation eastward from thick quartzite beds

in the Valmy to thinner and finer—grained rocks in the Vinini. The Ordovician

rocks of the western assemblage in the Tuscarora Mountains do not include

significant amounts of quartzite, and appear to have been deposited in a part

,
of the eugeosyncline farther from the source of the quartz.

The Valmy formation of the northern Shoshone Range resembles the forma-

- tion at the type locality, although the lower part contains a higher proportion
’ of calcareous, silty,and sandy beds. Some thick quartzites are essentially all

like the Eureka. Thingreenstone units are present low in the section and

L

' he section. The aggregate thickness of these elastic, chert,

.;;‘a_:nd volcanic rocks is estimated to be at least 15,000 feet, and may exceed 25,000

5',ie'et. In separate fault plates a single section of 6,500 feet and several others each

..,;ex.eeeding 4,000 feet show no lithologic parallels—they are considered to be in

'fquence rather than laterally equivalent.
0 Similar rocks of Ordovician“(?) age, the Sonoma Range formation, underlie

‘féhe central part of the Sonoma Range (Ferguson, Muller, and Roberts, 19513.),
' he Valmy as mapped in the Shoshone

 
 
 
 
 
 
 
 
 
 
 
 
 
  

. quartz,

Qfkange and in Battle Mountain.

_

Remnants of the Valrny formation, downfaultedagainst the Harmony forma-

,1‘-_'tion, occur in two small areas on the east side of the Hot Springs Range. A small

iarea of the Valmy formation is exposed on the northeast flank of the Osgood

‘_ Mountains where it overlies metamorphosed Comus formation of the same age

; but lithologicallydifierent, probably in thrust contact.

.

The lower part of the Valmy formation in Battle Mountain contains grapto-
’ ‘lites of Earlyand Middle Ordovician age; the upper membercontains Middle and

:*TLate Ordovician graptolite faunas (Josiah Bridge, written communication).
"e Graptolites of Early, Middle, and Late Ordovician age have also been collected

‘from the same formation in the northern Shoshone Range (R. J. Ross, ]r., per-

;.sonal comrnunication). No fossils have been found in the remnants in the Hot

Springs Range, but exposures on the northeast. side of the Osgood Mountains

"I. -yielded trilobitesof Early Ordovician age and some poorly preserved graptolite
v

_‘I.

' remains (R. J. Ross, ]'r.,_ written communication}.

S'ILUJ:'.]'_AN

Silurian rocks of the eastern assemblage have been mapped locally in Eureka
'

n Park, Cortez, and Tuscarora. mountains,

and -Shoshone Range. Only one uni.t of transitional Silurian rocks has been dis-

’ covered in the Shoshone Range. Western assemblage rocks of Silurian age have
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EA:>'TEI{NASSEMBLAC-1:‘.
Two formations of Silurian age, the Roberts Mountains and Lone Mountain,crop out in many ranges in Eureka County. The Roberts Mountains formationis composed of a thin—beddedplaty limestone 740—1,900 feet thick ( Merriam andAnderson, 1942, pp. 1686-87). The formation is 500-650 feet thick in the SulphurSpring Range (Donald (Iarlisle and C. A. Nelson, oral cornmunicatioii). TheLone Mountain dolomite is a light. to medium gray, fine—grained to saccharoidal

Winterer and Murphy (1958, p. :31) report that the Lone Mountain dolomiteand Roberts Mountains formation are largely lateral equivalents in the RobertsIi.-'l'_ountaiiis. The Lone _\"l0UI1talI1 is considered to be a reef-and-bank complexwhose original features were largely obliterated by dolomitization, and the Rob-erts Mountains formation is a deeper-water reef-flank, ofi’-reef, and basin deposit.The Silurian in a iiort|i—trending band through the Roberts Mountains is as muchas 4,500 feet thick,about four times the regional average.Windmiflwindoai.—The Windmill window at the northern end of the Simp-son Park Mountains, west-central Eureka County, discloses a thick section ofthe Roberts Mountains formation, possibly 3,000 feet, at the range front facingPine Valley. The lower beds are thin-bedded,typical of the formation, and gradeupward into thick—bedded limestone. The highest beds exposed contain a faunaof Early Devonian (Helderberg) age (C. W. Merriam, -written communication).The Lone Mountaiii dolomite is apparently missing in this area; possibly part ofthe thick-beddedlimestone below the beds containing the Helderberg fauna areof Late Silurian age, and represent a limestone facies of the Lone Mountain.Cortes window.—The only Silurianunit in the Cortez window, central—westernEureka County, is the Roberts Mountains formation which is more than 1,200feet thick. 0

Wi'mlo*w.r of Sho.s*}i.on.e Ra~nge.—The Roberts Mountains formation is also ex-posed in windows in the Shoshone Range. At Gold Acres are several hundred feetof dark, platy, and carbonaceous limestone. In the Goat Ridge Window the bedsare highly contorted, and 500~1,000 feet of platy and carbonaceous limestoneappear to be present.

Lone Mountain dolomite.
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Mzmogvaptus determined by R. J. Ross, Jr.

' Simpson Park Mountains.

PAL.1~:oz0IC ROCKS OF NORTH-CENTRAL NEVADA 2335

TRANSITIONAL Assr.M13LaGe‘;

Silurian beds that have a transitional aspect have been mapped by Gilluly

in the southern part of the Mt. Lewis Quadrangle; these beds are a few hundred

feet thick in the window south of Mill Creek and about 2,000 feet thick in the

Red Rock window, where they are chiefly calcareous fine-grained sandstone and

platy shaly limestone. The approximate contemporaneity of this unit with the

Roberts Mountains formation is indicated by the presence of Morwgrapius, and

the fine platy parting strongly resembles that of the Roberts Mountains forma-

tion. The formation contains dominantlyyellowish sandstone that weathers red-

dish brown.
WES'I‘F.RN ASSEMBLAGE

Silurian rocks of the western assemblage appear to be widespread, but be-

cause they resemble the Ordovician units, they have not everywhere been dif-

ferentiated in mapping.
On the east side of Pine Valley about 8 miles south of Carlin, unnamed black

shale and tawny to buff tufiaceous shale and calcareous shale have yielded
(oral communication) to be of Silurian

age. The thicknessof these beds is not known.

Blackshale containing Manograptus is reported by C. W. Merriam (oral com-

munication) irom the vicinity of I\-'IcClusky Pass in the northern part of the

C. A. Nelson (oral communication) also reports Mona-

the east side of Pine Valley near Mineral Hill.On the west

side of the Tuscarora Mountains in the valley of Mary’s Creek, graptolites that

according to R. J. Ross, ]r., have affinities with Silurian forms were collected by

Roberts in 1954. Silurian strata (R. J. Ross, ]r..], including about'4,000 feet oi

sandstone, arkose, shale, and a little chert, form part of the overriding plate of

the Roberts Mountains thrust in thenorthern Shoshone Range and in the Cortez

groptus in shale on

Mountains.

Valmy formations. On the other hand, the Silurian beds of the western assem-

blage appear much less calcareous than the Silurian of the transitional assem-

blage. The western rocks cont_ain some siliceous pyroclastics, which have not

been recognized in the other assemblages.

DEVONIAN

Devonian rocks of the eastern assemblage crop out widely in southern and

eastern Eureka County, and also occur in the Keystone, Cortcz, Gold Acres,

and Lynn Windows. Devonian rocks of the transitional assemblage have not so

far been identified in north-central Nevada, but calcareous shales of that age

suggesting transitional rock types are closely associated with western assem-
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blage rocks in the upper plate of the Roberts Mountains thrust fault. As thefacies boundaries probably varied in position from t.ime to time there is nol.l1ingsurprising about such an association. Devonian rocks of the western 3.‘:-.'~S€‘l1ll‘JlE1gehave been recognized in the Shoshone and bulphur Spring ranges and south ofCarlin on the east side of Pine Valley.

I-'.'AS"l'ERN ASSEMBLAG I1‘.
Devonian strata of the eastern assemblage include an unnamed unit of I’l€l(lE‘I‘~berg (Early Devonian) age (Merriam, 1954, p. 1284), the Nevada ’r'ormation_,the Devils Gate limestone, and lower part of the Pilot shale. The unit of Holder-berg age consists of medium gray, coarsely crystalline limestone in t.he MonitorRange. The lower part of the Nevada formation, of late Early Devonian age,consists mainly of light to medium gray limestone and some dolomite withlenticular interbeds of sandstone and quartzite. In the Roberts ll-iountains it isabout 2,400 feet thick.The Devils Gate limestone of Middle and Late Devonianage consists of blue-gray fine-grained limestone with beds of dolomite and dolo-mitic limestone aggregating about 2,065 feet thick [Merriamand Anderson, 1942,p. 1690). The Pilot shale of Devonian and Mississippian age ranges from 315 to425 feet thick in the Eureka area (Nolan, Merriam, and Williams, 1956, p. 52).It consists mostly of dun-colored to black calcareous shale and shaly limestone.

dow. As the upper beds are partly covered by Tertiary volcanic rocks, the totalthickness of the Devonian sequence is not known, but more than 2,000 ieet ofbeds may be present.
Cortez rm'ndo'w.—Devonian rocks of the Cortez window aggregate about 4,000

Gold Acres wt’-ndow.—At Gold Acres a window about 5 mile in diameter has
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_}.- « eroded through the Roberts Mounta

jcareous shale of the Pilot shale and underly

I -.7Devonian age (C. W. Merriam, oral communication).
L WESTERN ASSEMBLAGB

ppear to be widespread through-

but. are most abundant from the Shoshone Range

asic volcanic flows and pyroclastics characteristic of

assemblage, but locally contain

cl shale and a little calcareous shale.

Devonian rocks of the western assemblage a

t north-central Nevada,
-stward. These lack the b
' rian and Ordovician rocksarnb

uadrangle, there are at least -', n

to black chert with some dark shale, ' lstone, and very small

1 ounts of limestone. These have yielded ostraco
'

Tevonian age (Berdan, 1953, p. 1394). Similar rocks on and south of Bald

iountain, in the northern Toyabe Range southwest oi Cortez, are ‘probably

rrelative.
A The Devonian rocks

'°e Mineral Hill region, S11

tentatively assigned t.o the western ass

_tone conglomerate, chert,

-iglomerate, elastic limestone, and

46). These are reported to be of local extent and to g

‘black shale facies. The redominance of coarse clastics in these units indicates
P

early orogenic activity in the basin on the west in which these sediments accumu-

lated (Fig. 10, B). Conoclonts in the upper unit were studied by W. H. Hass

onsiders them to be Midtlle to early Late De-

berts Mountains thrust in

0 units that are

. 8 miles south of Carlin have also
J

.

Hass, written communication’). These rocks are associated with Silurian and

Ordovician rocks in the upper plat
CARBOINIFEROUS

LOWER MISSISSIPPIAN

the eastern assemblage occur in southern
Carlin area equivalent

e of the Roberts Mountains thrust.

,Lower Mississippian strata of

Eureka County and in the Diamond Mountains. In the

rocks are largely clastics, indicating the onset of orogeny at an earlier date north
..

to

of Lat. 39°30’.
'

. con-

EASTERN Assrtmntaos

_'Lower ll-Iississippian rocks of the eastern assemblage in north—central Thiissliii
near Eureka are represented by t.he upper part of the Pilot. shale and by tl"he “mi

limestone. The upper part of the Pilot consists of black shale and rand 2236')‘;
J: P-

' J



£000 fiJlLJ’H J. KUBEK2'L5‘,

shale, with thin limestone interbeds. It is overlain by the Joana limestone, coarse-grained and elastic, about 84-135 feet thick (Nolan, Merriam, and Williams-_1956, p. 55), that contains a faunasimilar to that of the Madison limestone-TheJoana limestone thinsand pinches out a short distance north and west of Eureka;at Devils Gate, about 10 miles west of Eureka, interbedded shale and sandstoneassigned to the undifferentiated Chainman and Diamond Peak formations areseparated by an alaskite sill from silty shale and shaly limestone 50-75 feet thirl,-_' The shale and limestone contain a fauna parttly equivalent to the fauna of th.3Pilot shale, and rest directly on the Devils Gate limest.one (C. W. Merriam, oralcommunication).

Onoomnc AND POST-QROGENIC STRATIGRAPHY
'-,_.w_\t the close of the Devonian, fundamental changes took place along the

western part of the area of predominantly carbonate deposition (eastern assem-blage). The carbonate rocks were folded and overridden by the Roberts Moun-tains thrust plate that brought clastic and volcanic rocks of equivalent age butdifferent facies from the west or northwest.MClastic rocks eroded, from the risingupland in the west heralded the end of thé-_broaElEl'geosynclinein north-centralNevada as it had existed earlier, and marked a cliange to narrow straits andembayments in the orogenic belt during the remainder of the Paleozoic. Theseclastic rocks do not belong to the assemblages laid downin the geosynclinc dur-ing carly and middle Paleozoic, but overlap all ofathemf(Roberts and Lchner,1955, p. 1661). (Figs. 6, 10.) On the West, overlapping rocks rest withangular un-conformity on rocks of the western and transitional assemblages; in the Carlin
area, west of Ell-to, the unconformity is much less marked; and on the east, thediscordance fades out and the overlapping rocks interfinger with the eastern as-semblage rocks and grade eastward into the carbonate ‘section of late Paleozoic
age of eastern Nevada and western Utah.

OVERLAP ASSEMBLAGE

Coarse clastics were shed eastward and westward from the Antler orogenicbelt, overlapping pre-orogenic rocks of the eastern, transitional, and Westernassemblages (Fig. 6). The lithologiccharacter of the overlap assemblage is vari-able from place to place, and different names have been applied to correlative

Diamond Peak formation, Ely limestone, Carbon Ridge, and Garden Valleyformations of the Eureka area, and correlative formations in the Carlin area. In
west, the Antler sequence includes the Battle formation, Highway limestone,Ller Peak limestone, and Edna Mountain formation. Because of local varia-

feet min source areas, in conditions of deposition, and subsequent history of theseit is '- possible to make precise correlations of the units in the differenttionsm
. .

..been mgas. Reglonal llthologlc sinnlaritres mdlcate, however, that sumlar en-

Gold ‘ital conditions prevailed over broad areas. The llavallah formation of
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probably laid down 50 100 miles west of the

d into juxtaposition with the Antler se-

fore has had a somewhat different

the approximatelycontemporaneous

and East ranges was
W 'e belt and was thrust eastwar

during Mesozoic orogeny. It there

,
and is not strictly comparable with

like-C.a.rlinand Antler sequences.
basal sediments of the overlap assemblage differ in age throughout north-

Nevada. In the Eureka area the intertonguing (Jhainman shale and Dia-

1' iidlPeak formation of Late .\-fississippian age are the earliest orogenic sedi-

recognized.Ll_n the Carlin area the Tonka formation of Dott (1955, pp.

9233) and correlative units farther southeast in Pine Valleyjmapped by J.

.

_

,‘ Smith and Keith Ketnerfincluded Lower Mississripprian elastic beds that

lap the upper plate of the Roberts Mountains thrust fault, indicating that

thrust reached the Carlin area during Late Devonian or Early Mississippian

LEUREKA-CARLIN sequence

if-"5" je overlap assemblage to the east in Eureka County is represented by at

"";p;;five formations which range from Mississippian to Permian in age, and are

5' -ff eiincluded in the Eureka-Carlinsequence. In the Eureka section these are the

iii. ‘Garden Valleyformations(Nolan, Merriam, and Williams, 1956, pp. 56-68).

”:f{ 1: (1955) has named approximately correlative formations in the Carlin area

:1. Tonka, Moleen and Tomera, and Strathearnforrnationsl
fLl‘heoldest unit of the overlap assemblage in the Eureka area is the Chain-

Merriam, and Wil-
. shale of Late Mississippian age: According to Nolan,

‘Aims (1956, p. 58)',_.theChainman appears to rest with erosional unconformityon

Pilot shale north of Eureka. The Chainman consists largely of black shale

thinsandstone interbeds; in the Eureka area it reac
.

'

'

of 5,000 feet, but here it may be thickened by folding or faulting.

fflhainman shale grades upward and laterally into t 5

'

hich consists mainly of conglomerate W1
'

__d blackcsshaqliei In the Diamond Mountains t.

firentiated in mapping. The congl
. no fragments of chert and quartzite derived from

_

_ Ierriam, and Williams (1956, pp. 6('}—61}._on the basis of cephalopod faunas_‘col-

‘cred from zones 1,000—1,500 feet below the top and near the top. These faunas

I ere studied by Mackenzie Gordon, ]r.,
p

A

who considers them to be equivalent to

of Chester age.'.._Locally, the uppermost part of the Diamond Peak con-

jtains faunasusually found in Pennsylvanian
__

rocks, suggesting thattheMissis-

Efsippian—Pcnnsylvanian boundary should be placed below the top of the unit;

(Fig. 6). Easton and others (1953, p. 147) have gone much further, and have

‘placed the Diamond Peak in the Lower Pennsylvanian. Dott (1955, p. 2268)

‘inman shale, Diamond Peak formation, Ely limestone, and Carbon Ridge .-

: iamond Peak formation was assigned to the Late 1\-ffississippian_:'b‘y Nolan, "
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Fro. 7.—~Post-orogenic conglomerate of Early Mississippian age resting on western assemblagesiliceous shale of Silurian age, 8 lI1ll("S south of Carlin, Nevada.

considered the Diamond Peak to be principally Upper Mississippian, but in-cluded basal Pennsylvanianstrata in the upper part.The Tonka formation of Dot.t_ (1955, p. 2222) consists mainly of conglomeratewith sandstone and siltstone interbeds.‘The type section is directly southeast ofTonka, but lower conglomeraticstrata, exposed % mile west, were also includedin the format.ion. The basal contact. of the 'I‘onl«;a was traced southward about 10miles to the vicinity of Cole Canyon by Roberts and Lehner in 1954. where it wasfound to rest on western assemblage siliceous shale of Silurian age. The typesection contains faunas of Late ll»-Iississippian and Early Pennsylvanian age.’ ac-cording to Dott (1955, pp. 2232-33) and confirmed by Mackenzie Gordon, Jr.(oral comrmmicationil.The lower conglomerate beds contain a much older faunaaccording to Mackenzie Gordon, Jr. (oral communication),with fossils of EarlyMississippian (Kinderhook and Osage) agei The Tonka therefore contains olderbeds than the partly equivalent Diamond Peak formation, indicating that ero-genic sediments derived from t.he rising lands on the west reached the Carlin
area considerably earlier than they reached the Eureka area.The Ely limestone of Early and Middle Pennsylvanian age conformablyoverlies the Diamond Peak formation. In the Eureka district it is about 1,500feet thick, but elsewhere the thickness is highly variable because of pre-Permianerosion. Toward the east the Ely thickens; toward the north in the Carlin areawhere Dott (1955, p. 2235) divided his Ely group into two formations, the Moleenand Tomera, it intertongues with conglomerates that. are probably equivalentto the Battle formation of the Antler sequence.
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filo the Eureka area the Carbon Ridge formation, a sequence of interbedded

ijglomerate, limestone, shale, and sandstone beds 1,S00—1,75O feet thick, rests

iiinformablyon the Ely limestone and the Diamond Peak formation (Nolan,

jriam, and Williams, 1956, pp. 6-l:—67)..{'_lE~‘usulinid faunas in t.he lower part
able Leonard age.__it‘:ate early Permian (Wolfcarnp). age; in the upper part, prob

Garden Valley formation in the Sulphur Spring Range contains a higher

"portion of clastic rocks and is considered to be a westward equivalent of the

’

_'j‘on Ridge. The Strathearn formation of Dott,"'(1955, p. 2255)"?-.ast of Carlin

Vobably roughly equivalent to the Carbon Ridge and Garden Valley forma-

'“

C

,
but may include older beds in some places.

l;i)ott’s Tonka formation and his Ely group in the Carlin area were folded

eroded during late DesMoines or early‘ Missouri time_'(Dott, 1955, p. 2255)

his Strathearn formation was deposited unconformably upon themfll The

"jgiq,uent marine invasion during latest Pennsylvanian and earliest Permian

1%-’. was widespread, extending southward to Eureka, westward beyond Winne-

‘ “Ca, and northward to Mountain City. However, as
g.

p

the Antler Peak limestone

brought into the northern Shoshone Range area by later thrusting, the sea

« not have covered either the present Cor-tez or northern Shoshone ranges

Permian time, as some areas thereabouts must have furnished the coarse

fiifels of the Carbon Ridge and Garden Valley formations.

‘In the Cortez Mountains unnamed limestone and conglomerateabout 800 feet

are probably westward equivalents of the Ely limestone. Throughout most

area of outcrop the basal beds rest unconformablyon western assemblage

"Bits, but locally the basal beds are brecciated and in thrust Contact with the

erlying beds. The lower beds are mainly limestone and dolomite which in

‘ces grade into conglomerate, sandstone, and limestone. Poorlypreserved fossils

‘dicate that the lower limestones are Pennsylvanian.
K. P. Bushnell (oral communication) reports conglomerate about 1,900 feet

near Mountain City and Rowlandove

iyulinids interpreted to be of Late Pennsylvanianan

_if_l-tion is similar to the Antler and Carlin sequences.

n‘-

L

rlain by pebbly limestone containing
(1 early Permian age. This

ti ANTLER snounncn .

ere assigned to the Antler sequence, rang-

o Permianiunderlieparts of Battle Moun-

,

and the Sonoma Range.__Their abrupt

iteral variationsin lithologiccharacter and thicknessfrom place to place indicate

,-tfiidely differing conditions of deposition over a re

':_.,ll.:ROCkS of the overlap assemblage h

age from Middle Pennsylvaniant

tfiin, the Edna and Osgood mountains,

.

latively small area. The Antler

ST"--uencc includes the Battle. and Highway formations of Middle Pennsylvanian
lvanian and Permian age, and theI

* e, the Antler Peak limestone of Late Pennsy

‘Bottle and Highway formalin-as};-{]_‘h'e
T

L arse red to brown conglomeratewith m

‘shale, and limestone. It rests unconforma

Battle formation ‘.,(1+‘ig. 8)‘.is mainly a

inor amounts of inter‘oedde.d sandstone,
bly on Cambrian and Ordovician rocks

w
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FIG. 8.—-Basal conglomerateof Battle formation (|Pb) resting with angular unconformityondeformed chert of Valmy formation (Ov), Antler Peak Quadrang'
.

of the western and transitional assemblages, and consists of fragments of locallyderived rocks of the older formations. The Battle varies widely in thickness; itis about 700 feet at its type locality in the Antler Peak Quadrangle“,(Roberts,1951}; at most places in the Osgood Mountains it is not much more than 100feet, and is absent in the Sonoma Range Where the Antler Peak limestone overliesthe Harmony formation.lLimestonelenses in the upper part of the Battle forma-

_The Highway limestone, about 200 feet thick, in the Osgood and Edna moun-tains in thenorthwest corner of the Golconda Quadrangle, is a facies of the Battleformation composed of limestone and some interbedded conglomerate and cal-
careous clasticsl‘According to L. G. Henbest its fusulinids are comparable with

limestone.
Between Battle Mountain and the Diamond Mountains, in the Tuscarora,Cortez, a.nd Simpson I-‘ark Mountains, and Shoshone, Sulphur Spring, and Carlin

ranges scattered remnants of conglomerate units of Pennsylvanianand Permian
age rest on the cherts and shales of earlier Paleozoic age of the western assem-blage. In the Shoshone Range and the western part of the Cortez Mountains
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FIG. 9.—Antler Peak viewed from east. Lower 250 feet of the Antler Peak limestone (P |Pap)

fierlie eak-, the cliffs on left are downfaultedhigher beds. Smooth slopes in foreground are sand-

"_je an conglomerate of Battle formation (lPh).
., _

- ese conglomeratesare locally thrust over the western assemblage, but generally
‘yescontacts are angular unconforrnities.

 

E,/lmfler Peak Ir'—mestone.i— ~The Antler Peak limestone -(Fig. 9} is now found as

-jremnants of a formerly extensive formation, scattered from the southern Sho-

; jtjshone Range to a point near Quinn River Crossing in central Humboldt County.

.i,the type locality in the Antler Peak Quadrangle, the formation rests discon-

__¥iormabl3' on the Battle formation. In other places the Antler Peak rests directly

iffih the older rocks of the western or transitional assemblage. At the type locality,

=-;the formation is 625 feet thick;northeast of the Osgood Mountains nearly 1,000

.i;fie]et_is exposed.
if

"[l‘he Antler Peak is predominantly limestone Consisting of medium— to thick-

ighttdded units of light to dark gray or black limestone, locally cherty, that weath-

fférs medium gray. Some shale and shaly limestone and some sandy limestone are

jlinterbedded. The upper part includes shaly limestone, shale, and some dolomite.

j‘*-'I‘he formation contains a diversified fauna including fusulinids, which range

'‘-’from Late Pennsylvanian to early Permian in age,’ (L. G. Henbest, written com-

’_ i
Edna Mountain format~ion.~—Thc Edna Mountain formation crops out in the

.::Edna Mountains in the northwest corner of the Golconda Quadrangle, in the

‘ southeasternpart of the Winnemucca Quadrangle, and in the Antler Peak Quad-

'-rangle,- It has not been positively identified in the Osgood It-Iountains, though

-it-:-ome thin remnants of lithologicallysimilar rocks occur there.:'Ifhe Edna Moun-
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tain formation is composed dominantly of elastic sedimentary rocks, tine-grained
brown sandstone and dolomitic sandstone, calcareous shale, some thin beds of
fine conglomerate, and some interbedded limestone. The maximum thickness is
400 feet in the ‘Edna Mountains; no more than about ‘.200 feet are exposed at

Battle Mountain; and 300 feet in the Sonoma. Range.
(The Edna Mountain formation rest.s on the Antler Peak limestone with an

erosional unconformity. The interval between the deposition of t.he Edna
Mountain and Antler Peak formations represents a break during which there

was local warping, uplift, and erosion. I11 the Edna Mountains, post.-Antler Peak
erosion has locally entirely removed the Battle, Highway, and Antler Peak for-

mations, and the Edna Mountain formation rests directly on the Preble formation
of Cambrian age. Fossils indicate that the Edna Mountain formation is consider~

ably younger than the Antler Peak limestonige-_,,l possibly of Word (late Permian}
age (James Steele Viiilliams, written communication). It ‘is probably equivalent
to the Gerster formation farther east at Gold Hill (Nolan, 1935, pp. 39-41). Ac-

cording to Williams (1956, p. 2.859), “fossils;from the Gerster and Edna Moun-

tain formations suggest Phosphoria age.”

DISPOSITION OF OVERLAP ASSEMBLAGE

{Basal beds in the overlap assemblage near the orogenic belt, especially in

Mississippian and Early Pennsylvanian,are usually coarse conglt)merates_l,(Figs.
8, 9, and 10,D) which grade laterally into finer conglomerates and sands, then
into silt, clays, and limestone. These elastic beds may be terrestrial locally within

the belt, but they are mainly marine adjacent to it. The belt may have been

largely submerged at times, for Widespread marine limestone units interfinger
with the clastics. The lenticularity of the overlap sediments as a whole suggests
deposition in several separate basins, possibly in a series of straits separated by
pen_insulas and islands. The presence of coarse clastics throughout much of the

Pennsylvanian indicates continued orogenic activity from time to time, perhaps
continuing into the Permian.

In Eureka County near Eureka (Nolan, Merriam, and Williams, 1956, pp.
57-60), coarse conglomerates were deposited during Late Mississippian time. By
early Middle Pennsylvanian time limestone was being formed there While Con-

glomerate Was laid down to the west near Battle t\-lountain. The seas apparently
transgressed westward, as in Late Pennsylvanian and early Permian time lime-

stone was being deposited in the Battle Mountain area.

Another possible interpretation is that orogenic uplift took place between

Cortez and the Sonoma Range in Mississippiaii time, shedding coarse conglom-
erate eastward to the area now occupied by the Sulphur Spring Range and
Diamond Mountains. By early Middle Pennsylvanian time the land had been

lowered so that the sea encroached on it from the east. Though still yielding con-

glomerate locally»-~the Battle formation—in the Battle Mountain and Edna

Mountains area, the sea encroached farther westward, forming the Highway
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limestone and calcareous parts of the Battle formation. In the Edna Mountains,
indeed, the conglomerate is present only in discontinuous lenses and the Highway
limestone directly overlies the unconformity at the base of the overlap series,
Thus an unconforinity whose time gap was very brief at Eureka and Carlin be-
comes greater 70 miles-farther westward in the Edna Mountains. From evidence
of a thrust sliver of eugeosynclinal Upper Mississippiari rocks in the Osgood
Mountains, another depositional basin lay west of the orogenic zone.

The full extent of the clastic apron derived from the orogenic belt is not yet
known. Dott (1955) shows that Mississippian, Pennsylvanian, and Permian
clastics extend into the Elko and the northern Diamond mount.ains. Ball (1907,
pp. 12021) reports sandstone and pebbly sandstone 800—1,000 feet thick in the
Belted Range about 35 miles northeast of Beatty. Westgate and Knopf (1932,
p. 21) described the Scotty Wash quartzite about 1,000 feet thick near Pioche.
Sharp (1942, pp. 669-70) records chert—pebble conglomerate 4,000—10,U(}0 feet
thickin the southern Ruby Mountains. K. P. Bushnell (oral communication) re-

ports thicl’clastics of Pennsylvanianage at Gold Creek near Mountain City. In
the Ely area sandstone of the Permian Arcturus formation probably represents
a marine phase deposited far from the source. These occurrences indicateithat
the clastic apron covered much of eastern Nevada. Less is known of the stratig-
raphy of the rocks younger than the Late Mississippian of western Nevada, al-
though sedimentary rocks were probably being deposited with some interrup-
tions through Pennsylvanianand Permian time.

‘

wssrnan SEQUENCES or UPPER PALEOZOIC ROCKS
‘P

l,_S_even formations of late Paleozoic age, an unnamed formation in the Osgood
Mountains, and the Leach, Inskip, Pumpernickel, Havallah, Tallman, and Kei-
pato formations in the Sonoma Range Quadrangleare predominantly clastic and
volcanic and are therefore assigned to a completely difie,rent. assemblage. These
formations were Carried into the area by thrusts of considerable displacement
during Mesozoic time. Their stratigraphy and structural history are significantly
different from the formations of equivalent age deposited in central Nevada, but
they warrant discussion because t.hey give a partial record of events in the geo-
syncline in western Nevada. As far as known, these formations include rocks
ranging from Mississippian to Permian, but may also include older and younger
beds. Their lithologic character is unlike the coarse elastic formations of the
overlap assemblage deposited farther east, and signifies that eugeosynclinal con-
ditions were present in western Nevada throughout late Paleozoic as well as

.during early and middle Paleozoic tirrieg‘
P Unnamed formation of Late Miss~isripp£on age}-—_A formation consisting of

andesitic flows and pyroclastics, thick lenses of coarse-grained clastic limestone,
chert, and some calcareous shale is exposed in a thrust slice in the Osgood Moun-
tains and in the northern part of the Hot Springs Range. Fossils indicate that the
formation is probably of early Late Mississippian age‘; (Mackenzie Gordon, Jr.,
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ommunication}..‘:l‘he unit is in thrust Contact with

cks, so its relation to other Western as-

be, in part, correlative with the Inskip
_:;j_3.nd Helen Duncan, written c

'.»"'Cambrian and Upper Pennsylvanian ro

lgemblage rocks are not known'._:_HIt may

Ination (Helen Duncan, written communication).
Leach and Inskip format-io-ns.':—I,—'The Leach and Inskip formations underlie

much of the central part of East. Range. Throughout most of t.hei_r outcrop area

are in fault contact and their stratigraphic relations are not definitely

§:l{enon'n, but ‘?the Leach appears to underlie the Inskip."
;’ ‘-,_ The Leach formation is characterizedby an abundance of altered basic vol-

gganic rockstgreenstone) and pyroclastics, with much dark chert, siliceous shale,

and vitreous quartzite. In addition, it contains interbedded sandstone, limestone,

,«':and conglomerate similar to the overlying Inskip formation. The thicknessmay

,exceed 6,000 feet. No fossil evidence for dating the Leach formation has been

7-found. Lithologic similarity of the distinctive vitreous quartzites in the Leach

l,with quartzites in the Valmy formation strongly suggests that theyare in part

‘~‘eq.uivalent. Ferguson, however, considers the lithologicsimilaritiesarenot suffi-

geient to infer this correlation. For the present, the Leach can only be considered

3 as Mississippian or older.

.

iii‘he overlying Inskip formation

of graywacke and conglomerate an

— part. The upper half contains some

ceous and calcareous shale and quar

feet..['
The only fossils so far obtained w is dominantly clasti.c, with a large proportion

(21 also some chert and greenstone in its lower

thin-beddedlimestone interbedded with sili-

tzite. The total thickness may exceed 9,000

ere found in a small lens of shaly limestone

in the lower part of the Inskip. These consist of rather poorly preserved corals,

regarded by Helen Duncan (written communication, 1957) as probably Missis-

sippian, and correlation with the unnamed formation of Late Mississippian age

in the Osgood Mountains is suggested.
.

lfzrmperizrckel and Haaallah fnrm—a£ions.l—Like the Leach and Inskip,-_ the

Pumpernickel and Havallah formations constitute a pair of which the lower

dominantly volcanic unit is overlain by an upper sedimentary formation. On this

basis, correlation between the two pairs was originally assumed, but the recent

assignment of the Inskip to probable Mississippian, in contrast to the Penn-

sylvanian and Permian age of the Havallah, eliminates this interpretation. An

unconformity at the base of the I-Iavallah, however, leaves open the possibility
that the lower volcanic units, the Leach and Pumpernickel formations, may be

correlative:
The Pumpernickel and Havallah formati

F ' crop out over a wide area in theeastern par

below a Westward-dipping thrust carrying the Leach and Inskip formations on

its upper plate.
The Pumpernickel formation is composed mainly of shale, chert, sandy shale,

andisubordinate amounts of sandstone with large amounts of greenstone and
i.--
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greenstone breccia; its lithologic character is simila.r to the Upper Ordovician
part of the Valmy ‘formation and t.o part‘ of the Scott Canyon formation of (Tam-
brian age as Well as to the Leach formation. In the Antler Peak Quadrangle
greenstones and associated pyroclastic rocks are present only near the top of the
Pumpernickel. In the Sonoma and Tobin ranges volcanic rocks make up a much
larger proportion of the format:ion.Folrling, presumably related to t.he thrusting,
makes mea.surement of detailed sections extremely ililficult,although in places
the general sequence of beds is known and rough estimates of thic.kness can be
made;lin the Antler Peak Quadrangle strata assigned to t.he Pumpernickel are
about 5,000 feet thickg’

The age of the Pumpernickel formation is not yet certain. Because of its strati-
graphic position beneath the llavallah, which was originally considered to be of
Permian age, the Pumpernickel was believed to be Carboniferous, probably
Pennsylvanian.Roberts, however, has subsequently shown that there is probably
an unconformitzy between the Havallah and Pumpernickel formations and has
recently collected early Middle Pennsylvanian(Atoka) fusulinids from the lower-
most Havallah beds.-{The Pumpernickel formation must,tithereforeLibeolder" than
Middle Pennsylvanian, and is probably Mississippian or older’. There is no way
of estimating the interval of time represented by the basal unconformity.

"The liavallah formation contains abundant sandstone. and quartzite ‘plus
some limestone and calcareous shale, as well as chert and shale. "At the type
locality in the Tobin Range (Muller, Ferguson, and Roberts, 1951)i_the Havallah
probably is more than 10,000 feet thick.;._In the Antler Peak Quadrangle more
than 4,600 feet of beds are exposed, and in this area it has been possible to sub-
divide the Havallah formation into three memhers;2,The lower member is mainly

. sandstone, pebbly sandstone, and fine conglomerate with some calcareous sand-
stone beds; the middle member is mainly dark chert and shale; and the upper
member is composed of limestone, quart7.ite, shale, and chert._§

Fusulinid faunas determined to he of early Tl-‘Iiddle Pennsylvanian (Atoka)
age ‘(Raymond Douglass, written communication) were collected from beds in
the lower member, which is therefore in part of the same age as the Battle for-
rnation;,themiddle member has not yet yielded fossils; and the upper member
contains a fusulinid fauna determined to be of Leonard age (L. G. Henbest and
Raymond Douglass, written communication). '

The Havallah formation is essentially co-extensive with the underlying
Pumpernickel formation. In the Antler Peak Quadrangle there is a pebbly sand-
stone at the base of the Havallah, that suggests a significant unconformity be-
tween the units. Moreover, the sharp lithologic contrast between the Pumper-
nickel and Havallah formations is indicative of a marked change in conditions
of deposition. The increase in amount of elastic material furnished to the Haval-
lah sea testifies to renewal of orogenic movements in the source areas. In Hav-
allah time basic volcanism within the basin was lacking, though the dark chert
and shale, characteristic of the middle memberof the formation, may have been
formed from pyroclastic material.
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3

The basin in which the Pumpernickel and Havallah formationsaccumulated

Cay have originated at the southwest near the present California-Nevada

,i¥ior’der (Fig. 6). The Pumpernickel and H-avallah formations have temporal, but

.;.<1‘io,t lithologiccorrelatives in the sequences to the east, south, and nort.h. The only
-' lithologiccorrelatives known are in the Garlock series, El Paso Mountains, south-

’---eastern California, which contains Lower Permian fusulinids in the upper part

f5f(Diibblee, 1952, pp. 15 19); it is unlikely that the Pumpcrnickel and Havallah

l have been thrust from that area, but the seaway in which they accumulated

have extended "northward into western Nevada in the area indicated in the

_‘ map on Figure 6.
Tallmanfan-glomerate.—Theonlyoutcrop of theTallrnanfanglomerate (Fergu-

"§%O.n, Muller, and Robert.s, 1951a) is in the northern Sonoma Range. The forma-

,;_ti;on consists of coarse angular fragments of chert, quartzite, slate, and arkosic

ifiagndstone. No determinable fossils have been found. The stratigraphic relations

area of outcrop are complicated by shearing associated with thrusts during
Mesozoic time, but apparently the Tallman unconfonnablyoverlies a volcanic

,.§frmation,possiblyitheLeach or Sonoma-Range formation, and is overlain by the

Ribipato formation.
'

,

Kmipaloforma!icm.—The Koipato formation is in thrust contact; with the In-

_§f;sk,ip formation in the northern part of the East Range, but rests with marked

[angular unconformity on the Havallah in the southern part. of the East Range
‘-and Tobin Range. In the Sonoma and Tobin ranges, the Koipato is composed
dominantly of silicic lavas and pyroclasticsf, also included are less abundant
Iclastic sedimentary rocks, mainly conglomerate, sandstone, tuffaceous shale, and

“a little limestone. In the East Range rhyolitic, keratophyric, antlesitic, and tra-

chytic lavas predominate over pyroclastics.
The Koipato is 14,000 feet thick in the West Humboldt Range a few miles

west of the Winnemucca Quadrangle (Knopf, 1924; Wheeler, 1939); in the East

Range the thicknessmay beabout 4,500 feet. In the southern Sonoma and Tobin

- ranges, it has a maximum estimated thickness of 2,000 feet, thinning out com-

pletely at the northern end of the range (Ferguson, Roberts, and Muller, 1952).
Thus, the Koipato thickens westward, and pinches out eastward.

The fossil fish, Held:-0prio1z., first found in the Koipato in the Rochester dis-

trict about 60 miles southwestof Winnemucca in the Humboldt Range (Wheeler,
1939), has been re-gardeid as establishing the age of the Koipato as Permian.

3- Recently, however, Nor-man ]. Silberling (written communication) discovered
i

an arnmonite fauna of possible Early Triassic age in clast.ic lenses int.erbedded

with rhyolite tufis and flows at the type locality. This, if confirmed, may indicate

L that the Koipato overlaps the Permian-Triassic time boundary. Other Triassic

rocks, ranging from Lower to Middle Triassic (Scythian to Anisian of the Euro-

pean stages according to Muller) overlap the Koipato with marked erosional un-

.
conformity (Ferguson, l\-"Iu'ller, and Roberts, 1951a), but angular unconformity,
noted only in a few places, does not exceed a. few degrees at most, in sharp con-

trast to thatat the base of the Koipato. Relations with the underlyingformations
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indicate that an episode of folding, accompanied by thrusting, and followed byuplift and erosion, preceded volcanism during Koipato time in an area an un-known distance toward the West.

AI\'TI.ER O1~t(lCEZ\"Y

In north-central Nevada sedimentation continued without noteworthy ero-
genic breaks during early and middle Paleozoic time (Fig. 10, A.) Locally, dis-
conformities in the section indicate broad regional uplift and erosion, or non-
deposition, possibly reflecting marginal disturbances or orogeny in other partsof the geosyncline. It is the intention here to emphasizeonly the major orogeny-—the Antler orogeny—of latest Devonian t.o Early Pennsylvanian age, whose
effects can be studied directly in this area. In many places the beveled folds and
thrust faults formed during the orogcny can be observed, and, in addition, the
coarse detritus derived from the folded belt can be studied both within the belt,
and on the fringe areas. Although Hague (1892, pp. 165, 177, 203)’ suggested
that conglomerateof the Upper Coal Measures in the Eureka area indicated up-lift and erosion on the west, late Paleozoic orogeny was first recognized in central
Nevada by Ferguson (1924, p. 37), Ferguson and Cathcart (1924, pp. 376-79,
and cited in_ Nolan, 1928, p. 158), who found Permian rocks overlapping folded
and eroded strata of Ordovician age in th.e Toquima and Toyabe ranges and
Candelaria Hills. From these and other data Nolan (1928, Fig. 1 and p. 159;
1943, Fig. 12 and p. 171) postulated that a gcanticline formed in Nevada during
late Paleozoic time, extending north-northcasterly,medially through the state.
Eardley (1947) later named the upwarped area the Manhattan geanticline. Since
then, additional evidence for late Paleozoic orogeny in Nevada has been found
in many places (Roberts, 1949a, 1949b, 1951; Roberts and Arnold, 1952; Dot.t,
1955).;_At first, the orogeny could be dated no closer thahpost-Ordoviciant.o pre-Permian. It is now known that strata of the east.ern, transitional, and western
assemblages as young as Late Devonian were involved in the orogenic move-
ments and thrusting, and that these deformed rocks are unconformablyoverlain
by beds of Early Mississippian and early Middle Pennsylvanianage. This dates
the orogeny as Late Devonian or Early Mississippian to Early Pennsybraiiian,and is strongly supported by the Widespread coarse clastics of equivalent age in
central Nevada. The orogeny probably comprised several distinct pulses, taking
place at different times throughout the region.

r In the Eureka area continued deposition of carbonate rocks until the middle
part of the Mississippianindicates that major orogenic movements did not begin
there until lateri‘At Devils Gate, about 10 miles west of Eureka, beds assigned to
the undifierentiatedChainman and Diamond Peak formations by C. W. Merriam
(oral communication) have been overriden by the upper plate of the Roberts
Mountains thrust suggesting that the thrusting continued locally into Late Mis-
sissippian time.

As the term “geanticline” does not adequately describe the complex structure
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area, Roberts (1949a, p. 95-) has proposed that it be replaced by the term

f,-,._tler orogenic belt,” aiter'Ant1cr Peak in Battle Mountain, where some struc-

;..‘{t-. features of this belt are especially well shown. The area aifected by the
3 . .1.‘-tierorogeny covers a belt 80 miles or more wide extending north-northeastcrly

fj-‘jough central Nevada (Fig. 6, inset map). Folding related to the orogeny ex-

"tends as far east as a line through Mountain City, Carlin, and Eureka, and the

ti-r..1_,{{ob*erts Mountains thrust fault carried rocks of the western and transitional

assemblages eastward over those of the miogeosynclinal suite.

,ri‘he recognition of the transitional assemblage makes necessary a major re-

i..-interpretation of the structure of north—central Nevada. The pre-orogenic rocks

were deposited in a broad basin in which the miogeosynclinal carbonate rocks

R-graded westward through a transitional assemblage into eugeosynclinal rocks.

-i.iI;«i)_.1_1_riI1g the folding and telescoping on the Roberts Mountains thrust, the western

ggsemblage rocks were moved as far eastward as a line extending between Elko

Eureka (Figs.‘4, 10}.In the eastern part of the Antler orogenic belt the upper
,, ‘.

fiate rests on carbonate rocks of theeastern assemblage. In the western part the

'jp'per plate rests on rocks of the transitional assemblage. There are as yet many

f-unsolved questions concerning the details of structural relationships and the

jziechanism of the thrusting.
R One of the interesting structural questions is whether the upper plate moved

a single plane or ontwo or more planes. Roberts and Hotz suggest that the

figtielaide thrust in the Sonoma Range which carries western assemblage.over

' _t}‘a;nsit.ional assemblage rocks is the western extension of the Roberts Mountains

‘fftlrrust and that theupper plate rides on a single plane. The basis for this interpre-
‘lltation is that the Adelaide thrust is the lowest thrust in the Sonoma Range; in

the upper plate the western assemblage rocks are lithologically identical with

, those in Battle Mountain and t.hc Shoshone Range on the east. The lower plate
n rocks are lithologicallydifferent from these farther east in the Shoshone Range,
~ but are considered to represent. a normal westward facies change in the miogeo-

syncline from carbonate rocks to carbonate-fine elastic rocks. In accordance with

this interpretation, the source area for the Adelaide—Roberts .\='Iountains sole

thrust lies west of Winnemucca, and the width of the belt over which the western

assemblage has been thrust is about 90 miles.

Gilluly, though agreeing to /Extensive thrusting farther west, does not feel

that the Roberts Mountains thrust can be recognized west of the Reese River

Valley. The basis for this is that. the most westerlywindows of eastern assemblage
rocks are in the Shoshone Range. The Adelaide thrust, though assumed to be

contemporaneous with the Roberts Mountains thrust, is considered to be struc-

turally higher.
Ferguson agrees with Gilluly,though not as to the possible contemporaneitg

of the Adelaide and Roberts Mount.ains thrusts. A tentative correlation of the

Adelaide and Sonoma thrustswas made on thebasis of field mapping on the Wins

nemucca Quadrangle (Ferguson, Muller, and Roberts, 1951a, Fig. 2, and sections
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related it with Laramide orogeny; Nolan, Merriam, and Williams (1956, p. 68)suggest that major movement along the thrust was of post—Permian age. On the

history. The Antler orogcny is dated on regional geologic evidence and localstructural relations. Regional evidence is the widespread extent of the coarse

quartzite pebbles, clearly derived from western assemblage rocks of Cambrian toDevonian age that were thrust into juxtaposition with transitional and easternassemblage rocks. Local structural relations show that major thrusting took place: 1 Iprior to the deposition of Lower Mississlppian rocks and that.orogenic movements

"Flie overlapping Battle formation is predominantly conglomeratic, depositedpartly in a terrestrial and partly in a marine environment.



 
  

 
  
  
 

 

   
  
   
  

! l m ’ !* 1llilllll-l I 5" urli'll‘ IllliltllllilIll ,|. lgl " llll‘llllll:'lllll~'lls»’l at. I ,.;t‘§l 1' I’-"*1-3-«!l:=;¢* lg?! 5-I
‘§ £%§%faE“’E. E

"Hm.mW

 
  

ll‘llll"
 

"

IIlllw

Geology by Ralph J- Roberts
and others, l94l—I953

3 Mites
-m - < — . .—.—_
_ 

EXPLA N ATION

Topography from USGS
Antler Peak quadrangle

 fir

' ower plate of Golconda thrust fault Upper plate of Golconda thuét fault

 

.

~ 3 , ‘.5
-:= Li :’»,’.’PJ'3.'£'-:3 E33

‘T’ in: , / / [I ;
Antler Peak limestone '2 Hovolloh formation

It
3.’§

4

"
“’ UNCONFOI-?Mlrv15: YE.
3- ,’ ////.r' r lfl» II-I

\
U?

"T Pumpernickel formation Q9;
3. -

5

§ Contact

. T

3 ---

-Vclmy formation 3 Faun

Upper port, Ovu; ° """"""-‘f’ ""—""_"
Lowe, pa”, 0“

_

Poleogrtmzus‘ fONI‘l“et:O2OlC
THRUST FAULT (Saw-teethon side ofupper plate}

I

on i E T5
. is Strlkeond dip of beds

Harmony formation ¢ ‘$0
L3 Strike and dip of overturned beds

F16. 11.—Gcncralizcd geologic map of part of .-'\nt.lcr Peak Quadrangle, showing overlap of
Paleozoic thrust plates by Pennsylvanian rocks.

PERIMH



2854 RA LPH J. ROBERTS, ET AL.

2. Near Mountain City, K. O. Bushnell and J. R. Coash (oral communica-
tion) mapped conglomerate and limestone of Pennsylvanian and possibly early
Permian age on Cornwall Mountain Where these rocks of late Paleozoic age rest

on a t.hrust sliver of ehert and shale of the western assemblage; a mile nort.h on

Tennessee Mountain the basal unit rests on shaly limestone of the eastern assem-

blage. The conglomerate thus overlaps both assemblages, and field evidence in-
dicates that it was deposited after the western assemblage had been thrust into
its present location.

South of Carlin, ]. Fred Smith and Keith Ketner have mapped siliceous
’ shale of the Western assemblage containing Silurianand Devonian(?} fossils over-

lain unconformably by conglomerates of Early Mississippian and Permian age.
Regional relations indicate that the siliceous shale must have been thrust into
the area prior to the deposition of the conglomerates; this dates the thrusting in
the Carlin area as Late Devonian or Early Mississippian.

4_ Michael Murphy (oral communication) reported that in the Sulphur
Spring Range 3, conglomerate of '_proba’b‘le Permian age rests unconformably on

quartzite and limestone of Devonian age. This is the second locality where con-

glomerate of probable Permian age has been found in direct depositional Contact
with rocks of the eastern assemblage. A short distance west similar conglomerate
rests on shale and chert of the western assemblage.

5. At the north end of the Monitor Range about 25 miles west of Eureka,
C. W. 1\-Ierriam (oral comrounication) has mapped conglomerate with a basal
unit composed of limestone pebbles and boulders. The boulders contain fossils
of Early Ordovician age, apparently-derived from the underlyingPogonip group.
The conglomerate has been tentatively correlated by Merriam with the Garden
Valley formation of Permian age in the Sulphur Spring Mountains.

LATER OROGENIES

As far as now known, the Antler orogeny was the first major orogenic episode
known to have involved rocks of Paleozoic age in north-central Nevada; others
followed in Permianf (Ferguson, Muller, and Roberts, 1951), Jurassic (Ferguson,
1952; Ferguson and‘Muller, 1949), and, in the eastern part of the area, in Cre-
taeeous or Eocene time (Nolan, 1943, p. 173). Each younger orogeny affected
the older rocks and structures, causing more pronounced folding of earlier struc-

tures, and perhaps reactivatingsome faults thatoriginated previously. All recent

study confirms Nolan’s earlier postulate (1943, p. 177) thatorogeny in the Great
Basin was not confined to the late Jurassic or Laramide; these orogenie episodes
were only “events in a long epoch of crustal activity that spasmodicallyaffected
the Great Basin throughout later Mesozoic and early Tertiary time.”

PERMIAN

The effects of the Permian (pre-Koipato) orogeny are noticeable chieflyin the
western part of the area, particularly the East and Tobin ranges where folds
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' and thrusts involving the Inskip and Havallah formations are overlapped by the

Koipato formation. The rocks involved in this orogeny are thought to have been

transported to this area by large-scale post-Triassic thrusti-ng, and the autoch-

thonous formationsbelongingto the overlap assemblage were not greatlyaffected.

JU RABSIC TO TERTIARY

Another period of intense orogeny involves rocks as young as Late Triassic.

The episode can not be definitely dat.ed in this area but may be tentatively cor-

related with the Jurassic orogeny studied in the Hawthorneand Tonopah quad-
rangles at the south, where at least the beginning" of thrusting has been closely
dated as late Early Jurassic (Ferguson and Muller, 1949, p. 13). Elsewhere

within the eastern part of the area some orogenic events may be still younger.

Nolan. (1943, pp. 173-48) has summarized published accounts of these events.

"_‘"i'\'_tiillden (1958) has recentlydiscussed Cretaceous orogeny in the Jackson Moun-

-. formation in the Sulphur Spring Range,

also of great magnitude. Nolan, Merriam,

tains, northwestern Nevada.
East of the Sonoma and Tobin ranges thrust. faults of post-Permian age were

A and Williams (1956, p. 68) infer that

the Carbon Ridge formation in the Diamond Mountains and the Garden Valley
both of Permian age, are probably cor-

relative formations of different facies, and postulate that they are separated by
v a thrust fault of the magnitude of the Roberts Mountains thrust. Dott (1958,

-'
 

p. 3) suggests that the facirschanges are minor,'and sees no necessity for such

large-scale thrusting.
The final phase of thestructural history of the area was the period of block

faulting, which began at least as early as middle Tertiary, and has continued

intermittently to the present (Nolan, 1943, pp. 178-85).
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